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(57) Abstract: Examples herein involve in-memory data shuftling. In examples herein, in-memory shuffle engines use a mapper to
sort shuffle data into buckets of a shared memory and an index to map the sorted shuffle data to locations within the shared memory.
The in-memory shuftle engines further use reducers to retrieve location information from the index and merge the sorted shuffle data
using merge engines. Examples herein may provide processed shuffle data that is sorted/merged based on key/value pairs of the
shuftle data.
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IN-MEMORY DATA SHUFFLING

BACKGROUND

180017 Data shuffling involves processing datla based on key/value pairs.
The shuffle data is sorted by a source {e.g., a3 mapper or data producer) and
merged at a destination (&.9., a reducer or data consumer). Accordingly, the
shuffle data including a plurality of keys and corresponding values, may be

processed o provide data that is organized based on the keys.

BRIEF DESCRIPTION OF THE DRAWINGS

(80021 FIG. 1 illustrates an example in-memory data shuffle system,
including in-memory shuffle engines that may be implemented in accordance
with an aspect of this disclosure.

(88831 FIG. 2 is a block diagram of an example in-memory shuffle engine
that may be implemented by the in-memory data shuffle system of FIG. 1.

(60041 FIG. 3 illuslrates an example representation of shuffle data being
sorted/merged within the in-memory data shuffle system of FIG. 1 utilizing in-
memory mappers and in-memory reducers of in-memory shuffle engines that
may be implemented by the in-memory shufile engine of FIG. 2.

[GOOSIFIG. 4 is a flowchart representative of example machine readable
insiructions that may be executed to implement the in-memory shuffle engine of
FiG. 2.

[G008]FIG. 5 is a flowchart representative of example machine readable
instructions that may be executed io implement the in-memory data shuffle
system of FIG. 1.

IB0071HIG. 6 is a block diagram of an example processor platform
capable of execuling the instructions of FIGS. F1 and/or F2 o implement the A1
of FIG. B.
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[0008] Wheraver possible, the same reference numbers will be used
throughout the drawing(s} and accompanying writlen description {o refer to the

same or like parts.

DETALED DESCRIPTION

16G03] Examples disclosed herein involve an in-memory data shuffie
system io shuffle data within a shared memory fabric, such as a configuration
dynamic random access memory (DRAM) and/or a non-volatile memory (NVM),
of a multi-compute node system. In examples herein, in-memory mappers of in-
memory shuffle engines partition and index shuffle data in a shared memory
region while in-memory reducers of the in-memory shuffie engines reirieve and
reduce the shufile data using the index buckets that map locations of the
buckets in the shared-memory.

[6G10] In data shuffiing technologies, a plurality of mappers may process
data based on key/value pairs {e.g., organize based on keys) and reducers may
merge the processed dala (retrieve all data having a certain key). Accordingly,
when the reducers are to merge the shufile data, the reducers may have o
contact all mappers to retrieve data having a certain key, which may cause
great delay and processing resources. This may be compounded in systems
utilizing disk storage, solid-state drive (ESD) storage, stc. {0 shufile the dala as
communication protocols {e.q., Transmission Control Protocol/internet Protocol)
in such systems introduce a lot of overhead, including the overhead from an
operatling system of the systems.

180111 An example shared memory fabric {e.g., a configuration of
dynamic random access memory {DRAM) or a non-volatiie memory (NVM)) of a
multi-compuie node system provides relatively low latency and high bandwidth
in comparison o other storage technologies {(e.g., disk, solid-state drive (88D},
etc.) used in combination with TCF/IP communication. In examples herein, in-
meamory shuffle engines utilize shared memory 1o shufile data between nodes
{e.g., in-memory shuffle engings) of the multi-compute node system via dirgct
memory accesses. Accordingly, shuffle data may be shuffled from sources

{.g., mappers) to destinations {e.g., reducers) using relatively low-latengy, high
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bhandwidth communication via the direct memory access 1o increase speed and
sfficlency of shuffling data in the example in-memory shuffie systems. Direct
memory access between in-memory mappers and in-memory reducers is
possible as the in-memory mappers and the in-memory reducers arg located
within a same load/store domain (e.g., a collection of processors or computing
devices that can access a same collection of fabric attached memory via
foad/store processor operations).

16012 Examples herein involve in-memory data shuffling. In examples
herein, in-memory shuffle engines use a mapper 1o sort shuffle data info
buckets of a shared memory and an index 1o map the sorted shuffle data to
locations within the shared memory. As used herein, a bucket or data bucket is
any block, porlion, or memory space of a memory that stores data. The in-
memory shuffle engines further use reducers to retrieve bucket location
information from index buckets in the shared memory region and process
mapped shuffle data using {e.q., via merge engines, pass through, a hash-map,
atc.). Examples herein may provide processed shuffle data that is
parlitioned/soried/merged based on keyivalue pairs of the shuffie data.

[60131FIG. 1 is a schemalic diagram of an example in-memory daia
shuffle system 100 including n in-memory shufle engines 110{(a),

110(b),.... 110{n) (which may be referred to herein collectively as the in-memory
shuffle engines 110 or individually as an example in~-memory shuffle engine
110) that may be implemented in accordance with an aspect of this disclosure,
where 11 represents the number of in-memory shuffle engines 110 in the in-
memory shuffle system 100. The in-memory data shufile system 100 of FIG. 1
includes an in-memaory shuffle manager 120, the n in-memory shuffle engines
110, and a shared memory system 130, In examples herein, the in-memory
shuffle engines 110 may shufile data within a shared memory region of the
shared memory system 130 that is accessible by any or all of the in-memory
shuffle engines 110. The example shared memory sysiem 130 may include a
memory manager and memory or storage. For example, the example shared

memory systemn 136 may include a sharad non-volatile memory (NVM), a
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shared non-volatiie storage, a shared dynamic random access memory
(BRAM), elc.

[8014] The in-memory shuffle manager 120 manages the in-memory
shuffle engines 110 of the in-memory data shufile system 100 of FIG. 1. The in-
memory shuffle manager 120 {e.q., a shuffle scheduler) may provide shufile
data (e.g., from a processing pipeline) {o the in-memory shuffle engines 110 for
shuffling. For example, the in-memory shuffle manager 120 may include an
interface (e.g., a remote procedure call interface) to receive data and/or
instructions to process data. The example in-memory shuffle manager 120 may
maintain communication between the in-memory shuffle engines 110. Such
communication may include facilitating exchanges of index buckets indicating
locations of buckets including mapped shuffle data stored in a shared memory
region of the shared memory system 130, as further described below. The
example in~memory shuffle manager 120 provides global pointers to index
buckets in a shared NVM {or shared DRAM) of the shared memory system 130,
Accordingly, the in-memory shuffle manager 120 may serve as a masier nods of
the in-memory shuffle engines 110 to fadilitate shuffling of shuffle data between
in-rnemory mappers of in-memory shuffle engines and in-memory reducers of
the in-memory shuffle engines.

16415] The in-memory shuffle engines 110 of FIG. 1 process shuffle data
{e.g., key/value pairs) in a shared memory region of the shared memory system
130 in accordance with the feachings of this disclosure. The in-memory shuffle
engines 110 may be implemented by virtual machine(s) {which may be
impiemented by hardware or hardware and executable instructions),
processor(s), efc. In exampies herein, the in-memory shuffle engines 110
shuffle data by redisiributing the data from a source stage {8.9., a map stage) to
a destination stage {8.g., a reduce stage). For exampls, the in-memory shufils
engines 110 may support a variety of shuffle operations, such as groupBy (1o
group together values sharing a same key or key family), reduceBy (to apply a
reduce function on grouped values sharing a same Key or key family)},
partitionBy (1o move keys into different partlitions), and sorfBy (1o sort keys with

glohal ordering), elc. The example in-memory shuffle engines 110 may partition
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the shuffle data and/or sort the shufile data and store the sorted shuffle data
into buckets of a shared memory region (e.g., of an NVM or DRAM) based on
key/value pairs within the shuffle data. An example implementation of an in-
memory shuffle engine that may be used to implement the in-memory shuffle
engines 110 of FIG. 1 is disclosed below in connection with FIG. 2.

[68316] Example buckels of the shared memory region of a shared
memory of the shared memory system 130 may be allocated via a memory
manager of the shared memory system 130 (e.g., in response 1o requests from
the in-memory shuffle engines 110). The memaory manager of the shared
memory systemn 130 may be implemented by a memory broker (MB) of a
shared-memory sysiem 130. The example memory manager may include an
allocation interface (e.g., a malioc/free interface) that is called by the in-memory
shuffle engines 110 to ailocale shared memory o the in-memaory shuffle engines
110. The example memory manager may implement any suitable allocation
schemes, offsels, address translations (e.q., virtual fo physical, eic.) to enable
the in-memory shuffle engines 110 to access the shared memory region of the
shared memory system 130.

180171 In exampies herein, the memory manager of the shared memory
system 130 may partition a shared memory region inlo fixed sized zones.
During shuffling or processing of shuffle data, a zone may be acguired/aliocated
{e.g., via the in-memory shuffle manager 120). In some examples, the zones
may be aliocated o support locality (e.q., via a libnuma operation). In other
words, the zones may be allocated such that their proximity to a location of a
corresponding in-memory shuffie engine 110 using the zone is relatively
lessenead (e.g., minimized, lowared, stc.). In examples herein, after processing
of the shuffle data (e.g., after a shuffle stage), blocks of the zones may be
cleared (8.q., via a single bulk free operation) to enable use of the block for
futurs/subsequent processes/shuffling.

[0018]FIG. 2 is a block diagram of an example in-memory shuffle engine
200, which may be used to implement the in-memory shuffle engines 110 of
FiG. 1. The example in-memory shuffle engine 200 includes an in-memory

mapper 210 with an indexer 212, a partitioner 214, and a map operator 216,
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and an in-memory reducer 220 with an index retriever 222 and a reduce
operator 224, In examples herein, in-memory mappers, similar to the in-
memory mapper 210, of the in-memory shuffle engines 110 of FIG. 1 may
pariition and/or sort shuffle data from a processing pipeline and in-memory
reducers, similar to the in-memory reducer 220, may sort-based merge, pass
through, or hash-map based merge shuffle data from in-memory mappers 210
of the in-memory shuffle engines 110 of FIG. 1 in accordance with the teachings
of this disclosure. For the sake of readability, the Tollowing refers 1o a single
example of the in-memory shuffle engine of FIG. 2, though all or some of the in-
memory shufile engines 110 of FIG. 1 may operale in the same or similar
manner as the in-memory shuffle engine 110 of FIG. 2.

[6813] The example in-memory mapper 210 of FIG. 2 includss an indexer
212, a partiioner 214, and map operator 216. The in-memory mapper 210 may
also include a buffer {(not shown) o receive shuffle data {e.g.. key/value pairs).
The example butfer may be implemented by a dynamic random access memory
(BRAM} within or in communication with the in-memory data shuffle system 100
of FIG. 1. As such, shuffle data having a designaled type or identifier {e.g.,
intagers, longs, floats, doubles, strings, bytef], elc.) may be wrilten directly o the
buffer without seriglization. In some examples, the in-memory mapper 210 may
utilize separaie dala structures for cerlain types of keys {e.¢., infegers, longs,
floatls, strings, etc.) of the shuffie data {o enable suitable sorting of the different
types.

[8028] in examples herein, the in-memory mapper 210 receives shuffle
data {e.g.. via a buffer of the in-memory mapper 210} from a processing pipeline
{or a stage of a processing pipeline) the in-memory data shuffle system 100 of
FiGG. 1. In examples herein, the partitioner 214 encodes a partitioning sirateqy
on received key/value pairs based on a value of the key 1o load shuffle data into
data buckets of the shared memory the key/value pairs ars 1o be assigned. In
examples herein, each of the in-memory mappers 210 may map data to plurality
of dala buckets in a same or similar manner as one ancther, basedon a
parlitioning strategy implemented by the pariitioner 214, such that similar data

buckets (g.g., data buckets having a same name or ideniifier) receive similar
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key/value pairs based on the keys. The in-memory mappers 210 may mainiain
an index bucket that maps the ibcations of the buckets in the shared memaory
regions of the in-memory mappers 210, For example, ong partition strategy is a
hash pariitioning, which is implemented as follows:

p = hash{keyyN 1t
where p is a partition number {e.g., an identifier of the bucket), hash{) is a hash
function that converts the key value into an integer, and N is a number of the in-
meamory reducers 220 for the shufile.

[8021]in some examples, the map operator 216 of the in-memory
mapper 210 sorts the received shuffie data and store shuffle dala in the data
buckets, for example, in order of the keys of the key/value pairs in the buckets.
In some examples {for non-ordered operations such as groupBy, reduceBy, and
partitionBy, elc.}), the map operator 218 may pass the pariitioned key/value
pairs, such that the in-memory reducers may have access 1o the buckets
without ordering of the key/value pairs within the buckels.

[8022] The indexer 212 may provide map status information of the in-
memory mapper 210 corresponding 1o the mapped shuffie data (o the in-
memory shuffle manager 120 of FIG. 1. For example, the indexer 212 may
provide a map identifier and a global pointer to the corresponding index bucket
of the in-memory mapper 210 in which the partitioner 214 filled the received
key/value pairs. The in-memory shuffle manager 120 may then gather the map
staiuses of all in-memory mappers 210 of the in-memory data shuffle system
100, and pass the map status information (o the in-memory reducers 220 of the
in-memory shuffle data system 100. The in-memory shuffle manager 120 may
provide the map status information via a global pointer to shuffle data of each
in-memory mapper 210. The global pointer may include an offset to the bucket
index and a region identifier of the shared memory region of the in-memory
mapper 210, Accordingly, the in-memory shuffle manager 120 may facilitale or
handle communication {e.q., on a dedicated channel} of the index information
and/or provide such index information to in-memory reducers of the in-memory

shuffle engines 110 of FIG. 1 (e.g., via a global pointer).
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180231 As mentionad above, the indexer 212 provides a map identifier
and a global pointer {0 the corresponding index bucket of the in-memory
mapper 210. Each bucket of the in-memory mapper 210 may be represented
as a <start offset, size> entry in the index bucket. In examples herein, when
the size of the bucket is §, the data bucket may be considered emptly.

[6324] The example in-memaory reducer 220 in the example of FIG. 2
includes an index retrigver 227 and a reducs operator 224, The example in-
meamory reducer 220 may also include a buffer to receive shuffle data (e.g,,
sorted kev/value pairs) for processing. The exampls buffer of the in-memory
reducer 220 may be implemented by a DRAM (e.g., the same DRAM or a
different DRAM that implements the buffer of the in-memory mapper 210) of the
in-memory data shuffle system 100, though the buffer of the in-memory reducer
220 may be separate from a buffer of the in-memory mapper 210, In examples
herein, the in-memory raducer 220 receives/retrieves shuffle dala {s.qg., via a
buffer of the in-memory reducer 220) that has been sorted by in-memory
mappers of the in-memory shuffle engines 110 of FIG. 1 {which may include
shuffle data sorled by the in-memory mapper 210 of FIG. 2). The in-memory
reducers 220 of the in-memory shuffie engines 110 merge data based on keys
of the shuffle data {e.q., via a priority qusue). For exampls, the reduce operator
224 {e.g., a sori-based merge engine such as a priority qusus, a hash-map
based merge engineg, or a direct pass-through engine} of the in-memory reducer
220 may merge or pass mappead shuffle data from a particular buckat.

[80258] The index retriever 222 of FIG. 2 may relrievelreceive index
information {(e.g., giobal pointers 1o the index buckets of the in-memory mappers
210 of the in-memory shuffle engines 110 of FIG. 1) from the in-memory shuffle
manager 120 of FIG. 1 that includes location information of bucksts. The in-
memory reducer 220 may retrieve shuffle data based on the index information
from the in-memory shuffle manager 120. Using the index information, the in-
meamory reducer 220 retrieves data from non-empty buckets of the shared
memaory region {s.g., the bucksts that did not receive sorted data from the in-
memory mapper 210). As such, the in-memaory reducer 220 may not

necessarily retrieve data from each in-meamory mapper of the in-memory data
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shuffle system 100 of FIG. 1 nor spend time attempling o felch data from emply
buckets. The processed keys of the shuffle data from the in-memory reducer
220 and corresponding values {e.g., values in a buffer of the in-memory reducer
220 may then be provided to in-memory shufile engine 110 of FIG. 1 as output
to go back to a processing pipeline (g.g., for a subssqguent stage of the
processing pipeline).

[60G28]In some examples, if the in-meamory reducer 220 determines that
the shuffle data is iocaled in a same load/siore domain as the in-memory
reducer 220, the in-memory reducer 220 may directly access the buckets via a
direct memory acoess {8.9., io merge Keys, merge values of kKeys, slc.).
Accordingly, the in-memory shuffle enging 200 may utilize a zero-copy
technigue to efficiently process shuffle data in accordance with the teachings of
this disclosure.

(6627 Accordingly, in examples herein, a plurality of in-memory shufile
enginegs 200 may communicatively work together (e.g., via the in-memory
shuffle manager 110) to process shuffle data using shared memory of the in-
memory data shuffle system 100.

[6028)While an example manner of implementing the in-memory shuffie
engines 110 of FIG. 1 is illustrated by the example in-memory shuifle engine
200 of FIG. 2, at isast one of the slements, processes and/or devices iliustrated
in FIG. 2 may be combined, divided, re-arranged, omitted, eliminated and/or
implemented in any other way. Further, the in-memory mappsr, including the
indexer 212, the partitioner 214, and the map operator 216, or the in-memaory
reducer 220, including the index retriever 222 and the reduce operator 224,
and/or more generally, the example in-memory shuffle engine 200 of FIG. 2 may
be implemented by hardware and/or any combination of hardware and
executable instructions {g.g., software and/or firmware). Thus, for example, any
of the in-memory mapper, including the indexer 212, the partifioner 214, and the
map operator 216, or the in-memory reducer 220, including the index retriever
222 and the reduce operator 224, and/or more generally, the example in-
memory shuffle engine 200 could be implemented by at least one of an analog

or digital circuit, a logic circult, a programmable processor, an application
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specific integrated circuit (ASIC), a programmable logic device (PLD)Y and/or a
field programmable logic device (FPLD). When reading any of the apparaius or
system claims of this patent to cover a purely software and/or firmware
implementation, al least ong of the in-memory mapper 210, the indexer 212, the
partitioner 214, the map opsrator 2186, the in-memory reducer 220, the index
refriever 222, or the reduce operator 224 is/are hereby expressly defined to
include a tangible machine readable storage device or storage disk such as a
meamory, a digital versatile disk (DVD), a compact disk (CD), a Blu-ray disk, eilc.
storing the executable instructions. Further still, the example in-memory shuffle
engine 200 of FiG. 2 may include at least one element, process, and/or device
in addition 1o, or instead of, those illustrated in FIG. 2, and/or may include more
than one of any or all of the illustrated elements, processes and devices.

166231 F1G. 3 ilustrates an example representation of shuffle data being
processed within the in-memory dala shuffle system 100 of FIG. 1. Inthe
Hlusirated example of FIG. 3, a plurality of in-memory mappers 310a, 310b,
310¢, 310d {which may be collectively referred to as in-memory mappers 310}
and in-memory reducers 320a, 320b, 320c¢ {which may be colleclively referred
fo as in-memory reducers 320) process shuffle data. The example in-memory
mappers 310 and in-memory reducers 320 of FIG. 3 may be implemented by
the in-memory mapper 210 and in-memory reducer 220 of FIG. 2, respectively.
Additionally, the in~-memory mappers 310 and in-rmemory reducers 320 of FIG. 3
may be managed and/or conirolled via an in-memory shuffle manager (such as
the in-memory shuffle manager 120 of FIG. 1). In examples herein, any one of
the in-memory mappers 310 may be included within a same in-memory shuffle
engine {e.g., the in-memory shuffle engine 200 of FIG. 2) as any ong of the in-
memory reducers 320. In other words, the in-memory mapper 310a may be
included within a same in-memory shuffle enging 110 as the in-memory reducer
320a or the in-memory mapper 310a may be included within a same in-memory
shuffle engine 110 as the in-memory reducer 320b, elc.

[6038]in the illustrated example of FIG. 3, the in-memory mappers 310
and in-memory reducers 320 shuffle data via a shared memory region 330. The

example shared memory region 330 may be implemented by a non-volatile
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meamory fabric {(e.q., a memrisior array, a phase-change memory, etc.) and/or a
dynamic random access memory. In the illustrated example of FIG. 3, shuffle
data is represented in data buckets with the bucket identifiers being the
numerals 0, 1, and 2. For example, the §, 1, and 2 of the shuffle data may
represent data buckets including keys resulling from a partitioning strategy (2.g.,
such as the strategy of tguation (1) above) of key/value pairs in the shuffle
data. The example shuffle data may be received by the in-memory mappers
310 in a random order {&.g., as received in a processing pipeling) via a buffer of
the in-memory mappers 310, it is noted that the shuffle data received by the in-
memory mappers 310 may aiso include additional or alternative dala than the
data represenied by of the data buckeis §, 1, and 2 in FIG. 3.

[6331] The example in-memory mappers 310 may sort the shuffle data
and store the sorted shuffle data into bucketls of the shared memory region 330
and provide index information corresponding to addresses/iocations of the
buckets within the shared memory region 330 to a master node or shufiling
manager in communication with the in-memaory mappers 310 (e.g., the in-
memory shuffle manager 120 of FIG. 1). For example, key/value pairs may be
sorted and stored into buckeis of the shared memory region 330 based on the
key resulting from a partitioning strategy. For example, using the above
strategy of Equation 1, a first bucket includes keys having a remainder 0, a
second bucket includes keys having a remainder 1, and a third buckst includes
keys having a remainder 2 .

[8032] The example shuffled data is received/retrisvad by the in-memory
reducers 320 and merged as shown {all data buckels labelled with the identifier
of 0 merged by the in-memory reducer 3203, all data buckels labelled with the
identifier of 1 merged by the in-memory reducer 320b, and all data buckets
labeled with the identifier of 2 merged by the in-memory reducer 320¢). In
examples herein, the in-memory reducers 320 may receive/relrieve index
information {&.9., a global pointer to an index bucket of the in-memory mappers
310) corresponding o the buckst locations {e.q., a beginning address of a
bucket in the shared memory region 330 and merge corresponding values from

buffers of the in-memory reducers 320. For example, the in-memory reducers
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320 may refer to an index {e.g., index buckets of the in-memory mappers 310 in
the shared memory region 330} to determine start locations {(e.g., a beginning
address) or start offsets of the data buckets 0, 1, 2. The in-memory reducers
320 may then retrieve the shuffle dala from the data buckets for processing.
For example, reduce operators of the in-memory reducers 320 may load the
shuffle data inlc 2 merge enging {e.g., a priorily queue), may perform a hash-
map based merge of the shuffle data, or a pass-through of the shuffle data o
the processing pipeline. The reducer operator pulls corresponding values
corrgsponding to the keys of the shuffie data from a buffer of the in-memory
reducers 320. The processing may then pull the processed shuffie data for the
next stage.

[6033]As illustrated in FIG. 3, the in-memory mappers 310 and in-
memory reducers 320 work together to shufile data using the shared memory
region 330. Accordingly, the in-memory reducers 320 may directly access dala
sorted by the in-memory mappers 310 within the shared memory region 330
without copying data, thus reducing processing overheadiresourcss.

100341 A flowchart representative of example machine readable
instructions for implementing the in-memory shuffle engine 200 of FIG. 21is
shown in FiG. 4. In this exampie, the maching readable instructions comprise
program/process for execution by a processor such as the processor 812 shown
in the example processor platform 600 discussed below in conneclion with FIG.
6. The program/process may be embodied in executable instructions (e.q.,
software) stored on a tangible machine readable storage medium such as a CD-
ROM, a floppy disk, a hard drive, a digital versatile disk (DVD), a Blu-ray disk, or
a memory associated with the processor 812, bul the enlire program/process
and/or parts thereof could alternatively be executed by a device other than the
processar 612 and/or embodied in firmware or dedicated hardware. Further,
although the exampie program is described with reference o the flowchart
flustrated in FIG. 4, many other methods of implementing the exampils in-
memory shuffle engine 200 may alternatively be used. For example, the order
of execution of the blocks may be changed, and/or some of the blocks

described may be changed, eliminated, or combined.

Y
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[860358] The process 400 of FIG. 4 begins with an initiation of the in-
memory shuffle engine 200 or a plurality of in-memory shufile engines 200 {e.g.,
upon startup, upon instructions from a user, upon startup of a system
implementing the in-memory shuffle engine 200 {e.g., the in-memory dala
shuffle system 100}, etc.). The example process 400 of FIG. 4 may be
execuied to implement a single in-memory shuffle engine 200 or the plurality of
in-memory shuffle engines 100. For example, some blocks may be executed to
implement a first shuffle engine and some blocks may be execuied fo implement
a second shuffle engine in accordance with the examples hergin. Furthermore,
the example process 400 may be ileratively execuied by a single or multiple in-
memory shuffle engines {0 process shuffle data until all of shuffle data in a set of
shuffle data is processed. In some examples, if shuffle data is missing from
data buckets identified by the memory manager 120 via the index buckets, the
in-memory shuffle engines 110 may nolify the in-memory shuffle manager 120,
which may instruct in-memory mappers 210 associated with the missing shuffle
data 1o re-execute mapping of the shuffle data.

18036 AL block 410 of FIG. 4, the partitioner 214 of an in-memory mapper
210 partitions shuffle data into buckets of a shared memory. For example, at
block 410, the in-memory mapper 210 may distribute the shuffle data based on
keys of key/value pairs, such that the key/value pairs are aliocaled to the
buckels so that each bucket comprises a same partition number {e.g., a same
remainder from Equation 1 above) from the shuffie data. At block 420, the
indexer 212 of the in-memory mapper 210 indexes location information of the
sorted shuffle data in an index. The example indexer 212 may index beginning
addresses of buckets of the in-memory mapper 210 in the shared memory
region.

[G68371AL block 430, the index retriever 222 of an in-memory reducer 220
of an in-memory shuffle engine 200 {(which may be the same in-memory shuffle
enging 200 as in block 410 or a different in-memory shuffle engine 200 than that
in block 410) determines a location in the shared memaory region of a portion of
the shuffle data based on the location information in the index. For exampie,

ihe portion of the shuffle data may refer {0 shuffle data having a ceriain key of
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key/value pairs. Accordingly, the index refriever 222 may identify the keys in the
index which maps the keys o corresponding locations of buckets in the shared
memory region. Using the determined location, the in-memory reducer 220 may
access the portion of the shuffle data from the determined location of the shared
memory. For example, the in-memory reducer 220 may access the shuffie data
by first retrieving the keys from the buckets 1o the reduce operator and then
foading corresponding values of the keys from the bucket into g buffer of the in-
memory reducer 220, Accordingly, afier block 440, the shuffie data from the
reduce operator 224 and the buffer of the in-memory reducer may be cutput o
the processing pipeline of the nexd stage. After block 440, the example process
400 ends.

(30381 A flowchart representative of example machine readable
instructions for implementing the in-memory data shuffle system 100 of FIG. 1 s
shown in FIG. 5. in this example, the machine readable instructions comprise a
program/process for exgcution by a processor such as the processor 612 shown
in the example processor platform 600 discussed below in connection with FIG.
8. The program/process may be embodied in executable instructions (e.g.,
software) sfored on a tangible machine readable storage medium such as a CD-
ROM, a floppy disk, a hard drive, a digital versatile disk {DVD), a Blu-ray disk, or
a memory associated with the processor 812, but the entire program/process
and/or parts thereof could alternatively be executed by a device other than the
processor 812 and/or embaodied in firmware or dedicated hardware. Further,
although the exampile program is described with reference to the flowchart
flustrated in FIG. 5, many other methods of implementing the exampile in-
memory data shuffle system 100 may alternatively be used. For example, the
order of exgcution of the blocks may be changed, and/or some of the biocks
described may be changsd, eliminated, or combined.

[6G39] The process 500 of FIG. 5 begins with an initiation of the in-
memory data shufile system 100 {e.g., upon startup, upon instructions from a
user, upon startup of a device implementing the in-memory data shuflle system
100 (2.g., a server, a computer, etc.), elc.). At block 510, the shared memaory

systemn 130 {e.g., via a memory broker or memory manager), allocates a shared
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region of a non-volatile memory for data shuffling, which is accessible to the
plurality of in-memory shufile engines 110.

1804081 Al block 520, the in-memory shuffle manager 120 provides shuffle
data to the plurality of shuffle engines 110. At block 520, the shufile engines
are 1o process the shuffle data using a shared memory region of a shared
memory {e.g., a DRAM, a NVM, elc.} and an index. For example, at block 520,
in-memory mappers (e.g., similar to the Iin-memory mapper 210 of FIG. 2) of the
shuffle engines are to sort shuffle data and store the sorted shuffle data into the
shared memory region of the shared memaory system 130 and index location
information in an index (2.g., an index bucket of the shared memory sysiem
130}, and in-memory reducers {e.q., similar to the in-memory reducer 220 of
FIG. 2) refrieve and merge the sorted data using the index.

(63411 AL block 530, the processed shuffle dala based on key/value pairs
of the shuffle dala is outputied 1o the processing pipeling in the next stage. The
example processed shuffle data from the in-memory manager 120 may include
shuffle data from the plurality of in-memory shuffle engines. After block 530, the
sxample process 500 ends.

(60421 As mentioned above, the example processes of FIGS. 4 and 5
may be implemented using coded instructions {(g.g., computer and/or machine
readable instructions) stored on a {angible machine readable storage medium
such as a hard disk drive, a flash memory, a read-only memory (ROM), a
compact disk (CD), a digital versatile disk (DVD), a cache, a random-access
memory {(RAM) and/or any other storage device or storage disk in which
information is stored for any duration {e.qg., for extended time periods,
permanently, for brief instances, for temporarily buffering, and/or for caching of
the information). As used herein, the term tangible machine readable storage
medium is expressly defined {o include any type of maching readable storage
device and/or storage disk and {o exclude propagating signals and 1o exclude
transmission media. As used herein, "computer readable storage medium” and
"machine readable storage medium” are used inferchangeably. Additionally or
alternatively, the example processes of FIGS. 4 and 5 may be implemented

using coded instructions (e.g., computer and/or machine readable instructions)
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stored on a non-transitory computer and/or machine readable medium such as
a hard disk drive, a flash memory, a read-only memory, a compact disk, a digital
versatile disk, a cache, a random-access memory and/or any other slorage
device or storage disk in which information is stored for any duration {e.g., for
extended time pericds, permanently, for brief inslances, for temporarily
buffering, and/or for caching of the information). As used herein, the term non-
transitory machine readable medium is expressly defined o include any tvpe of
machine readable storage device and/or storage disk and to exclude
propagating signals and to exclude transmission media. As used herein, when
the phrase "at least” is used as the transition term in a preamble of a claim, itis
open-endead in the same manner as the term "comprising” is open ended. As
used herein the term “2” or "an” may mean "at least one,” and therefore, “a” or
“an” do not necessarily limit a particular element 1o a single element when used
to describe the element. As used herein, when the term “or” is used in a series,
it is not, unless otherwise indicated, considerad an “exclusive or.”

[B0431F1G. 6 is a block diagram of an exampie processor platform 600
capable of execuling the instructions of FIGS. 4 and/or § 10 implement the
shuffle engine 200 of FIG. 2 and/or the in-memory data shuffle systerm 100 of
FIG. 1. The example processor platform 800 may be any type of apparatus or
may be included in any type of apparatus, such as a server, a personal
computer, or any other type of computing device.

[0044] The processor platform 600 of the Hlustrated example of FIG. ©
includes a processor 612, The processor 612 of the Hustrated example is
hardware. For example, the processor 812 can be implementad by at isast one
integrated circuit, logic cireuit, microprocessor or controller from any desired
family or manufaciurer,

[3845] The processor 812 of the lllusirated example includes a local
memory 613 {e.qg., a cache). The processor 612 of the illusirated example is in
communication a volatile memory 614 and a non-volatile memory 616 via a bus
818. The volatile memory 614 may be implemented by Synchronous Dynamic
Random Access Memory (SDRAM), Dynamic Random Access Memory
(DRAM), RAMBUS Dynamic Random Access Memory (RDRAM) and/or any
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other type of random access memory device. The non-volatile memory 616
may be implemented by flash memory, a memristor memory fabric, and/or any
other desired type of fast non-volatile memory device. Access {0 the main
memory 614, 616 may be controlled by a memory controller.

[3846] The processor platform 600 of the Hlustrated exampls alsc
includes an interface circult 820. The interface circuit 820 may be implemented
by any type of interface standard, such as an Ethernel interface, a universal
serial bus (USB), and/or a peripheral component interconnect (PCI) express
interface.

130471 n the Hllustrated example, at least one input device 822 is
connected o the interface circuit 826, The input device(s) 622 permit(s) a user
to enter data and commands into the processor 812, The input device(s) may
be implementsd by, for example, an audio sensor, a microphone, a camera (siill
or video), a keyboard, a bution, a mouse, a touchsocreen, a track-pad, a
trackball, and/or a voice recognition system.

(00481 Al least one output device 624 is also conneclaed o the interface
circuit 820 of the llustraled example. The output device(s) 624 may be
implemented, for example, by display devices {e.¢., a light emitling dicde (LED),
an organic light emitting diode (OLED)}, a liguid crystal display, a cathode ray
tube display (CRT), a louchscreen, a tactile culput device, a light emitting dicde
(LED), a printer and/or speakers). The interface cirouit 620 of the llustraled
example, thus, may include a graphics driver card, a graphics driver chip or a
graphics driver processor.

100481 The interface circuit 520 of the iliustrated example also includes a
communication device such as g iransmilter, a recelver, a transceiver, a modem
and/or network interface card to facilitate exchange of data with external
machings (e.g., computing devices of any kind} via a network 626 {e.g., an
Ethermnet conneclion, a digital subscriber line (DSL), a telephons line, coaxial
cable, a cellular telephone system, efc.).

[8058] The processor platform 600 of the Hlustrated example also
includes at least one mass storage device 628 for storing execuiable

instructions (e.g., software) and/or data. Examples of such mass storage
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device(s) 828 include floppy disk drives, hard drive disks, compact disk drives,
Biu-ray disk drives, RAID systemns, and digital versatiie disk (DVD) drives.

[6051] The coded instructions 632 of FIGS. 4 and/or 5 may be stored in
the mass storage device 628, in the local memory 613 in the volatile memory
814, in the non-volalile memory 616, and/or on a removable tangible machine
readable storage medium such as a CD or DVD.

[6G52] From the Toregoing, itis to be appreciated that the above
disclosed methods, apparatus and articles of manufaciure provide an in-~
memory data shufile system that uses a shared memory Tabric, such as a non-
volatile memory, and an index to sort/merge shuffle data. In examples herein,
in-memory mappers of shuffle engines and in-memory reducers of the shuffle
engines have access to a same shared memory location and can therefore
directly access the same data from the shared memory fabric rather than
copying from separate storage iocations, reirieving shuffle data via TCPAPR, elc.

[6053] Although cerfain example methods, apparatus and articles of
manufacture have been disclosed herein, the scope of coverage of this patent is
not limited thereto. On the contrary, this patent covers all methods, apparatus
and arlicles of manufaciure fairly falling within the scope of the claims of this

patent.
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CLAIMS

What is claimed is:
1. A method comprising:

partitioning shuffle data via a mapper of a first shuffle engine into buckets
of a shared memory;

indexing location information mapping the partifioned shuffle data in an
index;

determining a location of a portion of the shuffle data in the shared
memory based on the location information in the index; and

accessing, via a reducer of a sgcond shufile engine, the portion of the

shuffle data from the determined location of the shared memory.

2. The method as defined in claim 1, wherein the shuffle data comprises
key/value pairs and accessing the portion of the shufile data further comprises:
merging keys of the key/value pairs via a priority queue and loading

values of the corresponding Keys in a buffer of a reducer.

3. The method as defined in dlaim 2, further comprising:
cutpuiting the merged keys from the merge engine and the

corresponding values from the buffer 10 a processing pipeline.

4, The method as defined in claim 1, whersin the index maps locations of
buckets in the shared memory, the buckets comprising keyivalue pairs

corresponding to bucket identifiers of the buckels.

5. The method as defined in claim 1, wherein the first shuffle engine is a

different shuffie engine than the second shuffle engine.

8. The method as defined in claim 1, wherein the first shuffle engins

comprises the second shuffle engine.
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7. A system comprising:

an in-memory mapper of an in-memory shuffle engine to:
partition first shuffle data into a plurality of buckets stored ina
shared memory based on key/value pairs of the shuffle data, and
index the first shuffle dala and corresponding location information
of the buckets stored in the shared memory in an index bucket; and
an in-memory reducer of the in-memory shuffler node to:
retrieve second shuffie data comprising a first key from a bucket of
the plurality of buckets stored in the shared memory based on the
index bucket, and
reduce the second shuffie data based on key/value pairs of the

sacond shuffle daia.

8. The sysiem of claim 7, wherein the shared memory comprises a non-

volatile memory.

9. The system of claim 7, wherein the shared memory comprises a dynamic

random access memory (DRAM).

10.  The sysiem of claim 7, further comprising an in-memory shuffle manager,

the in-memory mapper o provide the lecation information via a global pointer o

a corresponding index bucket of the in-memory mapper.
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1. The system of claim 10, wherein the in-memory shufile manageris o
provide a global pointer to the in-memory reducer indicaling a location of the

index bucket.

12. A non-transitory machine readable storage medium comprising
instructions that, when executed, cause a machine to at least:

allocate a shared region of a shared memory for data shuflling, the
shared region accessibie by a plurality of shuffie engines;

provide shuffle data (o the plurality of shuffle engines for processing, the
shuffle engines to process the shuffle data using the shared region of the
shared memory and an index, the index to map the shuffle dala to location
information of the shared memory region; and

output the processed shuffle dala based on key/value pairs of the shuffle

data.

13, The non-transitory machine readable storage medium of claim 12,
whersin the index maps the shuffle data o location information by Indicating a
location of buckets comprising the shuffle data, the buckeis comprising

Key/value pairs.

14.  The non-transitory machine readable storage medium of claim 13,

wherein the key/value pairs are assigned 1o the buckets based on a partitioning

strategy of in-memory mappers of the pluralily of shuffle engines.
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