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EXHIBIT C-6

Asserted Claims From
U.S. Pat. No. 5,893,120

Martin Dietzfelbinger, Anna Karlin, Kurt Mehlhorn, Friedhelm Meyer
auf der Deide, Hans Rohnert, Robert E. Tarjan, Dynamic Perfect Hashing:
Upper and Lower Bounds, Revised Version January 7, 1990
(“Dietzfelbinger”).

1. Aninformation storage
and retrieval system, the
system comprising:

5. Aninformation storage
and retrieval system, the
system comprising:

To the extent the preamble is alimitation, Dietzfelbinger discloses an
information storage and retrieval system.

For example, Dietzfelbinger discloses that “[t]he dynamic dictionary problem
is considered: provide an algorithm for storing a dynamic set, allowing the
operations insert, delete, and lookup. A dynamic perfect hashing strategy is
given: arandomized algorithm for the dynamic dictionary problem that takes
O(2) worst-case time for lookups and O(1) amortized expected time for
insertions and deletions.. . . .” Martin Dietzfelbinger, Anna Karlin, Kurt
Mehlhorn, Friedhelm Meyer auf der Deide, Hans Rohnert, Robert E. Tarjan,
Dynamic Perfect Hashing: Upper and Lower Bounds, Revised Version
January 7, 1990, at 1.

“A dictionary over auniverseU ={0, 1, ..., N- 1} isapartia function S
from U to some set |. The operations Lookup(x), Insert(x, i), and Delete(x) are
available on adictionary S, Lookup(x) returns x), Insert (X, i) adds x to the
domain of Sand sets x) to I, and Delete(x) removes x from the domain of S”
Id. at 2.

[1a] alinked list to store
and provide accessto
records stored in a memory
of the system, at least some
of the records
automatically expiring,

[5a] ahashing meansto
provide access to records
stored in amemory of the
system and using an
external chaining technique
to store the records with
same hash address, at |east
some of the records

Dietzfelbinger discloses alinked list to store and provide access to records
stored in amemory of the system, at |east some of the records automatically
expiring. Dietzfelbinger also discloses a hashing means to provide access to
records stored in amemory of the system and using an external chaining
technique to store the records with same hash address, at least some of the
records automatically expiring.

For example, Dietzfelbinger discloses that “[t]he dynamic dictionary problem
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automatically expiring,

is considered: provide an algorithm for storing a dynamic set, allowing the
operations insert, delete, and lookup. A dynamic perfect hashing strategy is
given: arandomized algorithm for the dynamic dictionary problem that takes
O(2) worst-case time for lookups and O(1) amortized expected time for
insertions and deletions. .. .” Id. at 1.

“A dictionary over auniverseU ={0, 1, ..., N- 1} isapartia function S
from U to some set I. The operations Lookup(x), Insert(x, i), and Delete(x) are
available on adictionary S, Lookup(x) returns x), Insert (x, i) adds x to the
domain of Sand sets Sx) to I, and Delete(x) removes x from the domain of S”
Id. at 2.

Furthermore, Dietzfelbinger discloses that “[t]here are two major techniques
for implementing dictionaries. trees and hashing.” Id.

Dietzfelbinger discloses an extension of the Fredman, Komlos, and Szemerédi
scheme to the dynamic situation, wherein membership queries are processed in
constant worst-case time, insertions and deletions are processed in constant
expected amortized time, and the storage used at any time is proportional to the
number of elements currently stored in the dictionary. “[F]redman, Komlés,
and Szemerédi [FK S84] described a hashing technique that achieves linear
storage (in n) and constant query time for all N and n, where nisthe size of S”
Id.

This FSK Scheme that Dietzfelbinger discloses “hastwo levels. At the top
level, a hash function partitions the elements being stored into s sets. The
second level consists of a perfect hash function for each of these sets.
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Specifically, afunction h chosen uniformly at random from Hsis used to
partition the set Sinto s blocks.” 1d. at 3-4.

While Dietzfelbinger does not disclose whether or not the FKS scheme uses
hashing with chaining to handle the unavoidable key collisions problem,
Dietzfelbinger discloses other schemes that do use hashing with chaining.
“Carter and Wegman [CW79] proposed universal hashing as away of
avoiding assumption on the distribution of input values. This approach works
particularly well in combination with the idea of * continuous rehashing”
introduced by Brassard and Kannan [BK88]. Inthisway an algorithmis
obtained that needs linear space and expected constant time for each single
instruction. However, for n keys being stored in the dictionary in a scheme of
this kind the best upper bound known on the expected wor st case time for an
instruction (i.e., the length of the longest chain in the resulting hash table with
chaining) isO(logn/loglogn)....” Id. a 2-3. Since Dietzfelbinger does not
specify which collision handling approach FK S uses (the focus of this paper is
not collision handling but a computation of the upper and lower bounds for the
time complexity of a class of deterministic algorithms for the dictionary
problem), it isinherent from the disclosure of other schemes, such asthe CW
scheme, that FK'S also uses hashing with chaining.

To the extent that Bedrock argues that Dietzefelbinger does not anticipate
Claims 1 — 8 because it is not inherent that the FK'S scheme incorporates linked
lists to handling key collisions, it would have been obvious to one of ordinary
skill inthe art to store table entriesin alinked list. The admitted prior art in
the Introduction discloses that linked lists/external chaining were already
common place to resolve collisions within hash tables. I1d. Thus,
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Dietzefelbinger and the admitted prior art in the Introduction show that one of
ordinary skill in the art understood how to use linked lists/external chaining to
resolve collisions within hash tables, and would recognize that it would
improve similar systems and methods in the same way.

Furthermore, Dietzfelbinger discloses that “[d]eletions are performed by
attaching atag “deleted” to the table entry to be erased; only when anew level-
1 hash function h or anew hash function h; for the sub table T; is chosen, do we
drop the elements with atag “deleted” from T;.” Id. at 5.

[1b] arecord search means
utilizing a search key to
access the linked list,

[5b] arecord search means
utilizing a search key to
access alinked list of
records having the same
hash address,

Dietzfelbinger discloses arecord search means utilizing a search key to access
the linked list. Dietzfelbinger also discloses arecord search means utilizing a
search key to access alinked list of records having the same hash address.

For example, Dietzfelbinger discloses that “[t]he dynamic dictionary problem
is considered: provide an algorithm for storing a dynamic set, allowing the
operations insert, delete, and lookup. A dynamic perfect hashing strategy is
given: arandomized algorithm for the dynamic dictionary problem that takes
O(2) worst-case time for lookups and O(1) amortized expected time for
insertions and deletions. .. .” Id. at 1.

“A dictionary over auniverseU ={0, 1, ..., N- 1} isapartia function S
from U to some set |. The operations Lookup(x), Insert(x, i), and Delete(x) are
available on adictionary S; Lookup(x) returns x), Insert (x, i) adds x to the
domain of Sand sets x) to I, and Delete(x) removes x from the domain of S”
Id. at 2.
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Furthermore, Dietzfelbinger discloses that “[t]here are two major techniques
for implementing dictionaries. trees and hashing.” Id.

Dietzfelbinger discloses an extension of the Fredman, Komlos, and Szemerédi
scheme to the dynamic situation, wherein membership queries are processed in
constant worst-case time, insertions and deletions are processed in constant
expected amortized time, and the storage used at any time is proportional to the
number of elements currently stored in the dictionary. “[F]redman, Komlés,
and Szemerédi [FK S84] describe a hashing technique that achieves linear
storage (in n) and constant query time for all N and n, where nisthe size of S”
Id.

This FSK Scheme that Dietzfelbinger discloses “hastwo levels. At the top
level, a hash function partitions the elements being stored into s sets. The
second level consists of a perfect hash function for each of these sets.
Specifically, afunction h chosen uniformly at random from Hsis used to
partition the set Sinto sblocks.” Id. at 3-4.

While Dietzfelbinger does not disclose whether or not the FKS scheme uses
hashing with chaining to handle the unavoidable key collisions problem,
Dietzfelbinger discloses other schemes that do use hashing with chaining.
“Carter and Wegman [CW79] proposed universal hashing as away of
avoiding assumption on the distribution of input values. This approach works
particularly well in combination with the idea of “ continuous rehashing”
introduced by Brassard and Kannan [BK88]. In thisway an agorithmis
obtained that needs linear space and expected constant time for each single
instruction. However, for n keys being stored in the dictionary in a scheme of
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this kind the best upper bound known on the expected worst case time for an
instruction (i.e., the length of the longest chain in the resulting hash table with
chaining) isO(logn/loglogn)....” Id. at 2-3. Since Dietzfelbinger does not
specify which collision handling approach FK S uses (the focus of this paper is
not collision handling but a computation of the upper and lower bounds for the
time complexity of a class of deterministic algorithms for the dictionary
problem), it isinherent from the disclosure of other schemes, such asthe CW
scheme, that FK'S also uses hashing with chaining.

To the extent that Bedrock argues that Dietzefelbinger does not anticipate
Claims 1 — 8 because it is not inherent that the FK'S scheme incorporates linked
lists to handling key collisions, it would have been obvious to one of ordinary
skill inthe art to store table entriesin alinked list. The admitted prior art in
the Introduction discloses that linked lists/external chaining were already
common place to resolve collisions within hash tables. Id. Thus,
Dietzefelbinger and the admitted prior art in the Introduction show that one of
ordinary skill in the art understood how to use linked lists/external chaining to
resolve collisions within hash tables, and would recognize that it would
improve similar systems and methods in the same way.

[1c] therecord search
means including a means
for identifying and
removing at least some of
the expired ones of the
records from the linked list
when thelinked list is

[5c] therecord search
means including means for
identifying and removing
at least some expired ones
of the records from the
linked list of records when
the linked list is accessed,

Dietzfelbinger discloses the record search means including a means for
identifying and removing at least some of the expired ones of the records from
the linked list when the linked list is accessed. Dietzfelbinger also discloses
the record search means including means for identifying and removing at least
some expired ones of the records from the linked list of records when the
linked list is accessed.
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accessed, and

and

For example, Dietzfelbinger discloses that “[t]he dynamic dictionary problem
is considered: provide an algorithm for storing a dynamic set, allowing the
operations insert, delete, and lookup. A dynamic perfect hashing strategy is
given: arandomized algorithm for the dynamic dictionary problem that takes
O(2) worst-case time for lookups and O(1) amortized expected time for
insertions and deletions. .. .” Id. at 1.

“A dictionary over auniverseU ={0, 1, ..., N- 1} isapartia function S
from U to some set |. The operations Lookup(x), Insert(x, i), and Delete(x) are
available on adictionary S, Lookup(x) returns x), Insert (x, i) adds x to the
domain of Sand sets x) to I, and Delete(x) removes x from the domain of S”
Id. at 2.

Furthermore, Dietzfelbinger discloses that “[t]here are two major techniques
for implementing dictionaries. trees and hashing.” Id.

Dietzfelbinger discloses an extension of the Fredman, Koml s, and Szemerédi
scheme to the dynamic situation, wherein membership queries are processed in
constant worst-case time, insertions and deletions are processed in constant
expected amortized time, and the storage used at any time is proportional to the
number of elements currently stored in the dictionary. “[F]redman, Komlés,
and Szemerédi [FK S84] describe a hashing technique that achieves linear
storage (in n) and constant query time for all N and n, where nisthe size of S”
Id.

This FSK Scheme that Dietzfelbinger discloses “hastwo levels. At the top
level, a hash function partitions the elements being stored into s sets. The
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second level consists of a perfect hash function for each of these sets.
Specifically, afunction h chosen uniformly at random from Hsis used to
partition the set Sinto sblocks.” Id. at 3-4.

While Dietzfelbinger does not disclose whether or not the FKS scheme uses
hashing with chaining to handle the unavoidable key collisions problem,
Dietzfelbinger discloses other schemes that do use hashing with chaining.
“Carter and Wegman [CW79] proposed universal hashing as away of
avoiding assumption on the distribution of input values. This approach works
particularly well in combination with the idea of “ continuous rehashing”
introduced by Brassard and Kannan [BK88]. In thisway an agorithmis
obtained that needs linear space and expected constant time for each single
instruction. However, for n keys being stored in the dictionary in a scheme of
this kind the best upper bound known on the expected wor st case time for an
instruction (i.e., the length of the longest chain in the resulting hash table with
chaining) isO(log n/loglogn)...” Id. at 2-3. Since Dietzfelbinger does not
specify which collision handling approach FK'S uses (the focus of this paper is
not collision handling but a computation of the upper and lower bounds for the
time complexity of aclass of deterministic algorithms for the dictionary
problem), it isinherent from the disclosure of other schemes, such asthe CW
scheme, that FK'S also uses hashing with chaining.

To the extent that Bedrock argues that Dietzefelbinger does not anticipate
Claims 1 — 8 because it is not inherent that the FK'S scheme incorporates linked
lists to handling key collisions, it would have been obvious to one of ordinary
skill inthe art to store table entriesin alinked list. The admitted prior art in
the Introduction discloses that linked lists/external chaining were already
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common place to resolve collisions within hash tables. Id. Thus,
Dietzefelbinger and the admitted prior art in the Introduction show that one of
ordinary skill in the art understood how to use linked lists/external chaining to
resolve collisions within hash tables, and would recognize that it would
improve similar systems and methods in the same way.

Furthermore, Dietzfelbinger discloses that “[d]eletions are performed by
attaching atag “deleted” to the table entry to be erased; only when anew level-
1 hash function h or a new hash function h; for the sub table T; is chosen, do we
drop the elements with atag “deleted” from T,.” Id. at 5.

A call to the procedure Insert(x) conducts the following steps, as displayed by
the code in the figure below. The procedure hashes x to determine the proper
position for x, h(x). If the position in which x is to be placed is empty, then x
isstored in the position. However, if the position is not empty, then the
procedure goes through and places all the elements in the sub table that are not
labeled “deleted” into alist Lj, and marks all positions in the sub table as
empty. Then, x isappended to thelist Lj. By marking all positionsin the sub
table as empty, the procedure effectively deletes al those that are left in the
sub table -- those that were labeled “deleted.” Id. at 6.

Plaintiff’s Invalidity Contentions & Production of

Documents

US2008 1290297.1

9 Case No. 6:09-CV-549-LED




EXHIBIT C-6

Asserted Claims From
U.S. Pat. No. 5,893,120

Martin Dietzfelbinger, Anna Karlin, Kurt Mehlhorn, Friedhelm Meyer
auf der Deide, Hans Rohnert, Robert E. Tarjan, Dynamic Perfect Hashing:
Upper and Lower Bounds, Revised Version January 7, 1990
(“ Dietzfelbinger™).

Plaintiff’s Invalidity Contentions & Production of

Documents

US2008 1290297.1

procedure [nsert{ax):
count «— count + 1:
if count = M
then
RehashAll{x):
else
7o hir):
if position h (2] of subtable 7, contains
then
il » 1s marked “deleted” then remove this tag:
else (+ r is new for W, |
by «— b, + 1
i b, < m,;
then (+ size of 7, sullicient *|
if position h;{x) of T is empty
then
store x n position h;(x ) ol 1;:
else
go through the subtable 7. put all elements
not marked “deleted” into a list L. and
mark all positions of 7, empty:
append » to list L;: b; < length of L;:
repeat /r; « randomly chosen function in H, .
until ~; 1s mjective on the elements of list J"
for all y on list L; store y in position b {y) of T

else (# 7, 1s too small *)
my = 2-max{lm; s, e 2mlmy — 1)
if condition (##] is still satisfied
then (+ double capacity ol T; ]
allocate new space, namely s; cells, for new subtable 7.

| 1 11 1 5 11 i n 11 1
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[1d] means, utilizing the
record search means, for
accessing the linked list
and, at the same time,
removing at least some of
the expired ones of the
recordsin the linked list.

[5d] med[n]s, utilizing the
record search means, for
inserting, retrieving, and
deleting records from the
system and, at the same
time, removing at least
some expired ones of the
records in the accessed
linked list of records.

Dietzfelbinger discloses the record search means including a means for
identifying and removing at least some of the expired ones of the records from
the linked list when the linked list is accessed. Dietzfelbinger also discloses
the record search means including means for identifying and removing at least
some expired ones of the records from the linked list of records when the
linked list is accessed.

For example, Dietzfelbinger discloses that “[t]he dynamic dictionary problem
is considered: provide an algorithm for storing a dynamic set, allowing the
operations insert, delete, and lookup. A dynamic perfect hashing strategy is
given: arandomized algorithm for the dynamic dictionary problem that takes
O(2) worst-case time for lookups and O(1) amortized expected time for
insertions and deletions. .. .” 1d. at 1.

“A dictionary over auniverseU ={0, 1, ..., N- 1} isapartia function S
from U to some set I. The operations Lookup(x), Insert(x, i), and Delete(x) are
available on adictionary S, Lookup(x) returns x), Insert (x, i) adds x to the
domain of Sand sets Sx) to I, and Delete(x) removes x from the domain of S”
Id. at 2.

Furthermore, Dietzfelbinger discloses that “[t]here are two major techniques
for implementing dictionaries. trees and hashing.” Id.

Dietzfelbinger discloses an extension of the Fredman, Koml s, and Szemerédi
scheme to the dynamic situation, wherein membership queries are processed in
constant worst-case time, insertions and deletions are processed in constant
expected amortized time, and the storage used at any time is proportional to the
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number of elements currently stored in the dictionary. “[F]redman, Komlés,
and Szemerédi [FK S84] describe a hashing technique that achieves linear
storage (in n) and constant query time for all N and n, where nisthe size of S”
Id.

This FSK Scheme that Dietzfelbinger discloses “hastwo levels. At the top
level, a hash function partitions the elements being stored into s sets. The
second level consists of a perfect hash function for each of these sets.
Specifically, afunction h chosen uniformly at random from Hsis used to
partition the set Sinto sblocks.” Id. at 3-4.

While Dietzfelbinger does not disclose whether or not the FKS scheme uses
hashing with chaining to handle the unavoidable key collisions problem,
Dietzfelbinger discloses other schemes that do use hashing with chaining.
“Carter and Wegman [CW79] proposed universal hashing as away of
avoiding assumption on the distribution of input values. This approach works
particularly well in combination with the idea of “ continuous rehashing”
introduced by Brassard and Kannan [BK88]. Inthisway an algorithmis
obtained that needs linear space and expected constant time for each single
instruction. However, for n keys being stored in the dictionary in a scheme of
this kind the best upper bound known on the expected wor st case time for an
instruction (i.e., the length of the longest chain in the resulting hash table with
chaining) isO(logn/loglogn)...” 1d. a 2-3.Since Dietzfelbinger does not
specify which collision handling approach FK S uses (the focus of this paper is
not collision handling but a computation of the upper and lower bounds for the
time complexity of a class of deterministic algorithms for the dictionary
problem), it isinherent from the disclosure of other schemes, such asthe CW
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scheme, that FK'S also uses hashing with chaining.

To the extent that Bedrock argues that Dietzefelbinger does not anticipate
Claims 1 — 8 because it is not inherent that the FK'S scheme incorporates linked
lists to handling key collisions, it would have been obvious to one of ordinary
skill inthe art to store table entriesin alinked list. The admitted prior art in
the Introduction discloses that linked lists/external chaining were already
common place to resolve collisions within hash tables. 1d. Thus,
Dietzefelbinger and the admitted prior art in the Introduction show that one of
ordinary skill in the art understood how to use linked lists/external chaining to
resolve collisions within hash tables, and would recognize that it would
improve similar systems and methods in the same way.

Furthermore, Dietzfelbinger discloses that “[d]eletions are performed by
attaching atag “deleted” to the table entry to be erased; only when anew level-
1 hash function h or anew hash function h; for the sub table T; is chosen, do we
drop the elements with atag “deleted” from T;.” Id. at 5.

A call to the procedure Insert(x) conducts the following steps, as displayed by
the code in the figure below. The procedure hashes x to determine the proper
position for x, hj(x). If the position in which x isto be placed is empty, then x
isstored in the position. However, if the position is not empty, then the
procedure goes through and places all the elementsin the sub table that are not
labeled “deleted” into alist Lj, and marks all positions in the sub table as
empty. Then, xis appended to thelist Lj. By marking all positionsin the sub
table as empty, the procedure effectively deletes al those that are left in the
sub table -- those that were |abeled “deleted.” 1d. at 6.
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procedure [lnsert{x):
count «— count + 1:
if count > M
then
FehashAll{x):
else
g hix):
if position hi(x] ol subtable 7T; contains
then
if » is marked “deleted” then remove this tag:
else (+ r is new for W, «|
by« b, + 1t
if b, < m;
then (* size ol 7; suflicient |
if position fi;(x) ol T; is empty
then
store @ 1n position h;{x] ol 7;:
else
go through the subtable 7. put all elements
not marked “deleted” into a list L;, and
mark all positions of 7; empty:
append » to list L;: b, « length of L :
repeat /; « randomly chosen Tunction in H..
until /; is injective on the elements of list J"
for all y on list L, store y in position h;{y) ol 1;:
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else (+ 7, is too small *)
m; o 2-max{1,m; s, 2m{m; — 1)
if condition (+#] is still satisfied
then (+ double capacity of 1 *)
allocate new space, namely s; cells, for new subtable 7;:
go through old subtable 7, put all elements
not marked “deleted™ into a list L.
and mark all positions emptyv:
append x to list L;: b; « length of L;:
repeat h; « randomly chosen function in H,.
until h; 15 injective on the elements of list J".I_;':
for all y on list L; store y in position h;{y) of 1;:
else {(+ level | function A “bad” *)

RehashAll{x):

Id. at Figure 1.

2. Theinformation storage
and retrieval system
accordingtoclam 1
further including means for
dynamically determining
maximum number for the
record search means to
remove in the accessed

6. Theinformation storage
and retrieval system
accordingtoclam5
further including means for
dynamically determining
maximum number for the
record search means to
remove in the accessed

Dietzfelbinger discloses an information storage and retrieval system further
including means for dynamically determining maximum number for the record
search means to remove in the accessed linked list of records.

For example, a call to the procedure Insert(x) conducts the following steps, as
displayed by the code in the figure below. The procedure hashes x to
determine the proper position for x, hj(x). First, the procedure determinesif x
already existsin the sub table. If x does exist, then the only determination to
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linked list of records. linked list of records.

make iswhether x is marked for deletion. If xis marked for deletion, then the
procedure removes this deletion tag. 1d. at 6.

Second, if the sub table does not contain x and the position in which x isto be
placed is found empty, then x is stored in the position. Id.

Third, if the sub table does not contain x and the position in which x isto be
placed is not empty, then the procedure goes through and places all the
elements in the sub table that are not labeled “ deleted” into alist Lj, and marks
all positionsin the sub table as empty. Then, x is appended to thelist L;. By
marking al positions in the sub table as empty, the procedure effectively
deletes all those that are |€eft in the sub table -- those that were |abeled
“deleted.” 1d.

Therefore, the procedure dynamically determines whether or not to delete the
records marked “deleted” if either of the following two conditions occur: (1) x
already existsin the sub table or (2) the position in which x isto be placed is
empty. Deletion takes place during a call to procedure Insert(x) only if the
above two conditions are not met.
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procedure [asert{x];

count «+— count + 1:
il count = M
then

RehashAll{2);
else

7o hixl:

if position hilx] ol subtable 7; contains x
then
if » is marked “deleted” then remove this tag:
else (+ » is new for W, «|
b« b+ 1; |
if b, < m,
then (+ size of 7, sullicient #|
if position h;(x) ol T; is empty
then
store @ in position f{x) ol 7;:
else
go through the subtable 7;, put all elements
not marked “deleted”™ into a list L;, and
mark all positions of 7; empty:
append » to list L;: b, < length of L;:
repeat i, « randomly chosen function in H,.
until £; 1s injective on the elements of list f
for all ¥ on list L; store y in position h{y) of 1;:
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else (+ T, i1s too small *)
m; e 2 maxi{1, ’”..-'}: S;e 2l — 1]:
if condition (#+] 1s still satisfied
then (+ double capacity ol T; ]
allocate new space, namely s, cells, for new subtable 7:
go through old subtable 7. put all elements
not marked “deleted™ into a list ;.
and mark all positions empty:
append x to list L;: b; « length of L;:
repeat h; < randomly chosen function in H,.
until /; 1s injective on the elements of list J".I_,'I:
for all y on list L; store y in position h;{y] of 1
* |

else (* level 1 function /i “bad

HehashAll{x);
Id. at Figure 1.

Additionally, it would have been obvious to one of ordinary skill in the art to
modify the system disclosed in Dietzfelbinger to dynamically determine the
maximum number of expired records to remove in the accessed linked list of
records. Itisafundamental concept in computer science and the relevant art
that any variable or parameter affecting any aspect of a system can be
dynamically determined based on information available to the system. One of
ordinary skill in the art would have been motivated to combine the system
disclosed in Dietzfelbinger with the fundamental concept of dynamically
determining the maximum number of expired records to remove in an accessed
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linked list of records to solve a number of potential problems. For example,
the removal of expired records described in Dietzfelbinger can be burdensome
on the system, adding to the system’ sload and slowing down the system’s
processing. Moreover, the removal could aso force an interruption in real-
time processing as the processing waits for the removal to complete. Indeed,
part of the motivation for the system disclosed in Dietzfelbinger is avoiding
these problems. One of ordinary skill in the art would have known that
dynamically determining the maximum number to remove would limit the
burden on the system and bound the length of any real-time interruption to
prevent delaysin processing. Indeed, Nemes concedes that such dynamic
determination was obvious when he statesin the * 120 patent that “[a] person
skilled in the art will appreciate that the technique of removing all expired
records while searching the linked list can be expanded to include techniques
whereby not necessarily all expired records are removed, and that the decision
regarding if and how many records to delete can be adynamic one.” ‘120 at
7:10-15.

3. A method for storing
and retrieving information
records using alinked list
to store and provide access
to the records, at least
some of the records
automatically expiring, the
method comprising the
steps of':

7. A method for storing
and retrieving information
records using a hashing
technique to provide access
to the records and using an
external chaining technique
to store the records with
same hash address, at |east
some of the records
automatically expiring, the
method comprising the

To the extent the preamble is alimitation, Dietzfelbinger discloses a method
for storing and retrieving information records using alinked list to store and
provide access to the records, at least some of the records automatically
expiring. Dietzfelbinger also discloses a method for storing and retrieving
information records using a hashing technique to provide access to the records
and using an external chaining technique to store the records with same hash
address, at least some of the records automatically expiring.

For example, Dietzfelbinger discloses that “[t]he dynamic dictionary problem
is considered: provide an algorithm for storing a dynamic set, allowing the
operations insert, delete, and lookup. A dynamic perfect hashing strategy is
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steps of

given: arandomized algorithm for the dynamic dictionary problem that takes
O(2) worst-case time for lookups and O(1) amortized expected time for
insertions and deletions.. . . .” Deitzfelbinger at 1.

“A dictionary over auniverseU ={0, 1, ..., N- 1} isapartia function S
from U to some set I. The operations Lookup(x), Insert(x, i), and Delete(x) are
available on adictionary S, Lookup(x) returns x), Insert (x, i) adds x to the
domain of Sand sets Sx) to I, and Delete(x) removes x from the domain of S”
Id. at 2.

Furthermore, Dietzfelbinger discloses that “[t]here are two major techniques
for implementing dictionaries. trees and hashing.” Id.

Dietzfelbinger discloses an extension of the Fredman, Koml s, and Szemerédi
scheme to the dynamic situation, wherein membership queries are processed in
constant worst-case time, insertions and deletions are processed in constant
expected amortized time, and the storage used at any time is proportional to the
number of elements currently stored in the dictionary. “[F]redman, Komlés,
and Szemerédi [FK S84] describe a hashing technique that achieves linear
storage (in n) and constant query time for all N and n, where nisthe size of S”
Id.

This FSK Scheme that Dietzfelbinger discloses “hastwo levels. At the top
level, a hash function partitions the elements being stored into s sets. The
second level consists of a perfect hash function for each of these sets.
Specifically, afunction h chosen uniformly at random from Hsis used to
partition the set Sinto sblocks.” Id. at 3-4.
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While Dietzfelbinger does not disclose whether or not the FKS scheme uses
hashing with chaining to handle the unavoidable key collisions problem,
Dietzfelbinger discloses other schemes that do use hashing with chaining.
“Carter and Wegman [CW79] proposed universal hashing as away of
avoiding assumption on the distribution of input values. This approach works
particularly well in combination with the idea of “ continuous rehashing”
introduced by Brassard and Kannan [BK88]. Inthisway an algorithmis
obtained that needs linear space and expected constant time for each single
instruction. However, for n keys being stored in the dictionary in a scheme of
this kind the best upper bound known on the expected wor st case time for an
instruction (i.e., the length of the longest chain in the resulting hash table with
chaining) isO(logn/loglogn)...” 1d. a 2-3.Since Dietzfelbinger does not
specify which collision handling approach FK S uses (the focus of this paper is
not collision handling but a computation of the upper and lower bounds for the
time complexity of a class of deterministic algorithms for the dictionary
problem), it isinherent from the disclosure of other schemes, such asthe CW
scheme, that FK'S also uses hashing with chaining.

To the extent that Bedrock argues that Dietzefelbinger does not anticipate
Claims 1 — 8 because it is not inherent that the FK'S scheme incorporates linked
lists to handling key collisions, it would have been obvious to one of ordinary
skill inthe art to store table entriesin alinked list. The admitted prior art in
the Introduction discloses that linked lists/external chaining were already
common place to resolve collisions within hash tables. Id. Thus,
Dietzefelbinger and the admitted prior art in the Introduction show that one of
ordinary skill in the art understood how to use linked lists/external chaining to
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resolve collisions within hash tables, and would recognize that it would
improve similar systems and methods in the same way.

Furthermore, Dietzfelbinger discloses that “[d]eletions are performed by
attaching atag “deleted” to the table entry to be erased; only when anew level-
1 hash function h or anew hash function h; for the sub table T; is chosen, do we
drop the elements with atag “deleted” from T;.” Id. at 5.

[3a] accessing the linked
list of records,

[7a] accessing alinked list
of records having same
hash address,

Dietzfelbinger discloses accessing alinked list of records. Dietzfelbinger aso
discloses accessing alinked list of records having same hash address.

For example, Dietzfelbinger discloses that “[t]he dynamic dictionary problem
is considered: provide an algorithm for storing a dynamic set, allowing the
operations insert, delete, and lookup. A dynamic perfect hashing strategy is
given: arandomized algorithm for the dynamic dictionary problem that takes
O(2) worst-case time for lookups and O(1) amortized expected time for
insertions and deletions. .. .” Id. at 1.

“A dictionary over auniverseU ={0, 1, ..., N- 1} isapartia function S
from U to some set I. The operations Lookup(x), Insert(x, i), and Delete(x) are
available on adictionary S, Lookup(x) returns x), Insert (x, i) adds x to the
domain of Sand sets Sx) to I, and Delete(x) removes x from the domain of S”
Id. at 2.

Furthermore, Dietzfelbinger discloses that “[t]here are two major techniques
for implementing dictionaries. trees and hashing.” Id.
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Dietzfelbinger discloses an extension of the Fredman, Koml s, and Szemerédi
scheme to the dynamic situation, wherein membership queries are processed in
constant worst-case time, insertions and deletions are processed in constant
expected amortized time, and the storage used at any time is proportional to the
number of elements currently stored in the dictionary. “[F]redman, Komlés,
and Szemerédi [FK S84] describe a hashing technique that achieves linear
storage (in n) and constant query time for all N and n, where nisthe size of S”
Id.

This FSK Scheme that Dietzfelbinger discloses “hastwo levels. At the top
level, a hash function partitions the elements being stored into s sets. The
second level consists of a perfect hash function for each of these sets.
Specifically, afunction h chosen uniformly at random from Hsis used to
partition the set Sinto sblocks.” Id. at 3-4.

While Dietzfelbinger does not disclose whether or not the FKS scheme uses
hashing with chaining to handle the unavoidable key collisions problem,
Dietzfelbinger discloses other schemes that do use hashing with chaining.
“Carter and Wegman [CW79] proposed universal hashing as away of
avoiding assumption on the distribution of input values. This approach works
particularly well in combination with the idea of *continuous rehashing”
introduced by Brassard and Kannan [BK88]. Inthisway an algorithmis
obtained that needs linear space and expected constant time for each single
instruction. However, for n keys being stored in the dictionary in a scheme of
this kind the best upper bound known on the expected wor st case time for an
instruction (i.e., the length of the longest chain in the resulting hash table with
chaining) isO(logn/loglogn)...” Id. at 2-3. Since Dietzfelbinger does not
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specify which collision handling approach FK S uses (the focus of this paper is
not collision handling but a computation of the upper and lower bounds for the
time complexity of aclass of deterministic algorithms for the dictionary
problem), it isinherent from the disclosure of other schemes, such asthe CW
scheme, that FK S also uses hashing with chaining.

To the extent that Bedrock argues that Dietzefelbinger does not anticipate
Claims 1 — 8 because it is not inherent that the FK'S scheme incorporates linked
lists to handling key collisions, it would have been obvious to one of ordinary
skill inthe art to store table entriesin alinked list. The admitted prior art in
the Introduction discloses that linked lists/external chaining were already
common place to resolve collisions within hash tables. 1d. Thus,
Dietzefelbinger and the admitted prior art in the Introduction show that one of
ordinary skill in the art understood how to use linked lists/external chaining to
resolve collisions within hash tables, and would recognize that it would
improve similar systems and methods in the same way.

[3b] identifying at |east [7b] identifying at |east
some of the automatically | some of the automatically
expired ones of the records, | expired ones of the records,
and

Dietzfelbinger discloses identifying at |east some of the automatically expired
ones of the records.

For example, Dietzfelbinger discloses that “[t]he dynamic dictionary problem
is considered: provide an algorithm for storing a dynamic set, allowing the
operations insert, delete, and lookup. A dynamic perfect hashing strategy is
given: arandomized algorithm for the dynamic dictionary problem that takes
O(2) worst-case time for lookups and O(1) amortized expected time for
insertions and deletions. .. .” Id. at 1.
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“A dictionary over auniverseU ={0, 1, ..., N- 1} isapartia function S
from U to some set I. The operations Lookup(x), Insert(x, i), and Delete(x) are
available on adictionary S, Lookup(x) returns x), Insert (x, i) adds x to the
domain of Sand sets Sx) to I, and Delete(x) removes x from the domain of S”
Id. at 2.

Furthermore, Dietzfelbinger discloses that “[d]eletions are performed by
attaching atag “deleted” to the table entry to be erased; only when anew level-
1 hash function h or a new hash function h; for the sub table T; is chosen, do we
drop the elements with atag “deleted” from T,.” Id. at 5.

[3c] removing at least [7c] removing at least
some of the automatically | some of the automatically
expired records from the expired records from the
linked list when the linked | linked list when the linked

list is accessed.

list is accessed, and

Dietzfelbinger discloses removing at |east some of the automatically expired
records from the linked list when the linked list is accessed.

For example, Dietzfelbinger discloses that “[t]he dynamic dictionary problem
is considered: provide an algorithm for storing a dynamic set, allowing the
operations insert, delete, and lookup. A dynamic perfect hashing strategy is
given: arandomized algorithm for the dynamic dictionary problem that takes
O(2) worst-case time for lookups and O(1) amortized expected time for
insertions and deletions. .. .” Id. at 1.

“A dictionary over auniverseU ={0, 1, ..., N- 1} isapartia function S
from U to some set |. The operations Lookup(x), Insert(x, i), and Delete(x) are
available on adictionary S; Lookup(x) returns x), Insert (x, i) adds x to the
domain of Sand sets x) to I, and Delete(x) removes x from the domain of S”
Id. at 2.
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Furthermore, Dietzfelbinger discloses that “[t]here are two major techniques
for implementing dictionaries. trees and hashing.” Id.

Dietzfelbinger discloses an extension of the Fredman, Koml s, and Szemerédi
scheme to the dynamic situation, wherein membership queries are processed in
constant worst-case time, insertions and deletions are processed in constant
expected amortized time, and the storage used at any time is proportional to the
number of elements currently stored in the dictionary. “[F]redman, Komlés,
and Szemerédi [FK S84] describe a hashing technique that achieves linear
storage (in n) and constant query time for all N and n, where nisthe size of S”
Id.

This FSK Scheme that Dietzfelbinger discloses “hastwo levels. At the top
level, a hash function partitions the elements being stored into s sets. The
second level consists of a perfect hash function for each of these sets.
Specifically, afunction h chosen uniformly at random from Hsis used to
partition the set Sinto sblocks.” Id. at 3-4.

While Dietzfelbinger does not disclose whether or not the FKS scheme uses
hashing with chaining to handle the unavoidable key collisions problem,
Dietzfelbinger discloses other schemes that do use hashing with chaining.
“Carter and Wegman [CW79] proposed universal hashing as away of
avoiding assumption on the distribution of input values. This approach works
particularly well in combination with the idea of “ continuous rehashing”
introduced by Brassard and Kannan [BK88]. In thisway an agorithmis
obtained that needs linear space and expected constant time for each single
instruction. However, for n keys being stored in the dictionary in a scheme of
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this kind the best upper bound known on the expected worst case time for an
instruction (i.e., the length of the longest chain in the resulting hash table with
chaining) isO(logn/loglogn)....” Id. a 2-3. Since Dietzfelbinger does not
specify which collision handling approach FK S uses (the focus of this paper is
not collision handling but a computation of the upper and lower bounds for the
time complexity of a class of deterministic algorithms for the dictionary
problem), it isinherent from the disclosure of other schemes, such asthe CW
scheme, that FK'S also uses hashing with chaining.

To the extent that Bedrock argues that Dietzefelbinger does not anticipate
Claims 1 — 8 because it is not inherent that the FK'S scheme incorporates linked
lists to handling key collisions, it would have been obvious to one of ordinary
skill inthe art to store table entriesin alinked list. The admitted prior art in
the Introduction discloses that linked lists/external chaining were already
common place to resolve collisions within hash tables. Id. Thus,
Dietzefelbinger and the admitted prior art in the Introduction show that one of
ordinary skill in the art understood how to use linked lists/external chaining to
resolve collisions within hash tables, and would recognize that it would
improve similar systems and methods in the same way.

Furthermore, Dietzfelbinger discloses that “[d]eletions are performed by
attaching atag “deleted” to the table entry to be erased; only when anew level-
1 hash function h or a new hash function h; for the sub table T; is chosen, do we
drop the elements with atag “deleted” from T,.” Id. at 5.

A call to the procedure Insert(x) conducts the following steps, as displayed by
the code in the figure below. The procedure hashes x to determine the proper
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position for x, hj(x). If the position in which x isto be placed is empty, then x
isstored in the position. However, if the position is not empty, then the
procedure goes through and places all the elementsin the sub table that are not
labeled “deleted” into alist Lj, and marks all positions in the sub table as
empty. Then, xis appended to thelist Lj. By marking all positionsin the sub
table as empty, the procedure effectively deletes al those that are left in the
sub table -- those that were labeled “deleted.” Id. at 6.
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procedure [asert{x];

count «+— count + 1:
il count = M
then

RehashAll{2);
else

7o hixl:

if position hilx] ol subtable 7; contains x
then
if » is marked “deleted” then remove this tag:
else (+ » is new for W, «|
b« b+ 1; |
if b, < m,
then (+ size of 7, sullicient #|
if position h;(x) ol T; is empty
then
store @ in position f{x) ol 7;:
else
go through the subtable 7;, put all elements
not marked “deleted”™ into a list L;, and
mark all positions of 7; empty:
append » to list L;: b, < length of L;:
repeat i, « randomly chosen function in H,.
until £; 1s injective on the elements of list f
for all ¥ on list L; store y in position h{y) of 1;:
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else (+ T, i1s too small *)
m; e 2 maxi{1, ’”..-'}: S;e 2l — 1]:
if condition (#+] 1s still satisfied
then (+ double capacity ol T; ]
allocate new space, namely s, cells, for new subtable 7:
go through old subtable 7. put all elements
not marked “deleted™ into a list ;.
and mark all positions empty:
append x to list L;: b; « length of L;:
repeat h; < randomly chosen function in H,.
until /; 1s injective on the elements of list J".I_,'I:
for all y on list L; store y in position h;{y] of 1
else (# level-1-function A “bad” *)

HehashAll{x);
Id. at Figure 1.

[7d] inserting, retrieving
or deleting one of the
records from the system
following the step of
removing.

Dietzfelbinger discloses inserting, retrieving or deleting one of the records
from the system following the step of removing.

For example, Dietzfelbinger discloses that “[t]he dynamic dictionary problem
is considered: provide an algorithm for storing a dynamic set, allowing the
operations insert, delete, and lookup. A dynamic perfect hashing strategy is
given: arandomized algorithm for the dynamic dictionary problem that takes
O(2) worst-case time for lookups and O(1) amortized expected time for
insertions and deletions. .. .” Id. at 1.
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“A dictionary over auniverseU ={0, 1, ..., N- 1} isapartia function S
from U to some set |. The operations Lookup(x), Insert(x, i), and Delete(x) are
available on adictionary S, Lookup(x) returns x), Insert (x, i) adds x to the
domain of Sand sets x) to I, and Delete(x) removes x from the domain of S”
Id. at 2.

Furthermore, Dietzfelbinger discloses that “[t]here are two major techniques
for implementing dictionaries. trees and hashing.” Id.

Dietzfelbinger discloses an extension of the Fredman, Koml s, and Szemerédi
scheme to the dynamic situation, wherein membership queries are processed in
constant worst-case time, insertions and deletions are processed in constant
expected amortized time, and the storage used at any time is proportional to the
number of elements currently stored in the dictionary. “[F]redman, Komlés,
and Szemerédi [FK SB84] describe a hashing technique that achieves linear
storage (in n) and constant query time for all N and n, where nisthe size of S”
Id.

This FSK Scheme that Dietzfelbinger discloses “hastwo levels. At the top
level, a hash function partitions the elements being stored into s sets. The
second level consists of a perfect hash function for each of these sets.
Specifically, afunction h chosen uniformly at random from Hsis used to
partition the set Sinto s blocks.” 1d. at 3-4.

While Dietzfelbinger does not disclose whether or not the FKS scheme uses
hashing with chaining to handle the unavoidable key collisions problem,
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(“Dietzfelbinger”).

Dietzfelbinger discloses other schemes that do use hashing with chaining.
“Carter and Wegman [CW79] proposed universal hashing as away of
avoiding assumption on the distribution of input values. This approach works
particularly well in combination with the idea of “ continuous rehashing”
introduced by Brassard and Kannan [BK88]. In thisway an agorithmis
obtained that needs linear space and expected constant time for each single
instruction. However, for n keys being stored in the dictionary in a scheme of
this kind the best upper bound known on the expected wor st case time for an
instruction (i.e., the length of the longest chain in the resulting hash table with
chaining) isO(log n/loglogn)...” 1d. at 2-3.Since Dietzfelbinger does not
specify which collision handling approach FK S uses (the focus of this paper is
not collision handling but a computation of the upper and lower bounds for the
time complexity of aclass of deterministic algorithms for the dictionary
problem), it isinherent from the disclosure of other schemes, such asthe CW
scheme, that FK'S also uses hashing with chaining.

To the extent that Bedrock argues that Dietzefelbinger does not anticipate
Claims 1 — 8 because it is not inherent that the FK'S scheme incorporates linked
lists to handling key collisions, it would have been obvious to one of ordinary
skill inthe art to store table entriesin alinked list. The admitted prior art in
the Introduction discloses that linked lists/external chaining were already
common place to resolve collisions within hash tables. Id. Thus,
Dietzefelbinger and the admitted prior art in the Introduction show that one of
ordinary skill in the art understood how to use linked lists/external chaining to
resolve collisions within hash tables, and would recognize that it would
improve similar systems and methods in the same way.
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Furthermore, Dietzfelbinger discloses that “[d]eletions are performed by
attaching atag “deleted” to the table entry to be erased; only when anew level-
1 hash function h or a new hash function h; for the sub table T; is chosen, do we
drop the elements with atag “deleted” from T,.” Id. at 5.

A call to the procedure Insert(x) conducts the following steps, as displayed by
the code in the figure below. The procedure hashes x to determine the proper
position for x, h(x). If the position in which x is to be placed is empty, then x
isstored in the position. However, if the position is not empty, then the
procedure goes through and places all the elements in the sub table that are not
labeled “deleted” into alist Lj, and marks all positionsin the sub table as
empty. Then, xisappended to thelist Lj. By marking all positionsin the sub
table as empty, the procedure effectively deletes dl those that are left in the
sub table -- those that were labeled “deleted.” Id. at 6.
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Martin Dietzfelbinger, Anna Karlin, Kurt Mehlhorn, Friedhelm Meyer
auf der Deide, Hans Rohnert, Robert E. Tarjan, Dynamic Perfect Hashing:
Upper and Lower Bounds, Revised Version January 7, 1990

(“Dietzfelbinger”).
procedure [asert{x];

count «+— count + 1:
il count = M
then

RehashAll{2);
else

7o hixl:

if position hilx] ol subtable 7; contains x
then
if » is marked “deleted” then remove this tag:
else (+ » is new for W, «|
b« b+ 1; |
if b, < m,
then (+ size of 7, sullicient #|
if position h;(x) ol T; is empty
then
store @ in position f{x) ol 7;:
else
go through the subtable 7;, put all elements
not marked “deleted”™ into a list L;, and
mark all positions of 7; empty:
append » to list L;: b, < length of L;:
repeat i, « randomly chosen function in H,.
until £; 1s injective on the elements of list f
for all ¥ on list L; store y in position h{y) of 1;:
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else (+ T, i1s too small *)
m; e 2 maxi{1, ’”..-'}: S;e 2l — 1]:
if condition (#+] 1s still satisfied
then (+ double capacity ol T; ]
allocate new space, namely s, cells, for new subtable 7:
go through old subtable 7. put all elements
not marked “deleted™ into a list ;.
and mark all positions empty:
append x to list L;: b; « length of L;:
repeat h; < randomly chosen function in H,.
until /; 1s injective on the elements of list J".I_,'I:
for all y on list L; store y in position h;{y] of 1
* |

else (* level 1 function /i “bad

HehashAll{x);
Id. at Figure 1.

4. The method according to
claim 3 further including
the step of dynamically
determining maximum
number of expired ones of
the records to remove
when the linked list is
accessed.

8. The method according
to claim 7 further including
the step of dynamically
determining maximum
number of expired ones of
the records to remove
when the linked list is
accessed.

Dietzfelbinger discloses dynamically determining maximum number of
expired ones of the records to remove when the linked list is accessed.

For example, a call to the procedure Insert(x) conducts the following steps, as
displayed by the code in the figure below. The procedure hashes x to
determine the proper position for x, hj(x). First, the procedure determinesif x
already existsin the sub table. If x does exist, then the only determination to
make is whether x ismarked for deletion. If x is marked for deletion, then the
procedure removes this deletion tag. 1d. at 6.
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Second, if the sub table does not contain x and the position in which x isto be
placed is found empty, then x is stored in the position. Id.

Third, if the sub table does not contain x and the position in which x isto be
placed is not empty, then the procedure goes through and places al the
elements in the sub table that are not labeled “ deleted” into alist Lj, and marks
all positionsin the sub table as empty. Then, x isappended to thelist L;. By
marking all positionsin the sub table as empty, the procedure effectively
deletes all those that are |eft in the sub table -- those that were |abeled
“deleted.” 1d.

Therefore, the procedure dynamically determines whether or not to delete the
records marked “deleted” if either of the following two conditions occur: (1) x
already existsin the sub table or (2) the position in which x isto be placed is
empty. Deletion takes place during a call to procedure Insert(x) only if the
above two conditions are not met.
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Upper and Lower Bounds, Revised Version January 7, 1990
(“Dietzfelbinger”).

procedure [nsert{x]:
count +— count + 1:
if cound > M
then
RehashAll{2);
clse
g hix]:
il position hi{x] of subtable T, contains x
then
if » is marked “deleted” then remove this tag:
else (+ » is new for W, x|
by «— b, + 1:
if b, < m,
then (* size of 7; suflicient *|
if position h;{x) ol 1, is empty
then
store » in position h;{x ) of 1;:
else
go through the subtable 7. put all elements
not marked “deleted” into a list L;, and
mark all positions of 7; empty:
append » to list L;: b, < length ol L:
repeat /; <« randomly chosen function in H..
until £; 1s injective on the elements of list I.I_;I:
for all ¥ on list L store y in position f;(y] of 1;:
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else (+ T, i1s too small *)
m; e 2 maxi{1, ’”..-'}: S;e 2l — 1]:
if condition (#+] 1s still satisfied
then (+ double capacity ol T; ]
allocate new space, namely s, cells, for new subtable 7:
go through old subtable 7. put all elements
not marked “deleted™ into a list ;.
and mark all positions empty:
append x to list L;: b; « length of L;:
repeat h; < randomly chosen function in H,.
until /; 1s injective on the elements of list J".I_,'I:
for all y on list L; store y in position h;{y] of 1
* |

else (* level 1 function /i “bad

HehashAll{x);
Id. at Figure 1.

Additionally, it would have been obvious to one of ordinary skill in the art to
modify the system disclosed in Dietzfelbinger to dynamically determine the
maximum number of expired records to remove in the accessed linked list of
records. Itisafundamental concept in computer science and the relevant art
that any variable or parameter affecting any aspect of a system can be
dynamically determined based on information available to the system. One of
ordinary skill in the art would have been motivated to combine the system
disclosed in Dietzfelbinger with the fundamental concept of dynamically
determining the maximum number of expired records to remove in an accessed
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linked list of records to solve a number of potential problems. For example,
the removal of expired records described in Dietzfelbinger can be burdensome
on the system, adding to the system’ sload and slowing down the system’s
processing. Moreover, the removal could aso force an interruption in real-
time processing as the processing waits for the removal to complete. Indeed,
part of the motivation for the system disclosed in Dietzfelbinger is avoiding
these problems. One of ordinary skill in the art would have known that
dynamically determining the maximum number to remove would limit the
burden on the system and bound the length of any real-time interruption to
prevent delaysin processing. Indeed, Nemes concedes that such dynamic
determination was obvious when he statesin the * 120 patent that “[a] person
skilled in the art will appreciate that the technique of removing all expired
records while searching the linked list can be expanded to include techniques
whereby not necessarily all expired records are removed, and that the decision
regarding if and how many records to delete can be adynamic one.” ‘120 at
7:10-15.
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U.S. Pat. No. 5,893,120

James Griffioen, Remote Memory Backing Storage for Distributed Virtual
Memory Operating Systems, PhD (1992), available at
http://protocols.netlab.uky.edu/~griff/paper s/phd_thesis (“ Griffioen™)
alone and in combination

1. Aninformation storage
and retrieval system, the
system comprising:

5. Aninformation storage
and retrieval system, the
system comprising:

To the extent the preamble is alimitation, Griffioen discloses an information
storage and retrieval system.

For example, the Remote Memory Model described in Griffioen “consists of
multiple client machines, one or more memory server machines, various other
servers (e.g., time servers, name servers, or file servers), and a communication
channel interconnecting all the machines.” Griffioen at 21. The model
“centers around the use of remote memory servers for backing storage.” See
Griffioen at 91.

[1a] alinked list to store
and provide access to
records stored in amemory
of the system, at least some
of the records
automatically expiring,

[5a] ahashing meansto
provide access to records
stored in amemory of the
system and using an
external chaining technique
to store the records with
same hash address, at |east
some of the records
automatically expiring,

Griffioen describes the use of a hash table with a double hashing algorithm to
locate data. Griffioen at 101.

There are two well-known approaches to solving the problem of collisions
within a hash table, which occur whenever two entries “hash” or are assigned
to the same “bucket” within the hash table. The computer programmer may
store the records external to the hash table—that is, using memory separate
from the memory allocated to the hash table—or he may store the records
internal to the hash table—that is, using memory that is allocated to other
buckets within the hash table. Using external memory is termed “external
chaining,” while using internal memory is termed “open addressing.” See
“The Art of Computer Programming”, Sorting and Searching, D.E. Knuth,
Addison-Wesley Seriesin Computer Science and Information Processing, pp.
506-549, 1973. The applicant has conceded that both forms of collision
resolution are known to those of ordinary skill inthe art. See, e.g., ‘120 patent
at 1:53-57 (describing linear probing—atype of open addressing—as being
“often used” for “collision resolution”); 1:58-2:6 (citing to several prior art
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resources that describe external chaining as using linked lists). Indeed, Knuth
recognizes that “[p]erhaps the most obvious way to solve this problem [of
collision resolution] isto maintain M linked Lists, one for each possible hash
code [i.e. external chaining].” Knuth at 513. Seealso Mark A. Weiss, Data
Structures and Algorithm Analysis, p. 157, 1993 (“Closed hashing, also
known as open addressing, is an aternative to resolving collisions with linked
lists.”). Double hashing is another form of open addressing. See Knuth at
519-524.

It would have been obvious to one skilled in the art to apply the teachingsin
Griffioen to a hash table which resolves collisions using external chaining with
linked lists. As detailed above, one of ordinary skill has alimited number of
ways of resolving hash collisions. he may either store the entries within the
hash table or outside the hash table, and both were well known to those of
ordinary skill.

The records in the system Griffioen discloses includes records, at least some of
which automatically expire.

For example, Griffioen describes a memory reclamation process through which
the remote memory server maintains a timestamp for each processin the
system in a separate process hash table. “When the memory server receives a
page store request for a process, the server saves the timestamp of the
requesting process in the virtual-page hash table entry. Consequently, all
pages belonging to aV S have the VS’ s timestamp. When the memory server
receives aterminate request, it updates the current timestamp in the VS table,
thereby invalidating all the pagesinthe VS.” Griffioen at 106. “Updating a
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timestamp invalidates all thedatainaVS or LMSin asingle operation.”
Griffioen at 108.

[1b] arecord search means
utilizing a search key to
access the linked list,

[5b] arecord search means
utilizing a search key to
access alinked list of
records having the same
hash address,

Griffioen discloses a record search means utilizing a search key to access the
chain of records. Griffioen also discloses arecord search means utilizing a
search key to access a chain of records beginning at the same hash address.

For example, Griffioen explains that “[c]lient machines uniquely label each
page with an ordered triple containing the LMS D, VSID, and page number.
Given a paging request, the server can quickly verify whether a particular hash
table entry contains the requested page.” Griffioen at 100. “The memory
server efficiently locates a hash table entry by applying a double hashing
algorithm to the ordered triple that uniquely identifies the desired page.”
Griffioen at 101.

Asdiscussed in [1a/5d], it would have been obvious to one of ordinary skill in
the art to use a hash table with external chaining instead of a hash table with
open addressing/double hashing. As such, the search means utilizing the
search key would be accessing alinked list of records beginning at the same
hash address.

[1c] therecord search
means including a means
for identifying and
removing at least some of
the expired ones of the
records from the linked list

[5¢] therecord search
means including means for
identifying and removing
at least some expired ones
of the records from the
linked list of records when

Griffioen discloses the record search means including means for identifying
and removing at |east some expired ones of the records from the chain of
records when the chain is accessed.

For example, the remote memory server “reclaims memory while processing
store and fetch requests. When aclient issues a store or fetch request, the
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when thelinked list is
accessed, and

the linked list is accessed,
and

server applies the double hashing algorithm to locate an entry in the virtual-
page hash table. The double hashing algorithm requires the server to check for
acollision on each probeto the table. That is, the server must compare the
requested page’ s information against the information found in the hash table
entry to seeif the entry contains the desired page. If acollision occurs, the
server checks the timestamp found in the hash table entry against the owner’s
timestamp inthe VS and LM S hash tables. If the timestamps differ, the server
reclaimsthe page. If the timestamps match, the hash table entry is still valid,
and the doubl e hashing algorithm proceeds as normal. This modification to the
double hashing algorithm allows the server to reclaim invalid pages during its
normal processing.” Griffioen at 108. The remote memory server aso
performs garbage collection in the background. 1d.

Asdiscussed in [1a/5d], it would have been obvious to one of ordinary skill in
the art to use a hash table with external chaining instead of a hash table with
open addressing/double hashing. 1n such a system, the probe that resulted

from a collision would occur on the linked list used to resolve the collision. As
such, the expired records from the linked list would be removed when the
algorithm processes the linked list in search of the desired record.

[1d] means, utilizing the
record search means, for
accessing the linked list
and, at the same time,
removing at least some of
the expired ones of the
recordsin the linked list.

[5d] med[n]s, utilizing the
record search means, for
inserting, retrieving, and
deleting records from the
system and, at the same
time, removing at least
some expired ones of the

Griffioen discloses means, utilizing the record search means, for accessing the
chain of records and, at the same time, removing at least some of the expired
ones of the recordsin the chain. Griffioen also discloses means, utilizing the
record search means, for inserting, retrieving, and deleting records from the
system and, at the same time, removing at least some expired ones of the
records in the accessed chain of records.
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records in the accessed
linked list of records.

For example, the remote memory server “reclaims memory while processing
store and fetch requests. When aclient issues a store or fetch request, the
server applies the double hashing algorithm to locate an entry in the virtual -
page hash table. The double hashing algorithm requires the server to check for
acollision on each probeto the table. That is, the server must compare the
requested page’ s information against the information found in the hash table
entry to seeif the entry contains the desired page. If acollision occurs, the
server checks the timestamp found in the hash table entry against the owner’s
timestamp inthe VS and LM S hash tables. If the timestamps differ, the server
reclaimsthe page. If the timestamps match, the hash table entry is still valid,
and the doubl e hashing algorithm proceeds as normal. This modification to the
double hashing algorithm allows the server to reclaim invalid pages during its
normal processing.” Griffioen at 108. The remote memory server aso
performs garbage collection in the background. 1d. To the extent Griffioen
does not disclose removal of expired records during a deletion of records, it
would have been obvious to one of ordinary skill in the art that a deletion could
occur at such atime, since insertion, retrievals, and deletions are basic
operations that can be performed on all hash tables.

Asdiscussed in [1a/5d], it would have been obvious to one of ordinary skill in
the art to use a hash table with external chaining instead of a hash table with
open addressing/double hashing. 1n such a system, the probe that resulted

from a collision would occur on the linked list used to resolve the collision. As
such, the expired records from the linked list would be removed when the
algorithm processes the linked list in search of the desired record.

2. Theinformation storage

6. Theinformation storage

Griffioen combined with Dirks, Thatte, the’ 663 patent and/or the

Plaintiff’s Invalidity Contentions & Production of

Documents

US2008 1290282.1

5 Case No. 6:09-CV-549-LED




EXHIBIT C-7

Asserted Claims From
U.S. Pat. No. 5,893,120

James Griffioen, Remote Memory Backing Storage for Distributed Virtual
Memory Operating Systems, PhD (1992), available at
http://protocols.netlab.uky.edu/~griff/paper s/phd_thesis (“ Griffioen™)
alone and in combination

and retrieval system
accordingtoclam 1
further including means for
dynamically determining
maximum number for the
record search means to
remove in the accessed
linked list of records.

and retrieval system
accordingtoclam5
further including means for
dynamically determining
maximum number for the
record search means to
remove in the accessed
linked list of records.

Opportunistic Garbage Collection Articles discloses an information storage
and retrieval system further including means for dynamically determining
maximum number for the record search means to remove in the accessed
linked list of records.

Dirks discloses the management of memory in a computer system and more
particularly to the alocation of address space in avirtual memory system,
which dynamically determines how many records to sweep/remove upon each
alocation. Disclosure of these claim elementsin Dirksis clearly shownin
Exhibit B-2, which is hereby incorporated by referencein its entirety.

As summarized in Dirks,

eachtimeaVSID is assigned from the free list to a new application or
thread, afixed number of entriesin the page table are scanned to determine
whether they have become inactive, by checking them against the VSIDs
on therecyclelist. Each entry which isidentified as being inactive is
removed from the page table. After al of the entriesin the page table have
been examined in this manner, the VSIDsin the recycle list can be
transferred to the free list, since al of their associated page table entries
will have been removed. This approach thereby guarantees that a
predetermined number of VSIDs are always available in the free list
without requiring a time-consuming scan of the complete page table at
once. U.S. Patent No. 6,119,214 to Dirks at 7:2-14.

After [a] new VSID has been allocated, the system checks aflag RFLG
to determine whether arecycle sweep is currently in progress (Step 20).
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If thereisno sweep in progress, i.e. RFLG isnot equal to one, a
determination is made whether a sweep should be initiated. Thisis done
by checking whether the inactive list isfull, i.e. whether it contains x
entries (Step 22). If the number of entries| on the inactive list isless than
X, no further action is taken, and processing control returns to the
operating system (Step 24). If, however, theinactive list isfull at this
time, the flag RFLG is set (Step 26), the VSIDs on the inactive list are
transferred to the recyclelist, and an index nisreset to 1 (Step 28). The
system then sweeps a predetermined number of page table entries PT; on
the page table, to detect whether any of them are inactive, i.e. their
associated VSID ison the recycle list (Step 30). The predetermined
number of entries that are swept isidentified as k, where:

total number of page table entries

k= : : :
maximum number of active threads

Id. at 8:12-30.

Dirks discloses that any approach can be employed to determine the number of
entries to be examined during each step of the sweeping process. Id. at 7:37-
40. Asstated in Dirks:

Any other suitable approach can be employed to determine the number of
entries to be examined during each step of the sweeping process. In this
regard, it is not necessary that the number of examined entries be fixed for
each step. Rather, it might vary from one step to the next. The only criterion
isthat the number of entries examined on each step be such that all entriesin
the page table are examined in a determinable amount of time or by the
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occurrence of a certain event, e.g. by thetimethelist of free VSIDsis empty.

|d. at 7:38-46. Thus, Dirks dynamically determines the maximum number of
records to sweep/remove by calculating avaluek. 1d. at 7:15-46, 7:66-8:56.

As both Griffioen and Dirks relate to deletion of aged records upon the
allocation of a new incoming record, one of ordinary skill in the art would have
understood how to use Dirks dynamic decision making process of determining
the maximum number of records to sweep/remove in other hash tables
implementations such as Griffioen. Moreover, one of ordinary skill in the art
would recognize that it would improve similar systems and methods in the
sameway. Asthe’120 patent states “[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
the linked list can be expanded to include techniques whereby not necessarily
al expired records are removed, and that the decision regarding if and how
many records to delete can be adynamic one.” The’120 patent at 7:10-15.
Additionally, one of ordinary skill in the art would recognize that the result of
combining Dirks deletion decision procedure with Griffioen nothing more
than the predictable use of prior art elements according to their established
functions.

By way of further example, one of ordinary skill in the art would have
combined Dirks' dynamic determination of the suitable number of entriesto
examine during each step of the sweeping process with Griffioen and would
have seen the benefits of doing so. One possible benefit, for example, is
saving the system from performing someti mes time-consuming sweeps.
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Alternatively, one of ordinary skill in the art would be motivated to, and would
understand how to, combine the system disclosed in Griffioen with the means
for dynamically determining maximum number for the record search means to
remove in the accessed linked list of records disclosed by Thatte. Thatte,
discloses a system and method using hash tables and/or linked lists and further
discloses means for dynamically determining the maximum number for the
record search means to remove in the accessed linked list of records. The
disclosure of these claim elements in Thatte is clearly shown in the chart of
Thatte, which is hereby incorporated by reference in its entirety.

Moreover, one of ordinary skill in the art would recognize that these
combinations would improve the similar systems and methods in the same
way. Additionaly, one of ordinary skill in the art would recognize that the
result of combining Griffioen with Thatte would be nothing more than the
predictable use of prior art e ements according to their established functions.
The resulting combination would include the capability to determine the
maximum number for the record search means to remove.

Further, one of ordinary skill in the art would be motivated to combine
Griffioen with Thatte and recognize the benefits of doing so. For example, the
removal of expired records described in Griffioen can be burdensome on the
system, adding to the system’s load and slowing down the system’s
processing. One of ordinary skill in the art would recognize that combining
Griffioen with the teachings of Thatte would solve this problem by
dynamically determining how many records to delete based on, among other
things, the system load. Moreover, the '120 patent discloses that "[a] person
skilled in the art will appreciate that the technique of removing all expired
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records while searching the linked list can be expanded to include techniques
whereby not necessarily all expired records are removed, and that the decision
regarding if and how many records to delete can be a dynamic one.” '120 at
7:10-15. Thus, the '120 patent provides motivations to combine Griffioen with
Thatte.

Alternatively, it would also be obvious to combine Griffioenwith the ' 663
patent. Disclosure of these claim elements in the’ 663 patent is clearly shown
in the chart of the ‘663 patent, which is hereby incorporated by referencein its
entirety. Assummarized in the’ 663 patent:

during normal times when the load on the storage system is not
excessive, a non-contaminating but slow deletion of records is
used. This slow, non-contaminating deletion involves closing
the collision-resolution chain of locations by moving a record
from a later position in the chain into the position of the record
to be deleted. This leaves no deleted record locations in the
storage space to slow down future searches. U.S. Patent
4,996,663 to Nemes at 2:24-34 (“ The ' 663 patent”).

In times of heavy use, when deletions must be done rapidly and
no time is available for decontamination, the record is simply
marked as “deleted” and left in place. Later non-contaminating
probes in the vicinity of such deleted record locations
automatically remove the contaminating deleted records by
moving records in the chain as described above. 1d. at 2:35-41.
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This hybrid hashing technique has the decided advantage of
automatically eliminating contamination caused by the fast-
secure deletion procedure when the slower, non-contaminating
deletion is used when the load on the system is at lower levels.
Id. at 2:42-46.

This hybrid deletion is shown in Figure 5.
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Id. at Figure 5.

During the hybrid deletion procedure decision block 51 checks the system load
to determine if the system load is greater than athreshold. If the system load is
greater than the threshold, then afast-secure delete 52 isused. |1d. at 6:40-64,

Figure 5. On the other hand, if the system load is less than the threshold, then a
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slow-non-contaminating delete 53 isused. Id. The fast-secure delete 52 does
not actually delete records, rather it marks records as deleted. 1d. at 8:1-33,
Figure 7. These records are then actually deleted by a subsequent slow-non-
contaminating delete 53. 1d. at 6:65-7:68, Figures 6, 6A, 6B.

Thus, the hybrid deletion procedure in the ' 663 patent dynamically determines
amaximum number of records to remove. Seeid. at 6:40-64, Figure 5. If the
fast-secure delete 52 is used, then maximum number of records is zero because
records are not deleted they are only marked. Id. at 8:1-33, Figure 7. If the
slow-non-contaminating delete 53 is used, then the maximum number of
records to remove is al of the contaminated records in the bucket. 1d. at 6:65-
7:68, Figures 6, 6A, 6B.

As both Griffioen and the ’ 663 patent relate to deletion of records from hash
tables using external chaining, one of ordinary skill in the art would
understood how to use the ' 663 patent’ s dynamic decision on whether to
perform a deletion based on a systems load in other hash table implementations
such asthat described in Griffioen. Moreover, one of ordinary skill in the art
would recognize that it would improve similar systems and methods in the
sameway. Asthe’ 120 patent states“[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
the linked list can be expanded to include techniques whereby not necessarily
all expired records are removed, and that the decision regarding if and how
many records to delete can be a dynamic one.” The’ 120 patent at 7:10-15.
Additionally, one of ordinary skill in the art would recognize that the result of
combining the’ 663 patent’ s deletion decision procedure with Griffioen would
be nothing more than the predictable use of prior art elements according to
their established functions.
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By way of further example, one of ordinary skill in the art would have
combined the’ 663 patent’ s dynamic decision on whether to perform a deletion
based on a systems load as taught by the’ 663 patent and with Griffioen and
would have seen the benefits of doing so. One such benefit, for example, is
that the system would avoid performing del etions when the system load
exceeded a threshold.

Alternatively, it would also be obvious to combine Griffioen with the
Opportunistic Garbage Collection Articles.

The Opportunistic Garbage Collection Articles disclose a generational based
garbage collection which dynamically determines how much garbage to
collect. See generally, Paul R. Wilson and Thomas G. Moher, Design of the
Opportunistic Garbage Collector, OOPSLA ’ 89 Proceedings, October 1-6,
1989; Paul R. Wilson, Opportunistic Garbage Collection, ACM SIGPLAN
Notices, Vol. 23, No. 12, December 1988.

When a significant pause has been detected, a decision procedureis
invoked to decide whether to garbage collect, and how many generations to
scavenge. The fuller ageneration is, the more likely it is to be scavenged;
also, the longer the pause that has been detected, the larger the scope of the
garbage collectionislikely to be. Design of the Opportunistic Garbage
Collector at 32.

Every time a user-input routine is invoked, a decision routine can decide
whether to garbage collect. Aslong as the decision routine takes no more

Plaintiff’s Invalidity Contentions & Production of

Documents

US2008 1290282.1

14 Case No. 6:09-CV-549-LED




EXHIBIT C-7

Asserted Claims From
U.S. Pat. No. 5,893,120

James Griffioen, Remote Memory Backing Storage for Distributed Virtual
Memory Operating Systems, PhD (1992), available at
http://protocols.netlab.uky.edu/~griff/paper s/phd_thesis (“ Griffioen™)
alone and in combination

than afew milliseconds to execute, it should not interfere with
responsiveness. Sinceit isonly invoked at these times, it does not incur a
continual run-time overhead. Opportunistic Garbage Collection at 100.

This decision routine should take several things into account: 1) the volume
of data allocated since the last scavenge, 2) how long it has been since the
user has had an opportunity to interact, and 3) the height of the stack
relative to its average height at reads since the last scavenge. If the product
of the allocation and the compute timeis high, and if the stack islow, the
scavenge favorability measureis high. If it is especially high, amulti-
generation scavengeisin order. Id.

If these heuristics fail and a scavenge is forced instead by the filling of a
generation’ s space, it islikely to happen during a significant compute-
bound pause--the one that has just allocated the data that forced the
collection. When the opportunistic mechanism fails to find the end of a
pause, it may still succeed by default, embedding a scavenge pause within
alarger pause. Design of the Opportunistic Garbage Collector at 32.

As both Griffioen and the Opportunistic Garbage Collection Articles relate to
deletion of aged records, one of ordinary skill in the art would have understood
how to use the Opportunistic Garbage Collection Articles dynamic decision
on whether to perform a deletion based on a system load in other hash table
implementations such as Griffioen. Moreover, one of ordinary skill in the art
would recognize that it would improve similar systems and methods in the
sameway. Asthe’120 patent states“[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
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the linked list can be expanded to include techniques whereby not necessarily
all expired records are removed, and that the decision regarding if and how
many records to delete can be a dynamic one.” The’ 120 patent at 7:10-15.
Additionally, one of ordinary skill in the art would recognize that the result of
combining the Opportunistic Garbage Collection Articles’ deletion decision
procedure with Griffioen would be nothing more than the predictable use of
prior art elements according to their established functions.

By way of further example, one of ordinary skill in the art would have
combined the Opportunistic Garbage Collection Articles’ dynamic decision on
whether to perform a deletion and how many generations to scavenge as taught
by the Opportunistic Garbage Collection Articles and with Griffioen and
would have seen the benefits of doing so. One such benefit, for example, is
preventing slowdown of the system.

Additionally, it would have been obvious to one of ordinary skill in the art to
modify the system disclosed in Griffioen to dynamically determine the
maximum number of expired recordsto remove in the accessed linked list of
records. Itisafundamental concept in computer science and the relevant art
that any variable or parameter affecting any aspect of a system can be
dynamically determined based on information available to the system. One of
ordinary skill in the art would have been motivated to combine the system
disclosed in Griffioen with the fundamental concept of dynamically
determining the maximum number of expired records to remove in an accessed
linked list of records to solve a number of potential problems. For example,
the removal of expired records described in Griffioencan be burdensome on the
system, adding to the system’s load and slowing down the system’s
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processing. Moreover, the removal could also force an interruption in real-
time processing as the processing waits for the removal to complete.

One of ordinary skill in the art would have known that dynamically
determining the maximum number to remove would limit the burden on the
system and bound the length of any real-time interruption to prevent delaysin
processing. Indeed, Nemes concedes that such dynamic determination was
obvious when he states in the * 120 patent that “[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
the linked list can be expanded to include techniques whereby not necessarily
al expired records are removed, and that the decision regarding if and how
many records to delete can be adynamic one.” ‘120 at 7:10-15.

3. A method for storing
and retrieving information
records using alinked list
to store and provide access
to the records, at |east
some of the records
automatically expiring, the
method comprising the
steps of

7. A method for storing
and retrieving information
records using a hashing
technique to provide access
to the records and using an
external chaining technique
to store the records with
same hash address, at |east
some of the records
automatically expiring, the
method comprising the
steps of:

To the extent the preamble is alimitation, Griffioen also discloses a method for
storing and retrieving information records using a hashing technique, at least
some of the records automatically expiring.

For example, the Remote Memory Model described in Griffioen “consists of
multiple client machines, one or more memory server machines, various other
servers (e.g., time servers, name servers, or file servers), and a communication
channel interconnecting all the machines.” Griffioen at 21. The model
“centers around the use of remote memory servers for backing storage.” See
Griffioen at 91.

Griffioen describes a method of using a hash table with a double hashing
algorithm to locate data. Griffioen at 101. Asdiscussed in [1a/5a], it would
have been obvious to one of ordinary skill in the art that a hash table with
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external chaining using linked lists could be used instead of a hash table with
double hashing.

The recordsin the system Griffioen discloses includes records, at least some of
which automatically expire.

For example, Griffioen describes a memory reclamation process through which
the remote memory server maintains a timestamp for each process in the
system in a separate process hash table. “When the memory server receives a
page store request for a process, the server saves the timestamp of the
requesting process in the virtual-page hash table entry. Consequently, all
pages belonging to a VS have the VS’ s timestamp. When the memory server
receives aterminate request, it updates the current timestamp in the VS table,
thereby invalidating all the pagesinthe VS.” Griffioen at 106. “Updating a
timestamp invalidates all thedatainaVS or LMSin asingle operation.”
Griffioen at 108.

[3a] accessing the linked [7a] accessing alinked list

list of records,

of records having same
hash address,

Griffioen discloses accessing the chain of records. Griffioen also discloses
accessing a chain of records beginning at the same hash address.

For example, Griffioen describes a method of using a hash table with a double
hashing algorithm to locate data. Griffioen at 101. Asdiscussed in[la/5d], it
would have been obvious to one of ordinary skill in the art to use a hash table
with external chaining instead of a hash table with open addressing/double
hashing. In such a system, the probe that resulted from a collision would occur
on the linked list used to resolve the collision. As such, the expired records
from the linked list would be removed when the algorithm processes the linked
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list in search of the desired record.

[3b] identifying at |east
some of the automatically
expired ones of the records,
and

[7b] identifying at least
some of the automatically
expired ones of the records,

Griffioen discloses identifying at least some of the automatically expired ones
of the records.

For example, the remote memory server “reclaims memory while processing
store and fetch requests. When aclient issues a store or fetch request, the
server applies the double hashing algorithm to locate an entry in the virtual-
page hash table. The double hashing algorithm requires the server to check for
acollision on each probeto the table. That is, the server must compare the
requested page’' s information against the information found in the hash table
entry to seeif the entry contains the desired page. If acollision occurs, the
server checks the timestamp found in the hash table entry against the owner’s
timestamp inthe VS and LM S hash tables. If the timestamps differ, the server
reclaims the page. If the timestamps match, the hash table entry is still valid,
and the doubl e hashing algorithm proceeds as normal. This modification to the
double hashing algorithm allows the server to reclaim invalid pages during its
normal processing.” Griffioen at 108. The remote memory server also
performs garbage collection in the background. Id.

[3c] removing at least
some of the automatically
expired records from the
linked list when the linked
list is accessed.

[7c] removing at least
some of the automatically
expired records from the
linked list when the linked
list isaccessed, and

Griffioen discloses removing at least some of the automatically expired records
from the chain of records when the chain is accessed.

For example, the remote memory server “reclaims memory while processing
store and fetch requests. When aclient issues a store or fetch request, the
server applies the double hashing algorithm to locate an entry in the virtual-
page hash table. The double hashing algorithm requires the server to check for
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acollision on each probeto the table. That is, the server must compare the
requested page’ s information against the information found in the hash table
entry to seeif the entry contains the desired page. If acollision occurs, the
server checks the timestamp found in the hash table entry against the owner’s
timestamp inthe VS and LM S hash tables. If the timestamps differ, the server
reclaimsthe page. If the timestamps match, the hash table entry is still valid,
and the doubl e hashing algorithm proceeds as normal. This modification to the
double hashing algorithm allows the server to reclaim invalid pages during its
normal processing.” Griffioen at 108. The remote memory server aso
performs garbage collection in the background. 1d.

Asdiscussed in [1a/5d], it would have been obvious to one of ordinary skill in
the art to use a hash table with external chaining instead of a hash table with
open addressing/double hashing. 1n such a system, the probe that resulted

from a collision would occur on the linked list used to resolve the collision. As
such, the expired records from the linked list would be removed when the
algorithm processes the linked list in search of the desired record.

[7d] inserting, retrieving
or deleting one of the
records from the system
following the step of
removing.

Griffioen discloses inserting, retrieving or deleting one of the records from the
system following the step of removing.

For example, Griffioen states that the memory server “reclaims memory while
processing store and fetch requests.” Griffioen at 108. These store and fetch
requests constitute insertions and retrieval s from the hash table.

4. The method according to
claim 3 further including
the step of dynamically
determining maximum

8. The method according
to claim 7 further including
the step of dynamically
determining maximum

Griffioen combined with Dirks, Thatte, the 663 patent, and/or the
Opportunistic Garbage Collection Articles discloses dynamically determining
maximum number of expired ones of the records to remove when the linked
list is accessed.
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number of expired onesof | number of expired ones of

the records to remove the records to remove Dirks discloses the management of memory in a computer system and more
when the linked list is when the linked list is particularly to the alocation of address space in avirtual memory system,
accessed. accessed. which dynamically determines how many records to sweep/remove upon each

alocation. Disclosure of these claim elementsin Dirksis clearly shown in the
chart of Dirks, which is hereby incorporated by referencein its entirety.

As summarized in Dirks,

eachtimeaVSID is assigned from the free list to a new application or
thread, afixed number of entriesin the page table are scanned to determine
whether they have become inactive, by checking them against the VSIDs
on therecyclelist. Each entry which isidentified as being inactive is
removed from the page table. After al of the entriesin the page table have
been examined in this manner, the VSIDsin the recycle list can be
transferred to the free list, since al of their associated page table entries
will have been removed. This approach thereby guarantees that a
predetermined number of VSIDs are always available in the free list
without requiring a time-consuming scan of the complete page table at
once. U.S. Patent No. 6,119,214 to Dirks at 7:2-14.

After [a] new VSID has been allocated, the system checks aflag RFLG
to determine whether arecycle sweep is currently in progress (Step 20).
If thereisno sweep in progress, i.e. RFLG isnot equal to one, a
determination is made whether a sweep should be initiated. Thisis done
by checking whether the inactive list isfull, i.e. whether it contains x
entries (Step 22). If the number of entries| on the inactive list isless than
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X, no further action is taken, and processing control returns to the
operating system (Step 24). If, however, theinactive list isfull at this
time, the flag RFLG is set (Step 26), the VSIDs on the inactive list are
transferred to the recyclelist, and an index nisreset to 1 (Step 28). The
system then sweeps a predetermined number of page table entries PT; on
the page table, to detect whether any of them are inactive, i.e. their
associated VSID ison therecycle list (Step 30). The predetermined
number of entries that are swept isidentified as k, where:

total number of page table entries
maximum number of active threads

k=
Id. at 8:12-30.

Dirks discloses that any approach can be employed to determine the number of
entries to be examined during each step of the sweeping process. Id. at 7:37-
40. Asstated in Dirks:

Any other suitable approach can be employed to determine the number of
entries to be examined during each step of the sweeping process. In this
regard, it is not necessary that the number of examined entries be fixed for
each step. Rather, it might vary from one step to the next. The only criterion
isthat the number of entries examined on each step be such that all entriesin
the page table are examined in a determinable amount of time or by the
occurrence of a certain event, e.g. by thetimethelist of free VSIDsis empty.

Id. at 7:38-46. Thus, Dirks dynamically determines the maximum number of
records to sweep/remove by calculating avaluek. 1d. at 7:15-46, 7:66-8:56.

Plaintiff’s Invalidity Contentions & Production of

Documents

US2008 1290282.1

22 Case No. 6:09-CV-549-LED




EXHIBIT C-7

Asserted Claims From
U.S. Pat. No. 5,893,120

James Griffioen, Remote Memory Backing Storage for Distributed Virtual
Memory Operating Systems, PhD (1992), available at
http://protocols.netlab.uky.edu/~griff/paper s/phd_thesis (“ Griffioen™)
alone and in combination

As both Griffioen and Dirks relate to deletion of aged records upon the
allocation of a new incoming record, one of ordinary skill in the art would have
understood how to use Dirks dynamic decision making process of determining
the maximum number of records to sweep/remove in other hash tables
implementations such as that described Griffioen. Moreover, one of ordinary
skill in the art would recognize that it would improve similar systems and
methods in the same way. Asthe’ 120 patent states “[a] person skilled in the
art will appreciate that the technique of removing all expired records while
searching the linked list can be expanded to include techniques whereby not
necessarily all expired records are removed, and that the decision regarding if
and how many records to delete can be adynamic one.” The’120 patent at
7:10-15. Additionally, one of ordinary skill in the art would recognize that the
result of combining Dirks' deletion decision procedure with Griffioen would
be nothing more than the predictable use of prior art elements according to
their established functions.

By way of further example, one of ordinary skill in the art would have
combined Dirks' dynamic determination of the suitable number of entriesto
examine during each step of the sweeping process with Griffioen and would
have seen the benefits of doing so. One possible benefit, for example, is
saving the system from performing someti mes time-consuming sweeps.

Alternatively, one of ordinary skill in the art would be motivated to, and would
understand how to, combine the system disclosed in Griffioen with the means
for dynamically determining maximum number for the record search means to
remove in the accessed linked list of records disclosed by Thatte. Thatte,
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Asserted Claims From
U.S. Pat. No. 5,893,120

James Griffioen, Remote Memory Backing Storage for Distributed Virtual
Memory Operating Systems, PhD (1992), available at
http://protocols.netlab.uky.edu/~griff/paper s/phd_thesis (“ Griffioen™)
alone and in combination

discloses a system and method using hash tables and/or linked lists and further
discloses means for dynamically determining the maximum number for the
record search means to remove in the accessed linked list of records. The
disclosure of these claim elements in Thatte is clearly shown in the chart of
Thatte, which is hereby incorporated by reference in its entirety.

Moreover, one of ordinary skill in the art would recognize that these
combinations would improve the similar systems and methods in the same
way. Additionaly, one of ordinary skill in the art would recognize that the
result of combining Griffioen with Thatte would be nothing more than the
predictable use of prior art e ements according to their established functions.
The resulting combination would include the capability to determine the
maximum number for the record search means to remove.

Further, one of ordinary skill in the art would be motivated to combine
Griffioen with Thatte and recognized the benefits of doing so. For example,
the removal of expired records described in Griffioencan be burdensome on the
system, adding to the system’s load and slowing down the system’s
processing. One of ordinary skill in the art would recognize that combining
Griffioen with the teachings of Thatte would solve this problem by
dynamically determining how many records to delete based on, among other
things, the system load. Moreover, the '120 patent discloses that "[a] person
skilled in the art will appreciate that the technique of removing all expired
records while searching the linked list can be expanded to include techniques
whereby not necessarily all expired records are removed, and that the decision
regarding if and how many records to delete can be adynamic one.” '120 at
7:10-15. Thus, the '120 patent provides motivations to combine Griffioen with
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Thatte.

Alternatively, it would also be obvious to combine Griffioen with the ' 663
patent. Disclosure of these claim elements in the’ 663 patent is clearly shown
in the chart of the ‘663 patent, which is hereby incorporated by referencein its
entirety. Assummarized in the’ 663 patent:

during normal times when the load on the storage system is not
excessive, a non-contaminating but slow deletion of records is
used. This slow, non-contaminating deletion involves closing
the collision-resolution chain of locations by moving a record
from a later position in the chain into the position of the record
to be deleted. This leaves no deleted record locations in the
storage space to slow down future searches. U.S. Patent
4,996,663 to Nemes at 2:24-34 (“ The ' 663 patent”).

In times of heavy use, when deletions must be done rapidly and
no time is available for decontamination, the record is simply
marked as “deleted” and left in place. Later non-contaminating
probes in the vicinity of such deleted record locations
automatically remove the contaminating deleted records by
moving records in the chain as described above. Id. at 2:35-41.

This hybrid hashing technique has the decided advantage of
automatically eliminating contamination caused by the fast-
secure deletion procedure when the slower, non-contaminating
deletion is used when the load on the system is at lower levels.
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Id. at 2:42-46.

This hybrid deletion is shown in Figure 5.

FIG.5
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DELETION
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Id. at Figure 5.
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During the hybrid deletion procedure decision block 51 checks the system load
to determine if the system load is greater than athreshold. If the system load is
greater than the threshold, then a fast-secure delete 52 is used. Id. at 6:40-64,
Figure 5. On the other hand, if the system load is less than the threshold, then a
slow-non-contaminating delete 53 isused. Id. The fast-secure delete 52 does
not actually delete records, rather it marks records as deleted. Id. at 8:1-33,
Figure 7. These records are then actually deleted by a subsequent slow-non-
contaminating delete 53. Id. at 6:65-7:68, Figures 6, 6A, 6B.

Thus, the hybrid deletion procedure in the ' 663 patent dynamically determines
amaximum number of records to remove. Seeid. at 6:40-64, Figure 5. If the
fast-secure delete 52 is used, then maximum number of recordsis zero because
records are not deleted they are only marked. Id. at 8:1-33, Figure 7. If the
slow-non-contaminating delete 53 is used, then the maximum number of
records to remove isall of the contaminated records in the bucket. 1d. at 6:65-
7:68, Figures 6, 6A, 6B.

As both Griffioen and the 663 patent relate to deletion of records from hash
tables using external chaining, one of ordinary skill in the art would

understood how to use the ' 663 patent’ s dynamic decision on whether to
perform a deletion based on a systems load in other hash table implementations
such as Griffioen. Moreover, one of ordinary skill in the art would recognize
that it would improve similar systems and methods in the same way. Asthe
'120 patent states “[a] person skilled in the art will appreciate that the
technique of removing all expired records while searching the linked list can
be expanded to include techniques whereby not necessarily all expired records
are removed, and that the decision regarding if and how many records to delete
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can be adynamic one.” The’120 patent at 7:10-15. Additionally, one of
ordinary skill in the art would recognize that the result of combining the ’ 663
patent’ s deletion decision procedure with Griffioen would be nothing more
than the predictable use of prior art elements according to their established
functions.

By way of further example, one of ordinary skill in the art would have
combined the’ 663 patent’ s dynamic decision on whether to perform a deletion
based on a systems load as taught by the’ 663 patent and with Griffioen and
would have seen the benefits of doing so. One such benefit, for example, is
that the system would avoid performing del etions when the system load
exceeded a threshold.

Alternatively, it would also be obvious to combine Griffioen with the
Opportunistic Garbage Collection Articles.

The Opportunistic Garbage Collection Articles disclose a generational based
garbage collection which dynamically determines how much garbage to
collect. See generally, Paul R. Wilson and Thomas G. Moher, Design of the
Opyportunistic Garbage Collector, OOPSLA ' 89 Proceedings, October 1-6,
1989; Paul R. Wilson, Opportunistic Garbage Collection, ACM SIGPLAN
Notices, Vol. 23, No. 12, December 1988.

When a significant pause has been detected, a decision procedureis
invoked to decide whether to garbage collect, and how many generations to
scavenge. The fuller ageneration is, the more likely it isto be scavenged;
also, the longer the pause that has been detected, the larger the scope of the

Plaintiff’s Invalidity Contentions & Production of

Documents

US2008 1290282.1

28 Case No. 6:09-CV-549-LED




EXHIBIT C-7

Asserted Claims From James Griffioen, Remote Memory Backing Storage for Distributed Virtual

U.S. Pat. No. 5,893,120 Memory Operating Systems, PhD (1992), available at

http://protocols.netlab.uky.edu/~griff/paper s/phd_thesis (“ Griffioen™)
alone and in combination

garbage collectionislikely to be. Design of the Opportunistic Garbage
Collector at 32.

Every time a user-input routine is invoked, a decision routine can decide
whether to garbage collect. Aslong as the decision routine takes no more
than afew milliseconds to execute, it should not interfere with
responsiveness. Sinceit isonly invoked at these times, it does not incur a
continual run-time overhead. Opportunistic Garbage Collection at 100.

This decision routine should take several things into account: 1) the volume
of data allocated since the last scavenge, 2) how long it has been since the
user has had an opportunity to interact, and 3) the height of the stack
relative to its average height at reads since the last scavenge. If the product
of the allocation and the compute timeis high, and if the stack islow, the
scavenge favorability measureis high. If it is especially high, amulti-
generation scavengeisin order. Id.

If these heuristics fail and a scavenge is forced instead by the filling of a
generation’ s space, it islikely to happen during a significant compute-
bound pause--the one that has just allocated the data that forced the
collection. When the opportunistic mechanism fails to find the end of a
pause, it may still succeed by default, embedding a scavenge pause within
alarger pause. Design of the Opportunistic Garbage Collector at 32.

As both Griffioen and the Opportunistic Garbage Collection Articles relate to
deletion of aged records, one of ordinary skill in the art would have understood
how to use the Opportunistic Garbage Collection Articles' dynamic decision
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on whether to perform a deletion based on a system load in other hash table
implementations such as Griffioen. Moreover, one of ordinary skill in the art
would recognize that it would improve similar systems and methods in the
sameway. Asthe’120 patent states “[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
the linked list can be expanded to include techniques whereby not necessarily
all expired records are removed, and that the decision regarding if and how
many records to delete can be adynamic one.” The’ 120 patent at 7:10-15.
Additionally, one of ordinary skill in the art would recognize that the result of
combining the Opportunistic Garbage Collection Articles’ deletion decision
procedure with Griffioen would be nothing more than the predictable use of
prior art elements according to their established functions.

By way of further example, one of ordinary skill in the art would have
combined the Opportunistic Garbage Collection Articles dynamic decision on
whether to perform a deletion and how many generations to scavenge as taught
by the Opportunistic Garbage Collection Articles and with Griffioen and
would have seen the benefits of doing so. One such benefit, for example, is
that the system would only perform deletions when the system was not already
too overloaded, thus preventing slowdown of the system.

Additionally, it would have been obviousto one of ordinary skill in the art to
modify the system disclosed in Griffioen to dynamically determine the
maximum number of expired records to remove in the accessed linked list of
records. Itisafundamental concept in computer science and the relevant art
that any variable or parameter affecting any aspect of a system can be
dynamically determined based on information available to the system. One of
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ordinary skill in the art would have been motivated to combine the system
disclosed in Griffioen with the fundamental concept of dynamically
determining the maximum number of expired records to remove in an accessed
linked list of records to solve a number of potential problems. For example,
the removal of expired records described in Griffioen can be burdensome on
the system, adding to the system’ s load and slowing down the system’s
processing. Moreover, the removal could also force an interruption in real-
time processing as the processing waits for the removal to complete.

One of ordinary skill in the art would have known that dynamically
determining the maximum number to remove would limit the burden on the
system and bound the length of any real-time interruption to prevent delaysin
processing. Indeed, Nemes concedes that such dynamic determination was
obvious when he states in the * 120 patent that “[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
the linked list can be expanded to include techniques whereby not necessarily
al expired records are removed, and that the decision regarding if and how
many records to delete can be adynamic one.” ‘120 at 7:10-15.
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EXHIBIT C-8

Asserted Claims From
U.S. Pat. No. 5,893,120

Douglas Comer and James Griffioen, A New Design for Distributed
Systems: The Remote Memory Model (1990), available at
http://protocols.netlab.uky.edu/~griff/paper susenix90.pdf (“ Comer™)
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1. Aninformation storage
and retrieval system, the
system comprising:

5. Aninformation storage
and retrieval system, the
system comprising:

To the extent the preamble is alimitation, Comer discloses an information
storage and retrieval system.

For example, the Remote Memory Model described in Comer “ consists of
severa client machines, various server machines, one or more dedicated
machines called remote memory servers, and a communication channel
interconnecting all the machines.” Seep. 2. “[C]lient machines use the remote
memory server for backing storage.” Seep. 3. The “remote memory server
transfers data to and from heterogeneous clients in an architecture-independent
manner.” See Comer at 9; see also Comer at 1.

[1a] alinked list to store
and provide accessto
records stored in a memory
of the system, at least some
of the records
automatically expiring,

[5a] ahashing meansto
provide access to records
stored in amemory of the
system and using an
external chaining technique
to store the records with
same hash address, at |east
some of the records
automatically expiring,

Comer describes the use of a hash table with a double hashing agorithm to
locate data. P. 10.

There are two well-known approaches to solving the problem of collisions
within a hash table, which occur whenever two entries “hash” or are assigned
to the same “bucket” within the hash table. The computer programmer may
store the records external to the hash table—that is, using memory separate
from the memory allocated to the hash table—or he may store the records
internal to the hash table—that is, using memory that is allocated to other
buckets within the hash table. Using external memory is termed “external
chaining,” while using internal memory istermed “open addressing.” See
“The Art of Computer Programming”, Sorting and Searching, D.E. Knuth,
Addison-Wesley Seriesin Computer Science and Information Processing, pp.
506-549, 1973. The applicant has conceded that both forms of collision
resolution are known to those of ordinary skill inthe art. See, e.g., * 120 patent
at 1:53-57 (describing linear probing—atype of open addressing—as being
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“often used” for “collision resolution™); 1:58-2:6 (citing to several prior art
resources that describe external chaining as using linked lists). Indeed, Knuth
recognizes that “[p]erhaps the most obvious way to solve this problem [of
collision resolution] isto maintain M linked Lists, one for each possible hash
code [i.e. external chaining].” Knuth at 513. Seealso Mark A. Weiss, Data
Structures and Algorithm Analysis, p. 157, 1993 (“Closed hashing, also
known as open addressing, is an alternative to resolving collisions with linked
lists.”). Double hashing is another form of open addressing. See Knuth at
519-524.

It would have been obviousto one skilled in the art to apply the teachingsin
Comer to a hash table which resolves collisions using external chaining with
linked lists. Asdetailed above, one of ordinary skill has alimited number of
ways to resolve hash collisions: he may either store the entries within the hash
table or outside the hash table, and both were well known to those of ordinary
skill.

The records in the system Comer discloses includes records, at |east some of
which automatically expire.

For example, Comer describes a memory reclamation process through which
the remote memory server maintains a timestamp for each process in the
system in a separate process hash table. “When the server receives a page
store request for a process, the server saves the process' s timestamp with the
page in the data hash table. Each time the server receives a terminate request,
the server updates the timestamp in the process hash table, thereby invalidating
all pages associated with the terminated process.” P. 10.
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[1b] arecord search means
utilizing a search key to
access the linked list,

[5b] arecord search means
utilizing a search key to
access alinked list of
records having the same
hash address,

Comer discloses arecord search means utilizing a search key to access the
chain of records. Comer also discloses arecord search means utilizing a
search key to access a chain of records beginning at the same hash address.

For example, Comer explains that “[c]lient machines uniquely identify a page
with an ordered triple consisting of a unique machine identifier, a process
identifier, and a page identifier. The server applies a double hashing algorithm
to the triple to locate the hash table entry that contains pointers to the data.”

Asdiscussed in [1a/5d], it would have been obvious to one of ordinary skill in
the art to use a hash table with external chaining instead of a hash table with
open addressing/double hashing. As such, the search means utilizing the
search key would be accessing alinked list of records beginning at the same
hash address.

[1c] therecord search
means including a means
for identifying and
removing at least some of
the expired ones of the
records from the linked list
when the linked list is
accessed, and

[5c] therecord search
means including means for
identifying and removing
at least some expired ones
of the records from the
linked list of records when
the linked list is accessed,
and

Comer discloses the record search means including means for identifying and
removing at least some expired ones of the records from the chain of records
when the chain is accessed.

For example, the remote memory server “reclaims obsol ete pages during later
probes to the data hash table and with a garbage collection process that
executes in the background.” P. 10-11. “Each time a probe to the data hash
table resultsin acollision, the server checks the timestamp on the page against
the timestamp of the owner. If the timestamps differ, the server reclamsthe
page. Together, the garbage collection process and the lazy reclamation
algorithm amortize the cost of reclaiming memory over time.” P. 11.
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Asdiscussed in [1a/5d], it would have been obvious to one of ordinary skill in
the art to use a hash table with external chaining instead of a hash table with
open addressing/double hashing. 1n such a system, the probe that resulted

from a collision would occur on the linked list used to resolve the collision. As
such, the expired records from the linked list would be removed when the
algorithm processes the linked list in search of the desired record.

[1d] means, utilizing the
record search means, for
accessing the linked list
and, at the same time,
removing at least some of
the expired ones of the
recordsin the linked list.

[5d] med[n]s, utilizing the
record search means, for
inserting, retrieving, and
deleting records from the
system and, at the same
time, removing at least
some expired ones of the
records in the accessed
linked list of records.

Comer discloses means, utilizing the record search means, for accessing the
chain of records and, at the same time, removing at least some of the expired
ones of the recordsin the chain. Comer also discloses means, utilizing the
record search means, for inserting, retrieving, and deleting records from the
system and, at the same time, removing at least some expired ones of the
records in the accessed chain of records.

For example, the remote memory server “reclaims obsol ete pages during later
probes to the data hash table.” P. 10. “Each time a probe to the data hash table
resultsin acollision, the server checks the timestamp on the page against the
timestamp of the owner. If the timestamps differ, the server reclaims the
page.” P. 10.

Asdiscussed in [1a/5d], it would have been obvious to one of ordinary skill in
the art to use a hash table with external chaining instead of a hash table with
open addressing/double hashing. 1n such a system, the probe that resulted

from a collision would occur on the linked list used to resolve the collision. As
such, the expired records from the linked list would be removed when the
algorithm processes the linked list in search of the desired record.
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2. Theinformation storage
and retrieval system
accordingtoclam 1
further including means for
dynamically determining
maximum number for the
record search meansto
remove in the accessed
linked list of records.

6. Theinformation storage
and retrieval system
accordingtoclam5
further including means for
dynamically determining
maximum number for the
record search means to
remove in the accessed
linked list of records.

Comer combined with Dirks, Thatte, the’ 663 patent and/or the Opportunistic
Garbage Collection Articles discloses an information storage and retrieval
system further including means for dynamically determining maximum
number for the record search means to remove in the accessed linked list of
records.

Dirks discloses the management of memory in a computer system and more
particularly to the alocation of address space in avirtual memory system,
which dynamically determines how many records to sweep/remove upon each
alocation. Disclosure of these claim elementsin Dirksis clearly shownin
Exhibit B-2, which is hereby incorporated by reference in its entirety.

As summarized in Dirks,

eachtimeaVSID is assigned from the free list to a new application or
thread, afixed number of entriesin the page table are scanned to determine
whether they have become inactive, by checking them against the VSIDs
on therecyclelist. Each entry which isidentified as being inactive is
removed from the page table. After al of the entriesin the page table have
been examined in this manner, the VSIDsin the recycle list can be
transferred to the free list, since al of their associated page table entries
will have been removed. This approach thereby guarantees that a
predetermined number of VSIDs are always available in the free list
without requiring a time-consuming scan of the complete page table at
once. U.S. Patent No. 6,119,214 to Dirks at 7:2-14.
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After [a] new VSID has been allocated, the system checks aflag RFLG
to determine whether arecycle sweep is currently in progress (Step 20).
If thereisno sweep in progress, i.e. RFLG isnot equal to one, a
determination is made whether a sweep should be initiated. Thisis done
by checking whether the inactive list isfull, i.e. whether it contains x
entries (Step 22). If the number of entries| on the inactivelist isless than
X, no further action is taken, and processing control returns to the
operating system (Step 24). If, however, theinactive list isfull at this
time, the flag RFLG is set (Step 26), the VSIDs on the inactive list are
transferred to the recyclelist, and an index nisreset to 1 (Step 28). The
system then sweeps a predetermined number of page table entries PT; on
the page table, to detect whether any of them are inactive, i.e. their
associated VSID ison the recycle list (Step 30). The predetermined
number of entries that are swept isidentified as k, where:

total number of page table entries

k= : : :
maximum number of active threads

Id. at 8:12-30.

Dirks discloses that any approach can be employed to determine the number of
entries to be examined during each step of the sweeping process. Id. at 7:37-
40. Asstated in Dirks:

Any other suitable approach can be employed to determine the number of
entries to be examined during each step of the sweeping process. In this
regard, it is not necessary that the number of examined entries be fixed for
each step. Rather, it might vary from one step to the next. The only criterion
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isthat the number of entries examined on each step be such that all entriesin
the page table are examined in a determinable amount of time or by the
occurrence of a certain event, e.g. by thetimethelist of free VSIDsis empty.

|d. at 7:38-46. Thus, Dirks dynamically determines the maximum number of
records to sweep/remove by calculating avaluek. 1d. at 7:15-46, 7:66-8:56.

As both Comer and Dirks relate to deletion of aged records upon the allocation
of anew incoming record, one of ordinary skill in the art would have
understood how to use Dirks dynamic decision making process of determining
the maximum number of records to sweep/remove in other hash tables
implementations such as Comer. Moreover, one of ordinary skill in the art
would recognize that it would improve similar systems and methods in the
sameway. Asthe’120 patent states “[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
the linked list can be expanded to include techniques whereby not necessarily
al expired records are removed, and that the decision regarding if and how
many records to delete can be adynamic one.” The’120 patent at 7:10-15.
Additionally, one of ordinary skill in the art would recognize that the result of
combining Dirks deletion decision procedure with Comer nothing more than
the predictable use of prior art elements according to their established
functions.

By way of further example, one of ordinary skill in the art would have
combined Dirks' dynamic determination of the suitable number of entriesto
examine during each step of the sweeping process with Comer and would have
seen the benefits of doing so. One possible benefit, for example, is saving the
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system from performing sometimes time-consuming sweeps.”

Alternatively, one of ordinary skill in the art would be motivated to, and would
understand how to, combine the system disclosed in Comer with the means for
dynamically determining maximum number for the record search means to
remove in the accessed linked list of records disclosed by Thatte. Thatte,
discloses a system and method using hash tables and/or linked lists and further
discloses means for dynamically determining the maximum number for the
record search means to remove in the accessed linked list of records. The
disclosure of these claim elements in Thatte is clearly shown in the chart of
Thatte, which is hereby incorporated by reference in its entirety.

Moreover, one of ordinary skill in the art would recognize that these
combinations would improve the similar systems and methods in the same
way. Additionaly, one of ordinary skill in the art would recognize that the
result of combining Comer with Thatte would be nothing more than the
predictable use of prior art e ements according to their established functions.
The resulting combination would include the capability to determine the
maximum number for the record search means to remove.

Further, one of ordinary skill in the art would be motivated to combine Comer
with Thatte and recognize the benefits of doing so. For example, the removal
of expired records described in Comer can be burdensome on the system,
adding to the system’ sload and slowing down the system’ s processing. One of
ordinary skill in the art would recognize that combining Comer with the
teachings of Thatte would solve this problem by dynamically determining how
many records to delete based on, among other things, the system load.
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Moreover, the '120 patent discloses that "[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
the linked list can be expanded to include techniques whereby not necessarily
all expired records are removed, and that the decision regarding if and how
many records to delete can be adynamic one.” '120 at 7:10-15. Thus, the '120
patent provides motivations to combine Comer with Thatte.

Alternatively, it would also be obvious to combine Comerwith the ’ 663 patent.
Disclosure of these claim elements in the’ 663 patent is clearly shown in the
chart of the * 663 patent, which is hereby incorporated by referencein its
entirety. Assummarized in the’ 663 patent:

during normal times when the load on the storage system is not
excessive, a non-contaminating but slow deletion of records is
used. This slow, non-contaminating deletion involves closing
the collision-resolution chain of locations by moving a record
from alater position in the chain into the position of the record
to be deleted. This leaves no deleted record locations in the
storage space to sow down future searches. U.S. Patent
4,996,663 to Nemes at 2:24-34 (“ The ' 663 patent”).

In times of heavy use, when deletions must be done rapidly and
no time is available for decontamination, the record is simply
marked as “deleted” and left in place. Later non-contaminating
probes in the vicinity of such deleted record locations
automatically remove the contaminating deleted records by
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moving records in the chain as described above. 1d. at 2:35-41.

This hybrid hashing technique has the decided advantage of
automatically eliminating contamination caused by the fast-
secure deletion procedure when the slower, non-contaminating
deletion is used when the load on the system is at lower levels.
Id. at 2:42-46.

This hybrid deletion is shown in Figure 5.
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FIG.5
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Id. at Figure 5.

During the hybrid deletion procedure decision block 51 checks the system load
to determine if the system load is greater than athreshold. If the system load is
greater than the threshold, then afast-secure delete 52 isused. |1d. at 6:40-64,

Figure 5. On the other hand, if the system load is less than the threshold, then a
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slow-non-contaminating delete 53 isused. Id. The fast-secure delete 52 does
not actually delete records, rather it marks records as deleted. 1d. at 8:1-33,
Figure 7. These records are then actually deleted by a subsequent slow-non-
contaminating delete 53. 1d. at 6:65-7:68, Figures 6, 6A, 6B.

Thus, the hybrid deletion procedure in the ' 663 patent dynamically determines
amaximum number of records to remove. Seeid. at 6:40-64, Figure 5. If the
fast-secure delete 52 is used, then maximum number of records is zero because
records are not deleted they are only marked. Id. at 8:1-33, Figure 7. If the
slow-non-contaminating delete 53 is used, then the maximum number of
records to remove is al of the contaminated records in the bucket. 1d. at 6:65-
7:68, Figures 6, 6A, 6B.

As both Comer and the ’ 663 patent relate to deletion of records from hash
tables using external chaining, one of ordinary skill in the art would
understood how to use the ' 663 patent’ s dynamic decision on whether to
perform a deletion based on a systems load in other hash table implementations
such asthat described in Comer. Moreover, one of ordinary skill in the art
would recognize that it would improve similar systems and methods in the
sameway. Asthe’120 patent states“[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
the linked list can be expanded to include techniques whereby not necessarily
all expired records are removed, and that the decision regarding if and how
many records to delete can be a dynamic one.” The’ 120 patent at 7:10-15.
Additionally, one of ordinary skill in the art would recognize that the result of
combining the 663 patent’ s deletion decision procedure with Comer would be
nothing more than the predictable use of prior art elements according to their
established functions.
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By way of further example, one of ordinary skill in the art would have
combined the’ 663 patent’ s dynamic decision on whether to perform a deletion
based on a systems load as taught by the ' 663 patent and with Comer and
would have seen the benefits of doing so. One such benefit, for example, is
that the system would avoid performing del etions when the system load
exceeded athreshold.

Alternatively, it would also be obvious to combine Comer with the
Opportunistic Garbage Collection Articles.

The Opportunistic Garbage Collection Articles disclose a generational based
garbage collection which dynamically determines how much garbage to
collect. See generally, Paul R. Wilson and Thomas G. Moher, Design of the
Opportunistic Garbage Collector, OOPSLA ’ 89 Proceedings, October 1-6,
1989; Paul R. Wilson, Opportunistic Garbage Collection, ACM SIGPLAN
Notices, Vol. 23, No. 12, December 1988.

When a significant pause has been detected, a decision procedureis
invoked to decide whether to garbage collect, and how many generations to
scavenge. The fuller ageneration is, the more likely it is to be scavenged;
also, the longer the pause that has been detected, the larger the scope of the
garbage collectionislikely to be. Design of the Opportunistic Garbage
Collector at 32.

Every time a user-input routine is invoked, a decision routine can decide
whether to garbage collect. Aslong as the decision routine takes no more
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than afew milliseconds to execute, it should not interfere with
responsiveness. Sinceit isonly invoked at these times, it does not incur a
continual run-time overhead. Opportunistic Garbage Collection at 100.

This decision routine should take several things into account: 1) the volume
of data allocated since the last scavenge, 2) how long it has been since the
user has had an opportunity to interact, and 3) the height of the stack
relative to its average height at reads since the last scavenge. If the product
of the allocation and the compute timeis high, and if the stack islow, the
scavenge favorability measureis high. If it is especially high, amulti-
generation scavengeisin order. Id.

If these heuristics fail and a scavenge is forced instead by the filling of a
generation’ s space, it islikely to happen during a significant compute-
bound pause--the one that has just allocated the data that forced the
collection. When the opportunistic mechanism fails to find the end of a
pause, it may still succeed by default, embedding a scavenge pause within
alarger pause. Design of the Opportunistic Garbage Collector at 32.

As both Comer and the Opportunistic Garbage Collection Articles relate to
deletion of aged records, one of ordinary skill in the art would have understood
how to use the Opportunistic Garbage Collection Articles dynamic decision
on whether to perform a deletion based on a system load in other hash table
implementations such as Comer. Moreover, one of ordinary skill in the art
would recognize that it would improve similar systems and methods in the
sameway. Asthe’120 patent states“[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
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the linked list can be expanded to include techniques whereby not necessarily
all expired records are removed, and that the decision regarding if and how
many records to delete can be a dynamic one.” The’ 120 patent at 7:10-15.
Additionally, one of ordinary skill in the art would recognize that the result of
combining the Opportunistic Garbage Collection Articles’ deletion decision
procedure with Comer would be nothing more than the predictable use of prior
art elements according to their established functions.

By way of further example, one of ordinary skill in the art would have
combined the Opportunistic Garbage Collection Articles’ dynamic decision on
whether to perform a deletion and how many generations to scavenge as taught
by the Opportunistic Garbage Collection Articles and with Comer and would
have seen the benefits of doing so. One such benefit, for example, is
preventing slowdown of the system.

Additionally, it would have been obvious to one of ordinary skill in the art to
modify the system disclosed in Comer to dynamically determine the maximum
number of expired recordsto remove in the accessed linked list of records. It
isafundamental concept in computer science and the relevant art that any
variable or parameter affecting any aspect of a system can be dynamically
determined based on information available to the system. One of ordinary skill
in the art would have been motivated to combine the system disclosed in
Comer with the fundamental concept of dynamically determining the
maximum number of expired records to remove in an accessed linked list of
records to solve anumber of potential problems. For example, the removal of
expired records described in Comercan be burdensome on the system, adding
to the system’ s load and slowing down the system’s processing. Moreover, the
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removal could also force an interruption in real-time processing as the
processing waits for the removal to complete.

One of ordinary skill in the art would have known that dynamically
determining the maximum number to remove would limit the burden on the
system and bound the length of any real-time interruption to prevent delaysin
processing. Indeed, Nemes concedes that such dynamic determination was
obvious when he states in the * 120 patent that “[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
the linked list can be expanded to include techniques whereby not necessarily
al expired records are removed, and that the decision regarding if and how
many records to delete can be adynamic one.” ‘120 at 7:10-15.

3. A method for storing
and retrieving information
records using alinked list
to store and provide access
to the records, at |east
some of the records
automatically expiring, the
method comprising the
steps of

7. A method for storing
and retrieving information
records using a hashing
technique to provide access
to the records and using an
external chaining technique
to store the records with
same hash address, at |east
some of the records
automatically expiring, the
method comprising the
steps of:

To the extent the preamble is alimitation, Comer aso discloses method for
storing and retrieving information records using a hashing technique, at least
some of the records automatically expiring.

For example, the Remote Memory Model described in Comer “consists of
several client machines, various server machines, one or more dedicated
machines called remote memory servers, and a communication channel
interconnecting all the machines.” See Comer at 2. “[C]lient machines use the
remote memory server for backing storage.” See Comer at 3. The “remote
memory server transfers data to and from heterogeneous clientsin an
architecture-independent manner.” See Comer at 9; see also Comer at 1.

Comer describes a method of using of a hash table with a double hashing
algorithm to locate data on the remote memory server. P. 10. There are two

Plaintiff’s Invalidity Contentions & Production of

Documents

US2008 1290283.1

16 Case No. 6:09-CV-549-LED




EXHIBIT C-8

Asserted Claims From
U.S. Pat. No. 5,893,120

Douglas Comer and James Griffioen, A New Design for Distributed
Systems: The Remote Memory Model (1990), available at
http://protocols.netlab.uky.edu/~griff/paper susenix90.pdf (“ Comer™)
alone and in combination

well-known approaches to solving the problem of collisions within a hash
table, which occur whenever two entries “hash” or are assigned to the same
“bucket” within the hash table. The computer programmer may store the
records external to the hash table—that is, using memory separate from the
memory allocated to the hash table—or he may store the records internal to the
hash table—that is, using memory that is allocated to other buckets within the
hash table. Using external memory istermed “external chaining,” while using
internal memory istermed “open addressing.” See“The Art of Computer
Programming”, Sorting and Searching, D.E. Knuth, Addison-Wesley Seriesin
Computer Science and Information Processing, pp. 506-549, 1973. The
applicant has conceded that both forms of collision resolution are known to
those of ordinary skill inthe art. See, e.g., ‘120 patent at 1:53-57 (describing
linear probing—atype of open addressing—as being “often used” for
“collision resolution™); 1:58-2:6 (citing to several prior art resources that
describe external chaining as using linked lists). Indeed, Knuth recognizes that
“[p]erhaps the most obvious way to solve this problem [of collision resolution]
isto maintain M linked Lists, one for each possible hash code [i.e. external
chaining].” Knuth at 513. See also Mark A. Weiss, Data Structures and
Algorithm Analysis, p. 157, 1993 (“Closed hashing, also known as open
addressing, is an alternative to resolving collisions with linked lists.”).

Double hashing is another form of open addressing. See Knuth at 519-524.

It would have been obvious to one skilled in the art to apply the teachingsin
Comer to a hash table which resolves collisions using external chaining with
linked lists. As detailed above, one of ordinary skill has alimited number of
ways of resolving hash collisions: he may either store the entries within the
hash table or outside the hash table, and both were well known to those of
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ordinary skill.

The records in the system Comer discloses includes records, at |east some of
which automatically expire.

For example, Comer describes a memory reclamation process through which
the remote memory server maintains a timestamp for each processin the
system in a separate process hash table. “When the server receives a page
store request for a process, the server saves the process' s timestamp with the
page in the data hash table. Each time the server receives a terminate request,
the server updates the timestamp in the process hash table, thereby invalidating
all pages associated with the terminated process.” P. 10.

[3a] accessing the linked
list of records,

[7a] accessing alinked list
of records having same
hash address,

Comer discloses accessing the chain of records. Comer also discloses
accessing a chain of records beginning at the same hash address.

For example, Comer describes a method of using of a hash table with a double
hashing algorithm to locate data on the remote memory server. P. 10.

Asdiscussed in [3/7], it would have been obvious to one of ordinary skill in
the art to use a hash table with external chaining instead of a hash table with
open addressing/double hashing. 1n such a system, the probe that resulted

from a collision would occur on the linked list used to resolve the collision. As
such, the expired records from the linked list would be removed when the
algorithm processes the linked list in search of the desired record.
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[3b] identifying at least
some of the automatically
expired ones of the records,
and

[7b] identifying at least
some of the automatically
expired ones of the records,

Comer discloses identifying at |east some of the automatically expired ones of
the records.

For example, the remote memory server “reclaims obsol ete pages during later
probes to the data hash table.” P. 10. “Each time a probe to the data hash table
resultsin acollision, the server checks the timestamp on the page against the
timestamp of the owner. If the timestamps differ, the server reclaims the
page.” P. 10.

[3c] removing at least
some of the automatically
expired records from the
linked list when the linked
list is accessed.

[7c] removing at least
some of the automatically
expired records from the
linked list when the linked
list is accessed, and

Comer discloses the removing at |east some of the automatically expired
records from the chain of records when the chain of recordsis accessed.

For example, the remote memory server “reclaims obsol ete pages during later
probes to the data hash table and with a garbage collection process that
executes in the background.” P. 10-11. “Each time a probe to the data hash
table resultsin acollision, the server checks the timestamp on the page against
the timestamp of the owner. If the timestamps differ, the server reclamsthe
page. Together, the garbage collection process and the lazy reclamation
algorithm amortize the cost of reclaiming memory over time.” P. 11.

Asdiscussed in [3/7], it would have been obvious to one of ordinary skill in
the art to use a hash table with external chaining instead of a hash table with
open addressing/double hashing. In such a system, the probe that resulted

from a collision would occur on the linked list used to resolve the collision. As
such, the expired records from the linked list would be removed when the
algorithm processes the linked list in search of the desired record.
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[7d] inserting, retrieving Comer discloses inserting, retrieving or deleting one of the records from the

or deleting one of the system following the step of removing.

records from the system

following the step of For example, Comer states that “[t]he server reclaims obsol ete pages during
removing. later probesto the datahash table. .. .” P. 10.

4. The method according to | 8. The method according | Comer combined with Dirks, Thatte, the’ 663 patent, and/or the Opportunistic
claim 3 further including to claim 7 further including | Garbage Collection Articles discloses dynamically determining maximum

the step of dynamically the step of dynamically number of expired ones of the records to remove when the linked list is
determining maximum determining maximum accessed.

number of expired onesof | number of expired ones of

the records to remove the records to remove Dirks discloses the management of memory in a computer system and more
when thelinked list is when the linked list is particularly to the allocation of address space in avirtual memory system,
accessed. accessed. which dynamically determines how many records to sweep/remove upon each

allocation. Disclosure of these claim elementsin Dirksis clearly shown in the
chart of Dirks, which is hereby incorporated by referencein its entirety.

As summarized in Dirks,

each timeaVSID isassigned from the free list to a new application or
thread, a fixed number of entries in the page table are scanned to determine
whether they have become inactive, by checking them against the VSIDs
on therecyclelist. Each entry which isidentified as being inactive is
removed from the page table. After al of the entriesin the page table have
been examined in this manner, the VSIDsin the recycle list can be
transferred to the free list, since all of their associated page table entries
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will have been removed. This approach thereby guarantees that a
predetermined number of VSIDs are always available in the free list
without requiring a time-consuming scan of the complete page table at
once. U.S. Patent No. 6,119,214 to Dirks at 7:2-14.

After [a] new VSID has been allocated, the system checks aflag RFLG
to determine whether arecycle sweep is currently in progress (Step 20).
If thereisno sweep in progress, i.e. RFLG isnot equal to one, a
determination is made whether a sweep should be initiated. Thisis done
by checking whether the inactive list isfull, i.e. whether it contains x
entries (Step 22). If the number of entries| on the inactive list isless than
X, no further action is taken, and processing control returns to the
operating system (Step 24). If, however, the inactive list isfull at this
time, the flag RFLG is set (Step 26), the VSIDs on the inactive list are
transferred to the recyclelist, and anindex nisreset to 1 (Step 28). The
system then sweeps a predetermined number of page table entries PT; on
the page table, to detect whether any of them are inactive, i.e. their
associated VSID ison the recyclelist (Step 30). The predetermined
number of entries that are swept isidentified as k, where:

total number of page table entries

maximum number of active threads
Id. at 8:12-30.

K =

Dirks discloses that any approach can be employed to determine the number of
entries to be examined during each step of the sweeping process. Id. at 7:37-
40. Asdtated in Dirks:
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Any other suitable approach can be employed to determine the number of
entries to be examined during each step of the sweeping process. In this
regard, it is not necessary that the number of examined entries be fixed for
each step. Rather, it might vary from one step to the next. The only criterion
isthat the number of entries examined on each step be such that all entriesin
the page table are examined in a determinable amount of time or by the
occurrence of a certain event, e.g. by thetimethelist of free VSIDsis empty.

Id. at 7:38-46. Thus, Dirks dynamically determines the maximum number of
records to sweep/remove by calculating avaluek. 1d. at 7:15-46, 7:66-8:56.

As both Comer and Dirks relate to deletion of aged records upon the allocation
of anew incoming record, one of ordinary skill in the art would have
understood how to use Dirks dynamic decision making process of determining
the maximum number of recordsto sweep/remove in other hash tables
implementations such as that described Comer. Moreover, one of ordinary
skill in the art would recognize that it would improve similar systems and
methods in the same way. Asthe’ 120 patent states “[a] person skilled in the
art will appreciate that the technique of removing all expired records while
searching the linked list can be expanded to include techniques whereby not
necessarily all expired records are removed, and that the decision regarding if
and how many records to delete can be adynamic one.” The’ 120 patent at
7:10-15. Additionally, one of ordinary skill in the art would recognize that the
result of combining Dirks' deletion decision procedure with Comer would be
nothing more than the predictable use of prior art elements according to their
established functions.
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By way of further example, one of ordinary skill in the art would have
combined Dirks' dynamic determination of the suitable number of entriesto
examine during each step of the sweeping process with Comer and would have
seen the benefits of doing so. One possible benefit, for example, is saving the
system from performing sometimes time-consuming sweeps.

Alternatively, one of ordinary skill in the art would be motivated to, and would
understand how to, combine the system disclosed in Comer with the means for
dynamically determining maximum number for the record search means to
remove in the accessed linked list of records disclosed by Thatte. Thatte,
discloses a system and method using hash tables and/or linked lists and further
discloses means for dynamically determining the maximum number for the
record search means to remove in the accessed linked list of records. The
disclosure of these claim elements in Thatte is clearly shown in the chart of
Thatte, which is hereby incorporated by reference in its entirety.

Moreover, one of ordinary skill in the art would recognize that these
combinations would improve the similar systems and methods in the same
way. Additionaly, one of ordinary skill in the art would recognize that the
result of combining Comer with Thatte would be nothing more than the
predictable use of prior art elements according to their established functions.
The resulting combination would include the capability to determine the
maximum number for the record search means to remove.

Further, one of ordinary skill in the art would be motivated to combine Comer
with Thatte and recognized the benefits of doing so. For example, the removal
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of expired records described in Comercan be burdensome on the system,
adding to the system’ sload and slowing down the system’ s processing. One of
ordinary skill in the art would recognize that combining Comer with the
teachings of Thatte would solve this problem by dynamically determining how
many records to delete based on, among other things, the system load.
Moreover, the '120 patent discloses that "[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
the linked list can be expanded to include techniques whereby not necessarily
al expired records are removed, and that the decision regarding if and how
many records to delete can be adynamic one.” '120 at 7:10-15. Thus, the '120
patent provides motivations to combine Comer with Thatte.

Alternatively, it would also be obvious to combine Comer with the ' 663 patent.
Disclosure of these claim elements in the ' 663 patent is clearly shown in the
chart of the * 663 patent, which is hereby incorporated by referencein its
entirety. Assummarized in the’ 663 patent:

during normal times when the load on the storage system is not
excessive, a non-contaminating but slow deletion of records is
used. This slow, non-contaminating deletion involves closing
the collision-resolution chain of locations by moving a record
from a later position in the chain into the position of the record
to be deleted. This leaves no deleted record locations in the
storage space to slow down future searches. U.S. Patent
4,996,663 to Nemes at 2:24-34 (“ The ' 663 patent”).

In times of heavy use, when deletions must be done rapidly and
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no time is available for decontamination, the record is simply
marked as “deleted” and left in place. Later non-contaminating
probes in the vicinity of such deleted record locations
automatically remove the contaminating deleted records by
moving records in the chain as described above. Id. at 2:35-41.

This hybrid hashing technique has the decided advantage of
automatically eliminating contamination caused by the fast-
secure deletion procedure when the slower, non-contaminating
deletion is used when the load on the system is at lower levels.
|d. at 2:42-46.

This hybrid deletion is shown in Figure 5.
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FIG.5
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Id. at Figure 5.

During the hybrid deletion procedure decision block 51 checks the system load
to determine if the system load is greater than athreshold. If the system load is
greater than the threshold, then afast-secure delete 52 isused. |1d. at 6:40-64,

Figure 5. On the other hand, if the system load is less than the threshold, then a
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slow-non-contaminating delete 53 isused. Id. The fast-secure delete 52 does
not actually delete records, rather it marks records as deleted. 1d. at 8:1-33,
Figure 7. These records are then actually deleted by a subsequent slow-non-
contaminating delete 53. 1d. at 6:65-7:68, Figures 6, 6A, 6B.

Thus, the hybrid deletion procedure in the ' 663 patent dynamically determines
amaximum number of records to remove. Seeid. at 6:40-64, Figure 5. If the
fast-secure delete 52 is used, then maximum number of records is zero because
records are not deleted they are only marked. Id. at 8:1-33, Figure 7. If the
slow-non-contaminating delete 53 is used, then the maximum number of
recordsto remove isall of the contaminated records in the bucket. 1d. at 6:65-
7:68, Figures 6, 6A, 6B.

As both Comer and the ’ 663 patent relate to deletion of records from hash
tables using external chaining, one of ordinary skill in the art would

understood how to use the ' 663 patent’ s dynamic decision on whether to
perform a deletion based on a systems load in other hash table implementations
such as Comer. Moreover, one of ordinary skill in the art would recognize that
it would improve similar systems and methods in the same way. Asthe’120
patent states “[a] person skilled in the art will appreciate that the technique of
removing all expired records while searching the linked list can be expanded to
include techniques whereby not necessarily all expired records are removed,
and that the decision regarding if and how many records to delete can be a
dynamic one.” The’ 120 patent at 7:10-15. Additionally, one of ordinary skill
in the art would recognize that the result of combining the’ 663 patent’s
deletion decision procedure with Comer would be nothing more than the
predictable use of prior art elements according to their established functions.
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By way of further example, one of ordinary skill in the art would have
combined the’ 663 patent’ s dynamic decision on whether to perform a deletion
based on a systems load as taught by the ' 663 patent and with Comer and
would have seen the benefits of doing so. One such benefit, for example, is
that the system would avoid performing del etions when the system load
exceeded athreshold.

Alternatively, it would also be obvious to combine Comer with the
Opportunistic Garbage Collection Articles.

The Opportunistic Garbage Collection Articles disclose a generational based
garbage collection which dynamically determines how much garbage to
collect. See generally, Paul R. Wilson and Thomas G. Moher, Design of the
Opportunistic Garbage Collector, OOPSLA ’ 89 Proceedings, October 1-6,
1989; Paul R. Wilson, Opportunistic Garbage Collection, ACM SIGPLAN
Notices, Vol. 23, No. 12, December 1988.

When a significant pause has been detected, a decision procedureis
invoked to decide whether to garbage collect, and how many generations to
scavenge. The fuller ageneration is, the more likely it is to be scavenged;
also, the longer the pause that has been detected, the larger the scope of the
garbage collectionislikely to be. Design of the Opportunistic Garbage
Collector at 32.

Every time a user-input routine is invoked, a decision routine can decide
whether to garbage collect. Aslong as the decision routine takes no more
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than afew milliseconds to execute, it should not interfere with
responsiveness. Sinceit isonly invoked at these times, it does not incur a
continual run-time overhead. Opportunistic Garbage Collection at 100.

This decision routine should take several things into account: 1) the volume
of data allocated since the last scavenge, 2) how long it has been since the
user has had an opportunity to interact, and 3) the height of the stack
relative to its average height at reads since the last scavenge. If the product
of the allocation and the compute timeis high, and if the stack islow, the
scavenge favorability measureis high. If it is especially high, amulti-
generation scavengeisin order. Id.

If these heuristics fail and a scavenge is forced instead by the filling of a
generation’ s space, it islikely to happen during a significant compute-
bound pause--the one that has just allocated the data that forced the
collection. When the opportunistic mechanism fails to find the end of a
pause, it may still succeed by default, embedding a scavenge pause within
alarger pause. Design of the Opportunistic Garbage Collector at 32.

As both Comer and the Opportunistic Garbage Collection Articles relate to
deletion of aged records, one of ordinary skill in the art would have understood
how to use the Opportunistic Garbage Collection Articles dynamic decision
on whether to perform a deletion based on a system load in other hash table
implementations such as Comer. Moreover, one of ordinary skill in the art
would recognize that it would improve similar systems and methods in the
sameway. Asthe’120 patent states“[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
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the linked list can be expanded to include techniques whereby not necessarily
all expired records are removed, and that the decision regarding if and how
many records to delete can be a dynamic one.” The’ 120 patent at 7:10-15.
Additionally, one of ordinary skill in the art would recognize that the result of
combining the Opportunistic Garbage Collection Articles’ deletion decision
procedure with Comer would be nothing more than the predictable use of prior
art elements according to their established functions.

By way of further example, one of ordinary skill in the art would have
combined the Opportunistic Garbage Collection Articles’ dynamic decision on
whether to perform a deletion and how many generations to scavenge as taught
by the Opportunistic Garbage Collection Articles and with Comer and would
have seen the benefits of doing so. One such benefit, for example, is that the
system would only perform deletions when the system was not already too
overloaded, thus preventing slowdown of the system.

Additionally, it would have been obvious to one of ordinary skill in the art to
modify the system disclosed in Comer to dynamically determine the maximum
number of expired recordsto remove in the accessed linked list of records. It
isafundamental concept in computer science and the relevant art that any
variable or parameter affecting any aspect of a system can be dynamically
determined based on information available to the system. One of ordinary skill
in the art would have been motivated to combine the system disclosed in
Comer with the fundamental concept of dynamically determining the
maximum number of expired records to remove in an accessed linked list of
records to solve a number of potential problems. For example, the removal of
expired records described in Comer can be burdensome on the system, adding
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to the system’ s load and slowing down the system’ s processing. Moreover, the
removal could also force an interruption in real-time processing as the
processing waits for the removal to complete.

One of ordinary skill in the art would have known that dynamically
determining the maximum number to remove would limit the burden on the
system and bound the length of any real-time interruption to prevent delaysin
processing. Indeed, Nemes concedes that such dynamic determination was
obvious when he states in the * 120 patent that “[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
the linked list can be expanded to include techniques whereby not necessarily
all expired records are removed, and that the decision regarding if and how
many records to delete can be adynamic one.” ‘120 at 7:10-15.
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Applications (EllisHorwood Ltd. 1990) (“Lester”) and others

1. Aninformation storage
and retrieval system, the
system comprising:

5. Aninformation storage
and retrieval system, the
system comprising:

To the extent the preamble is alimitation, Sessions discloses an information
storage and retrieval system.

For example, Sessions discloses that “[o]ur newly completed linked list
package can now form the basis for acache.” (Sessionsat 29). Thus, Sessions
inherently discloses an information storage and retrieval system. (Seeid.)

[1a] alinked list to store
and provide accessto
records stored in a memory
of the system, at least some
of the records
automatically expiring,

[5a] ahashing meansto
provide access to records
stored in amemory of the
system and using an
external chaining technique
to store the records with
same hash address, at |east
some of the records
automatically expiring,

Sessions discloses alinked list to store and provide access to records stored in
amemory of the system, at least some of the records automatically expiring.

To the extent that Bedrock argues that Sessions does not anticipate this claim
element, it would have been obvious to one of ordinary skill inthe art to
combine Sessions with Lester. Lester discloses hash tables where “the hash
table entries could be pointer-type values, or array indexes, or some encoding
of array indexes.” (Lester at 153). Lester further discloses an external
chaining technique to store the records with same hash address by stating
“[e]ach hash-table element that doesn't yet correspond to any data would
contain nil, otherwise it would point either

e toakeyedtableor to akeyed linked-list of those data-items whose keys

all hash to that placein the table”

(Seeid.). Lester also statesthat “| usually use akeyed linked-list: it issimple
to program, and if any of the lists get long it means that | should have made the
hash-array bigger, to get more lists, and therefore shorter lists.” (Lester at
154). Thus, Sessions and Lester show that one of ordinary skill in the art
understood how to utilize a hashing means to provide access to records stored
in amemory of the system and using an external chaining technique to store
the records with same hash address, and would recognize that it would improve
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similar systems and methods in the same way.

Sessions also discloses that a“function ca_add () assumesthat an item is not
in the cache,” and that “this function has three variable states. ... 2. The cache
isfull and an item must be discarded. Asalready described, the tail itemis
always discarded.” (Sessionsat 29).

[1b] arecord search means
utilizing a search key to
access the linked list,

[5b] arecord search means
utilizing a search key to
access alinked list of
records having the same
hash address,

Sessions discloses arecord search means utilizing a search key to access the
linked list.

For example, Sessions discloses that “[t]he next function, ca_check(),
searches the cache for a particular item, returning a value of true or false
depending on the search results. If the item isfound, it becomes the most
recently reference item and is promoted to the head of the list.
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ca check (lookfory /* See if item is in cache */
/¥ Heturn TRUE or FALSE
struct itemtype *lookfor;
{
atruct itemtype lookat,
cmpitem();

llhead {1 ;
for (;;) 1
llretrieve (&loolkatl);
if (cmpitem{loockfor, &lookat)) |
lldelete ()
lladdhead (&lockat] ;
return {1},
}
if ('llnext())
return (0,

1
(Sessions at 30).

To the extent that Bedrock argues that Sessions does not anticipate this claim
element, it would have been obviousto one of ordinary skill inthe art to
combine Sessions with Lester. For example, Lester discloses that “[t]he
complier should include “garbage collection” in a program translated from a
Pascal source that uses any pointer-types. when the program runs low on spare
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memory the garbage collection should search for any nodes that no longer have
pointers to them, and deallocate them, freeing up some spare.” (Lester at 69).
Therefore, Lester inherently discloses “accessing alinked list of records having
the same hash address.” (Seeid.) Thus, Sessions and Lester show that one of
ordinary skill in the art understood a record search means utilizing a search key
to access a linked list of records having the same hash address, and would
recognize that it would improve similar systems and methods in the same way.

[1c] therecord search
means including a means
for identifying and
removing at least some of
the expired ones of the
records from the linked list
when the linked list is
accessed, and

[5¢] therecord search
means including means for
identifying and removing
at least some expired ones
of the records from the
linked list of records when
the linked list is accessed,
and

Sessions discloses the record search means including a means for identifying
and removing at least some of the expired ones of the records from the linked
list when the linked list is accessed. Sessions also discloses the record search
means including means for identifying and removing at least some expired
ones of the records from the linked list of records when the linked list is
accessed.

For example, Sessions discloses the standard function £ree(), which “receives
a pointer to one of the blocks in the dynamic memory pool previously allocated
by malloc(). The pool isfirst scanned to validate the pointer, and then the
block isreleased for use. (Sessions at 78).

[1d] means, utilizing the
record search means, for
accessing the linked list
and, at the same time,
removing at least some of
the expired ones of the
recordsin the linked list.

[5d] med[n]s, utilizing the
record search means, for
inserting, retrieving, and
deleting records from the
system and, at the same
time, removing at |east
some expired ones of the
records in the accessed
linked list of records.

Sessions discloses means, utilizing the record search means, for accessing the
linked list and, at the same time, removing at |east some of the expired ones of
the recordsin the linked list. Sessions also discloses utilizing the record search
means, for inserting, retrieving, and deleting records from the system and, at
the same time, removing at least some expired ones of the recordsin the
accessed linked list of records.

For example, Sessions discloses that the “functions mmget () and mmfree()
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can solve this problem by dynamically collecting free memory into asingle
contiguous chunk. ... if aprogram usesmmget() to set a pointer p1 to a block
of memory, p1 will always point to the same values. Any dynamic memory
collection that results in relocating the memory block also resultsin an
automatic update of p1.” (Sessionsat 78-79).

Also, Sessions discloses that “[t]he static functions set free() and
consolidate() perform the work of freeing a used memory block. ... This
rudimentary garbage collection could be accomplished by the standard C
library function free() aswell. (Sessions at 83).

Further, Sessions discloses an exercise where the student must “[m]odify
mmfree() so that afull garbage collection is always performed with each call.
What are the advantages and disadvantages of this change?’ (Sessions at 86).

2. Theinformation storage
and retrieval system
accordingtoclam 1
further including means for
dynamically determining
maximum number for the
record search means to
remove in the accessed
linked list of records.

6. Theinformation storage
and retrieval system
accordingtoclam5
further including means for
dynamically determining
maximum number for the
record search means to
remove in the accessed
linked list of records.

Sessions discloses an information storage and retrieval system further
including means for dynamically determining maximum number for the record
search means to remove in the accessed linked list of records.

For example, Sessions discloses that “[h]owever many blocks we decide to
save, we would eventually read one block too many. Then we would have to
reuse the memory space occupied by one of the blocks. Which block should
be thrown away? The best block to discard is the block we would least likely
want again.” (Sessions at 89).

Sessions aso discloses aroutine ca_check () which “promote(s) any found
items to the head of the linked list, indicating their changed status to ‘ Most
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Recently Referenced.”” (Sessionsat 91).

Sessions further discloses an exercise where the student must “[m]odify
mmfree() so that garbage is collected whenever the largest single chunk of
available memory isless than % of the total available pool.” (Sessions at 86).
Thus, Sessions inherently discloses a means for dynamically determining
maximum number for the record search means to remove in the accessed
linked list of records. (Seeid.)

Sessions combined with Dirks, Thatte, the 663 patent and/or the Opportunistic
Garbage Collection Articles discloses an information storage and retrieval
system further including means for dynamically determining maximum
number for the record search means to remove in the accessed linked list of
records.

Dirks discloses the management of memory in a computer system and more
particularly to the alocation of address space in avirtual memory system,
which dynamically determines how many records to sweep/remove upon each
allocation. Disclosure of these claim elementsin Dirksis clearly shownin
Exhibit B-2, which is hereby incorporated by referencein its entirety.

As summarized in Dirks,

eachtimeaVSID is assigned from the free list to a new application or
thread, afixed number of entriesin the page table are scanned to determine
whether they have become inactive, by checking them against the VSIDs
on therecycle list. Each entry which isidentified as being inactive is
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removed from the page table. After al of the entriesin the page table have
been examined in this manner, the VSIDsin the recycle list can be
transferred to the freelist, since all of their associated page table entries
will have been removed. This approach thereby guarantees that a
predetermined number of VSIDs are always available in the free list
without requiring a time-consuming scan of the complete page table at
once. U.S. Patent No. 6,119,214 to Dirks at 7:2-14.

After [a] new VSID has been allocated, the system checks aflag RFLG
to determine whether arecycle sweep is currently in progress (Step 20).
If thereisno sweep in progress, i.e. RFLG isnot equal to one, a
determination is made whether a sweep should be initiated. Thisis done
by checking whether the inactive list isfull, i.e. whether it contains x
entries (Step 22). If the number of entries| on the inactivelist isless than
X, no further action is taken, and processing control returns to the
operating system (Step 24). If, however, theinactive list isfull at this
time, the flag RFLG is set (Step 26), the VSIDs on the inactive list are
transferred to the recyclelist, and an index nisreset to 1 (Step 28). The
system then sweeps a predetermined number of page table entries PT; on
the page table, to detect whether any of them are inactive, i.e. their
associated VSID ison the recycle list (Step 30). The predetermined
number of entries that are swept isidentified as k, where:

total number of page table entries

maximum number of active threads
Id. at 8:12-30.
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Dirks discloses that any approach can be employed to determine the number of
entries to be examined during each step of the sweeping process. Id. at 7:37-
40. Asstated in Dirks:

Any other suitable approach can be employed to determine the number of
entries to be examined during each step of the sweeping process. In this
regard, it is not necessary that the number of examined entries be fixed for
each step. Rather, it might vary from one step to the next. The only criterion
is that the number of entries examined on each step be such that all entriesin
the page table are examined in a determinable amount of time or by the
occurrence of a certain event, e.g. by thetime thelist of free VSIDsis empty.

|d. at 7:38-46. Thus, Dirks dynamically determines the maximum number of
records to sweep/remove by calculating avaluek. 1d. at 7:15-46, 7:66-8:56.

As both Sessions and Dirks relate to deletion of aged records upon the
allocation of a new incoming record, one of ordinary skill in the art would have
understood how to use Dirks dynamic decision making process of determining
the maximum number of records to sweep/remove in other hash tables
implementations such as Sessions. Moreover, one of ordinary skill in the art
would recognize that it would improve similar systems and methods in the
sameway. Asthe’120 patent states “[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
the linked list can be expanded to include techniques whereby not necessarily
al expired records are removed, and that the decision regarding if and how
many records to delete can be adynamic one.” The’120 patent at 7:10-15.
Additionally, one of ordinary skill in the art would recognize that the result of
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combining Dirks' deletion decision procedure with Sessions nothing more than
the predictable use of prior art elements according to their established
functions.

By way of further example, one of ordinary skill in the art would have
combined Dirks dynamic determination of the suitable number of entriesto
examine during each step of the sweeping process with Sessions and would
have seen the benefits of doing so. One possible benefit, for example, is
saving the system from performing sometimes time-consuming sweeps.”

Alternatively, one of ordinary skill in the art would be motivated to, and would
understand how to, combine the system disclosed in Sessions with the means
for dynamically determining maximum number for the record search means to
remove in the accessed linked list of records disclosed by Thatte. Thatte,
discloses a system and method using hash tables and/or linked lists and further
discloses means for dynamically determining the maximum number for the
record search means to remove in the accessed linked list of records. The
disclosure of these claim elements in Thatte is clearly shown in the chart of
Thatte, which is hereby incorporated by reference in its entirety.

Moreover, one of ordinary skill in the art would recognize that these
combinations would improve the similar systems and methods in the same
way. Additionaly, one of ordinary skill in the art would recognize that the
result of combining Sessions with Thatte would be nothing more than the
predictable use of prior art e ements according to their established functions.
The resulting combination would include the capability to determine the
maximum number for the record search means to remove.
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EXHIBIT C-9

Asserted Claims From
U.S. Pat. No. 5,893,120

Roger Sessions, Reusable Data Structuresfor C (Prentice-Hall, Inc. 1989)
(* Sessions’) alone and in combination with Kit Lester, A Practical
Approach to Data Structures. Related Algorithmsin Pascal with
Applications (EllisHorwood Ltd. 1990) (“Lester”) and others

Further, one of ordinary skill in the art would be motivated to combine
Sessions with Thatte and recognize the benefits of doing so. For example, the
removal of expired records described in Sessions can be burdensome on the
system, adding to the system’ s load and slowing down the system’s
processing. One of ordinary skill in the art would recognize that combining
Sessions with the teachings of Thatte would solve this problem by dynamically
determining how many records to delete based on, among other things, the
system load. Moreover, the '120 patent discloses that "[a] person skilled in the
art will appreciate that the technique of removing all expired records while
searching the linked list can be expanded to include techniques whereby not
necessarily all expired records are removed, and that the decision regarding if
and how many records to delete can be adynamic one." '120 at 7:10-15. Thus,
the 120 patent provides motivations to combine Sessions with Thatte.

Alternatively, it would also be obvious to combine Sessionswith the ' 663
patent. Disclosure of these claim elements in the’ 663 patent is clearly shown
in the chart of the ‘663 patent, which is hereby incorporated by referencein its
entirety. Assummarized in the’ 663 patent:

during normal times when the load on the storage system is not
excessive, a non-contaminating but slow deletion of records is
used. This slow, non-contaminating deletion involves closing
the collision-resolution chain of locations by moving a record
from alater position in the chain into the position of the record
to be deleted. This leaves no deleted record locations in the
storage space to slow down future searches. U.S. Patent
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EXHIBIT C-9

Asserted Claims From
U.S. Pat. No. 5,893,120

Roger Sessions, Reusable Data Structuresfor C (Prentice-Hall, Inc. 1989)
(* Sessions’) alone and in combination with Kit Lester, A Practical
Approach to Data Structures. Related Algorithmsin Pascal with
Applications (EllisHorwood Ltd. 1990) (“Lester”) and others

4,996,663 to Nemes at 2:24-34 (“The ' 663 patent”).

In times of heavy use, when deletions must be done rapidly and
no time is available for decontamination, the record is simply
marked as “deleted” and left in place. Later non-contaminating
probes in the vicinity of such deleted record locations
automatically remove the contaminating deleted records by
moving records in the chain as described above. Id. at 2:35-41.

This hybrid hashing technique has the decided advantage of
automatically eliminating contamination caused by the fast-
secure deletion procedure when the slower, non-contaminating
deletion is used when the load on the system is at lower levels.
Id. at 2:42-46.

This hybrid deletion is shown in Figure 5.
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FIG.5

HYBRID
DELETION
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SYSTEM

LOAD >
THRESHOLD

FAST-SECURE | (52 SLON-NON-
DELETE S CONTAMINATING |_S™ >

F16.7) DELETE

(F16.6)

i
54
STOP

Id. at Figure 5.

During the hybrid deletion procedure decision block 51 checks the system load
to determine if the system load is greater than athreshold. If the system load is
greater than the threshold, then afast-secure delete 52 isused. |1d. at 6:40-64,

Figure 5. On the other hand, if the system load is less than the threshold, then a
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(* Sessions’) alone and in combination with Kit Lester, A Practical
Approach to Data Structures. Related Algorithmsin Pascal with
Applications (EllisHorwood Ltd. 1990) (“Lester”) and others

slow-non-contaminating delete 53 isused. Id. The fast-secure delete 52 does
not actually delete records, rather it marks records as deleted. 1d. at 8:1-33,
Figure 7. These records are then actually deleted by a subsequent slow-non-
contaminating delete 53. 1d. at 6:65-7:68, Figures 6, 6A, 6B.

Thus, the hybrid deletion procedure in the ' 663 patent dynamically determines
amaximum number of records to remove. Seeid. at 6:40-64, Figure 5. If the
fast-secure delete 52 is used, then maximum number of records is zero because
records are not deleted they are only marked. Id. at 8:1-33, Figure 7. If the
slow-non-contaminating delete 53 is used, then the maximum number of
records to remove is al of the contaminated records in the bucket. 1d. at 6:65-
7:68, Figures 6, 6A, 6B.

As both Sessions and the 663 patent relate to deletion of records from hash
tables using external chaining, one of ordinary skill in the art would
understood how to use the ' 663 patent’ s dynamic decision on whether to
perform a deletion based on a systems load in other hash table implementations
such asthat described in Sessions. Moreover, one of ordinary skill in the art
would recognize that it would improve similar systems and methods in the
sameway. Asthe’120 patent states“[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
the linked list can be expanded to include techniques whereby not necessarily
all expired records are removed, and that the decision regarding if and how
many records to delete can be a dynamic one.” The’ 120 patent at 7:10-15.
Additionally, one of ordinary skill in the art would recognize that the result of
combining the’ 663 patent’ s deletion decision procedure with Sessions would
be nothing more than the predictable use of prior art elements according to
their established functions.
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By way of further example, one of ordinary skill in the art would have
combined the’ 663 patent’ s dynamic decision on whether to perform a deletion
based on a systems load as taught by the ' 663 patent and with Sessions and
would have seen the benefits of doing so. One such benefit, for example, is
that the system would avoid performing del etions when the system load
exceeded a threshold.

Alternatively, it would also be obvious to combine Sessions with the
Opyportunistic Garbage Collection Articles.

The Opportunistic Garbage Collection Articles disclose a generational based
garbage collection which dynamically determines how much garbage to
collect. See generally, Paul R. Wilson and Thomas G. Moher, Design of the
Opportunistic Garbage Collector, OOPSLA ’ 89 Proceedings, October 1-6,
1989; Paul R. Wilson, Opportunistic Garbage Collection, ACM SIGPLAN
Notices, Vol. 23, No. 12, December 1988.

When a significant pause has been detected, a decision procedureis
invoked to decide whether to garbage collect, and how many generations to
scavenge. The fuller ageneration is, the more likely it is to be scavenged;
also, the longer the pause that has been detected, the larger the scope of the
garbage collectionislikely to be. Design of the Opportunistic Garbage
Collector at 32.

Every time a user-input routine is invoked, a decision routine can decide
whether to garbage collect. Aslong as the decision routine takes no more
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EXHIBIT C-9

Asserted Claims From Roger Sessions, Reusable Data Structuresfor C (Prentice-Hall, Inc. 1989)
U.S. Pat. No. 5,893,120 (“Sessions’) alone and in combination with Kit Lester, A Practical
Approach to Data Structures. Related Algorithmsin Pascal with
Applications (EllisHorwood Ltd. 1990) (“Lester”) and others

than afew milliseconds to execute, it should not interfere with
responsiveness. Sinceit isonly invoked at these times, it does not incur a
continual run-time overhead. Opportunistic Garbage Collection at 100.

This decision routine should take several things into account: 1) the volume
of data allocated since the last scavenge, 2) how long it has been since the
user has had an opportunity to interact, and 3) the height of the stack
relative to its average height at reads since the last scavenge. If the product
of the allocation and the compute timeis high, and if the stack islow, the
scavenge favorability measureis high. If it is especially high, amulti-
generation scavengeisin order. Id.

If these heuristics fail and a scavenge is forced instead by the filling of a
generation’ s space, it islikely to happen during a significant compute-
bound pause--the one that has just allocated the data that forced the
collection. When the opportunistic mechanism fails to find the end of a
pause, it may still succeed by default, embedding a scavenge pause within
alarger pause. Design of the Opportunistic Garbage Collector at 32.

As both Sessions and the Opportunistic Garbage Collection Articles relate to
deletion of aged records, one of ordinary skill in the art would have understood
how to use the Opportunistic Garbage Collection Articles dynamic decision
on whether to perform a deletion based on a system load in other hash table
implementations such as Sessions. Moreover, one of ordinary skill in the art
would recognize that it would improve similar systems and methods in the
sameway. Asthe’120 patent states“[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
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the linked list can be expanded to include techniques whereby not necessarily
all expired records are removed, and that the decision regarding if and how
many records to delete can be a dynamic one.” The’ 120 patent at 7:10-15.
Additionally, one of ordinary skill in the art would recognize that the result of
combining the Opportunistic Garbage Collection Articles’ deletion decision
procedure with Sessions would be nothing more than the predictable use of
prior art elements according to their established functions.

By way of further example, one of ordinary skill in the art would have
combined the Opportunistic Garbage Collection Articles’ dynamic decision on
whether to perform a deletion and how many generations to scavenge as taught
by the Opportunistic Garbage Collection Articles and with Sessions and would
have seen the benefits of doing so. One such benefit, for example, is
preventing slowdown of the system.

Additionally, it would have been obvious to one of ordinary skill in the art to
modify the system disclosed in Sessions to dynamically determine the
maximum number of expired recordsto remove in the accessed linked list of
records. Itisafundamental concept in computer science and the relevant art
that any variable or parameter affecting any aspect of a system can be
dynamically determined based on information available to the system. One of
ordinary skill in the art would have been motivated to combine the system
disclosed in Sessions with the fundamental concept of dynamically
determining the maximum number of expired records to remove in an accessed
linked list of records to solve a number of potential problems. For example,
the removal of expired records described in Sessionscan be burdensome on the
system, adding to the system’s load and slowing down the system’s

Plaintiff’s Invalidity Contentions & Production of

Documents

US2008 1290284.1

16 Case No. 6:09-CV-549-LED




EXHIBIT C-9

Asserted Claims From
U.S. Pat. No. 5,893,120

Roger Sessions, Reusable Data Structuresfor C (Prentice-Hall, Inc. 1989)
(* Sessions’) alone and in combination with Kit Lester, A Practical
Approach to Data Structures. Related Algorithmsin Pascal with
Applications (EllisHorwood Ltd. 1990) (“Lester”) and others

processing. Moreover, the removal could also force an interruption in real-
time processing as the processing waits for the removal to complete.

One of ordinary skill in the art would have known that dynamically
determining the maximum number to remove would limit the burden on the
system and bound the length of any real-time interruption to prevent delaysin
processing. Indeed, Nemes concedes that such dynamic determination was
obvious when he states in the * 120 patent that “[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
the linked list can be expanded to include techniques whereby not necessarily
al expired records are removed, and that the decision regarding if and how
many records to delete can be adynamic one.” ‘120 at 7:10-15.

3. A method for storing
and retrieving information
records using alinked list
to store and provide access
to the records, at |east
some of the records
automatically expiring, the
method comprising the
steps of

7. A method for storing
and retrieving information
records using a hashing
technique to provide access
to the records and using an
external chaining technique
to store the records with
same hash address, at |east
some of the records
automatically expiring, the
method comprising the
steps of:

To the extent the preamble is a limitation, Sessions discloses a method for
storing and retrieving information records using a linked list to store and
provide access to the records, at least some of the records automatically
expiring.

To the extent that Bedrock argues that Sessions does not anticipate this claim
element, it would have been obvious to one of ordinary skill inthe art to
combine Sessions with Lester. Lester discloses hash tables where “the hash
table entries could be pointer-type values, or array indexes, or some encoding
of array indexes.” (Lester at 153). Lester further discloses an external
chaining technique to store the records with same hash address by stating
“[e]ach hash-table element that doesn't yet correspond to any data would
contain nil, otherwise it would point either

e toakeyedtableor to akeyed linked-list of those data-items whose keys
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all hash to that place in the table”
(Seeid.). Lester also statesthat “| usually use akeyed linked-list: it issimple
to program, and if any of the lists get long it means that | should have made the
hash-array bigger, to get more lists, and therefore shorter lists.” (Lester at
154). Thus, Sessions and Lester show that one of ordinary skill in the art
understood how to utilize a hashing means to provide access to records stored
in amemory of the system and using an external chaining technique to store
the records with same hash address, and would recognize that it would improve
similar systems and methods in the same way.

For example, Sessions discloses that “[o]ur newly completed linked list
package can now form the basis for acache.” (Sessionsat 29). Thus, Sessions
inherently discloses a method for storing and retrieving information records
using alinked list to store and provide access to the records.

Sessions aso discloses that a“function ca_add () assumesthat an item is not
in the cache,” and that “this function has three variable states. ... 2. The cache
isfull and an item must be discarded. Asalready described, the tail itemis
always discarded.” (Sessionsat 29).

[3a] accessing the linked [7a] accessing alinked list

list of records,

of records having same
hash address,

Sessions discloses accessing alinked list of records.

For example, Sessions discloses that “[t]he next function, ca_check(),
searches the cache for a particular item, returning a value of true or false
depending on the search results. If the item isfound, it becomes the most
recently reference item and is promoted to the head of the list.
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ca check (lookfory /* See if item is in cache */
/¥ Heturn TRUE or FALSE
struct itemtype *lookfor;
{
atruct itemtype lookat,
cmpitem();

llhead {1 ;
for (;;) 1
llretrieve (&loolkatl);
if (cmpitem{loockfor, &lookat)) |
lldelete ()
lladdhead (&lockat] ;
return {1},
}
if ('llnext())
return (0,

1
(Sessions at 30).

To the extent that Bedrock argues that Sessions does not anticipate this claim
element, it would have been obviousto one of ordinary skill inthe art to
combine Sessions with Lester. For example, Lester discloses that “[t]he
complier should include “garbage collection” in a program translated from a
Pascal source that uses any pointer-types. when the program runs low on spare
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memory the garbage collection should search for any nodes that no longer have
pointers to them, and deallocate them, freeing up some spare.” (Lester at 69).
Thus, Lester inherently discloses “accessing alinked list of records having
same hash address.” (Seeid.) Together, Sessions and L ester show that one of
ordinary skill in the art understood how to access a linked list of records
having same hash address, and would recognize that it would improve similar
systems and methods in the same way.

[3b] identifying at |east
some of the automatically
expired ones of the records,
and

[7b] identifying at |east
some of the automatically
expired ones of the records,

Sessions discloses identifying at |east some of the automatically expired ones
of therecords. Sessions also discloses identifying at least some of the
automatically expired ones of the records.

For example, Sessions discloses the standard function £ree(), which “receives
a pointer to one of the blocks in the dynamic memory pool previously allocated
by malloc(). Thepool isfirst scanned to validate the pointer, and then the
block isreleased for use. (Sessions at 78).

[3c] removing at least
some of the automatically
expired records from the
linked list when the linked
list isaccessed.

[7c] removing at least
some of the automatically
expired records from the
linked list when the linked
list isaccessed, and

Sessions discloses removing at |east some of the automatically expired records
from the linked list when the linked list is accessed. Sessions also discloses
removing at least some of the automatically expired records from the linked
list when the linked list is accessed.

Also, Sessions discloses that “[t]he static functions set free() and
consolidate() perform the work of freeing a used memory block. ... This
rudimentary garbage collection could be accomplished by the standard C
library function free() aswell. (Sessionsat 83).

Further, Sessions discloses an exercise where the student must “[m]odify
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mmf ree() so that afull garbage collection is always performed with each call.
What are the advantages and disadvantages of this change?’ (Sessions at 86).

[7d] inserting, retrieving
or deleting one of the

Sessions discloses inserting, retrieving or deleting one of the records from the
system following the step of removing.

records from the system
following the step of For example, Sessions discloses deleting one of the records from the system in
removing. the consolidate() function following the step of removing.
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static consolidate{first, second)
struct memory_type *first, *second:
{
first-=nbytes += second->nbytes;
first-»start =
(first-=start < second-=atart) 7
(first-=start) isecond-=start) ;

/* Consolidate sizes. #/
/% See which is first. =/

}

statie setfree()

{

struct memory type *free, *other;

/* Prepare current bhlock for freedom.

__________________________________ #

free = llexamine (}; /* Spe which block is current. ®f
free-=addr_owner = 0, /= Note that block is unowned... */
free->type = FHEE; /# ... and available for use. i

/* If previous block iz also free, consclidate.
____________________________________________ &/
if (!1lishead()) | /= Don't go beyond head, A
1lprevious (}; /* Check the previous block. =/
other = llexamine (};
if fother-»type — FHREE) |
consolidate (free, other);
lldelete();
(Sessions at 83).

J¥ If free, consolidate. *f

4. The method according to | 8. The method according

Sessions discloses dynamically determining maximum number of expired ones
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claim 3 further including
the step of dynamically
determining maximum
number of expired ones of
the records to remove
when the linked list is
accessed.

to claim 7 further including
the step of dynamically
determining maximum
number of expired ones of
the records to remove
when the linked list is
accessed.

of the records to remove when the linked list is accessed.

For example, Sessions discloses that “[h]owever many blocks we decide to
save, we would eventually read one block too many. Then we would have to
reuse the memory space occupied by one of the blocks. Which block should
be thrown away? The best block to discard is the block we would least likely
want again.” (Sessions at 89).

Sessions also discloses aroutine ca_check () which “promote(s) any found
items to the head of the linked list, indicating their changed statusto ‘Most
Recently Referenced.’” (Sessionsat 91).

Sessions further discloses an exercise where the student must “[m]odify
mmfree() so that garbage is collected whenever the largest single chunk of
available memory isless than % of the total available pool.” (Sessions at 86).
Thus, Sessions inherently discloses a step of dynamically determining
maximum number of expired ones of the records to remove when the linked
listisaccessed. (Seeid.)

Sessions combined with Dirks, Thatte, the’ 663 patent, and/or the
Opportunistic Garbage Collection Articles discloses dynamically determining

maximum number of expired ones of the records to remove when the linked
list isaccessed.

Dirks discloses the management of memory in a computer system and more
particularly to the alocation of address space in avirtual memory system,
which dynamically determines how many records to sweep/remove upon each
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alocation. Disclosure of these claim elementsin Dirksis clearly shown in the
chart of Dirks, which is hereby incorporated by reference in its entirety.

As summarized in Dirks,

eachtimeaVSID is assigned from the free list to a new application or
thread, afixed number of entriesin the page table are scanned to determine
whether they have become inactive, by checking them against the VSIDs
on therecyclelist. Each entry which isidentified as being inactive is
removed from the page table. After al of the entriesin the page table have
been examined in this manner, the VSIDsin the recycle list can be
transferred to the free list, since al of their associated page table entries
will have been removed. This approach thereby guarantees that a
predetermined number of VSIDs are always available in the free list
without requiring a time-consuming scan of the complete page table at
once. U.S. Patent No. 6,119,214 to Dirks at 7:2-14.

After [a] new VSID has been allocated, the system checks aflag RFLG
to determine whether arecycle sweep is currently in progress (Step 20).
If thereisno sweep in progress, i.e. RFLG isnot equal to one, a
determination is made whether a sweep should be initiated. Thisis done
by checking whether the inactive list isfull, i.e. whether it contains x
entries (Step 22). If the number of entries | on the inactive list isless than
X, no further action is taken, and processing control returns to the
operating system (Step 24). If, however, the inactive list isfull at this
time, the flag RFLG is set (Step 26), the VSIDs on the inactive list are
transferred to the recyclelist, and an index nisreset to 1 (Step 28). The
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system then sweeps a predetermined number of page table entries PT; on
the page table, to detect whether any of them are inactive, i.e. their
associated VSID ison therecycle list (Step 30). The predetermined
number of entries that are swept isidentified as k, where:

total number of page table entries
maximum number of active threads

Id. at 8:12-30.

Dirks discloses that any approach can be employed to determine the number of
entries to be examined during each step of the sweeping process. Id. at 7:37-
40. Asstated in Dirks:

Any other suitable approach can be employed to determine the number of
entries to be examined during each step of the sweeping process. In this
regard, it is not necessary that the number of examined entries be fixed for
each step. Rather, it might vary from one step to the next. The only criterion
isthat the number of entries examined on each step be such that all entriesin
the page table are examined in a determinable amount of time or by the
occurrence of a certain event, e.g. by thetimethelist of free VSIDsis empty.

Id. at 7:38-46. Thus, Dirks dynamically determines the maximum number of
records to sweep/remove by calculating avaluek. 1d. at 7:15-46, 7:66-8:56.

As both Sessions and Dirks relate to deletion of aged records upon the
allocation of a new incoming record, one of ordinary skill in the art would have
understood how to use Dirks' dynamic decision making process of determining
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the maximum number of records to sweep/remove in other hash tables
implementations such as that described Sessions. Moreover, one of ordinary
skill in the art would recognize that it would improve similar systems and
methods in the same way. Asthe’ 120 patent states “[a] person skilled in the
art will appreciate that the technique of removing all expired records while
searching the linked list can be expanded to include techniques whereby not
necessarily all expired records are removed, and that the decision regarding if
and how many records to delete can be adynamic one.” The’120 patent at
7:10-15. Additionally, one of ordinary skill in the art would recognize that the
result of combining Dirks' deletion decision procedure with Sessions would be
nothing more than the predictable use of prior art elements according to their
established functions.

By way of further example, one of ordinary skill in the art would have
combined Dirks' dynamic determination of the suitable number of entriesto
examine during each step of the sweeping process with Sessions and would
have seen the benefits of doing so. One possible benefit, for example, is
saving the system from performing someti mes time-consuming sweeps.

Alternatively, one of ordinary skill in the art would be motivated to, and would
understand how to, combine the system disclosed in Sessions with the means
for dynamically determining maximum number for the record search means to
remove in the accessed linked list of records disclosed by Thatte. Thatte,
discloses a system and method using hash tables and/or linked lists and further
discloses means for dynamically determining the maximum number for the
record search means to remove in the accessed linked list of records. The
disclosure of these claim elements in Thatte is clearly shown in the chart of
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Thatte, which is hereby incorporated by reference in its entirety.

Moreover, one of ordinary skill in the art would recognize that these
combinations would improve the similar systems and methods in the same
way. Additionaly, one of ordinary skill in the art would recognize that the
result of combining Sessions with Thatte would be nothing more than the
predictable use of prior art e ements according to their established functions.
The resulting combination would include the capability to determine the
maximum number for the record search means to remove.

Further, one of ordinary skill in the art would be motivated to combine
Sessions with Thatte and recognized the benefits of doing so. For example, the
removal of expired records described in Sessionscan be burdensome on the
system, adding to the system’s load and slowing down the system’s

processing. One of ordinary skill in the art would recognize that combining
Sessions with the teachings of Thatte would solve this problem by dynamically
determining how many records to delete based on, anong other things, the
system load. Moreover, the '120 patent disclosesthat "[a] person skilled in the
art will appreciate that the technique of removing all expired records while
searching the linked list can be expanded to include techniques whereby not
necessarily all expired records are removed, and that the decision regarding if
and how many records to delete can be adynamic one." '120 at 7:10-15. Thus,
the '120 patent provides motivations to combine Sessions with Thatte.

Alternatively, it would also be obvious to combine Sessions with the ' 663
patent. Disclosure of these claim elements in the’ 663 patent is clearly shown
in the chart of the ‘663 patent, which is hereby incorporated by referencein its
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entirety. Assummarized in the’ 663 patent:

during normal times when the load on the storage system is not
excessive, a non-contaminating but slow deletion of records is
used. This slow, non-contaminating deletion involves closing
the collision-resolution chain of locations by moving a record
from alater position in the chain into the position of the record
to be deleted. This leaves no deleted record locations in the
storage space to sow down future searches. U.S. Patent
4,996,663 to Nemes at 2:24-34 (“ The ' 663 patent”).

In times of heavy use, when deletions must be done rapidly and
no time is available for decontamination, the record is simply
marked as “deleted” and left in place. Later non-contaminating
probes in the vicinity of such deleted record locations
automatically remove the contaminating deleted records by
moving records in the chain as described above. Id. at 2:35-41.

This hybrid hashing technique has the decided advantage of
automatically eliminating contamination caused by the fast-
secure deletion procedure when the slower, non-contaminating
deletion is used when the load on the system is at lower levels.
Id. at 2:42-46.

This hybrid deletion is shown in Figure 5.
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FIG.5
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Id. at Figure 5.

During the hybrid deletion procedure decision block 51 checks the system load
to determine if the system load is greater than athreshold. If the system load is
greater than the threshold, then afast-secure delete 52 isused. |1d. at 6:40-64,

Figure 5. On the other hand, if the system load is less than the threshold, then a
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slow-non-contaminating delete 53 isused. Id. The fast-secure delete 52 does
not actually delete records, rather it marks records as deleted. 1d. at 8:1-33,
Figure 7. These records are then actually deleted by a subsequent slow-non-
contaminating delete 53. 1d. at 6:65-7:68, Figures 6, 6A, 6B.

Thus, the hybrid deletion procedure in the ' 663 patent dynamically determines
amaximum number of records to remove. Seeid. at 6:40-64, Figure 5. If the
fast-secure delete 52 is used, then maximum number of records is zero because
records are not deleted they are only marked. Id. at 8:1-33, Figure 7. If the
slow-non-contaminating delete 53 is used, then the maximum number of
recordsto remove isall of the contaminated records in the bucket. 1d. at 6:65-
7:68, Figures 6, 6A, 6B.

As both Sessions and the ’ 663 patent relate to deletion of records from hash
tables using external chaining, one of ordinary skill in the art would

understood how to use the ' 663 patent’ s dynamic decision on whether to
perform a deletion based on a systems load in other hash table implementations
such as Sessions. Moreover, one of ordinary skill in the art would recognize
that it would improve similar systems and methods in the same way. Asthe
"120 patent states “[a] person skilled in the art will appreciate that the
technique of removing all expired records while searching the linked list can
be expanded to include techniques whereby not necessarily all expired records
are removed, and that the decision regarding if and how many records to delete
can be adynamic one.” The’120 patent at 7:10-15. Additionally, one of
ordinary skill in the art would recognize that the result of combining the ’ 663
patent’ s deletion decision procedure with Sessions would be nothing more than
the predictable use of prior art elements according to their established

Plaintiff’s Invalidity Contentions & Production of

Documents

US2008 1290284.1

30 Case No. 6:09-CV-549-LED




EXHIBIT C-9

Asserted Claims From
U.S. Pat. No. 5,893,120

Roger Sessions, Reusable Data Structuresfor C (Prentice-Hall, Inc. 1989)
(* Sessions’) alone and in combination with Kit Lester, A Practical
Approach to Data Structures. Related Algorithmsin Pascal with
Applications (EllisHorwood Ltd. 1990) (“Lester”) and others

functions.

By way of further example, one of ordinary skill in the art would have
combined the’ 663 patent’ s dynamic decision on whether to perform a deletion
based on a systems |oad as taught by the 663 patent and with Sessions and
would have seen the benefits of doing so. One such benefit, for example, is
that the system would avoid performing del etions when the system load
exceeded a threshold.

Alternatively, it would also be obvious to combine Sessions with the
Opportunistic Garbage Collection Articles.

The Opportunistic Garbage Collection Articles disclose a generational based
garbage collection which dynamically determines how much garbage to
collect. See generally, Paul R. Wilson and Thomas G. Moher, Design of the
Opportunistic Garbage Collector, OOPSLA ' 89 Proceedings, October 1-6,
1989; Paul R. Wilson, Opportunistic Garbage Collection, ACM SIGPLAN
Notices, Vol. 23, No. 12, December 1988.

When a significant pause has been detected, a decision procedureis
invoked to decide whether to garbage collect, and how many generationsto
scavenge. The fuller ageneration is, the more likely it isto be scavenged;
also, the longer the pause that has been detected, the larger the scope of the
garbage collection islikely to be. Design of the Opportunistic Garbage
Collector at 32.

Every time a user-input routine is invoked, a decision routine can decide
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whether to garbage collect. Aslong as the decision routine takes no more
than afew milliseconds to execute, it should not interfere with
responsiveness. Sinceit isonly invoked at these times, it does not incur a
continual run-time overhead. Opportunistic Garbage Collection at 100.

This decision routine should take several thingsinto account: 1) the volume
of data allocated since the last scavenge, 2) how long it has been since the
user has had an opportunity to interact, and 3) the height of the stack
relative to its average height at reads since the last scavenge. If the product
of the allocation and the compute timeis high, and if the stack islow, the
scavenge favorability measureis high. If it is especially high, amulti-
generation scavengeisin order. Id.

If these heuristics fail and a scavenge is forced instead by the filling of a
generation’ s space, it islikely to happen during a significant compute-
bound pause--the one that has just allocated the data that forced the
collection. When the opportunistic mechanism fails to find the end of a
pause, it may still succeed by default, embedding a scavenge pause within
alarger pause. Design of the Opportunistic Garbage Collector at 32.

As both Sessions and the Opportunistic Garbage Collection Articlesrelate to
deletion of aged records, one of ordinary skill in the art would have understood
how to use the Opportunistic Garbage Collection Articles' dynamic decision
on whether to perform a deletion based on a system load in other hash table
implementations such as Sessions. Moreover, one of ordinary skill in the art
would recognize that it would improve similar systems and methods in the
sameway. Asthe’120 patent states “[a] person skilled in the art will
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appreciate that the technique of removing all expired records while searching
the linked list can be expanded to include techniques whereby not necessarily
al expired records are removed, and that the decision regarding if and how
many records to delete can be adynamic one.” The’ 120 patent at 7:10-15.
Additionally, one of ordinary skill in the art would recognize that the result of
combining the Opportunistic Garbage Collection Articles deletion decision
procedure with Sessions would be nothing more than the predictable use of
prior art elements according to their established functions.

By way of further example, one of ordinary skill in the art would have
combined the Opportunistic Garbage Collection Articles dynamic decision on
whether to perform a deletion and how many generations to scavenge as taught
by the Opportunistic Garbage Collection Articles and with Sessions and would
have seen the benefits of doing so. One such benefit, for example, is that the
system would only perform del etions when the system was not already too
overloaded, thus preventing slowdown of the system.

Additionally, it would have been obvious to one of ordinary skill in the art to
modify the system disclosed in Sessions to dynamically determine the
maximum number of expired recordsto remove in the accessed linked list of
records. Itisafundamental concept in computer science and the relevant art
that any variable or parameter affecting any aspect of a system can be
dynamically determined based on information available to the system. One of
ordinary skill in the art would have been motivated to combine the system
disclosed in Sessions with the fundamental concept of dynamically
determining the maximum number of expired records to remove in an accessed
linked list of records to solve a number of potential problems. For example,
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the removal of expired records described in Sessions can be burdensome on the
system, adding to the system’s load and slowing down the system’s

processing. Moreover, the removal could also force an interruption in real-
time processing as the processing waits for the removal to complete.

One of ordinary skill in the art would have known that dynamically
determining the maximum number to remove would limit the burden on the
system and bound the length of any real-time interruption to prevent delaysin
processing. Indeed, Nemes concedes that such dynamic determination was
obvious when he states in the * 120 patent that “[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
the linked list can be expanded to include techniques whereby not necessarily
al expired records are removed, and that the decision regarding if and how
many records to delete can be adynamic one.” ‘120 at 7:10-15.
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1. Aninformation storage
and retrieval system, the
system comprising:

5. An information storage
and retrieval system, the
system comprising:

To the extent the preamble is alimitation, Van Wyk 2 discloses an information
storage and retrieval system.

For example, Van Wyk 2 discloses external data structures, explaining that
“File systems are a familiar example of an external data structure.” (Van Wyk
2 at 142).

[1a] alinked list to store
and provide accessto
records stored in a memory
of the system, at least some
of the records
automatically expiring,

[5a] ahashing meansto
provide access to records
stored in amemory of the
system and using an
external chaining technique
to store the records with
same hash address, at |east
some of the records
automatically expiring,

Van Wyk 2 discloses alinked list to store and provide access to records stored
in amemory of the system, at least some of the records automatically expiring.
Van Wyk 2 also discloses a hashing means to provide access to records stored
in amemory of the system and using an external chaining technique to store
the records with same hash address, at least some of the records automatically
expiring.

For example, Van Wyk 2 discloses that “[i]f the header nodes can be linked
together, then no arbitrary limit on file size need be imposed.” (Van Wyk 2 at
142). Therefore, Van Wyk 2 inherently discloses alinked list to store and
provide access to records stored in amemory of the system. (Seeid.)

Van Wyk 2 further discloses that “[i]n the reference count scheme for garbage
collection, each node contains a value that tells how many pointers point to it.
When a node' s reference count becomes zero, the node is garbage and can be
collected. (Van Wyk 2 at 145). Thus, Van Wyk 2 inherently discloses that at
least some of the records are automatically expiring. (Seeid.)

Van Wyk 2 further discloses that “[h]ashing with linked listsis an excellent
solution to many searching problems. At the price of some space for pointers,
we obtain atable of potentialy unlimited size that readily supports insertions
and deletions.” (Van Wyk 2 at 186).
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[1b] arecord search means
utilizing a search key to
access the linked lit,

[5b] arecord search means
utilizing a search key to
access alinked list of
records having the same
hash address,

Van Wyk 2 discloses arecord search means utilizing a search key to access the
linked list. Van Wyk 2 also discloses arecord search means utilizing a search
key to access alinked list of records having the same hash address.

For example, Van Wyk 2 discloses that “a successful search will examine only
slots that contain items with the same hash value as that of the sought item; we
need only examine other items when we seek space in which to store a new
item.” (Van Wyk 2 at 187).

[1c] therecord search
means including a means
for identifying and
removing at least some of
the expired ones of the
records from the linked list
when the linked list is
accessed, and

[5¢] therecord search
means including means for
identifying and removing
at least some expired ones
of the records from the
linked list of records when
the linked list is accessed,
and

Van Wyk 2 discloses the record search means including a means for
identifying and removing at least some of the expired ones of the records from
the linked list when the linked list is accessed. Van Wyk 2 also discloses the
record search means including means for identifying and removing at |east
some expired ones of the records from the linked list of records when the
linked list is accessed.

For example, Van Wyk 2 discloses that “[i]n the reference count scheme for
garbage collection, each node contains a value that tells how many pointers
point to it. When anode’ s reference count becomes zero, the node is garbage
and can be collected. (Van Wyk 2 at 145).

[1d] means, utilizing the
record search means, for
accessing the linked list
and, at the same time,
removing at least some of
the expired ones of the
recordsin the linked list.

[5d] mea[n]s, utilizing the
record search means, for
inserting, retrieving, and
deleting records from the
system and, at the same
time, removing at least
some expired ones of the
records in the accessed
linked list of records.

Van Wyk 2 discloses means, utilizing the record search means, for accessing
the linked list and, at the same time, removing at least some of the expired ones
of therecordsin the linked list. Van Wyk 2 also discloses utilizing the record
search means, for inserting, retrieving, and deleting records from the system
and, at the same time, removing at least some expired ones of the recordsin the
accessed linked list of records.

For example, Van Wyk 2 discloses “[t]he lazy approach to garbage collection
isto collect only in emergencies. Thus, when an alocation fails, we sweep
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through memory hoping to pick up and de-allocate enough garbage to permit
the program to continue.” (Van Wyk 2 at 146).

2. Theinformation storage
and retrieval system
accordingtoclam 1
further including means for
dynamically determining
maximum number for the
record search meansto
remove in the accessed
linked list of records.

6. Theinformation storage
and retrieval system
accordingtoclam5
further including means for
dynamically determining
maximum number for the
record search means to
remove in the accessed
linked list of records.

Van Wyk 2 discloses an information storage and retrieval system further
including means for dynamically determining maximum number for the record
search means to remove in the accessed linked list of records.

For example, Van Wyk 2 discloses that “[o]ur programs have never used
free(). ... [T]hey can leave dynamically allocated nodes unaccessibly lost in
gpace. If memory space were scarce, however, we could revise them to free
space explicitly when appropriate.” (Van Wyk 2 at 136).

Van Wyk 2 further states that “[a] ccess to the heap is through a single pointer,
rover, which always points to the last node allocated or de-allocated. ... As
soon as rover points to a node with enough room, malloc() chops off a piece of
the appropriate size and marks it occupied, adds the remainder of the node to
the heap as afree node, and finally returns rover as a pointer to the newly
allocated space.” (Van Wyk 2 at 137). Thus, Van Wyk 2 inherently discloses
means for dynamically determining maximum number for the record search
means to remove in the accessed linked list of records. (Seeid.)

Van Wyk 2 combined with Dirks, Thatte, the 663 patent and/or the
Opportunistic Garbage Collection Articles discloses an information storage
and retrieval system further including means for dynamically determining
maximum number for the record search means to remove in the accessed
linked list of records.

Dirks discloses the management of memory in a computer system and more
particularly to the allocation of address space in avirtual memory system,
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which dynamically determines how many records to sweep/remove upon each
alocation. Disclosure of these claim elementsin Dirksis clearly shownin
Exhibit B-2, which is hereby incorporated by referencein its entirety.

As summarized in Dirks,

eachtimeaVSID is assigned from the free list to a new application or
thread, afixed number of entriesin the page table are scanned to determine
whether they have become inactive, by checking them against the VSIDs
on therecyclelist. Each entry which isidentified as being inactive is
removed from the page table. After al of the entriesin the page table have
been examined in this manner, the VSIDsin the recycle list can be
transferred to the free list, since al of their associated page table entries
will have been removed. This approach thereby guarantees that a
predetermined number of VSIDs are always available in the free list
without requiring a time-consuming scan of the complete page table at
once. U.S. Patent No. 6,119,214 to Dirks at 7:2-14.

After [a] new VSID has been allocated, the system checks aflag RFLG
to determine whether arecycle sweep is currently in progress (Step 20).
If thereisno sweep in progress, i.e. RFLG isnot equal to one, a
determination is made whether a sweep should be initiated. Thisis done
by checking whether the inactive list isfull, i.e. whether it contains x
entries (Step 22). If the number of entries| on the inactive list isless than
X, no further action is taken, and processing control returns to the
operating system (Step 24). If, however, theinactive list isfull at this
time, the flag RFLG is set (Step 26), the VSIDs on the inactive list are
transferred to the recyclelist, and anindex nisreset to 1 (Step 28). The

Plaintiff’s Invalidity Contentions & Production of 4 Case No. 6:09-CV-549-LED
Documents

US2008 1290285.1




EXHIBIT C-10

Asserted Claims From
U.S. Pat. No. 5,893,120

Christopher J. Van Wyk, Data Structuresand C Programs (Addison-
Wesley Publ’g Co. & Bell Telephone Laboratories, Inc. 1988)
(“Van Wyk 2") alone and in combination

system then sweeps a predetermined number of page table entries PT; on
the page table, to detect whether any of them are inactive, i.e. their
associated VSID ison therecycle list (Step 30). The predetermined
number of entries that are swept isidentified as k, where:

total number of page table entries

k = : : .
maximum number of active threads

Id. at 8:12-30.

Dirks discloses that any approach can be employed to determine the number of
entries to be examined during each step of the sweeping process. Id. at 7:37-
40. Asdtated in Dirks:

Any other suitable approach can be employed to determine the number of
entries to be examined during each step of the sweeping process. In this
regard, it is not necessary that the number of examined entries be fixed for
each step. Rather, it might vary from one step to the next. The only criterion
is that the number of entries examined on each step be such that all entriesin
the page table are examined in a determinable amount of time or by the
occurrence of a certain event, e.g. by thetimethelist of free VSIDsis empty.

Id. at 7:38-46. Thus, Dirks dynamically determines the maximum number of
records to sweep/remove by calculating avaluek. 1d. at 7:15-46, 7:66-8:56.

As both Van Wyk 2 and Dirks relate to deletion of aged records upon the
allocation of a new incoming record, one of ordinary skill in the art would have
understood how to use Dirks dynamic decision making process of determining
the maximum number of records to sweep/remove in other hash tables
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implementations such as Van Wyk 2. Moreover, one of ordinary skill in the
art would recognize that it would improve similar systems and methods in the
sameway. Asthe’120 patent states “[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
the linked list can be expanded to include techniques whereby not necessarily
al expired records are removed, and that the decision regarding if and how
many records to delete can be adynamic one.” The’120 patent at 7:10-15.
Additionally, one of ordinary skill in the art would recognize that the result of
combining Dirks deletion decision procedure with Van Wyk 2 nothing more
than the predictable use of prior art elements according to their established
functions.

By way of further example, one of ordinary skill in the art would have
combined Dirks' dynamic determination of the suitable number of entriesto
examine during each step of the sweeping process with Van Wyk 2 and would
have seen the benefits of doing so. One possible benefit, for example, is
saving the system from performing sometimes time-consuming sweeps.

Alternatively, one of ordinary skill in the art would be motivated to, and would
understand how to, combine the system disclosed in Van Wyk 2 with the
means for dynamically determining maximum number for the record search
means to remove in the accessed linked list of records disclosed by Thatte.
Thatte, discloses a system and method using hash tables and/or linked lists and
further discloses means for dynamically determining the maximum number for
the record search means to remove in the accessed linked list of records. The
disclosure of these claim elements in Thatte is clearly shown in the chart of
Thatte, which is hereby incorporated by reference in its entirety.
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Moreover, one of ordinary skill in the art would recognize that these
combinations would improve the similar systems and methods in the same
way. Additionally, one of ordinary skill in the art would recognize that the
result of combining Van Wyk 2 with Thatte would be nothing more than the
predictable use of prior art elements according to their established functions.
The resulting combination would include the capability to determine the
maximum number for the record search means to remove.

Further, one of ordinary skill in the art would be motivated to combine Van
Wyk 2 with Thatte and recognize the benefits of doing so. For example, the
removal of expired records described in Van Wyk 2 can be burdensome on the
system, adding to the system’ s load and slowing down the system’s
processing. One of ordinary skill in the art would recognize that combining
Van Wyk 2 with the teachings of Thatte would solve this problem by
dynamically determining how many records to delete based on, among other
things, the system load. Moreover, the '120 patent discloses that "[a] person
skilled in the art will appreciate that the technique of removing all expired
records while searching the linked list can be expanded to include techniques
whereby not necessarily all expired records are removed, and that the decision
regarding if and how many records to delete can be a dynamic one.” '120 at
7:10-15. Thus, the 120 patent provides motivations to combine Van Wyk 2
with Thatte.

Alternatively, it would also be obvious to combine Van Wyk 2with the ' 663
patent. Disclosure of these claim elements in the’ 663 patent is clearly shown
in the chart of the ‘663 patent, which is hereby incorporated by referencein its
entirety. Assummarized in the’ 663 patent:

Plaintiff’s Invalidity Contentions & Production of

Documents

US2008 1290285.1

7 Case No. 6:09-CV-549-LED




EXHIBIT C-10

Asserted Claims From
U.S. Pat. No. 5,893,120

Christopher J. Van Wyk, Data Structuresand C Programs (Addison-
Wesley Publ’g Co. & Bell Telephone Laboratories, Inc. 1988)
(“Van Wyk 2") alone and in combination

during normal times when the load on the storage system is not
excessive, a non-contaminating but slow deletion of records is
used. This slow, non-contaminating deletion involves closing
the collision-resolution chain of locations by moving a record
from a later position in the chain into the position of the record
to be deleted. This leaves no deleted record locations in the
storage space to slow down future searches. U.S. Patent
4,996,663 to Nemes at 2:24-34 (“ The ' 663 patent”).

In times of heavy use, when deletions must be done rapidly and
no time is available for decontamination, the record is simply
marked as “deleted” and left in place. Later non-contaminating
probes in the vicinity of such deleted record locations
automatically remove the contaminating deleted records by
moving records in the chain as described above. 1d. at 2:35-41.

This hybrid hashing technique has the decided advantage of
automatically eliminating contamination caused by the fast-
secure deletion procedure when the slower, non-contaminating
deletion is used when the load on the system is at lower levels.
Id. at 2:42-46.

This hybrid deletion is shown in Figure 5.
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FIG.5

HYBRID
DELETION

START

FAST-SECURE | 52 SLON-NON-
EEE | CONTAMINATING |_S™™°

FI6.7) DELETE

IFIG.6)

i
54
ST0P
Id. at Figure 5.

During the hybrid deletion procedure decision block 51 checks the system load
to determine if the system load is greater than athreshold. If the system load is
greater than the threshold, then a fast-secure delete 52 is used. Id. at 6:40-64,

Figure 5. On the other hand, if the system load is |ess than the threshold, then a

slow-non-contaminating delete 53 isused. Id. The fast-secure delete 52 does
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EXHIBIT C-10

Asserted Claims From
U.S. Pat. No. 5,893,120

Christopher J. Van Wyk, Data Structuresand C Programs (Addison-
Wesley Publ’g Co. & Bell Telephone Laboratories, Inc. 1988)
(“Van Wyk 2") alone and in combination

not actually delete records, rather it marks records as deleted. 1d. at 8:1-33,
Figure 7. These records are then actually deleted by a subsequent slow-non-
contaminating delete 53. 1d. at 6:65-7:68, Figures 6, 6A, 6B.

Thus, the hybrid deletion procedure in the ' 663 patent dynamically determines
amaximum number of records to remove. Seeid. at 6:40-64, Figure 5. If the
fast-secure delete 52 is used, then maximum number of records is zero because
records are not deleted they are only marked. Id. at 8:1-33, Figure 7. If the
slow-non-contaminating delete 53 is used, then the maximum number of
records to remove is al of the contaminated records in the bucket. 1d. at 6:65-
7:68, Figures 6, 6A, 6B.

As both Van Wyk 2 and the ' 663 patent relate to deletion of records from hash
tables using external chaining, one of ordinary skill in the art would
understood how to use the ' 663 patent’ s dynamic decision on whether to
perform a deletion based on a systems load in other hash table implementations
such as that described in Van Wyk 2. Moreover, one of ordinary skill in the art
would recognize that it would improve similar systems and methods in the
sameway. Asthe’ 120 patent states“[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
the linked list can be expanded to include techniques whereby not necessarily
all expired records are removed, and that the decision regarding if and how
many records to delete can be a dynamic one.” The’ 120 patent at 7:10-15.
Additionally, one of ordinary skill in the art would recognize that the result of
combining the ’ 663 patent’ s deletion decision procedure with Van Wyk 2
would be nothing more than the predictable use of prior art elements according
to their established functions.

By way of further example, one of ordinary skill in the art would have
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EXHIBIT C-10

Asserted Claims From
U.S. Pat. No. 5,893,120

Christopher J. Van Wyk, Data Structuresand C Programs (Addison-
Wesley Publ’g Co. & Bell Telephone Laboratories, Inc. 1988)
(“Van Wyk 2") alone and in combination

combined the’ 663 patent’ s dynamic decision on whether to perform a deletion
based on a systems |oad as taught by the ' 663 patent and with Van Wyk 2 and
would have seen the benefits of doing so. One such benefit, for example, is
that the system would avoid performing deletions when the system load
exceeded a threshold.

Alternatively, it would also be obvious to combine Van Wyk 2 with the
Opportunistic Garbage Collection Articles.

The Opportunistic Garbage Collection Articles disclose a generational based
garbage collection which dynamically determines how much garbage to
collect. See generally, Paul R. Wilson and Thomas G. Moher, Design of the
Opportunistic Garbage Collector, OOPSLA ' 89 Proceedings, October 1-6,
1989; Paul R. Wilson, Opportunistic Garbage Collection, ACM SIGPLAN
Notices, Vol. 23, No. 12, December 1988.

When a significant pause has been detected, a decision procedureis
invoked to decide whether to garbage collect, and how many generationsto
scavenge. The fuller ageneration is, the more likely it isto be scavenged;
also, the longer the pause that has been detected, the larger the scope of the
garbage collection islikely to be. Design of the Opportunistic Garbage
Collector at 32.

Every time a user-input routine is invoked, a decision routine can decide
whether to garbage collect. Aslong as the decision routine takes no more
than afew milliseconds to execute, it should not interfere with
responsiveness. Sinceit isonly invoked at these times, it does not incur a
continual run-time overhead. Opportunistic Garbage Collection at 100.
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Asserted Claims From
U.S. Pat. No. 5,893,120

Christopher J. Van Wyk, Data Structuresand C Programs (Addison-
Wesley Publ’g Co. & Bell Telephone Laboratories, Inc. 1988)
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This decision routine should take several things into account: 1) the volume
of data allocated since the last scavenge, 2) how long it has been since the
user has had an opportunity to interact, and 3) the height of the stack
relative to its average height at reads since the last scavenge. If the product
of the allocation and the compute timeis high, and if the stack islow, the
scavenge favorability measureis high. If it is especially high, amulti-
generation scavengeisin order. Id.

If these heuristics fail and a scavenge is forced instead by the filling of a
generation’ s space, it islikely to happen during a significant compute-
bound pause--the one that has just allocated the data that forced the
collection. When the opportunistic mechanism fails to find the end of a
pause, it may still succeed by default, embedding a scavenge pause within
alarger pause. Design of the Opportunistic Garbage Collector at 32.

As both Van Wyk 2 and the Opportunistic Garbage Collection Articlesrelate
to deletion of aged records, one of ordinary skill in the art would have
understood how to use the Opportunistic Garbage Collection Articles dynamic
decision on whether to perform a deletion based on a system load in other hash
table implementations such as Van Wyk 2. Moreover, one of ordinary skill in
the art would recognize that it would improve similar systems and methods in
the sameway. Asthe’120 patent states “[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
the linked list can be expanded to include techniques whereby not necessarily
all expired records are removed, and that the decision regarding if and how
many records to delete can be a dynamic one.” The’ 120 patent at 7:10-15.
Additionally, one of ordinary skill in the art would recognize that the result of
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Asserted Claims From
U.S. Pat. No. 5,893,120

Christopher J. Van Wyk, Data Structuresand C Programs (Addison-
Wesley Publ’g Co. & Bell Telephone Laboratories, Inc. 1988)
(“Van Wyk 2") alone and in combination

combining the Opportunistic Garbage Collection Articles’ deletion decision
procedure with Van Wyk 2 would be nothing more than the predictable use of
prior art elements according to their established functions.

By way of further example, one of ordinary skill in the art would have
combined the Opportunistic Garbage Collection Articles dynamic decision on
whether to perform a deletion and how many generations to scavenge as taught
by the Opportunistic Garbage Collection Articles and with Van Wyk 2 and
would have seen the benefits of doing so. One such benefit, for example, is
preventing slowdown of the system.

Additionally, it would have been obvious to one of ordinary skill in the art to
modify the system disclosed in Van Wyk 2 to dynamically determine the
maximum number of expired records to remove in the accessed linked list of
records. Itisafundamental concept in computer science and the relevant art
that any variable or parameter affecting any aspect of a system can be
dynamically determined based on information available to the system. One of
ordinary skill in the art would have been motivated to combine the system
disclosed in Van Wyk 2 with the fundamental concept of dynamically
determining the maximum number of expired records to remove in an accessed
linked list of records to solve anumber of potential problems. For example,
the removal of expired records described in Van Wyk 2can be burdensome on
the system, adding to the system’ s load and slowing down the system’s
processing. Moreover, the removal could also force an interruption in real-
time processing as the processing waits for the removal to complete.

One of ordinary skill in the art would have known that dynamically
determining the maximum number to remove would limit the burden on the
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U.S. Pat. No. 5,893,120

Christopher J. Van Wyk, Data Structuresand C Programs (Addison-
Wesley Publ’g Co. & Bell Telephone Laboratories, Inc. 1988)
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system and bound the length of any real-time interruption to prevent delaysin
processing. Indeed, Nemes concedes that such dynamic determination was
obvious when he states in the * 120 patent that “[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
the linked list can be expanded to include techniques whereby not necessarily
al expired records are removed, and that the decision regarding if and how
many records to delete can be adynamic one.” ‘120 at 7:10-15. Thus, the
"120 patent provides motivations to combine Van Wyk 2 with Thatte, Dirks,
the '663 patent, and/or the Opportunistic Garbage Collection Articles, in
addition to motivations within the text of Van Wyk 2, “[a]ccess to the heap is
through a single pointer, rover, which always points to the last node allocated
or de-allocated. ... Assoon asrover pointsto anode with enough room,
malloc() chops off a piece of the appropriate size and marks it occupied, adds
the remainder of the node to the heap as afree node, and finally returns rover
as apointer to the newly alocated space.” (Van Wyk 2 at 137).

3. A method for storing
and retrieving information
records using alinked list
to store and provide access
to the records, at least
some of the records
automatically expiring, the
method comprising the
steps of

7. A method for storing
and retrieving information
records using a hashing
technique to provide access
to the records and using an
external chaining technique
to store the records with
same hash address, at |east
some of the records
automatically expiring, the
method comprising the
steps of :

To the extent the preamble is alimitation, Van Wyk 2 discloses a method for
storing and retrieving information records using alinked list to store and
provide access to the records, at least some of the records automatically
expiring. Van Wyk 2 also discloses a method for storing and retrieving
information records using a hashing technique to provide access to the records
and using an external chaining technique to store the records with same hash
address, at least some of the records automatically expiring.

For example, Van Wyk 2 discloses external data structures, explaining that
“File systems are afamiliar example of an external data structure.” (Van Wyk
2 at 142).
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Van Wyk 2 also discloses that “[i]f the header nodes can be linked together,
then no arbitrary limit on file size need be imposed.” (Van Wyk 2 at 142).
Therefore, Van Wyk 2 inherently discloses alinked list to store and provide
access to records.

Van Wyk 2 further discloses that “[i]n the reference count scheme for garbage
collection, each node contains a value that tells how many pointers point to it.
When a node' s reference count becomes zero, the node is garbage and can be
collected. (Van Wyk 2 at 145). Thus, Van Wyk 2 inherently discloses that at
least some of the records are automatically expiring. (Seeid.)

Van Wyk 2 further discloses that “[h]ashing with linked lists is an excellent
solution to many searching problems. At the price of some space for pointers,
we obtain atable of potentially unlimited size that readily supportsinsertions
and deletions.” (Van Wyk 2 at 186).

[3a] accessing the linked
list of records,

[7a] accessing alinked list
of records having same
hash address,

Van Wyk 2 discloses accessing a linked list of records. Van Wyk 2 aso
discloses accessing alinked list of records having same hash address.

For example, Van Wyk 2 states that “[a] ccess to the heap is through asingle
pointer, rover, which always points to the last node allocated or de-allocated.
... Assoon asrover pointsto a node with enough room, malloc() chops off a
piece of the appropriate size and marks it occupied, adds the remainder of the
node to the heap as a free node, and finally returns rover as a pointer to the
newly allocated space.” (Van Wyk 2 at 137).

[3b] identifying at |east
some of the automatically
expired ones of the records,
and

[7b] identifying at |east
some of the automatically
expired ones of the records,

Van Wyk 2 discloses identifying at least some of the automatically expired
ones of therecords. Van Wyk 2 aso discloses identifying at |east some of the
automatically expired ones of the records.

Plaintiff’s Invalidity Contentions & Production of

Documents

US2008 1290285.1

15 Case No. 6:09-CV-549-LED




EXHIBIT C-10

Asserted Claims From
U.S. Pat. No. 5,893,120

Christopher J. Van Wyk, Data Structuresand C Programs (Addison-
Wesley Publ’g Co. & Bell Telephone Laboratories, Inc. 1988)
(“Van Wyk 2") alone and in combination

For example, Van Wyk 2 discloses that “[i]n the reference count scheme for
garbage collection, each node contains a value that tells how many pointers
point to it. When a node’ s reference count becomes zero, the node is garbage
and can be collected. (Van Wyk 2 at 145).

[3c] removing at least
some of the automatically
expired records from the
linked list when the linked
list is accessed.

[7c] removing at least
some of the automatically
expired records from the
linked list when the linked
list is accessed, and

Van Wyk 2 discloses removing at |east some of the automatically expired
records from the linked list when the linked list is accessed. Van Wyk 2 also
discloses removing at least some of the automatically expired records from the
linked list when the linked list is accessed.

For example, Van Wyk 2 discloses “[t]he lazy approach to garbage collection
isto collect only in emergencies. Thus, when an alocation fails, we sweep
through memory hoping to pick up and de-allocate enough garbage to permit
the program to continue.” (Van Wyk 2 at 146).

[7d] inserting, retrieving
or deleting one of the
records from the system
following the step of
removing.

Van Wyk 2 discloses inserting, retrieving or deleting one of the records from
the system following the step of removing.

For example, Van Wyk 2 discloses that “we can delete an item from the
dictionary using the straightforward algorithm to remove a node from alinked
list.” (Van Wyk 2 at 186).

4. The method according to
claim 3 further including
the step of dynamically
determining maximum
number of expired ones of
the records to remove
when the linked list is
accessed.

8. The method according
to claim 7 further including
the step of dynamically
determining maximum
number of expired ones of
the records to remove
when the linked list is
accessed.

Van Wyk 2 discloses dynamically determining maximum number of expired
ones of the records to remove when the linked list is accessed.

For example, Van Wyk 2 discloses that “[o]ur programs have never used
free(). ... [T]hey canleave dynamically allocated nodes unaccessibly lost in
gpace. |If memory space were scarce, however, we could revise them to free
space explicitly when appropriate.” (Van Wyk 2 at 136).

Van Wyk 2 further states that “[a] ccess to the heap is through a single pointer,
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rover, which always points to the last node allocated or de-allocated. ... As
soon as rover points to a node with enough room, malloc() chops off a piece of
the appropriate size and marks it occupied, adds the remainder of the node to
the heap as afree node, and finally returns rover as a pointer to the newly
allocated space.” (Van Wyk 2 at 137). Thus, Van Wyk 2 inherently discloses
means for dynamically determining maximum number for the record search
means to remove in the accessed linked list of records.

Van Wyk 2 combined with Dirks, Thatte, the’ 663 patent, and/or the
Opportunistic Garbage Collection Articles discloses dynamically determining
maximum number of expired ones of the records to remove when the linked
list is accessed.

Dirks discloses the management of memory in a computer system and more
particularly to the allocation of address space in avirtual memory system,
which dynamically determines how many records to sweep/remove upon each
allocation. Disclosure of these claim elementsin Dirksis clearly shown in the
chart of Dirks, which is hereby incorporated by referencein its entirety.

As summarized in Dirks,

eachtime aVSID isassigned from the free list to a new application or
thread, a fixed number of entries in the page table are scanned to determine
whether they have become inactive, by checking them against the VSIDs
on therecyclelist. Each entry which isidentified as being inactive is
removed from the page table. After al of the entriesin the page table have
been examined in this manner, the VSIDsin the recycle list can be
transferred to the free list, since all of their associated page table entries
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will have been removed. This approach thereby guarantees that a
predetermined number of VSIDs are always available in the free list
without requiring a time-consuming scan of the complete page table at
once. U.S. Patent No. 6,119,214 to Dirks at 7:2-14.

After [a] new VSID has been allocated, the system checks aflag RFLG
to determine whether arecycle sweep is currently in progress (Step 20).
If thereisno sweep in progress, i.e. RFLG isnot equal to one, a
determination is made whether a sweep should be initiated. Thisis done
by checking whether the inactive list isfull, i.e. whether it contains x
entries (Step 22). If the number of entries| on the inactive list isless than
X, no further action is taken, and processing control returns to the
operating system (Step 24). If, however, theinactive list isfull at this
time, the flag RFLG is set (Step 26), the VSIDs on the inactive list are
transferred to the recyclelist, and an index nisreset to 1 (Step 28). The
system then sweeps a predetermined number of page table entries PT; on
the page table, to detect whether any of them are inactive, i.e. their
associated VSID ison therecycle list (Step 30). The predetermined
number of entries that are swept isidentified as k, where:

total number of page table entries
maximum number of active threads

k=
Id. at 8:12-30.
Dirks discloses that any approach can be employed to determine the number of

entries to be examined during each step of the sweeping process. Id. at 7:37-
40. Asstated in Dirks:
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Any other suitable approach can be employed to determine the number of
entries to be examined during each step of the sweeping process. In this
regard, it is not necessary that the number of examined entries be fixed for
each step. Rather, it might vary from one step to the next. The only criterion
isthat the number of entries examined on each step be such that all entriesin
the page table are examined in a determinable amount of time or by the
occurrence of a certain event, e.g. by thetimethelist of free VSIDsis empty.

Id. at 7:38-46. Thus, Dirks dynamically determines the maximum number of
records to sweep/remove by calculating avaluek. 1d. at 7:15-46, 7:66-8:56.

As both Van Wyk 2 and Dirks relate to deletion of aged records upon the
allocation of a new incoming record, one of ordinary skill in the art would have
understood how to use Dirks' dynamic decision making process of determining
the maximum number of recordsto sweep/remove in other hash tables
implementations such as that described Van Wyk 2. Moreover, one of
ordinary skill in the art would recognize that it would improve similar systems
and methods in the same way. Asthe’ 120 patent states “[a] person skilled in
the art will appreciate that the technique of removing all expired records while
searching the linked list can be expanded to include techniques whereby not
necessarily all expired records are removed, and that the decision regarding if
and how many records to delete can be adynamic one.” The’ 120 patent at
7:10-15. Additionally, one of ordinary skill in the art would recognize that the
result of combining Dirks' deletion decision procedure with Van Wyk 2 would
be nothing more than the predictable use of prior art elements according to
their established functions.

By way of further example, one of ordinary skill in the art would have

Plaintiff’s Invalidity Contentions & Production of

Documents

US2008 1290285.1

19 Case No. 6:09-CV-549-LED




EXHIBIT C-10

Asserted Claims From
U.S. Pat. No. 5,893,120

Christopher J. Van Wyk, Data Structuresand C Programs (Addison-
Wesley Publ’g Co. & Bell Telephone Laboratories, Inc. 1988)
(“Van Wyk 2") alone and in combination

combined Dirks dynamic determination of the suitable number of entriesto
examine during each step of the sweeping process with Van Wyk 2 and would
have seen the benefits of doing so. One possible benefit, for example, is
saving the system from performing sometimes time-consuming sweeps.

Alternatively, one of ordinary skill in the art would be motivated to, and would
understand how to, combine the system disclosed in Van Wyk 2 with the
means for dynamically determining maximum number for the record search
means to remove in the accessed linked list of records disclosed by Thatte.
Thatte, discloses a system and method using hash tables and/or linked lists and
further discloses means for dynamically determining the maximum number for
the record search means to remove in the accessed linked list of records. The
disclosure of these claim elements in Thatte is clearly shown in the chart of
Thatte, which is hereby incorporated by reference in its entirety.

Moreover, one of ordinary skill in the art would recognize that these
combinations would improve the similar systems and methods in the same
way. Additionaly, one of ordinary skill in the art would recognize that the
result of combining Van Wyk 2 with Thatte would be nothing more than the
predictable use of prior art e ements according to their established functions.
The resulting combination would include the capability to determine the
maximum number for the record search means to remove.

Further, one of ordinary skill in the art would be motivated to combine Van
Wyk 2 with Thatte and recognized the benefits of doing so. For example, the
removal of expired records described in Van Wyk 2can be burdensome on the
system, adding to the system’s load and slowing down the system’s
processing. One of ordinary skill in the art would recognize that combining
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Van Wyk 2 with the teachings of Thatte would solve this problem by
dynamically determining how many records to delete based on, among other
things, the system load. Moreover, the '120 patent discloses that "[a] person
skilled in the art will appreciate that the technique of removing all expired
records while searching the linked list can be expanded to include techniques
whereby not necessarily all expired records are removed, and that the decision
regarding if and how many records to delete can be adynamic one.” '120 at
7:10-15. Thus, the '120 patent provides motivations to combine Van Wyk 2
with Thatte.

Alternatively, it would also be obvious to combine Van Wyk 2 with the’ 663
patent. Disclosure of these claim elements in the’ 663 patent is clearly shown
in the chart of the ‘663 patent, which is hereby incorporated by referencein its
entirety. Assummarized in the’ 663 patent:

during normal times when the load on the storage system is not
excessive, a non-contaminating but slow deletion of records is
used. This slow, non-contaminating deletion involves closing
the collision-resolution chain of locations by moving a record
from alater position in the chain into the position of the record
to be deleted. This leaves no deleted record locations in the
storage space to slow down future searches. U.S. Patent
4,996,663 to Nemes at 2:24-34 (“The ' 663 patent”).

In times of heavy use, when deletions must be done rapidly and
no time is available for decontamination, the record is simply
marked as “deleted” and left in place. Later non-contaminating
probes in the vicinity of such deleted record locations
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automatically remove the contaminating deleted records by
moving records in the chain as described above. 1d. at 2:35-41.

This hybrid hashing technique has the decided advantage of
automatically eliminating contamination caused by the fast-
secure deletion procedure when the slower, non-contaminating

deletion is used when the load on the system is at lower levels.
Id. at 2:42-46.

This hybrid deletion is shown in Figure 5.
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Id. at Figure 5.

During the hybrid deletion procedure decision block 51 checks the system load
to determine if the system load is greater than athreshold. If the system load is
greater than the threshold, then a fast-secure delete 52 is used. Id. at 6:40-64,

Figure 5. On the other hand, if the system load is |ess than the threshold, then a

slow-non-contaminating delete 53 isused. Id. The fast-secure delete 52 does
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not actually delete records, rather it marks records as deleted. 1d. at 8:1-33,
Figure 7. These records are then actually deleted by a subsequent slow-non-
contaminating delete 53. 1d. at 6:65-7:68, Figures 6, 6A, 6B.

Thus, the hybrid deletion procedure in the ' 663 patent dynamically determines
amaximum number of records to remove. Seeid. at 6:40-64, Figure 5. If the
fast-secure delete 52 is used, then maximum number of records is zero because
records are not deleted they are only marked. Id. at 8:1-33, Figure 7. If the
slow-non-contaminating delete 53 is used, then the maximum number of
recordsto remove is all of the contaminated records in the bucket. 1d. at 6:65-
7:68, Figures 6, 6A, 6B.

Asboth Van Wyk 2 and the ' 663 patent relate to deletion of records from hash
tables using external chaining, one of ordinary skill in the art would

understood how to use the ' 663 patent’ s dynamic decision on whether to
perform a deletion based on a systems load in other hash table implementations
such as Van Wyk 2. Moreover, one of ordinary skill in the art would recognize
that it would improve similar systems and methods in the same way. Asthe
'120 patent states “[a] person skilled in the art will appreciate that the
technique of removing all expired records while searching the linked list can

be expanded to include techniques whereby not necessarily all expired records
are removed, and that the decision regarding if and how many records to delete
can be adynamic one.” The’120 patent at 7:10-15. Additionally, one of
ordinary skill in the art would recognize that the result of combining the ’ 663
patent’ s deletion decision procedure with Van Wyk 2 would be nothing more
than the predictable use of prior art elements according to their established
functions.
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By way of further example, one of ordinary skill in the art would have
combined the’ 663 patent’ s dynamic decision on whether to perform a deletion
based on a systems load as taught by the ' 663 patent and with Van Wyk 2 and
would have seen the benefits of doing so. One such benefit, for example, is
that the system would avoid performing deletions when the system load
exceeded a threshold.

Alternatively, it would also be obvious to combine Van Wyk 2 with the
Opportunistic Garbage Collection Articles.

The Opportunistic Garbage Collection Articles disclose a generational based
garbage collection which dynamically determines how much garbage to
collect. See generally, Paul R. Wilson and Thomas G. Moher, Design of the
Opportunistic Garbage Collector, OOPSLA ’ 89 Proceedings, October 1-6,
1989; Paul R. Wilson, Opportunistic Garbage Collection, ACM SIGPLAN
Notices, Vol. 23, No. 12, December 1988.

When a significant pause has been detected, a decision procedureis
invoked to decide whether to garbage collect, and how many generations to
scavenge. The fuller ageneration is, the more likely it is to be scavenged;
also, the longer the pause that has been detected, the larger the scope of the
garbage collectionislikely to be. Design of the Opportunistic Garbage
Collector at 32.

Every time a user-input routine is invoked, a decision routine can decide
whether to garbage collect. Aslong as the decision routine takes no more
than afew milliseconds to execute, it should not interfere with
responsiveness. Sinceit isonly invoked at these times, it does not incur a
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continual run-time overhead. Opportunistic Garbage Collection at 100.

This decision routine should take several things into account: 1) the volume
of data allocated since the last scavenge, 2) how long it has been since the
user has had an opportunity to interact, and 3) the height of the stack
relative to its average height at reads since the last scavenge. If the product
of the allocation and the compute timeis high, and if the stack islow, the
scavenge favorability measureis high. If it is especially high, amulti-
generation scavengeisin order. Id.

If these heuristics fail and a scavenge is forced instead by the filling of a
generation’ s space, it islikely to happen during a significant compute-
bound pause--the one that has just allocated the data that forced the
collection. When the opportunistic mechanism fails to find the end of a
pause, it may still succeed by default, embedding a scavenge pause within
alarger pause. Design of the Opportunistic Garbage Collector at 32.

As both Van Wyk 2 and the Opportunistic Garbage Collection Articlesrelate
to deletion of aged records, one of ordinary skill in the art would have
understood how to use the Opportunistic Garbage Collection Articles dynamic
decision on whether to perform a deletion based on a system load in other hash
table implementations such as Van Wyk 2. Moreover, one of ordinary skill in
the art would recognize that it would improve similar systems and methods in
the same way. Asthe’120 patent states “[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
the linked list can be expanded to include techniques whereby not necessarily
al expired records are removed, and that the decision regarding if and how
many records to delete can be adynamic one.” The’ 120 patent at 7:10-15.
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Additionally, one of ordinary skill in the art would recognize that the result of
combining the Opportunistic Garbage Collection Articles’ deletion decision
procedure with Van Wyk 2 would be nothing more than the predictable use of
prior art elements according to their established functions.

By way of further example, one of ordinary skill in the art would have
combined the Opportunistic Garbage Collection Articles’ dynamic decision on
whether to perform a deletion and how many generations to scavenge as taught
by the Opportunistic Garbage Collection Articles and with Van Wyk 2 and
would have seen the benefits of doing so. One such benefit, for example, is
that the system would only perform deletions when the system was not already
too overloaded, thus preventing slowdown of the system.

Additionally, it would have been obvious to one of ordinary skill in the art to
modify the system disclosed in Van Wyk 2 to dynamically determine the
maximum number of expired records to remove in the accessed linked list of
records. Itisafundamental concept in computer science and the relevant art
that any variable or parameter affecting any aspect of a system can be
dynamically determined based on information available to the system. One of
ordinary skill in the art would have been motivated to combine the system
disclosed in Van Wyk 2 with the fundamental concept of dynamically
determining the maximum number of expired records to remove in an accessed
linked list of records to solve a number of potential problems. For example,
the removal of expired records described in Van Wyk 2 can be burdensome on
the system, adding to the system’ s load and slowing down the system’s
processing. Moreover, the removal could also force an interruption in real-
time processing as the processing waits for the removal to complete.
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One of ordinary skill in the art would have known that dynamically
determining the maximum number to remove would limit the burden on the
system and bound the length of any real-time interruption to prevent delaysin
processing. Indeed, Nemes concedes that such dynamic determination was
obvious when he states in the * 120 patent that “[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
the linked list can be expanded to include techniques whereby not necessarily
al expired records are removed, and that the decision regarding if and how
many records to delete can be adynamic one.” ‘120 at 7:10-15. Thus, the
"120 patent provides motivations to combine Van Wyk 2 with Thatte, Dirks,
the '663 patent, and/or the Opportunistic Garbage Collection Articlesin
addition to motivations within the text of Van Wyk 2, “[a]ccess to the heap is
through a single pointer, rover, which always points to the last node allocated
or de-allocated. ... Assoon asrover pointsto a node with enough room,
malloc() chops off a piece of the appropriate size and marks it occupied, adds
the remainder of the node to the heap as afree node, and finally returns rover
as a pointer to the newly alocated space.” (Van Wyk 2 at 137).
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1. Aninformation storage
and retrieval system, the
System comprising:

5. Aninformation storage
and retrieval system, the
System comprising:

To the extent the preamble is alimitation, Weiss discloses an information
storage and retrieval system.

For example, Weiss discloses that a“linked list consists of a series of
structures, which are not necessarily adjacent in memory. Each structure
contains the element and a pointer to a structure containing its successor.”
Weiss at 43. Thus, Weiss inherently discloses an information storage and
retrieval system. Seeid.

[1a] alinked list to store
and provide access to
records stored in amemory
of the system, at least some
of the records
automatically expiring,

[5a] ahashing meansto
provide access to records
stored in amemory of the
system and using an
external chaining technique
to store the records with
same hash address, at |east
some of the records
automatically expiring,

Weiss discloses alinked list to store and provide access to records stored in a
memory of the system, at least some of the records automatically expiring.
Weiss also discloses a hashing means to provide access to records stored in a
memory of the system and using an external chaining technique to store the
records with same hash address, at |east some of the records automatically
expiring.

For example, Weiss discloses that a“linked list consists of a series of
structures, which are not necessarily adjacent in memory. Each structure
contains the element and a pointer to a structure containing its successor.”
Weiss at 43.

Weiss further discloses that “ hashing is a technigue used for performing
insertions, deletions and finds in constant averagetime.” Weiss at 149. Weiss
discloses a method of collision resolution called Open Hashing (Separate
Chaining) which “keeps alist of all elements that hash to the same value.”
Weiss at 152. “The hash table structure contains the actual size and an array of
linked lists, which are dynamically allocated when the tableisinitialized. The
HASH TABLE typeisjust apointer to this structure.” Weissat 153-54.

[1b] arecord search means
utilizing a search key to

[5b] arecord search means
utilizing a search key to

Weiss discloses arecord search means utilizing a search key to access the
linked list. Weiss also discloses arecord search means utilizing a search key to
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accessthe linked list,

access alinked list of
records having the same
hash address,

access alinked list of records having the same hash address.

For example, Weiss discloses accessing by way of an insert command, “the
insert command requires obtaining a new cell from the system by using an
malloc call (more on this later) and then executing two pointer maneuvers.
The general ideais shown in Figure 3.4. The dashed line represents the old
pointer.” Weiss at 44.

a as {{;\‘g‘;h L,H as | 1T

I N R A T N SN S R S
Figure 3,3 Deletion from a linked list

|, PR E —td ﬂa —— s

o |1 [y

Figure 3.4 Insertion into a linked list

Further, Weiss discloses, “[d]eciding what to do when two keys hash to the
same value (thisisknown asacollision).” Weissat 150. Weiss also discloses
that “when inserting an element, it hashes to the same value as an already
inserted element, then we have a collision and need to resolve it.” Weiss at
152.

[1c] therecord search
means including a means
for identifying and

[5¢] therecord search
means including means for
identifying and removing

Weiss discloses the record search means including a means for identifying and
removing at least some of the expired ones of the records from the linked list

when the linked list is accessed. Weiss also discloses the record search means
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removing at least some of
the expired ones of the
records from the linked list
when the linked list is
accessed, and

at least some expired ones
of the records from the
linked list of records when
the linked list is accessed,
and

including means for identifying and removing at least some expired ones of the
records from the linked list of records when the linked list is accessed.

For example, Weiss discloses that “[w]hen things are no longer needed, you
can issue a free command to inform the system that it may reclaim the space.
A consequence of the free(p) command is that the address that p is pointing to
is unchanged, but the data that resides at that address is now undefined.”
Weiss at 50.

To the extent that Bedrock argues that Weiss does not anticipate this claim
element, it would have been obviousto one of ordinary skill inthe art to
combine Weiss with Kruse. Kruse discloses “[t]he task of the procedure
vivify istotraversethelist 1ive, determine whether each cell on it satisfies
the conditions to become alive, and vivify it if so, else delete it from the list.
The usual way to facilitate deletion from alinked list isto keep two pointersin
lock step, one position apart, while traversing the list.” ... “Let ustake
advantage of the indirect linkage of our lists, and when we wish to delete an
entry form the list, let us leave the node in place, but set its entry field to nil.
In this way, the node will be flagged as empty when it is again encountered in
the procedure addNeighbors.” Kruseat 219. Thus, Weiss and Kruse show
that one of ordinary skill in the art understood how to identify and remove at
least some expired ones of the records from the linked list of records when the
linked list is accessed, and would recognize that it would improve similar
systems and methods in the same way.

[1d] means, utilizing the
record search means, for
accessing the linked list
and, at the same time,

[5d] mea[n]s, utilizing the
record search means, for
inserting, retrieving, and
deleting records from the

Weiss discloses means, utilizing the record search means, for accessing the
linked list and, at the same time, removing at least some of the expired ones of
the recordsin the linked list. Weiss also discloses utilizing the record search
means, for inserting, retrieving, and deleting records from the system and, at
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removing at least some of | system and, at the same
the expired ones of the time, removing at least
recordsin the linked list. some expired ones of the
records in the accessed
linked list of records.

the same time, removing at least some expired ones of the recordsin the
accessed linked list of records.

For example, Weiss discloses method of retrieving recordsin afind routine as
shown in figure 3.10.

Figure 3.10 Find rodting”

/+ Beturn position of x in L; NULL if not found «/ | .~ 1 -~
oA Ce e, _,lj_-'t",".-* B PN e et
TR S
% position - its i ob e
find( element_type x, LIST L ) . e
{ : L . . E"t: P

position p; e l.'-.’\"-' J ! R

Flsd p = L-*next; - e
N ¢ while( (p != NULL) && (p-*element != x) )
Fede/ P = p-rnext;
fwdiwlf return p;
}
Weiss at 46.

Weiss also discloses a method of inserting arecord in an insert routine as
shown in figure 3.12.
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Figure 3.12 Find previous—the find routine for use with
delete

/+« Insert i{afier legal position p).=/
/+ Header implementation assumed. «/

vold !

~~~~~~~

/i\'_ )Q'_ position tmp.cell; o e LA

blm’ tmp.cell = {pmsrcmn} malloc( sizecE {struct nﬂae} 1
s/ w  if( tmp_cell — NULL )}
Haldifﬁfﬂ _;. fatal-error:{"out of space!! Iy
ol
Luf . tnp.cell—relenent = x; h
“5u/ tmp.cell-»next = p—)rext ) "}
b/ —>ﬂext = tmp.cell;
1 e e
}
Weiss at 48.

Weiss further discloses that a“deletion routine is a straightforward
implementation of deletion in alinked list, so we will not bother with it here.”
Weiss at156. Weiss also discloses that “[a]fter adeletioninalinked ligt, itis
usually agood ideato free the cell, especialy if there are lots of insertions and
deletions intermingled and memory might become a problem.”

o
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Figure 3.15 Correct way to delete a list

/
v’

woid
delete_list( LIST L }
{

position p, tmp;

fds/ p = L-»next; /» header assumed =/
IET=74 L-»next = NULL:;
F43w/ while{ p 1= NULL )

{
Fudin/ tmp = p-*next;
f S/ frea{ p );
Fabwf p = tmp;

}

}

Weiss at 50.

2. Theinformation storage
and retrieval system
accordingtoclam 1
further including means for
dynamically determining
maximum number for the
record search means to
remove in the accessed
linked list of records.

6. Theinformation storage
and retrieval system
accordingtoclam5
further including means for
dynamically determining
maximum number for the
record search means to
remove in the accessed
linked list of records.

Weiss discloses an information storage and retrieval system further including
means for dynamically determining maximum number for the record search
means to remove in the accessed linked list of records.

For example, Weiss discloses in Figure 5.8, an initialization routine for open
hash table, and in Figure 5.1, an insert routine for open hash table, that can
dynamically determine when there is afatal error dueto alack of space. This
determination inherently discloses dynamically determining maximum number
of expired ones of the recordsto remove. Weiss at 154-56.

Plaintiff’s Invalidity Contentions & Production of

Documents

US2008 1290286.1

6 Case No. 6:09-CV-549-LED




EXHIBIT C-11

Asserted Claims From
U.S. Pat. No. 5,893,120

Mark Allen Weiss, Data Structures & Algorithm Analysisin C (The
Benjamin/Cummings Publ’g Co. 1993) alone and in combination

Figure 5.8 Initialization routine for open hash table
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HASH.TABLE T )
Initialize_tahle({ unsigned int ’table size /)
{ . . e » ATy
B ___..-f L.t;s‘ﬂ\j
.. - /% Bllocate list pr:li w/ W
NIRRT T4 . E->the_lists = (x(ﬁ;:.cn )
\ SR > i - }
'\ matitc( sizeof (LIS ) " )—btable gize );
/40 / if( H->the.lists = HULL )
fel0s/ fatal error(vont: of spacet i)y
/+ Bllocate list headers «/
Fwlida/ for(i=0; i¢H->table._size; i++ )
{
FelBe/ H-»the_lists[i]l = (LIST} malloc
{ sizeof (struct list.node) );
FERIE Y if{ H-»the_lists[i] == RULL )
Ialbnt fatal error(MOut of Space!lrin):
else
FENA-TY H->the_lists[il->next = HOLL;
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vold
“4nsert( element.type key, HASH_TABLE H )
i -

position pos, new_cell;

LIST L;
lfls/ pos = find{ key, H );
s/ 1f( pos = NULL ) /% key is not found «/

{
A EY new_cell = (position} malloc(sizeo i
L{struct list_node)):
wamn!M“’“ﬂiﬂ nevw.cell = KULL ) &
"l U fataleerror(ont of spacetiim;

g elsae '

{

ks /f L = B->the_lists[ hash( key, H-»>table_size Y 1;

ETEY new.cell->next = L-»next;

FEL. T new.cell-alement = key; /« Probably need stropy!! s/
S/ ) L-rnext = new_cell;

}

Figure 5.10 Insert routine for open hash table

It would have been obvious to one of ordinary skill in the art to modify the
system disclosed in Weiss to dynamically determine the maximum number of
expired recordsto remove in the accessed linked list of records. Itisa
fundamental concept in computer science and the relevant art that any variable
or parameter affecting any aspect of a system can be dynamically determined
based on information available to the system. One of ordinary skill in the art
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would have been motivated to combine the system disclosed in Weiss with the
fundamental concept of dynamically determining the maximum number of
expired records to remove in an accessed linked list of recordsto solve a
number of potential problems. For example, the removal of expired records
described in Weiss can be burdensome on the system, adding to the system’s
load and slowing down the system’s processing. Moreover, the removal could
also force an interruption in real-time processing as the processing waits for
the removal to complete. Indeed, part of the motivation for the system
disclosed in Weiss is avoiding these problems. One of ordinary skill in the art
would have known that dynamically determining the maximum number to
remove would limit the burden on the system and bound the length of any real-
time interruption to prevent delaysin processing. Indeed, Nemes concedes that
such dynamic determination was obvious when he statesin the * 120 patent that
“[a] person skilled in the art will appreciate that the technique of removing all
expired records while searching the linked list can be expanded to include
techniques whereby not necessarily all expired records are removed, and that
the decision regarding if and how many records to delete can be a dynamic
one.” ‘120 at 7:10-15.

Weiss combined with Dirks, Thatte, the ' 663 patent and/or the Opportunistic
Garbage Collection Articles discloses an information storage and retrieval
system further including means for dynamically determining maximum
number for the record search means to remove in the accessed linked list of
records.

Dirks discloses the management of memory in a computer system and more
particularly to the alocation of address space in avirtual memory system,
which dynamically determines how many records to sweep/remove upon each
allocation. Disclosure of these claim elementsin Dirksis clearly shownin
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Exhibit B-2, which is hereby incorporated by referencein its entirety.
As summarized in Dirks,

eachtime aVSID isassigned from the free list to a new application or
thread, a fixed number of entries in the page table are scanned to determine
whether they have become inactive, by checking them against the VSIDs
on therecyclelist. Each entry which isidentified as being inactive is
removed from the page table. After al of the entriesin the page table have
been examined in this manner, the VSIDsin the recycle list can be
transferred to the freelist, since all of their associated page table entries
will have been removed. This approach thereby guarantees that a
predetermined number of VSIDs are always available in the free list
without requiring a time-consuming scan of the complete page table at
once. U.S. Patent No. 6,119,214 to Dirks at 7:2-14.

After [a] new VSID has been allocated, the system checks aflag RFLG
to determine whether arecycle sweep is currently in progress (Step 20).
If thereisno sweep in progress, i.e. RFLG isnot equal to one, a
determination is made whether a sweep should be initiated. Thisis done
by checking whether the inactive list isfull, i.e. whether it contains x
entries (Step 22). If the number of entries| on the inactivelist isless than
X, no further action is taken, and processing control returns to the
operating system (Step 24). If, however, theinactive list isfull at this
time, the flag RFLG is set (Step 26), the VSIDs on the inactive list are
transferred to the recyclelist, and an index nisreset to 1 (Step 28). The
system then sweeps a predetermined number of page table entries PT; on
the page table, to detect whether any of them are inactive, i.e. their
associated VSID ison the recycle list (Step 30). The predetermined
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number of entries that are swept isidentified as k, where:

total number of page table entries

maximum number of active threads
Id. at 8:12-30.

Dirks discloses that any approach can be employed to determine the number of
entries to be examined during each step of the sweeping process. Id. at 7:37-
40. Asdtated in Dirks:

Any other suitable approach can be employed to determine the number of
entries to be examined during each step of the sweeping process. In this
regard, it is not necessary that the number of examined entries be fixed for
each step. Rather, it might vary from one step to the next. The only criterion
isthat the number of entries examined on each step be such that all entriesin
the page table are examined in a determinable amount of time or by the
occurrence of a certain event, e.g. by thetimethelist of free VSIDsis empty.

Id. at 7:38-46. Thus, Dirks dynamically determines the maximum number of
records to sweep/remove by calculating avaluek. 1d. at 7:15-46, 7:66-8:56.

As both Weiss and Dirks relate to deletion of aged records upon the alocation
of anew incoming record, one of ordinary skill in the art would have
understood how to use Dirks dynamic decision making process of determining
the maximum number of recordsto sweep/remove in other hash tables
implementations such as Weiss. Moreover, one of ordinary skill in the art
would recognize that it would improve similar systems and methods in the
sameway. Asthe’120 patent states “[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
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the linked list can be expanded to include techniques whereby not necessarily
all expired records are removed, and that the decision regarding if and how
many records to delete can be adynamic one.” The’ 120 patent at 7:10-15.
Additionally, one of ordinary skill in the art would recognize that the result of
combining Dirks' deletion decision procedure with Weiss nothing more than
the predictable use of prior art elements according to their established
functions.

By way of further example, one of ordinary skill in the art would have
combined Dirks' dynamic determination of the suitable number of entriesto
examine during each step of the sweeping process with Weiss and would have
seen the benefits of doing so. One possible benefit, for example, is saving the
system from performing sometimes time-consuming sweeps.”

Alternatively, one of ordinary skill in the art would be motivated to, and would
understand how to, combine the system disclosed in Weiss with the means for
dynamically determining maximum number for the record search meansto
remove in the accessed linked list of records disclosed by Thatte. Thatte,
discloses a system and method using hash tables and/or linked lists and further
discloses means for dynamically determining the maximum number for the
record search means to remove in the accessed linked list of records. The
disclosure of these claim elements in Thatte is clearly shown in the chart of
Thatte, which is hereby incorporated by reference in its entirety.

Moreover, one of ordinary skill in the art would recognize that these
combinations would improve the similar systems and methods in the same
way. Additionaly, one of ordinary skill in the art would recognize that the
result of combining Weiss with Thatte would be nothing more than the
predictable use of prior art e ements according to their established functions.
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The resulting combination would include the capability to determine the
maximum number for the record search means to remove.

Further, one of ordinary skill in the art would be motivated to combine Weiss
with Thatte and recognize the benefits of doing so. For example, the removal
of expired records described in Weiss can be burdensome on the system,
adding to the system’ s load and slowing down the system’ s processing. One of
ordinary skill in the art would recognize that combining Weiss with the
teachings of Thatte would solve this problem by dynamically determining how
many records to delete based on, among other things, the system load.
Moreover, the '120 patent discloses that "[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
the linked list can be expanded to include techniques whereby not necessarily
all expired records are removed, and that the decision regarding if and how
many records to delete can be adynamic one.” '120 at 7:10-15. Thus, the '120
patent provides motivations to combine Weiss with Thatte.

Alternatively, it would also be obvious to combine Weisswith the ’ 663 patent.
Disclosure of these claim elements in the’ 663 patent is clearly shown in the
chart of the * 663 patent, which is hereby incorporated by referencein its
entirety. Assummarized in the’ 663 patent:

during normal times when the load on the storage system is not
excessive, a non-contaminating but slow deletion of records is
used. This slow, non-contaminating deletion involves closing
the collision-resolution chain of locations by moving a record
from alater position in the chain into the position of the record
to be deleted. This leaves no deleted record locations in the
storage space to slow down future searches. U.S. Patent
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4,996,663 to Nemes at 2:24-34 (“The ' 663 patent”).

In times of heavy use, when deletions must be done rapidly and
no time is available for decontamination, the record is simply
marked as “deleted” and left in place. Later non-contaminating
probes in the vicinity of such deleted record locations
automatically remove the contaminating deleted records by
moving records in the chain as described above. Id. at 2:35-41.

This hybrid hashing technique has the decided advantage of
automatically eliminating contamination caused by the fast-
secure deletion procedure when the slower, non-contaminating
deletion is used when the load on the system is at lower levels.
|d. at 2:42-46.

This hybrid deletion is shown in Figure 5.
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FIG.5

HYBRID
DELETION
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FAST-SECURE | (52 SLON-NON-
DELETE S CONTAMINATING |_S™ >

F16.7) DELETE

(F16.6)

i
54
STOP
Id. at Figure 5.

During the hybrid deletion procedure decision block 51 checks the system load
to determine if the system load is greater than athreshold. If the system load is
greater than the threshold, then afast-secure delete 52 isused. |1d. at 6:40-64,
Figure 5. On the other hand, if the system load is less than the threshold, then a
slow-non-contaminating delete 53 isused. 1d. The fast-secure delete 52 does
not actually delete records, rather it marks records as deleted. 1d. at 8:1-33,
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Figure 7. These records are then actually deleted by a subsequent slow-non-
contaminating delete 53. 1d. at 6:65-7:68, Figures 6, 6A, 6B.

Thus, the hybrid deletion procedure in the ' 663 patent dynamically determines
amaximum number of records to remove. Seeid. at 6:40-64, Figure 5. If the
fast-secure delete 52 is used, then maximum number of records is zero because
records are not deleted they are only marked. Id. at 8:1-33, Figure 7. If the
slow-non-contaminating delete 53 is used, then the maximum number of
records to remove is al of the contaminated records in the bucket. 1d. at 6:65-
7:68, Figures 6, 6A, 6B.

As both Weiss and the ’ 663 patent relate to deletion of records from hash
tables using external chaining, one of ordinary skill in the art would
understood how to use the ' 663 patent’ s dynamic decision on whether to
perform a deletion based on a systems load in other hash table implementations
such as that described in Weiss. Moreover, one of ordinary skill in the art
would recognize that it would improve similar systems and methods in the
sameway. Asthe’ 120 patent states“[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
the linked list can be expanded to include techniques whereby not necessarily
all expired records are removed, and that the decision regarding if and how
many records to delete can be a dynamic one.” The’ 120 patent at 7:10-15.
Additionally, one of ordinary skill in the art would recognize that the result of
combining the ' 663 patent’ s deletion decision procedure with Weiss would be
nothing more than the predictable use of prior art elements according to their
established functions.

By way of further example, one of ordinary skill in the art would have
combined the’ 663 patent’ s dynamic decision on whether to perform a deletion
based on a systems load as taught by the ' 663 patent and with Weiss and would
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have seen the benefits of doing so. One such benefit, for example, is that the
system would avoid performing deletions when the system load exceeded a
threshold.

Alternatively, it would also be obvious to combine Weiss with the
Opyportunistic Garbage Collection Articles.

The Opportunistic Garbage Collection Articles disclose a generational based
garbage collection which dynamically determines how much garbage to
collect. See generally, Paul R. Wilson and Thomas G. Moher, Design of the
Opportunistic Garbage Collector, OOPSLA ’ 89 Proceedings, October 1-6,
1989; Paul R. Wilson, Opportunistic Garbage Collection, ACM SIGPLAN
Notices, Vol. 23, No. 12, December 1988.

When a significant pause has been detected, a decision procedureis
invoked to decide whether to garbage collect, and how many generations to
scavenge. The fuller ageneration is, the more likely it is to be scavenged;
also, the longer the pause that has been detected, the larger the scope of the
garbage collection islikely to be. Design of the Opportunistic Garbage
Collector at 32.

Every time a user-input routine is invoked, a decision routine can decide
whether to garbage collect. Aslong as the decision routine takes no more
than afew milliseconds to execute, it should not interfere with
responsiveness. Sinceit isonly invoked at these times, it does not incur a
continual run-time overhead. Opportunistic Garbage Collection at 100.

This decision routine should take several things into account: 1) the volume
of data allocated since the last scavenge, 2) how long it has been since the
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user has had an opportunity to interact, and 3) the height of the stack
relative to its average height at reads since the last scavenge. If the product
of the allocation and the compute timeis high, and if the stack islow, the
scavenge favorability measureis high. If it is especially high, amulti-
generation scavengeisin order. Id.

If these heuristics fail and a scavenge is forced instead by the filling of a
generation’ s space, it islikely to happen during a significant compute-
bound pause--the one that has just allocated the data that forced the
collection. When the opportunistic mechanism fails to find the end of a
pause, it may still succeed by default, embedding a scavenge pause within
alarger pause. Design of the Opportunistic Garbage Collector at 32.

As both Weiss and the Opportunistic Garbage Collection Articlesrelate to
deletion of aged records, one of ordinary skill in the art would have understood
how to use the Opportunistic Garbage Collection Articles dynamic decision
on whether to perform a deletion based on a system load in other hash table
implementations such as Weiss. Moreover, one of ordinary skill in the art
would recognize that it would improve similar systems and methods in the
sameway. Asthe’ 120 patent states“[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
the linked list can be expanded to include techniques whereby not necessarily
all expired records are removed, and that the decision regarding if and how
many records to delete can be a dynamic one.” The’ 120 patent at 7:10-15.
Additionally, one of ordinary skill in the art would recognize that the result of
combining the Opportunistic Garbage Collection Articles’ deletion decision
procedure with Weiss would be nothing more than the predictable use of prior
art elements according to their established functions.
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By way of further example, one of ordinary skill in the art would have
combined the Opportunistic Garbage Collection Articles dynamic decision on
whether to perform a deletion and how many generations to scavenge as taught
by the Opportunistic Garbage Collection Articles and with Weiss and would
have seen the benefits of doing so. One such benefit, for example, is
preventing slowdown of the system.

Additionally, it would have been obvious to one of ordinary skill in the art to
modify the system disclosed in Weiss to dynamically determine the maximum
number of expired recordsto remove in the accessed linked list of records. It
isafundamental concept in computer science and the relevant art that any
variable or parameter affecting any aspect of a system can be dynamically
determined based on information available to the system. One of ordinary skill
in the art would have been motivated to combine the system disclosed in Weiss
with the fundamental concept of dynamically determining the maximum
number of expired records to remove in an accessed linked list of records to
solve anumber of potential problems. For example, the removal of expired
records described in Weisscan be burdensome on the system, adding to the
system’s load and slowing down the system’ s processing. Moreover, the
removal could also force an interruption in real-time processing as the
processing waits for the removal to complete.

One of ordinary skill in the art would have known that dynamically
determining the maximum number to remove would limit the burden on the
system and bound the length of any real-time interruption to prevent delaysin
processing. Indeed, Nemes concedes that such dynamic determination was
obvious when he states in the * 120 patent that “[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
the linked list can be expanded to include techniques whereby not necessarily
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al expired records are removed, and that the decision regarding if and how
many records to delete can be adynamic one.” ‘120 at 7:10-15. Thus, the
'120 patent provides motivations to combine Weiss with Thatte, Dirks, the
'663 patent, and/or the Opportunistic Garbage Collection Articles, in addition
to motivations within the text of Weiss, such as the initialization routine of
Figure 5.8, and the insert routine of Figure 5.1 that can dynamically determine
when there is afatal error due to alack of space. Weiss at 154-56.

3. A method for storing
and retrieving information
records using alinked list
to store and provide access
to the records, at least
some of the records
automatically expiring, the
method comprising the
steps of':

7. A method for storing
and retrieving information
records using a hashing
technique to provide access
to the records and using an
external chaining technique
to store the records with
same hash address, at |east
some of the records
automatically expiring, the
method comprising the
steps of

To the extent the preamble is alimitation, Weiss discloses a method for storing
and retrieving information records using a linked list to store and provide
access to the records, at least some of the records automatically expiring.
Weiss also discloses a method for storing and retrieving information records
using a hashing technigue to provide access to the records and using an
external chaining technique to store the records with same hash address, at
least some of the records automatically expiring.

For example, Weiss discloses that a“linked list consists of a series of
structures, which are not necessarily adjacent in memory. Each structure
contains the element and a pointer to a structure containing its successor.”
Weiss at 43. Thus, Weiss inherently discloses a method for storing and
retrieving information records. Seeid.

Weiss further discloses that “ hashing is a technique used for performing
insertions, deletions and finds in constant averagetime.” Weiss at 149. Weiss
discloses a method of collision resolution called Open Hashing (Separate
Chaining) which “keeps alist of all elements that hash to the same value.”
Weiss at 152. “The hash table structure contains the actual size and an array of
linked lists, which are dynamically allocated when the tableisinitialized. The
HASH TABLE typeisjust apointer to this structure.” Weissat 153-54.

Plaintiff’s Invalidity Contentions & Production of

Documents

US2008 1290286.1

20 Case No. 6:09-CV-549-LED




EXHIBIT C-11

Asserted Claims From
U.S. Pat. No. 5,893,120

Mark Allen Weiss, Data Structures & Algorithm Analysisin C (The
Benjamin/Cummings Publ’g Co. 1993) alone and in combination

[3a] accessing the linked [7a] accessing alinked list

list of records,

of records having same
hash address,

Weiss discloses accessing alinked list of records. Welss also discloses
accessing alinked list of records having same hash address.

For example, Weiss discloses accessing by way of an insert command, “the
insert command requires obtaining a new cell from the system by using an
malloc call (more on this later) and then executing two pointer maneuvers.
The general ideais shown in Figure 3.4. The dashed line represents the old
pointer.” Weiss at 44.

e A P =

-
Figure 3.3 Deletion from a linked list

f T .
4, ——*;-i as T j a3 __"'!l s |- 95 —’_-l-

Figure 3.4 Insertion into a linked list

Further, Weiss discloses, “[d]eciding what to do when two keys hash to the
same value (thisis known asacollision).” Weissat 150. Weiss also discloses
that “when inserting an element, it hashes to the same value as an already
inserted element, then we have a collision and need to resolveit.” Weiss at
152.

[3b] identifying at least [7b] identifying at |east
some of the automatically | some of the automatically

Weiss discloses identifying at least some of the automatically expired ones of
the records.
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expired ones of the records, | expired ones of the records,

and

For example, Weiss discloses that “[w]hen things are no longer needed, you
can issue a free command to inform the system that it may reclaim the space.
A consequence of the free(p) command is that the address that p is pointing to
is unchanged, but the data that resides at that address is now undefined.”
Weiss at 50.

To the extent that Bedrock argues that Weiss does not anticipate this claim
element, it would have been obviousto one of ordinary skill inthe art to
combine Weiss with Kruse. Kruse discloses “[t]he task of the procedure
vivify isto traversethelist 1ive, determine whether each cell on it satisfies
the conditions to become alive, and vivify it if so, else delete it from the list.
The usual way to facilitate deletion from alinked list isto keep two pointersin
lock step, one position apart, while traversing the list.” ... “Let ustake
advantage of the indirect linkage of our lists, and when we wish to delete an
entry form the list, let us leave the node in place, but set its entry field to nil.
In this way, the node will be flagged as empty when it is again encountered in
the procedure addNeighbors.” Kruseat 219. Thus, Weiss and Kruse show
that one of ordinary skill in the art understood how to identify at |east some of
the automatically expired ones of the records, and would recognize that it
would improve similar systems and methods in the same way.

[3c] removing at least [7c] removing at least
some of the automatically | some of the automatically
expired records from the expired records from the
linked list when the linked | linked list when the linked

list is accessed.

list is accessed, and

Weiss discloses removing at least some of the automatically expired records
from the linked list when the linked list is accessed.

For example, Weiss discloses that “[w]hen things are no longer needed, you
can issue a free command to inform the system that it may reclaim the space.
A consequence of the free(p) command is that the address that p is pointing to
is unchanged, but the data that resides at that address is now undefined.”
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Weiss at 50.

To the extent that Bedrock argues that Weiss does not anticipate this claim
element, it would have been obvious to one of ordinary skill inthe art to
combine Weiss with Kruse. Kruse discloses “[t]he task of the procedure
vivify istotraversethelist 1ive, determine whether each cell on it satisfies
the conditions to become alive, and vivify it if so, else delete it from the list.
The usual way to facilitate deletion from alinked list is to keep two pointersin
lock step, one position apart, while traversing the list.” ... “Let ustake
advantage of the indirect linkage of our lists, and when we wish to delete an
entry form the list, let us leave the node in place, but set its entry field to nil.
In thisway, the node will be flagged as empty when it is again encountered in
the procedure addNeighbors.” Kruseat 219. Thus, Weiss and Kruse show
that one of ordinary skill in the art understood how to remove at least some of
the automatically expired records from the linked list when the linked list is
accessed, and would recognize that it would improve similar systems and
methods in the same way.

[7d] inserting, retrieving
or deleting one of the
records from the system
following the step of
removing.

Weiss discloses inserting, retrieving or deleting one of the records from the
system following the step of removing.

For example, Weiss discloses method of retrieving recordsin afind routine as
shown in figure 3.10.
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Figure 3.10 Find: foutine

/+ Beturn position of x in L; NULL if not found w/ | .. L -
__I,, r_a'..'.|,\_ 1o~ -',. “E, e :" R
>' o _,l:'t__, o
¢ position U LRI

flnd{ element_type X, LIST )

! : : e m S
position p;  h. .1 1 ¢ b ydaiy
Y 1 P =L-mext; -
fee=/f ¢ while( (p != NULL) && (p-?element != x) )
2R p = ponext;
/edind return p;
}
Weiss at 46.

Weiss also discloses a method of inserting arecord in an insert routine as
shown in figure 3.12.
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Figure 3.12 Find previous—the find routine for use with
delete

/+« Insert i{afier legal position p).=/
/+ Header implementation assumed. «/

vold !

~~~~~~~

/i\'_ )Q'_ position tmp.cell; o e LA

blm’ tmp.cell = {pmsrcmn} malloc( sizecE {struct nﬂae} 1
s/ w  if( tmp_cell — NULL )}
Haldifﬁfﬂ _;. fatal-error:{"out of space!! Iy
ol
Luf . tnp.cell—relenent = x; h
“5u/ tmp.cell-»next = p—)rext ) "}
b/ —>ﬂext = tmp.cell;
1 e e
}
Weiss at 48.

Weiss further discloses that a“deletion routine is a straightforward
implementation of deletion in alinked list, so we will not bother with it here.”
Weiss at156. Weiss also discloses that “[a]fter adeletioninalinked ligt, itis
usually agood ideato free the cell, especialy if there are lots of insertions and
deletions intermingled and memory might become a problem.”

o
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Figure 3.15 Correct way to delete a list

/
v’

woid
delete_list( LIST L }
{

position p, tmp;

fds/ p = L-»next; /» header assumed =/
IET=74 L-»next = NULL:;
F43w/ while{ p 1= NULL )

{
Fudin/ tmp = p-*next;
f S/ frea{ p );
Fabwf p = tmp;

}

}

Weiss at 50.

4. The method according to
claim 3 further including
the step of dynamically
determining maximum
number of expired ones of
the records to remove
when the linked list is
accessed.

8. The method according
to claim 7 further including
the step of dynamically
determining maximum
number of expired ones of
the records to remove
when the linked list is
accessed.

Weiss discloses dynamically determining maximum number of expired ones of
the records to remove when the linked list is accessed.

For example, Weiss discloses in Figure 5.8, an initialization routine for open
hash table, and in Figure 5.1, an insert routine for open hash table, that can
dynamically determine when thereisafatal error due to alack of space. This
determination inherently discloses dynamically determining maximum number
of expired ones of the recordsto remove. Weiss at 154-56.

Plaintiff’s Invalidity Contentions & Production of

Documents

US2008 1290286.1

26 Case No. 6:09-CV-549-LED




EXHIBIT C-11

Asserted Claims From
U.S. Pat. No. 5,893,120

Mark Allen Weiss, Data Structures & Algorithm Analysisin C (The
Benjamin/Cummings Publ’g Co. 1993) alone and in combination

Figure 5.8 Initialization routine for open hash table
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Initialize_tahle({ unsigned int ’table size /)
{ . . e » AT
B ___..-f L.t;s‘ﬂ\j
.. - /% Bllocate list pr:li w/ W
NIRRT T4 . E->the_lists = (x(ﬁ;:.cn )
\ SR > i - }
'\ matitc( sizeof (LIS ) " )—btable gize );
/%8s / if( H->the.lists = HULL )
fel0s/ fatal error(vont: of spacet i)y
/+ Bllocate list headers «/
Fwlida/ for(i=0; i¢H->table._size; i++ )
{
FelBe/ H-»the_lists[i]l = (LIST} malloc
{ sizeof (struct list.node) );
/#1137 if{ H->the_lists[i] == NULL )
Ialbnt fatal error(MOut of Space!lrin):
else
FENA-TY H->the_lists[il->next = HOLL;
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vold
“4nsert( element.type key, HASH_TABLE H )
i -

position pos, new_cell;

LIST L;
lfls/ pos = find{ key, H );
s/ 1f( pos = NULL ) /% key is not found «/

{
A EY new_cell = (position} malloc(sizeo i
L{struct list_node)):
wamn!M“’“ﬂiﬂ nevw.cell = KULL ) &
"l U fataleerror(ont of spacetiim;

g elsae '

{

ks /f L = B->the_lists[ hash( key, H-»>table_size Y 1;

ETEY new.cell->next = L-»next;

FEL. T new.cell-alement = key; /« Probably need stropy!! s/
S/ ) L-rnext = new_cell;

}

Figure 5.10 Insert routine for open hash table

It would have been obvious to one of ordinary skill in the art to modify the
system disclosed in Weiss to dynamically determine the maximum number of
expired recordsto remove in the accessed linked list of records. Itisa
fundamental concept in computer science and the relevant art that any variable
or parameter affecting any aspect of a system can be dynamically determined
based on information available to the system. One of ordinary skill in the art
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would have been motivated to combine the system disclosed in Weiss with the
fundamental concept of dynamically determining the maximum number of
expired records to remove in an accessed linked list of recordsto solve a
number of potential problems. For example, the removal of expired records
described in Weiss can be burdensome on the system, adding to the system’s
load and slowing down the system’s processing. Moreover, the removal could
also force an interruption in real-time processing as the processing waits for
the removal to complete. Indeed, part of the motivation for the system
disclosed in Weiss is avoiding these problems. One of ordinary skill in the art
would have known that dynamically determining the maximum number to
remove would limit the burden on the system and bound the length of any real-
time interruption to prevent delaysin processing. Indeed, Nemes concedes that
such dynamic determination was obvious when he statesin the * 120 patent that
“[a] person skilled in the art will appreciate that the technique of removing all
expired records while searching the linked list can be expanded to include
techniques whereby not necessarily all expired records are removed, and that
the decision regarding if and how many records to delete can be a dynamic
one.” ‘120 at 7:10-15.

Weiss combined with Dirks, Thatte, the’ 663 patent, and/or the Opportunistic
Garbage Collection Articles discloses dynamically determining maximum
number of expired ones of the records to remove when the linked list is
accessed.

Dirks discloses the management of memory in a computer system and more
particularly to the allocation of address space in avirtual memory system,
which dynamically determines how many records to sweep/remove upon each
allocation. Disclosure of these claim elementsin Dirksis clearly shown in the
chart of Dirks, which is hereby incorporated by referencein its entirety.
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As summarized in Dirks,

eachtimeaVSID is assigned from the free list to a new application or
thread, afixed number of entriesin the page table are scanned to determine
whether they have become inactive, by checking them against the VSIDs
on therecyclelist. Each entry which isidentified as being inactive is
removed from the page table. After al of the entriesin the page table have
been examined in this manner, the VSIDsin the recycle list can be
transferred to the free list, since al of their associated page table entries
will have been removed. This approach thereby guarantees that a
predetermined number of VSIDs are always available in the free list
without requiring a time-consuming scan of the complete page table at
once. U.S. Patent No. 6,119,214 to Dirks at 7:2-14.

After [a] new VSID has been allocated, the system checks aflag RFLG
to determine whether arecycle sweep is currently in progress (Step 20).
If thereisno sweep in progress, i.e. RFLG isnot equal to one, a
determination is made whether a sweep should be initiated. Thisis done
by checking whether the inactive list isfull, i.e. whether it contains x
entries (Step 22). If the number of entries| on the inactive list isless than
X, no further action is taken, and processing control returns to the
operating system (Step 24). If, however, the inactive list isfull at this
time, the flag RFLG is set (Step 26), the VSIDs on the inactive list are
transferred to the recyclelist, and anindex nisreset to 1 (Step 28). The
system then sweeps a predetermined number of page table entries PT; on
the page table, to detect whether any of them are inactive, i.e. their
associated VSID ison therecyclelist (Step 30). The predetermined
number of entries that are swept isidentified as k, where:
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total number of page table entries
maximum number of active threads

Id. at 8:12-30.

Dirks discloses that any approach can be employed to determine the number of
entries to be examined during each step of the sweeping process. Id. at 7:37-
40. Asstated in Dirks:

Any other suitable approach can be employed to determine the number of
entries to be examined during each step of the sweeping process. In this
regard, it is not necessary that the number of examined entries be fixed for
each step. Rather, it might vary from one step to the next. The only criterion
isthat the number of entries examined on each step be such that all entriesin
the page table are examined in a determinable amount of time or by the
occurrence of a certain event, e.g. by thetimethelist of free VSIDsis empty.

|d. at 7:38-46. Thus, Dirks dynamically determines the maximum number of
records to sweep/remove by calculating avaluek. 1d. at 7:15-46, 7:66-8:56.

As both Weiss and Dirks relate to deletion of aged records upon the allocation
of anew incoming record, one of ordinary skill in the art would have
understood how to use Dirks dynamic decision making process of determining
the maximum number of records to sweep/remove in other hash tables
implementations such as that described Weiss. Moreover, one of ordinary skill
in the art would recognize that it would improve similar systems and methods
inthe sameway. Asthe’120 patent states “[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
the linked list can be expanded to include techniques whereby not necessarily
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al expired records are removed, and that the decision regarding if and how
many records to delete can be adynamic one.” The’120 patent at 7:10-15.
Additionally, one of ordinary skill in the art would recognize that the result of
combining Dirks deletion decision procedure with Weiss would be nothing
more than the predictable use of prior art elements according to their
established functions.

By way of further example, one of ordinary skill in the art would have
combined Dirks' dynamic determination of the suitable number of entriesto
examine during each step of the sweeping process with Weiss and would have
seen the benefits of doing so. One possible benefit, for example, is saving the
system from performing sometimes time-consuming sweeps.

Alternatively, one of ordinary skill in the art would be motivated to, and would
understand how to, combine the system disclosed in Weiss with the means for
dynamically determining maximum number for the record search means to
remove in the accessed linked list of records disclosed by Thatte. Thatte,
discloses a system and method using hash tables and/or linked lists and further
discloses means for dynamically determining the maximum number for the
record search means to remove in the accessed linked list of records. The
disclosure of these claim elements in Thatte is clearly shown in the chart of
Thatte, which is hereby incorporated by reference in its entirety.

Moreover, one of ordinary skill in the art would recognize that these
combinations would improve the similar systems and methods in the same
way. Additionally, one of ordinary skill in the art would recognize that the
result of combining Weiss with Thatte would be nothing more than the
predictable use of prior art elements according to their established functions.
The resulting combination would include the capability to determine the
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maximum number for the record search means to remove.

Further, one of ordinary skill in the art would be motivated to combine Weiss
with Thatte and recognized the benefits of doing so. For example, the removal
of expired records described in Weisscan be burdensome on the system, adding
to the system’ s load and slowing down the system’s processing. One of
ordinary skill in the art would recognize that combining Weiss with the
teachings of Thatte would solve this problem by dynamically determining how
many records to delete based on, among other things, the system load.
Moreover, the '120 patent discloses that "[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
the linked list can be expanded to include techniques whereby not necessarily
al expired records are removed, and that the decision regarding if and how
many records to delete can be adynamic one.” '120 at 7:10-15. Thus, the '120
patent provides motivations to combine Weiss with Thatte.

Alternatively, it would also be obvious to combine Weiss with the ' 663 patent.
Disclosure of these claim elements in the ' 663 patent is clearly shown in the
chart of the * 663 patent, which is hereby incorporated by referencein its
entirety. Assummarized in the’ 663 patent:

during normal times when the load on the storage system is not
excessive, a non-contaminating but slow deletion of records is
used. This slow, non-contaminating deletion involves closing
the collision-resolution chain of locations by moving a record
from a later position in the chain into the position of the record
to be deleted. This leaves no deleted record locations in the
storage space to slow down future searches. U.S. Patent
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4,996,663 to Nemes at 2:24-34 (“The ' 663 patent”).

In times of heavy use, when deletions must be done rapidly and
no time is available for decontamination, the record is simply
marked as “deleted” and left in place. Later non-contaminating
probes in the vicinity of such deleted record locations
automatically remove the contaminating deleted records by
moving records in the chain as described above. Id. at 2:35-41.

This hybrid hashing technique has the decided advantage of
automatically eliminating contamination caused by the fast-
secure deletion procedure when the slower, non-contaminating
deletion is used when the load on the system is at lower levels.
|d. at 2:42-46.

This hybrid deletion is shown in Figure 5.
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FIG.5
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Id. at Figure 5.

During the hybrid deletion procedure decision block 51 checks the system load
to determine if the system load is greater than athreshold. If the system load is
greater than the threshold, then afast-secure delete 52 isused. |1d. at 6:40-64,
Figure 5. On the other hand, if the system load is less than the threshold, then a
slow-non-contaminating delete 53 isused. 1d. The fast-secure delete 52 does
not actually delete records, rather it marks records as deleted. 1d. at 8:1-33,
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Figure 7. These records are then actually deleted by a subsequent slow-non-
contaminating delete 53. 1d. at 6:65-7:68, Figures 6, 6A, 6B.

Thus, the hybrid deletion procedure in the ' 663 patent dynamically determines
amaximum number of records to remove. Seeid. at 6:40-64, Figure 5. If the
fast-secure delete 52 is used, then maximum number of recordsis zero because
records are not deleted they are only marked. Id. at 8:1-33, Figure 7. If the
slow-non-contaminating delete 53 is used, then the maximum number of
recordsto remove isall of the contaminated records in the bucket. 1d. at 6:65-
7:68, Figures 6, 6A, 6B.

As both Weiss and the ' 663 patent relate to deletion of records from hash
tables using external chaining, one of ordinary skill in the art would

understood how to use the 663 patent’ s dynamic decision on whether to
perform a deletion based on a systems load in other hash table implementations
such as Weiss. Moreover, one of ordinary skill in the art would recognize that
it would improve similar systems and methods in the same way. Asthe’120
patent states “[a] person skilled in the art will appreciate that the technique of
removing all expired records while searching the linked list can be expanded to
include techniques whereby not necessarily all expired records are removed,
and that the decision regarding if and how many records to delete can be a
dynamic one.” The’ 120 patent at 7:10-15. Additionally, one of ordinary skill
in the art would recognize that the result of combining the’ 663 patent’s
deletion decision procedure with Weiss would be nothing more than the
predictable use of prior art elements according to their established functions.

By way of further example, one of ordinary skill in the art would have
combined the’ 663 patent’ s dynamic decision on whether to perform a deletion
based on a systems load as taught by the ' 663 patent and with Weiss and would
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have seen the benefits of doing so. One such benefit, for example, is that the
system would avoid performing deletions when the system load exceeded a
threshold.

Alternatively, it would also be obvious to combine Weiss with the
Opyportunistic Garbage Collection Articles.

The Opportunistic Garbage Collection Articles disclose a generational based
garbage collection which dynamically determines how much garbage to
collect. See generally, Paul R. Wilson and Thomas G. Moher, Design of the
Opportunistic Garbage Collector, OOPSLA ’ 89 Proceedings, October 1-6,
1989; Paul R. Wilson, Opportunistic Garbage Collection, ACM SIGPLAN
Notices, Vol. 23, No. 12, December 1988.

When a significant pause has been detected, a decision procedureis
invoked to decide whether to garbage collect, and how many generations to
scavenge. The fuller ageneration is, the more likely it is to be scavenged;
also, the longer the pause that has been detected, the larger the scope of the
garbage collection islikely to be. Design of the Opportunistic Garbage
Collector at 32.

Every time a user-input routine is invoked, a decision routine can decide
whether to garbage collect. Aslong as the decision routine takes no more
than afew milliseconds to execute, it should not interfere with
responsiveness. Sinceit isonly invoked at these times, it does not incur a
continual run-time overhead. Opportunistic Garbage Collection at 100.

This decision routine should take several things into account: 1) the volume
of data allocated since the last scavenge, 2) how long it has been since the
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user has had an opportunity to interact, and 3) the height of the stack
relative to its average height at reads since the last scavenge. If the product
of the allocation and the compute timeis high, and if the stack islow, the
scavenge favorability measureis high. If it is especially high, amulti-
generation scavengeisin order. Id.

If these heuristics fail and a scavenge is forced instead by the filling of a
generation’ s space, it islikely to happen during a significant compute-
bound pause--the one that has just allocated the data that forced the
collection. When the opportunistic mechanism fails to find the end of a
pause, it may still succeed by default, embedding a scavenge pause within
alarger pause. Design of the Opportunistic Garbage Collector at 32.

As both Weiss and the Opportunistic Garbage Collection Articles relate to
deletion of aged records, one of ordinary skill in the art would have understood
how to use the Opportunistic Garbage Collection Articles dynamic decision
on whether to perform a deletion based on a system load in other hash table
implementations such as Weiss. Moreover, one of ordinary skill in the art
would recognize that it would improve similar systems and methods in the
sameway. Asthe’120 patent states“[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
the linked list can be expanded to include techniques whereby not necessarily
all expired records are removed, and that the decision regarding if and how
many records to delete can be adynamic one.” The’ 120 patent at 7:10-15.
Additionally, one of ordinary skill in the art would recognize that the result of
combining the Opportunistic Garbage Collection Articles’ deletion decision
procedure with Weiss would be nothing more than the predictable use of prior
art elements according to their established functions.
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By way of further example, one of ordinary skill in the art would have
combined the Opportunistic Garbage Collection Articles dynamic decision on
whether to perform a deletion and how many generations to scavenge as taught
by the Opportunistic Garbage Collection Articles and with Weiss and would
have seen the benefits of doing so. One such benefit, for example, is that the
system would only perform deletions when the system was not already too
overloaded, thus preventing slowdown of the system.

Additionally, it would have been obviousto one of ordinary skill in the art to
modify the system disclosed in Weiss to dynamically determine the maximum
number of expired recordsto remove in the accessed linked list of records. It
isafundamental concept in computer science and the relevant art that any
variable or parameter affecting any aspect of a system can be dynamically
determined based on information available to the system. One of ordinary skill
in the art would have been motivated to combine the system disclosed in Weiss
with the fundamental concept of dynamically determining the maximum
number of expired records to remove in an accessed linked list of records to
solve anumber of potential problems. For example, the removal of expired
records described in Weiss can be burdensome on the system, adding to the
system’ sload and slowing down the system’ s processing. Moreover, the
removal could also force an interruption in real-time processing as the
processing waits for the removal to complete.

One of ordinary skill in the art would have known that dynamically
determining the maximum number to remove would limit the burden on the
system and bound the length of any real-time interruption to prevent delaysin
processing. Indeed, Nemes concedes that such dynamic determination was
obvious when he states in the * 120 patent that “[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
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the linked list can be expanded to include techniques whereby not necessarily
all expired records are removed, and that the decision regarding if and how
many records to delete can be adynamic one.” ‘120 at 7:10-15. Thus, the

' 120 patent provides motivations to combine Weiss with Thatte, Dirks, the
'663 patent, and/or the Opportunistic Garbage Collection Articlesin addition to
motivations within the text of Weiss, such as the initialization routine of Figure
5.8, and the insert routine of Figure 5.1 that can dynamically determine when
thereisafatal error dueto alack of space. Weiss at 154-56.
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1. Aninformation storage
and retrieval system, the
system comprising:

5. An information storage
and retrieval system, the
system comprising:

To the extent the preamble is a limitation, Frakes discloses an information
storage and retrieval system.

For example, Frakes discloses “hashing, an information storage and retrieval
technique useful for implementing many ... other structures.” (Frakes at 293).

[1a] alinked list to store
and provide accessto
records stored in a memory
of the system, at least some
of the records
automatically expiring,

[5a] ahashing meansto
provide access to records
stored in amemory of the
system and using an
external chaining technique
to store the records with
same hash address, at |east
some of the records
automatically expiring,

Frakes discloses alinked list to store and provide access to records stored in a
memory of the system, at least some of the records automatically expiring.
Frakes al so discloses a hashing means to provide access to records stored in a
memory of the system and using an external chaining technique to store the
records with same hash address, at |east some of the records automatically
expiring.

For example, Frakes discloses “hashing, an information storage and retrieval
technique useful for implementing many ... other structures.” (Frakes at 293).
Frakes discloses that hashing is “a ubiquitous information retrieval strategy for
providing efficient access to information based on akey.” Id. Frakes further
discloses “chained hashing. It is so named because each bucket stores alinked
list—that is, a chain—of key-information pairs, rather than asingle one.”
(Frakes at 298).

[1b] arecord search means
utilizing a search key to
access the linked list,

[5b] arecord search means
utilizing a search key to
access alinked list of
records having the same
hash address,

Frakes discloses a record search means utilizing a search key to access the
linked list. Frakes also discloses arecord search means utilizing a search key
to access a linked list of records having the same hash address.

For example, Frakes discloses that “[t]he goal (of hashing) isto avoid
collisions. A collision occurs when two or more keys map to the same
location. If no keys collide, then locating the information associated with a
key is simply the process of determining the key’ s location. Whenever a
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collision occurs, some extra computation is necessary to further determine a
unique location for akey.” (Frakesat 294).

[1c] therecord search
means including a means
for identifying and
removing at least some of
the expired ones of the
records from the linked list
when the linked list is
accessed, and

[5¢] therecord search
means including means for
identifying and removing
at least some expired ones
of the records from the
linked list of records when
the linked list is accessed,
and

Frakes discloses the record search means including a means for identifying and
removing at least some of the expired ones of the records from the linked list
when the linked list is accessed. Frakes also discloses the record search means
including means for identifying and removing at least some expired ones of the
records from the linked list of records when the linked list is accessed.

For example, Frakes discloses that a * hash table with m buckets may therefore
store more than mkeys. However, performance will degrade as the number of
keysincreases. Computing the bucket in which akey residesis still fast—a
matter of evaluating the hash function—but locating it within that bucket (or
simply determining its presence, which is necessary in all operations) requires
traversing the linked list.” (Frakes at 299).

Additionally, Frakes discloses that “performance will degrade as the number of
keysincreases.” Id. Thus, Frakes suggests removing at least some of the
automatically expired records from the linked list when the linked list is
accessed. (Seeid.)

[1d] means, utilizing the
record search means, for
accessing the linked list
and, at the same time,
removing at least some of
the expired ones of the
recordsin the linked list.

[5d] mea[n]s, utilizing the
record search means, for
inserting, retrieving, and
deleting records from the
system and, at the same
time, removing at least
some expired ones of the
records in the accessed
linked list of records.

Frakes discloses means, utilizing the record search means, for accessing the
linked list and, at the same time, removing at least some of the expired ones of
the recordsin the linked list. Frakes also discloses utilizing the record search
means, for inserting, retrieving, and deleting records from the system and, at
the same time, removing at least some expired ones of the recordsin the
accessed linked list of records.

For example, Frakes discloses several operations that are usually provided by
an implementation of hashing:
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1. Initialization: indicate that the hash table contains no elements.

2. Insertion: insert information, indexed by akey k, into ahash table. If
the has table already containsk, then it cannot be inserted. (Some
implementations do allow such insertion, to permit replacing existing
information.)

3. Retrieval: given akey k, retrieve the information associated with it.

4. Deletion: remove the information associated with key k from a hash
table, if any exists. New information indexed by k may subsequently
be placed in the table.

(Frakes at 297).

Frakes further discloses that “[m]ost of the code from the routines Insert,

Delete, Clear (for Initialize), and Member (for Retrieve) can be
used directly.” (Frakesat 299).

Additionally, Frakes discloses that “performance will degrade as the number of
keysincreases.” 1d. Thus Frakes suggests removing at least some of the
automatically expired records from the linked list when the linked list is
accessed. (Seeid.)

2. Theinformation storage
and retrieval system
accordingtoclam 1
further including means for
dynamically determining
maximum number for the
record search means to
remove in the accessed
linked list of records.

6. Theinformation storage
and retrieval system
accordingtoclam5
further including means for
dynamically determining
maximum number for the
record search means to
remove in the accessed
linked list of records.

It would have been obviousto one of ordinary skill in the art to modify the
system disclosed in Frakes to dynamically determine the maximum number of
expired recordsto remove in the accessed linked list of records. Itisa
fundamental concept in computer science and the relevant art that any variable
or parameter affecting any aspect of a system can be dynamically determined
based on information available to the system. One of ordinary skill in the art
would have been motivated to combine the system disclosed in Frakes with the
fundamental concept of dynamically determining the maximum number of
expired records to remove in an accessed linked list of recordsto solve a
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number of potential problems. For example, the removal of expired records
described in Frakes can be burdensome on the system, adding to the system’s
load and slowing down the system’ s processing. Moreover, the removal could
also force an interruption in real-time processing as the processing waits for
the removal to complete. Indeed, part of the motivation for the system
disclosed in Frakes is avoiding these problems. One of ordinary skill in the art
would have known that dynamically determining the maximum number to
remove would limit the burden on the system and bound the length of any real-
time interruption to prevent delaysin processing. Indeed, Nemes concedes that
such dynamic determination was obvious when he statesin the * 120 patent that
“[a] person skilled in the art will appreciate that the technique of removing all
expired records while searching the linked list can be expanded to include
techniques whereby not necessarily all expired records are removed, and that
the decision regarding if and how many records to delete can be a dynamic
one.” ‘120 at 7:10-15.

Frakes combined with Dirks, Thatte, the’663 patent and/or the Opportunistic
Garbage Collection Articles discloses an information storage and retrieval
system further including means for dynamically determining maximum
number for the record search means to remove in the accessed linked list of
records.

Dirks discloses the management of memory in a computer system and more
particularly to the alocation of address space in avirtual memory system,
which dynamically determines how many records to sweep/remove upon each
alocation. Disclosure of these claim elementsin Dirksis clearly shownin
Exhibit B-2, which is hereby incorporated by referencein its entirety.
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As summarized in Dirks,

eachtimeaVSID is assigned from the free list to a new application or
thread, afixed number of entriesin the page table are scanned to determine
whether they have become inactive, by checking them against the VSIDs
on therecyclelist. Each entry which isidentified as being inactive is
removed from the page table. After al of the entriesin the page table have
been examined in this manner, the VSIDsin the recycle list can be
transferred to the free list, since al of their associated page table entries
will have been removed. This approach thereby guarantees that a
predetermined number of VSIDs are always available in the free list
without requiring a time-consuming scan of the complete page table at
once. U.S. Patent No. 6,119,214 to Dirks at 7:2-14.

After [a] new VSID has been allocated, the system checks aflag RFLG
to determine whether arecycle sweep is currently in progress (Step 20).
If thereisno sweep in progress, i.e. RFLG isnot equal to one, a
determination is made whether a sweep should be initiated. Thisis done
by checking whether the inactive list isfull, i.e. whether it contains x
entries (Step 22). If the number of entries| on the inactive list isless than
X, no further action is taken, and processing control returns to the
operating system (Step 24). If, however, the inactive list isfull at this
time, the flag RFLG is set (Step 26), the VSIDs on the inactive list are
transferred to the recyclelist, and anindex nisreset to 1 (Step 28). The
system then sweeps a predetermined number of page table entries PT; on
the page table, to detect whether any of them are inactive, i.e. their
associated VSID ison therecyclelist (Step 30). The predetermined
number of entries that are swept isidentified as k, where:
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total number of page table entries

maximum number of active threads
Id. at 8:12-30.

Dirks discloses that any approach can be employed to determine the number of
entries to be examined during each step of the sweeping process. Id. at 7:37-
40. Asdtated in Dirks:

Any other suitable approach can be employed to determine the number of
entries to be examined during each step of the sweeping process. In this
regard, it is not necessary that the number of examined entries be fixed for
each step. Rather, it might vary from one step to the next. The only criterion
isthat the number of entries examined on each step be such that all entriesin
the page table are examined in a determinable amount of time or by the
occurrence of a certain event, e.g. by thetimethelist of free VSIDsis empty.

Id. at 7:38-46. Thus, Dirks dynamically determines the maximum number of
records to sweep/remove by calculating avaluek. 1d. at 7:15-46, 7:66-8:56.

As both Frakes and Dirks relate to deletion of aged records upon the allocation
of anew incoming record, one of ordinary skill in the art would have
understood how to use Dirks dynamic decision making process of determining
the maximum number of recordsto sweep/remove in other hash tables
implementations such as Frakes. Moreover, one of ordinary skill in the art
would recognize that it would improve similar systems and methods in the
sameway. Asthe’ 120 patent states “[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
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the linked list can be expanded to include techniques whereby not necessarily
al expired records are removed, and that the decision regarding if and how
many records to delete can be adynamic one.” The’120 patent at 7:10-15.
Additionally, one of ordinary skill in the art would recognize that the result of
combining Dirks deletion decision procedure with Frakes nothing more than
the predictable use of prior art elements according to their established
functions.

By way of further example, one of ordinary skill in the art would have
combined Dirks' dynamic determination of the suitable number of entriesto
examine during each step of the sweeping process with Frakes and would have
seen the benefits of doing so. One possible benefit, for example, is saving the
system from performing sometimes time-consuming sweeps.”

Alternatively, one of ordinary skill in the art would be motivated to, and would
understand how to, combine the system disclosed in Frakes with the means for
dynamically determining maximum number for the record search means to
remove in the accessed linked list of records disclosed by Thatte. Thatte,
discloses a system and method using hash tables and/or linked lists and further
discloses means for dynamically determining the maximum number for the
record search means to remove in the accessed linked list of records. The
disclosure of these claim elements in Thatte is clearly shown in the chart of
Thatte, which is hereby incorporated by reference in its entirety.

Moreover, one of ordinary skill in the art would recognize that these
combinations would improve the similar systems and methods in the same
way. Additionally, one of ordinary skill in the art would recognize that the
result of combining Frakes with Thatte would be nothing more than the
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predictable use of prior art elements according to their established functions.
The resulting combination would include the capability to determine the
maximum number for the record search means to remove.

Further, one of ordinary skill in the art would be motivated to combine Frakes
with Thatte and recognize the benefits of doing so. For example, the removal
of expired records described in Frakes can be burdensome on the system,
adding to the system’ s load and slowing down the system’s processing. One of
ordinary skill in the art would recognize that combining Frakes with the
teachings of Thatte would solve this problem by dynamically determining how
many records to delete based on, among other things, the system load.
Moreover, the '120 patent discloses that "[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
the linked list can be expanded to include techniques whereby not necessarily
all expired records are removed, and that the decision regarding if and how
many records to delete can be adynamic one.” '120 at 7:10-15. Thus, the '120
patent provides motivations to combine Frakes with Thatte.

Alternatively, it would also be obvious to combine Frakeswith the * 663 patent.
Disclosure of these claim elements in the’ 663 patent is clearly shown in the
chart of the ' 663 patent, which is hereby incorporated by referencein its
entirety. Assummarized in the’ 663 patent:

during normal times when the load on the storage system is not
excessive, a non-contaminating but slow deletion of records is
used. This slow, non-contaminating deletion involves closing
the collision-resolution chain of locations by moving a record
from a later position in the chain into the position of the record
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to be deleted. This leaves no deleted record locations in the
storage space to slow down future searches. U.S. Patent
4,996,663 to Nemes at 2:24-34 (“The 663 patent”).

In times of heavy use, when deletions must be done rapidly and
no time is available for decontamination, the record is simply
marked as “deleted” and left in place. Later non-contaminating
probes in the vicinity of such deleted record locations
automatically remove the contaminating deleted records by
moving records in the chain as described above. 1d. at 2:35-41.

This hybrid hashing technique has the decided advantage of
automatically eliminating contamination caused by the fast-
secure deletion procedure when the slower, non-contaminating
deletion is used when the load on the system is at lower levels.
Id. at 2:42-46.

This hybrid deletion is shown in Figure 5.
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FIG.5
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Id. at Figure 5.

During the hybrid deletion procedure decision block 51 checks the system load
to determine if the system load is greater than athreshold. If the system load is
greater than the threshold, then a fast-secure delete 52 is used. Id. at 6:40-64,

Figure 5. On the other hand, if the system load is |ess than the threshold, then a

slow-non-contaminating delete 53 isused. Id. The fast-secure delete 52 does
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not actually delete records, rather it marks records as deleted. 1d. at 8:1-33,
Figure 7. These records are then actually deleted by a subsequent slow-non-
contaminating delete 53. 1d. at 6:65-7:68, Figures 6, 6A, 6B.

Thus, the hybrid deletion procedure in the ' 663 patent dynamically determines
amaximum number of records to remove. Seeid. at 6:40-64, Figure 5. If the
fast-secure delete 52 is used, then maximum number of records is zero because
records are not deleted they are only marked. Id. at 8:1-33, Figure 7. If the
slow-non-contaminating delete 53 is used, then the maximum number of
records to remove is al of the contaminated records in the bucket. 1d. at 6:65-
7:68, Figures 6, 6A, 6B.

As both Frakes and the ' 663 patent relate to deletion of records from hash
tables using external chaining, one of ordinary skill in the art would
understood how to use the ' 663 patent’ s dynamic decision on whether to
perform a deletion based on a systems load in other hash table implementations
such asthat described in Frakes. Moreover, one of ordinary skill in the art
would recognize that it would improve similar systems and methods in the
sameway. Asthe’ 120 patent states“[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
the linked list can be expanded to include techniques whereby not necessarily
all expired records are removed, and that the decision regarding if and how
many records to delete can be a dynamic one.” The’ 120 patent at 7:10-15.
Additionally, one of ordinary skill in the art would recognize that the result of
combining the ' 663 patent’ s deletion decision procedure with Frakes would be
nothing more than the predictable use of prior art elements according to their
established functions.

By way of further example, one of ordinary skill in the art would have
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combined the’ 663 patent’ s dynamic decision on whether to perform a deletion
based on a systems |oad as taught by the ' 663 patent and with Frakes and
would have seen the benefits of doing so. One such benefit, for example, is
that the system would avoid performing deletions when the system load
exceeded a threshold.

Alternatively, it would also be obvious to combine Frakes with the
Opportunistic Garbage Collection Articles.

The Opportunistic Garbage Collection Articles disclose a generational based
garbage collection which dynamically determines how much garbage to
collect. See generally, Paul R. Wilson and Thomas G. Moher, Design of the
Opportunistic Garbage Collector, OOPSLA ' 89 Proceedings, October 1-6,
1989; Paul R. Wilson, Opportunistic Garbage Collection, ACM SIGPLAN
Notices, Vol. 23, No. 12, December 1988.

When a significant pause has been detected, a decision procedureis
invoked to decide whether to garbage collect, and how many generationsto
scavenge. The fuller ageneration is, the more likely it isto be scavenged;
also, the longer the pause that has been detected, the larger the scope of the
garbage collection islikely to be. Design of the Opportunistic Garbage
Collector at 32.

Every time a user-input routine is invoked, a decision routine can decide
whether to garbage collect. Aslong as the decision routine takes no more
than afew milliseconds to execute, it should not interfere with
responsiveness. Sinceit isonly invoked at these times, it does not incur a
continual run-time overhead. Opportunistic Garbage Collection at 100.
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This decision routine should take several things into account: 1) the volume
of data allocated since the last scavenge, 2) how long it has been since the
user has had an opportunity to interact, and 3) the height of the stack
relative to its average height at reads since the last scavenge. If the product
of the allocation and the compute timeis high, and if the stack islow, the
scavenge favorability measureis high. If it is especially high, amulti-
generation scavengeisin order. Id.

If these heuristics fail and a scavenge is forced instead by the filling of a
generation’ s space, it islikely to happen during a significant compute-
bound pause--the one that has just allocated the data that forced the
collection. When the opportunistic mechanism fails to find the end of a
pause, it may still succeed by default, embedding a scavenge pause within
alarger pause. Design of the Opportunistic Garbage Collector at 32.

As both Frakes and the Opportunistic Garbage Collection Articlesrelate to
deletion of aged records, one of ordinary skill in the art would have understood
how to use the Opportunistic Garbage Collection Articles dynamic decision
on whether to perform a deletion based on a system load in other hash table
implementations such as Frakes. Moreover, one of ordinary skill in the art
would recognize that it would improve similar systems and methods in the
sameway. Asthe’ 120 patent states“[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
the linked list can be expanded to include techniques whereby not necessarily
all expired records are removed, and that the decision regarding if and how
many records to delete can be a dynamic one.” The’ 120 patent at 7:10-15.
Additionally, one of ordinary skill in the art would recognize that the result of
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combining the Opportunistic Garbage Collection Articles’ deletion decision
procedure with Frakes would be nothing more than the predictable use of prior
art elements according to their established functions.

By way of further example, one of ordinary skill in the art would have
combined the Opportunistic Garbage Collection Articles dynamic decision on
whether to perform a deletion and how many generations to scavenge as taught
by the Opportunistic Garbage Collection Articles and with Frakes and would
have seen the benefits of doing so. One such benefit, for example, is
preventing slowdown of the system.

Additionally, it would have been obvious to one of ordinary skill in the art to
modify the system disclosed in Frakes to dynamically determine the maximum
number of expired recordsto remove in the accessed linked list of records. It
isafundamental concept in computer science and the relevant art that any
variable or parameter affecting any aspect of a system can be dynamically
determined based on information available to the system. One of ordinary skill
in the art would have been motivated to combine the system disclosed in
Frakes with the fundamental concept of dynamically determining the
maximum number of expired records to remove in an accessed linked list of
records to solve anumber of potential problems. For example, the removal of
expired records described in Frakescan be burdensome on the system, adding
to the system’ s load and slowing down the system’s processing. Moreover, the
removal could also force an interruption in real-time processing as the
processing waits for the removal to complete.

One of ordinary skill in the art would have known that dynamically
determining the maximum number to remove would limit the burden on the
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system and bound the length of any real-time interruption to prevent delaysin
processing. Indeed, Nemes concedes that such dynamic determination was
obvious when he states in the * 120 patent that “[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
the linked list can be expanded to include techniques whereby not necessarily
al expired records are removed, and that the decision regarding if and how
many records to delete can be adynamic one.” ‘120 at 7:10-15.

3. A method for storing
and retrieving information
records using alinked list
to store and provide access
to the records, at |east
some of the records
automatically expiring, the
method comprising the
steps of

7. A method for storing
and retrieving information
records using a hashing
technique to provide access
to the records and using an
external chaining technique
to store the records with
same hash address, at |east
some of the records
automatically expiring, the
method comprising the
steps of:

To the extent the preamble is alimitation, Frakes discloses a method for
storing and retrieving information records using alinked list to store and
provide access to the records, at least some of the records automatically
expiring. Frakes also discloses a method for storing and retrieving information
records using a hashing technique to provide access to the records and using an
external chaining technique to store the records with same hash address, at
least some of the records automatically expiring.

For example, Frakes discloses “ hashing, an information storage and retrieval
technique useful for implementing many ... other structures.” (Frakes at 293).

Frakes also discloses “ hashing, an information storage and retrieval technique
useful for implementing many ... other structures.” (Frakesat 293). Frakes
discloses that hashing is “a ubiquitous information retrieval strategy for
providing efficient access to information based on akey.” Id. Frakes further
discloses “chained hashing. It is so named because each bucket stores alinked
list—that is, a chain—of key-information pairs, rather than asingle one.”
(Frakes at 298).

[3a] accessing the linked
list of records,

[7a] accessing alinked list
of records having same

Frakes discloses accessing alinked list of records. Frakes also discloses
accessing alinked list of records having same hash address.
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hash address,

For example, Frakes discloses that “[t]he goa (of hashing) isto avoid
collisions. A collision occurs when two or more keys map to the same
location. If no keys collide, then locating the information associated with a
key is simply the process of determining the key’ s location. Whenever a
collision occurs, some extra computation is necessary to further determine a
unique location for akey.” (Frakesat 294).

[3b] identifying at least
some of the automatically
expired ones of the records,
and

[7b] identifying at least
some of the automatically
expired ones of the records,

Frakes discloses identifying at least some of the automatically expired ones of
the records. Frakes also disclosesidentifying at least some of the
automatically expired ones of the records.

For example, Frakes discloses that a “ hash table with m buckets may therefore
store more than mkeys. However, performance will degrade as the number of
keysincreases. Computing the bucket in which akey residesis still fast—a
matter of evaluating the hash function—abut locating it within that bucket (or
simply determining its presence, which is necessary in all operations) requires
traversing the linked list.” (Frakes at 299).

[3c] removing at least
some of the automatically
expired records from the
linked list when the linked
list is accessed.

[7c] removing at least
some of the automatically
expired records from the
linked list when the linked
list is accessed, and

Frakes discloses removing at least some of the automatically expired records
from the linked list when the linked list is accessed. Frakes also discloses
removing at least some of the automatically expired records from the linked
list when the linked list is accessed.

For example, Frakes discloses that “performance will degrade as the number of
keysincreases.” (Frakesat 299). Thus, Frakes suggests removing at least
some of the automatically expired records from the linked list when the linked
listis accessed. (Seeid.)

[7d] inserting, retrieving
or deleting one of the

Frakes discloses inserting, retrieving or deleting one of the records from the
system following the step of removing.
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records from the system
following the step of
removing.

For example, Frakes discloses severa operations that “are usually provided by
an implementation of hashing:

1. Initialization: indicate that the hash table contains no elements.

2. Insertion: insert information, indexed by akey k, into a hash table. If
the has table already containsk, then it cannot be inserted. (Some
implementations do allow such insertion, to permit replacing existing
information.)

3. Retrieval: given akey Kk, retrieve the information associated with it.

4. Deletion: remove the information associated with key k from a hash
table, if any exists. New information indexed by k may subsequently
be placed in the table.”

(Frakes at 297).

Frakes further discloses that “[m]ost of the code from the routines Insert,
Delete, Clear (for Initialize), and Member (for Retrieve) can be
used directly.” (Frakesat 299).

4. The method according to
claim 3 further including
the step of dynamically
determining maximum
number of expired ones of
the records to remove
when the linked list is
accessed.

8. The method according
to claim 7 further including
the step of dynamically
determining maximum
number of expired ones of
the records to remove
when the linked list is
accessed.

It would have been obvious to one of ordinary skill in the art to modify the
system disclosed in Frakes to dynamically determine the maximum number of
expired recordsto remove in the accessed linked list of records. Itisa
fundamental concept in computer science and the relevant art that any variable
or parameter affecting any aspect of a system can be dynamically determined
based on information available to the system. One of ordinary skill in the art
would have been motivated to combine the system disclosed in Frakes with the
fundamental concept of dynamically determining the maximum number of
expired records to remove in an accessed linked list of recordsto solve a
number of potential problems. For example, the removal of expired records
described in Frakes can be burdensome on the system, adding to the system’s
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load and slowing down the system’ s processing. Moreover, the removal could
also force an interruption in real-time processing as the processing waits for
the removal to complete. Indeed, part of the motivation for the system
disclosed in Frakes is avoiding these problems. One of ordinary skill in the art
would have known that dynamically determining the maximum number to
remove would limit the burden on the system and bound the length of any real-
time interruption to prevent delaysin processing. Indeed, Nemes concedes that
such dynamic determination was obvious when he statesin the * 120 patent that
“[a] person skilled in the art will appreciate that the technique of removing all
expired records while searching the linked list can be expanded to include
techniques whereby not necessarily all expired records are removed, and that
the decision regarding if and how many records to delete can be a dynamic
one.” ‘120 at 7:10-15.

Frakes combined with Dirks, Thatte, the 663 patent, and/or the Opportunistic
Garbage Collection Articles discloses dynamically determining maximum
number of expired ones of the records to remove when the linked list is
accessed.

Dirks discloses the management of memory in a computer system and more
particularly to the allocation of address space in avirtual memory system,
which dynamically determines how many records to sweep/remove upon each
alocation. Disclosure of these claim elementsin Dirksis clearly shown in the
chart of Dirks, which is hereby incorporated by referencein its entirety.

As summarized in Dirks,

eachtime aVSID is assigned from the free list to a new application or
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thread, a fixed number of entries in the page table are scanned to determine
whether they have become inactive, by checking them against the VSIDs
on therecyclelist. Each entry which isidentified as being inactive is
removed from the page table. After al of the entriesin the page table have
been examined in this manner, the VSIDsin the recycle list can be
transferred to the free list, since all of their associated page table entries
will have been removed. This approach thereby guarantees that a
predetermined number of VSIDs are always available in the free list
without requiring a time-consuming scan of the complete page table at
once. U.S. Patent No. 6,119,214 to Dirks at 7:2-14.

After [a] new VSID has been allocated, the system checks aflag RFLG
to determine whether arecycle sweep is currently in progress (Step 20).
If thereisno sweep in progress, i.e. RFLG isnot equal to one, a
determination is made whether a sweep should be initiated. Thisis done
by checking whether the inactive list isfull, i.e. whether it contains x
entries (Step 22). If the number of entries| on the inactive list isless than
X, no further action is taken, and processing control returns to the
operating system (Step 24). If, however, theinactive list isfull at this
time, the flag RFLG is set (Step 26), the VSIDs on the inactive list are
transferred to the recyclelist, and an index nisreset to 1 (Step 28). The
system then sweeps a predetermined number of page table entries PT; on
the page table, to detect whether any of them are inactive, i.e. their
associated VSID ison the recycle list (Step 30). The predetermined
number of entries that are swept isidentified as k, where:
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total number of page table entries

maximum number of active threads
Id. at 8:12-30.

Dirks discloses that any approach can be employed to determine the number of
entries to be examined during each step of the sweeping process. Id. at 7:37-
40. Asdtated in Dirks:

Any other suitable approach can be employed to determine the number of
entries to be examined during each step of the sweeping process. In this
regard, it is not necessary that the number of examined entries be fixed for
each step. Rather, it might vary from one step to the next. The only criterion
isthat the number of entries examined on each step be such that all entriesin
the page table are examined in a determinable amount of time or by the
occurrence of a certain event, e.g. by thetimethelist of free VSIDsis empty.

Id. at 7:38-46. Thus, Dirks dynamically determines the maximum number of
records to sweep/remove by calculating avaluek. 1d. at 7:15-46, 7:66-8:56.

As both Frakes and Dirks relate to deletion of aged records upon the allocation
of anew incoming record, one of ordinary skill in the art would have
understood how to use Dirks dynamic decision making process of determining
the maximum number of recordsto sweep/remove in other hash tables
implementations such as that described Frakes. Moreover, one of ordinary
skill in the art would recognize that it would improve similar systems and
methods in the same way. Asthe’ 120 patent states “[a] person skilled in the
art will appreciate that the technique of removing all expired records while
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searching the linked list can be expanded to include techniques whereby not
necessarily all expired records are removed, and that the decision regarding if
and how many records to delete can be adynamic one.” The’120 patent at
7:10-15. Additionally, one of ordinary skill in the art would recognize that the
result of combining Dirks' deletion decision procedure with Frakes would be
nothing more than the predictable use of prior art elements according to their
established functions.

By way of further example, one of ordinary skill in the art would have
combined Dirks' dynamic determination of the suitable number of entriesto
examine during each step of the sweeping process with Frakes and would have
seen the benefits of doing so. One possible benefit, for example, is saving the
system from performing sometimes time-consuming sweeps.

Alternatively, one of ordinary skill in the art would be motivated to, and would
understand how to, combine the system disclosed in Frakes with the means for
dynamically determining maximum number for the record search means to
remove in the accessed linked list of records disclosed by Thatte. Thatte,
discloses a system and method using hash tables and/or linked lists and further
discloses means for dynamically determining the maximum number for the
record search means to remove in the accessed linked list of records. The
disclosure of these claim elements in Thatte is clearly shown in the chart of
Thatte, which is hereby incorporated by reference in its entirety.

Moreover, one of ordinary skill in the art would recognize that these
combinations would improve the similar systems and methods in the same
way. Additionally, one of ordinary skill in the art would recognize that the
result of combining Frakes with Thatte would be nothing more than the
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predictable use of prior art elements according to their established functions.
The resulting combination would include the capability to determine the
maximum number for the record search means to remove.

Further, one of ordinary skill in the art would be motivated to combine Frakes
with Thatte and recognized the benefits of doing so. For example, the removal
of expired records described in Frakescan be burdensome on the system,
adding to the system’ s load and slowing down the system’ s processing. One of
ordinary skill in the art would recognize that combining Frakes with the
teachings of Thatte would solve this problem by dynamically determining how
many records to delete based on, among other things, the system load.
Moreover, the '120 patent discloses that "[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
the linked list can be expanded to include techniques whereby not necessarily
all expired records are removed, and that the decision regarding if and how
many records to delete can be adynamic one.” '120 at 7:10-15. Thus, the '120
patent provides motivations to combine Frakes with Thatte.

Alternatively, it would also be obvious to combine Frakes with the ' 663 patent.
Disclosure of these claim elements in the’ 663 patent is clearly shown in the
chart of the ' 663 patent, which is hereby incorporated by referencein its
entirety. Assummarized in the’ 663 patent:

during normal times when the load on the storage system is not
excessive, a non-contaminating but slow deletion of records is
used. This slow, non-contaminating deletion involves closing
the collision-resolution chain of locations by moving a record
from a later position in the chain into the position of the record
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to be deleted. This leaves no deleted record locations in the
storage space to slow down future searches. U.S. Patent
4,996,663 to Nemes at 2:24-34 (“The 663 patent”).

In times of heavy use, when deletions must be done rapidly and
no time is available for decontamination, the record is simply
marked as “deleted” and left in place. Later non-contaminating
probes in the vicinity of such deleted record locations
automatically remove the contaminating deleted records by
moving records in the chain as described above. 1d. at 2:35-41.

This hybrid hashing technique has the decided advantage of
automatically eliminating contamination caused by the fast-
secure deletion procedure when the slower, non-contaminating
deletion is used when the load on the system is at lower levels.
Id. at 2:42-46.

This hybrid deletion is shown in Figure 5.
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FIG.5
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Id. at Figure 5.

During the hybrid deletion procedure decision block 51 checks the system load
to determine if the system load is greater than athreshold. If the system load is
greater than the threshold, then a fast-secure delete 52 is used. Id. at 6:40-64,

Figure 5. On the other hand, if the system load is |ess than the threshold, then a

slow-non-contaminating delete 53 isused. Id. The fast-secure delete 52 does
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not actually delete records, rather it marks records as deleted. 1d. at 8:1-33,
Figure 7. These records are then actually deleted by a subsequent slow-non-
contaminating delete 53. 1d. at 6:65-7:68, Figures 6, 6A, 6B.

Thus, the hybrid deletion procedure in the ' 663 patent dynamically determines
amaximum number of records to remove. Seeid. at 6:40-64, Figure 5. If the
fast-secure delete 52 is used, then maximum number of records is zero because
records are not deleted they are only marked. Id. at 8:1-33, Figure 7. If the
slow-non-contaminating delete 53 is used, then the maximum number of
recordsto remove isall of the contaminated records in the bucket. 1d. at 6:65-
7:68, Figures 6, 6A, 6B.

As both Frakes and the ' 663 patent relate to deletion of records from hash
tables using external chaining, one of ordinary skill in the art would
understood how to use the ' 663 patent’ s dynamic decision on whether to
perform a deletion based on a systems load in other hash table implementations
such as Frakes. Moreover, one of ordinary skill in the art would recognize that
it would improve similar systems and methods in the sasme way. Asthe’120
patent states “[a] person skilled in the art will appreciate that the technique of
removing all expired records while searching the linked list can be expanded to
include techniques whereby not necessarily all expired records are removed,
and that the decision regarding if and how many records to delete can be a
dynamic one.” The’ 120 patent at 7:10-15. Additionally, one of ordinary skill
in the art would recognize that the result of combining the’ 663 patent’s
deletion decision procedure with Frakes would be nothing more than the
predictable use of prior art elements according to their established functions.

By way of further example, one of ordinary skill in the art would have
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combined the’ 663 patent’ s dynamic decision on whether to perform a deletion
based on a systems |oad as taught by the ' 663 patent and with Frakes and
would have seen the benefits of doing so. One such benefit, for example, is
that the system would avoid performing deletions when the system load
exceeded a threshold.

Alternatively, it would also be obvious to combine Frakes with the
Opportunistic Garbage Collection Articles.

The Opportunistic Garbage Collection Articles disclose a generational based
garbage collection which dynamically determines how much garbage to
collect. See generally, Paul R. Wilson and Thomas G. Moher, Design of the
Opportunistic Garbage Collector, OOPSLA ' 89 Proceedings, October 1-6,
1989; Paul R. Wilson, Opportunistic Garbage Collection, ACM SIGPLAN
Notices, Vol. 23, No. 12, December 1988.

When a significant pause has been detected, a decision procedureis
invoked to decide whether to garbage collect, and how many generationsto
scavenge. The fuller ageneration is, the more likely it isto be scavenged;
also, the longer the pause that has been detected, the larger the scope of the
garbage collection islikely to be. Design of the Opportunistic Garbage
Collector at 32.

Every time a user-input routine is invoked, a decision routine can decide
whether to garbage collect. Aslong as the decision routine takes no more
than afew milliseconds to execute, it should not interfere with
responsiveness. Sinceit isonly invoked at these times, it does not incur a
continual run-time overhead. Opportunistic Garbage Collection at 100.
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This decision routine should take several things into account: 1) the volume
of data allocated since the last scavenge, 2) how long it has been since the
user has had an opportunity to interact, and 3) the height of the stack
relative to its average height at reads since the last scavenge. If the product
of the allocation and the compute timeis high, and if the stack islow, the
scavenge favorability measureis high. If it is especially high, amulti-
generation scavengeisin order. Id.

If these heuristics fail and a scavenge is forced instead by the filling of a
generation’ s space, it islikely to happen during a significant compute-
bound pause--the one that has just allocated the data that forced the
collection. When the opportunistic mechanism fails to find the end of a
pause, it may still succeed by default, embedding a scavenge pause within
alarger pause. Design of the Opportunistic Garbage Collector at 32.

As both Frakes and the Opportunistic Garbage Collection Articlesrelate to
deletion of aged records, one of ordinary skill in the art would have understood
how to use the Opportunistic Garbage Collection Articles dynamic decision
on whether to perform a deletion based on a system load in other hash table
implementations such as Frakes. Moreover, one of ordinary skill in the art
would recognize that it would improve similar systems and methods in the
sameway. Asthe’120 patent states“[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
the linked list can be expanded to include techniques whereby not necessarily
all expired records are removed, and that the decision regarding if and how
many records to delete can be a dynamic one.” The’ 120 patent at 7:10-15.
Additionally, one of ordinary skill in the art would recognize that the result of
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combining the Opportunistic Garbage Collection Articles’ deletion decision
procedure with Frakes would be nothing more than the predictable use of prior
art elements according to their established functions.

By way of further example, one of ordinary skill in the art would have
combined the Opportunistic Garbage Collection Articles dynamic decision on
whether to perform a deletion and how many generations to scavenge as taught
by the Opportunistic Garbage Collection Articles and with Frakes and would
have seen the benefits of doing so. One such benefit, for example, is that the
system would only perform deletions when the system was not already too
overloaded, thus preventing slowdown of the system.

Additionally, it would have been obvious to one of ordinary skill in the art to
modify the system disclosed in Frakes to dynamically determine the maximum
number of expired records to remove in the accessed linked list of records. It
isafundamental concept in computer science and the relevant art that any
variable or parameter affecting any aspect of a system can be dynamically
determined based on information available to the system. One of ordinary skill
in the art would have been motivated to combine the system disclosed in
Frakes with the fundamental concept of dynamically determining the
maximum number of expired records to remove in an accessed linked list of
records to solve a number of potential problems. For example, the removal of
expired records described in Frakes can be burdensome on the system, adding
to the system’ s load and slowing down the system’ s processing. Moreover, the
removal could also force an interruption in real-time processing as the
processing waits for the removal to complete.

One of ordinary skill in the art would have known that dynamically
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determining the maximum number to remove would limit the burden on the
system and bound the length of any real-time interruption to prevent delaysin
processing. Indeed, Nemes concedes that such dynamic determination was
obvious when he states in the * 120 patent that “[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
the linked list can be expanded to include techniques whereby not necessarily
all expired records are removed, and that the decision regarding if and how
many records to delete can be adynamic one.” ‘120 at 7:10-15.
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1. Aninformation storage
and retrieval system, the
system comprising:

5. Aninformation storage
and retrieval system, the
system comprising:

To the extent the preamble is alimitation, Brown discloses an information
storage and retrieval system.

For example, Brown discloses an information storage and retrieval system
made up of a hash table of linked lists. See, e.g., Brown at 60-62, Fig. 3.5.

“We have implemented a Mneme-based hash table for our inverted File
Manager using the overall structure shownin Figure3.5. ... Each ot points
to alinked list of buckets, which contain the key/value pairs for the keys that
hash to that slot.” See Brown at 60-62, Fig. 3.5.

[1a] alinked list to store
and provide access to
records stored in amemory
of the system, at least some
of the records
automatically expiring,

[5a] ahashing meansto
provide access to records
stored in amemory of the
system and using an
external chaining technique
to store the records with
same hash address, at |east
some of the records
automatically expiring,

Brown discloses alinked list to store and provide access to records stored in a
memory of the system, at least some of the records automatically expiring.
Brown also discloses a hashing means to provide access to records stored in a
memory of the system and using an external chaining technique to store the
records with same hash address, at |east some of the records automatically
expiring. See, e.g., Brown at 33-34, 60-62, Fig. 3.5.

“We have implemented a Mneme-based hash table for our inverted File
Manager using the overall structure shownin Figure3.5. ... Each ot points
to alinked list of buckets, which contain the key/value pairs for the keys that
hash to that slot.” See Brown at 60-62, Fig. 3.5.

“The ability to modify an existing document collection is a natural requirement
for any information retrieval system. ... Additionally, old news articles will
eventually expire and must be deleted from the current events document
collection.” See Brown at 33-34.

[1b] arecord search means
utilizing a search key to

[5b] arecord search means
utilizing a search key to

Brown discloses arecord search means utilizing a search key to access the
linked list. Brown also discloses arecord search means utilizing a search key
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accessthe linked list,

access alinked list of
records having the same
hash address,

to access alinked list of records having the same hash address. See, e.g.,
Brown at 60-62, Fig. 3.5.

“We have implemented a Mneme-based hash table for our inverted File
Manager using the overall structure shownin Figure3.5. ... Each ot points
to alinked list of buckets, which contain the key/value pairs for the keys that
hash to that slot.” See Brown at 60-62, Fig. 3.5.

[1c] therecord search
means including a means
for identifying and
removing at least some of
the expired ones of the
records from the linked list
when the linked list is
accessed, and

[5c] therecord search
means including means for
identifying and removing
at least some expired ones
of the records from the
linked list of records when
the linked list is accessed,
and

Brown discloses the record search means including a means for identifying and
removing at least some of the expired ones of the records from the linked list
when the linked list is accessed. Brown also discloses the record search means
including means for identifying and removing at least some expired ones of the
records from the linked list of records when the linked list is accessed. See,
e.g., Brown a 33, 60-62, 66-68, Fig. 3.5.

“We have implemented a Mneme-based hash table for our inverted File
Manager using the overall structure shownin Figure3.5. ... Each ot points
to alinked list of buckets, which contain the key/value pairs for the keys that
hash to that slot.” See Brown at 60-62, Fig. 3.5.

“The vaue array and the key heap grow towards each other, such that the
maximum number of entriesin abucket isvariable. The array and heap entries
are paired-up from inside out, eliminating the need for string heap offsetsin the
value array entries and minimizing the amount of space required by the
key/vaue pairs (compression techniques excluded). The tradeoff isamore
complex bucket and search agorithm. To find akey/vaue pair in abucket, we
must scan the bucket’ skey heap from left toright .. ..” See Brown at 61.
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“The ability to modify an existing document collection is a natural requirement
for any information retrieval system.. ... Additionally, old news articles will
eventually expire and must be deleted from the current events document
collection.” See Brown at 33-34.

[1d] means, utilizing the
record search means, for
accessing the linked list
and, at the same time,
removing at least some of
the expired ones of the
recordsin the linked list.

[5d] mea[n]s, utilizing the
record search means, for
inserting, retrieving, and
deleting records from the
system and, at the same
time, removing at least
some expired ones of the
records in the accessed
linked list of records.

Brown discloses means, utilizing the record search means, for accessing the
linked list and, at the same time, removing at least some of the expired ones of
therecordsin thelinked list. Brown also discloses utilizing the record search
means, for inserting, retrieving, and deleting records from the system and, at
the same time, removing at least some expired ones of the recordsin the
accessed linked list of records. See, e.g., Brown at 33-34, 60-62, 66-68, Fig.
35.

“We have implemented a Mneme-based hash table for our inverted File
Manager using the overall structure shownin Figure3.5. ... Each ot points
to alinked list of buckets, which contain the key/value pairs for the keys that
hash to that slot.” See Brown at 60-62, Fig. 3.5.

“The value array and the key heap grow towards each other, such that the
maximum number of entriesin abucket isvariable. The array and heap entries
are paired-up from inside out, eliminating the need for string heap offsetsin the
value array entries and minimizing the amount of space required by the
key/value pairs (compression techniques excluded). The tradeoff isamore
complex bucket and search dgorithm. To find akey/vaue pair in abucket, we
must scan the bucket’ skey hegp from left toright .. ..” See Brown at 61.

“The ability to modify an existing document collection is a natural requirement
for any information retrieval system. . . . Additionally, old news articles will
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eventually expire and must be deleted from the current events document
collection. Articles may expire either because their content is relevant only for
acertain period of time, or because the size of the current events collection
must be held below some threshold due to performance requirements or
capacity limitations. Expired articles will either be discarded or archived in a
larger secondary document collection, leading to further document addition
operations.” See Brown at 33-34.

“In the third approach, al of the inverted listsin the inverted file are scanned
and entries for the deleted document are removed from inverted lists as they
arefound. . .. The scan of theinverted fileis driven at the object level and is
supported by Mneme' s object scanning facility. Thisfacility allows an object
pool to iterate through its objects in order of object identifier.” See Brown at
67.

2. Theinformation storage
and retrieval system
accordingtoclam 1
further including means for
dynamically determining
maximum number for the
record search means to
remove in the accessed
linked list of records.

6. Theinformation storage
and retrieval system
accordingtoclam5
further including means for
dynamically determining
maximum number for the
record search means to
remove in the accessed
linked list of records.

It would have been obvious to one of ordinary skill in the art to modify the
system disclosed in Brown to dynamically determine the maximum number of
expired recordsto remove in the accessed linked list of records. Itisa
fundamental concept in computer science and the relevant art that any variable
or parameter affecting any aspect of a system can be dynamically determined
based on information available to the system. One of ordinary skill in the art
would have been motivated to combine the system disclosed in Brown with the
fundamental concept of dynamically determining the maximum number of
expired records to remove in an accessed linked list of recordsto solve a
number of potential problems. For example, the removal of expired records
described in Brown can be burdensome on the system, adding to the system’s
load and slowing down the system’ s processing. Moreover, the removal could
also force an interruption in real-time processing as the processing waits for
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the removal to complete. Indeed, part of the motivation for the system
disclosed in Brown is avoiding these problems. One of ordinary skill in the art
would have known that dynamically determining the maximum number to
remove would limit the burden on the system and bound the length of any real-
time interruption to prevent delaysin processing. Indeed, Nemes concedes that
such dynamic determination was obvious when he statesin the * 120 patent that
“[a] person skilled in the art will appreciate that the technique of removing all
expired records while searching the linked list can be expanded to include
techniques whereby not necessarily all expired records are removed, and that
the decision regarding if and how many records to delete can be a dynamic
one.” ‘120 at 7:10-15.

Brown combined with Dirks, Thatte, the 663 patent and/or the Opportunistic
Garbage Collection Articles discloses an information storage and retrieval
system further including means for dynamically determining maximum
number for the record search means to remove in the accessed linked list of
records.

Dirks discloses the management of memory in a computer system and more
particularly to the allocation of address space in avirtual memory system,
which dynamically determines how many records to sweep/remove upon each
allocation. Disclosure of these claim elementsin Dirksis clearly shownin
Exhibit B-2, which is hereby incorporated by referencein its entirety.

As summarized in Dirks,

eachtime aVSID isassigned from the free list to a new application or
thread, a fixed number of entries in the page table are scanned to determine
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whether they have become inactive, by checking them against the VSIDs
on therecyclelist. Each entry which isidentified as being inactive is
removed from the page table. After al of the entriesin the page table have
been examined in this manner, the VSIDsin the recycle list can be
transferred to the free list, since all of their associated page table entries
will have been removed. This approach thereby guarantees that a
predetermined number of VSIDs are always available in the free list
without requiring a time-consuming scan of the complete page table at
once. U.S. Patent No. 6,119,214 to Dirks at 7:2-14.

After [a] new VSID has been allocated, the system checks aflag RFLG
to determine whether arecycle sweep is currently in progress (Step 20).
If thereisno sweep in progress, i.e. RFLG isnot equal to one, a
determination is made whether a sweep should be initiated. Thisis done
by checking whether the inactive list isfull, i.e. whether it contains x
entries (Step 22). If the number of entries| on the inactivelist isless than
X, no further action is taken, and processing control returns to the
operating system (Step 24). If, however, theinactive list isfull at this
time, the flag RFLG is set (Step 26), the VSIDs on the inactive list are
transferred to the recyclelist, and an index nisreset to 1 (Step 28). The
system then sweeps a predetermined number of page table entries PT; on
the page table, to detect whether any of them are inactive, i.e. their
associated VSID ison the recycle list (Step 30). The predetermined
number of entries that are swept isidentified as k, where:

total number of page table entries
maximum number of active threads

Id. at 8:12-30.
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Dirks discloses that any approach can be employed to determine the number of
entries to be examined during each step of the sweeping process. Id. at 7:37-
40. Asstated in Dirks:

Any other suitable approach can be employed to determine the number of
entries to be examined during each step of the sweeping process. In this
regard, it is not necessary that the number of examined entries be fixed for
each step. Rather, it might vary from one step to the next. The only criterion
isthat the number of entries examined on each step be such that all entriesin
the page table are examined in a determinable amount of time or by the
occurrence of a certain event, e.g. by thetimethelist of free VSIDsis empty.

|d. at 7:38-46. Thus, Dirks dynamically determines the maximum number of
records to sweep/remove by calculating avaluek. 1d. at 7:15-46, 7:66-8:56.

As both Brown and Dirks relate to deletion of aged records upon the allocation
of anew incoming record, one of ordinary skill in the art would have
understood how to use Dirks dynamic decision making process of determining
the maximum number of records to sweep/remove in other hash tables
implementations such as Brown. Moreover, one of ordinary skill in the art
would recognize that it would improve similar systems and methods in the
sameway. Asthe’120 patent states “[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
the linked list can be expanded to include techniques whereby not necessarily
al expired records are removed, and that the decision regarding if and how
many records to delete can be adynamic one.” The’120 patent at 7:10-15.
Additionally, one of ordinary skill in the art would recognize that the result of
combining Dirks deletion decision procedure with Brown nothing more than
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the predictable use of prior art elements according to their established
functions.

By way of further example, one of ordinary skill in the art would have
combined Dirks' dynamic determination of the suitable number of entriesto
examine during each step of the sweeping process with Brown and would have
seen the benefits of doing so. One possible benefit, for example, is saving the
system from performing sometimes time-consuming sweeps.”

Alternatively, one of ordinary skill in the art would be motivated to, and would
understand how to, combine the system disclosed in Brown with the means for
dynamically determining maximum number for the record search means to
remove in the accessed linked list of records disclosed by Thatte. Thatte,
discloses a system and method using hash tables and/or linked lists and further
discloses means for dynamically determining the maximum number for the
record search means to remove in the accessed linked list of records. The
disclosure of these claim elements in Thatte is clearly shown in the chart of
Thatte, which is hereby incorporated by reference in its entirety.

Moreover, one of ordinary skill in the art would recognize that these
combinations would improve the similar systems and methods in the same
way. Additionally, one of ordinary skill in the art would recognize that the
result of combining Brown with Thatte would be nothing more than the
predictable use of prior art elements according to their established functions.
The resulting combination would include the capability to determine the
maximum number for the record search means to remove.

Further, one of ordinary skill in the art would be motivated to combine Brown
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with Thatte and recognize the benefits of doing so. For example, the removal
of expired records described in Brown can be burdensome on the system,
adding to the system’ s load and slowing down the system’ s processing. One of
ordinary skill in the art would recognize that combining Brown with the
teachings of Thatte would solve this problem by dynamically determining how
many records to delete based on, among other things, the system load.
Moreover, the '120 patent discloses that "[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
the linked list can be expanded to include techniques whereby not necessarily
all expired records are removed, and that the decision regarding if and how
many records to delete can be adynamic one.” '120 at 7:10-15. Thus, the '120
patent provides motivations to combine Brown with Thatte.

Alternatively, it would also be obvious to combine Brownwith the ’ 663 patent.
Disclosure of these claim elements in the’ 663 patent is clearly shown in the
chart of the ' 663 patent, which is hereby incorporated by referencein its
entirety. Assummarized in the’ 663 patent:

during normal times when the load on the storage system is not
excessive, a non-contaminating but slow deletion of records is
used. This slow, non-contaminating deletion involves closing
the collision-resolution chain of locations by moving a record
from alater position in the chain into the position of the record
to be deleted. This leaves no deleted record locations in the
storage space to slow down future searches. U.S. Patent
4,996,663 to Nemes at 2:24-34 (“ The ' 663 patent”).

In times of heavy use, when deletions must be done rapidly and
no time is available for decontamination, the record is simply
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marked as “deleted” and left in place. Later non-contaminating
probes in the vicinity of such deleted record locations
automatically remove the contaminating deleted records by
moving records in the chain as described above. 1d. at 2:35-41.

This hybrid hashing technique has the decided advantage of
automatically eliminating contamination caused by the fast-
secure deletion procedure when the slower, non-contaminating
deletion is used when the load on the system is at lower levels.
Id. at 2:42-46.

This hybrid deletion is shown in Figure 5.
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FIG.5
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(F16.6)

i
54
STOP
Id. at Figure 5.

During the hybrid deletion procedure decision block 51 checks the system load
to determine if the system load is greater than athreshold. If the system load is
greater than the threshold, then afast-secure delete 52 isused. 1d. at 6:40-64,
Figure 5. On the other hand, if the system load is less than the threshold, then a
slow-non-contaminating delete 53 isused. 1d. The fast-secure delete 52 does
not actually delete records, rather it marks records as deleted. 1d. at 8:1-33,
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Figure 7. These records are then actually deleted by a subsequent slow-non-
contaminating delete 53. 1d. at 6:65-7:68, Figures 6, 6A, 6B.

Thus, the hybrid deletion procedure in the ' 663 patent dynamically determines
amaximum number of records to remove. Seeid. at 6:40-64, Figure 5. If the
fast-secure delete 52 is used, then maximum number of records is zero because
records are not deleted they are only marked. Id. at 8:1-33, Figure 7. If the
slow-non-contaminating delete 53 is used, then the maximum number of
records to remove is al of the contaminated records in the bucket. 1d. at 6:65-
7:68, Figures 6, 6A, 6B.

As both Brown and the ’ 663 patent relate to deletion of records from hash
tables using external chaining, one of ordinary skill in the art would
understood how to use the ' 663 patent’ s dynamic decision on whether to
perform a deletion based on a systems load in other hash table implementations
such asthat described in Brown. Moreover, one of ordinary skill in the art
would recognize that it would improve similar systems and methods in the
sameway. Asthe’120 patent states“[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
the linked list can be expanded to include techniques whereby not necessarily
all expired records are removed, and that the decision regarding if and how
many records to delete can be a dynamic one.” The’ 120 patent at 7:10-15.
Additionally, one of ordinary skill in the art would recognize that the result of
combining the 663 patent’ s deletion decision procedure with Brown would be
nothing more than the predictable use of prior art elements according to their
established functions.

By way of further example, one of ordinary skill in the art would have
combined the’ 663 patent’ s dynamic decision on whether to perform a deletion
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based on a systems |oad as taught by the ' 663 patent and with Brown and
would have seen the benefits of doing so. One such benefit, for example, is
that the system would avoid performing del etions when the system load
exceeded athreshold.

Alternatively, it would also be obvious to combine Brown with the
Opportunistic Garbage Collection Articles.

The Opportunistic Garbage Collection Articles disclose a generational based
garbage collection which dynamically determines how much garbage to
collect. See generally, Paul R. Wilson and Thomas G. Moher, Design of the
Opportunistic Garbage Collector, OOPSLA ' 89 Proceedings, October 1-6,
1989; Paul R. Wilson, Opportunistic Garbage Collection, ACM SIGPLAN
Notices, Vol. 23, No. 12, December 1988.

When a significant pause has been detected, a decision procedureis
invoked to decide whether to garbage collect, and how many generationsto
scavenge. The fuller ageneration is, the more likely it isto be scavenged;
also, the longer the pause that has been detected, the larger the scope of the
garbage collection islikely to be. Design of the Opportunistic Garbage
Collector at 32.

Every time a user-input routine is invoked, a decision routine can decide
whether to garbage collect. Aslong as the decision routine takes no more
than afew milliseconds to execute, it should not interfere with
responsiveness. Sinceit isonly invoked at these times, it does not incur a
continual run-time overhead. Opportunistic Garbage Collection at 100.
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This decision routine should take several things into account: 1) the volume
of data allocated since the last scavenge, 2) how long it has been since the
user has had an opportunity to interact, and 3) the height of the stack
relative to its average height at reads since the last scavenge. If the product
of the allocation and the compute timeis high, and if the stack islow, the
scavenge favorability measureis high. If it is especially high, amulti-
generation scavenge isin order. Id.

If these heuristics fail and a scavenge is forced instead by the filling of a
generation’ s space, it islikely to happen during a significant compute-
bound pause--the one that has just allocated the data that forced the
collection. When the opportunistic mechanism fails to find the end of a
pause, it may still succeed by default, embedding a scavenge pause within
alarger pause. Design of the Opportunistic Garbage Collector at 32.

As both Brown and the Opportunistic Garbage Collection Articles relate to
deletion of aged records, one of ordinary skill in the art would have understood
how to use the Opportunistic Garbage Collection Articles dynamic decision
on whether to perform a deletion based on a system load in other hash table
implementations such as Brown. Moreover, one of ordinary skill in the art
would recognize that it would improve similar systems and methods in the
sameway. Asthe’120 patent states“[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
the linked list can be expanded to include techniques whereby not necessarily
all expired records are removed, and that the decision regarding if and how
many records to delete can be a dynamic one.” The’ 120 patent at 7:10-15.
Additionally, one of ordinary skill in the art would recognize that the result of
combining the Opportunistic Garbage Collection Articles’ deletion decision
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procedure with Brown would be nothing more than the predictable use of prior
art elements according to their established functions.

By way of further example, one of ordinary skill in the art would have
combined the Opportunistic Garbage Collection Articles dynamic decision on
whether to perform a deletion and how many generations to scavenge as taught
by the Opportunistic Garbage Collection Articles and with Brown and would
have seen the benefits of doing so. One such benefit, for example, is
preventing slowdown of the system.

Additionally, it would have been obviousto one of ordinary skill in the art to
modify the system disclosed in Brown to dynamically determine the maximum
number of expired recordsto remove in the accessed linked list of records. It
isafundamental concept in computer science and the relevant art that any
variable or parameter affecting any aspect of a system can be dynamically
determined based on information available to the system. One of ordinary skill
in the art would have been motivated to combine the system disclosed in
Brown with the fundamental concept of dynamically determining the
maximum number of expired records to remove in an accessed linked list of
records to solve anumber of potential problems. For example, the removal of
expired records described in Browncan be burdensome on the system, adding
to the system’ s load and slowing down the system’s processing. Moreover, the
removal could also force an interruption in real-time processing as the
processing waits for the removal to complete.

One of ordinary skill in the art would have known that dynamically
determining the maximum number to remove would limit the burden on the
system and bound the Iength of any real-time interruption to prevent delaysin
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processing. Indeed, Nemes concedes that such dynamic determination was
obvious when he states in the * 120 patent that “[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
the linked list can be expanded to include techniques whereby not necessarily
al expired records are removed, and that the decision regarding if and how
many records to delete can be adynamic one.” ‘120 at 7:10-15.

3. A method for storing
and retrieving information
records using alinked list
to store and provide access
to the records, at |east
some of the records
automatically expiring, the
method comprising the
steps of

7. A method for storing
and retrieving information
records using a hashing
technique to provide access
to the records and using an
external chaining technique
to store the records with
same hash address, at |east
some of the records
automatically expiring, the
method comprising the
steps of':

To the extent the preamble is alimitation, Brown discloses a method for
storing and retrieving information records using a linked list to store and
provide access to the records, at least some of the records automatically
expiring. Brown also discloses a method for storing and retrieving information
records using a hashing technique to provide access to the records and using an
external chaining technique to store the records with same hash address, at
least some of the records automatically expiring. See, e.g., Brown at 33-34, 60-
62, 66-68, Fig. 3.5.

“We have implemented a Mneme-based hash table for our inverted File
Manager using the overall structure shownin Figure3.5. ... Each ot points
to alinked list of buckets, which contain the key/value pairs for the keys that
hash to that slot.” See Brown at 60-62, Fig. 3.5.

“The value array and the key heap grow towards each other, such that the
maximum number of entriesin abucket isvariable. The array and heap entries
are paired-up from inside out, eliminating the need for string heap offsetsin the
value array entries and minimizing the amount of space required by the
key/value pairs (compression techniques excluded). The tradeoff isamore
complex bucket and search dgorithm. To find akey/vaue pair in abucket, we
must scan the bucket’ skey hegp from left toright .. ..” See Brown at 61.
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“The ability to modify an existing document collection is anatural requirement
for any information retrieval system.. . . . Additionally, old news articles will
eventually expire and must be deleted from the current events document
collection. Articles may expire either because their content is relevant only for
acertain period of time, or because the size of the current events collection
must be held below some threshold due to performance requirements or
capacity limitations. Expired articles will either be discarded or archived in a
larger secondary document collection, leading to further document addition
operations.” See Brown at 33-34.

[3a] accessing the linked
list of records,

[7a] accessing alinked list
of records having same
hash address,

Brown discloses accessing alinked list of records. Brown also discloses
accessing alinked list of records having same hash address. See, e.g., Brown
at 33-34, 60-62, 66-68, Fig. 3.5.

“We have implemented a Mneme-based hash table for our inverted File
Manager using the overall structure shownin Figure3.5. ... Each ot points
to alinked list of buckets, which contain the key/value pairs for the keys that
hash to that slot.” See Brown at 60-62, Fig. 3.5.

“The vaue array and the key heap grow towards each other, such that the
maximum number of entriesin abucket isvariable. The array and heap entries
are paired-up from inside out, eliminating the need for string heap offsetsin the
value array entries and minimizing the amount of space required by the
key/value pairs (compress on techniques excluded). The tradeoff isamore
complex bucket and search agorithm. To find akey/vaue pair in abucket, we
must scan the bucket’ skey hegp from left toright .. . .”
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“The ability to modify an existing document collection is a natural requirement
for any information retrieval system.. ... Additionally, old news articles will
eventually expire and must be deleted from the current events document
collection. Articles may expire either because their content is relevant only for
acertain period of time, or because the size of the current events collection
must be held below some threshold due to performance requirements or
capacity limitations. Expired articles will either be discarded or archived in a
larger secondary document collection, leading to further document addition
operations.” See Brown at 33-34.

“In the third approach, al of the inverted listsin the inverted file are scanned
and entries for the deleted document are removed from inverted lists as they
arefound. ... The scan of theinverted fileis driven at the object level and is
supported by Mneme' s object scanning facility. Thisfacility allows an object
pool to iterate through its objects in order of object identifier.” See Brown at
67.

[3b] identifying at |east
some of the automatically
expired ones of the records,
and

[7b] identifying at |east
some of the automatically
expired ones of the records,

Brown discloses identifying at least some of the automatically expired ones of
therecords. See, e.g., Brown at 33-34, 60-62, 66-68, Fig. 3.5.

“The ability to modify an existing document collection is a natural requirement
for any information retrieval system. ... Additionally, old news articles will
eventually expire and must be deleted from the current events document
collection. Articles may expire either because their content is relevant only for
acertain period of time, or because the size of the current events collection
must be held below some threshold due to performance requirements or
capacity limitations. Expired articles will either be discarded or archived in a
larger secondary document collection, leading to further document addition
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operations.” See Brown at 33-34.

“In the third approach, al of the inverted listsin the inverted file are scanned
and entries for the deleted document are removed from inverted lists as they
arefound. ... The scan of theinverted fileis driven at the object level and is
supported by Mneme's object scanning facility. Thisfacility allows an object
pool to iterate through its objects in order of object identifier.” See Brown at
67.

[3c] removing at least [7c] removing at least
some of the automatically | some of the automatically
expired records from the expired records from the
linked list when the linked | linked list when the linked

list is accessed.

list is accessed, and

Brown discloses removing at least some of the automatically expired records
from the linked list when the linked list is accessed. See, e.g., Brown at 33-34,
60-62, 66-68, Fig. 3.5.

“The ability to modify an existing document collection is anatural requirement
for any information retrieval system. . . . Additionally, old news articles will
eventually expire and must be deleted from the current events document
collection. Articles may expire either because their content is relevant only for
acertain period of time, or because the size of the current events collection
must be held below some threshold due to performance requirements or
capacity limitations. Expired articles will either be discarded or archived in a
larger secondary document collection, leading to further document addition
operations.” See Brown at 33-34.

“In the third approach, al of the inverted listsin the inverted file are scanned
and entries for the deleted document are removed from inverted lists as they
arefound. . .. The scan of theinverted fileis driven at the object level and is
supported by Mneme's object scanning facility. Thisfacility allows an object
pool to iterate through its objectsin order of object identifier.” See Brown at
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67.

[7d] inserting, retrieving
or deleting one of the
records from the system
following the step of
removing.

Brown discloses inserting, retrieving or deleting one of the records from the
system following the step of removing. See, e.g., Brown at 33-34, 60-62, 66-
68, Fig. 3.5.

“The ability to modify an existing document collection is a natural requirement
for any information retrieval system. ... Additionally, old news articles will
eventually expire and must be deleted from the current events document
collection. Articles may expire either because their content is relevant only for
acertain period of time, or because the size of the current events collection
must be held below some threshold due to performance requirements or
capacity limitations. Expired articles will either be discarded or archived in a
larger secondary document collection, leading to further document addition
operations.” See Brown at 33-34.

“In the third approach, al of the inverted listsin the inverted file are scanned
and entries for the deleted document are removed from inverted lists as they
arefound. . .. The scan of theinverted fileis driven at the object level and is
supported by Mneme' s object scanning facility. Thisfacility allows an object
pool to iterate through its objects in order of object identifier.” See Brown at
67.

“Should al of the document entries be deleted from an inverted lit, the list’s
object can be freed and the corresponding term can be deleted from the term
hashtable. ... Thelonginverted lists are processed next. The page-object
pool that contains the link list object is scanned, giving us the first object of
each long inverted list.” See Brown at 67-68.
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4. The method according to
claim 3 further including
the step of dynamically
determining maximum
number of expired ones of
the records to remove
when the linked list is
accessed.

8. The method according
to claim 7 further including
the step of dynamically
determining maximum
number of expired ones of
the records to remove
when the linked list is
accessed.

It would have been obvious to one of ordinary skill in the art to modify the
system disclosed in Brown to dynamically determine the maximum number of
expired recordsto remove in the accessed linked list of records. Itisa
fundamental concept in computer science and the relevant art that any variable
or parameter affecting any aspect of a system can be dynamically determined
based on information available to the system. One of ordinary skill in the art
would have been motivated to combine the system disclosed in Brown with the
fundamental concept of dynamically determining the maximum number of
expired records to remove in an accessed linked list of recordsto solve a
number of potential problems. For example, the removal of expired records
described in Brown can be burdensome on the system, adding to the system’s
load and slowing down the system’ s processing. Moreover, the removal could
also force an interruption in real-time processing as the processing waits for
the removal to complete. Indeed, part of the motivation for the system
disclosed in Brown is avoiding these problems. One of ordinary skill in the art
would have known that dynamically determining the maximum number to
remove would limit the burden on the system and bound the length of any real-
time interruption to prevent delaysin processing. Indeed, Nemes concedes that
such dynamic determination was obvious when he statesin the * 120 patent that
“[a] person skilled in the art will appreciate that the technique of removing all
expired records while searching the linked list can be expanded to include
techniques whereby not necessarily all expired records are removed, and that
the decision regarding if and how many records to delete can be a dynamic
one.” ‘120 at 7:10-15.

Brown combined with Dirks, Thatte, the 663 patent, and/or the Opportunistic
Garbage Collection Articles discloses dynamically determining maximum
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number of expired ones of the records to remove when the linked list is
accessed.

Dirks discloses the management of memory in a computer system and more
particularly to the alocation of address space in avirtual memory system,
which dynamically determines how many records to sweep/remove upon each
allocation. Disclosure of these claim elementsin Dirksis clearly shown in the
chart of Dirks, which is hereby incorporated by referencein its entirety.

As summarized in Dirks,

eachtimeaVSID is assigned from the free list to a new application or
thread, afixed number of entriesin the page table are scanned to determine
whether they have become inactive, by checking them against the VSIDs
on therecyclelist. Each entry which isidentified as being inactive is
removed from the page table. After al of the entriesin the page table have
been examined in this manner, the VSIDsin the recycle list can be
transferred to the free list, since al of their associated page table entries
will have been removed. This approach thereby guarantees that a
predetermined number of VSIDs are always available in the free list
without requiring a time-consuming scan of the complete page table at
once. U.S. Patent No. 6,119,214 to Dirks at 7:2-14.

After [a] new VSID has been allocated, the system checks aflag RFLG
to determine whether arecycle sweep is currently in progress (Step 20).
If thereisno sweep in progress, i.e. RFLG isnot equal to one, a
determination is made whether a sweep should be initiated. Thisis done
by checking whether the inactive list isfull, i.e. whether it contains x
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entries (Step 22). If the number of entries| on the inactive list isless than
X, no further action is taken, and processing control returns to the
operating system (Step 24). If, however, theinactive list isfull at this
time, the flag RFLG is set (Step 26), the VSIDs on the inactive list are
transferred to the recyclelist, and anindex nisreset to 1 (Step 28). The
system then sweeps a predetermined number of page table entries PT; on
the page table, to detect whether any of them are inactive, i.e. their
associated VSID ison therecycle list (Step 30). The predetermined
number of entries that are swept isidentified as k, where:

total number of page table entries

k = : : .
maximum number of active threads

Id. at 8:12-30.

Dirks discloses that any approach can be employed to determine the number of
entries to be examined during each step of the sweeping process. Id. at 7:37-
40. Asstated in Dirks:

Any other suitable approach can be employed to determine the number of
entries to be examined during each step of the sweeping process. In this
regard, it is not necessary that the number of examined entries be fixed for
each step. Rather, it might vary from one step to the next. The only criterion
isthat the number of entries examined on each step be such that all entriesin
the page table are examined in a determinable amount of time or by the
occurrence of a certain event, e.g. by thetimethelist of free VSIDsis empty.

Id. at 7:38-46. Thus, Dirks dynamically determines the maximum number of
records to sweep/remove by calculating avaluek. 1d. at 7:15-46, 7:66-8:56.
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As both Brown and Dirks relate to deletion of aged records upon the alocation
of anew incoming record, one of ordinary skill in the art would have
understood how to use Dirks dynamic decision making process of determining
the maximum number of recordsto sweep/remove in other hash tables
implementations such as that described Brown. Moreover, one of ordinary
skill in the art would recognize that it would improve similar systems and
methods in the same way. Asthe’ 120 patent states “[a] person skilled in the
art will appreciate that the technique of removing all expired records while
searching the linked list can be expanded to include techniques whereby not
necessarily all expired records are removed, and that the decision regarding if
and how many records to delete can be adynamic one.” The’ 120 patent at
7:10-15. Additionally, one of ordinary skill in the art would recognize that the
result of combining Dirks' deletion decision procedure with Brown would be
nothing more than the predictable use of prior art elements according to their
established functions.

By way of further example, one of ordinary skill in the art would have
combined Dirks' dynamic determination of the suitable number of entriesto
examine during each step of the sweeping process with Brown and would have
seen the benefits of doing so. One possible benefit, for example, is saving the
system from performing sometimes time-consuming sweeps.

Alternatively, one of ordinary skill in the art would be motivated to, and would
understand how to, combine the system disclosed in Brown with the means for
dynamically determining maximum number for the record search means to
remove in the accessed linked list of records disclosed by Thatte. Thatte,
discloses a system and method using hash tables and/or linked lists and further
discloses means for dynamically determining the maximum number for the
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record search means to remove in the accessed linked list of records. The
disclosure of these claim elements in Thatte is clearly shown in the chart of
Thatte, which is hereby incorporated by reference in its entirety.

Moreover, one of ordinary skill in the art would recognize that these
combinations would improve the similar systems and methods in the same
way. Additionaly, one of ordinary skill in the art would recognize that the
result of combining Brown with Thatte would be nothing more than the
predictable use of prior art e ements according to their established functions.
The resulting combination would include the capability to determine the
maximum number for the record search means to remove.

Further, one of ordinary skill in the art would be motivated to combine Brown
with Thatte and recognized the benefits of doing so. For example, the removal
of expired records described in Browncan be burdensome on the system,
adding to the system’ sload and slowing down the system’ s processing. One of
ordinary skill in the art would recognize that combining Brown with the
teachings of Thatte would solve this problem by dynamically determining how
many records to delete based on, among other things, the system load.
Moreover, the '120 patent discloses that "[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
the linked list can be expanded to include techniques whereby not necessarily
al expired records are removed, and that the decision regarding if and how
many records to delete can be adynamic one.” '120 at 7:10-15. Thus, the '120
patent provides motivations to combine Brown with Thatte.

Alternatively, it would also be obvious to combine Brown with the ' 663 patent.
Disclosure of these claim elements in the ' 663 patent is clearly shown in the
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chart of the * 663 patent, which is hereby incorporated by referencein its
entirety. Assummarized in the’ 663 patent:

during normal times when the load on the storage system is not
excessive, a non-contaminating but slow deletion of records is
used. This slow, non-contaminating deletion involves closing
the collision-resolution chain of locations by moving a record
from a later position in the chain into the position of the record
to be deleted. This leaves no deleted record locations in the
storage space to slow down future searches. U.S. Patent
4,996,663 to Nemes at 2:24-34 (“ The ' 663 patent”).

In times of heavy use, when deletions must be done rapidly and
no time is available for decontamination, the record is simply
marked as “deleted” and left in place. Later non-contaminating
probes in the vicinity of such deleted record locations
automatically remove the contaminating deleted records by
moving records in the chain as described above. Id. at 2:35-41.

This hybrid hashing technique has the decided advantage of
automatically eliminating contamination caused by the fast-
secure deletion procedure when the slower, non-contaminating
deletion is used when the load on the system is at lower levels.
Id. at 2:42-46.

This hybrid deletion is shown in Figure 5.
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FIG.5
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Id. at Figure 5.

During the hybrid deletion procedure decision block 51 checks the system load
to determine if the system load is greater than athreshold. If the system load is
greater than the threshold, then afast-secure delete 52 isused. 1d. at 6:40-64,
Figure 5. On the other hand, if the system load is less than the threshold, then a
slow-non-contaminating delete 53 isused. 1d. The fast-secure delete 52 does
not actually delete records, rather it marks records as deleted. 1d. at 8:1-33,
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Figure 7. These records are then actually deleted by a subsequent slow-non-
contaminating delete 53. 1d. at 6:65-7:68, Figures 6, 6A, 6B.

Thus, the hybrid deletion procedure in the ' 663 patent dynamically determines
amaximum number of records to remove. Seeid. at 6:40-64, Figure 5. If the
fast-secure delete 52 is used, then maximum number of records is zero because
records are not deleted they are only marked. Id. at 8:1-33, Figure 7. If the
slow-non-contaminating delete 53 is used, then the maximum number of
recordsto remove is all of the contaminated records in the bucket. 1d. at 6:65-
7:68, Figures 6, 6A, 6B.

As both Brown and the ’ 663 patent relate to deletion of records from hash
tables using external chaining, one of ordinary skill in the art would

understood how to use the 663 patent’ s dynamic decision on whether to
perform a deletion based on a systems load in other hash table implementations
such as Brown. Moreover, one of ordinary skill in the art would recognize that
it would improve similar systems and methods in the same way. Asthe’120
patent states “[a] person skilled in the art will appreciate that the technique of
removing all expired records while searching the linked list can be expanded to
include techniques whereby not necessarily all expired records are removed,
and that the decision regarding if and how many records to delete can be a
dynamic one.” The’ 120 patent at 7:10-15. Additionally, one of ordinary skill
in the art would recognize that the result of combining the’ 663 patent’s
deletion decision procedure with Brown would be nothing more than the
predictable use of prior art elements according to their established functions.

By way of further example, one of ordinary skill in the art would have
combined the’ 663 patent’ s dynamic decision on whether to perform a deletion
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based on a systems |oad as taught by the ' 663 patent and with Brown and
would have seen the benefits of doing so. One such benefit, for example, is
that the system would avoid performing del etions when the system load
exceeded athreshold.

Alternatively, it would also be obvious to combine Brown with the
Opportunistic Garbage Collection Articles.

The Opportunistic Garbage Collection Articles disclose a generational based
garbage collection which dynamically determines how much garbage to
collect. See generally, Paul R. Wilson and Thomas G. Moher, Design of the
Opportunistic Garbage Collector, OOPSLA ' 89 Proceedings, October 1-6,
1989; Paul R. Wilson, Opportunistic Garbage Collection, ACM SIGPLAN
Notices, Vol. 23, No. 12, December 1988.

When a significant pause has been detected, a decision procedureis
invoked to decide whether to garbage collect, and how many generationsto
scavenge. The fuller ageneration is, the more likely it isto be scavenged;
also, the longer the pause that has been detected, the larger the scope of the
garbage collection islikely to be. Design of the Opportunistic Garbage
Collector at 32.

Every time a user-input routine is invoked, a decision routine can decide
whether to garbage collect. Aslong as the decision routine takes no more
than afew milliseconds to execute, it should not interfere with
responsiveness. Sinceit isonly invoked at these times, it does not incur a
continual run-time overhead. Opportunistic Garbage Collection at 100.
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This decision routine should take several things into account: 1) the volume
of data allocated since the last scavenge, 2) how long it has been since the
user has had an opportunity to interact, and 3) the height of the stack
relative to its average height at reads since the last scavenge. If the product
of the allocation and the compute timeis high, and if the stack islow, the
scavenge favorability measureis high. If it is especially high, amulti-
generation scavenge isin order. Id.

If these heuristics fail and a scavenge is forced instead by the filling of a
generation’ s space, it islikely to happen during a significant compute-
bound pause--the one that has just allocated the data that forced the
collection. When the opportunistic mechanism fails to find the end of a
pause, it may still succeed by default, embedding a scavenge pause within
alarger pause. Design of the Opportunistic Garbage Collector at 32.

As both Brown and the Opportunistic Garbage Collection Articles relate to
deletion of aged records, one of ordinary skill in the art would have understood
how to use the Opportunistic Garbage Collection Articles dynamic decision
on whether to perform a deletion based on a system load in other hash table
implementations such as Brown. Moreover, one of ordinary skill in the art
would recognize that it would improve similar systems and methods in the
sameway. Asthe’120 patent states“[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
the linked list can be expanded to include techniques whereby not necessarily
all expired records are removed, and that the decision regarding if and how
many records to delete can be a dynamic one.” The’ 120 patent at 7:10-15.
Additionally, one of ordinary skill in the art would recognize that the result of
combining the Opportunistic Garbage Collection Articles’ deletion decision
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procedure with Brown would be nothing more than the predictable use of prior
art elements according to their established functions.

By way of further example, one of ordinary skill in the art would have
combined the Opportunistic Garbage Collection Articles dynamic decision on
whether to perform a deletion and how many generations to scavenge as taught
by the Opportunistic Garbage Collection Articles and with Brown and would
have seen the benefits of doing so. One such benefit, for example, is that the
system would only perform deletions when the system was not already too
overloaded, thus preventing slowdown of the system.

Additionally, it would have been obvious to one of ordinary skill in the art to
modify the system disclosed in Brown to dynamically determine the maximum
number of expired records to remove in the accessed linked list of records. It
isafundamental concept in computer science and the relevant art that any
variable or parameter affecting any aspect of a system can be dynamically
determined based on information available to the system. One of ordinary skill
in the art would have been motivated to combine the system disclosed in
Brown with the fundamental concept of dynamically determining the
maximum number of expired records to remove in an accessed linked list of
records to solve a number of potential problems. For example, the removal of
expired records described in Brown can be burdensome on the system, adding
to the system’ s load and slowing down the system’s processing. Moreover, the
removal could also force an interruption in real-time processing as the
processing waits for the removal to complete.

One of ordinary skill in the art would have known that dynamically
determining the maximum number to remove would limit the burden on the
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system and bound the length of any real-time interruption to prevent delaysin
processing. Indeed, Nemes concedes that such dynamic determination was
obvious when he states in the * 120 patent that “[a] person skilled in the art will
appreciate that the technique of removing all expired records while searching
the linked list can be expanded to include techniques whereby not necessarily
all expired records are removed, and that the decision regarding if and how
many records to delete can be adynamic one.” ‘120 at 7:10-15.
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Costello, Adam, et al., Redesigning the BSD - Callout and Time Facilities,
WUSC 95-23, November 2, 1995 (“ Costello”). See also, Costello, Adam,
et al., Presentation - Redesigning the BSD Unix Callout and Time
Facilities, January 10, 1996 (“ Costello Presentation”).

1. Aninformation storage
and retrieval system, the
system comprising:

5. An information storage
and retrieval system, the
system comprising:

To the extent the preamble is alimitation, Costello discloses an information
storage and retrieval system.

For example, Costello describes a method and system for storing and retrieving
callouts. See, eg., Costdlo, page 3-4. Seealso, Cogtello Presentation, page 3,
15-18, and 26.

“Instead of asingle sorted list of callout structures, we use acircular array of
unsorted lists. Thearray, called acallwheel (see Figure 2), contains
callwheelsize entries. All caloutsscheduled to expireat time t appear in
thelist callwheel [t% callwheelsize], andther c_time members
aesettot/callwheelsize.” See Costelo, page 3.

“We could try to find away, given afunction pointer and argument pointer, to
produce a pointer to the matching callout in constant time. A hash tableisthe
obvious mechanism.” See, Cogtello, page 4.

[1a] alinked list to store
and provide access to
records stored in a memory
of the system, at least some
of the records
automatically expiring,

[5a] ahashing meansto
provide access to records
stored in amemory of the
system and using an
external chaining technique
to store the records with
same hash address, at least
some of the records
automatically expiring,

Cogedlo discloses alinked list to store and provide access to records stored in a
memory of the system, at least some of the records automatically expiring.
Cogtello also discloses a hashing means to provide access to records stored in a
memory of the system and using an external chaining technique to store the
records with same hash address, at |east some of the records automatically
expiring.

For example, Costello describes storing outstanding calloutsin alinked list.
See, e.g., Costello, page 3, 7. The entries are removed when the callout is
expired. 1d. Seealso, Costelo Presentation, page 3, 15-18, and 26.
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Costello, Adam, et al., Redesigning the BSD - Callout and Time Facilities,
WUSC 95-23, November 2, 1995 (“ Costello”). See also, Costello, Adam,
et al., Presentation - Redesigning the BSD Unix Callout and Time
Facilities, January 10, 1996 (“ Costello Presentation”).

For example, Costello describes storing the callouts in both acircular array of
linked lists and a hash table of linked lists. See, e.q., Costello, page 3. 1d. at 4.
See also, Costello Presentation, page 3, 15-18, and 26.

“Instead of asingle sorted list of callout structures, we use acircular array of
unsorted lists. Thearray, caled acallwheel (seeFigure 2), contains
callwheelsize entries. All caloutsscheduled to expire at time t appear in
thelist callwheel [t$ callwheelsize], andther c_time members
aesttot/callwheelsize.” See Cosdlo, page 3.

“We could try to find away, given afunction pointer and argument pointer, to
produce a pointer to the matching calout in constant time. A hash tableisthe
obvious mechanism.” See, Costello, page 4.

“At firg, we used aclosed-chaining hash table.” See, Costello, page 4.
“We wanted both sorts of callsto have equal costsin the new implementation as

well, so we switched to an open-chaining hash table, in which only one bucket
needsto be searched in any case.” See, Cogtdlo, page 7.

[1b] arecord search means
utilizing a search key to
access the linked list,

[Sb] arecord search means
utilizing a search key to
access alinked list of
records having the same
hash address,

Costello discloses arecord search means utilizing a search key to access the
linked list. Costello also discloses arecord search means utilizing a search key
to access alinked list of records having the same hash address.

For example, Costello describes using both a circular array and a hash table.
See, e.g., Costello, page 3, 7. In either case, a search key is utilized to access
the linked list of callouts. Id. at 4. Seealso, Costello Presentation, page 3, 15-
18, and 26.
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Costello, Adam, et al., Redesigning the BSD - Callout and Time Facilities,
WUSC 95-23, November 2, 1995 (“ Costello”). See also, Costello, Adam,
et al., Presentation - Redesigning the BSD Unix Callout and Time
Facilities, January 10, 1996 (“ Costello Presentation”).

“Instead of asingle sorted list of callout structures, we use acircular array of
unsorted lists. Thearray, called acallwheel (see Figure 2), contains
callwheelsize entries. All caloutsscheduled to expireat time t appear in
thelist callwheel [t% callwheelsize], andther c_time members
aesettot/callwheelsize.” See Costdlo, page 3.

“We could try to find away, given afunction pointer and argument pointer, to
produce a pointer to the matching callout in constant time. A hash tableisthe
obvious mechanism.” See, Cogtello, page 4.

“At firg, we used aclosed-chaining hash table.” See, Costello, page 4.
“We wanted both sorts of callsto have equa costsin the new implementation as

well, so we switched to an open-chaining hash table, in which only one bucket
needs to be searched in any case.” See, Costello, page 7.

[1c] therecord search
means including a means
for identifying and
removing at least some of
the expired ones of the
records from the linked list
when the linked list is
accessed, and

[5¢] therecord search
means including means for
identifying and removing
at least some expired ones
of the records from the
linked list of records when
the linked list is accessed,
and

Costello discloses the record search means including a means for identifying
and removing at least some of the expired ones of the records from the linked
list when the linked list is accessed. Costello also discloses the record search
means including means for identifying and removing at |east some expired
ones of the records from the linked list of records when the linked list is
accessed.

For example, Costello describes identifying the expired callouts and removing
them from the linked list when it is accessed. See, e.g., Costello, page 3-4, 7.
See also, Costello Presentation, page 3, 15-18, and 26.
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Costello, Adam, et al., Redesigning the BSD - Callout and Time Facilities,
WUSC 95-23, November 2, 1995 (“ Costello”). See also, Costello, Adam,
et al., Presentation - Redesigning the BSD Unix Callout and Time
Facilities, January 10, 1996 (“ Costello Presentation”).

“Instead of asingle sorted list of callout structures, we use acircular array of
unsorted lists. Thearray, called acallwheel (seeFigure 2), contains
callwheelsize entries. All calouts scheduled to expire at time t appear in
thelist callwheel [t$ callwheelsize], andther c_time members
aesttot/callwheelsize.” See Costdlo, page 3.

“If thefirst callout has expired, a software clock interrupt is generated. Its
handler, softclock (), repeatedly checksthe calout at the head of thelist,
andif itisexpired (c_time member equal to zero), removesit and calsits
function.” See, Cogtdlo, page 3.

“We could try to find away, given afunction pointer and argument pointer, to
produce a pointer to the matching calout in constant time. A hash tableisthe
obvious mechanism.” See, Costello, page 4.

“At firg, we used aclosed-chaining hash table.” See, Costello, page 4.
“We wanted both sorts of calsto have equa costsin the new implementation as

well, so we switched to an open-chaining hash table, in which only one bucket
needsto be searched in any case.” See, Costdlo, page 7.

[1d] means, utilizing the
record search means, for
accessing the linked list
and, at the same time,
removing at least some of
the expired ones of the
recordsin the linked list.

[5d] mea[n]s, utilizing the
record search means, for
inserting, retrieving, and
deleting records from the
system and, at the same
time, removing at least
some expired ones of the

Costello discloses means, utilizing the record search means, for accessing the
linked list and, at the same time, removing at least some of the expired ones of
the recordsin the linked list. Costello also discloses utilizing the record search
means, for inserting, retrieving, and deleting records from the system and, at
the same time, removing at least some expired ones of the recordsin the
accessed linked list of records.
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Costello, Adam, et al., Redesigning the BSD - Callout and Time Facilities,
WUSC 95-23, November 2, 1995 (“ Costello”). See also, Costello, Adam,
et al., Presentation - Redesigning the BSD Unix Callout and Time
Facilities, January 10, 1996 (“ Costello Presentation”).

records in the accessed
linked list of records.

For example, Costello describes using the record search means to access the
linked list and retrieving and removing expired callouts from the linked list at
the sametime. See, e.g., Costello, page 3-4. Seealso, Cogtello Presentation,
page 3, 15-18, and 26.

“Instead of asingle sorted list of callout structures, we use acircular array of
unsorted lists. Thearray, called acallwheel (see Figure 2), contains
callwheelsize entries. All caloutsscheduled to expire at time t appear in
thelist callwheel [t% callwheelsize], andther c_time members
aesettot/callwheelsize.” See Costelo, page 3.

“If thefirgt callout has expired, a software clock interrupt is generated. Its
handler, softclock (), repeatedly checksthe calout at the head of thelist,
andif itisexpired (c_time member equal to zero), removesit and calsits
function.” See, Costello, page 3.

2. Theinformation storage
and retrieval system
accordingtoclam 1
further including means for
dynamically determining
maximum number for the
record search meansto
remove in the accessed
linked list of records.

6. Theinformation storage
and retrieval system
accordingto clam5
further including means for
dynamically determining
maximum number for the
record search meansto
remove in the accessed
linked list of records.

Costello discloses an information storage and retrieval system further including
means for dynamically determining maximum number for the record search
means to remove in the accessed linked list of records.

For example, Costello describes limiting the number of records removed from
thelinked list during a particular sequence using amax_softclock_steps
variable. See, e.g., Costello, page 8.

“softclock () kegpstrack of the number of stepsit hastaken sinceit last
enabled interrupts, and whenever the count reaches

MAX SOFTCLOCK STEPS, it briefly enablesthem. Therefore,
softclock () never disablesinterruptsfor more than aconstant amount of
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WUSC 95-23, November 2, 1995 (“ Costello”). See also, Costello, Adam,
et al., Presentation - Redesigning the BSD Unix Callout and Time
Facilities, January 10, 1996 (“ Costello Presentation”).

time.” See, e.g., Costello, page 8.

Additionally, it would have been obvious to one of ordinary skill in the art to
modify the system disclosed in Costello to dynamically determine the
maximum number of expired records to remove in the accessed linked list of
records. Itisafundamental concept in computer science and the relevant art
that any variable or parameter affecting any aspect of a system can be
dynamically determined based on information available to the system. One of
ordinary skill in the art would have been motivated to combine the system
disclosed in Costello with the fundamental concept of dynamically determining
the maximum number of expired records to remove in an accessed linked list
of records to solve a number of potentia problems. For example, the removal
of expired records described in Costello can be burdensome on the system,
adding to the system’ sload and slowing down the system'’ s processing.
Moreover, the removal could also force an interruption in real-time processing
asthe processing waits for the removal to complete. Indeed, part of the
motivation for the system disclosed in Costello is avoiding these problems.
One of ordinary skill in the art would have known that dynamically
determining the maximum number to remove would limit the burden on the
system and bound the length of any real-ti