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COMPRESSED ENCODING FOR BIT SEQUENCE

BACKGROUND

[0001] A bit is the smallest data storage unit in a computer, which represents a binary
digit and is valued as O or 1. A byte is a basic unit for data storage in the computer and
usually taken as a unit for storing and interpreting information in the computer. A byte (B)
equals to eight bits (b) and may generally store one English character or a half of one
Chinese character.  Generally, a large amount of information needs to be stored,
transmitted and processed in the computer, and thus kilobyte (KB), megabyte (MB),
gigabyte (GB) and terabyte (TB) are usually used as the data storage units.

[0002] Adecision treeis a tree-structure for handling categorizing, regressing and sorting
problems, which is a binary search tree consist of the branch nodes, the left and right child
nodes. The branch is traversed from a branch node to another branch node or a leaf node,
and the selection of the branch is based on the decision made at the branch node. The
example decision comprises comparing two values, such as a feature value and an attribute
value (also referred to as a threshold). If the feature value is smaller than or equal to the
threshold, then the left child node is selected; if the feature value is larger than the threshold,
then the right child node is selected until the leaf node is traversed. The leaf node
represents an output or endpoint of the decision tree, and the example output is an output
value or a score for the decision tree.

[0003] A boosting tree ensemble model is a model of a boosting method which uses a
decision tree as a basic classifier, and it includes a plurality of decision trees and makes a
decision collectively by aggregating the results of a plurality of decision trees. The
boosting tree ensemble may be used to sort documents during the document searching, and
it may be applied to other technical fields such as gesture recognition, voice recognition,
data mining and the like.

SUMMARY

[0004] It is noted that the decision tree model (such as a boosting tree ensemble model)
is widely used for web-based applications. With the constant increase of web contents, the
depth and scale of each tree in the decision tree model grow accordingly, which demands a
large quantity of computational resources and storage resources to run the decision tree
model. Different from the traditional approach which only uses the bit sequences to
represent feature vectors for the nodes in the tree, the subject matter described herein

performs compressed encoding to bit sequences of feature vectors for nodes. By means of
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compressed encoding based on the starting position and the ending position associated with
a particular bit value, the processing speed and storage space of the boosting tree ensemble
model can be optimized, which significantly differs from any currently known scheme in
terms of working principle and mechanism.

[0005] In implementations of the subject matter described herein, there is proposed a
method and device for compressed encoding for a bit sequence. After the bit sequence is
obtained, the starting position and ending position where a particular bit value occurs in the
bit sequence are determined, and then the bit sequence is encoded on this basis. In
accordance with implementations of the subject matter described herein, effective
compression for the bit sequence can be achieved by determining the starting position and
ending position where a particular bit value occurs in the bit sequence, thereby reducing the
length of the bit sequence. Therefore, implementations of the subject matter described
herein can not only reduce computational complexity but also improve parallel data
processing capability.

[0006] This Summary is provided to introduce a selection of concepts in a simplified
form that are further described below in the Detailed Description. This Summary is not
intended to identify key features or essential features of the claimed subject matter, nor is it
intended to be used to limit the scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007]  With reference to the drawings and the detailed description below, the above and
other features, advantages and aspects of implementations of the subject matter described
herein will become more apparent. In the drawings:

[0008] Fig. 1 shows a block diagram of a computing system/server capable of
implementing one or more implementations of the subject matter described herein,;

[0009] Fig. 2 shows a flowchart of a method for encoding a bit sequence according to
implementations of the subject matter described herein;

[0010] Fig. 3 shows an example diagram of a decision tree according to implementations
of the subject matter described herein;

[0011] Fig. 4 shows a flowchart of a method for encoding a bit sequence according to
another implementation of the subject matter described herein;

[0012] Fig. 5 shows an example diagram for a data structure configuration according to
implementations of the subject matter described herein;

[0013] Fig. 6 shows a flowchart of a method for determining a plurality of outputs for a

plurality of inputs in parallel according to implementations of the subject matter described
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herein;

[0014] Fig. 7 shows a schematic diagram for determining a plurality of outputs for a
plurality of inputs in parallel according to implementations of the subject matter described
herein; and

[0015] Fig 8 shows a schematic block diagram for a search system for search ranking
according to implementations of the subject matter described herein.

[0016] Throughout the drawings, the same or similar reference signs are always used to
indicate the same or similar elements.

DETAILED DESCRIPTION

[0017] The implementations of the subject matter described herein will be described in
details with reference to the drawings.  Although the drawings illustrate some
implementations of the subject matter described herein, it is to be understood that the subject
matter described herein described herein may be implemented in various manners other than
the ones described herein. To the contrary, these implementations are provided for a more
thorough and comprehensive understanding of the subject matter described herein. It
should be understood that the drawings and implementations of the subject matter described
herein are only for the purpose of illustration, rather than suggesting any limitations on the
scope of the subject matter.

[0018]  Asused herein, the term “includes” and its variants are to be read as open-ended
terms that mean “includes, but is not limited to.” The term “based on” is to be read as
“based at least in part on.” The term “one example implementation” is to be read as “at
least one example implementation.” The term “another implementation” is to be read as
“at least one other implementation.” The term “some implementations” is to be read as “at
least some implementations”. Relevant definitions of other terms will be given in the
following depiction.

[0019] Conventionally, a decision tree model needs to traverse each tree of the decision
tree model to generate the output for the received input. At each branch node, the feature
value in the input and the threshold of the branch node are compared to determine the next
node. However, since the operation at the child node is performed after the operation at
its parent node, the child node has controlling dependency relation on its parent node.
Furthermore, since a random determining result occurs at each branch node, the cache
cannot be utilized efficiently.

[0020] Animprovement made to the decision tree model is a node representation method

based on the bit sequence, in which a feature vector of each node is represented with a bit
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sequence. In this manner, the controlling dependency relation between the child node and
the parent node can be ignored, and the output is determined only based on the bit sequence
of a certain type of nodes (for example, false nodes). However, in this method, the length
of bit sequence of each node must be equal to the total number of leaf nodes in the tree.  As
such, if the scale of the tree is large, then the length of each bit sequence is also very large
such that a large number of computational resources are required to process these bit
sequences and a large quantity of storage resources are needed to store these bit sequences.
Moreover, if the length of bit sequence is larger than the maximum length that can be
processed by the processor of the computer at a time, it would be impossible to perform
parallel processing operation. Thus, when the scale of the decision tree model is very large,
the traditional tree traversing method and the traditional node representation method based
on bit sequence have the problems of long operation time and low processing efficiency.
[0021] For this purpose, the subject matter described herein provides a method and
device for encoding a bit sequence.  After the bit sequence is obtained, the starting position
and ending position where a particular bit value occurs in the bit sequence are determined,
and then the bit sequence is encoded based on the starting position and ending position. In
accordance with implementations of the subject matter described herein, effective
compression for a bit sequence can be achieved by determining the starting position and
ending position where a particular bit value occurs in the bit sequence, thereby reducing the
length of the bit sequence. Therefore, implementations of the subject matter described
herein can not only reduce computational complexity but also improve parallel data
processing capability.

[0022] Moreover, according to implementations of the subject matter described herein,
the byte is used as a unit for encoding the bit sequence so as to be suitable for internal
processing of the computer. Meanwhile, when the starting byte position and the ending
byte position are the same, only the starting byte and its position are used to encode the bit
sequence, which can further compress the bit sequence. Furthermore, according to
implementations of the subject matter described herein, a plurality of inputs for a single
node may be processed at the same time and the cache can be utilized efficiently after the
vector transposition, thereby achieving parallel processing of the plurality of inputs in order
to generate a plurality of outputs in parallel. Therefore, implementations of the subject
matter described herein enable parallel processing during the whole process in a decision
tree model.

[0023] The basic principles and several example implementations of the subject matter
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described herein are described in the following text with reference to Figs. 1-8. Fig. 1
shows a block diagram of a computing system/server 100 capable of implementing one or
more implementations of the subject matter described herein. It is to be understood that
the computing system/server 100 shown in Fig. 1 is only an example, not intended to limit
the function and scope of the implementations described herein in any manner.

[0024] A shown in Fig. 1, the computing system/server 100 is a general form of
computing device. The components of the computing system/server 100 may include, but
are not limited to, one or more processors or processing units 110, a memory 120, storage
130, one or more communication units 140, one or more input devices 150, and one or more
output devices 160. The processing unit 110 may be an actual or a virtual processer and
can perform various processing according to programs stored in the memory 120. In a
multi-processor system, a plurality of processing units execute machine-executable
instructions in parallel to improve the parallel processing capability of the computing
system/server 100.

[0025] The computing system/server 100 typically includes a variety of machine
readable mediums. Such mediums may be any available medium that is accessible by the
computing system/ server 100, including volatile and non-volatile mediums, removable and
non-removable mediums. The memory 120 may be volatile memory (such as a register, a
cache, a random-access memory (RAM)), a non-volatile memory (such as a read only
memory (ROM), an electrically erasable programmable read only memory (EEPROM), a
flash memory), or some combination thereof. The storage 130 may be removable or non-
removable, and may include machine readable medium such as flash drives, magnetic disks
or any other medium which may be used to store information and/or data (such as model
170) and which may be accessed within the computing system/server 100.

[0026] The computing system/server 100 may further include other removable/non-
removable, volatile/non-volatile storage mediums.  Although not shown in Fig. 1, a
magnetic disk driver for reading from or writing to a removable, non-volatile disk (such as
a “floppy disk™), and an optical disk driver for reading from or writing to a removable, non-
volatile optical disk may be provided. In these cases, each driver may be connected to the
bus via one or more data medium interfaces (not shown). The memory 120 may include
one or more program products 125 having a set of one or more program modules that are
configured to carry out the methods or functions of various implementations of the subject
matter described herein.

[0027] The communication unit 140 communicates with a further computing device via
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the communication media. Additionally, functions of components of the computing
system/server 100 may be implemented by a single computing cluster or multiple computing
machines that are connected communicatively for communication.  Therefore, the
computing system/server 100 may be operated in a networking environment using a logical
link with one or more other servers, personal computers (PCs) or another general network
node.

[0028] The input device 150 may include one or more input devices, such as a mouse, a
keyboard, a tracking ball and the like. The output device 160 may be one or more output
devices, such as a display, a loudspeaker, a printer, and the like. As required, the
computing system/server 100 may also communicate, via the communication unit 140, with
one or more external devices (not shown, such as a storage device, a display device and the
like), one or more devices that enable users to interact with the computing system/server
100, or any devices that enable the computing device 100 to communicate with one or more
other computing devices (for example, a network card, a modem, and the like). Such
communication is performed via an input/output (I/O) interface (not shown).

[0029] As shown in Fig. 1, the storage 130 is stored with a model 170 which contains a
decision tree model(s) 175, such as a boosting tree ensemble model. The computing
system/server 100 may receive a input(s) 180 via the input device 150, for instance, a
plurality of inputs {io, i1, i2,...}, each of which includes a plurality of features {/fo, f1,
f2,...}. Asshownin Fig. 1, the value of feature foof ip may be 3.8, the value of feature
f1of ip may be 26.4 and the value of feature f> of 79 may be 2.0. Next, the computing
system/server 100 uses the decision tree model 175 to process the input 180 and generates
a plurality of outputs 190 via the output device 160, such as output value {oo, 01, 02,...},
where each output may correspond to one input. For example, oo (such as 2.0) is an output
value of the input 7.  In the following description, example implementations for generating
the output(s) 190 based on the decision tree model 175 is described in detail with reference
to Figs. 2-8.

[0030] Fig. 2 shows a flowchart of a method 200 for encoding a bit sequence according
to implementations of the subject matter described herein. It is to be understood that
method 200 may be performed by processing unit 110 described with reference to Fig. 1.
[0031] At 202, a bit sequence is obtained. For example, in the decision tree model
based on the node representation of the bit sequence, each node has a bit sequence
representing its feature vector, and one or more bit sequences of one or more nodes may be

obtained from the decision tree model. The bit sequence consists of a plurality of bits,
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including a first bit value (such as 0) and a second bit value (such as 1). For example, an
example bit sequence be may be 11111111110000000111111111111111, including seven
first bit values (namely, 0) and 25 second bit values (namely, 1).

[0032] At 204, the starting position and ending position of the first bit value in the
bit sequence are determined. In some implementations, the starting position and the
ending position of the first bit value per se may be directly determined. For instance,
in the example bit sequence be, the starting position (such as an index) where the first
bit value per se appears is 10 while the ending position is 16. In some other
implementations, the starting position and the ending position may represent the
positions of a range of bits where the first bit value is in. For example, the starting
position may be a position of the starting byte including the beginning first bit value
(such as 0), and the ending position may be a position of the ending byte including the
ending first bit value. Therefore, in the example bit sequence b., the position of the
starting byte where the first bit value appears is 1, while the position of the ending byte
where the first bit value appearsis 2. It is to be understood that although in the above
examples, the position or index for the first bit or byte is defined as 0, those skilled in
the art should understand that it may also be defined as 1. The scope of protection of
the subject matter described herein is not limited in the aspect of index defining rules.
In the following description, an example implementation for determining the starting
position and ending position is described in detail with reference to Fig. 4.

[0033] At 206, the bit sequence is encoded based on at least one of the starting
position and the ending position. In some implementations, under the condition that
all the first bit values in the bit sequence exist continuously, the bit sequence b. may
be encoded as [10, 16], which represents that all bits between position 10-16 are the
first bit (such as 0) and all bits in the other positions are the second bit (such as 1). In
some other implementations, the bit sequence b. may be encoded as retaining all the
bits between the starting position and the ending position. For instance, bit sequence
be may be also encoded as [10, 16, 0000000].  Alternatively, when the starting
position represents the position of the starting byte and the ending position represents
the position of the ending byte, the bit sequence b. may be encoded as associated with
at least one of the starting byte position and the ending byte position. For example,
the bit sequence b. may be encoded based on the starting byte and the position of the
starting byte.

[0034] It is to be understood by those skilled in the art although in method 200, the
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bit sequence represents a feature vector in the decision tree, the bit sequence may
represent other data with any meaning. Therefore, by determining the starting
position and ending position of a particular value in the bit sequence, effective
compression for the bit sequence can be achieved, thereby reducing the length of the
bit sequence. Therefore, implementations of the subject matter described herein can
efficiently reduce both the computational complexity and the storage space.

[0035] Fig. 3 shows an example diagram of a decision tree 300 according to
implementations of the subject matter described herein. For instance, the decision tree
model 175 described with reference to Fig. 1 may include 4 decision trees {70, 77,... Tn},
and each decision tree is represented as 74=(Nn, L), where Ny ={no, ni,... } represents
|L#|-1 branch nodes in the decision tree 7», and L» ={/o, [1,... } represents |Lx| leaf nodes
in the decision tree 7. The decision tree 300 may be an example decision tree in the
decision tree model 175. As shown in Fig. 3, the decision tree 300 includes branch
nodes 310,311, 312,313, 314, 315, where branch node 310 is a root node, and decision
tree 300 further includes leaf nodes 320, 321, 322, 323, 324, 325, 326. It is to be
understood that, for the sake of clear illustration, the decision tree 300 only includes
six branch nodes and seven leaf nodes, however, the decision tree 300 may contain any
number of branch nodes and leaf nodes, for instance, 255 branch nodes and 256 leaf
nodes.

[0036] Generally, each branch node in the decision tree has a feature identification
(for instance, {fo, f1, f2,...}) and a corresponding attribute value which may be used to
determine the Boolean value of the node, also referred to as the threshold (such as {0,
01, 62,...}). Moreover, each branch node has a bit sequence representing its feature
vector that can be used to determine the position of a leaf node for the input. Each
leaf node has an output value (for example {eo, es, e2,...}). For example, the branch
node 310 has a feature identification fy and the corresponding threshold #o. For a new
input 7o, if the value of its feature fois smaller than the threshold o, then the branch
node 310 is regarded as a true node; otherwise, the branch node 310 is regarded as a
false node. In the traditional tree traversing method, if a certain branch node is
determined as a true node, then the left child node is selected; otherwise, the right child
node is selected. In this way, the process traverses from the root node through to the
corresponding leaf node.

[0037] In the node representation method based on the bit sequence, it is

unnecessary to consider the controlling dependency relation between the child node
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and the parent node, and the Boolean value of each branch node in a plurality of trees
may be determined sequentially, randomly or in parallel. For example, in the
example decision tree 300 shown in Fig. 3, by a comparison between the feature value
and the threshold, branch nodes 310, 311 and 315 are determined as false nodes and
other nodes are determined as true nodes. In the node representation method based
on the bit sequence, logic AND algorithm are performed on the bit sequences for all
the false nodes to generate a result for the input. For example, an input causes a result
for a tree, and then the position of the leaf node may be determined based on the result
in order to generate an output value or a score.

[0038] It is to be understood that the bit sequence for each node in the decision tree
may be generated by machine learning for the training data. Any machine learning
method currently known or to be developed in the future may be used to generate bit
sequence of each node. For example, all the default bits in the bit sequence of the
decision result for each tree may be set as 1, and the bit value in the bit sequence may
be updated with input samples, so that the position of the leaf node may be determined
based on the position of the first value “1” in the bit sequence of this leaf node.
[0039] Since the length of the feature vector equals to the number of all the leaf
nodes in the decision tree, in the case that the scale of the decision tree is large, the bit
sequence would also be long. According to implementations of the subject matter
described herein, the compressed encoding is performed on the bit sequence so that
the length of the feature vector does not necessarily to be equal to the number of leaf
nodes in the tree.

[0040] Fig. 4 shows a flowchart of a method 400 for encoding a bit sequence according
to another implementation of the subject matter described herein. In the method 400,
actions 402-408 may be sub-actions of action 204 described with reference to Fig. 2 and
actions 412-414 may be sub-actions of action 206 described with reference to Fig. 2. It is
to be understood that the method 400 may be performed by the processing unit 110 described
with reference to Fig. 1.

[0041] At 402, the starting byte including the first bit value is determined. For
instance, the above bit sequence b. may be divided into a plurality of bytes
{11111111,11000000,01111111,11111111}, and then the first byte {11000000}
including the first bit value is determined as the starting byte. At 404, the index of
the starting byte is determined as the starting position. For example, the index of the

starting byte {11000000} may be determined as 1.
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[0042] At 406, the ending byte including the first bit value is determined. For
instance, in the bit sequence b.{11111111,11000000,01111111,11111111}, the last byte
{01111111} including the first bit value is determined as the ending byte. At 408, the
index of the ending byte is determined as ending position. For instance, the index of
the ending byte {01111111} may be determined as 2.

[0043] At 410, it is determined whether the starting position is the same as the
ending position. If they are the same, at 412 the bit sequence is encoded based on
the starting byte and the starting position, which indicates that all the first bit values
are in a single byte, and it is unnecessary to encode the bit sequence with the ending
byte and the ending position. If they are different, then at 414 the bit sequence is
encoded based on the starting byte, the starting position, ending byte and ending
position. Therefore, according to the method 400 of the subject matter described
herein, when the starting byte position and the ending byte position are the same, the
bit sequence is encoded only with the starting byte and its position, by which the bit
sequence can be further compressed.

[0044] In an implementation, for instance, the feature vector of the node may be a
bit sequence by (11...1100...0011...11) with 256 bits, where the bit sequence consists
of three parts, for example, eighty-one continuous 1, seventeen continuous 0, and one
hundred and fifty-eight continuous 1, respectively. According to the method 400
described herein, it can be determined that the starting byte including the first bit value
0 is 10000000 with the starting position 10, and the ending byte 00111111 with the
ending position 12. Hence, according to implementations of the subject matter

described herein, only the starting byte, the ending byte, the starting position and the
ending position are used to encode the bit sequence. That is, only 2+2%| (logz(g)/S)]
bytes are needed to represent the encoded bit sequence, where L represents the total
sum of leaf nodes in the decision tree, [logz(é)/S] represents the byte(s) occupied by
the starting position or the ending position, and [] represents a sign of rounding up to
an integer. In this example, the value of L equals the length of bit sequence, that is,
256. Therefore, the encoded bit sequence merely has a length of about four bits,
thereby effectively compressing the original bit sequence.

[0045] Generally, Single Instruction Multiple Data (SIMD) has a length of a

plurality of bits to process a plurality of bit data at a time. For instance, Streaming

SIMD extension (SSE) register supports instruction with 128 bits and Advanced Vector

10



10

15

20

25

30

WO 2018/136371 PCT/US2018/013750

Extension (AVX) register supports instruction with 256 bits. In the traditional
approach, since the length of the bit sequence is the same as the sum of leaf nodes,
when the length of a bit sequence reaches a certain value (for example, exceeding 64
bits in the SSE register, or exceeding 128 bits in the AVX register), it is impossible to
perform the parallel processing. However, according to implementations of the
subject matter described herein, by means of compressed encoding of the bit sequence,
the length of the encoded bit sequence can be relatively shortened, thereby processing
more bit sequences in parallel. According to implementations of the subject matter
described herein, by means of compressed encoding and transposition storage of the
bit sequence, the SSE register may, for instance, process 16 bit sequences in parallel
and AVX register may process 32 bit sequences in parallel, without being affected by
the length of the original bit sequence. Furthermore, in the register that supports 512
bits (for example, AVX-512), the subject matter described herein can at most process
64 bit sequences in parallel.

[0046] Fig. S shows an example diagram for a data structure configuration 500 according
to implementations of the subject matter described herein. For a plurality of trees in the
decision tree model, a plurality of nodes with the same feature identification may be
combined and sorted by threshold size in an ascending order. Since the numbers of
different feature identifications are different, offset indexes should be used to indicate the
starting position of each feature identification. As shown in Fig. 5, the offset indexes 510
are used to record the positions of the starting thresholds in thresholds 520 which correspond
to feature identifications. For example, with the first two indexes in the offset indexes, the
threshold range of feature identification fo may be determined. As shown in Fig. 5, each
threshold corresponds to the tree identifications (IDs) 530 of the respective node and
the encoded bit sequences 540 (for example, encoded bit sequences according to the

method 200 or 400 described herein). For example, optionally, the length of each
encoded bit sequence may be configured as 2+2*[(log2(§))/8], where L represents the

sum of leaf nodes in the tree.  Alternatively, in the case that the position of the starting

byte and the position of the ending byte are the same, the length of each encoded bit
sequence may be configured as 1+ [(logz(g))/S].

[0047] After comparing the feature value and the threshold value, all the false nodes
in each tree can be determined, and logic AND operation may be performed on the

encoded bit sequences of all the false nodes to generate a resulting sequence(s). As
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shown in Fig. 5, for the received input, 4 results 550 may be generated for % trees, and
the position of the corresponding leaf node may be determined according to each result
so as to generate an output value. As indicated by Fig. 5, each leaf node of each
decision tree has its respective leaf node output value 560.

[0048] According to implementations of the subject matter described herein, the input
feature value and the corresponding threshold are compared, and the tree IDs and bit
sequences of all the false nodes are recorded. Then, logic AND operation are performed
on the bit sequences of all the false nodes in each tree to obtain a result corresponding to
each input. After that, the position of the leaf node is determined based on the result, and
an output value or score may be generated.

[0049] There are a large number of decision trees in the decision tree model 175 and
each decision tree includes a plurality of branch nodes, and a great quantity of
repetitive nodes are found to be present. That is, some nodes have the same feature
identification and the same threshold. In some implementations, a plurality of nodes
with the same feature identification and the same threshold may be determined in the
decision tree, and then the Boolean value determination operations for a plurality of
nodes may be combined. In other words, for a plurality of nodes with exactly the
same feature identification and the same threshold, it is only necessary to perform one
comparison operation between the feature value and the threshold for these nodes
without the need to perform comparison operation for each of the nodes, thereby
improving the processing speed of the decision tree. It is to be understood that if the
decision tree model is large and there are a lot of the repetitive nodes, then more
obvious performance improvement will be brought by the de-repeating operation of
the nodes. Besides, since the bit sequence for each node is not necessarily the same,
only comparison operation between the feature value and the threshold is combined
for a plurality of nodes with the same feature identification and the same threshold,
but the logic AND operations for determining the result are not combined.

[0050] In some implementations, with reference to the thresholds 520 shown in Fig.
5, after the plurality of thresholds of a plurality of nodes with the same identifier are
sorted in an ascending order, if a feature value associated with the feature identification
is smaller than a certain threshold, then the comparison between the feature value and
thresholds larger than the certain threshold among a plurality of thresholds may be
terminated. This is because the comparison operation only needs to find false nodes

in the decision tree, and if the feature value is smaller than the certain threshold, then
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the feature value is inevitably smaller than other thresholds that are larger than the
certain threshold. Therefore, by sorting the plurality of thresholds according to
feature identification in an ascending order and only performing a part of comparison
operation, the processing speed of the decision tree can be improved.

[0051] In some implementations, the data access speed can be improved by
prefetching data to the cache. In some implementations, the efficiency of storage
hierarchy can be improved by use of blocking. For instance, all the decision trees in
the decision tree model 175 may be divided into several blocks so that each block can
be placed in the cache on the third level (L3) of the processing unit.

[0052] According to implementations of the subject matter described herein, by use
of the node representation method based on the bit sequence, the length of the bit
sequence can be reduced, which provides condition for vector-based parallel
processing. For example, in SSE register, logic AND operations for a plurality of bit
sequences can be processed in parallel

[0053] In some implementations, the decision tree may simultaneously receive a
plurality of inputs (for example, inputs {io, i1, i2,...}), and the plurality of inputs are
then processed in parallel for one node to improve parallel processing efficiency. For
instance, the threshold of one node may be placed in one SSE register, and then a
plurality of received corresponding inputs are placed in another SSE register. To
process a plurality of inputs sequentially, the plurality of inputs can be aggregated
based on feature identifications such that a plurality of feature values with the same
feature identifications are stored continuously. Then, for each input, it can be
determined in parallel whether the node is true node or false node. In some
implementations, an intermediate vector may be used to store information of bit
sequences of false nodes.

[0054] In some implementations, after all the false nodes in a decision tree are
performed with logic AND operation and a plurality of results for a plurality of inputs
are generated, the vector representing a plurality of results may be transposed such that
a plurality of bytes at the same position in a plurality results may be stored
continuously in the cache. For example, the following Table 1 shows the vector
representing a plurality of results {vy,v;, vy, ...}. It can be seen that a plurality of
bytes of each result {vJ, v}, v, ...} are stored continuously. The following Table 2

shows the transposed vector, where a plurality of bytes of each result are not stored
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continuously. Instead, in Table 2, a plurality of bytes at the same position in a
plurality of results are stored continuously. For example, the first bytes (for example,
{(vd, v?, vd ..}) of a plurality of results are stored continuously to facilitate
processing a plurality of results in parallel subsequently.

Table 1: Vector representation before transposition

byte, byte; byte,

vy | v v3 vE
vy | v vi vi
v, | v v3 V3

Vg vy v,
byte, | v vy vy
byte, | v} vy v3
byte, | v} V3 V3

[0055] Fig. 6 shows a flowchart of a method 600 for determining a plurality of outputs
for a plurality of inputs in parallel according to implementations of the subject matter
described herein. It is to be understood that actions 602-608 in method 600 may be
performed after action 206 in method 200 described with reference to Fig. 2 or action 414
described with reference to Fig. 4. It is to be understood that method 600 may be
performed by the processing unit 110 described with reference to Fig. 1.

[0056] At 602, a plurality of starting bytes where the second bit value (such as 1)
occurs in the transposed plurality of results are determined, and a plurality of indexes
of a plurality of starting bytes are determined at 604. Next, at 606, a plurality of
starting bit positions where the second bit value occurs in a plurality of starting bytes
are determined. At 608, a plurality of outputs for a plurality of inputs are determined
based on a plurality of indexes of a plurality of starting bytes and a plurality of starting
bit positions. Since the position of the starting second bit value in each result may
be used to determine the position of the leaf node, a plurality of outputs for a plurality

of inputs may be determined by determining the position of the second bit value.
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[0057] For example, Fig. 7 shows a schematic diagram 700 for determining a plurality
of outputs for a plurality of inputs in parallel according to implementations of the subject
matter described herein. The data shown in Fig. 7 is hexadecimal. For example, the
decision tree model 175 generates m results {vo, v1, v2...vin-1} and then the vectors of the m
results are transposed. A plurality of transposed results 710 are generated, where a plurality
of nodes at the same position in a plurality of results are stored continuously, for instance, a
first byte 03 in vo, a first byte 00 in v; and a first byte 00 in v2...and a first byte 5B in
vm-1 are stored continuously.

[0058] The first non-zero bytes 720 in the plurality of results may be determined in
parallel, for example, the data sequence (03, 00, 00,...5B) is firstly obtained, and the
data sequence (4A, 00, 69,...72) is then obtained, and so on. Meanwhile, indexes i;
730 of the first non-zero bytes are determined. Next, indexes 72> 740 of the first non-
zero bit in the first non-zero byte 720 is determined. Then, based on the index i; 730
and the index 72 740, a plurality of indexes 70 750 (such as ig=8*i;+i2) of the first non-
zero bit in a plurality of result sequences are determined. The positions of a plurality
of leaf nodes are determined based on the indexes ip of the first non-zero bit. In this
way, a plurality of outputs for a plurality of inputs may be determined.

[0059] According to implementations of the subject matter described herein, by use
of the vector transposition, the cache can be utilized such that data to be processed are
stored continuously, thereby improving processing speed. In addition, the subject
matter described herein uses the bit sequence to process a plurality of inputs in parallel
and enables parallel data processing throughout the whole process in the decision tree
model. Therefore, implementations of the subject matter described herein enable
generation of a plurality of outputs for a plurality of inputs at a time, thereby improving
processing efficiency of the decision tree.

[0060] Fig. 8 shows a schematic block diagram for a search system 800 for search
ranking according to implementations of the subject matter described herein.  As shown in
Fig. 8, the search system 800 includes a document sorter 810 and a document database 820,
and the document sorter 810 is used to rank the correlation matching between the received
user query 830 and a plurality of documents in the document database 820. The document
database 820 includes a plurality of documents such as webpages, document files, image
files and the like. The document sorter 810 may generate N (for example, two or more)
query-document pairs for the query 830, also referred to as (Q, D) pairs, and each (Q, D)

pair has its respective feature set, such as a plurality of features {/fo, 11, f2,... }, as described
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above.

[0061] As shown in Fig. 8, the search system 800 further includes a decision tree
model(s) 175 which includes a plurality of decision trees. The decision tree model
175 may receive feature sets of N(Q, D) pairs and process these feature sets with the
method according to implementations of the subject matter described herein so as to
generate N output scores 840. For example, the score of the first document may be
2.0, the score of second document may be 1.4 and so on. Then, the search system
800 can re-sort the scores 840 and output the document list to the user according to the
re-sorted result. Therefore, the search system according to implementations of the
subject matter described herein can enable generating the processing result efficiently
by use of the decision tree model.

[0062] The method and functionally described herein may be performed, at least in part,
by one or more hardware logic components. For example, and without limitation,
illustrative types of hardware logic components that may be used include Field-
Programmable Gate Arrays (FPGAs), Application-specific Integrated Circuits (ASICs),
Application-specific Standard Products (ASSPs), System-on-a-chip systems (SOCs),
Complex Programmable Logic Devices (CPLDs), and the like.

[0063] Program codes for carrying out methods of the subject matter described herein
may be written in any combination of one or more programming languages. These
program codes may be provided to a processor or controller of a general purpose computer,
special purpose computer, or other programmable data processing apparatus, such that the
program codes, when executed by the processor or controller, cause the functions/operations
specified in the flowcharts and/or block diagrams to be implemented. The program codes
may be executed entirely on a machine, partly on the machine, as a stand-alone software
package partly on the machine and partly on a remote machine or entirely on the remote
machine or server.

[0064] In the context of this subject matter described herein, a machine readable medium
may be any tangible medium that may contain, or store a program for use by or in connection
with an instruction execution system, apparatus, or device. The machine readable medium
may be a machine readable signal medium or a machine readable storage medium. A
machine readable medium may include, but not limited to, an electronic, magnetic, optical,
electromagnetic, infrared, or semiconductor system, apparatus, or device, or any suitable
combination of the foregoing. More specific examples of the machine readable storage

medium would include an electrical connection based on one or more wires, a portable
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computer diskette, a hard disk, a random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory (EPROM or Flash memory), an
optical fiber, a portable compact disc read-only memory (CD-ROM), an optical storage
device, a magnetic storage device, or any suitable combination of the foregoing.

[0065] Further, while operations are depicted in a particular order, this should not be
understood as requiring that such operations be performed in the particular order shown or
in sequential order, or that all illustrated operations be performed, to achieve desirable
results.  In certain circumstances, multitasking and parallel processing may be
advantageous. Likewise, while several specific implementation details are contained in
the above discussions, these should not be construed as limitations on the scope of the
subject matter described herein, but rather as descriptions of features that may be specific
to particular implementations. Certain features that are described in the context of separate
implementations may also be implemented in combination in a single implementation.
Conversely, various features that are described in the context of a single implementation
may also be implemented in multiple implementations separately or in any suitable sub-
combination.

[0066] Some example implementations of the subject matter described herein are
listed in the following description.

[0067] In one aspect, there is provided an electronic device. The electronic device
comprises a processing unit and a memory coupled to the processing unit and storing
instructions.  The instructions, when executed by the processing unit, perform acts
including: obtaining a bit sequence including a first bit value and a second bit value;
determining a starting position and an ending position where the first bit value occurs in the
bit sequence; and encoding the bit sequence based on at least one of the starting position
and the ending position.

[0068] In some implementations, wherein the bit sequence is divided into one or more
bytes, and the determining a starting position and an ending position where the first bit value
occurs in the bit sequence comprises: determining a first byte of the one or more bytes
including the first bit value as a starting byte; determining an index of the starting byte as
the starting position; determining a last byte of the one or more bytes including the first bit
value as an ending byte; and determining an index of the ending byte as the ending position.
[0069] Insomeimplementations, the encoding the bit sequence comprises: encoding
the bit sequence based on starting byte, starting position, ending byte and ending

position.
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[0070] In some implementations, the encoding the bit sequence comprises: in
response to the starting position being the same as the ending position, encoding the
bit sequence based on the starting byte and the starting position.

[0071] In some implementations, wherein the bit sequence represents a feature vector
of a node in a tree, and the node has a feature identification and an attribute value for
determining a Boolean value of node, the Boolean value of node is determined based on a
comparison between a feature value associated with the feature identification and the
attribute value.

[0072] In some implementations, wherein the acts further comprise: determining a
plurality of nodes in the tree which have both the feature identification and the attribute
value; and combining operations for determining Boolean values of the plurality of nodes.
[0073] In some implementations, wherein the acts further comprise: sorting a plurality
of attribute values of a plurality of nodes which have the feature identification in an
ascending order; and in response to a feature value associated with the feature identification
being below a particular attribute value of the plurality of attribute values, terminating a
comparison between the feature value and an attribute value of the plurality of attribute
values that is above the particular attribute value.

[0074] In some implementations, wherein the acts further comprise: receiving a
plurality of inputs, wherein one of the plurality of inputs includes one or more feature values;
and processing, for the node, the plurality of inputs in parallel.

[0075] In some implementations, wherein the acts further comprise: generating a
plurality of results for the plurality of inputs by determining Boolean values of nodes in the
tree; and transposing a vector representing the plurality of results so that a plurality of bytes
in the plurality of results at the same position are continuously stored in a cache.

[0076] In some implementations, wherein the acts further comprise: determining a
plurality of starting bytes where the second bit value occurs in the transposed plurality of
results; determining a plurality of indexes of the plurality of starting bytes; determining a
plurality of starting bit positions where the second bit value occurs in the plurality of starting
bytes; and determining a plurality of outputs for the plurality of inputs based on the plurality
of indexes of the plurality of starting bytes and the plurality of starting bit positions.

[0077] In another aspect, there is provided a computer-implemented method. The
method includes: obtaining a bit sequence including a first bit value and a second bit value;
determining a starting position and an ending position where the first bit value occurs in the

bit sequence; and encoding the bit sequence based on at least one of the starting position
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and the ending position.

[0078] In some implementations, wherein the bit sequence is divided into one or more
bytes, and the determining a starting position and an ending position where the first bit value
occurs in the bit sequence comprises: determining a first byte of the one or more bytes
including the first bit value as a starting byte; determining an index of the starting byte as
the starting position; determining a last byte of the one or more bytes including the first bit
value as an ending byte; and determining an index of the ending byte as the ending position.
[0079] Insomeimplementations, the encoding the bit sequence comprises: encoding
the bit sequence based on starting byte, starting position, ending byte and ending
position.

[0080] In some implementations, the encoding the bit sequence comprises: in
response to the starting position being the same as the ending position, encoding the
bit sequence based on the starting byte and the starting position.

[0081] In some implementations, wherein the bit sequence represents a feature vector
of a node in a tree, and the node has a feature identification and an attribute value for
determining a Boolean value of node, the Boolean value of node being determined based on
a comparison between a feature value associated with the feature identification and the
attribute value.

[0082] In some implementations, the method further comprises: determining a
plurality of nodes in the tree which have both the feature identification and the attribute
value; and combining operations for determining Boolean values of the plurality of nodes.
[0083] In some implementations, the method further comprises: sorting a plurality of
attribute values of a plurality of nodes which have the feature identification in an ascending
order; and in response to a feature value associated with the feature identification being
below a particular attribute value of the plurality of attribute values, terminating a
comparison between the feature value and an attribute value of the plurality of attribute
values that is above the particular attribute value.

[0084] In some implementations, the method further comprises: receiving a plurality
of inputs, wherein one of the plurality of inputs includes one or more feature values; and
processing, for the node, the plurality of inputs in parallel.

[0085] Insomeimplementations, the method further comprises: generating a plurality
of results for the plurality of inputs by determining Boolean values of nodes in the tree; and
transposing a vector representing the plurality of results so that a plurality of bytes in the

plurality of results at the same position are continuously stored in a cache.
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[0086] In some implementations, the method further comprises: determining a
plurality of starting bytes where the second bit value occurs in the transposed plurality of
results; determining a plurality of indexes of the plurality of starting bytes; determining a
plurality of starting bit positions where the second bit value occurs in the plurality of starting
bytes; and determining a plurality of outputs for the plurality of inputs based on the plurality
of indexes of the plurality of starting bytes and the plurality of starting bit positions.

[0087] In another aspect, there is provided a computer program product. The
computer program product is stored on a non-transient computer storage medium and
comprises machine-executable instructions. The instructions, when executed on a device,
cause the device to: obtain a bit sequence including a first bit value and a second bit value;
determine a starting position and an ending position where the first bit value occurs in the
bit sequence; and encode the bit sequence based on at least one of the starting position and
the ending position.

[0088] In some implementations, wherein the bit sequence is divided into one or more
bytes, and the determining a starting position and an ending position where the first bit value
occurs in the bit sequence comprises: determining a first byte of the one or more bytes
including the first bit value as a starting byte; determining an index of the starting byte as
the starting position; determining a last byte of the one or more bytes including the first bit
value as an ending byte; and determining an index of the ending byte as the ending position.
[0089] Insomeimplementations, the encoding the bit sequence comprises: encoding
the bit sequence based on starting byte, starting position, ending byte and ending
position.

[0090] In some implementations, the encoding the bit sequence comprises: in
response to the starting position being the same as the ending position, encoding the
bit sequence based on the starting byte and the starting position.

[0091] In some implementations, wherein the bit sequence represents a feature vector
of a node in a tree, and the node has a feature identification and an attribute value for
determining a Boolean value of node, the Boolean value of node is determined based on a
comparison between a feature value associated with the feature identification and the
attribute value.

[0092] In some implementations, the machine-executable instructions, when
executed on a device, further cause the device to: determine a plurality of nodes in the tree
which have both the feature identification and the attribute value; and combine operations

for determining Boolean values of the plurality of nodes.
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[0093] In some implementations, the machine-executable instructions, when
executed on a device, further cause the device to: sort a plurality of attribute values of a
plurality of nodes which have the feature identification in an ascending order; and in
response to a feature value associated with the feature identification being below a particular
attribute value of the plurality of attribute values, terminate a comparison between the
feature value and an attribute value of the plurality of attribute values that is above the
particular attribute value.

[0094] In some implementations, the machine-executable instructions, when
executed on the device, further cause the device to: receive a plurality of inputs, wherein
one of the plurality of inputs includes one or more feature values; and process, for the node,
the plurality of inputs in parallel.

[0095] In some implementations, the machine-executable instructions, when
executed on a device, further cause the device to: generate a plurality of results for the
plurality of inputs by determining Boolean values of nodes in the tree; and transpose a vector
representing the plurality of results so that a plurality of bytes in the plurality of results at
the same position are continuously stored in a cache.

[0096] In some implementations, the machine-executable instructions, when
executed on a device, further cause the device to: determine a plurality of starting bytes
where the second bit value occurs in the transposed plurality of results; determine a plurality
of indexes of the plurality of starting bytes; determine a plurality of starting bit positions
where the second bit value occurs in the plurality of starting bytes; and determine a plurality
of outputs for the plurality of inputs based on the plurality of indexes of the plurality of
starting bytes and the plurality of starting bit positions.

[0097] Although the subject matter described herein has been described with languages
specific to structural characteristics and/or method logic actions, it should be appreciated
that the subject matter defined by the appended claims is not limited to the above described
particular characteristics and actions. Instead, the above described particular

characteristics and actions are only example forms for realizing the claims.
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CLAIMS

1. An electronic device comprising:

a processing unit; and

a memory coupled to the processing unit and storing instructions that, when
executed by the processing unit, perform acts including:

obtaining a bit sequence including a first bit value and a second bit value;

determining a starting position and an ending position where the first bit
value occurs in the bit sequence; and

encoding the bit sequence based on at least one of the starting position and
the ending position.

2. The device according to claim 1, wherein the bit sequence is divided into one or
more bytes, and the determining a starting position and an ending position where the first
bit value occurs in the bit sequence comprises:

determining a first byte of the one or more bytes including the first bit value as a
starting byte;

determining an index of the starting byte as the starting position;

determining a last byte of the one or more bytes including the first bit value as an
ending byte; and

determining an index of the ending byte as the ending position.

3. The device according to claim 2, wherein the encoding the bit sequence
comprises:

encoding the bit sequence based on the starting byte, the starting position, the
ending byte and the ending position.

4. The device according to claim 2, wherein the encoding the bit sequence
comprises:

in response to the starting position being the same as the ending position, encoding

the bit sequence based on the starting byte and the starting position.
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5. The device according to claim 1, wherein the bit sequence represents a feature
vector of a node in a tree, and the node has a feature identification and an attribute value for
determining a Boolean value of node, the Boolean value of node being determined based on
a comparison between a feature value associated with the feature identification and the
attribute value.

6. The device according to claim 5, wherein the acts further comprise:

determining a plurality of nodes in the tree which have both the feature
identification and the attribute value; and

combining operations for determining Boolean values of the plurality of nodes.

7. The device according to claim 5, wherein the acts further comprise:

sorting a plurality of attribute values of a plurality of nodes which have the feature
identification in an ascending order; and

in response to a feature value associated with the feature identification being below
a particular attribute value of the plurality of attribute values, terminating a comparison
between the feature value and an attribute value of the plurality of attribute values that is
above the particular attribute value.

8. The device according to claim 5, wherein the acts further comprise:

receiving a plurality of inputs, one of the plurality of inputs including one or more
feature values; and

processing, for the node, the plurality of inputs in parallel.

9. The device according to claim 8, wherein the acts further comprise:

generating a plurality of results for the plurality of inputs by determining Boolean
values of nodes in the tree; and

transposing a vector representing the plurality of results so that a plurality of bytes
in the plurality of results at the same position are continuously stored in a cache.

10. The device according to claim 9, wherein the acts further comprise:

determining a plurality of starting bytes where the second bit value occurs in the

transposed plurality of results;
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determining a plurality of indexes of the plurality of starting bytes;

determining a plurality of starting bit positions where the second bit value occurs
in the plurality of starting bytes; and

determining a plurality of outputs for the plurality of inputs based on the plurality
of indexes of the plurality of starting bytes and the plurality of starting bit positions.

11. A computer-implemented method, comprising:

obtaining a bit sequence including a first bit value and a second bit value;

determining a starting position and an ending position where the first bit value
occurs in the bit sequence; and

encoding the bit sequence based on at least one of the starting position and the
ending position.

12. The method according to claim 11, wherein the bit sequence is divided into one
or more bytes, and the determining a starting position and an ending position where the first
bit value occurs in the bit sequence comprises:

determining a first byte of the one or more bytes including the first bit value as a
starting byte;

determining an index of the starting byte as the starting position;

determining a last byte of the one or more bytes including the first bit value as an
ending byte; and

determining an index of the ending byte as the ending position.

13. The method according to claim 12, wherein the encoding the bit sequence
comprises:

encoding the bit sequence based on the starting byte, the starting position, the
ending byte and the ending position.

14. The method according to claim 12, wherein the encoding the bit sequence
comprises:

in response to the starting position being the same as the ending position, encoding

the bit sequence based on the starting byte and the starting position.
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15. A computer program product stored on a non-transient computer storage
medium and comprising machine-executable instructions that, when executed on a device,
cause the device to:

obtain a bit sequence including a first bit value and a second bit value;

determine a starting position and an ending position where the first bit value occurs
in the bit sequence; and

encode the bit sequence based on at least one of the starting position and the ending

position.
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