
ANTIBODIES DIRECTED TO CD20 AND USES THEREOF
CROSS-REFERENCE TO RELATED APPLICATIONS [0001] This
application claims priority under 35 U.S.C.  119 to
U.S. Provisional Application Serial No. 60/686,992,
filed June 2, 2005, which is incorporated herein by
reference. BACKGROUND OF THE INVENTION Field of the
Invention [0002] The invention relates to monoclonal
antibodies against the target antigen CD20 and uses of
such antibodies. More specifically, the invention
relates to fully human monoclonal antibodies directed
to CD20 and uses of these antibodies. Aspects of the
invention also relate to hybridomas or other cell
lines expressing such antibodies. The described
antibodies are useful as diagnostics and for the
treatment of diseases associated with the activity
and/or overexpression of CD20, and/or the presence
and/or activity of CD20 cells. Description of the
Related Art [0003] CD20 is a 33,000 MW
glyco-phosphoprotein that is 298 amino acids in
length. The human CD20 gene is 1653 base pairs in
length. The 5'UTR is 147 base pairs in length. The
coding sequence is 893 base pairs while the 3'UTR is
613 base pairs in length. [0004] CD20 is expressed at
high density only on the surface of normal and
neoplastic cells of the B lymphocyte lineage and is
thought to function as a receptor during B cell
activation. Stem cells and B-cell progenitors
apparently lack the CD20 antigen. The predicted amino
acid sequence of CD20 reveals a highly hydrophobic
protein with 4 membrane-spanning domains, with the
amino arid carboxy termini of the protein located
within the cytoplasm. A short hydrophilic region is
located between residues 142 and 185 and may be
exposed on the cell surface. [0005] Three isoforms of
human CD20 having weights of 33, 35 and 37 kDa result
from differential phophorylation of a single protein.
CD20 does not share any significant homology with
other known proteins. There is a 73% homology between
human and mouse sequences with the greatest similarity
in the transmembrane regions.[0006] CD20 is closely
associated with other proteins, in particular the
Gterminal src kinase-binding protein (Cbp), CD40, and
major histocompatibility complex Class II proteins
(MHC II). Antibody binding to CD20 has been found in
some cases to induce rapid translocation of the
molecule to lipid rafts. [0007] Several companies
currently sell therapeutic agents that target the CD20
protein. Rituxan(r) (Rituximab) (Genentech, South San
Francisco, CA), Tositumomab(r) (GlaxoSmithKline,
Brentford, Middlesex, United Kingdom), and HuMax-CD20
(Genmab, Copenhagen, Denmark) are monoclonal antibody
therapeutics that target the CD20 protein. SUMMARY OF
THE INVENTION [0008] Embodiments of the invention
relate to targeted binding agents that specifically
bind to CD20 and inhibit the growth of cells that
express CD20. Mechanisms by which this can be achieved
can include, and are not limited to, either inducing
apoptosis of cells expressing CD20, inducing antibody
dependent cellular cytotoxicity (ADCC) in cells
expressing CD20, or inducing complement dependent
cytotoxicity 



(CDC) in cells expressing CD20, thereby eradicating
CD20 positive B- cells including CD20+ lymphoma cells,
CD20+ leukemia cells and normal B-cells. [0009] In one
embodiment of the invention, the targeted binding
agent is a fully human antibody that binds to CD20 and
induces apoptosis of cells expressing CD20. Yet
another embodiment of the invention is a fully human
monoclonal antibody that binds to CD20 and induces
antibody dependent cellular cytotoxicity (ADCC) in
cells expressing CD20. Another embodiment of the
invention is a fully human monoclonal antibody that
binds to CD20 and induces complement dependent
cytotoxicity (CDC) in cells expressing CD20. [0010] In
some embodiments, the antibody binds to CD20 and
induces apoptosis of cells expressing CD20 with an
EC50 of about 0.5 mg/ml or less in a standard
CellTiterGlo viability assay of Ramos cells. In some
embodiments, the antibody, or antigen-binding portion
thereof, has an EC50 of no more than about 0.4, 0.3,
0.2, 0.1, 0.09, 0.08, 0.07, 0.06, 0.05, 0.04, 0.03, or
0.02 mg/ml for inducing apoptosis of B-cells in a
standard CellTiterGlo viability assay of Ramos cells.
In some embodiments, the antibody, or antigen-binding
portion thereof, binds to CD20 and induces apoptosis
of cells expressing CD20 with an EC50 of about 0.2
mg/ml or less in a standard Alamar Blue viability
assay of Ramos cells. In some embodiments, the
antibody, or binding portionthereof, has an EC50 of no
more than about 0.1, 0.09, 0.08, 0.07, 0.06, 0.05, or
0.04 mg/ml in a standard Alamar Blue viability assay
of Ramos cells. [0011] Another embodiment of the
invention is an antibody that competes for binding
with any of the targeted binding agents or antibodies
described herein. [0012] In one embodiment, the
antibody binds CD20 with a KD of less than 12
nanomolar (nM). hi another embodiment, the antibody
binds with a KD less than 10 nM, 9 nM, 8 Nm, 7 nM, 6
nM, 5 nM, 4 nM, 3 nM, 2 nM or 1 nM. In one embodiment,
the antibody binds with a KD of 500, 100, 30, 20, 10,
or 5 pM. Affinity and/or avidity measurements can be
measured by FMAT, FACS, KinExA(r) and/or BIACORE(r),
as described herein. [0013] In one embodiment, the
antibody comprises a heavy chain amino acid sequence
having a complementarity determining region (CDR) with
one of the sequences shown in Table 8. It is noted
that those of ordinary skill in the art can readily
accomplish CDR determinations. See for example, Kabat
et al, Sequences of Proteins of Immunological
Interest, Fifth Edition, NIH Publication 91-3242,
Bethesda MD (1991), voIs. 1-3. One embodiment is a
targeted binding agent that binds CD20 and comprises a
heavy chain complementarity determining region 1
(CDRl) having an amino acid sequence of GYSFTSYWIG
(SEQ ID NO. 201). [0014] Yet another embodiment is an
antibody that binds to CD20 and comprises a light
chain amino acid sequence having a CDR comprising one
of the sequences shown in Table 9. In certain
embodiments the antibody is a fully human monoclonal
antibody. Accordingly, one embodiment is a targeted
binding agent that binds CD20 and comprises a light
chain complementarity determining region 2 (CDR2)
having an amino acid sequence of KISNRFS (SEQ ID NO.
202). [0015] A further embodiment is an antibody that
binds to CD20 and comprises a heavy chain amino acid
sequence having one of the CDR sequences shown in
Table 8 and a light chain amino acid sequence having
one of the CDR sequences shown 



in Table 9. In certain embodiments the antibody is a
fully human monoclonal antibody. In some embodiments,
the invention provides an antibody that binds the same
epitope as any of the antibodies disclosed herein.
[0016] One embodiment provides a monoclonal antibody,
or antigen-binding portion thereof, wherein the
antibody, or binding portion, comprises a heavy chain
polypeptide having the sequence of SEQ ID NO.-.2. In
one embodiment, the antibody, or binding portion
thereof, further comprises a light chain polypeptide
having the sequenceof SEQ ID NO.:4. Another embodiment
is a monoclonal antibody, or antigen-binding portion
thereof, wherein the antibody, or binding portion,
comprises a heavy chain polypeptide having the
sequence of SEQ ID NO.:30. In one embodiment, the
antibody, or binding portion thereof, further
comprises a light chain polypeptide having the
sequence of SEQ ID NO.:32. Still another embodiment is
a monoclonal antibody, or antigen-binding portion
thereof, wherein the antibody, or binding portion,
comprises a heavy chain polypeptide having the
sequence of SEQ ID NO.:46. In one embodiment, the
antibody, or binding portion thereof, further
comprises a light chain polypeptide having the
sequence of SEQ ID NO.:48. [0017] Further embodiments
of the invention include human monoclonal antibodies
that specifically bind to CD20, wherein the antibodies
comprise a heavy chain complementarity determining
region 1 (CDRl) corresponding to canonical class 1.
The antibodies provided herein can also include a
heavy chain complementarity determining region 2
(CDR2) corresponding to canonical class 2, a light
chain complementarity determining region 1 (CDRl)
corresponding to canonical class 4, a light chain
complementarity determining region 2 (CDR2)
corresponding to canonical class 1, and a light chain
complementarity determining region 3 (CDR3)
corresponding to canonical class 1. [0018] Other
embodiments of the invention include human monoclonal
antibodies that bind CD20 and comprise a heavy chain
polypeptide derived from a VH5- 5 1 germ line
sequence. Some embodiments of the invention include
human monoclonal antibodies that bind CD20 and
comprise a VK light chain. Still other embodiments of
the invention include a monoclonal antibody that
comprises a VK light chain paired with a heavy chain
encoded by, or derived from, a VH5-51 heavy chain
gene. In some embodiments, the VK light chain
polypeptide is encoded by, or derived from, an A23
light chain gene. [0019] Yet another embodiment is a
targeted binding agent that binds to amino acid
residues 171-179 of the human CD20 extracellular
domain. In other embodiments, the invention provides a
targeted binding agent that binds an epitope
comprising the peptide NPSEKNSPS (SEQ ID NO. 196). In
still other embodiments, the invention provides
targeted binding agent that does not require Alanine
170 for binding to the extracellular domain of
CD20.[0020] One embodiment of the invention comprises
fully human monoclonal antibodies 1.1.2 (ATCC
Accession Number PTA-7329), 2.1.2 (ATCC Accession
Number PTA-7328), and 1.5.3 (ATCC Accession Number
PTA-7330) which specifically bind to CD20, as
discussed in more detail below. . [0021] One
embodiment of the invention is an antibody that binds
to the same epitopes as monoclonal antibodies 1.1.2
(ATCC Accession Number PTA-7329), 2.1.2 (ATCC
Accession Number PTA-7328), and 1.5.3 (ATCC Accession
Number PTA-7330). 



[0022] Other embodiments the invention provide
compositions, including an antibody or functional
fragment thereof, and a pharmaceutically acceptable
carrier. [0023] Still further embodiments of the
invention include methods of effectively treating an
animal suffering from a neoplastic disease, including
selecting an animal in need of treatment for a
neoplastic disease, and administering to the animal a
therapeutically effective dose of a fully human
monoclonal antibody that specifically binds to CD20.
[0024] Treatable neoplastic diseases, include, for
example, lymphomas, including B-cell lymphomas, such
as non-Hodgkin's lymphoma (NHL), including precursor B
cell lymphoblastic leukemia/lymphoma and mature B cell
neoplasms, such as B cell Chronic Lymphocytic Leukemia
(CLL), small lymphocytic lymphoma (SLL), B cell
prolymphocytic leukemia, lymphoplasmacytic lymphoma,
mantle cell lymphoma (MCL), follicular lymphoma (FL),
including low-grade, intermediate grade and highgrade
FL, cutaneous follicle center lymphoma, marginal zone
B lymphoma (MALT type, nodal and splenic type), hairy
cell leukemia, diffuse large B cell lymphoma,
Burkitt's lymphoma, plasmacytoma, plasma cell myeloma,
post-transplant lymphoproliferative disorder,
Waldenstrom's macroglobulinemia, and anaplastic large
cell lymphoma (ALCL). In addition, examples include
relapsed or refractory B-NHL following Rituxan(r)
therapy. [0025] Further embodiments of the invention
include methods of effectively treating an animal
suffering from an immune system disease, including
selecting an animal in need of treatment for an immune
system disease, and administering to the animal a
therapeutically effective dose of a fully human
monoclonal antibody that specifically binds to CD20.
[0026] Treatable immune system diseases include, for
example, but not limited to, Crohn's disease,
Wegener's Granulomatosis, psoriasis, psoriatic
arthritis, dermatitis, systemic scleroderma and
sclerosis, inflammatory bowel disease (IBD),ulcerative
colitis, respiratory distress syndrome, meningitis
encephalitis, uveitis, glomerulonephritis, eczema,
asthma, atherosclerosis, leukocyte adhesion
deficiency, multiple sclerosis, Raynaud's syndrome,
Sjogren's syndrome, juvenile onset diabetes, Reiter's
disease, Behcet's disease, immune complex nephritis,
IgA nephropathy, IgM polyneuropathies, immune-mediated
thrombocytopenias, such as acute idiopathic
thrombocytopenic purpura and chronic idiopathic
thrombocytopenic purpura, hemolytic anemia, myasthenia
gravis, lupus nephritis, systemic lupus erythematosus,
rheumatoid arthritis (RA), atopic dermatitis,
pemphigus, Grave's disease, Hashimoto's thyroiditis,
Omenn's syndrome, chronic renal failure, acute
infectious mononucleosis, HIV, and herpes virus
associated diseases. Additional disorders include
severe acute respiratory distress syndrome and
choreoretinitis. Other examples are diseases and
disorders caused by infection of B-cells with virus,
such as Epstein Barr virus (EBV). [0027] Additional
embodiments of the invention include methods of
inhibiting B-cell tumor growth in an animal. These
methods include selecting an animal in need of
treatment for B-cell tumor growth, and administering
to the animal a therapeutically effective dose of a
fully human monoclonal antibody wherein said antibody
specifically binds to CD20. [0028] Further embodiments
of the invention include the use of an antibody in 



the preparation of medicament for the treatment of
diseases involving CD20 expression in an animal,
wherein the monoclonal antibody specifically binds to
CD20. [0029] In other embodiments, the antibodies
described herein can be used for the preparation of a
medicament for the treatment of neoplastic diseases in
an animal, wherein the antibody specifically binds to
CD20. Treatable neoplastic diseases include lymphomas,
including B-cell lymphomas, such as non-Hodgkin's
lymphoma (NHL). [0030] Further embodiments include the
use of an antibody in the preparation of a medicament
for the treatment of immune diseases in an animal,
wherein the antibody specifically binds to CD20.
[0031] Treatable diseases involving expression of CD20
include, for example, neoplastic diseases, such as
NHL, including precursor B cell lymphoblastic
leukemia/lymphoma and mature B cell neoplasms, such as
B cell Chronic Lymphocytic Leukemia (CLL), small
lymphocytic lymphoma (SLL), B cell prolymphocytic
leukemia, lymphoplasmacytic lymphoma, mantle cell
lymphoma (MCL), follicular lymphoma (FL), including
low-grade, intermediate grade and high-grade FL,
cutaneous follicle center lymphoma, marginal zone B
lymphoma (MALT type, nodal and splenic type), hairy
cellleukemia, diffuse large B cell lymphoma, Burkitt's
lymphoma, plasmacytoma, plasma cell myeloma,
post-transplant lymphoproliferative disorder,
Waldenstrom's macroglobulinemia, and anaplastic large
cell lymphoma (ALCL). In addition, examples include
relapsed or refractory B-NHL following Rituxan(r)
therapy. Examples of immune diseases include Crohn's
disease, Wegener's Granulomatosis, psoriasis,
psoriatic arthritis, dermatitis, systemic scleroderma
and sclerosis, inflammatory bowel disease (IBD),
ulcerative colitis, respiratory distress syndrome,
meningitis encephalitis, uveitis, glomerulonephritis,
eczema, asthma, atherosclerosis, leukocyte adhesion
deficiency, multiple sclerosis, Raynaud's syndrome,
Sjogren's syndrome, juvenile onset diabetes, Reiter's
disease, Behcet's disease, immune complex nephritis,
IgA nephropathy, IgM polyneuropathies, immune-mediated
thrombocytopenias, such as acute idiopathic
thrombocytopenic purpura and chronic idiopathic
thrombocytopenic purpura, hemolytic anemia, myasthenia
gravis, lupus nephritis, systemic lupus erythematosus,
rheumatoid arthritis (RA), atopic dermatitis,
pemphigus, Grave's disease, Hashimoto's thyroiditis,
Omenn's syndrome, chronic renal failure, acute
infectious mononucleosis, HIV, and herpes virus
associated diseases. Additional disorders include
severe acute respiratory distress syndrome and
choreoretinitis. Other examples are diseases and
disorders caused by infection of B-cells with virus,
such as Epstein Barr virus (EBV). [0032] Embodiments
of the invention described herein relate to monoclonal
antibodies that bind CD20 and affect CD20 function.
Other embodiments relate to fully human anti-CD20
antibodies and anti-CD20 antibody preparations with
desirable properties from a therapeutic perspective,
including high binding affinity for CD20, the ability
to eradicate CD20 positive B-cells and B-lymphoma
cells in vitro and in vivo, the ability to induce
apoptosis in vitro and in vivo, the ability to elicit
ADCC activity in vitro and in vivo, the ability to
induce CDC in vitro and in vivo, and/or the ability to
inhibit Bcell tumor growth. Still other embodiments
relate to fully human anti-CD20 antibodies and
anti-CD20 antibody preparations that do not result in
a significant Human Anti- Chimeric Antibody (HACA)
response, thereby allowing for repeated
administration. [0033] Accordingly, one embodiment
described herein includes isolated 



antibodies, or fragments of those antibodies, that
bind to CD20. As known in the art, the antibodies can
advantageously be, for example, polyclonal,
oligoclonal, monoclonal, chimeric, humanized, and/or
fully human antibodies. Embodiments of the invention
described herein also provide cells for producing
these antibodies.[0034] It will be appreciated that
embodiments of the invention are not limited to any
particular form of an antibody or method of generation
or production. For example, the anti-CD20 antibody can
be a full-length antibody {e.g., having an intact
human Fc region) or an antibody fragment {e.g., a Fab,
Fab' or F(ab') ) . In addition, the antibody can be
manufactured from a hybridoma that secretes the
antibody, or from a recombinantly engineered cell that
has been transformed or transfected with a gene or
genes encoding the antibody. In addition, the
antibodies can be single-domain antibodies such as
camelid or human single VH or VL domains that bind to
CD20. [0035] Other embodiments of the invention
include isolated nucleic acid molecules encoding any
of the antibodies described herein, vectors having
isolated nucleic acid molecules encoding anti-CD20
antibodies or a host cell transformed with any of such
nucleic acid molecules, hi addition, one embodiment of
the invention is a method of producing an anti-CD20
antibody by culturing host cells under conditions
wherein a nucleic acid molecule is expressed to
produce the antibody followed by recovering the
antibody. [0036] A further embodiment herein includes
a method of producing high affinity antibodies to CD20
by immunizing a mammal with cells expressing human
CD20, isolated cell membranes containing human CD20,
purified human CD20, or a fragment thereof, and/or one
or more orthologous sequences or fragments thereof.
[0037] Other embodiments are based upon the generation
and identification of isolated antibodies that bind
specifically to CD20. CD20 is expressed on over 90% of
Bcell lymphomas. Antibodies that mediate killing of B
cells expressing CD20 can prevent CD20 induced tumor
growth and other desired effects. Antibodies that
mediate killing of non-malignant B cells can be used
to treat or prevent immune diseases. [0038] Another
embodiment of the invention includes a method of
diagnosing diseases or conditions in which an antibody
prepared as described herein is utilized to detect the
level of CD20 in a patient. In further embodiments,
methods for the identification of risk factors,
diagnosis of disease, and staging of disease is
presented which involves the identification of the
expression and/or overexpression of CD20 using
anti-CD20 antibodies. In some embodiments, the methods
comprise administering to a patient a fully human
antibody conjugate that selectively binds to a CD20
protein on a cell. The antibody conjugate comprises an
antibody that selectively binds to CD20 and a label.
The methods further comprise observing the presence of
the label in the patient. A relatively high amount of
the label will indicate a relatively high risk of the
disease and arelatively low amount of the label will
indicate a relatively low risk of the disease. In one
embodiment, the label is a green fluorescent protein.
[0039] The invention further provides methods for
assaying the level of CD20 in a patient sample,
comprising contacting an anti-CD20 antibody with a
biological sample from a patient, and detecting the
level of binding between said antibody and CD20 in
said sample. In more specific embodiments, the
biological sample is blood or serum. [0040] Another
embodiment of the invention includes a method for 



diagnosing a condition associated with the expression
of CD20 in a cell by contacting serum or a cell with
an anti-CD20 antibody, and thereafter detecting the
presence of CD20. [0041] In another embodiment, the
invention includes an assay kit for detecting CD20 in
mammalian tissues, cells, or body fluids to screen for
diseases involving cells that express CD20. The kit
includes an antibody that binds to CD20 and a means
for indicating the reaction of the antibody with CD20,
if present. Preferably the antibody is a monoclonal
antibody. In one embodiment, the antibody that binds
CD20 is labeled. In another embodiment the antibody is
an unlabeled primary antibody and the kit further
includes a means for detecting the primary antibody.
In one embodiment, the means includes a labeled second
antibody that is an antiimmunoglobulin. Preferably the
antibody is labeled with a marker selected from the
group consisting of a fluorochrome, an enzyme, a
radionuclide and a radiopaque material. [0042] Yet
another embodiment includes methods for treating
diseases or conditions associated with the expression
of CD20 in a patient, by administering to the patient
an effective amount of an anti-CD20 antibody. The
anti-CD20 antibody can be administered alone, or can
be administered in combination with additional
antibodies or chemotherapeutic drug or radiation
therapy. For example, a monoclonal, oligoclonal or
polyclonal mixture of CD20 antibodies that induce
apoptosis of B-lymphoma cells, and/or elicit ADCC,
and/or induce CDC can be administered in combination
with a drug shown to inhibit tumor cell proliferation
directly. The method can be performed in vivo and the
patient is preferably a human patient. [0043] In some
embodiments, the anti-CD20 antibodies can be modified
to enhance their capability of fixing complement and
participating in complementdependent cytotoxicity
(CDC). hi other embodiments, the anti-CD20 antibodies
can be modified to enhance their capability of
activating effector cells and participating
inantibody-dependent cytotoxicity (ADCC). In yet other
embodiments, the anti-CD20 antibodies can be modified
both to enhance their capability of activating
effector cells and participating in antibody-dependent
cytotoxicity (ADCC) and to enhance their capability of
fixing complement and participating in
complement-dependent cytotoxicity (CDC). [0044] In
another embodiment, the invention provides an article
of manufacture including a container. The container
includes a composition containing an anti-CD20
antibody, and a package insert or label indicating
that the composition can be used to treat diseases
characterized by the expression or overexpression of
CD20. [0045] In other embodiments, the invention
provides a kit for treating diseases involving the
expression of CD20, comprising anti-CD20 monoclonal
antibodies and instructions to administer the
monoclonal antibodies to a subject in need of
treatment. [0046] In another aspect, a method of
selectively killing a cancerous cell in a patient is
provided. The method comprises administering a fully
human antibody conjugate to a patient. The fully human
antibody conjugate comprises an antibody that can bind
to the extracellular domain of CD20 and an agent. The
agent is either a toxin, a radioisotope, or another
substance that will kill a cancer cell. The antibody
conjugate thereby selectively kills the cancer cell.
The agent can be saporin. [0047] In one aspect, a
conjugated fully human antibody that binds to CD20 is
provided. Attached to the antibody is an agent, and
the binding of the antibody to a cell 



results in the delivery of the agent to the cell. In
one embodiment, the above conjugated fully human
antibody binds to an extracellular domain of CD20. In
another embodiment, the antibody and conjugated toxin
are internalized by a cell that expresses CD20. In
another embodiment, the agent is a cytotoxic agent. In
another embodiment, the agent is saporin. In still
another embodiment, the agent is a radioisotope.
[0048] In some embodiments of the invention, the
glycosylation patterns of the antibodies provided
herein are modified to enhance ADCC and CDC effector
function. See Shields RL et al., (2002) JBC.
277:26733; Shinkawa T et al., (2003) JBC. 278:3466 and
Okazaki A et al, (2004) J . MoI. Biol, 336: 1239.
BRIEF DESCRIPTION OF THE DRAWINGS [0049] Figures 1 and
2 are graphs showing the results of CellTiterGlo cell
viability assays without cross-linking of Ramos cells
incubated with niAbs 1.1.2, 1.2.1, 1.3.3, 1.4.3,
1.5.3, 1.6.2 (Figure 1), 1.9.2, 1.12.3, 1.13.2, 2.1.2,
2.2.2, 2.4.1 (Figure 2), andthe Rituxan(r)
("Rituximab") antibody control. Percent viability of
Ramos cells is shown on the y-axis and antibody
concentration is shown on the x-axis. [0050] Figures
3A-3D are graphs showing the results of Alamar Blue
cell viability assays without crosslinker of Ramos
cells incubated with mAbs 1.6.2, 1.5.3, 1.4.3, (Figure
3A) 1.3.3, 1.1.2, Bl (Figure 3B), 2.4.1, 2.2.2, 2.1.2,
(Figure 3C), 1.13.2, 1.12.3, Bl (Figure 3D) Rituximab,
IgM and IgGl. % viability is shown on the y-axis and
antibody concentration is shown on the x-axis. [0051]
Figures 4A-4D are graphs showing the results of WST-I
cell viability assays without cross-linking of Ramos
cells incubated with mAbs 1.1.2, 1.3.3, 1.4.3 (Figure
4A), 1.5.3, 1.6.2 (Figure 4B), 1.12.3, 1.13.2 (Figure
4C), 2.1.2, 2.2.2, 2.4.1 (Figure 4D), Bl, Rituximab,
IgGl, and IgM. % viability is shown on the y-axis and
antibody concentration is shown on the x-axis. [0052]
Figures 5 and 6 are graphs showing the results of
Annexin V/PI apoptosis assays without cross-linker of
Ramos cells incubated with mAbs 1.1.2, 1.3.3, 1.4.3,
1.5.3, 1.6.2 (Figure 5), 1.12.3, 1.13.2, 2.1.2, 2.2.2,
2.4.1 (Figure 6), Rituximab and Bl. % viability is
shown on the y-axis and antibody concentration is on
the x-axis. [0053] Figures 7A-7D, 8A-8D, and 9A-9D are
graphs showing the results of CDC assays of Ramos
(Figures 7A-7D), Raji (Figures 8A-8D), and Daudi
(Figures 9A- 9D) cell lines, respectively, incubated
with mAbs 1.1.2, 1.2.1, 1.3.3 (A), 1.4.3, 1.5.3, 1.6.2
(B), 1.9.2, 1.12.3, 1.13.2 (C), 2.1.2, 2.2.2, 2.4.1
(D), Rituximab, and IgGl control. Percent viability is
shown on the y-axis and antibody concentration is
shown on the xaxis. [0054] Figures 10 is a graph
showing results of an ADCC assay of Ramos cell line
incubated with mAbs 2.1.2, 1.1-2, 1.5.3, 1.10.3.1, and
1.1 1.3.1, Rituximab, and IgGl control. % viability is
shown on the y-axis and antibody concentration is
shown on the x-axis. [0055] Figures 11-12 are graphs
showing results of ADCC assays of Raji (Figure 11),
and Daudi (Figure 12) cell lines incubated with mAbs
2.1.2, 1.1.2, 1.3.3, 1.5.3, Rituximab, and IgGl. %
viability is shown on the y-axis and antibody
concentration is shown on the x-axis. [0056] Figure 13
is a bar graph showing the results of whole blood
assays of Raji, Ramos, and Daudi cells incubated with
mAbs 1.1.2, 2.1.2, Rituximab, and IgGl control using
Whole Blood assays. Percent lysis is shown on the
y-axis and Raji, Ramos,and Daudi cell lines,
respectively, are shown on the x-axis. The results
demonstrate 



mAbs 1.1.2 and 2.1.2 mediate greater cell lysis as
compared to Rituximab. [0057] Figures 14A and 14B are
graphs showing results of whole blood assays of
Karpas-422 (Figure 14A) and EHEB (Figure 14B) cell
lines incubated with mAbs 2.1.2, 1.1.2, 1.5.3,
1.10.3.1, 1.1 1.3.1, Rituximab, and IgGl control. %
lysis is shown on the y-axis and antibody
concentration is shown on the x-axis. The results
demonstrate that EHEB and Karpas-422 cell lines are
resistant to Rituximab treatment while the above
anti-CD20 antibodies mediated significantly higher
levels of cell lysis. [0058] Figure 15 is a
scatterplot showing the results of a whole blood assay
comparison of lytic activity using mAbs 1.5.3, 1.1.2,
and Rituximab in a panel of cell lines. Each symbol
represents a human donor of whole blood. Percent lysis
at l Omg/ml is shown on the y-axis and the ARH-77,
Daudi, EHEB, JMV2, MV3, Karras422, Namalwa, Raji,
Ramos, SCl, SU-DHL-4, and WSU-NHL cell lines,
respectively, are shown on the x-axis. [0059] Figure
16 is a scatter plot showing the ratio of lysis in a
whole blood assay in a panel of cell lines between mAb
1.1.2 and Rit ximab and between mAb 1.5.3 and
Rituximab. Each symbol represents a human donor of
whole blood. The ratio between the percent lysis at 10
mg/ml for each anti-CD20 mAb and the percent lysis
achieved by Rituximab at l Omg/ml for the same blood
donor is shown. The ARH-77, Daudi, EHEB, JMV2, JMV3,
Karpas422, Namalwa, Raji, Ramos,SCl, SU-DHL-4 and
WSU-NHL cell lines, respectively, are shown on the
x-axis. [0060] Figure 17 is a bar graph showing lysis
of Rituximab -resistant cells RRl-Raji in a whole
blood assay by Rituximab, mAb 1.1.2, and mAb 1.5.3.
The percentage lysis is shown on the y-axis and and
Raji parental cells treated at a concentration of
antibody of 1mg/ml and l Omg/ml, respectively and
RRl-Raji cells treated at a concentration of antibody
of 1mg/ml and l Omg/ml, respectively, are shown on the
xaxis. [0061] Figure 18 is a bar graph showing lysis
of Rituximab-resistant cells RRl -Ramos, RR6-Ramos,
and RR8-Ramos in a whole blood assay by Rituximab and
mAb 1.5.3. The percentage lysis is shown on the y-axis
and Ramos parental cells treated at a concentration of
antibody of 1mg/ml and l Omg/ml, respectively, RRl
-Ramos cells treated at a concentration of antibody of
1mg/ml and l Omg/ml, respectively, RR6-Ramos cells
treated at a concentration of antibody of 1mg/ml and l
Omg/ml, respectively, RR8-Ramos cells treated at a
concentration of antibody of l mg/ml and lOmg/ml,
respectively, are shown on the x-axis. [0062] Figure
19 is a line graph showing the effect of anti-CD20
antibodies, Rituximab, 2.1.2, 1.1.2, and 1.5.3 on
mouse survival in a Ramos i.v. paralysis model (CB 17
SCID). The results show that three anti-CD20
antibodies demonstrate potent antilymphoma activity
when administered as a single dose monotherapy. The
number of days of treatment post tumor cell
implantation is shown on the x-axis and percent
survival is shown on the y-axis. [0063] Figure 20 is a
line graph showing the efficacy of anti-CD20
antibodies in the Daudi subcutaneous tumor model. The
number of days of treatment after the time of tumor
cell inoculation is shown on the x-axis and tumor
volume in cubic millimeters is shown on the y-axis.
[0064] Figure 21 is a line graph showing the efficacy
of anti-CD20 antibodies in the Namalwa subcutaneous
tumor model. The number of days of treatment after the



time of tumor cell inoculation is shown on the x-axis
and tumor volume in cubic millimeters is shown on the
y-axis. [0065] Figure 22 is a line graph showing the
efficacy of anti-CD20 antibodies in the RRl-Raji
subcutaneous tumor model. The number of days of
treatment after the time of tumor cell inoculation is
shown on the x-axis and tumor volume in cubic
millimeters is shown on the y-axis. [0066] Figure 23
is a line graph showing the efficacy of anti-CD20
antibodies in the RR6-Ramos subcutaneous tumor model.
The number of days of treatment after the time of
tumor cell inoculation is shown on the x-axis and
tumor volume in cubic millimeters is shown on the
y-axis. [0067] Figure 24 is a bar graph showing
depletion of tissue B-cells in cynomolgus monkey
following treatment with control vehicle (saline),
Rituximab (10 mg/kg), and mAb 1.5.3 (10 mg/kg). The
percentage tissue CD20+CD40+ is shown on the y-axis
and auxiliary, mesenteric, and inguinal lymph node,
bone marrow, and spleen samples are shown on the
x-axis. DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT [0068] Embodiments of the invention
described herein relate to monoclonal antibodies that
bind to CD20. hi some embodiments, the antibodies bind
to CD20 and induce apoptosis of B-lymphoma cells.
Other embodiments of the invention include fullyhuman
anti-CD20 antibodies, and antibody preparations that
are therapeutically useful. Such anti-CD20 antibody
preparations preferably have desirable therapeutic
properties, including strong binding affinity for
CD20, the ability to induce apoptosis of Blymphoma
cells in vitro and in vivo, the ability to elicit ADCC
activity in vitro and in vivo, and the ability to
induce CDC activity in vitro and in vivo. [0069]
Embodiments of the invention also include isolated
binding fragments of anti-CD20 antibodies. Preferably,
the binding fragments are derived from fully human
anti-CD20 antibodies. Exemplary fragments include Fv,
Fab' or other well known antibody fragments, as
described in more detail below. Embodiments of the
invention also include cells that express fully human
antibodies against CD20. Examples of cells include
hybridomas, or recombinantly created cells, such as
Chinese hamster ovary (CHO) cells that produce
antibodies against CD20. [0070] In addition,
embodiments of the invention include methods of using
these antibodies for treating diseases. Anti-CD20
antibodies are useful for eradicating CD20 positive B
cells and/or B-lymphoma cells. The mechanism of action
can include inducing apoptosis of cells expressing
CD20, inducing antibody dependent cellular
cytotoxicity (ADCC) in cell expressing CD20, or
inducing complement dependent cytotoxicity (CDC) in
cells expressing CD20. Diseases that are treatable
through this mechanism include, but are not limited
to, neoplastic diseases, such as lymphomas, including
B-cell lymphomas, such as Non Hodgkin's Lymphoma
(NHL), including precursor B cell lymphoblastic
leukemia/lymphorna and mature B cell neoplasms, such
as B cell Chronic Lymphocytic Leukemia (CLL), small
lymphocytic lymphoma (SLL), B cell prolymphocytic
leukemia, lymphoplasmacytic lymphoma, mantle cell
lymphoma (MCL), follicular lymphoma (FL), including
low-grade, intermediate grade and highgrade FL,
cutaneous follicle center lymphoma, marginal zone B
lymphoma (Mucosa- Associated Lymphoid Tissue (MALT)
type, nodal and splenic type), hairy cell leukemia, 



diffuse large B cell lymphoma, Burkitt's lymphoma,
plasmacytoma, plasma cell myeloma, post-transplant
lymphoproliferative disorder, Waldenstrom's
macroglobulinemia, and anaplastic large cell lymphoma
(ALCL). In addition, examples include relapsed or
refractory B-NHL following Rituximab therapy. Immune
diseases include Crohn's disease, Wegener's
Granulomatosis, psoriasis, psoriatic arthritis,
dermatitis, systemic scleroderma and sclerosis,
inflammatory bowel disease (IBD), ulcerative colitis,
respiratory distress syndrome, meningitis
encephalitis, uveitis, glomerulonephritis, eczema,
asthma, atherosclerosis, leukocyte adhesion
deficiency,multiple sclerosis, Raynaud's syndrome,
Sjogren's syndrome, juvenile onset diabetes, Reiter's
disease, Behcet's disease, immune complex nephritis,
IgA nephropathy, IgM polyneuropathies, immune-mediated
thrombocytopenias, such as acute idiopathic
thrombocytopenic purpura and chronic idiopathic
thrombocytopenic purpura, hemolytic anemia, myasthenia
gravis, lupus nephritis, systemic lupus erythematosus,
rheumatoid arthritis (RA), atopic dermatitis,
pemphigus, Grave's disease, Hashimoto's thyroiditis,
Omenn's syndrome, chronic renal failure, acute
infectious mononucleosis, Human Immunodeficiency Virus
(HIV), and herpes virus associated diseases.
Additional disorders include severe acute respiratory
distress syndrome and choreoretinitis. Other examples
are diseases and disorders caused by infection of
B-cells with virus, such as Epstein Barr virus (EBV).
[0071] Other embodiments of the invention include
diagnostic assays for specifically determining the
presence and/or quantity of CD20 in a patient or
biological sample. The assay kit can include anti-CD20
antibodies along with the necessary labels for
detecting such antibodies. These diagnostic assays are
useful to screen for CD20- related diseases including,
but not limited to, neoplastic diseases, such as
lymphomas, including B-cell lymphomas, such as Non
Hodgkin's Lymphoma (NHL), including precursor B cell
lymphoblastic leukemia/lymphoma and mature B cell
neoplasms, such as B cell Chronic Lymphocytic Leukemia
(CLL),small lymphocytic lymphoma (SLL), B cell
prolymphocytic leukemia, lymphoplasmacytic lymphoma,
mantle cell lymphoma (MCL), follicular lymphoma (FL),
including low-grade, intermediate grade and highgrade
FL, cutaneous follicle center lymphoma, marginal zone
B lymphoma (MALT type, nodal and splenic type), hairy
cell leukemia, diffuse large B cell lymphoma,
Burkitt's lymphoma, plasmacytoma, plasma cell myeloma,
post-transplant lymphoproliferative disorder,
Waldenstrom's macroglobulinemia, and anaplastic large
cell lymphoma (ALCL). In addition, examples include
relapsed or refractory B-NHL following Rituximab
therapy. Immune diseases include Crohn's disease,
Wegener's Granulomatosis, psoriasis, psoriatic
arthritis, dermatitis, systemic scleroderma and
sclerosis, inflammatory bowel disease (IBD),
ulcerative colitis, respiratory distress syndrome,
meningitis encephalitis, uveitis, glomerulonephritis,
eczema, asthma, atherosclerosis, leukocyte adhesion
deficiency, multiple sclerosis, Raynaud's syndrome,
Sjogren's syndrome, juvenile onset diabetes, Reiter's
disease, Behcet's disease, immune complex nephritis,
IgA nephropathy, IgM polyneuropathies, immune-mediated
thrombocytopenias, such as acute idiopathic
thrombocytopenic purpura and chronicidiopathic
thrombocytopenic purpura, hemolytic anemia, myasthenia
gravis, lupus nephritis, systemic lupus erythematosus,
rheumatoid arthritis (RA), atopic dermatitis,
pemphigus, Grave's disease, Hashimoto's thyroiditis,
Omenn's syndrome, chronic renal failure, acute
infectious mononucleosis, HIV, and herpes virus
associated diseases. 



Additional disorders include severe acute respiratory
distress syndrome and choreoretinitis. Other examples
are diseases and disorders caused by infection of
B-cells with virus, such as Epstein Barr virus (EBV).
[0072] In one embodiment there is provided a
monoclonal antibody comprising a heavy chain
polypeptide having the sequence of SEQ ID NO.:2. In
one embodiment, the antibody further comprises a light
chain polypeptide having the sequence of SEQ ID NO.:4.
Another embodiment provides an antibody comprising a
heavy chain polypeptide having the sequence of SEQ ID
NO.:30. In one embodiment, the antibody further
comprises a light chain polypeptide having the
sequence of SEQ ID NO.:32. Still another embodiment
provides an antibody comprising a heavy chain
polypeptide having the sequence of SEQ ID NO.:46. m
one embodiment, the antibody further comprises a light
chain polypeptide having the sequence of SEQ ID
NO.:48. [0073] In one embodiment there is provided a
hybridoma that produces the light chain and/or the
heavy chain of antibody as described hereinabove.
Preferably the hybridoma produces the light chain
and/or the heavy chain of a fully human monoclonal
antibody. More preferably the hybridoma produces the
light chain and/or the heavy chain of the fully human
monoclonal antibody 1.1.2 (ATCC Accession Number
PTA-7329), 2.1.2 (ATCC Accession Number PTA-7328), and
1.5.3 (ATCC Accession Number PTA- 7330). Alternatively
the hybridoma produces an antibody that binds to the
same epitope or epitopes as fully human monoclonal
antibody 1.1.2 (ATCC Accession Number PTA- 7329),
2.1.2 (ATCC Accession Number PTA-7328), and 1.5.3
(ATCC Accession Number PTA-7330). [0074] In one
embodiment there is provided a nucleic acid molecule
encoding the light chain or the heavy chain of the
antibody as described hereinabove. [0075] Preferably
there is provided a nucleic acid molecule encoding the
light chain or the heavy chain of a fully human
monoclonal antibody. More preferably there is provided
a nucleic acid molecule encoding the light chain or
the heavy chain of the fully human monoclonal antibody
1.1.2 (ATCC Accession Number PTA-7329), 2.1.2 (ATCC
Accession Number PTA-7328), and 1.5.3 (ATCC Accession
Number PTA-7330).[0076] In one embodiment of the
invention there is provided a vector comprising a
nucleic acid molecule or molecules as described
hereinabove, wherein the vector encodes a light chain
and/or a heavy chain of an antibody as defined
hereinabove. [0077] In one embodiment of the invention
there is provided a host cell comprising a vector as
described hereinabove. Alternatively the host cell may
comprise more than one vector. [0078] In addition, one
embodiment of the invention is a method of producing
an antibody by culturing host cells under conditions
wherein a nucleic acid molecule is expressed to
produce the antibody, followed by recovery of the
antibody. [0079] In one embodiment of the invention
there is provided a method of making an antibody
comprising transfecting at least one host cell with at
least one nucleic acid molecule encoding the antibody
as described hereinabove, expressing the nucleic acid
molecule in said host cell and isolating said
antibody. [0080] According to another aspect of the
invention there is provided a method of inhibiting the
growth of cells that express CD20 comprising
administering a targeted binding agent as described
hereinabove. The method may include selecting an 



animal in need of treatment for disease-related to
CD20 expression, and administering to said animal a
therapeutically effective dose of a targeted binding
agent that specifically binds to CD20. [0081]
According to another aspect there is provided a method
of treating an immune system disease in a mammal
comprising administering a therapeutically effective
amount of a targeted binding agent that specifically
binds CD20. The method may include selecting an animal
in need of treatment for an immune disease, and
administering to the animal a therapeutically
effective dose of a targeted binding agent that
specifically binds CD20. [0082] According to another
aspect there is provided a method of treating a
neoplastic disease in a mammal comprising
administering a therapeutically effective amount of a
targeted binding agent that specifically binds CD20.
The method may include selecting an animal in need of
treatment for a neoplastic disease, and administering
to said animal a therapeutically effective dose of a
targeted binding agent that specifically binds CD20.
The agent can be administered alone, or can be
administered in combination with a second
anti-neoplastic agent selected from an antibody, a
chemotherapeutic drug, or a radioactive drug.[0083]
According to another aspect there is provided a method
of treating cancer in a mammal comprising
administering a therapeutically effective amount of a
targeted binding agent that specifically binds CD20.
The method may include selecting an animal in need of
treatment for cancer, and administering to said animal
a therapeutically effective dose of a targeted binding
agent that specifically binds CD20. The agent can be
administered alone, or can be administered in
combination with a second anti-neoplastic agent
selected from an antibody, a chemotherapeutic drug, or
a radioactive drug. [0084] According to another aspect
of the invention there is provided the use of a
targeted binding agent that specifically binds CD20
for the manufacture of a medicament for the treatment
of immune system diseases. [0085] According to another
aspect of the invention there is provided the use of a
targeted binding agent that specifically binds CD20
for the manufacture of a medicament for the treatment
of a neoplastic disease. [0086] One embodiment the
invention is particularly suitable for use in
inhibiting B-cell tumor growth in patients with a
tumor that is dependent alone, or in part, on CD20
expression. [0087] Another embodiment of the invention
includes an assay kit for detecting CD20 in mammalian
tissues, cells, or body fluids to screen for
neoplastic and/or immune system diseases. The kit
includes a targeted binding agent that binds to CD20
and a means for indicating the reaction of the
targeted binding agent with CD20, if present. The
targeted binding agent may be a monoclonal antibody.
In one embodiment, the antibody that binds CD20 is
labeled, hi another embodiment the antibody is an
unlabeled primary antibody and the kit further
includes a means for detecting the primary antibody.
In one embodiment, the means includes a labeled second
antibody that is an antiimmunoglobulin. Preferably the
antibody is labeled with a marker selected from the
group consisting of a fluorochrome, an enzyme, a
radionuclide and a radio-opaque material. 



[0088] Further embodiments, features, and the like
regarding anti-CD20 antibodies are provided in
additional detail below. Definitions [0089] Unless
otherwise defined, scientific and technical terms used
herein shall have the meanings that are commonly
understood by those of ordinary skill in theart.
Further, unless otherwise required by context,
singular terms shall include pluralities and plural
terms shall include the singular. Generally,
nomenclatures utilized in connection with, and
techniques of, cell and tissue culture, molecular
biology, and protein and oligo- or polynucleotide
chemistry and hybridization described herein are those
well known and commonly used in the art. [0090]
Standard techniques are used for recombinant DNA,
oligonucleotide synthesis, and tissue culture and
transformation (e.g., electroporation, lipofection).
Enzymatic reactions and purification techniques are
performed according to manufacturer's specifications
or as commonly accomplished in the art or as described
herein. The foregoing techniques and procedures are
generally performed according to conventional methods
well known in the art and as described in various
general and more specific references that are cited
and discussed throughout the present specification.
See e.g., Sambrook et al. Molecular Cloning: A
'Laboratory Manual (3rd ed., Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y. (2001)),
which is incorporated herein by reference. The
nomenclatures utilized in connection with, and the
laboratory procedures and techniques of, analytical
chemistry, synthetic organic chemistry, and medicinal
and pharmaceutical chemistry described herein are
those well known and commonly used in the art.
Standard techniques are used for chemical syntheses,
chemical analyses, pharmaceutical preparation,
formulation, and delivery, and treatment of patients.
[0091] As utilized in accordance with the present
disclosure, the following terms, unless otherwise
indicated, shall be understood to have the following
meanings: [0092] A compound refers to any small
molecular weight compound with a molecular weight of
less than about 2000 Daltons. [0093] The term "CD20"
refers to the 33,000 MW glyco-phosphoprotein CD20 that
is 298 amino acids in length and encoded by the CD20
gene. [0094] The term "isolated polynucleotide" as
used herein shall mean a polynucleotide that has been
isolated from its naturally occurring environment.
Such polynucleotides may be genomic, cDNA, or
synthetic. Isolated polynucleotides preferably are not
associated with all or a portion of the
polynucleotides they associate with in nature. The
isolated polynucleotides may be operably linked to
another polynucleotide that it is not linked to in
nature hi addition, isolated polynucleotides
preferably do not occur in nature as part of a larger
sequence.[0095] The term "isolated protein" referred
to herein means a protein that has been isolated from
its naturally occurring environment. Such proteins may
be derived from genomic DNA, cDNA, recombinant DNA,
recombinant RNA, or synthetic origin or some
combination thereof, which by virtue of its origin, or
source of derivation, the "isolated protein" (1) is
not associated with proteins found in nature, (2) is
free of other proteins from the same source, e.g. free
of murine proteins, (3) is expressed by a cell from a
different species, or (4) does not occur in nature.
[0096] The term "polypeptide" is used herein as a
generic term to refer to 



native protein, fragments, or analogs of a polypeptide
sequence. Hence, native protein, fragments, and
analogs are species of the polypeptide genus.
Preferred polypeptides in accordance with the
invention comprise the human heavy chain
immunoglobulin molecules and the human kappa light
chain immunoglobulin molecules, as well as antibody
molecules formed by combinations comprising the heavy
chain immunoglobulin molecules with light chain
immunoglobulin molecules, such as the kappa or lambda
light chain immunoglobulin molecules, and vice versa,
as well as fragments and analogs thereof. Preferred
polypeptides in accordance with the invention may also
comprise solely the human heavy chain immunoglobulin
molecules or fragments thereof. [0097] The term
"naturally-occurring" as used herein as applied to an
object refers to the fact that an object can be found
in nature. For example, a polypeptide or
polynucleotide sequence that is present in an organism
(including viruses) that can be isolated from a source
in nature and which has not been intentionally
modified by man in the laboratory or otherwise is
naturally-occurring. [0098] The term "operably linked"
as used herein refers to positions of components so
described that are in a relationship permitting them
to function in their intended manner. For example, a
control sequence "operably linked" to a coding
sequence is connected in such a way that expression of
the coding sequence is achieved under conditions
compatible with the control sequences. [0099] The term
"control sequence" as used herein refers to
polynucleotide sequences that are necessary either to
effect or to affect the expression and processing of
coding sequences to which they are connected. The
nature of such control sequences differs depending
upon the host organism; in prokaryotes, such control
sequences generally include promoter, ribosomal
binding site, and transcription termination sequence;
in eukaryotes, generally, such control sequences may
include promoters, enhancers, introns, transcription
termination sequences, polyadenylation
signalsequences, and 5' and '3 untranslated regions.
The term "control sequences" is intended to include,
at a minimum, all components whose presence is
essential for expression and processing, and can also
include additional components whose presence is
advantageous, for example, leader sequences and fusion
partner sequences. [0100] The term "polynucleotide" as
referred to herein means a polymeric form of
nucleotides of at least 10 bases in length, either
ribonucleotides or deoxynucleotides or a modified form
of either type of nucleotide, or RNA-DNA
heteroduplexes. The term includes single and double
stranded forms of DNA. 10101] The term
"oligonucleotide" referred to herein includes
naturally occurring, and modified nucleotides linked
together by naturally occurring, and nonnaturally
occurring linkages. Oligonucleotides are a
polynucleotide subset generally comprising a length of
200 bases or fewer. Preferably, oligonucleotides are
10 to 60 bases in length and most preferably 12, 13,
14, 15, 16, 17, 18, 19, or 20 to 40 bases in length.
Oligonucleotides are usually single stranded, e.g. for
probes; although oligonucleotides may be double
stranded, e.g. for use in the construction of a gene
mutant. Oligonucleotides can be either sense or
antisense oligonucleotides. [0102] The term "naturally
occurring nucleotides" referred to herein includes
deoxyribonucleotides and ribonucleotides. The term
"modified nucleotides" referred to herein includes
nucleotides with modified or substituted sugar groups
and the like. The 



term "oligonucleotide linkages" referred to herein
includes oligonucleotides linkages such as
phosphorothioate, phosphorodithioate,
phosphoroselenoate, phosphorodiselenoate,
phosphoroanilothioate, phosphoraniladate,
phosphoroamidate, and the like. See e.g., LaPlanche et
al Nucl Acids Res. 14:9081 (1986); Stec et al. J. Am.
Chem. Soc. 106:6077 (1984); Stein et al Nucl Acids
Res. 16:3209 (1988); Zon et al Anti-Cancer Drug Design
6:539 (1991); Zon et al. Oligonucleotides and
Analogues: A Practical Approach, pp. 87- 108 (F.
Eckstein, Ed., Oxford University Press, Oxford England
(1991)); Stec et al U.S. Patent No. 5,151,510; Uhlmann
and Peyman Chemical Reviews 90:543 (1990), the
disclosures of which are hereby incorporated by
reference. An oligonucleotide can include a label for
detection, if desired. [0103] The term "selectively
hybridize" referred to herein means to detectably and
specifically bind. Polynucleotides, oligonucleotides
and fragments thereof selectively hybridize to nucleic
acid strands under hybridization and wash conditions
that minimize appreciable amounts of detectable
binding to nonspecific nucleic acids. High stringency
conditions can be used to achieve selective
hybridization conditions as knownin the art and
discussed herein. Generally, the nucleic acid sequence
homology between the polynucleotides,
oligonucleotides, or antibody fragments and a nucleic
acid sequence of interest will be at least 80%, and
more typically with preferably increasing homologies
of at least 85%, 90%, 95%, 99%, and 100%. [0104] Two
amino acid sequences are "homologous" if there is a
partial or complete identity between their sequences.
For example, 85% homology means that 85% of the amino
acids are identical when the two sequences are aligned
for maximum matching. Gaps (in either of the two
sequences being matched) are allowed in maximizing
matching; gap lengths of 5 or less are preferred with
2 or less being more preferred. Alternatively and
preferably, two protein sequences (or polypeptide
sequences derived from them of at least about 30 amino
acids in length) are homologous, as this term is used
herein, if they have an alignment score of at more
than 5 (in standard deviation units) using the program
ALIGN with the mutation data matrix and a gap penalty
of 6 or greater. See Dayhoff, M.O., in Atlas of
Protein Sequence and Structure, pp. 101-110 (Volume 5,
National Biomedical Research Foundation (1972)) and
Supplement 2 to this volume, pp. 1-10. The two
sequences or parts thereof are more preferably
homologous if their amino acids are greater than or
equal to 50% identical when optimally aligned using
the ALIGN program. It should be appreciated that there
can be differing regions of homology within two
orthologous sequences. For example, the functional
sites of mouse and human orthologues may have a higher
degree of homology than non-functional regions. [0105]
The term "corresponds to" is used herein to mean that
a polynucleotide sequence is homologous (i.e., is
identical, not strictly evolutionarily related) to all
or a portion of a reference polynucleotide sequence,
or that a polypeptide sequence is identical to a
reference polypeptide sequence. [0106] In
contradistinction, the term "complementary to" is used
herein to mean that the complementary sequence is
homologous to all or a portion of a reference
polynucleotide sequence. For illustration, the
nucleotide sequence "TATAC" corresponds to a reference
sequence "TATAC" and is complementary to a reference
sequence "GTATA". 



[0107] The term "sequence identity" means that two
polynucleotide or amino acid sequences are identical
(i.e., on a nucleotide-by-nucleotide or
residue-by-residue basis) over the comparison window.
The term "percentage of sequence identity" is
calculated by comparing two optimally aligned
sequences over the window ofcomparison, determining
the number of positions at which the identical nucleic
acid base (e.g., A, T, C, G, U, or I) or amino acid
residue occurs in both sequences to yield the number
of matched positions, dividing the number of matched
positions by the total number of positions in the
comparison window (i.e., the window size), and
multiplying the result by 100 to yield the percentage
of sequence identity. The terms "substantial identity"
as used herein denotes a characteristic of a
polynucleotide or amino acid sequence, wherein the
polynucleotide or amino acid comprises a sequence that
has at least 85 percent sequence identity, preferably
at least 90 to 95 percent sequence identity, more
preferably at least 99 percent sequence identity, as
compared to a reference sequence over a comparison
window of at least 18 nucleotide (6 amino acid)
positions, frequently over a window of at least 24-48
nucleotide (8-16 amino acid) positions, wherein the
percentage of sequence identity is calculated by
comparing the reference sequence to the sequence which
may include deletions or additions which total 20
percent or less of the reference sequence over the
comparison window. The reference sequence may be a
subset of a larger sequence. [0108] As used herein,
the twenty conventional amino acids and their
abbreviations follow conventional usage. See
Immunology -A Synthesis (2nd Edition, E.S. Golub and
D.R. Gren, Eds., Sinauer Associates, Sunderland, Mass.
(1991)), which is incorporated herein by reference.
Stereoisomers (e.g., D-amino acids) of the twenty
conventional amino acids, unnatural amino acids such
as a-, a-disubstituted amino acids, N-alkyl amino
acids, lactic acid, and other unconventional amino
acids may also be suitable components for polypeptides
of the present invention. Examples of unconventional
amino acids include: 4-hydroxyproline,
g-carboxyglutamate, e-N,N,Ntrimethyllysine,
e-N-acetyllysine, O-rhosphoserine, N-acetylserine,
N-formylmethionine, 3-methylhistidine,
5-hydroxylysine, s-N-methylarginine, and other similar
amino acids and imino acids (e.g., 4-hydroxyproline).
In the polypeptide notation used herein, the left-hand
direction is the amino terminal direction and the
right-hand direction is the carboxy-terminal
direction, in accordance with standard usage and
convention. [0109] Similarly, unless specified
otherwise, the left-hand end of singlestranded
polynucleotide sequences is the 5' end; the left-hand
direction of doublestranded polynucleotide sequences
is referred to as the 5' direction. The direction of
5' to 3' addition of nascent RNA transcripts is
referred to as the transcription direction; sequence
regions on the DNA strand having the same sequence as
the RNA and whichare 5' to the 5' end of the RNA
transcript are referred to as "upstream sequences";
sequence regions on the DNA strand having the same
sequence as the RNA and which are 3' to the 3' end of
the RNA transcript are referred to as "downstream
sequences". [0110] As applied to polypeptides, the
term "substantial identity" means that two peptide
sequences, when optimally aligned, such as by the
programs GAP or BESTFIT using default gap weights,
share at least 80 percent sequence identity,
preferably at least 90 percent sequence identity, more
preferably at least 95 percent sequence identity, and
most preferably at least 99 percent sequence identity.
Preferably, residue positions that are not identical
differ by conservative amino acid substitutions. 



Conservative amino acid substitutions refer to the
interchangeability of residues having similar side
chains. For example, a group of amino acids having
aliphatic side chains is glycine, alanine, valine,
leucine, and isoleucine; a group of amino acids having
aliphatichydroxyl side chains is serine and threonine;
a group of amino acids having amidecontaining side
chains is asparagine and glutamine; a group of amino
acids having aromatic side chains is phenylalanine,
tyrosine, and tryptophan; a group of amino acids
having basic side chains is lysine, arginine, and
histidine; and a group of amino acids having
sulfur-containing side chains is cysteine and
methionine. Preferred conservative amino acids
substitution groups are: valine-leucine-isoleucine,
phenylalanine-tyrosine, lysine-arginine,
alanine-valine, glutamic-aspartic, and
asparagine-glutamine. [0111] As discussed herein,
minor variations in the amino acid sequences of
antibodies or immunoglobulin molecules are
contemplated as being encompassed by the present
invention, providing that the variations in the amino
acid sequence maintain at least 75%, more preferably
at least 80%, 90%, 95%, and most preferably 99%
sequence identity to the antibodies or immunoglobulin
molecules described herein. In particular,
conservative amino acid replacements are contemplated.
Conservative replacements are those that take place
within a family of amino acids that have related side
chains. Genetically encoded amino acids are generally
divided into families: (1) acidic=aspartate,
glutamate; (2) basic=lysine, arginine, histidine; (3)
non-polar=alanine, valine, leucine, isoleucine,
proline, phenylalanine, methionine, tryptophan; and
(4) uncharged polar=glycine, asparagine, glutamine,
cysteine, serine, threonine, tyrosine. More preferred
families are: serine and threonine are an
aliphatic-hydroxy family; asparagine and glutamine are
an amide-containing family; alanine, valine, leucine
and isoleucine are an aliphatic family; and
phenylalanine, tryptophan, and tyrosine are an
aromatic family. For example, it is reasonable to
expect that an isolated replacement of a leucine with
anisoleucine or valine, an aspartate with a glutamate,
a threonine with a serine, or a similar replacement of
an amino acid with a structurally related amino acid
will not have a major effect on the binding function
or properties of the resulting molecule, especially if
the replacement does not involve an amino acid within
a framework site. Whether an amino acid change results
in a functional peptide can readily be determined by
assaying the specific activity of the polypeptide
derivative. Assays are described in detail herein.
Fragments or analogs of antibodies or immunoglobulin
molecules can be readily prepared by those of ordinary
skill in the art. Preferred amino- and carboxy-termini
of fragments or analogs occur near boundaries of
functional domains. Structural and functional domains
can be identified by comparison of the nucleotide
and/or amino acid sequence data to public or
proprietary sequence databases. Preferably,
computerized comparison methods are used to identify
sequence motifs or predicted protein conformation
domains that occur in other proteins of known
structure and/or function. Methods to identify protein
sequences that fold into a known three-dimensional
structure are known. Bowie et al. Science 253:164
(1991). Thus, the foregoixig examples demonstrate that
those of skill in the art can recognize sequence
motifs and structural conformations that may be used
to define structural and functional domains in
accordance with the antibodies described herein.
[0112] Preferred amino acid substitutions are those
which: (1) reduce susceptibility to proteolysis, (2)
reduce susceptibility to oxidation, (3) alter binding 



affinity for forming protein complexes, (4) alter
binding affinities, and (4) confer or modify other
physicochemical or functional properties of such
analogs. Analogs can include various muteins of a
sequence other than the naturally-occurring peptide
sequence. For example, single or multiple amino acid
substitutions (preferably conservative amino acid
substitutions) may be made in the naturally-occurring
sequence (preferably in the portion of the polypeptide
outside the domain(s) fopning intermolecular contacts.
A conservative amino acid substitution should not
substantially change the structural characteristics of
the parent sequence (e.g., a replacement amino acid
should not tend to break a helix that occurs in the
parent sequence, or disrupt other types of secondary
structure that characterizes the parent sequence).
Examples of art-recognized polypeptide secondary and
tertiary structures are described in Proteins,
Structures and Molecular Principles (Creighton, Ed.,
W. H. Freeman and Company, New York (1984));
Introduction to Protein Structure (C. Branden and J.
Tooze, eds., Garland Publishing,New York, N.Y.
(1991)); and Thornton et at. Nature 354:105 (1991),
which are each incorporated herein by reference.
[0113] The term "polypeptide fragment" as used herein
refers to a polypeptide that has an amino-terminal
and/or carboxy-terminal deletion, but where the
remaining amino acid sequence is identical to the
corresponding positions in the naturally-occurring
sequence deduced, for example, from a full-length cDNA
sequence. Fragments typically are at least 5, 6, 8 or
10 amino acids long, preferably at least 14 amino
acids long, more preferably at least 20 amino acids
long, usually at least 50 amino acids long, and even
more preferably at least 70 amino acids long. The term
"analog" as used herein refers to polypeptides which
are comprised of a segment of at least 25 amino acids
that has substantial identity to a portion of a
deduced amino acid sequence and which has at least one
of the following properties: (1) specific binding to a
CD20, under suitable binding conditions, (2) ability
to induce apoptosis of cells expressing CD20, (3)
ability to elicit antibody dependent cellular
cytotoxicity (ADCC), or (4) ability to induce
complement dependent cytotoxicity (CDC). Typically,
polypeptide analogs comprise a conservative amino acid
substitution (or addition or deletion) with respect to
the naturally-occurring sequence. Analogs typically
are at least 20 amino acids long, preferably at least
50 amino acids long or longer, and can often be as
long as a full-length naturally-occurring polypeptide.
[0114] Peptide analogs are commonly used in the
pharmaceutical industry as non-peptide drugs with
properties analogous to those of the template peptide.
These types of non-peptide compound are termed
"peptide mimetics" or "peptidomimetics". Fauchere, J.
Adv. Drug Res. 15:29 (1986); Veber and Freidinger TINS
p.392 (1985); and Evans et al. J. Med. Chem. 30:1229
(1987), which are incorporated herein by reference.
Such compounds are often developed with the aid of
computerized molecular modeling. Peptide mimetics that
are structurally similar to therapeutically useful
peptides may be used to produce an equivalent
therapeutic or prophylactic effect. Generally,
peptidomimetics are structurally similar to a paradigm
polypeptide (i.e., a polypeptide that has a
biochemical property or pharmacological activity),
such as human antibody, but have one or more peptide
linkages optionally replaced by a linkage selected
from the group consisting of: -CH 2NH-, -CH 2S-, -CH
2-CH - , and trans), - COCH2- , -CH(OH)CH 2- , and -CH
2SO-, by methods well known in the art. 



Systematic substitution of one or more amino acids of
a consensus sequence with a Damino acid of the same
type (e.g., D-lysine in place of L-lysine) may be used
to generatemore stable peptides. In addition,
constrained peptides comprising a consensus sequence
or a substantially identical consensus sequence
variation may be generated by methods known in the art
(Rizo and Gierasch Ann. Rev. Biochem. 61:387 (1992),
incorporated herein by reference); for example, by
adding internal cysteine residues capable of forming
intramolecular disulfide bridges which cyclize the
peptide. [0115] As used herein, the term "antibody"
refers to a polypeptide or group of polypeptides that
are comprised of at least one binding domain that is
formed from the folding of polypeptide chains having
three-dimensional binding spaces with internal surface
shapes and charge distributions complementary to the
features of an antigenic determinant of an antigen. An
antibody typically has a tetrameric form, comprising
two identical pairs of polypeptide chains, each pair
having one "light" and one "heavy" chain. The variable
regions of each light/heavy chain pair form an
antibody binding site. [0116] As used herein, a
"targeted binding agent" is an antibody, or binding
fragment thereof, that preferentially binds to a
target site. In one embodiment, the targeted binding
agent is specific for only one target site. In other
embodiments, the targeted binding agent is specific
for more than one target site hi one embodiment, the
targeted binding agent may be a monoclonal antibody
and the target site may be an epitope. [0117] "Binding
fragments" of an antibody are produced by recombinant
DNA techniques, or by enzymatic or chemical cleavage
of intact antibodies. Binding fragments include Fab,
Fab', F(ab') 2, Fv, and single-chain antibodies. An
antibody other than a "bispecific" or "bifunctional"
antibody is understood to have each of its binding
sites identical. An antibody substantially inhibits
adhesion of a receptor to a counterreceptor when an
excess of antibody reduces the quantity of receptor
bound to counterreceptor by at least about 20%, 40%,
60% or 80%, and more usually greater than about 85%
(as measured in an in vitro competitive binding
assay). [0118] An antibody may be oligoclonal, a
polyclonal antibody, a monoclonal antibody, a chimeric
antibody, a CDR-grafted antibody, a multi-specific
antibody, a b i specific antibody, a catalytic
antibody, a chimeric antibody, a humanized antibody, a
fully human antibody, an anti-idiotypic antibody and
antibodies that can be labeled in soluble or bound
form as well as fragments, variants or derivatives
thereof, either alone or in combination with other
amino acid sequences provided by known techniques. An
antibody may be from any species. The term antibody
also includes binding fragments of the antibodies of
the invention; exemplary fragments include Fv, Fab,
Fab', singlestranded antibody (svFC), dimeric variable
region (Diabody) and disulphide stabilized variable
region (dsFv). [0119] The term "epitope" includes any
protein determinant capable of specific binding to an
immunoglobulin or T-cell receptor. Epitopic
determinants usually consist of chemically active
surface groupings of molecules such as amino acids or
sugar side chains and may, but not always, have
specific three-dimensional structural characteristics,
as well as specific charge characteristics. An
antibody is said to specifically bind an antigen when
the dissociation constant is < 1 mM, preferably < 100
nM and most preferably < 10 nM. [0120] The term
"agent" is used herein to denote a chemical compound,
a 



mixture of chemical compounds, a biological
macromolecule, or an extract made from biological
materials. [0121] "Active" or "activity" in regard to
a CD20 polypeptide refers to a portion of a CD20
polypeptide that has a biological or an immunological
activity of a native CD20 polypeptide. "Biological"
when used herein refers to a biological function that
results from the activity of the native CD20
polypeptide. A preferred CD20 biological activity
includes, for example, B-lymphocyte proliferation.
[0122] "Mammal" when used herein refers to any animal
that is considered a mammal. Preferably, the mammal is
human. [0123] Digestion of antibodies with the enzyme,
papain, results in two identical antigen-binding
fragments, known also as "Fab" fragments, and a "Fc"
fragment, having no antigen-binding activity but
having the ability to crystallize. Digestion of
antibodies with the enzyme, pepsin, results in the a
F(ab') 2 fragment in which the two anus of the
antibody molecule remain linked and comprise
two-antigen binding sites. The F(ab') 2 fragment has
the ability to crosslink antigen. [0124] "Fv" when
used herein refers to the minimum fragment of an
antibody that retains both antigen-recognition and
antigen-binding sites. [0125] "Fab" when used herein
refers to a fragment of an antibody that comprises the
constant domain of the light chain and the CHl domain
of the heavy chain. [0126] The term "mAb" refers to
monoclonal antibody. [0127] "Liposome" when used
herein refers to a small vesicle that may be useful
for delivery of drugs that may include the
CD20polypeptide of the invention or antibodies to such
a CD20 polypeptide to a mammal.[0128] "Label" or
"labeled" as used herein refers to the addition of a
detectable moiety to a polypeptide, for example, a
radiolabel, fluorescent label, enzymatic label
chemiluminescent labeled or a biotinyl group.
Radioisotopes or radionuclides may include 3H, 14C,
15N, 35S, 90Y, 99Tc, 111In, 125I, 131 I, fluorescent
labels may include rhodamine, lanthanide phosphors or
FITC and enzymatic labels may include horseradish
peroxidase, b-galactosidase, luciferase, alkaline
phosphatase. [0129] The term "pharmaceutical agent or
drug" as used herein refers to a chemical compound or
composition capable of inducing a desired therapeutic
effect when properly administered to a patient. Other
chemistry terms herein are used according to
conventional usage in the art, as exemplified by The
McGraw-Hill Dictionary of Chemical Terms (Parker, S.,
Ed., McGraw-Hill, San Francisco (1985)), (incorporated
herein by reference). [0130] As used herein,
"substantially pure" means an object species is the
predominant species present (i.e., on a molar basis it
is more abundant than any other individual species in
the composition), and preferably a substantially
purified fraction is a composition wherein the object
species comprises at least about 50 percent (on a
molar basis) of all macromolecular species present.
Generally, a substantially pure composition will
comprise more than about 80 percent of all
macromolecular species present in the composition,
more preferably more than about 85%, 90%, 95%, and
99%. Most preferably, the object species is purified
to essential homogeneity (contaminant species cannot
be detected in the composition by conventional
detection methods) wherein the . composition consists
essentially of a single macromolecular species. 



[0131] "Antibody-dependent cell-mediated cytotoxicity"
and "ADCC" refer to a cell-mediated reaction in which
non-specific cytotoxic cells that express Ig Fc
receptors (FcRs) (e.g. Natural Killer (NK) cells,
monocytes, neutrophils, and macrophages) recognize
bound antibody on a target cell and subsequently cause
lysis of the target cell. The primary cells for
mediating ADCC, NK cells, express FcgRIII only,
whereas monocytes express FcgRI, FcgRII and FcgRIII.
FcRs expression on hematopoietic cells is summarized
in Table 3 on page 464 of Ravetch and Kinet, Annu.
Rev. Immunol 9:457-92 (1991). To assess ADCC activity
of a molecule of interest, an in vitro ADCC assay,
such as that described in U.S. Patent No. 5,500,362,
or 5,821,337 can be performed. Useful effector cells
for such assays include peripheral blood mononuclear
cells (PBMC) and Natural Killer (NK) cells.
Alternatively, or additionally, ADCC activity of the
moleculeof interest can be assessed in vivo, e.g., in
an animal model such as that disclosed in Clynes et
al. PNAS (USA) 95:652-656 (1988). [0132] "Complement
dependent cytotoxicity" and "CDC" refer to the
mechanism by which antibodies carry out their
cell-killing function. It is initiated by the binding
of CIq, a constituent of the first component of
complement, to the Fc domain of Igs, IgG or IgM, which
are in complex with antigen (Hughs-Jones, N.C., and B.
Gardner. 1979. MoI. Immunol. 16:697). CIq is a large,
structurally complex glycoprotein of -410 kDa present
in human serum at a concentration of 70 mg/ml (Cooper,
N.R. 1985. Adv. Immunol. 37:151). Together with two
serine proteases, CIr and CIs, CIq forms the complex
Cl, the first component of complement. At least two of
the N-terminal globular heads of CIq must be bound to
the Fc of Igs for Cl activation, hence for initiation
of the complement cascade (Cooper, N.R. 1985. Adv.
Immunol. 37:151). [0133] "Whole blood assays" use
unfractionated blood as a source of natural effectors.
Blood contains complement in the plasma, together with
FcR-expressing cellular effectors, such as
polymorphonuclear cells (PMNs) and mononuclear cells
(MNCs). Thus, whole blood assays allow simultaneous
evaluation of the synergy of both ADCC and CDC
effector mechanisms in vitro. [0134] The term
"patient" includes human and veterinary subjects.
Antibody Structure [0135] The basic antibody
structural unit is known to comprise a tetramer. Each
tetramer is composed of two identical pairs of
polypeptide chains, each pair having one "light"
(about 25 kDa) and one "heavy" chain (about 50-70
kDa). The aminoterminal portion of each chain includes
a variable region of about 100 to 110 or more amino
acids primarily responsible for antigen recognition.
The carboxy- terminal portion of each chain defines a
constant region primarily responsible for effector
function. Human light chains are classified as kappa
and lambda light chains. Heavy chains are classified
as mu, delta, gamma, alpha, or epsilon, and define the
antibody's isotype as IgM, IgD, IgA, and IgE,
respectively. Within light and heavy chains, the
variable and constant regions are joined by a "J"
region of about 12 or more amino acids, with the heavy
chain also including a "D" region of about 10 more
amino acids. See generally, Fundamental Immunology Ch.
7 (Paul, W., ed., 2nd ed. Raven Press, N.Y. (1989))
(incorporated by reference in its entirety for all
purposes). The variable regions of each light/heavy
chain pair form the antibody binding site.[0136] Thus,
an intact antibody has two binding sites. Except in
bifunctional or bispecific antibodies, the two binding
sites are the same. 



[0137] The chains all exhibit the same general
structure of relatively conserved framework regions
(FR) joined by three hyper variable regions, also
called complementarity determining regions or CDRs.
The CDRs from the two chains of each pair are aligned
by the framework regions, enabling binding to a
specific epitope. From N-terminal to C-terminal, both
light and heavy chains comprise the domains FRl, CDRl,
FR2, CDR2, FR3, CDR3 and FR4. The assignment of amino
acids to each domain is in accordance with the
definitions of Kabat Sequences of Proteins of
Immunological Interest (National Institutes of Health,
Bethesda, Md. (1987 and 1991)), or Chothia & Lesk J.
MoI. Biol 196:901-917 (1987); Chothia et al. Nature
342:878-883 (1989). [0138] A bispecific or
bifunctional antibody is an artificial hybrid antibody
having two different heavy/light chain pairs and two
different binding sites. Bispecific antibodies can be
produced by a variety of methods including fusion of
hybridomas or linking of Fab' fragments. See, e.g.,
Songsivilai & Lachmann Clin. Exp. Immunol. 79: 315-321
(1990), Kostelny et al. J Immunol. 148:1547-1553
(1992). Bispecific antibodies do not exist in the form
of fragments having a single binding site {e.g., Fab,
Fab', and Fv). Human Antibodies and Humanization of
Antibodies [0139] Human antibodies avoid some of the
problems associated with antibodies that possess
murine or rat variable and/or constant regions. The
presence of such murine or rat derived proteins can
lead to the rapid clearance of the antibodies or can
lead to the generation of an immune response against
the antibody by a patient. In order to avoid the
utilization of murine or rat derived antibodies, fully
human antibodies can be generated through the
introduction of functional human antibody loci into a
rodent, other mammal or animal so that the rodent,
other mammal or animal produces fully human
antibodies. [0140] One method for generating fully
human antibodies is through the use of XenoMouse '
strains of mice that have been engineered to contain
up to but less than 1000 kb-sized germline configured
fragments of the human heavy chain locus and kappa
light chain locus. The XenoMouse (r) strains are
available from Abgenix, Inc. (Fremont, CA). Such mice,
then, are capable of producing human immunoglobulin
molecules andantibodies and are deficient in the
production of murine immunoglobulin molecules and
antibodies. Technologies utilized for achieving the
same are disclosed in U.S. Patent Application Serial
No. 08/759,620, filed December 3, 1996 and
International Patent Application Nos. WO 98/24893,
published June 11, 1998 and WO 00/76310, published
December 21, 2000, the disclosures of which are hereby
incorporated by reference. See also Mendez et al.
Nature Genetics 15:146-156 (1997), the disclosure of
which is hereby incorporated by reference. [0141] hi
general, antibodies produced by the fused hybridomas
were human IgGl or IgG4 heavy chains with fully human
kappa or lambda light chains. Antibodies can also be
of other human isotypes, including IgG2 heavy chains.
The antibodies possessed high affinities, typically
possessing a Kd of from about 10 6 through about 10 12
M or below, when measured against cells in FACS-based
affinity measurement techniques. The affinity can also
be measured by solid phase and solution phase
techniques hi one embodiment, the antibodies described
herein bind CD20 with a Kd of less than 12 nanomolar
(nM) and induce apoptosis of B-lymphocytes. hi some 



embodiments, the antibodies bind CD20 with a Kd of
less than about 10, 9, 8, 7, 6, 5, or 4 nM. [0142] As
will be appreciated, anti-CD20 antibodies can be
expressed in cell lines other than hybridoma cell
lines. Sequences encoding particular antibodies can be
used to transform a suitable mammalian host cell.
Transformation can be by any known method for
introducing polynucleotides into a host cell,
including, for example packaging the polynucleotide in
a virus (or into a viral vector) and transducing a
host cell with the virus (or vector) or by
transfection procedures known in the art, as
exemplified by U.S. Patent Nos. 4,399,216, 4,912,040,
4,740,461, and 4,959,455 (which patents are hereby
incorporated herein by reference). The transformation
procedure used depends upon the host to be
transformed. Methods for introducing heterologous
polynucleotides into mammalian cells are well known in
the art and include dextran-mediated transfection,
calcium phosphate precipitation, polybrene mediated
transfection, protoplast fusion, electroporation,
encapsulation of the polynucleotide(s) in liposomes,
and direct microinjection of the DNA into nuclei.
[0143] Mammalian cell lines available as hosts for
expression are well known in the art and include many
immortalized cell lines available from the American
Type Culture Collection (ATCC), including but not
limited to Chinese hamster ovary (CHO) cells, HeLa
cells, baby hamster kidney (BHK) cells, monkey kidney
cells (COS), humanhepatocellular carcinoma cells
(e.g., Hep G2), human epithelial kidney 293 cells, and
a number of other cell lines. Cell lines of particular
preference are selected through determining which cell
lines have high expression levels and produce
antibodies with constitutive CD20 binding properties.
[0144] Anti-CD20 antibodies are useful in the
detection of CD20 in patient samples and accordingly
are useful as diagnostics for disease states as
described herein. In addition, based on their ability
to induce apoptosis, elicit ADCC, and/or induce CDC
(as demonstrated in the Examples below), anti-CD20
antibodies have therapeutic effects in treating
symptoms and conditions resulting from CD20 expression
on B-cells. In specific embodiments, the antibodies
and methods herein relate to the treatment of symptoms
resulting from CD20 induced "tumor growth. Further
embodiments involve using the antibodies and methods
described herein to treat neoplastic diseases, such as
NHL, including precursor B cell lymphoblastic
leukemia/lymphoma and mature B cell neoplasms, such as
B cell Chronic Lymphocytic Leukemia (CLL), small
lymphocytic lymphoma (SLL), B cell prolymphocytic
leukemia, lymphoplasmacytic lymphoma, mantle cell
lymphoma (MCL), follicular lymphoma (FL), including
low-grade, intermediate grade and high-grade FL,
cutaneous follicle center lymphoma, marginal zone B
lymphoma (MALT type, nodal and splenic type), hairy
cell leukemia, diffuse large B cell lymphoma,
Burkitt's lymphoma, plasmacytoma, plasma cell myeloma,
posttransplant lyrnphoproliferative disorder,
Waldenstrom's macroglobulinemia, and anaplastic large
cell lymphoma (ALCL). In addition, examples include
relapsed or refractory B-NHL following Rituximab
therapy. Immune diseases include Crohn's disease,
Wegener's Granulomatosis, psoriasis, psoriatic
arthritis, dermatitis, systemic scleroderma and
sclerosis, inflammatory bowel disease (IBD),
ulcerative colitis, respiratory distress syndrome,
meningitis encephalitis, uveitis, glomerulonephritis,
eczema, asthma, atherosclerosis, leukocyte adhesion
deficiency, multiple sclerosis, 



Raynaud's syndrome, Sjogren's syndrome, juvenile onset
diabetes, Reiter's disease, Behcet's disease, immune
complex nephritis, IgA nephropathy, IgM
polyneuropathies, immune-mediated thrombocytopenias,
such as acute idiopathic thrombocytopenic purpura and
chronic idiopathic thrombocytopenic purpura, hemolytic
anemia, myasthenia gravis, lupus nephritis, systemic
lupus erythematosus, rheumatoid arthritis (RA), atopic
dermatitis, pemphigus, Grave's disease, Hashimoto's
thyroiditis, Omenn's syndrome, chronic renal failure,
acute infectious mononucleosis, HIV, and herpes virus
associated diseases. Additional disorders include
severe acute respiratory distress syndrome
andchoreoretinitis. Other examples are diseases and
disorders caused b y infection of B-cells with virus,
such as Epstein Barr virus (EBV). Antibody Sequences
[0145] Embodiments of the invention include the
specific anti-CD20 antibodies listed below in Table 1.
This table reports the identification number of each
anti-CD20 antibody, along with the SEQ ID number o f
variable regions o f the corresponding heavy chain and
light chain genes. [0146] Each antibody has been given
an identification number that includes either two or
three numbers separated b y one or two decimal points,
hi some cases, only two identification numbers
separated b y one decimal point are listed. However,
in some cases, several clones o f one antibody were
prepared. Although the clones have the identical
nucleic acid and amino acid sequences a s the parent
sequence, they may also b e listed separately, with
the clone number indicated b y the number to the right
of a second decimal point. Thus, for example, the
nucleic acid and amino acid sequences o f antibody 1.2
are identical to the sequences of antibody 1.2.1,
1.2.2, and 1.2.3. TABLE 1 mAb ID Sequence SEQ ID No.:
NO: Nucleotide sequence encoding the variable region o
f the heavy chain 1 Amino acid sequence encoding the
variable region o f the heavy chain 1.1.2 Nucleotide
sequence encoding the variable region o f the light
chain Amino acid sequence encoding the variable region
o f the light chain Nucleotide sequence encoding the
variable region o f the heavy chain Amino acid
sequence encoding the variable region o f the heavy
chain 1.10.3.1 Nucleotide sequence encoding the
variable region o f the light chain Amino acid
sequence encoding the variable region o f the light
chain Nucleotide sequence encoding the variable region
o f the heavy chain Amino acid sequence encoding the
variable region o f the heavy chain 10 1.11.3.1
Nucleotide sequence encoding the variable region o f
the light chain 1 1 Amino acid sequence encoding the
variable region o f the light chain 12 Nucleotide
sequence encoding the variable region o f the heavy
chain 13 Amino acid sequence encoding the variable
region o f the heavy chain 14 1.12.1
NNuucclleeoottiiddee sseeqquueennccee eennccooddiinngg
tthhee vvaaririaabbllee rreeggiioonn off tthhee
lliigghhtt cchhaaiinn 15 Amino acid sequence encoding
the variable region o f the light chain 16
NNuucclleeoottiiddee sseeqquueennccee eennccooddiinngg
tthhee vvaaririaabbllee rreeggiioonn off tthhee
hheeaavvyy cchhaaiinn 17 



Amino acid sequence encoding the variable region o f
the heavy chain 18 1.13.1 Nucleotide sequence encoding
the variable region o f the light chain 19 Amino acid
sequence encoding the variable region o f the light
chain 20NB/MB CODING APPARATUS AND METHOD USING BOTH
DISPARITY INDEPENDENT AND DISPARITY DEPENDENT ENCODED
VECTORS Field of the Invention The present invention
generally relates to communications systems and, more
particularly, to an NB/MB coding apparatus and method.
Background of the Invention Coding is employed in
communications systems for a variety of purposes.
Among these are the improvement of transmission
reliability, DC balance, the detection of errors, and
the correction of errors. United States Patent No.
5,699,062 to Widmer discloses a transmission code
having local parity. The '062 patent describes a
method and apparatus for converting 8-bit bytes to a
set of coded 10-bit bytes such that if an error
accrues in a bit location of a particular coded byte,
it generates an invalid coded byte. Further, the set
of coded bytes includes a comma which is confined to a
single byte. The bit sequence of the comma is
singular, i.e., the sequence of bits corresponding to
the comma cannot be found in any byte sequence with
another alignment relative to the byte boundaries.
Vertical parity is used to identify the bit location
of errors within a byte known to be erroneous. The
'062 patent does not provide a specific assignment of
source vectors to encoded vectors. Accordingly, it
would be desirable to provide a coding implementation
that can be efficiently implemented in hardware.
Summary of the Invention Principles of the present
invention provide techniques for implementing a coding
scheme. An exemplary method, according to one aspect
of the present invention, encodes N-binary symbol (NB)
source data vectors into M-binary symbol (MB) encoded
vectors, where M is greater than N which in turn is
greater than 0. The exemplary method can include the
steps of obtaining a plurality of NB source data
vectors and encoding the NB source data vectors into a
plurality of MB encoded vectors according to an
encoding scheme. The encoding scheme can map at least
a first portion of the NBsource data vectors into MB
encoded vectors that are disparity independent.
Further, the encoding scheme can map a second portion
of the NB source data vectors into MB encoded vectors
that are disparity dependent. The disparity dependent
encoded vectors can have primary representations and
alternate representations that are complementary to
the primary representations. The MB encoded vectors
can have M-N binary symbols appended to them by the
encoding scheme. A fraction of the MB encoded vectors
can have binary symbol changes other than whole-vector
complementation, as compared to corresponding ones of
the NB source data vectors. The encoding scheme can be
preselected to reduce and/or substantially eliminate
the amount of disparity dependent encoded vectors that
have binary symbol changes, other than whole-vector
complementation. The reduction of the amount of
disparity dependent encoded vectors that have
individual binary symbol changes can be in comparison
to at least some other possible NB to MB encoding
schemes. In a more specific aspect of an exemplary
embodiment of the invention, N=8, M=IO, and an
exemplary encoding scheme substantially eliminates the
amount of 



disparity dependent encoded vectors having binary
symbol changes other than whole vector
complementation. The exemplary encoding scheme can
produce a DC-balanced transmission code, and the NB
source data vectors that map to disparity independent
encoded vectors can include at least 60 balanced
source data vectors that have a leading run-length no
greater than 2 and are appended with a complementary
pair of appended binary symbols corresponding to the
aforementioned M-N binary symbols. The MB encoded
vectors that have binary symbol changes compared to
the source data vectors can be those of the disparity
independent encoded vectors that have 8 binary symbols
identical to corresponding ones of the disparity
independent encoded vectors and two binary symbols
that are complements of the pair of appended binary
symbols. The exemplary encoding scheme can assign a
majority of the NB source data vectors corresponding
to the encoded vectors that have binary symbol
changes, in complementary pairs, to corresponding
pairs of the disparity independent MB encoded vectors
that are complementary in all binary symbol positions
except the appended binary symbols. Further, the
exemplary encoding scheme can assign at least 8
vectors of thesource data vectors that correspond to
the disparity independent encoded vectors, having a
leading run of 4 followed by two pairs of
complementary binary symbols, to certain ones of the
MB encoded vectors that have two leading binary
symbols complemented with respect to corresponding
ones of the 8 vectors. The exemplary encoding scheme
can also assign a majority of the source data vectors
that correspond to the encoded vectors with binary
symbol changes, in complementary pairs, to
corresponding pairs of disparity independent encoded
vectors that are complementary in all binary symbol
positions except the appended binary symbols. The
exemplary encoding scheme can also assign at least 8
vectors of the source data vectors that correspond to
the disparity independent encoded vectors, having a
leading run of 4, followed by a single binary symbol
in 4 subsequent binary symbols, where said single
binary symbol matches binary symbols in the leading
run of 4, to selected ones of the encoded vectors that
have a third binary symbol complemented with respect
to corresponding ones of the 8 vectors. The exemplary
encoding scheme can still further assign a majority of
the NB source data vectors corresponding to the
fraction of encoded vectors having binary symbol
changes, in complementary pairs, to corresponding
pairs of disparity independent encoded vectors that
are complementary in all binary symbol positions
except the appended binary symbols. The exemplary
encoding scheme can yet further assign at least 8
vectors of the source data vectors that correspond to
the disparity independent encoded vectors, having a
leading run of 4 followed by a single binary symbol in
4 subsequent binary symbols, where said single binary
symbol does not match binary symbols in the leading
run of 4, to selected ones of the encoded vectors that
have first, third and fourth binary symbols
complemented with respect to corresponding ones of the
8 vectors. Ih further specific aspects of the present
invention, according to exemplary embodiments thereof,
the source data vectors that correspond to the
disparity independent encoded vectors can include at
least 54 source data vectors that have an overall
disparity of either +2 or -2, and have a running
disparity of no greater than 2 after any given binary
symbol position. These vectors can be appended with
binary symbols 00 for those that have an overall
disparity of +2, and with binary symbols 11, for those
which have anoverall disparity of -2. The source data
vectors that correspond to disparity dependent 



encoded vectors can include at least 19 source data
vectors that have a disparity of +2 and that are
mapped to 19 disparity dependent balanced encoded
vectors that have a required negative starting
disparity and are identical to the source data vectors
with two zeros appended to them. The 19 source data
vectors in this case can satisfy at least one of the
following conditions: (a) end in binary symbols 11001,
(b) start with binary symbols 1110 and end with binary
symbol 1, and (c) end with binary symbols 10 and have
at most 3 leading ones or at most one leading 0. The
source data vectors that correspond to the disparity
dependent encoded vectors can also include at least
four balanced source data vectors that start with the
binary symbols 1110 and are mapped to four disparity
dependent balanced encoded vectors having a required
negative starting disparity. The encoded vectors can
have binary symbols identical to the balanced source
data vectors with the binary symbols 0 1 appended to
them. The source data vectors that correspond to the
disparity dependent encoded vectors can further
include at least four balanced source data vectors
that start with the binary symbols 0001 and are mapped
to four disparity dependent balanced encoded vectors
that have a required positive starting disparity.
These encoded vectors can have binary symbols
identical to the source data vectors with the binary
symbol 0 1 appended to them. Yet further, the source
data vectors that correspond to the disparity
dependent encoded vectors can include at least 18
source data vectors that have a disparity of +4 and
that satisfy one of the following conditions: (a) the
trailing four binary symbols include a complementary
pair of binary symbols followed by 11, (b) the
trailing four binary symbols are 1111 and the leading
four binary symbols are either two pairs of
complementary binary symbols or 1100, (c) the leading
binary symbol is 1 and the trailing four binary
symbols are 1101, and (d) the leading two binary
symbols are 1 and the trailing four binary symbols are
1110. These 18 source data vectors can be mapped to 18
encoded vectors that have a disparity of +4 and a
required negative starting disparity. The encoded
vectors can have binary symbols identical to the 18
source data vectors with 01 appended thereto.Yet
further, the source data vectors that correspond to
the disparity-dependent encoded vectors can include at
least one source data vector in the form 11101111 that
is mapped to one encoded vector having a disparity of
+4 and a required negative starting disparity and is
in the form 11101 11100. Still further, the source
data vectors that are mapped to disparity-dependent
encoded vectors can include at least 2 1 vectors that
have a disparity of -2 and that satisfy one of the
following conditions: (a) the trailing four binary
symbols include 0 1 followed by a pair of
complementary binary symbols, (b) the trailing binary
symbols are either 1001 or 11010, (c) the leading
binary symbol is 0 and the trailing four binary
symbols are 001 1, (d) the trailing five binary
symbols are 10001, and (e) the trailing six binary
symbols are 100001. The 2 1 source data vectors can be
mapped to 2 1 encoded vectors that have a disparity of
-4 and a required positive starting disparity, and the
encoded vectors can have binary symbols that are
identical to the source data vectors with the binary
symbols 00 appended to them. Still further, the source
data vectors that correspond to the disparity
dependent encoded vectors can include at least 15
vectors that have a disparity of -4 and satisfy one of
the following conditions: (a) the trailing four binary
symbols include a pair of complementary binary symbols
followed by the binary symbols 00, (b) the first
binary 



symbol is 0 and the last five binary symbols are
10000, (c) the leading binary symbol is 0 and the
trailing four binary symbols are 0010, and (d) the
leading two binary symbols are 00 and the trailing
four binary symbols are 0001. The 15 data vectors can
be mapped to 15 encoded vectors that have a disparity
of -4 and a required positive starting disparity, and
the binary symbols of the encoded vectors can be the
same as those of the source data vectors with the
binary symbols 0 1 appended to them. In another
specific aspect of certain embodiments of the present
invention, the encoding scheme can assign at least 7
NB vectors, as control vectors, to at least 7 MB
disparity dependent corresponding encoded control
vectors that have primary representations and
alternate representations that are complementary to
the primary representations. The encoded control
vectors can include the 7 NB vectors plus two appended
binary symbols. The primary representations of the 7
NB corresponding encoded control vectors can satisfy
at least one of the following conditions:(i) disparity
equals minus four, (ii) required starting disparity is
positive, (iii) third, fifth, sixth, seventh and ninth
binary symbols have a value of zero and first binary
symbol has a value of one, (iv) fourth and eighth
binary symbols are complementary, and (v) eighth and
tenth binary symbols are complementary; (i) disparity
equals minus four, (ii) required starting disparity is
positive, (iii) fourth, sixth, eighth, ninth and tenth
binary symbols have a value of zero and fifth and
seventh binary symbols have a value of one; (i)
disparity equals zero, (ii) required starting
disparity is negative, (iii) first two binary symbols
and last two binary symbols have a value of zero and
third, fourth, fifth, sixth and seventh binary symbols
have a value of one; and (i) disparity equals zero,
(ii) required starting disparity is positive, (iii)
first two binary symbols and last two binary symbols
have a value of zero and fourth, fifth, sixth and
seventh and eighth binary symbols have a value of one.
The seven NB control vectors can also have
complementary alternate vectors. In certain exemplary
embodiments of the present invention, the primary
representations of the disparity dependent encoded
vectors can end with either of two 2-binary symbol
patterns. This can help to simplify the decoding
process. In still another aspect of an exemplary
embodiment of the present invention, the encoding step
can include the steps of appending M-N binary symbols
to the NB source data vectors to obtain augmented
vectors, complementing M binary symbols of a given one
of the augmented vectors to obtain one of the
alternate representations of one of the MB encoded
vectors and complementing less than N binary symbols
of another given one of the NB source data vectors.
The M binary symbols can be complemented responsive to
a determination that the given encoded vector is one
of the disparity dependent encoded vectors and the
current running disparity does not match the required
starting disparity for the particular one of the MB
encoded vectors. The complementing of less than N
binary symbols can be responsive, at least in part, to
a determination that the given encoded vector in such
case is one of the disparity independent encoded
vectors. The two complementing steps can be performed
substantially in parallel.An exemplary method of
decoding encoded vectors into decoded source data
vectors, according to another aspect of the present
invention includes the step of obtaining a plurality
of MB encoded vectors encoded according to a scheme of
the kind described, and then decoding the encoded
vectors into a plurality of source data vectors 



according to decoding rules of the encoding scheme. An
exemplary embodiment of an apparatus for encoding
source data vectors into encoded vectors, according,
for example, to a coding scheme of the kind described,
and in accordance with yet another aspect of the
invention, can include a binary symbol appending
module, a full vector complementing module, and a
binary symbol complementing module. An exemplary
embodiment of an apparatus for decoding MB encoded
vectors into NB source data vectors, in accordance
with a coding scheme of the kind described, and
according to still a further aspect of the present
invention, can include a full vector complementing
module and a binary symbol complementing module. These
and other objects, features and advantages of the
present invention will become apparent from the
following detailed description of illustrative
embodiments thereof, which is to be read in connection
with the accompanying drawings. Brief Description of
the Drawings FIG. 1 is a flow chart depicting method
steps of an exemplary method of encoding in accordance
with one embodiment of the invention; FIG. 2 is a flow
chart showing one possible specific manner in which
encoding can be performed; FIG. 3 is a flow chart
showing method steps of an exemplary method of
decoding in accordance with the present invention;
FIG. 4 is a flow chart showing one possible manner of
decoding in accordance with the present invention;
FIG. 5 shows an exemplary embodiment of an apparatus
for encoding in accordance with an embodiment of the
present invention;FIG. 6 shows an exemplary embodiment
of an apparatus for decoding in accordance with an
aspect of the present invention; FIG. 7 depicts
trellis diagrams applicable to certain exemplary
embodiments of the present invention; FIGS. 8-19
depict individual trellis diagrams illustrative of
certain aspects of an embodiment of the present
invention; FIGS. 20-23 present tables of various
encoded vectors according to aspects of an embodiment
of the present invention; FIG. 24 shows an individual
trellis diagram pertinent to certain aspects of an
embodiment of the present invention; FIGS. 25-27 are
tables showing encoded vectors according to aspects of
an exemplary embodiment of the present invention;
FIGS. 28-29 are trellis diagrams of certain vectors
according to an illustrative embodiment of the
invention; FIG. 30 is a table showing encoded vectors
of an illustrative embodiment of the invention; FIGS.
31-32 are trellis diagrams for vectors according to an
embodiment of the present invention; FIG. 33 is a
table depicting encoded vectors according to an
embodiment of the present invention; FIGS. 34A-34G are
a summary table showing source data vectors and
encoded 



vectors, as well as control vectors, in accordance
with one specific embodiment of the invention; FIGS.
35-48 are tables depicting generation of encoded 1OB
vectors according to an embodiment of the present
invention; FIGS. 51A-60 present tables depicting
aspects of a decoding process in accordance with an
embodiment of the present invention; FIG. 6 1 is a
block diagram of one exemplary form of encoding
circuit according to an aspect of the present
invention;FIGS. 62A, B and C are logic gate diagrams
of the encoding circuit of FIG. 6 1 according to one
exemplary embodiment of the present invention; FIG. 63
is a block diagram of a decoding circuit according to
an exemplary embodiment of the present invention;
FIGS. 64A, B and C are logic gate diagrams of the
decoding circuit of FIG. 63 according to an embodiment
of the present invention; and FIG. 65 is a system
diagram of an exemplary computer system on which one
or more embodiments of the present invention can be
implemented.Detailed Description of Preferred
Embodiments Attention should now be given to FIG. 1,
which shows a flow chart 100 depicting method steps of
an exemplary method, in accordance with one aspect of
the present invention, of encoding N-binary symbol
(NB) source data vectors into M-binary symbol (MB)
encoded vectors, with M > N > 0, including the steps
of obtaining a plurality of NB source data vectors, as
per block 102, and encoding the NB source data vectors
into a plurality of MB encoded vectors according to an
encoding scheme, as per block 104. The encoding scheme
will typically include both encoding and decoding
rules. In the encoding scheme, at least a first
portion of the NB source data vectors are mapped into
MB encoded vectors that are disparity independent.
Further, at least a second portion of the NB source
data vectors are mapped into MB encoded vectors that
are disparity dependent and have primary
representations and alternate representations that are
complementary to the primary representations. The MB
encoded vectors typically have M-N binary symbols
appended to them by the encoding scheme. A fraction of
the MB encoded vectors have binary symbol changes,
other than whole-vector complementation, as compared
to corresponding ones of the NB source data vectors
(by way of a general example, whole vector
complementation can be performed to obtain alternate
representations of disparity dependent encoded vectors
while binary symbol changes other than whole vector
complementation can be made in connection with
disparityindependent encoded vectors). The encoding
scheme can be preselected to reduce or substantially
eliminate the amount of disparity dependent encoded
vectors that fall within the fraction of the MB
encoded vectors that have binary symbol changes other
than whole vector complementation compared to
corresponding ones of the NB source data vectors. As
used herein, "reducing" the amount of disparity
dependent encoded vectors that fall within the
fraction described contemplates a reduction compared
to at least some other possible NB to MB encoding
schemes. Furthermore, as used herein "substantially
eliminating" the amount of disparity dependent encoded
vectors that fall within the described fraction
includes both a complete elimination and an
elimination of a sufficient number of such disparity
dependent encoded vectors falling within the described
fractionsuch that encoding and decoding according to
the encoding scheme can be implemented 



in hardware in a manner permitting advantageous gains
due to parallel processing in at least some aspects of
the encoding and decoding process. In one exemplary
encoding scheme according to the present invention, to
be described in detail below, N=8, M=IO, and the
encoding scheme substantially eliminates the amount of
disparity dependent encoded vectors that fall within
the fraction of the MB encoded vectors that have
binary symbol changes, other than whole-vector
complementation, as compared to corresponding ones of
the NB source data vectors. Attention should now be
given to FIG. 2, which presents a flow chart 200
showing exemplary method steps for encoding N-binary
symbol (NB) source data vectors into M-binary symbol
(MB) encoded vectors, with M > N > 0, according to
aspects of another exemplary embodiment of the present
invention. At least some of the MB encoded vectors can
include disparity dependent encoded vectors that have
primary representations and alternate representations
complementary to the primary representations. The
method can include the steps of appending M-N binary
symbols to the NB source data vectors to obtain
augmented vectors, as per block 202, complementing M
binary symbols of a given one of the augmented vectors
as per block 204, and complementing less than N binary
symbols of another given source data vector to obtain
a corresponding portion of another given MB encoded
vector, as per block 206. Blocks 204 and 206 are
preferably performed substantially in parallel. As
used herein, "substantially in parallel" means either
entirely in parallel or with sufficient parallelism
that desirable enhancements in processing associated
with encoding and/or decoding can be achieved. In the
step of complementing M binary symbols of the given
one of the augmented vectors, such complementing is
performed to obtain one of the alternate
representations of one of the MB encoded vectors that
corresponds to a given one of the NB source data
vectors from which the given one of the augmented
vectors was obtained. The complementation of the M
binary symbols is, at least in part, responsive to a
determination that the one of the MB encoded vectors
is one of the disparity dependentencoded vectors, and
that a current running disparity does not match a
required starting disparity for the one of the MB
encoded vectors. In the step of complementing less
than N binary symbols of the other given one of the NB
source data vectors, such complementing is carried out
to obtain a corresponding portion of another given one
of the MB encoded vectors that corresponds to the
other given one of the NB source data vectors. The
complementation of less than N binary symbols is, at
least in part, responsive to a determination that the
other given one of the MB encoded vectors is a
disparity independent encoded vector. The method of
FIG. 2 can implement an encoding scheme where, in the
assignment of MB encoded vectors that have binary
symbol changes compared to corresponding ones of the
NB source data vectors, preference is given to MB
encoded vectors that are balanced and disparity
independent. As described, the complementing of less
than N-binary symbols can be performed directly on the
source data vectors; however, it is believed
advantageous that such complementing be carried out on
individual bits of the augmented vectors formed in the
step illustrated in block 202. hi one specific
implementation of the method shown in FIG. 2, N=8,
M=IO, and the encoding scheme assigns substantially
all of the MB encoded vectors that have binary symbol
changes compared to corresponding ones of NB 



source data vectors to MB encoded vectors that are
balanced and disparity independent. As used herein,
"substantially all" includes both all and a sufficient
number such that advantageous benefits associated with
parallel processing, as discussed above, can be
achieved. The method steps depicted in FIG. 2 can also
be adapted as sub-steps for performing the encoding
step 104 depicted in FIG. 1 (using, for example, an
encoding scheme as described in connection therewith).
In such case, the appending step is substantially as
previously described. In the step of complementing M
binary symbols, the NB source data vectors from which
the augmented vectors were obtained fall in the second
portion of NB source data vectors as described above.
Attention should now be given to FIG. 3, which shows a
flow chart 300 depicting exemplary method steps of
decoding M-binary symbol (MB) encoded vectors into
decoded N-binary symbol (NB) source data vectors, with
M > N > 0, according toanother exemplary method of the
present invention. The method includes the steps of
obtaining a plurality of MB encoded vectors encoded
according to an encoding scheme, as per block 302, and
decoding the MB encoded vectors into a plurality of NB
source data vectors according to decoding rules of the
encoding scheme, as per block 304. The encoding scheme
can be of any type in accordance with the present
invention. Now viewing FIG. 4, a flow chart 400 is
depicted illustrating method steps, of another
exemplary method, according to another aspect of the
present invention, for decoding M-binary symbol (MB)
encoded vectors into N-binary symbol (NB) source data
vectors, M > N > 0, where at least some of the MB
encoded vectors are disparity dependent encoded
vectors that have primary representations and
alternate representations complementary to the primary
representations. The method can include the step, as
per block 402, of complementing at least N binary
symbols of a given one of the MB encoded vectors to
recover a given one of the NB source data vectors that
corresponds to the given one of the MB encoded
vectors. The complementation of the at least N binary
symbols can be responsive, at least in part, to a
determination that the given one of the MB encoded
vectors is one of the alternate versions of one of the
disparity dependent encoded vectors. The method can
also include the step of completing less than N binary
symbols of another given one of the MB encoded
vectors, as per block 404. Such complementing of less
than N binary symbols can be performed to recover a
corresponding portion of another given one of the NB
source data vectors that corresponds to the other
given one of the MB encoded vectors. The
complementation of less than N binary symbols can be,
at least in part, responsive to a determination that
the other given one of the MB encoded vectors is a
disparity independent encoded vector. The two
complementing steps 402, 404 can be performed
substantially in parallel, and can implement an
encoding scheme in accordance with the present
invention. In one more particular aspect of the method
of FIG. 4, N=8, M=IO, and the encoding scheme assigns
substantially all of the MB encoded vectors that have
binary symbol changes compared to corresponding ones
of the NB source data vectors to MB encoded vectors
that are balanced and disparity independent.The method
steps illustrated in FIG. 4 can also represent one
manner in which step 304 of FIG. 3 can be performed.
In such case, in the step 402, the NB source data
vectors are contained within the aforementioned second
portion of NB source data vectors. Further, in
complementing step 404, the NB source data vectors are
contained 



within the aforementioned first portion of NB source
data vectors. In illustrative embodiments of the
invention, the encoding scheme produces a DCbalanced
transmission code. Further, in illustrative
embodiments of the invention, the primary
representations of the disparity dependent encoded
vectors end with one of two 2-binary symbol patterns.
Further, in illustrative embodiments of the invention,
NB control vectors and corresponding MB encoded
control vectors can each have a complementary
alternate vector. In an exemplary encoding scheme
discussed below, there are 7 NB control vectors and 7
MB corresponding encoded control vectors, each with
complementary alternate vectors. Reference should now
be had to FIG. 5, which depicts an exemplary apparatus
500 for encoding N-binary symbol (NB) source data
vectors into M-binary symbol (MB) encoded vectors,
according to an aspect of the present invention. M > N
> 0, and at least some of the MB encoded vectors are
disparity dependent encoded vectors having primary
representations and alternate representations
complementary to the primary representations. The
apparatus 500 can include a binary symbol appending
module 502; optionally, a disparity monitoring module
504; a full vector complementing module 506; and a
binary symbol complementing module 508. Binary symbol
appending module 502 can be configured to append M-N
binary symbols to the NB source data vectors so as to
obtain augmented vectors. Where employed, disparity
monitoring module 504 can be coupled to the full
vector complementing module 506, and can be configured
to determine current running disparity for use in
assigning proper ones of the disparity dependent
encoded vectors to given ones of the NB source data
vectors. Full vector complementing module 506 can be
configured to complement M binary symbols of a given
one of the augmented vectors to obtain one of the
alternate representations of one of the MB encoded
vectors that corresponds to a given one of the NB
source data vectors from which the given one of the
augmented vectors was obtained.The complementation of
M binary symbols can be, at least in part, responsive
to a determination that the one of the MB encoded
vectors comprises one of the disparity dependent
encoded vectors and that a current running disparity
does not match the required starting disparity for the
one of the MB encoded vectors. The binary symbol
complementing module 508 can be configured to
complement less than N binary symbols of another given
one of the NB source data vectors to obtain a
corresponding portion of another given one of the MB
encoded vectors that corresponds to the other given
one of the NB source data vectors. The complementation
of less than N binary symbols can be performed, at
least in part, responsive to a determination that the
other given one of the MB encoded vectors is a
disparity independent encoded vector. The binary
symbol complementing module 508 and the full vector
complementing module 506 can be configured to operate
substantially in parallel. As used herein,
"substantially in parallel" should have the same
meaning as set forth above. The modules 506, 508 can
be coupled to each other and can be configured to
implement any of the encoding schemes described
herein. It is believed preferable that the module 508
complements appropriate individual bits of the
augmented vector, but any appropriate scheme for
complementing one or more individual binary symbols is
encompassed within the scope of the present invention.
Further, note that as used herein, "coupled" should be
understood broadly to include direct coupling,
indirect coupling through one or more other
components, sharing of one 



or more logic gates as discussed below, and the like.
Note in addition that, in exemplary embodiments,
modules 602 and 604 can "see" all vectors at their
inputs but act only on those identified by their
labels on the input lines, if required. In the
exemplary encoding scheme discussed below (which is
meant to be exemplary and not limiting) , apart from
the appended binary symbols, for random data, about
half the source data vectors and all the control
vectors remain unchanged upon encoding. Attention
should now be given to FIG. 6, which illustrates an
exemplary embodiment of apparatus 600 for decoding
M-binary symbol (MB) encoded vectors into N-binary
symbol (NB) source data vectors, in accordance with an
aspect of the present invention (M > N > 0). At least
some of the MB encoded vectors are disparity dependent
encoded vectors that have primary representation and
alternate representationscomplementary to the primary
representations. Apparatus 600 includes a full vector
complementing module 602, a binary symbol
complementing module 604, and, optionally, a validity
check module 606. Full vector complementing module 602
can be configured to complement at least N binary
symbols of a given one of the MB encoded vectors to
recover a given one of the NB source data vectors that
corresponds to the given one of the MB encoded
vectors. The complementation of the at least N binary
symbols can be, at least in part, responsive to a
determination that the given one of the MB encoded
vectors is one of the alternate versions of one of the
disparity dependent encoded vectors. The binary symbol
complementing binary module 604 can be coupled to the
full vector complementing module 602 and can be
configured to complement less than N binary symbols of
another given one of the MB encoded vectors to recover
a corresponding portion of another given one of the NB
source data vectors corresponding to the other given
one of the MB encoded vectors. The complementation of
less than N binary symbols can be performed, at least
in part, responsive to a determination that the other
given one of the MB encoded vectors is a disparity
independent encoded vector. Modules 602, 604, and
(optionally) 606 can be configured to operate
substantially in parallel, where "substantially in
parallel" has the meaning set forth above. Modules
602, 604, and 606 can be configured to implement any
encoding scheme in accordance with the present
invention. For invalid vectors, modules 602 and 604
can be allowed to generate arbitrary outputs. In the
exemplary embodiment depicted in FIG. 6, modules 602,
604 are also configured to strip off the appended
binary symbols. Modules 602, 604, 606 can "see" the
appended binary symbols at the inputs but such symbols
can be dropped before complementation. Note that the
full vector complementing module does not have to
complement vectors that are already in their primary
(as opposed to alternate) form. Where employed,
validity check module 606 can be coupled to modules
602, 604 and can be configured to obtain putative
encoded vectors and to determine if given ones of the
putative encoded vectors are valid MB encoded vectors.
Note that this can be performed by comparing received
vectors to valid vectors to determine whether they
arevalid, or, conversely, by determining whether they
are invalid, for example, by comparing them to invalid
vectors. The methods described herein can be
implemented in a number of different ways: for
example, the apparatuses depicted in FIGS. 5 and 6 can
be employed. Such apparatuses can in turn be
implemented using a number of techniques. At present,
it is 



believed that a logic gate implementation of the kind
described below is preferable. Various changes and
modifications can be made to the exemplary logic gate
implementation, as noted herein. The following is an
exemplary 8B/10B encoding scheme that illustrates
principles and techniques of the present invention.
Note that the capital "B" in 8B/10B refers generally
to "Binary Symbol," and is not limited to the more
specific term "bit" (typically represented by "b"), as
a distinction from codes which use symbols with more
than two levels, e.g. ternary symbols with three
levels, commonly referred to by the capital letter
"T". Also, the number of inputs is actually nine to
accommodate control characters, and the number 8
refers to the data vectors only (NB/MB schemes
according to the present invention may, if desired,
also have one or more extra inputs, such as control
characters). The bits of the uncoded 8B data vectors
are labeled with the upper case letters "ABCDEFGH" and
the control input for special non-data characters is
labeled with "K." The bits of the coded 1OB vectors
are labeled with the lower case letters "abcdefghij."
Li the trellis diagrams such as shown in FIG. 7, an
upwards sloping line for one interval represents a bit
with a value of one; conversely, a slope downwards
represents a zero. The horizontal coordinates on the
time axis of FIG. 7 are labeled by a number in
ascending order from left to right. Each unit
increment represents one additional bit. The vertical
coordinates which represent the running disparity are
expressed by a lower case letter as follows:  b
(balance) indicates a disparity of 0  u (up, uni)
indicates a disparity of + 1 when paired with an odd
preceding number and a disparity of +2 when paired
with an even preceding number  m (minus) indicates a
disparity of-1 when paired with an odd preceding
number and a disparity of -2 when paired with an even
preceding number c (cube) indicates a disparity of +3
when paired with an odd preceding number and a
disparity of +4 when paired with an even preceding
number  t (three) indicates a disparity of - 3 when
paired with an odd preceding number and a disparity of
- 4 when paired with an even preceding number  v
(Roman numeral V) indicates a disparity of +5 when
paired with an odd preceding number and a disparity of
+6 when paired with an even preceding number  q
(quint) indicates a disparity of - 5 when paired with
an odd preceding number and a disparity of - 6 when
paired with an even preceding number  h (hepta)
indicates a disparity of +7 when paired with an odd
preceding number and a disparity of +8 when paired
with an even preceding number  s (seven) indicates a
disparity of - 7 when paired with an odd preceding
number and a disparity of - 8 when paired with an even
preceding number  x (Roman numeral X) indicates a
disparity of +9 when paired with an odd preceding
number and a disparity of +10 when paired with an even
preceding number  n (nine, negative) indicates a
disparity of - 9 when paired with an odd preceding
number and a disparity of -10 when paired with an even
preceding number. As an example, the expression "5c"
in the left trellis of FIG. 7 refers to a disparity
value of +3 after the end of the fifth bit (e) and the
expression "6c" refers to a disparity value of +4
after the end of the sixth bit (f). FIG. 7 shows the
trellis diagrams for vectors comprising up to 10 bits.
The left-side trellis is used to define the vector
classifications 



and the right-side trellis shows the number of
different paths or vectors leading from the origin to
each node. Note that these numbers are identical to
the binomial coefficients. The following notation is
used for names attached to sets of source vectors or
encoded vectors:  The first capital letter B, P, or F
indicates the disparity of the coded vectors: B
indicates disparity independent balanced coded
vectors. P indicates a complementary pair of disparity
dependent balanced coded vectors which are selected
based on the Polarity of the running disparity. F
indicates a complementary pair of coded vectors with a
disparity of four. A second capital letter, if
present, indicates the block disparity of the uncoded
vector or the vertical ending coordinate in the
left-side trellis of FIG. 7 using the capital version
of the disparity values listed above.  A third capital
letter, if present, indicates the value of the control
input bit K  Up to three leading capital letters may
be followed by one or more sets of a number paired
with a lower case letter to indicate trellis nodes
through which the members of the class must go, or not
go if negated. Vectors going through negated nodes,
e.g. 4t', must not be part of the specified class of
vectors. This notation is illustrated in the left side
trellis of FIG. 7.  The third and following capital
letters, other than K, mark the uncoded bits, if any,
which must be complemented to obtain the respective
coded primary vector. The last two coded bits i and j
are appended with a default value zero and
complemented, if indicated by a classification name
ending in / and/or J5 respectively. At all 1OB
boundaries, the running disparity can assume one of
two values D=+2. Encoded vectors in this code are
either balanced and disparity independent, balanced
and disparity dependent, or have a disparity of 4. If
the current running disparity at a byte boundary is
positive (+2), only disparity independent vectors or
vectors with a required positive entry disparity may
be entered and complementary rules apply for a
negative running disparity. About two thirds of the
source vectors are translated into a single, balanced,
disparity independent, encoded vector. All other 8B
vectors are translated into one of a pair of
complementary 1OB vectors, according to the disparity
rules above. Serial transmission of the coded vectors
is assumed to be in alphabetical order starting with
bit "a." The 8B/10B-P code includes a total of 263
source vectors each translated into one of 352 coded
1OB vectors as illustrated by the trellis diagrams of
FIGS. 8-19 and 24. All the other 672 1OB vectors are
invalid. The use and interpretation of trellis
diagrams for this kind of application is explained in
the '062 patent and is known to the skilled artisan.
174 source vectors are encoded into balanced,
disparity independent vectors, 29 source vectors are
encoded into balanced vectors which are disparity
dependent and havecomplementary representations, and
the remaining 60 source vectors are each encoded into
one of a complementary pair of vectors with a
disparity of four. Three extra control characters have
been added, as compared to the code described in the
'062 patent, which can generate contiguous runs of
five. It is the user's choice to include or exclude
those characters. If the use of the new control
characters is carefully planned, contiguous runs of
five can still be avoided. The new control characters
are represented by dotted lines in the trellis
diagrams below and printed in italic font in the
tables. 



There are 174 disparity independent balanced vectors
as illustrated in FIGS. 8 and 9. Balance means that
the running disparities at the start and end of the
vector are identical. Disparity independence means
that they can be entered in a sequence of vectors
regardless of the current starting disparity which can
have a value of plus two or minus two at the vector
boundaries. The 174 disparity independent vectors
include all balanced 1OB vectors with a run length of
no more than two at the leading and trailing
boundaries with the exception of the three disparity
dependent vectors of FIG. 10 and their complements
with a trailing run of two followed by a run of one
and another run of two. Using the notation described
above, the trellises of FIGS. 8 and 9 can be described
by the expressions B3c'5c'7c'3t'5t'7t' and
B3c'7c'3t'7t'8b, respectively. The latter expression
includes some vectors of FIG. 8 redundantly. They can
be excluded by the addition of the term 5u'5m'. FIGS.
10 to 12 show balanced trellises with a required
negative starting disparity. For a positive running
disparity, their complements must be used. The three
vectors of FIG. 10 can be described by the expression
P3u5c7u8u and their complements by P3m5t7m8m. The
eleven vectors of FIG. 11 in solid lines can be
described by the expression P3c4u6c'7c'8m'. The vector
P3c8m through the node 8m is assigned to the alternate
version K248A of an optional control character K248P
(P3t8u). This polarity selection simplifies the
equations for 10-bit vector complementation. The
fourteen balanced vectors of FIG. 12 can be described
by the expression P4c'6u7c. The vector through the
node 2m is assigned to an optional primary control
character K124P.The thirty-two vectors of FIG. 13 with
a disparity of plus four can be described by the
expression F4u6u. Its complement is described by the
expression F4m6m. The nine vectors of FIG. 14 with a
disparity of plus four and a negative required entry
disparity can be described by the expression F3u4b7c.
Its complement is described by the expression F3m4b7t.
The two bold lines represent the singular comma
sequence. The nine vectors of FIG. 15 with a disparity
of plus four and a negative required entry disparity
can be described by the expression Flu4u6c7c. Its
complement is described by the expression Flm4m6t7t.
The four vectors of FIG. 16 with a disparity of plus
four and a negative required entry disparity can be
described by the expression F2u4u7v8c. Its complement
is described by the expression F2m4m7q8t. The single
vector of FIG. 17 with a disparity of plus four and a
negative required entry disparity can be described by
the expression F3c4u8v. Its complement is described by
the expression F3t4m8q. The four vectors of FIG. 18
with a disparity of plus four and a negative required
entry disparity can be described by the expression
F2b3m7c9c. Its complement is described by the
expression F2b3u7t9t. The single vector of FIG. 19
with a disparity of plus four and a negative required
entry disparity is the alternate version K131A of one
of the optional control characters. It can be
described by the expression F2m7c8u. Its complement is
described by the expression F2u7t8m. The trellis
diagrams of FIGS. 8 to 19 can be used to prove the
validity of the code. They show the total number of
available coded vectors. Since none of the vectors of
each diagram is congruent with any of the vectors of
all the other diagrams, there are no duplicate
vectors. The combination of any trailing and leading
runs of true and complement forms with their
associated running disparity at the byte boundaries
shows 



the conformance with the run length rules. Similarly,
the singularity of the comma character can be assured
by the examination of all possible combinations of
trailing and leading bit patterns. The specific
assignment of source vectors to coded vectors
materially affects the complexity of the
implementation. Preference is given to coding
assignments which preserve the values of the source
bits as is the case for the tables of FIGS. 20-27,
where the tables of FIGS. 23-27 list the primary
vectors of all the disparity dependent
vectors.Disparity dependent vectors have two
complementary representations which are referred to as
the primary (P) and the alternate (A) vector. The
coding assignments have been chosen such that all
disparity dependent primary vectors end with ij=00 or
0 1 to simplify the decoding process. Other endings
could have been chosen; it is the limitation to just
two ending patterns that helps to simplify the
decoding, and not necessarily the two specific
patterns chosen. All source vectors which require
individual bit changes for encoding are listed in the
table of FIG. 28. The 60 coded vectors of the table of
FIG. 28 can be identified as disparity independent,
balanced vectors ending with ij=01. The value of the
K-bit is not listed with the source vectors of the
table of FIG. 28. For most vectors, the K-bit is
redundant and can assume a value of zero if present. A
zero value must be included for the seven data source
vectors which are otherwise identical to a control
vector. For those data vectors, the letter D in the
vector name is printed in bold type. The 114 disparity
independent balanced vectors listed in the tables of
FIGS. 20, 21, and 22 are the subset of the vectors of
FIGS. 8 and 9 which end with ij = 00, 11, or 10, but
not those which end with 01. The 27 vectors of the
table of FIG. 20 can be identified by BU3c'5c'7c'3t'.
The 27 vectors of the table of FIG. 2 1 can be
identified by BM3c'3t'5t'3t'7t'IJ. It will be
appreciated that the vectors in the tables of FIGS. 20
and 2 1 result from 54 source data vectors having an
overall disparity of one of plus 2 and minus 2, and
having a running disparity of at most 2 after any
given binary symbol position, that are appended with
binary symbols 00, for those of the 54 source data
vectors having an overall disparity of plus 2 and
binary symbols 11, for those of the 54 source data
vectors having an overall disparity of minus 2. The 60
vectors of the table of FIG. 22 can be identified by
BB3c'3t'I. It will be appreciated that the 60 vectors
are the result of taking 60 balanced source data
vectors having a leading run-length no greater than 2
and appending a complementary pair of binary symbols.
The 24 balanced vectors listed in the table of FIG. 23
preserve the values of the source bits and are the
subset of the vectors of FIGS. 10-12 which do not end
with ij=10 or 11. They all require a negative entry
disparity. The optional control character K124P is
illustrated in FIG. 12. It will be appreciated that
the table of FIG. 23 shows 19 vectorsthat result from
starting with source data vectors having a disparity
of plus 2 and satisfying at least one of: ending in
binary symbols 11001 ; starting with binary symbols
1110 and ending with binary symbol 1; and ending with
binary symbols 10 and having one of: (i) at most three
leading ones, and (ii) at most one leading zero; and
mapping them to 19 disparity dependent balanced
encoded vectors having a required negative starting
disparity (the encoded vectors have binary symbols
identical to the source data vectors with two zeroes
appended thereto). Further, it will be appreciated
that the table of FIG. 23 shows 4 vectors resulting
from balanced source data vectors 



starting with binary symbols 1110, the 4 balanced
source data vectors being mapped to 4 disparity
dependent balanced encoded vectors having a required
negative starting disparity, the encoded vectors
having binary symbols identical to the 4 balanced
source data vectors with binary symbols 0 1 appended
thereto. The five balanced vectors of FIG. 24 and the
table of FIG. 25 require a positive entry disparity.
They are the complements of those five vectors of FIG.
11 which end with ij=10 or 11. The complement is
chosen so the source vectors translate with no changes
into primary vectors and so all encoded vectors with
changes in the source bits end with ij=01. It will be
appreciated that the table of FIG. 25 shows 4 vectors
resulting from 4 balanced source data vectors starting
with binary symbols 0001, the 4 balanced source data
vectors being mapped to 4 disparity dependent balanced
encoded vectors having a required positive starting
disparity, the encoded vectors having binary symbols
identical to the source data vectors with binary
symbols 0 1 appended thereto. The nineteen vectors of
the table of FIG. 26 have disparity of plus four and
the value of the source bits is preserved. They all
require a negative entry disparity. One vector (D247P)
ending with ij = 00 is illustrated in FIG. 17 and the
others are a subset of the vectors of FIGS. 13-16 and
18, and end with ij = 01. It will be appreciated that
the table of FIG. 26 includes 18 vectors that result
from source data vectors having a disparity of plus 4
and satisfying one of:trailing 4 binary symbols
comprise a complementary pair of binary symbols
followed by binary symbols 11; trailing 4 binary
symbols are 1111 and leading 4 binary symbols are one
of: (i) two pairs of complementary binary symbols, and
(ii) 1100; leading binary symbol is 1 and trailing 4
binary symbols are 1101; and leading two binary
symbols are 1 and trailing 4 binary symbols are 1110;
the 18 source data vectors being mapped to 18 encoded
vectors having a disparity of plus 4 and a required
negative starting disparity, the encoded vectors
having binary symbols identical to said 18 source data
vectors with 0 1 appended thereto. Further, the table
of FIG. 26 includes at least one vector resulting from
a source data vector in the form 11101111, the one
source data vector being mapped to one encoded vector
having a disparity of plus 4 and a required negative
starting disparity, the encoded vector having the form
1110111100. The twenty-five vectors of the table of
FIG. 27 have a disparity of minus four and the value
of the source bits is preserved. They are the
complements of a subset of vectors of FIGS. 13-15 and
18 and end with ij = 00. FIG. 28 is the trellis of the
top 16 vectors in the table of FIG. 27 which are a
complemented subset of the vectors of FIG. 13. FIG. 29
is the trellis of the bottom data vector sets which
are complemented subsets of the vectors of FIGS. 14,
15, and 18, respectively. They all have a disparity of
minus four and the value of the source bits is
preserved. Kl 3 1 is not shown. It will be appreciated
that the table of FIG. 27 includes 2 1 vectors
resulting from source vectors having a disparity of
minus 2 and satisfying one of: trailing 4 binary
symbols comprise 0 1 followed by a pair of
complementary binary symbols; trailing binary symbols
are one of 1001 and 11010; leading binary symbol is 0
and trailing 4 binary symbols are 001 1; 



trailing 5 binary symbols are 10001; and trailing 6
binary symbols are 100001; the 2 1 source data vectors
being mapped to 2 1 encoded vectors having a disparity
of minus 4 and a required positive starting disparity,
the 2 1 encoded vectors having binarysymbols identical
to said 2 1 source data vectors with binary symbols 00
appended thereto. The sixteen vectors of the table of
FIG. 30 have disparity of minus four and the value of
the source bits is preserved. They are the complements
of a subset of the vectors of FIGS. 13-16 and end with
ij=01 and are illustrated with their trellises in FIG.
31. It will be appreciated that the table of FIG. 30
includes 15 vectors that result from source vectors
having a disparity of minus 4 and satisfying one of:
trailing 4 binary symbols comprise a pair of
complementary binary symbols followed by binary
symbols 00; first binary symbol is 0 and last 5 binary
symbols are 10000; leading binary symbol is 0 and
trailing 4 binary symbols are 0010; and leading two
binary symbols are 00 and trailing 4 binary symbols
are 0001; the 15 source data vectors being mapped to
15 encoded vectors having a disparity of minus 4 and a
required positive starting disparity, the 15 encoded
vectors having binary symbols identical to the 15
source data vectors with binary symbols 0 1 appended
thereto. Up to this point, 203 source vectors (196
data, 7 control) have been assigned to encoded vectors
as listed in the tables of FIGS. 20-23, 25-27 & 30.
None of these vectors requires any change in the
source bits for encoding and decoding. There remain 60
unassigned data source vectors and 60 available
encoded vectors, 54 from FIG. 8 and six from FIG. 9,
all balanced and disparity independent ending with
ij=01. The trellis diagrams of some of the unassigned
8-bit source vectors are illustrated in FIG. 32. The
bold lines indicate the bits which are complemented
for encoding. Wherever possible, complementary source
vector pairs are assigned to a pair of encoded vectors
which are also complements and the individual bit
positions complemented for encoding are identical for
both coded vectors of a pair. Also, groups of several
vector pairs with identical encoding rules are defined
as shown for three sets of four pairs in FIG. 32. The
complete set of vectors with individual source bit
changes is listed in the table of FIG. 33. The
appended bits i and j have an assumed default value of
zero. The coded bits which are different from the
source bits or the default value are printed in bold
type and the vectors on the right side of the table
are the complements of the left side. Thisarrangement
contributes to circuit simplification. It will be
appreciated that in the table of FIG. 33, the fraction
of encoded vectors having binary symbol changes
compared to corresponding source data vectors
correspond to those of the disparity independent
encoded vectors having 8 binary symbols identical to
the corresponding ones of the disparity independent
encoded vectors and 2 binary symbols that are
complements of the pair of appended binary symbols.
Furthermore, it will be appreciated that the exemplary
encoding scheme assigns a majority of the source data
vectors corresponding to the fraction of encoded
vectors having binary symbol changes, in complementary
pairs of the majority, to corresponding pairs of the
disparity independent encoded vectors that are
complementary in all binary symbol positions except
the appended binary symbols. Yet further, note that in
the table of FIG. 33, at least eight source data
vectors, having a leading run of four followed by two
pairs of complementary binary symbols, are assigned 



to selected encoded vectors having two leading binary
symbols complemented with respect to corresponding
ones of the eight vectors. Still further, note that in
the table of FIG. 33, at least eight source data
vectors, having a leading run of four followed by a
single binary symbol in four subsequent binary symbols
which matches binary symbols in the leading run of
four, are assigned to selected encoded vectors having
a third binary symbol complemented with respect to
corresponding ones of the eight vectors. Even further,
note that in the table of FIG. 33, at least eight
source data vectors, having a leading run of four
followed by a single binary symbol in four subsequent
binary symbols which does not match binary symbols in
the leading run of four, are assigned to selected
encoded vectors having a first, third and fourth
binary symbol complemented with respect to
corresponding ones of the eight vectors. The table of
FIGS. 34A-34G lists the selected vector assignments of
the tables of FIGS. 20-23, 25-27, 30, and 33 in
ascending order of vector names. The alternate vectors
are also shown. The six control characters are listed
at the end of the Table. An "x" entry in the K-column
means that the K-bit has a value of zero but can be
ignored for encoding. The column headed by "Pri DR"
lists the required entry disparity for the primary
vector. The column "Pri DB" lists the block disparity
of the primary vector.It may be preferable in many
cases that the assignment of encoded vectors to the
uncoded source vectors is done in a way such that the
complexity of the encoder and/or decoder (typically,
both) is minimized. It may be assumed that this will
be accomplished if the number of classifications is
minimized both for bit mapping and disparity control
and if the number of bits changed for bit mapping is
minimized as well. In the interest of logic circuit
sharing, preference in this example is given to
solutions with bit changes concentrated to fewer
vectors over solutions with the same number of bit
changes spread over more vectors. An important feature
of this exemplary design is the containment of vectors
with individual bit changes to a single class which is
balanced and disparity independent. This makes it
possible to execute individual bit changes and full
vector inversion for disparity control as completely
separate functions in parallel rather than serial mode
in both the encoder and the decoder circuit with
significant less overall circuit delay. Some
assignment choices, e.g. selecting K248 rather than K7
as a control vector have been made so it is easier to
recognize the alternate vectors which must be
complemented. Generally, the encoded bits retain the
value of the unencoded bit (a=A, b=B, etc), but a
specific source bit is complemented (a=A\ b=B', etc)
if and only if (iff) the respective equation is true.
In the coding labels and equations, some bit values
are included redundantly to allow more circuit sharing
for the coding of several bits. Redundant bit values
are overlined and redundant vector names are preceded
by an asterisk. In the tables of FIGS. 35-48, the bit
patterns common to several vectors are marked by bold
type to logically classify the vectors by simple
expressions listed in the column 'Coding Label'. The
labels are used to write the encoding equations. In
any of the Exclusive OR relationships between two
groups of bits, any bit in the first and second group
can be selected as the first and second input,
respectively, of the XOR2 gate. The inputs have been
selected to maximize commonality among the several
encoding equations. The expressions in parentheses at
the right edge of the equations refer to the
corresponding net names in the circuit diagrams
discussed below. An asterisk (*) 



following the net name means that other expressions
are included in the net.The "a" column has bold
entries in the tables of FIGS. 33 and 34 for the
vectors listed in the table of FIG. 35. The "b" column
has bold entries in the tables of FIGS. 33 and 34 for
the vectors listed in the table of FIG. 36. The "c"
column has bold entries in the tables of FIGS. 33 and
34 for the vectors listed in the table of FIG. 37. The
"d" column has bold entries in the tables of FIGS. 33
and 34 for the vectors listed in the tables of FIG.
38. The "e" column has bold entries in the tables of
FIGS. 33 and 34 for the vectors listed in the table of
FIG. 39. The "f column has bold entries in the tables
of FIGS. 33 and 34 for the vectors listed in the table
of FIG. 40.(Pn24) (Pn26) The "g" column has bold
entries in the tables of FIGS. 33 and 34 for the
vectors listed in the table of FIG. 41. (Pn98) (Pn30)
(Pn33) The "h" column has bold entries in the tables
of FIGS. 33 and 34 for the vectors listed in the table
of FIG. 42. (n36) (Pn37*) (Pn35) The "i" column has
bold entries in the tables of FIGS. 2 1 and 22 for the
87 vectors listed The "j" column has bold entries in
the tables of FIGS. 21, 23, 25, 26, 30, and 33 for the
129 vectors listed in the tables of FIGS. 44A-44D.It
is assumed that with K=I only the seven valid control
vectors are presented at the input to the encoder so
simple control vector labels can be derived from the
last seven rows of the table of FIGS. 34A-34G. A total
of 46 vectors listed in the tables of FIGS. 25, 27,
and 30 require a positive entry disparity (PDRE). They
are listed and sorted in the table of FIGS. 45A and
45B. Redundant bits are overlined. The equation for
the positive required entry disparity PDRE can be
written as follows: A total of 43 vectors listed in
the tables of FIGS. 23 and 26 require a negative entry
disparity (NDRE). They are listed and sorted in the
table of FIGS. 46A and 46B. The equation for the
negative required entry disparity NDRE can be written
as follows:If the required entry disparity PDRE or
MDRE does not match the running disparity RD, the
alternate vector must be used. The alternate vector is
generated by complementation of the primary vector.
The running disparity at the vector boundaries is
constrained to the two values plus or minus two. The
positive or negative running disparity in front of a
byte is referred to as PDFBY or NDFBY, respectively. A
total of 19 vectors listed in the table of FIG. 26
have a positive disparity of foui . They are listed
and sorted in the table of FIG. 47. The equation for
the positive block disparity of four for encoding PDB
can b e written as follows: A total of 4 1 vectors
listed in the tables of FIGS. 27 and 30 have a
negative disparity of four. They are listed and sorted
in the table of FIG. 48. Using the coding labels from
the table, the equation for the negative block
disparity of four for encoding 



NDB can be written as follows: For balanced vectors
(BALBY), the starting and ending disparities are equal
and complementary otherwise. Since for this code, the
coded vectors are either balanced or have a disparity
of plus or minus four, a vector is balanced, if
neither PDB nor NDB is asserted. This approach results
in less logic delay and significant logic circuit
sharingcompared to other possible solutions. The
running disparity DEBY at the end of an encoded vector
is determined as follows: DEBY = (PDB + NDB ) '
(r)DFBY The running disparity DFBY at the start of the
next byte is equal to the ending disparity DEBY of the
preceding byte. DFBY =DEBY0 The exemplary encoding
circuitry can include a single latch (not shown) to
keep track of the value of DFBY. As noted above, any
odd number of errors within a byte produces an invalid
byte. A full ten-bit vector set includes among others
252 balanced vectors, 120 vectors with a disparity of
plus four and 120 vectors with a disparity of minus
four. The 8B/10B-P code uses 352 vectors, 232 balanced
vectors and 60 complementary pairs of vectors with a
disparity of four. All other 672 ten-bit vectors are
invalid. The validity checks can be executed by
circuits which identify either valid vectors or
invalid vectors. The approach below identifies all
valid vectors which are listed and sorted for easy
identification in the tables of FIGS. 49 and 50. Note
that every valid vector has a complement which is also
valid and the respective vectors are listed side by
side. All but four of the vectors with i j can be
paired with another valid vector which is identical in
the first eight bits. The exception is illustrated in
FIG. 18 and in the two rows of the table of FIGS. 5OA
and B with empty spaces in the ij=10 or ij=01 columns.
The table of FIGS. 49A and B lists all 204 valid
vectors with i j :  Primary vectors: 60 from table of
FIG. 22, 4 from table of FIG. 23, 4 from table of FIG.
25, 18 from table of FIG. 26, 16 from table of FIG.
30, 60 from table of FIG. 33.  The alternate vectors
are complements of vectors listed as primary vectors:
4 from table of FIG. 23, 4 from table of FIG. 25,18
from table of FIG. 26, 16 from table of FIG. 30. The
148 vectors with i=j are listed in the table of FIGS.
5OA and B arranged as 74 complementary vector pairs:
Primary vectors: 27 complementary primary vector pairs
from the tables of FIGS. 20 and 21, 20 primary vectors
from the table of FIG. 23, 1 primary vector each from
the tables of FIGS. 25 and 26, 25 primary vectors from
the table of FIG. 27.  Alternate vectors: 20 from the
table of FIG. 23, 1 each from the tables of FIGS. 25
and 26, 25 from the table of FIG. 27. The equation for
the validity of encoded vectors is composed from the
valid labels of the tables of FIGS. 49 and 50. The
expressions in parentheses at the right page edge
refer to the net number of the logic associated with
the logic expression at the left; in the 



case of those annotated with an asterisk, the logic
expression on the left includes an additional term,
namely, n8*.Disparity violations are not monitored for
this example because they would in most cases not
significantly help the error correction procedures
associated with this type of code and of course, the
results of such disparity checks are usually not
available until a few bytes after the error. Decoding
restores the original eight bits and the K-bit. As for
encoding, there are two types of bit changes to be
made: 1. Complementation of an entire vector. 2.
Complementation of individual bits. The code was built
such that these two operations can be totally
separated and can be executed in parallel. The two
extra bits i and j are included to select the vectors
for the above operations and then simply dropped. The
decoding equations can be significantly simplified if
we allow arbitrary bit changes for the decoding of
invalid vectors. Appropriate invalid vectors can be
added to the vectors defining a logic expression hi
the following, these redundant vectors are not shown,
but the terms of logic expressions which can be
eliminated by their inclusion are overlined and
eliminated in the final equations for the
complementation of an entire vector or the
complementation of individual bits. As a first
example, the bit values "a" and "b" of a pair of
vectors might be 10 and 01, respectively. These bit
values can be ignored for purposes of the logic
expression, since the only possible other values are
00 or 11, both of which generate an invalid vector
because the Huffman distance between vector classes is
two. Of course only one such complementary pair of
bits can be eliminated for each pair of vectors hi
this context it is also useful to remember that the
maximum run length is five and the runs are at most
three at the leading and trailing ends of the coded
10-bit vectors and these second type violations can be
included together with the first type of violations.
AU disparity dependent code points have complementary
representations, a primary vector and an alternate
vector, identified in the tables by an appended letter
P orA to the vector name, respectively. The primary or
alternate versions are used to meet the disparity
requirements. For decoding, all alternate vectors must
be complemented. The 89 alternate vectors are the
complements of the vectors listed in the tables of
FIGS. 23, 25- 27, and 30, and are tabulated in the
table of FIGS. 51A and B. The equation for the
complementation of the first eight bits of a vector is
composed from the alternate vector labels of the table
of FIGS. 51A and 51B. The factors c Q d in the second
label and d in the eighth label are redundant because
c q " and d' both generate an invalid leading run of
four. For decoding, the bold type bit values in the
encoded columns of the table of FIG. 33 have to be
complemented back to their original values as
indicated in the source vector columns ABCDEFGH. The
decoding equations are similar to the encoding
equations, except that the values of the i and j bits
have to be included and the bold type values in the
table of FIG. 33 are the complements of those used in
the encoding equations. In the tables of FIGS. 52
through 60, the common bit patterns are marked by bold
type to logically classify the vectors by simple
expressions. Redundant terms are overlined. 



The "a" column has bold entries in the tables of FIGS.
33 and 34 for the vectors listed in the table of FIG.
52. Using the decoding labels, the decoding equation
for bit "A" can be written as follows:The "b" column
has bold entries in the tables of FIGS. 33 and 34 for
the vectors listed in the table of FIG. 53. Using the
decoding labels of the table of FIG. 53, the decoding
equation for bit "B" can be written as follows: The
"c" column has bold entries in the tables of FIGS. 33
and 34 for the vectors listed in the table of FIG. 54.
Using these decoding labels, the decoding equation for
bit "C" can be written as follows: The "d" column has
bold entries in the tables of FIGS. 33 and 34 for the
vectors listed in the table of FIG. 55. Using these
decoding labels, the decoding equation for bit "D" can
be written as follows: The "e" column has bold entries
in the tables of FIGS. 33 and 34 for the vectors
listed in the table of FIG. 56. Using these decoding
labels, the decoding equation for bit "E" can be
written as follows: The redundant factor b F c is
included to enable circuit sharing.The "f" column has
bold entries in the tables of FIGS. 33 and 34 for the
vectors listed in the table of FIG. 57. Using these
decoding labels, the decoding equation for bit "F" can
be written as follows: The "g" column has bold entries
in the tables of FIGS. 33 and 34 for the vectors
listed in the table of FIG. 58. Using these decoding
labels, the decoding equation for bit "G" can be
written as follows: The "h" column has bold entries in
the tables of FIGS. 33 and 34 for the vectors listed
in the table of FIG. 59. Using these decoding labels,
the decoding equation for bit "H" can be written as
follows: The K-bit value for all vectors of the tables
of FIGS. 52-59 is zero. The seven encoded control
characters which have a K-value of one are listed in
the table of FIG. 60. All seven control characters
have alternate representations. It will be appreciated
that the table of FIG. 7 shows the results of the
mapping of 7 control vectors to 7 disparity dependent
encoded control vectors having primary representations
and alternate representations complementary to the
primary representations, the encoded control vectors
including the 7 control vectors plus two appended
binary symbols, the primary representations of the
encoded control vectors satisfying at least one of:
(i) disparity equals minus four, (ii) required
starting disparity is positive, (iii) third, fifth,
sixth, seventh and ninth binary symbols have a value
of zero and first binary symbol has a value of one,
(iv) fourth and eighth binary symbols are
complementary, and (v) eighth and tenth binary symbols
are complementary;(i) disparity equals minus four,
(ii) required starting disparity is positive, (iii)
fourth, sixth, eighth, ninth and tenth binary symbols
have a value of zero and fifth and seventh binary
symbols have a value of one; (i) disparity equals
zero, (ii) required starting disparity is negative,
(iii) first two binary symbols and last two binary
symbols have a value of zero and third, fourth, fifth,
sixth and seventh binary symbols have a value of one;
and (i) disparity equals zero, (ii) required starting
disparity is positive, (iii) first two binary symbols
and last two binary symbols have a value of zero and
fourth, fifth, sixth and seventh and eighth binary
symbols have a value of one. The determination of the
K-bit values is made directly from the primary or 



alternate representation rather than exclusively from
the restored primary vectors in order to avoid the
extra latency associated with serial operation of
primary vector restoration and bit value
determination. Using these decoding labels, the
decoding equation for bit "K" can be written as
follows: (PK) For the circuit implementation, it is
assumed that all inputs are available in complementary
form, i.e. both the +L2 and -L2 outputs of the input
register latches are made available. Nevertheless, the
assumption is that the -L2 outputs are slightly
delayed relative to the +L2 outputs. The circuit
diagrams show only NAKD, NOR, INV, XOR, and XNOR gates
(with one exception). The use of AND and OR gates has
been avoided because of their increased delays. For
the NAND and NOR gates, the upper inputs of the logic
symbols usually have less delay than the lower ones.
The presumed critical paths are therefore routed
through the top inputs. The wire routing also assumes
that XNOR delays are shorter than XOR delays. There is
some leeway in the definition of the basic logic
equations and in the partitioning of the longer
expressions to match the fan-in limitations of the
gates. Variations in these choices lead to different
ranges in circuit sharing and circuit counts and thus
the exemplary circuit may not necessarily be minimum
area. Another reason forvariation in circuit
implementation and opportunity to somewhat enhance the
exemplary design is the selection of the specific
redundant factors in the decoding circuits. In circuit
areas which are suspected to be at the upper end of
circuit delay, the circuit count has occasionally been
increased to reduce delay primarily by reducing the
fan-in of gates in the critical path. For delay
considerations, both XOR and XNOR gates have been used
at the input to generate both polarities and some of
those gates can be replaced by INV circuits in the
event that simulation results are available.
Similarly, the circuit diagrams show no complex gates
to allow maximum circuit sharing; logic processing
programs can be employed that will introduce complex
gates automatically where appropriate. Note that some
of the logic variables of the equations are not
present explicitly in the circuit diagrams. If so,
they have been merged with other functions in a single
gate to reduce overall circuit delay. The block
diagram for the encoding circuit with all inputs and
outputs is shown in FIG. 61. A gate-level circuit
diagram of the encoder is shown in FIGS. 62A-C which
represent a single circuit with net sharing. Fig. 62A
shows most of the encoding of the leading 8 bits (a
through h), the encoding of the trailing i and j bits
is shown in FIG. 62B, and FIG. 62C shows the
implementation of the equations for the
complementation of entire vectors on the upper left
side and the determination whether an encoded vector
is balanced on the lower left side. The upper right
side shows the last two gate levels for bit encoding.
The generation of the ending disparity DEBY which is
equal to the starting disparity DFBY for the next byte
is shown at the bottom of the right side. In between
are a number of EXCLUSIVE OR (XOR) and XNOR gates
which are shared across the three encoding circuit
diagrams. Some of these gates can be replaced by
inverters driven from the gate of opposite polarity if
they are not part of any critical timing path. The
signal CMPLlO which complements all 10 bits of a coded
byte is orthogonal to the other signals (CaI, CbI,
CcI, CdI, CeI, CfI, CgI, ChI) which cause
complementation of individual bits. In other words,
both for encoding and decoding, no 



individual bits are changed when a full vector is
complemented and vice-versa. This feature allows the
merger of both types of signals in a single OR
function as shown at the upper right side of FIG. 62C,
greatly simplifying the circuitry preceding the
outputEXCLUSIVE OR function. The CMPLlO signal is not
explicitly present in the circuit version shown. It is
dependent on the required entry disparity and the
starting disparity DFBY which is equal to the ending
disparity DEBY of the preceding byte. Note that the
value of DFBY is not required immediately at the start
of the encoding interval because in the critical
signal paths it is typically an input to a gate at the
third or fourth level which facilitates pipelining of
this logic path into the next cycle. The encoder
includes 298 gates and can include a flip-flop (not
shown) to keep track of the disparity. No logic path
exceeds 7 gates; all gates are of the inverting type
with shorter delay except some XOR gates which for
most power and loading levels have comparable or only
slightly more delay than XNOR gates. The circuit
presented has been structured for easy forward
pipelining for fast operation at the cost of a few
extra gates. If a first encoding step is limited to
six logic levels, all the trailing EXCLUSIVE OR
functions for the coded bits and for the ending
disparity can be moved into the next cycle which
requires an extra 2 1 latches. The first encoding step
can be reduced to five gating levels, if the OR
functions immediately before the XOR are also moved to
a second step which requires only five more latches, a
total of 26 extra latches. A reduction to four gating
levels in the first step requires moving the two
trailing gates for bits e and i, and the three
trailing gates for all other signal paths to a second
step which requires 60 latches more than the
nonpipelined version (9 for bits A, B, C, D, E F, G,
H, and PDFBY; 19 for the inputs of the gates
generating CaI, CbI, CcI, CdI, CfI, CgI, and ChI; 1
for CeI; 2 1 for the inputs of the gates generating
PBi, Pn78/79/80, NDFBYaPDRE and NPDFBYaNDRE; 10 for
the inputs of the gates generating nlO2, NPDBl, and
nlO3). A further delay reduction can be accomplished
by itself or in combination with any of the above
versions by minor circuit modifications and moving the
leading EXCLUSIVE OR functions into the preceding
clock cycle in the data source path which requires at
most 13 extra latches with complementary outputs. The
block diagram for an exemplary decoding circuit with
all inputs and outputs is shown in FIG. 63. A
gate-level circuit diagram of the decoder is shown in
FIGS. 64AC, representing a single circuit with net
sharing. FIG. 64A shows the vector validitychecks. The
circuit which controls the vector complementation
signal (COMPLlO) is shown in FIG. 64B. The shared
EXCLUSIVE OR functions of all 3 diagrams are shown at
the right sides. Again, inverters can be substituted
for some of these gates depending on speed
requirements. FIG. 64C shows the implementation of the
equations for the complementation of individual bits
(a, b, c, d, e, f, g, h) to restore the original
values (A, B, C, D, E, F, G, H). At the bottom right
side, the control bit K is generated. At the top, the
trailing two gating levels are shown for the eight
data bits. The decoder includes 275 gates. No logic
path exceeds seven gates, all of the inverting type
except some XOR gates. The VALID path can be reduced
to six logic levels by replacing the inverter 11837
with a NAND3 gate, and the PK path is five logic
levels. For fast operation, the circuit presented has
been structured for easy forward pipe lining at the
cost of a few extra gates similar to the encoding
circuit. For a reduction to 



six logic levels in the first step, the eight trailing
EXCLUSIVE OR functions generating the bits A through H
at the top of FIG. 64C are moved into a second step,
which requires an extra 16 latches plus two latches to
align the PK and PVALID signals. For a reduction to
five levels, the OR functions immediately before the
XNOR and the trailing gate of the VALID path are also
moved to the second step and the K-value is carried
forward; this version of pipelining requires 23 extra
latches. For a reduction of the first step to four
gating levels, a total of 48 pipelining latches are
required (12 for Valid, 7 for CMPLlO, 3 for K, 18 for
the inputs of the gates generating the signals PCMPLaI
through PCMPLhI, and 8 for the bits PCa thorough PCh).
Again, a further delay reduction to three levels can
be accomplished by minor circuit modifications and
moving the leading EXCLUSIVE OR functions into the
preceding clock cycle which requires at most 23 extra
latches with complementary outputs. For verification
purposes, a soft, technology independent macro was
written in VHDL. The encoder generated all the
expected outputs with correct disparity. The decoder
restored all the original vector values. A random
sequence of all possible 10-bitpatterns applied to the
decoder input identified all invalid inputs and
correctly decoded the valid inputs. As noted above, a
variety of techniques utilizing dedicated hardware,
general purpose processors, firmware, software, or a
combination of the foregoing may be employed to
implement the present invention, in addition to the
preferred implementation in hardware using logic
gates. With reference to FIG. 65, such alternate
implementations might employ, for example, a processor
6502, a memory 6504, and an input/output interface
formed, for example, by a display 6506 and a keyboard
6508. The term "processor" as used herein is intended
to include any processing device, such as, for
example, one that includes a CPU (central processing
unit) and/or other forms of processing circuitry.
Further, the term "processor" may refer to more than
one individual processor. The term "memory" is
intended to include memory associated with a processor
or CPU, such as, for example, PvAM (random access
memory), ROM (read only memory), a fixed memory device
(e.g., hard drive), a removable memory device (e.g.,
diskette), a flash memory and the like. In addition,
the phrase "input/output interface" as used herein, is
intended to include, for example, one or more
mechanisms for inputting data to the processing unit
(e.g., mouse), and one or more mechanisms for
providing results associated with the processing unit
(e.g., printer). The processor 6502, memory 6504, and
input/output interface such as display 6506 and
keyboard 6508 can be interconnected, for example, via
bus 6510 as part of a data processing unit 6512.
Suitable interconnections, for example via bus 6510,
can also be provided to a network interface 6514, such
as a network card, which can be provided to interface
with a computer network, and to a media interface
6516, such as a diskette or CD-ROM drive, which can be
provided to interface with medium 6518. Accordingly,
computer software including instructions or code for
performing the methodologies of the invention, as
described herein, maybe stored in one or more of the
associated memory devices (e.g., ROM, fixed or
removable memory) and, when ready to be utilized,
loaded in part or in whole (e.g., into RAM) and
executed by a CPU. Such software could include, but is
not limited to, firmware, resident software,
microcode, and 



the like. Note that implementations of one or more
embodiments of the present inventioninvolving software
may take advantage of the potential for parallelism
described above to employ, for example, a vectorized
or parallelized solution. Furthermore, the invention
can take the form of a computer program product
accessible from a computer-usable or computer-readable
medium (e.g., medium 6518) providing program code for
use by or in connection with a computer or any
instruction execution system. For the purposes of this
description, a computer usable or computer readable
medium can be any apparatus for use by or in
connection with the instruction execution system,
apparatus, or device. The medium can be an electronic,
magnetic, optical, electromagnetic, infrared, or
semiconductor system (or apparatus or device) or a
propagation medium. Examples of a computer-readable
medium include a semiconductor or solid-state memory
(e.g. memory 6504), magnetic tape, a removable
computer diskette (e.g. media 6518), a random access
memory (RAM), a read-only memory (ROM), a rigid
magnetic disk and an optical disk. Current examples of
optical disks include compact disk-read only memory
(CD-ROM), compact disk-read/write(CD-R/W) and DVD. A
data processing system suitable for storing and/or
executing program code will include at least one
processor 6502 coupled directly or indirectly to
memory elements 6504 through a system bus 6510. The
memory elements can include local memory employed
during actual execution of the program code, bulk
storage, and cache memories which provide temporary
storage of at least some program code in order to
reduce the number of times code must be retrieved from
bulk storage during execution. Input/output or I/O
devices (including but not limited to keyboards 6508,
displays 6506, pointing devices, and the like) can be
coupled to the system either directly (such as via bus
6510) or through intervening I/O controllers (omitted
for clarity). Network adapters such as network
interface 6514 may also be coupled to the system to
enable the data processing system to become coupled to
other data processing systems or remote printers or
storage devices through intervening private or public
networks. Modems, cable modem and Ethernet cards are
just a few of the currently available types of network
adapters.In any case, it should be understood that the
components illustrated herein may be implemented in
various forms of hardware, software, or combinations
thereof, e.g., application specific integrated
circuit(s) (ASICS), functional circuitry, one or more
appropriately programmed general purpose digital
computers with associated memory, one or more
programmable logic arrays (PLAs), combinational logic
as described herein, and the like. Given the teachings
of the invention provided herein, one of ordinary
skill in the related art will be able to contemplate
other implementations of the components of the
invention. It should of course be noted that an
encoding scheme can be implemented via a look-up
table. Although illustrative embodiments of the
present invention have been described herein with
reference to the accompanying drawings, it is to be
understood that the invention is not limited to those
precise embodiments, and that various other changes
and modifications may be made by one skilled in the
art without departing from the scope or spirit of the
invention.Claims Wliat is claimed is: 1. A method of
encoding N-binary symbol (NB) source data vectors into
M-binary 



symbol (MB) encoded vectors, M>N>0, comprising the
steps of: obtaining a plurality of NB source data
vectors; and encoding said NB source data vectors into
a plurality of MB encoded vectors according to an
encoding scheme, said encoding scheme mapping at least
a first portion of said NB source data vectors into MB
encoded vectors comprising disparity independent
encoded vectors, said encoding scheme mapping at least
a second portion of said NB source data vectors into
MB encoded vectors comprising disparity dependent
encoded vectors having primary representations and
alternate representations complementary to said
primary representations, said MB encoded vectors
having M-N binary symbols appended thereto by said
encoding scheme, a fraction of said MB encoded vectors
having binary symbol changes, other than whole-vector
complementation, compared to corresponding ones of
said NB source data vectors; wherein said encoding
scheme is preselected to perform at least one of: (i)
reducing, compared to at least some other possible NB
to MB encoding schemes, and (ii) substantially
eliminating an amount of said disparity dependent
encoded vectors that fall within said fraction of said
MB encoded vectors having said binary symbol changes,
other than whole-vector complementation, compared to
said corresponding ones of said NB source data
vectors. 2. The method of Claim 1, wherein N=8, M=IO,
and said encoding scheme substantially eliminates said
amount of said disparity dependent encoded vectors
that fall within said fraction of said MB encoded
vectors having said binary symbol changes, other than
whole-vector complementation, compared to said
corresponding ones of said NB source data vectors. 3.
The method of Claim 2, wherein:said encoding scheme
produces a DC-balanced transmission code; and said
first portion of said NB source data vectors comprises
at least 60 balanced source data vectors having a
leading run-length no greater than 2 that are appended
with a complementary pair of appended binary symbols,
corresponding to said M-N binary symbols, when encoded
into corresponding ones of said disparity independent
encoded vectors. 4. The method of Claim 3, wherein
said fraction of said MB encoded vectors having binary
symbol changes compared to said corresponding ones of
said NB source data vectors correspond to those of
said disparity independent encoded vectors having 8
binary symbols identical to said corresponding ones of
said disparity independent encoded vectors and 2
binary symbols that are complements of said pair of
appended binary symbols. 5. The method of Claim 4,
wherein: said encoding scheme assigns a majority of
said NB source data vectors corresponding to said
fraction of said MB encoded vectors having binary
symbol changes, in complementary pairs of said
majority, to corresponding pairs of said disparity
independent MB encoded vectors that are complementary
in all binary symbol positions except said appended
binary symbols; said encoding scheme assigns at least
eight vectors of said first portion of said NB source
data vectors, having a leading run of four followed by
two pairs of complementary 



binary symbols, to selected ones of said fraction of
said MB encoded vectors having two leading binary
symbols complemented with respect to corresponding
ones of said eight vectors; said encoding scheme
assigns at least eight vectors of said first portion
of said NB source data vectors, having a leading run
of four followed by a single binary symbol in four
subsequent binary symbols, where said single binary
symbol matches binary symbols in said leading run of
four, to selected ones of said fraction of said MB
encodedvectors having a third binary symbol
complemented with respect to corresponding ones of
said eight vectors; and said encoding scheme assigns
at least eight vectors of said first portion of said
NB source data vectors, having a leading run of four
followed by a single binary symbol in four subsequent
binary symbols, where said single binary symbol does
not match binary symbols in said leading run of four,
to selected ones of said fraction of said MB encoded
vectors having a first, third and fourth binary symbol
complemented with respect to corresponding ones of
said eight vectors. 6. The method of Claim 2, wherein:
said encoding scheme produces a DC-balanced
transmission code; said first portion of said NB
source data vectors comprises: 27 source data vectors
having an overall disparity of plus 2, and 27 source
data vectors having an overall disparity of minus 2,
and having a running disparity of at most 2 after any
given binary symbol position, that are appended with
binary symbols 00, for those 27 source data vectors
having an overall disparity of plus 2, and binary
symbols 11, for those 27 source data vectors having an
overall disparity of minus 2, when encoded into
corresponding ones of said disparity independent
encoded vectors; and said second portion of said NB
source data vectors comprises: at least 19 source data
vectors having a disparity of plus 2 and satisfying at
least one of: ending in binary symbols 11001; starting
with binary symbols 1110 and ending with binary symbol
1; and ending with binary symbols 10 and having one
of: (i) at most three leading ones, and (ii) at most
one leading zero; said 19 NB source data vectors being
mapped to 19 disparity dependent balanced encoded
vectors having a required negative starting disparity,
said encodedvectors having binary symbols identical to
said source data vectors with two zeroes appended
thereto; at least 4 balanced source data vectors
starting with binary symbols 1110, said 4 balanced
source data vectors starting with binary symbols 1110
being mapped to 4 disparity dependent balanced encoded
vectors having a required negative starting disparity
and having binary symbols identical to said 4 balanced
source data vectors with binary symbols 0 1 appended
thereto; and at least 4 balanced source data vectors
starting with binary symbols 0001, said 4 balanced
source data vectors starting with binary symbols 0001
being mapped to 4 disparity dependent balanced encoded
vectors having a required positive starting disparity
and having binary symbols identical to said source
data vectors with binary 



symbols 0 1 appended thereto. 7. The method of Claim
6, wherein said second portion of said NB source data
vectors further comprises: at least 18 source data
vectors having a disparity of plus 4 and satisfying
one of: trailing 4 binary symbols comprise a
complementary pair of binary symbols followed by
binary symbols 11; trailing 4 binary symbols are 1111
and leading 4 binary symbols are one of: (i) two pairs
of complementary binary symbols, and (ii) 1100;
leading binary symbol is 1 and trailing 4 binary
symbols are 1101; and leading two binary symbols are 1
and trailing 4 binary symbols are 1110; said 18 NB
source data vectors being mapped to 18 encoded vectors
having a disparity of plus 4 and a required negative
starting disparity, said encoded vectors having binary
symbols identical to said 18 source data vectors with
0 1 appended thereto; at least one source data vector
in the form 11101111, said one source data vector
being mapped to one encoded vector having a disparity
of plus 4 and a required negative starting disparity,
said encoded vector having the form 1110111 100; at
least 2 1 vectors having a disparity of minus 2 and
satisfying one of:trailing 4 binary symbols comprise
01 followed by a pair of complementary binary symbols;
trailing binary symbols are one of 1001 and 11010;
leading binary symbol is 0 and trailing 4 binary
symbols are 001 1; trailing 5 binary symbols are
10001; and trailing 6 binary symbols are 100001; said
2 1 NB source data vectors being mapped to 2 1 encoded
vectors having a disparity of minus 4 and a required
positive starting disparity, said 2 1 encoded vectors
having binary symbols identical to said 2 1 source
data vectors with binary symbols 00 appended thereto;
and at least 15 vectors having a disparity of minus 4
and satisfying one of: trailing 4 binary symbols
comprise a pair of complementary binary symbols
followed by binary symbols 00; first biliary symbol is
0 and last 5 binary symbols are 10000; leading binary
symbol is 0 and trailing 4 binary symbols are 0010;
and leading two binary symbols are 00 and trailing 4
binary symbols are 0001; said 15 NB source data
vectors being mapped to 15 encoded vectors having a
disparity of minus 4 and a required positive starting
disparity, said 15 encoded vectors having binary
symbols identical to said 15 source data vectors with
binary symbols 0 1 appended thereto. 8. The method of
Claim 2, wherein: said encoding scheme produces a
DC-balanced transmission code; and said encoding
scheme further assigns at least 7 NB vectors, as
control vectors, to at least 7 MB disparity dependent
corresponding encoded control vectors having primary
representations and alternate representations
complementary to said primary representations, said
encoded control vectors comprising said 7 NB vectors
plus two appended binary symbols, said primary
representations of said 7 MB corresponding encoded
control vectors satisfying at least one of:(i)
disparity equals minus four, (ii) required starting
disparity is positive, 



(iii) third, fifth, sixth, seventh and ninth binary
symbols have a value of zero and first binary symbol
has a value of one, (iv) fourth and eighth binary
symbols are complementary, and (v) eighth and tenth
binary symbols are complementary; (i) disparity equals
minus four, (ii) required starting disparity is
positive, (iii) fourth, sixth, eighth, ninth and tenth
binary symbols have a value of zero and fifth and
seventh binary symbols have a value of one; (i)
disparity equals zero, (ii) required starting
disparity is negative, (iii) first two binary symbols
and last two binary symbols have a value of zero and
third, fourth, fifth, sixth and seventh binary symbols
have a value of one; and (i) disparity equals zero,
(ii) required starting disparity is positive, (iii)
first two binary symbols and last two binary symbols
have a value of zero and fourth, fifth, sixth and
seventh and eighth binary symbols have a value of one.
9. The method of Claim 8, wherein each of said 7 NB
control vectors and each of said 7MB corresponding
encoded control vectors has a complementary alternate
vector. 10. The method of Claim 2, wherein: said
encoding scheme produces a DC-balanced transmission
code; and said primary representations of said
disparity dependent encoded vectors end with one of
two 2-binary symbol patterns. 11. The method of Claim
1, wherein said encoding step comprises the sub-steps
of: appending M-N binary symbols to said NB source
data vectors to obtain augmented vectors;
complementing M binary symbols of a given one of said
augmented vectors to obtain one of said alternate
representations of one of said MB encoded vectors
corresponding to a given one of said NB source data
vectors, of said second portion of said NB source data
vectors, from which said given one of said augmented
vectors was obtained, said complementation of said M
binary symbols being at least in partresponsive to a
determination that said one of said MB encoded vectors
comprises one of said disparity dependent encoded
vectors and a current running disparity does not match
a required starting disparity for said one of saidMB
encoded vectors; and complementing less than N binary
symbols of another given one of said NB source data
vectors to obtain a corresponding portion of another
given one of said MB encoded vectors corresponding to
said other given one of said NB source data vectors,
said complementation of said less than N binary
symbols being at least in part responsive to a
determination that said other given one of saidMB
encoded vectors comprises one of said
disparity-independent encoded vectors, said less than
N binary symbol complementing and said N binary symbol
complementing steps being performed substantially in
parallel. 12. A method of decoding M-binary symbol
(MB) encoded vectors into decoded Nbinary symbol (NB)
source data vectors, M>N>0, comprising the steps of:
obtaining a plurality of MB encoded vectors that were
encoded from a plurality of NB source data vectors
according to an encoding scheme, said encoding scheme
mapping at least a first portion of said NB source
data vectors into MB encoded vectors comprising
disparity independent encoded vectors, said encoding
scheme mapping at least a second portion of said NB
source data vectors into MB encoded vectors comprising
disparity dependent encoded vectors having primary
representations and 



alternate representations complementary to said
primary representations, said MB encoded vectors
having M-N binary symbols appended thereto by said
encoding scheme, a fraction of said MB encoded vectors
having binary symbol changes, other than wholevector
complementation, compared to corresponding ones of
said NB source data vectors, said encoding scheme
being preselected to perform at least one of: (i)
reducing, compared to at least some other possible NB
to MB encoding schemes, and (ii) substantially
eliminating an amount of said disparity dependent
encoded vectors that fall within said fraction of said
MB encoded vectors having said binary symbol changes,
other than whole-vectorcomplementation, compared to
said corresponding ones of said NB source data
vectors; and decoding said MB encoded vectors into a
plurality of NB source data vectors according to
decoding rules of said encoding scheme. 13. The method
of Claim 12, wherein N=8, M=IO, and said encoding
scheme substantially eliminates said amount of said
disparity dependent encoded vectors that fall within
said fraction of said MB encoded vectors having said
binary symbol changes, other than whole-vector
complementation, compared to said corresponding ones
of said NB source data vectors. 14. The method of
Claim 13, wherein: said encoding scheme produces a
DC-balanced transmission code; and said primary
representations of said disparity dependent encoded
vectors end with one of two 2-binary symbol patterns.
15. The method of Claim 12, wherein said decoding step
comprises the sub-steps of: complementing at least N
binary symbols of a given one of said MB encoded
vectors to recover a given one of said NB source data
vectors, of said second portion of said NB source data
vectors, corresponding to said given one of said MB
encoded vectors, said complementation of said at least
N binary symbols being at least in part responsive to
a determination that said given one of said MB encoded
vectors comprises one of said alternate versions of
one of said disparity-dependent encoded vectors; and
complementing less than N binary symbols of another
given one of said MB encoded vectors to recover a
corresponding portion of another given one of said NB
source data vectors, of said first portion of said NB
source data vectors, corresponding to said other given
one of said MB encoded vectors, said complementation
of said less than N binary symbols being at least in
part responsive to a determination that said other
given one of said MB encoded vectors comprises one of
said disparity-independent encodedvectors, said less
than N binary symbol complementing and said N binary
symbol complementing being performed substantially in
parallel. 16. An apparatus for encoding N-binary
symbol (NB) source data vectors into Mbinary symbol
(MB) encoded vectors, M>N>0, at least some of said MB
encoded vectors comprising disparity-dependent encoded
vectors having primary representations and alternate
representations complementary to said primary
representations, said apparatus comprising: a binary
symbol appending module configured to append M-N
binary symbols to said NB source data vectors to
obtain augmented vectors; a full vector complementing
module configured to complement M binary symbols 



of a given one of said augmented vectors to obtain one
of said alternate representations of one of said MB
encoded vectors corresponding to a given one of said
NB source data vectors from which said given one of
said augmented vectors was obtained, said
complementation of said M binary symbols being at
least in part responsive to a determination that said
one of said MB encoded vectors comprises one of said
disparity dependent encoded vectors and a current
running disparity does not match a required starting
disparity for said one of said MB encoded vectors; and
a binary symbol complementing module configured to
complement less than N binary symbols of another given
one of said NB source data vectors to obtain a
corresponding portion of another given one of said MB
encoded vectors corresponding to said other given one
of said NB source data vectors, said complementation
of said less than N binary symbols being at least in
part responsive to a determination that said other
given one of saidMB encoded vectors comprises a
disparity-independent encoded vector, said binary
symbol complementing module and said full vector
complementing module being configured to operate
substantially in parallel, said binary symbol
complementing module and said full vector
complementing module being coupled to each other and
being configured to implement an encoding scheme
wherein, in assignment of MB encoded vectors having
binary symbol changes compared to corresponding ones
of saidNB source data vectors, preference is given to
MB encoded vectors that are balanced and
disparity-independent. 17. The apparatus of Claim 16,
wherein N=8, M=IO, and said encoding scheme assigns
substantially all of said MB encoded vectors having
binary symbol changes compared to corresponding ones
of said NB source data vectors to MB encoded vectors
that are balanced and disparity independent. 18. The
apparatus of Claim 16, further comprising a disparity
monitoring module coupled to said full vector
complementing module, said disparity classifier being
configured to determine current running disparity for
use in assigning proper ones of said disparity
dependent encoded vectors to given ones of said NB
source data vectors. 19. The apparatus of Claim 16,
wherein said apparatus is implemented as an array of
logic gates. 20. An apparatus for decoding M-binary
symbol (MB) encoded vectors into N-binary symbol (NB)
source data vectors, M>N>0, at least some of said MB
encoded vectors comprising disparity-dependent encoded
vectors having primary representations and alternate
representations complementary to said primary
representations, said apparatus comprising: a full
vector complementing module configured to complement
at least N binary symbols of a given one of said MB
encoded vectors to recover a given one of said NB
source data vectors corresponding to said given one of
said MB encoded vectors, said complementation of said
at least N binary symbols being at least in part
responsive to a determination that said given one of
said MB encoded vectors comprises one of said
alternate versions of one of said disparity-dependent
encoded vectors; and a binary symbol complementing
module coupled to said full vector complementing
module and configured to complement less than N binary
symbols of another given one of said MB encoded
vectors to recover a corresponding portion ofanother
given one of said NB source data vectors corresponding
to said other given one of said MB encoded vectors,
said complementation of said less than N binary
symbols 



being at least in part responsive to a determination
that said other given one of said MB encoded vectors
comprises a disparity-independent encoded vector, said
binary symbol complementing module and said full
vector complementing module being configured to
operate substantially in parallel, said binary symbol
complementing module and said full vector
complementing module being configured to implement an
encoding scheme wherein, in assignment of MB encoded
vectors having binary symbol changes compared to
corresponding ones of said NB source data vectors,
preference is given to MB encoded vectors that are
balanced and disparity-independent. 21. The apparatus
of Claim 20, further comprising a validity check
module coupled to said full vector complementing
module and said binary symbol complementing module,
said validity checker being configured to obtain
putative encoded vectors and to determine whether
given ones of said putative encoded vectors are valid
ones of saidMB encoded vectors. 22. The apparatus of
Claim 20, wherein N=8, M=IO, and said encoding scheme
assigns substantially all of said MB encoded vectors
having binary symbol changes compared to corresponding
ones of said NB source data vectors to MB encoded
vectors that are balanced and disparity independent.
23. The apparatus of Claim 20, wherein said apparatus
is implemented as an array of logic gates. 24. A
method for encoding N-binary symbol (NB) source data
vectors into M-binary symbol (MB) encoded vectors,
M>N>0, at least some of said MB encoded vectors
comprising disparity-dependent encoded vectors having
primary representations and alternate representations
complementary to said primary, said method comprising
the steps of:appending M-N binary symbols to said NB
source data vectors to obtain augmented vectors;
complementing M binary symbols of a given one of said
augmented vectors to obtain one of said alternate
representations of one of said MB encoded vectors
corresponding to a given one of said NB source data
vectors from which said given one of said augmented
vectors was obtained, said complementation of said M
binary symbols being at least in part responsive to a
determination that said one of said MB encoded vectors
comprises one of said disparity dependent encoded
vectors and a current running disparity does not match
a required starting disparity for said one of said MB
encoded vectors; and complementing less than N binary
symbols of another given one of said NB source data
vectors to obtain a corresponding portion of another
given one of said MB encoded vectors corresponding to
said other given one of said NB source data vectors,
said complementation of said less than N binary
symbols being at least in part responsive to a
determination that said other given one of said MB
encoded vectors comprises a disparity-independent
encoded vector, said less than N binary symbol
complementing and said N binary symbol complementing
steps being performed substantially in parallel and
implementing an encoding scheme wherein, in assignment
of MB encoded vectors having binary symbol changes
compared to corresponding ones of said NB source data
vectors, preference is given to MB encoded vectors
that are balanced and disparityindependent. 25. The
method of Claim 24, wherein N=8, M=IO, and said
encoding scheme assigns 



substantially all of said MB encoded vectors having
binary symbol changes compared to corresponding ones
of said NB source data vectors to MB encoded vectors
that are balanced and disparity independent. 26. A
method for decoding M-binary symbol (MB) encoded
vectors into N-binary symbol (NB) source data vectors,
M>N>0, at least some of said MB encoded vectors
comprising disparity-dependent encoded vectors having
primary representations andalternate representations
complementary to said primary representations, said
method comprising: complementing at least N binary
symbols of a given one of said MB encoded vectors to
recover a given one of said NB source data vectors
corresponding to said given one of said MB encoded
vectors, said complementation of said at least N
binary symbols being at least in part responsive to a
determination that said given one of said MB encoded
vectors comprises one of said alternate versions of
one of said disparitydependent encoded vectors; and
complementing less than N binary symbols of another
given one of said MB encoded vectors to recover a
corresponding portion of another given one of said NB
source data vectors corresponding to said other given
one of said MB encoded vectors, said complementation
of said less than N binary symbols being at least in
part responsive to a determination that said other
given one of said MB encoded vectors comprises a
disparity-independent encoded vector, said less than N
binary symbol complementing and said N binary symbol
complementing being performed substantially in
parallel and implementing an encoding scheme wherein,
in assignment ofMB encoded vectors having binary
symbol changes compared to corresponding ones of said
NB source data vectors, preference is given to MB
encoded vectors that are balanced and
disparity-independent. 27. The method of Claim 26,
wherein N=8, M=IO, and said encoding scheme assigns
substantially all of said MB encoded vectors having
binary symbol changes compared to corresponding ones
of said NB source data vectors to MB encoded vectors
that are balanced and disparity independent. 28. A
computer program product comprising a computer useable
medium including computer usable program code for
encoding N-binary symbol (NB) source data vectors into
M-binary symbol (MB) encoded vectors, M>N>0, said
computer program product including: computer usable
program code for obtaining a plurality of NB source
data vectors; andcomputer usable program code for
encoding said NB source data vectors into a plurality
of MB encoded vectors according to an encoding scheme,
said encoding scheme mapping at least a first portion
of said NB source data vectors into MB encoded vectors
comprising disparity independent encoded vectors, said
encoding scheme mapping at least a second portion of
said NB source data vectors into MB encoded vectors
comprising disparity dependent encoded vectors having
primary representations and alternate representations
complementary to said primary representations, said MB
encoded vectors having M-N binary symbols appended
thereto by said encoding scheme, a fraction of said MB
encoded vectors having binary symbol changes, other
than wholevector complementation, compared to
corresponding ones of said NB source data vectors;
wherein said encoding scheme is preselected to perform
at least one of: (i) reducing, compared to at least
some other possible NB to MB encoding 



schemes, and (ii) substantially eliminating an amount
of said disparity dependent encoded vectors that fall
within said fraction of said MB encoded vectors having
said binary symbol changes, other than whole-vector
complementation, compared to said corresponding ones
of said NB source data vectors. 29. A computer program
product comprising a computer useable medium including
computer usable program code for decoding M-binary
symbol (MB) encoded vectors into decoded N-binary
symbol (NB) source data vectors, M>N>0, said computer
program product including: computer usable program
code for obtaining a plurality of MB encoded vectors
that were encoded from a plurality of NB source data
vectors according to an encoding scheme, said encoding
scheme mapping at least a first portion of said NB
source data vectors into MB encoded vectors comprising
disparity independent encoded vectors, said encoding
scheme mapping at least a second portion of said NB
source data vectors into MB encoded vectors comprising
disparity dependent encoded vectors having primary
representations and alternate representations
complementary to said primary representations, said MB
encoded vectors having M-N binary symbols appended
theretoby said encoding scheme, a fraction of said MB
encoded vectors having binary symbol changes, other
than whole-vector complementation, compared to
corresponding ones of said NB source data vectors,
said encoding scheme being preselected to perform at
least one of: (i) reducing, compared to at least some
other possible NB to MB encoding schemes, and (ii)
substantially eliminating an amount of said disparity
dependent encoded vectors that fall within said
fraction of said MB encoded vectors having said binary
symbol changes, other than whole-vector
complementation, compared to said corresponding ones
of said NB source data vectors; and computer usable
program code for decoding said MB encoded vectors into
a plurality of NB source data vectors according to
decoding rules of said encoding scheme. 


