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SEMI-SORTING COMPRESSION WITH ENCODING AND DECODING TABLES

BACKGROUND
[0001] Semi-sorting has been described for its use in compressing fingerprints in cuckoo filters and d-left
counting Bloom filters, two important approximate set membership data structures (ASMDSs) that are
prevalent in networking hardware and software, among other applications (¢.g., database systems, genome
sequencing, and filesystems). A fingerprint is a short hash that encodes the presence of an item in the set
that ASMDS approximately represents. Typically, fingerprints are stored in buckets (akin to cache sets)
within the ASMDS, where the position of the fingerprint within the bucket does not change its meaning.
[0002] Prior work orders these fingerprints by their prefix and replaces the prefixes with a code word. To
encode and decode fingerprints, prior work uses a pair of encoding and decoding tables. However, the rate
of growth of the size of these tables relative to the associativity practically limits the associativity of a
bucket to four or less because at an associativity of four, the lookup tables can be several kilobytes in size.
Thus, a solution which reduces the size of these tables to improve their storage in hardware caches or other

memory would be desirable.

BRIEF DESCRIPTION OF THE DRAWINGS
[0003] FIG. 1 illustrates in block diagram form a data processing platform including compression
according to some embodiments.

[0004] FIG. 2 illustrates in flow diagram form a process for compressing and decompressing data

according to some embodiments.

[000S] FIG. 3 illustrates in flow diagram form a more detailed process for creating a code word

containing compressed data according to some embodiments.

[0006] FIG. 4 illustrates in table form a process for using encoding tables to create a code word

containing compressed data according to some embodiments.

[0007] FIG. 5 is a diagram showing a semi-sorting process according to some embodiments.

[0008] FIG. 6 is a diagram showing an example of using encoding tables to create a code word according
to some embodiments.

[0009] FIG. 7 illustrates in flow diagram form a process for decompressing a code word according to
some embodiments.

[0010] FIG. 8 illustrates in diagram form part of a process using encoding tables to decompress a code

word according to some embodiments.
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[0011] FIG. 9 illustrates in diagram form a further portion of the process of FIG. 8.

[0012] FIG. 10 illustrates in chart form an example of compression performance obtained according to
some exemplary embodiments.

[0013] In the following description, the use of the same reference numerals in different drawings
indicates similar or identical items. Unless otherwise noted, the word “coupled” and its associated verb
forms include both direct connection and indirect electrical connection by means known in the art, and
unless otherwise noted any description of direct connection implies alternate embodiments using suitable

forms of indirect electrical connection as well.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0014] A data processing platform includes a memory and a processor coupled to the memory which is
capable of performing compression and decompression of a set of data items. The processor receives a set
of data items and selects suffix data and a prefix for each respective data item in the set of data items based
on data content of the respective data item. The set of data items is sorted based on the prefixes. The
prefixes are encoded by querying multiple encoding tables to create a code word containing compressed
information representing values of all prefixes for the set of data items. The suffix data for each of the data
items and the code word are stored in the memory. The code word is decompressed to recover the prefixes,
and the recovered prefixes are paired with their respective suffix data.

[001S] A method compresses and stores data items. A set of data items is received, and suffix data and a
prefix are selected for each respective data item in the set of data items based on data content of the
respective data item. The set of data items is sorted based on the prefixes. The prefixes are encoded by
querying multiple encoding tables to create a code word containing compressed information representing
values of all prefixes for the set of data items. The code word and the suffix data for each of the data items
are stored. The code word is decompressed to recover the prefixes. The recovered prefixes are paired with
their respective suffix data.

[0016] A tangible nontransitory computer readable medium holds a program product executable by at
least one processor to compress and decompress data items. A set of data items is received, and suffix data
and a prefix are selected for each respective data item in the set of data items based on data content of the
respective data item. The set of data items is sorted based on the prefixes. The prefixes are encoded by
querying multiple encoding tables to create a code word containing compressed information representing
values of all prefixes for the set of data items. The code word and the suffix data for each of the data items
are stored in memory. The code word is decompressed to recover the prefixes. The recovered prefixes are
paired with their respective suffix data.

[0017] FIG. 1 illustrates in block diagram form a data processing platform including compression

according to some embodiments. Data processing platform 100 may be any platform with a need for
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compressing a set of data items with high entropy that may be reordered. For example, the techniques
herein have many applications like compression of software and hardware cache tags and fingerprints in
approximate set membership data structures. Generally, data processing platform 100 provides
compression and decompression for a set of fixed-length items. The techniques are most beneficial with
uniformly random items (i.e., with maximum informational entropy) whose order can be permuted.
Application may vary from networking, software systems, and hardware caches.

[0018] Data processing platform 100 communicates with a network or host system 10 to fulfill requests
for data storage and retrieval, or perform operations such as encryption key retrieval or caching for a host
system. Data processing platform 100, in this example, includes a processor 110 in communication with
random-access memory (RAM) 112, which may be internal or external to processor 110. RAM 112 may
be part of an integrated cache of processor 110 or in the platform 100’s main memory, for example.
Processor 110 is also in communication with a non-volatile memory 120, which provides a tangible, non-
transitory computer readable medium, such as Flash memoty or a hard drive, that holds computer program

code such as compression and decompression program code 122.

[0019] RAM 112 holds data used in the compression techniques described below, such as a code word o,
and suffix O to suffix £-1 (there are a number k of suffixes, each of which is associated with one of the £
data items). Such data may also be stored in non-volatile memory. When program code 122 is loaded from
non-volatile memory 120, compression and decompression program code are present in RAM 112 as
depicted by the loaded compression engine 114 and loaded decompression engine 116. Other data used
with the techniques described herein, such as the data items to be compressed and encoding tables may also
be held in RAM 112 or non-volatile memory 120.

[0020] While in this embodiment, data processing platform includes a processor 110 which executes
program code instructions, other embodiments may implement some or all of the compression features in
hardware such as digital logic in networking ASICs, CPUs, GPUs, or programmable logic in FPGAs.
[0021] FIG. 2 illustrates in flow diagram form a process 200 for compressing and decompressing data
according to some embodiments. A set of data items is provided for compression at block 202. The data
items are typically fixed-length items, often have a high entropy as discussed above. Some subsequences
of bits in the data items may have a high entropy, while other subsequences may be less random. For
example, various types of cache lines, cache tags, fingerprints from ASMDSs, network routing data,
hardware tables from branch predictors or hardware prefetchers, or database entries, to name some
examples.

[0022] Atblock 204, process 200 selects a prefix and suffix data for each data item in the set based on the
item’s data content. In some embodiments, the data items may already have identified prefixes and
suffixes, in which case block 204 is not necessary. For example, the set of data items may be a set of cache
lines with cache tags already provided, of which a portion or the full tag are used as a prefix. When
selecting a prefix, process 200 preferably selects a deterministic subsequence of bits from each item, such

as a number of initial bits from the item. The subsequence may be selected from any desired part of the
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data item and may include non-sequential bits from the data item such as a fingerprint or hash that is
computed from non-contiguous bit subsequences from the data item. Alternatively, a hash or computation
on the desired part of the data item is used in certain implementations to select out or to produce a prefix.
The suffix data is typically the bits remaining in the data item excluding the prefix.

[0023] Next, at block 206, the data items are sorted based on the prefixes. The sorting may be done on
the entire set of data items, or the set may be split into subsets and the subsets sorted. In some
implementations, data items are stored in order subject to an ordering of the prefixes and for these
embodiments, block 206 need not be executed. Then at block 208, a code word representing compressed
values of all the prefixes in the set is created, as further described below. The code word is created based
on the sorted set. The code word may be non-lossy, that is, able to reproduce every bit of the compressed
prefixes. If multiple subsets are sorted, a code word is typically created for each subset.

[0024] Atblock 210, the suffix data and the code word are stored in memory. Depending on the
application, the memory used for storage may be short term RAM such as RAM 112 (FIG. 1) or storage
memory such as non-volatile memory 120 (FIG. 1). The suffix data and code word may also be stored in a
database or networked storage that is not part of the data processing platform performing the compression
and decompression.

[002S] When information from the data set is requested, the stored suffix data and code word are
retrieved, and the prefixes are decompressed at block 212. An example of one suitable decompression
process is described below. The decompressed prefixes are then paired with the prefix data to provide the
complete data items. In some cases, the complete code word does not need to be decompressed, if the
desired data items are extracted carly in the decompression process, as further described below.

[0026] FIG. 3 illustrates in flow diagram form a more detailed process 300 for creating a code word
containing compressed data according to some embodiments. Further examples of compression processes
are illustrated in FIGS. 4-6. These processes may be performed by a software compression engine such as

compression engine 114 of FIG. 1, or by other suitable combinations of hardware and software.

[0027] Process 300 begins creating a code word at block 302. Block 304 provides the encoding tables
needed to create the code word by either retrieving them from memory, calculating them, or partially
calculating them, as further described below.

[0028] For each prefix, in the order provided by sorting, block 306 encodes the prefixes by querying
multiple encoding tables to create a code word ¢ containing compressed information representing values of
all prefixes for the set of data items. In this embodiment, block 306 queries the encoding tables to obtain a
plurality of integers representing respective prefix positions in the encoding tables.

[0029] As depicted in FIG. 3, the process may work with variation in the sorting results, as long as the
data items are ordered via their prefix values. The results of querying the multiple input tables are used to
create the code word o at block 308, in this embodiment by summing the resulting integers as shown. FIG.
5 shows the raw input of a set of data items with the prefixes and suffixes identified. The depicted data

items are merely one example with a small number of small data items for simplicity, and many other
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arrangements of data items may be stored according to the techniques herein. These data items are sorted
as set forth at block 206 (FIG. 2). This sort constitutes a semi-sort with respect to the data items because
the suffix data is not used in the sort, only the prefix data. The results of the sort may therefore vary in
order, as shown by the sort output A and B of FIG. 5, which are both valid results of a prefix-based sort on
the data items. Notice that the two data items that share the same prefix (101) appear in swapped positions
in A and B. More generally, data items with the same prefix may appear in any order in the output of the
sort among one another without affecting the output’s correctness. Process 300 is effective despite possible

variations in the order of the input data such as those in FIG. 5.

[0030] Referring again to FIG. 3, while the blocks are depicted as sequential, the actual order depends on
the implementation. When performed by a processor, the process may iterate through each prefix and add
the integer value to a running total in each iteration. A more parallel implementation may perform
encoding table lookups in parallel. When all the integers are summed at block 308, the completed sum

provides the code word o.

[0031] FIG. 4 illustrates in table form a process for using encoding tables to create a code word
containing compressed data according to some embodiments. The compression encoding takes an ordered
list of k, r-bit prefixes and outputs a codeword that expresses them. Integer & represents the number of
data items in the set, and » represents the number of bits in each prefix. One such encoding scheme is

depicted, which uses a variant of the combinatorial expression (2T+,f _1) to enumerate the encodings. The

scheme uses an iterator i that enumerates through the data itemsinaset0, 1,2, ...,k —2,k— 1. Asit
enumerates, it plugs in the value of the prefix for the ith data item (referred to as p;) in lieu of 2" and i + 1
in licu of k (would be i in licu of k were it not for zero indexing). It then sums over these partial
expressions to produce a net sum. The formula for the code word o that encodes the k prefixes in this

embodiment is given by equation 1:

k-1 piti
(1 o= Zi:o )

[0032] The depicted table 400 shows an example of an application of this formula that follows for k = 4
and r = log,(3). In this example, the process takes 4 data item prefixes and reduces their storage cost
from 4log, (3) =~ 6.34 bits to log,(15) =3.91 bits. This encoding can be done by accessing one or more
precomputed tables, by computing the closed form expressions in response to a compression or
decompression request requiring the computed values, or by a combination thereof. Yet another alternative
is to only compute values or partial values as they are needed but cache the values after they are computed
in an associated data or hardware structure for later use. It is also possible to reduce the multiplication
calculations involved in the computation down to a series of equivalent additions, shift, and masking
operations.

[0033] For versions that use precomputed encoding lookup tables, it is preferred to use a separate lookup
table for each data item in the set (excluding the 0™ data item where the encoding is the identity function).

From table 400, four encoding tables /, through /s are created holding the values for the combinatorial
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expressions shown in each of the four columns. These same tables can then also be used for decoding as
further described below.

[0034] In this embodiment, the number of tables is equal to the number of prefixes k. In other
embodiments, fewer tables may be used. For example, it is possible to use implicit encoding to implement
table [, as further discussed below with respect to FIG. 10. The tables are generally referred to as tables [,
through I,_,, where each [; is the encoding table for the ith data item’s prefix p;. Each [; holds 2" entries
and is indexed into by the specific p;, which yields the specific encoding. Specifically, [;[p;] = ’ffl‘) for
all integral values of i where 0 < i < k — 1 and all integral values of p; where 0 < p; < 2" — 1. Inthis
embodiment, index values representing the prefix position within the table are used to encode the prefixes.
In other embodiments, other values may be used. For example, the indexed values may appear in a
different order in the table from that depicted, in which case the index returned is not necessarily a prefix
position.

[0035] Various techniques may be used to increase the efficiency of computing or storing the encoding
tables. The encoding tables could be partially computed on the fly to reduce their storage cost. For
instance, every multiply by 2 may be implemented as a shift operation, so it is more efficient to store a
count of such shifts rather than the shifted values. When providing the encoding tables /; to /.5, if two
entries within an encoding table store the same value, the process may merge the two entries into a single

entry. For example, by choosing appropriate values for  and k, the process may leverage the property that

’fﬁ:) = (lef;) or a similar property for other encoding schemes, to reduce the number of entries per table

that need to be stored (e.g., p; =5 and i = 2,then (;J:) = (gfi) as both are 35). In that case, the
process may replace the individual /;’s with a single matrix that is indexed by the tuple p; and i, which does

not store duplicate values for when i + 1 is equal to p; — 1 (e.g., the process does not store both (;) and

G

[0036] In some implementations, the encoding tables may be no more than a kilobyte in size for common
values of  and k. The process need only store on the order of 2" k entries, so values of r in the range of
about 4 to 8 may be employed while still providing the majority of the space savings and with a small arca
overhead for the encoding tables. The reduction in storage requirements for an exemplary embodiment in

this range of » values can be seen below in FIG. 10.

[0037] The sequence of FIG. 5 and FIG. 6 illustrate an example compression process using 8-bit data
items, and employing 3-bit prefixes. FIG. 5 illustrates in diagram form results 500 of a semi-sorting
process according to some embodiments. Depicted are four raw input data items to the process, each with
8 bits. The 3-bit prefixes and the remaining 5-bit suffixes are identified. Two valid variations of the semi-
sorted output (the output of block 206, FIG. 2, for example) are shown labelled A and B. As can be seen,
two data items in the set have a prefix value of 101. Because the sort rearranges data items subject to the
relative ordering of their respective prefixes, the two depicted data items with prefix 101 may be

interchanged with one another in the sorted output without affecting correctness.
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[0038] FIG. 6 illustrates in diagram form an exemplary process 600 of using encoding tables to create a
code word according to some embodiments. The depicted scenario uses the set of data items from FIG. 5,
sorted according to output A. The encoding process generally starts with of k, r-bit prefixes, and encodes
the prefixes to produce the code word ¢ that is the compressed representation of the prefixes. In this
scenario, & is four, and process 600 uses four encoding tables /5 to /5. The encoding tables may be produced
according to the techniques described with respect to FIG. 4, or with other suitable techniques. The
diagram shows an arrow from each prefix value to a table entry in the respective encoding table for the
prefix, indicating the prefix value is used as an index into the table. The function “nCr” indicates the
combinatorial expression “n choose k,” the number of ways to choose k& items from a group of # items if
order does not matter. An integer value results at each respective entry, as described with respect to FIG. 3,
block 306. The arrows out of the table entry to the adder block represent that the integer values are
summed to produce the code word o, in this example having a value of 261. This code word value is stored
in memory along with the 5-bit suffix values.

[0039] In some embodiments, the encoding tables are provided such that, for each prefix, the respective
prefix index provides a count based on a plurality of ordered collections of prefix values ordered by an
ordering property, with the counts based on the prefix’s relative position in the ordered collections. The
count for each respective prefix index indicates a number of ordered collections of prefix values where
each ordered collection’s size is the output of a function applied to the prefix values’ relative position in the
ordered collections, and all prefix values in the ordered collections are less than the value of the respective
prefix as computed by the ordering property. For example, in the embodiment of FIG. 6, when examining
the ith prefix, where 0<i<k, the ith prefix’s encoding is retrieved by performing a table lookup on

I[prefix]. The index value returned is a count of the number of length i+/ sorted lists of prefixes that
numerically precede the first list containing ith prefix. For instance, if 7 is 3 and the prefix is 2, /3[2] stores
the count of the number of length 3+1 lists ordered in nonincreasing order that precede the list 2, 0, 0,

0. These are (1,1, 1, 1), (1, 1,1, 0), (1, 1, 0, 0), (1, 0, 0, 0), and (0, 0, 0, 0), which is 5 in total. While in
this implementation, the ordering property employed with the ordered collections is nonincreasing, any
suitable ordering property that places prefix values in a defined order may be used.

[0040] FIG. 7 illustrates in flow diagram form a process 700 for decompressing a code word according to
some embodiments. FIG. 8 illustrates in diagram form part of a process 800 using encoding tables to
decompress a code word according to some embodiments. FIG. 9 is a diagram showing a further portion
900 of the process of FIG. 8. The following description will refer to FIGS. 7-9 as needed. Process 700
may be performed by a software decompression engine 116 (FIG. 1), or other suitable hardware
implementation. The depicted decoding process is one example that may be used given the encoding
process described above. Others decoding schemes are possible for the encoding used above or other
encodings.

[0041] Atblock 702, in response to a requirement to provide data from a set of data items, process 700

retrieves the code word o for the set of data items from memory and begins decompression. The stored
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suffixes of the set of data items are retrieved as well, as shown along the top of FIG. 8. The decoding
generally starts with the code word ¢ that is the compressed representation of k, r-bit prefixes, and decodes
the prefixes starting from the k-1th prefix down to the Oth prefix. Process 700 incudes k iterations, in this
example four, one per prefix. The iterations employ encoding tables /; to /5, as shown in FIGS. 8 and 9, in
the order produced by the semi-sorting. In this embodiment, the tables used are the same encoding tables
that were employed in encoding from table /. to table /;.

[0042] For the first iteration, process 700 at block 704 initializes an integer i to be & - 7 and a search value
o’ to be equal to the code word o. Then at block 706, searching encoding table /; for a largest value that is
less than or equal to the search value ¢’. This is illustrated in FIG. 8 where table /5 is shown with the search
result highlighted from the searching for the highest value less than ¢’ of 261, which is the value 210 found
in the last entry.

[0043] This search result is used at block 708, which sets the recovered prefix p; equal to a table index of
the largest value found in the search. In the example of FIG. 9, the recovered prefix is set to the index 111
of the last entry in table /3. The recovered prefix value of 111 is combined with the stored suffix value
10111, in the order provided by the sort used when encoding the code word, providing the complete data
item shown under table /3.

[0044] Next at block 710, the integer i is set decremented to proceed to the next iteration. At block 712,
the search value ¢’ is set equal to the prior search value ¢’ minus the largest value found in the prior search
iteration that was less than or equal to prior search value o’. In the example of FIG. 9, this value is shown
by the new search value g calculated as 261-210=51. The source of the values is shown by the arrows

feeding into the addition block 902.

[0045] Then at block 714, the encoding table /; is searched for the largest value that is less than or equal to
the new search value ¢’. This is shown in FIG. 8 by the highlighted search result in table /> of 35, the
largest table entry less than 51. At block 716, the recovered prefix p; is set equal to a table index of the
largest value found in the search. In the example recovered prefix p: is set to the highlighted index value
101 for table /,. This prefix is combined with the stored suffix data to provide the complete data item for
prefix p,, which is 10111111.

[0046] Blocks 710 through 716 are repeated until a final iteration is completed with integer i at zero,
which completes the set of recovered prefixes. In the example of FIGS. 8-9, the final two iterations are
depicted showing resulting values. Table /; is searched with a value of ¢y of 16, which equals the prior
search value 51 from the prior iteration minus the largest value found, 35. The recovered index p; is set to
the table index value found searching with 16, which is 101, the index of 15 from table /;. Then table /; is
searched with a value of g, of 1, which equals the prior search value 16 minus the largest value previously
found, 15. The recovered index py is set to the table index value found searching with 1, which is 001, the

index of the value 1 found in table /.
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[0047] Note that while the depicted process 700 shows the prefix recovery or decompression occurring
completely, this is not limiting, and the process may be only partially completed if values are only required
from prefixes recovered early in the process.

[0048] The searches of blocks 706 and 714 may be done in a linear or parallel fashion for small tables or
alternatively using another suitable search algorithm such as a modified binary search for larger ones. As
discussed above, the process may be implemented with a microprocessor executing program code, with
application specific digital logic, or with programmable logic.

[0049] FIG. 10 illustrates in chart form an example of compression performance obtained according to
some embodiments. Chart 1000 shows performance of the example process described above for multiple
data sets, with the reduction in bits per data item on the vertical axis versus the prefix length in bits (), the
number of bits compressed per item, on the horizontal axis. The chart legend identifies the different
associativities of the data sets. The term “associativity” is used herein as it is generally used in the art to
describe cache sets or similar sets of data. That is, each memory address or other data item identifier maps
to a possible number of positions within a set or group of data items. The number of possible positions is
the associativity. Note that each power of 2 increase in associativity yields approximately another bit in

savings per compressed prefix (assuming an appropriate value for 7).

[0050] Given a k-item set with r-bit prefixes, the initial space to store those prefixes is kr bits. Such an
encoding allows the storage process to encode all 27% permutations of a set of k, 7-bit numbers where
duplicates are permissible. However, with exactly 2" distinct values per data item, if those values are

ordered, the problem evolves from having to store all permutations of k r-bit numbers to only having to

store the combinations. There are (2T+,f_1) such combinations, which is much less than the full 27*

permutations. Thus, the techniques herein can encode those combinations in [ log, (2T+,f_1)] bits, when

rounding up to the nearest whole bit. The net savings per set are therefore the net size of k, r-bit numbers

2" +k—1

A )] bits). Dividing the net savings by the number of items per

(kr bits) minus the new size ([ logz(

set (k), we get the savings in bits per compressed prefix (or item for that matter), which is plotted for
several examples in FIG. 10 and generally described by Equation 2:

2) Bits saved per r-bit prefix = M

[0051] As can be understood from chart 1000, for high associativity structures, the storage cost of the
prefixes can often be reduced by one to four bits depending on the set associativity. In ASMDSs, where
data items are often only eight to a few tens of bits in length, the savings of one to four bits per item are
significant. Further, the prefixes only need to be several bits in length to realize the bulk of the benefit of
compression. This property is important because the individual encoding lookup tables in the example

processes herein each have 27 entries, so a longer prefix is costly in terms of the encoding table size.

[0052] Prior work uses one decoding table and one encoding table. If sorting is not performed prior to

compression, then the full 2”% permutations each need an entry in the encoding table. If sorting by prefix is
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2T+k-1

A ) entries is necessary. For example, if each

performed prior to compression, then only a table with (

entry is 4 bytes in size, then even with r = 4 and k = 4, there are 3867 entries in the lookup table. With two
bytes per item, each table is about 8 KB (16 KB for both).

[0053] In contrast, some example implementations herein use k lookup tables, each with 2" entries. With
k=4 and r=4, such a design uses at most k27 entries. At two bytes per entry, the total space cost is 2 bytes

* 4 * 274 = 128 bytes. The storage cost of this approach scales roughly linearly with k when r is fixed but
diverges from linear behavior because each lookup table entry takes on the order of log2 (2T+,f _1) bits to

encode. Performing the encoding and decoding by computing the lookup table values on the fly further
reduces the storage costs. As previously indicated, another available optimization is to make the final
lookup table implicit because it is always (op+01 , which is simply pg, so whatever is remaining after & - /
iterations of the decompression process is the last prefix. Similarly, during encoding, the final prefix of the
encoding process may be encoded into the code word by adding the zeroth prefix to the integer sum (FIG.
3, 308).

[0054] The techniques described herein may be implemented with various combinations of hardware and
software. For example, the hardware circuitry may include digital logic, finite state machines,
programmable logic arrays (PLAs), and the like. The compression and decompression processes could be
implemented with a microcontroller executing stored program instructions to evaluate the relative timing
eligibility of the pending commands. In this case some of the instructions may be stored in a non-transitory
computer memotry or computer readable storage medium for execution by the microcontroller. In various
embodiments, the non-transitory computer readable storage medium includes a magnetic or optical disk
storage device, solid-state storage devices such as Flash memory, or other non-volatile memory device or
devices. The computer readable instructions stored on the non-transitory computer readable storage
medium may be in source code, assembly language code, object code, or other instruction format that is

interpreted and/or executable by one or more processors.

[0055] The data processing platform 100 of FIG. 1, or any portions thereof, such as processor 110, or
other implementations such as customized digital logic implementations, may be described or represented
by a computer accessible data structure in the form of a database, database index, or other data structure
which can be read by a program and used, directly or indirectly, to fabricate integrated circuits. For
example, this data structure may be a behavioral-level description or register-transfer level (RTL)
description of the hardware functionality in a high-level design language (HDL) such as Verilog or VHDL.
The description may be read by a synthesis tool which may synthesize the description to produce a netlist
including a list of gates from a synthesis library. The netlist includes a set of gates that also represent the
functionality of the hardware including integrated circuits. The netlist may then be placed and routed to
produce a dataset describing geometric shapes to be applied to masks. The masks may then be used in

various semiconductor fabrication steps to produce the integrated circuits. Alternatively, the database on

10



WO 2021/034565 PCT/US2020/045903

the computer accessible storage medium may be the netlist (with or without the synthesis library) or the

data set, as desired, or Graphic Data System (GDS) II data.

[0056] While particular embodiments have been described, various modifications to these embodiments
will be apparent to those skilled in the art. For example, the type of data in the data sets may vary in
different embodiments, such as various types of cache lines, cache tags, fingerprints from ASMDSs,
network routing data, hardware tables from branch predictors or hardware prefetchers, or database entries.
The mathematical algorithm used to produce the encoding tables may vary. The particular process for
encoding and decoding based on the multiple tables may also vary. The method of providing the encoding
tables may also vary, including calculation or partial calculation of the table values. Furthermore, while a
single code word is employed in the examples herein, other embodiments may produce multiple code
words for a particular data set, depending on the compression algorithm employed.

[0057] Accordingly, it is intended by the appended claims to cover all modifications of the disclosed
embodiments that fall within the scope of the disclosure.

11
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WHATIS CLAIMED IS:

1. A data processing platform comprising:
a memory;
a processor coupled to the memory and operable to:
receive a set of data items;

select suffix data and a prefix for each respective data item in the set of data items based
on data content of the respective data item;

sort the set of data items based on the prefixes;

encode the prefixes by querying multiple encoding tables to create a code word o
containing compressed information representing values of all prefixes for the set
of data items; and

store the suffix data for each of the data items and the code word ¢ in the memory.

2. The data processing platform of claim 1, wherein the processor is further operable to:
decompress the code word ¢ to recover the prefixes; and
pair the recovered prefixes with their respective suffix data.

3. The data processing platform of claim 1, wherein:
the multiple encoding tables each include a number of prefix indexes; and
querying the multiple encoding tables provides a plurality of integers representing respective prefix
indexes for the prefixes, and the integers are summed to produce the code word o.

4. The data processing platform of claim 2, wherein:
the encoding tables are provided such that, for each prefix, the respective prefix index provides a count
based on a plurality of ordered collections of prefix values ordered by an ordering property; and
the counts are based on the prefix’s relative position in the ordered collections.

5. The data processing platform of claim 3, wherein the count for each respective prefix index indicates a
number of ordered collections of prefix values where each ordered collection’s size is the output of a
function applied to the prefix values’ relative position in the ordered collections, and all prefix values
in the ordered collections are less than the value of the respective prefix as computed by the ordering

property.

6. The data processing platform of claim 1, wherein the processor is further operable to:

before creating the code word o, compute the multiple encoding tables.

7. The data processing platform of claim 1, wherein the processor is further operable to at least partially
compute the multiple encoding tables in response to a requirement to decompress the code word o.

12
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10.

11.

12.

13.

14.

The data processing platform of claim 1, wherein the multiple encoding tables are computed such that
if two entries within an encoding table store the same value, the two entries are merged into a single
entry.

The data processing platform of claim 1, wherein the multiple encoding tables include a number & of
encoding tables /y to /i-;, the encoding tables partially encoding respective ones of k prefixes.

The data processing platform of claim 8, wherein the processor is further operable to:

when creating the code word o, access the multiple encoding tables to obtain respective partial
values for the expression:

(i)
o=
i+1
=0
where p; is the value of the ith prefix in the order provided by the prefix sorting.

The data processing platform of claim 9, wherein multiple encoding tables contain prefix values and
indexes that are not arranged in order of the prefix values.

The data processing platform of claim 9, wherein the processor is further operable to decompress the
code word ¢ to recover the prefixes by performing a number of iterations including:

for a first iteration, initializing i to be k-7 and a search value ¢’ to be equal to the code word o
searching encoding table /; for a largest value that is less than or equal to the search value o”;
setting the recovered prefix p; equal to a table index of the largest value found in the search;

for subsequent iterations, decrementing i and setting the search value ¢’ equal to the prior search
value ¢’ minus the largest value found in the prior search iteration;

searching encoding table /; for the largest value that is less than or equal to the search value ¢’
and

setting the recovered prefix p; equal to a table index of the largest value found in the search.

The data processing platform of claim 1, wherein the processor is further operable to, when selecting a
prefix, select multiple non-sequential bits from the respective data item.

A method of compressing and storing data comprising:
receiving a set of data items;

selecting suffix data and a prefix for each respective data item in the set of data items based on
data content of the respective data item;

13
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15.

16.

17.

18.

19.

20.

21.

22.

sorting the set of data items based on the prefixes;

encoding the prefixes by querying multiple encoding tables to create a code word o containing
compressed information representing values of all prefixes for the set of data items; and

storing the suffix data for each of the data items and the code word o.

The method of claim 14, further comprising:
decompressing the code word to recover the prefixes; and

pairing the recovered prefixes with their respective suffix data.

The method of claim 14, wherein:
the multiple encoding tables each include a number of prefix positions, and

wherein querying the multiple encoding tables provides a plurality of integers representing
respective prefix positions for the prefixes, and the integers are summed to produce the

code word o.

The method of claim 16, wherein the encoding tables are provided such that, for each prefix, the
respective prefix index provides a count based on a plurality of ordered collections of prefix values
ordered by an ordering property, wherein the counts are based on the prefix’s relative position in the
ordered collections.

The method of claim 17, wherein the count for each respective prefix index indicates a number of
ordered collections of prefix values where each ordered collection’s size is the output of a function
applied to the prefix values’ relative position in the ordered collections, and all prefix values in the
ordered collections are less than the value of the respective prefix as computed by the ordering

property.

The method of claim 14, further comprising, before creating the code word ¢, computing the multiple
encoding tables.

The method of claim 14, further comprising at least partially computing the multiple encoding tables in
response to a requirement to decompress the code word o.

The method of claim 14, wherein the multiple encoding tables are computed such that if two entries
within an encoding table store the same value, the two entries are merged into a single entry.

The method of claim 14, wherein the multiple encoding tables include a number & of encoding tables /;
to /r.1, the encoding tables partially encoding respective ones of & prefixes.

14
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23.

24.

25.

26.

27.

The method of claim 22, further comprising:

when creating the code word o, access the multiple encoding tables to obtain respective partial
values for the expression:

_ <p1+l>
7= i+1
=0

where p; is the value of the ith prefix in the order provided by the prefix sorting.

The method of claim 23, wherein multiple encoding tables contain prefix values and indexes that are

not arranged in order of the prefix values.

The method of claim 23, further comprising decompressing the code word ¢ by performing a number
of iterations including;:

for a first iteration, initializing i to be k-7 and a search value ¢’ to be equal to the code word o
searching encoding table /; for a largest value that is less than or equal to the search value o”;
setting the recovered prefix p; equal to a table index of the largest value found in the search;

for subsequent iterations, decrementing i and setting the search value ¢’ equal to the prior search
value ¢’ minus the largest value found in the prior search iteration;

searching encoding table /; for the largest value that is less than or equal to the search value ¢’
and

setting the recovered prefix p; equal to a table index of the largest value found in the search.

The method of claim 14, wherein selecting a prefix includes selecting multiple non-sequential bits
from the respective data item.

A tangible nontransitory computer readable medium holding a program product executable by at least
one processor to:

receive a set of data items;

select suffix data and a prefix for each respective data item in the set of data items based on data
content of the respective data item;

sort the set of data items based on the prefixes;

encode the prefixes by querying multiple encoding tables to create a code word o containing
compressed information representing values of all prefixes for the set of data items; and

store the suffix data for each of the data items and the code word ¢ in memory.

15
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28.

29.

30.

31.

32.

33.

34

The tangible nontransitory computer readable medium of claim 27, wherein the program product is
further executable by the at least one processor to:

decompress the code word o to recover the prefixes; and

pair the recovered prefixes with their respective suffix data.

The tangible nontransitory computer readable medium of claim 27, wherein:
the multiple encoding tables each include a number of prefix indexes, and

querying the multiple encoding tables provides a plurality of integers representing respective
prefix indexes for the prefixes, which are summed to produce the code word o.

The tangible nontransitory computer readable medium of claim 29, wherein the encoding tables are
provided such that, for each prefix, the respective prefix index provides a count based on a plurality of
ordered collections of prefix values ordered by an ordering property, wherein the counts are based on

the prefix’s relative position in the ordered collections.

The tangible nontransitory computer readable medium of claim 30, wherein the count for each
respective prefix index indicates a number of ordered collections of prefix values where each ordered
collection’s size is the output of a function applied to the prefix values’ relative position in the ordered
collections, and all prefix values in the ordered collections are less than the value of the respective

prefix as computed by the ordering property.

The tangible nontransitory computer readable medium of claim 27, wherein the program product is
further executable to:

before creating the code word o, compute the multiple encoding tables.

The tangible nontransitory computer readable medium of claim 27, wherein the multiple encoding
tables include a number & of encoding tables /s to /i.;, the encoding tables partially encoding respective
ones of & prefixes.

The tangible nontransitory computer readable medium of claim 33, wherein the program product is
further executable to:

when creating the code word o, access the multiple encoding tables to obtain respective partial
values for the expression:

_ <pl + l)
7= i+1
=0
where p; is the value of the ith prefix in the order provided by the prefix sorting.
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35.

36.

37.

38.

The tangible nontransitory computer readable medium of claim 34, wherein multiple encoding tables
contain prefix values and indexes that are not arranged in order of the prefix values.

The tangible nontransitory computer readable medium of claim 34, wherein the program product is
further executable decompress the code word ¢ by performing a number of iterations using the
plurality of encoding tables in an order produced by the sorting, from table /i.; to table /s, the iterations
including;:

for a first iteration, initializing i to be k-7 and a search value ¢’ to be equal to the code word o
searching encoding table /; for a largest value that is less than or equal to the search value o”;
setting the recovered prefix p; equal to a table index of the largest value found in the search;

for subsequent iterations, decrementing i and setting the search value ¢’ equal to the prior search
value ¢’ minus the largest value found in the prior search iteration;

searching encoding table /; for the largest value that is less than or equal to the search value ¢’
and

setting the recovered prefix p; equal to a table index of the largest value found in the search.

The tangible nontransitory computer readable medium of claim 34, wherein the encoding tables /s to /i
; are constructed such that, if two entries within an encoding table store the same value, the two entries
are merged into a single entry.

The tangible nontransitory computer readable medium of claim 27, wherein selecting a prefix includes

selecting multiple non-sequential bits from the respective data item.

17



WO 2021/034565

?@ﬁ\%

10

PCT/US2020/045903

DATA PROCESSING PLATFORM/NETWORK HARDWARE

/NETWORK OR /!

\ HOST SYSTEM /N

PROCESSOR 110 NON- VOLATILE
RANI T MEMORY
Code Word o —
= COMPRESSION/
Sulfix O DECOMPRESSION
Suffix 1 PROGRAM CODE
Suffix k-1
LOADED
COMPRESSION
ENGINE 114
LOADED
DE-COMPRESSION
ENGINE 116

FiG. 1

1/10




WO 2021/034565 PCT/US2020/045903

202
N PROVIDE SET OF DATAITEMS

¥

204-
N SELECT PREFIX FOR EACH DATAITEM BASED ON DATA
CONTENT, SELECT SUFFIX AS REMAINING DATA

¥

206
N SORT SET OF DATAITEMS BASED ON PREFIXES

¥

208
N\ CREATE NON-LOGSSY CODE WORD REPRESENTING
VALUES OF ALL PREFIXES

¥

210
N STORE SUFFIX DATAAND NON-LOSSY
CODEWORD o

¥

212
N UPON RETRIEVAL, DECOMPRESS PREFIXES
FROM CODE WORD o

¥

PAIR DECOMPRESSED PREFIX WITH SUFFIX DATA

FIG. 2

2/10



WO 2021/034565 PCT/US2020/045903

302
N BEGIN CREATING CODE WORD

k2

304
N RETRIEVE/CALCULATE/PARTIALLY CALCULATE
ENCODING TABLES

¥

3@6\ FOR EACH PREFIX, ENCODE PREFIX BY QUERYING
SELECTED ENCODING TABLE INCLUDING NUMBER OF

PREFIX INDEXES TO OBTAIN INTEGER REPRESENTING
POSITION OF PREFIX

¥

308
N SUM INTEGERS TO PRODUCE CODE WORD

FIG., 3

3/10



PCT/US2020/045903

WO 2021/034565

oo g < o (gt
< Lo < Lae] <= <> Lo} < g < + 4 + + +
4 + -+ + -+ 4 -+ -+ + 4 - R (e o <
< < <o < g L <> < - < -+ -+~ 4 -+ -+
-+ + 4 + + + + + + -+ <3 < ~§ -3 ~§
L) < b A e <3 A A A <3 + -+ 4 -+ 4
+ -+ + -+ 4 -+ 4 -+ -+ + [ X [Xop] X9] (X7 X9]
<> = <= v <= L] L L ] W L HH ] ] ]
H H i HH L] ] 1] H H H Feunell e B e B v B o
B [ e g B B U IUCR g e g ve i o < Lo} < Lo
Coe 1D <3 . [ e {1 < fa < ot B A s cl al B S el B Sl
il Bl e B B i B ol o e r B B e s i R ha [ = O
O < 2 A O [an] == < T} T | e § e | Srememen
LRy [ NI SR LU [ SRR S SRt ST IR IRy (LN ~ 4 ~+ -4~ ~+
+ + 4 -+ + -+ + -+ + + e, § e, | e, § e § e,
Rk el I < <= - Rt el B R o <« SO PN RO RO RN
N RO AN RO R RN RO RN RN = N o O
e § D < g A O $ < A <3 It Bt B Bt Bl
Snenmnnne” § Srmmmnnrr B e b e pir b “mnnnns” § emmmnnn” § cmmpnnne” § enmmnnasn” | Aemnmnnrn | Svecmmmmeen” 4~ ~4 -3~ 4 -3~
+ + + 4 + + + + + + ol onnl aonel Daomel e
PEESS N QUSRI (e PSS ISV R U et Pt S R N N T N o
T FON O N od O §ON o N f[a N RS e R I SR sl EE SEan BRI SNa sl B S as)
e Rt A PR PR I P B i e AP 2 B R S R I SRl BN A el Fa N N 0N [V N
COCN D - s A COON e A < [aN Dl Bt Ehaeecan Biasen il B neind
PSS IR (LT R (R S U I SN LS SR B ~ 4 ~+ -4~ ~+
o + + 4 -+ + -+ + -+ + + Prennal e Nl I e ot I
Menmpr” A e AN -, AN sl AN e, A e AN 3 3 3 3 3
P R as ) ol K] o fap] o T { 7D [ap] [ap) [ap] i I ae i B o i A i ol B o~
o T B o o s o T a T i B o ol B T~ ol B o ol B e ol B o ol o N N [V
L2 | O | v \nn A e ONCD EON (&Y Od [ el Bhencettll Ehnsonntl Bt Bl
Bl ot INUEREEV SONEEPE PN DU Poiioli-Ar DR Il R Bl i i i T i
= 1 H [H H L] ] ] b it H <o ~== Cd [ap] <3
Ol o |~ || | o= ro T B ¢o) Pl =~ e | x| -
e,
b et
2
[
5
!
S
&
)
&
<O
o
[ ¥
3
(5]
o
(O]
~
o
<O
N’
(70}
MAM < < <o < Al < < < = <o < Al < Al o
=i RN T~ BT B B B B B B I DD Bt B N B U B
DIl o @ e e e @ e e e TN Ny N ey
Q. o g < < <~ N [a] N (@] ™ od ™ o [a] N

FIG,

4/10



PCT/US2020/045903

WO 2021/034565

!!!!!!!!

iiiiiiii

!!!!!!!!

!!!!!!!!

!!!!!!!

!!!!!!!

iiiiiii

Xii81d

nduj
PEHOG-IWBS

indup mey

5/10



PCT/US2020/045903

WO 2021/034565

Xyng XN Xyng Xying
LLLOL  0OLOOL LLLLL LLLOL o
W@Nw
H3aqy
L1 ) 5¢ 012
Mi (LHEHOUE )=017
(L+HOUL+6)=61 L (L+ZI0U(ZHG)=GE |
et (L HQUOUG L )=] |
0 g ¢ ¢
< E‘@&@m OLOOLLOL LLLLLLOL: m\ﬂ\@wm\w

6/10



WO 2021/034565

PCT/US2020/045903

RETRIEVE CODE WORD o AND BEGIN
DECOMPRESSION

¥

INITIALIZE i to k-1, INITIALIZE
o TOVALUE OF o

¥

SEARCH ENCODING TABLE [; FOR LARGEST
VALUE <=¢'

SETPREFIX p; TO INDEX OF LARGEST VALUE

¥

DECREMENT /

¥

SET o' TO PRIOR o' MINUS LARGEST VALUE

¥

SEARCH ENCODING TABLE /; FOR
LARGEST VALUE <=¢'

y

702~
704~
708~
708~
710~
7§i -
ENDﬁgTER 712+,
ITERATION
AND
COMBINE
RECOVERED | 714+
PREFIXES
WITH
SUFFIXES
, 716

SET PREFIX p; TO INDEX OF LARGEST VALUE

FIG. 7

7/10




PCT/US2020/045903

WO 2021/034565

o

b=
g1-91=0o

LHOMOU(DH )=

L HHOU(D+9)=

L HOHOUDG)=

LU )=

L+Hou+2)=

L+0HOU(G )=

m
m
m
m
(
(
A
A

WWWWWWWW

0

0

0)
LHOMOU(+ €)=

0)

0)

0)

LHOHOU(H0)=0
9

i)
Oh
L0
004
1O
040
1100
000

& Oid

Sl=
ge-1g=to
(L+iHou+)=02 | L
(L+fiou(fi+a)=17 | 04
(L+ou(i+c)E6 T 10}
(1+i)i0ulii+y)=01 | 00
(L+1ou(fie)=g | HO
(L+iou(l+2)=¢ {010
(p+i0ull+L)=) {100
(L+1H0ul+0)=0 1000
iy
Xing
0LOOL

0Lz M\@N;Nb

L+EMOUE,

LHHOULZHO

LUy

( )=t
(1+2) )=9
(LHMOU(Z+6)=5E
(1+2) )=0
( )=0

EraligtiraXy

f@%ﬁ&u

(L+QH0u( L )=1

(L+gHOUEZ+0)=0

¢

XUng

il
mx
10k
7|00
L0
010
100
000

iG2=t0
(Legoulcs )01 T
(L+glioulg+0)=0z1| 0L
(L+E0u(g+)=02 | 1OV
(L+Elou(g+y)=5g | 001
(L+gHoug+e)=6) | L0
Q.m.@@c@.&u 040
(L+E)Duld+ 100
(L+Eaou a 000
£
Xng
S SN
LLLOL
008

19¢=9

8/10



PCT/US2020/045903

WO 2021/034565

N‘H\W omxmvmu.vww

Wway g1B(
NN
LLLOLEOO
b= /
(L+QHOU@ L)=L | Hb
(L+0ou(B0)=0 | OLL
(L+0lDulgHS)=5 | 1O}
(10U )=y | 001
(LrQloulgee)=c | 1O
(1+@l0u(+Z)=Z |00
(L +@)0ou@ 1)1 | 100
(L+QMOuE+0)=0 | 000
iy
Xng
LLLOL

Wzl Ele( way| eeq Em@%m
01001 mm, LLLLLEQR wwwmﬁww@
o Gj=to a g0 a 19310 /
£ - - 3 ~ - oy - -
Aw (LHpHOull+ =gz | L Am.\, (LHZHouZ+ )=pg | HHH = mm%ﬁo (=014 L=
(L+pHou(p+9)=1z | OH H{L+ou@+9)=06 | O f@.moﬁ@,@g% 0Ll
| (Hou( )56 1 EOLY 5 (L+gHoueQ)£GE | 10K | (L+EMOuUEHG)=0 | 101
906 | {1 +ou(liep)=01 | 000 YO8 | (L+@linu@+p)=0z |00L 208 | {1480 M_,@W gg | 001
(L+phoulp+g)=0 | HO (L+ghou@+e)=01 | 1O (L+EMouEg)=6) | 1O
(Lrhioullz)=¢ {040 (L+ZH0UE+2)=p {010 (L +ElouE+z)=c {010
(L+Eoulp+)=1 1100 (L+ZH0uE+1)=1 {100 (LHgHou(E L)=1 {100
(Lrpouli0)=0 {000 (L+ZH0uE+0)=0 {000 (LHEHouU(ER0)=0 {000
by < g
Xng XHng X§ing
g st e e, e e,
0L00L LLLLL LLLOL 192=0

N-006

9/10



WO 2021/034565

PCT/US2020/045903

U S ——

vew 1h

JEUNR S S

PN S,

o

U P

[OOSR PP

RV PR

Bits Compressed Per ltem

301

i
I
q¥

i
<
o

i
M3
-

i
<
—

wioy Jad sug uj uononpay

10/10

10

FIG.



International application No.
INTERNATIONAL SEARCH REPORT PCT/US2020/045903

A. CLASSIFICATION OF SUBJECT MATTER
GO6F 16/25(2019.01)i, GOGF 16/174(2019.01)i, GO6F 16/22(2019.01)i, GO6F 16/901(2019.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
GO6F 16/25; GO6F 17/30, HO3M 7/40; HO4N 19/103; HO4N 19/176; HO4N 19/18, HO4N 19/91; GO6F 16/174, GO6F 16/22; GO6F 16/901

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models

Japanese utility models and applications for utility models

Electromnic data base consulted during the international search (name of data base and, where practicable, search terms used)
¢KOMPASS(KIPO internal) & keywords: data item, suffix, prefix, sort, encode, query, code word, compress, decompress

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2009-0174583 Al (PABLO DIAZ-GUTIERREZ et al.) 09 July 2009 1-38
claim 8
A US 8606772 B1 (QIUER XU et al.) 10 December 2013 1-38
claims 7, 11
A US 2017-0237995 Al (GOOGLE TECHNOLOGY HOLDINGS LLC) 17 August 2017 1-38
paragraphs [0045]-[0053]; and figures 4-7
A US 2012-0110025 A1 (YURIY REZNIK) 03 May 2012 1-38
paragraphs [0023]-[0060]; and figures 1-2
A KR 10-2019-0041549 A (CANON KABUSHIKI KAISHA) 22 April 2019 1-38
claims 1-5
|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"D" document cited by the applicant in the intetnational application "X" document of particular re¢levance; the claimed invention cannot be
"E" carlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive
filing date step when the document is taken alone
"L" document which may throw doubts on priotity claim(s) or which is "Y" document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other congidered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents,such combination
"O" document referring to an oral disclosure, use, exhibition or other means being obvious to a person skilled in the art
"P"  document published priot to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the intcrnational search report
23 November 2020 (23.11.2020) 25 November 2020 (25.11.2020)
Name and mailing address of the ISA/KR Authorized officer

International Application Division

Korean Intellectual Property Office YANG JEONG ROK
189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578 Telephone No. +82-42-481-5709

Form PCT/ISA/210 (second sheet) (July 2019)



INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2020/045903

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2009-0174583 Al 09/07/2009 US 7609179 B2 27/10/2009

US 8606772 Bl 10/12/2013 None

US 2017-0237995 Al 17/08/2017 BR 112014011155 A2 16/05/2017
CN 103918273 A 09/07/2014
CN 103918273 B 17/11/2017
CN 107995496 A 04/05/2018
EP 2777279 A2 17/09/2014
EP 2777279 Bl 01/06/2016
KR 10-1672107 Bl 02/11/2016
KR 10-2014-0098110 A 07/08/2014
US 2013-0322547 Al 05/12/2013
US 9641835 B2 02/05/2017
US 9866850 B2 09/01/2018
WO 2013-070974 A2 16/05/2013
WO 2013-070974 A3 03/01/2014

US 2012-0110025 Al 03/05/2012 WO 2012-058212 A2 03/05/2012
WO 2012-058212 A3 27/12/2012

KR 10-2019-0041549 A 22/04/2019 CN 106797483 A 31/05/2017
CN 106797483 B 19/11/2019
EP 3205108 Al 16/08/2017
GB 2531005 A 13/04/2016
JP 2017-536724 A 07/12/2017
JP 6584501 B2 02/10/2019
KR 10-1970903 Bl 19/04/2019
KR 10-2017-0066462 A 14/06/2017
US 10491907 B2 26/11/2019
US 2017-0310977 Al 26/10/2017
WO 2016-055486 Al 14/04/2016

Form PCT/ISA/210 (patent family annex) (July 2019)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - wo-search-report
	Page 31 - wo-search-report

