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MULTI-TRANSACTION WORKLOAD REPLICATION

BACKGROUND

[0001] Computing devices play a role in many people’s day-to-day lives
and computers are relied on by many users. Computing devices can be used in
the home for personal use. Computing devices can also be used commercially
or professionally. Such commercial computing devices may be referred to as
workstations or commercial PCs. Criteria may be used to evaluate and quantify

the performance of different computing devices.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] The accompanying drawings illustrate various examples of the
principles described herein and are part of the specification. The illustrated
examples are given merely for illustration, and do not limit the scope of the
claims.

[0003] Fig. 1 is a block diagram of a system for multi-transaction
workload replication, according to an example of the principles described herein.
[0004] Figs. 2A and 2B are flowcharts of methods for multi-transaction
workload replication, according to an example of the principles described herein.
[0005] Fig. 3 is a flowchart of a method for multi-transaction workload
playback, according to another example of the principles described herein.
[0006] Fig. 4 is a diagram of assigning sequence values during multi-
transaction workload replication, according to an example of the principles

described herein.
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[0007] Fig. 5 is a diagram of a machine-readable storage medium for
multi-transaction workload replication, according to an example of the principles
described herein.

[0008] Throughout the drawings, identical reference numbers designate
similar, but not necessarily identical, elements. The figures are not necessarily
to scale, and the size of some parts may be exaggerated to more clearly
illustrate the example shown. Moreover, the drawings provide examples and/or
implementations consistent with the description; however, the description is not

limited to the examples and/or implementations provided in the drawings.

DETAILED DESCRIPTION

[0009] A workload refers to the amount of processing that a computing
device has to execute to produce a specified amount of work. Workloads are
made up of transactions to subsystems within a computing device. When
gathering data related to workloads, the data can be focused on a single
subsystem like storage or on many subsystems like storage, memory, and
networking. Workloads for which the computing device is used varies almost as
much as the computing devices themselves. The workload of a computing
device or a subsystem within the computing device may dictate which of a
variety of computing devices or subsystems is best suited for that workioad. For
example, different computing devices have different performance
characteristics, with no one computing device being best suited to handle the
transactions that make up the workload. A workload is made up of threads, a
thread being an instruction set or command stream that is communicated
between an application running on a computing device and a subsystem of the
computing device. In the command stream of each thread, multiple transactions
may exist to perform a specific function. The quantity and characteristics of the
thread transactions may determine which computing device architecture is best
suited for a particular workload.

[0010] With the innumerable options of computing devices available, it

may be difficult to assess which of the different computing devices is best able
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to meet the workload demands of a particular computing environment.
Accordingly, the present specification describes a system and method for
evaluating computing device performance given a particular workload.
Specifically, during a capture mode, boundary events for the different
transactions of an actual workload in a particular environment are recorded.
Then during the capture mode or subsequent to the capture mode, sequence
values are assigned to each transaction.

[c011] Then during a playback mode, a counter is incremented through
the sequence values and the boundary events are replicated when the counter
reaches an associated sequence value. So doing replicates the workload, and
accounts for the interaction between different transactions and different threads.
Without accounting for the interaction of the transactions and threads, any
replication of the workload of the computing device is inaccurate as such
interactions affect the performance of the computing device.

[0012] Specifically, the present specification describes a method.
According to the method, during a workload playback mode, 1) sequence
values associated with sequential boundary events of all recorded transactions
are identified, 2) a counter is incremented through the sequence values, and 3)
boundary events are replicated as the counter reaches an associated sequence
value.

[0013] The present specification also describes a system. The system
includes a transaction recorder to record data for each of multiple transactions
between threads of an application and a computing device subsystem. The
data includes at least boundary events for a transaction and other data to
replicate the transactions during workload playback. A counter of the system
increments sequence values with each sequential boundary event and an
assigner assigns incremental sequence values to sequential boundary events
for the multiple transactions. A replicator of the system replicates, during a
playback mode, boundary events as the counter increments and reaches an
associated sequence value. A database of transactions maps recorded data,

including associated boundary events, to the associated sequence value.
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[0014] A tangible machine-readable storage medium is encoded with
instructions executable by a processor. The machine-readable storage medium
includes instructions to during a workload capture mode 1) records boundary
events for multiple transactions between threads of an application and a
computing device subsystem, 2) incrementally assigns sequence values to
sequential boundary events, and 3) stores a mapping between assigned
sequence values and recorded boundary events. The tangible machine-
readable storage medium is also encoded with instructions executable by the
processor to, during a workload playback mode 1) increment a counter through
the sequence values, 2) retrieve, based on the mapping, a recorded boundary
event associated with a current sequence value, 3) replicate the boundary
event, and 4) increment the counter to a subsequent sequence value.

[0015] In summary, using such a replication system and method 1) tests
individual computing device subsystems; 2) accounts for complex multi-
threading and the relationships between the threads; 2) maintains the
sequencing of transactions regardless of threading; 4) accurately captures and
plays back computing workloads; and 5) allows for the accurate testing of
workloads on a range of computing device subsystems. However, the devices
disclosed herein may address other matters and deficiencies in a number of
technical areas.

[0016] Fig. 1 is a block diagram of a system (100) for multi-transaction
workload replication, according to an example of the principles described herein.
Note that the system (100) may be a distributed system (100) with different
components on different devices. For example, the transaction recorder (102)
may be on a computing device separate from a computing device on which the
replicator (108) is disposed.

[0017] The system (100) includes a transaction recorder (102) to record
data for each of multiple transactions between threads of an application and a
computing device subsystem. During use, an application is run on a computing
device. To perform certain operations, the application executes threads, which
threads perform a number of transactions with the respective computing

subsystem. For example, when the computing subsystem is a memory storage
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device, the transactions may be reading and/or writing data to the memory
storage device. The transaction recorder (102) records data relating to each
transaction. Specifically, the transaction recorder (102) records boundary
events for each transaction and data associated with that transaction. A
boundary event for a transaction refers to either a starting point or a terminating
point for a particular transaction. The transaction recorder (102) also records
other data which is used to replicate transactions during workload playback. For
example, the transaction recorder (102) may record a transaction size, an
address for the transaction as well as a command associated with the
transaction. In some examples other information may also be captured. For
example, flags associated with the transaction may be recorded, which flags
help to identify the characteristics of the transaction. As a specific example of a
flag, Force Unit Access could be set for a write transaction which tells the
transaction to write data all the way to persistence. As yet another example, the
transaction recorder (102) records a thread identifier for each transaction so that
each transaction for a given thread can be correlated to that thread.

[0018] A counter (104) of the system (100) increments a sequence value
with each sequential boundary event and an assigner (106) assigns an
incremented sequence value to a sequential boundary event of the multiple
transactions. For example, initially the counter (104) may be set to the value of
1. Afirst thread may initiate a first transaction. The initiation event for the first
transaction may be assigned a value of 1 by the assigner (106), and the counter
(104) increments the sequence value to 2. Subsequently, a second thread may
initiate a second transaction. The initiation event of the second transaction may
be assigned the incremented value of 2 by the assigner (106), and the counter
(104) increments again, this time to the sequence value to 3. In this example, a
termination event is recorded by the transaction recorder (102) for the first
transaction. This termination event is assigned the value of 3 by the assigner
(106), and the counter (104) increments the sequence value to 4. A termination
event is then recorded by the transaction recorder (102) for the second

transaction. This termination event is assigned the value of 4 by the assigner
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(106), and the counter (104) increments the sequence value to “5.” In this

example, the sequential events are indicated in the table below.

Sequential Value Boundary Event
1 1st transaction initiation event
2 2" transaction initiation event
3 15t transaction termination event
4 2" transaction termination event

[0019] Thus, a sequence of events is generated. In some examples, the
functions described to this point, i.e., recording transactions and assigning
sequence values to boundary events, etc. may occur during a workload capture
mode. Thatis, a user attempting to provide data by which a particular
subsystem is evaluated, can initiate a capture mode where in sequential
occurrence of different boundary events for multiple threads are recorded. In
another example, the transaction recorder (102) operates during a capture
mode to capture a timestamp and duration. The sequencing, or assigning of
sequence values to the boundary events, happens in a post-processing
operation after the capture is complete.

[0020] Then during a playback mode, those sequential occurrences are
replicated such that a subsystem may be evaluated. As described above, the
replication may be performed on a different computing device from the recording
computing device.

[0021] A replicator (108) of the system (100), which may be on a different
physical device, replicates the boundary events as the counter (104)
increments. That is, the counter (104), during the capture mode or in a post-
capture mode, increments to trigger the assignation of a new sequence value to
a particular boundary event. During a playback mode, the counter (104)
increments to log the replication of the particular boundary event. For example,
at the start of the playback mode, the counter (104) may be set to the value of 1.
At this point in time, the replicator (108) replicates the first transaction initiation

event. The counter (104) is then incremented to 2 and the replicator (108)
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replicates the second transaction initiation event. The computing device on
which the replicator (108) is disposed, completes the transaction previously
initiated and the counter (104) has to be 1 minus the transaction number before
the transaction can be closed. New transactions cannot start until the all the
appropriate previous termination events have occurred. Put another way, a
transaction initiation is trigged when the counter (104) is one less than the
transaction start sequence number and a transaction termination event is
triggered when the playback system completes the transaction and the counter
(104) is one less than the termination sequence number.

[0022] The system (100) also includes a database (110) that maps the
recorded data to the associated sequence values. That is, the database (110)
includes a mapping wherein the replicator (108) knows which boundary event to
trigger or wait for responsive to the counter (104) reaching a particular
sequence value. The database (110) is also used during assignation of
sequence values.

[0023] As described herein, the system (100) provides a subsystem
evaluation operation which accounts for the complex interactional nature of
multiple computing threads. That is, in modern computing devices, threads
execute multiple transactions with the various subsystems of a computing
device, with these transactions often times overlapping. Some benchmarking
programs may have a user to guess as to what the workload looks like and use
that estimate to evaluate the performance of different platforms. Another
approach is to use a benchmarking application which relies on template data to
estimate computer performance.

[0024] In yet another approach, an attempt may be made to replicate the
workload of a computing device. However, such replications do not accurately
emulate a user's workload as they do not portray the interaction of various
computing threads. For example, such a trace-based system captures the
individual transactions per thread, and then during replication presumes all
transactions are executing in parallel. But that is not how a computing device
executes transactions. That is, without understanding transaction interaction, a

workload cannot be accurately represented. In fact, the workload captured
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without understanding the transaction interaction stimulates the storage
subsystem being evaluated in ways that are not valid, making the playback an
invalid representation of the subsystem dynamics.

[0025] For example, a system that assumes that all threads are pulling
data from a subsystem in parallel, does not accurately represent a computing
workload and therefore does not provide an accurate metric of subsystem
performance. Thus the present specification describes a system (100) wherein
multi-threaded transactions are sequenced such that the original workload is
accurately captured and replayed. Doing so allows a user or administrator to
accurate capture any workload and play it back on complex subsystems that
would be difficult to profile with other benchmarking applications. For example,
those workloads that are tiered with solid state drives (SSDs) for hot data.
[0026] Using the present system (100), rather than industry standard
storage benchmarks, provides the capability to upload data that is specific to a
user, thus providing a tailored metric by which computer subsystem
performance can be measured. Accordingly, in some examples, the system
(100) may be disposed on the computing device of the user. As described
above, the system (100) may be used to track and evaluate the performance of
a variety of subsystems. For example, the subsystem being evaluated may be
a storage subsystem. In this example, the transactions that are recorded are
storage transactions to and from the storage component of a computing device.
[0027] Figs. 2A and 2B are flowcharts of methods (200 and 201) for multi-
transaction workload replication, according to an example of the principles
described herein. Specifically, Fig. 2A depicts a method (200) of multi-
transaction workload capture and Fig. 2B depicts a method (201) of multi-
transaction workload playback. As described above, the methods (200, 201)
may be executed by the system (Fig. 1, 100) albeit on different devices.

[0028] According to the method (200), data to replicate a transaction is
recorded (block 202) for multiple transactions. Such an operation may be
performed by the transaction recorder (Fig. 1, 102). That is, during operation,
threads of an application execute transactions between a particular computing

device subsystem, such as a storage subsystem. Each transaction has an
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initiation event and a termination event. The boundary events for a particular
transaction may be non-sequential. That is, different transactions may overlap
one another. As a specific example, a first transaction may start, and then a
second transaction may start before the first transaction ends. Accordingly, at
some point in time the workload includes two transactions executing in parallel.
It is this interaction of overlapping, or non-sequential, transactions that may be
lost when using other subsystem evaluation systems.

[0029] Accordingly, the method (200) records (block 202) such boundary
events, i.e., initiation and termination events for each transaction. Other data
may also be recorded. Examples of other data that is recorded includes a size
of the transaction, a command of the transaction, an address of the transaction,
flags associated with the transaction, a thread identifier for the transaction. This
other data helps the playback system know what fo execute. While particular
reference is made to particular types of additional information, other additional
information may also be collected.

[0030] For example, a size of each transaction may be recorded.
Recording the size of each transaction aids in an accurate replication of the
workload. For example, assume a particular transaction has an initiation event
assigned a sequence value of 1, a size of 1 megabyte, and a termination event
assigned a sequence value of 2. In this example, during playback the initiation
event for the particular transaction is triggered as the counter (Fig. 1, 104)
reaches the value 1. Rather than immediately incrementing to the value of 2
wherein the termination event is triggered, to accurately replicate the particular
transaction, the counter (Fig. 1, 104) may remain the same until the transaction
completes on the playback device, at which time the counter (Fig. 1, 104) is
then incremented to the value of 2.

[0031] As the data is recorded (block 202), sequence values are
incrementally assigned (block 204) to sequential boundary events. That is, a
counter (Fig. 1, 104) starts at a particular sequence value. As indication is
received of a boundary event, the current value indicated by the counter (Fig. 1,
104) is assigned to the boundary event. That is, each boundary event is

assigned (block 204) a sequence value as it happens over time. The sequential
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value assigned is independent of a type of boundary event (i.e., initiation or
termination), a thread that is executing the transaction, and the state of other
transactions. For example, a first boundary event is assigned (block 204) a
sequence value of 1 and a second boundary event, be it a termination event of
a first transaction or an initiation event of a second transaction, is assigned
(block 204) a sequence value of 2. Such a process is repeated for all
transactions executed during a period of time, which may be predetermined by a
user. Following such a schema, the interaction and/or overlap of particular
transactions is maintained in a simple, easy to replicate format. These
sequence values may be stored (block 206) and associated with a particular
transaction in a stimulus file, or other database (Fig. 1, 110). That s, the
recorded information for each transaction is stored, specifically the boundary
events, the associated sequence values, and the other information such as the
transaction size and thread identifier. With this information in hand, a
replication, or emulation of the workload over a window of interest can then be
replicated.

[0032] Fig. 2B then depicts a method (201) wherein the transactions are
replicated. That is, it is identified (block 208) from the mapping, sequence
values that are associated with boundary events. From this mapping, a
replication of an entire workload can be replicated. Specifically, the counter
(Fig. 1, 104) is reset and incremented (block 210). As the counter (Fig. 1, 104)
increments (block 210) through the sequence values, corresponding boundary
events are replicated (block 212) when associated sequence values are
reached. Returning to the example above, the counter (Fig. 1, 104) is set to an
initial value of 1 and the first boundary event is triggered. Specifically, the
boundary event that is mapped to the sequence value of 1 in the database (Fig.
1, 110) is triggered. Following the triggering of the first boundary event, the
counter (Fig. 1, 104) is incremented (block 203) to a value of 2 and a second
boundary event is executed (block 212). This second boundary event may be
an initiation event or a termination event. In the case of a termination event, the

playback may stall until the playback system has completed the transaction.
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[0033] Thus, the present system (Fig. 1, 100) by recording sequential
boundary events provides an elegant and simple way of recording sequential
transaction events and maintaining the relationship between the transactions.
Such a sequencing allows for a reproduction of the transactions, and their
relationship, i.e., timing with regards to other transactions, during a playback
mode. With the data regarding transaction interaction and sequencing
available, a more accurate replication of the computing device workload is
replicated, which ensures that any performance metrics output by the system
(Fig. 1, 100) are more reflective of an actual workload, rather than an estimation
or simulation of an actual workload. As such, a user may have more confidence

in the accuracy of the output performance metrics and the ultimately selected

subsystem.

[0034] Fig. 3 is a flowchart of a method (300) for multi-transaction
workload playback, according to another example of the principles described
herein.

[0035] During replication, sequence values associated with sequential

boundary events ae identified (block 301) and the counter (Fig. 1, 104) is reset
and incremented (block 302) through the sequence values. As the counter (Fig.
1, 104) indicates a particular sequence value, the associated boundary event is
replicated (block 303). In some examples, this may be performed as described
above in connection with Fig. 2B.

[0036] According to the method (300) while replicating (block 303) the
boundary events, a termination boundary event for the transactions are stalled
(block 304) until completion of the transaction. For example, as described
above a particular transaction has an initiation event assigned a sequence value
of 1, a size of 1 megabyte, and a termination event assigned a sequence value
of 2. In this example, rather than immediately incrementing to the value of 2, to
accurately replicate the particular transaction, the counter (Fig. 1, 104) may be
delayed in incrementing until the playback device completes the transaction.
When the sequence value is one less than the termination sequence value and
the playback device has completed the transaction, the counter (Fig. 1, 104) is

then incremented to the value of 2 and the replication of the termination event
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for that transaction is logged. Thus an accurate replication of each transaction
can be replicated. In some examples, the database (Fig. 1, 110) with the
associated mappings may be sent to a server to allow for easier playback.
[0037] Following replication of all of the multiple transactions of a
workload, a metric may be output (block 305) regarding subsystem
performance. That is, a user may be running an evaluated subsystem with the
replicated workload emulated thereon. Once replication, or playback of each
workload is complete, a metric is output (block 305) which indicates how the
particular subsystem performed running that particular workload. In some
cases, the metric, or other information regarding subsystem performance may
be transmitted (block 3086) either in full or redacted form, to an aggregating
server. In this case, the transmitted (block 306) information could be relied on
to increase or adjust computing device development or implementation.
Accordingly, not only does the system (Fig. 1, 100) provide a method for
customizing a particular computing device subsystem based on specific
operating parameters of that computing device, but the system (Fig. 1, 100) also
enhances the development and progress of future iterations of computing
devices.

[0038] Fig. 4 is a diagram of assigning sequence values during multi-
transaction (414) workload replication, according to an example of the principles
described herein. That is, Fig. 4 depicts the various transactions (414) that may
be executed and that are therefore replicated during a workload playback mode.
As described above, a workload may include multiple threads (412) that are
executing different transactions (414) during their operation. While Fig. 4
depicts three threads (412-1, 412-2, 412-3), a workload may include any
number of threads (412). Fig. 4 also depicts the transactions (414) that are
carried out by the different threads (412). As described above, a transaction
(414) is an interaction with a subsystem. For example, a thread (412) may
request data from or write data to a storage subsystem. Each instance of
reading/writing data may constitute a particular transaction (414).

[0039] As described above, each transaction (414) has a starting point

and an ending point that is given a particular sequence value based on the
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relative starting time and duration of the transaction. As can be seen in Fig. 4,
the sequence value is a global value across a workload and is incremented on
each transaction (414) initialization and each transaction (414) termination,
which global value is stored in a database (Fig. 1, 110).

[0040] As can be seen in Fig. 4, in some cases an initiation boundary
event for a particular transaction (414) may occur sequentially between an
initiation boundary event and a termination boundary event for another
transaction (414). For example, the initiation event for a second transaction
(414-2), indicated by the sequence value 2 occurs sequentially between the
initiation event for a first transaction (414-1), indicated by the value 1 and a
termination event, indicated by the value 3 for the first transaction (414-1).
[0041] Similarly, in another example, a termination boundary event for a
particular transaction (414) may occur sequentially between an initiation
boundary event and a termination boundary event for another transaction (414).
For example, the termination event, indicated by the value 7 or a third
transaction (414-3) occurs sequentially between the initiation event, indicated by
a 6 of a fourth transaction (414-4) and an initiation event, indicated by an 8 of
the fifth transaction (414-5).

[0042] Fig. 4 also indicates how a termination event for a particular
transaction (414), does not necessarily occur immediately after the triggering of
a preceding event, but after a time period consistent with the amount of time for
the transaction to playback on the system. For example, termination of the first
transaction (414-1) isn't executed immediately following triggering of the
initialization of the second fransaction (414-2) as indicated by sequential values,
but is rather delayed a bit based on the completion of the first transaction (414-
1). However, once a termination event is completed, a subsequently triggered
initiation event can immediately be triggered. For example, the initialization of
the third transaction (414-3) can be triggered immediately following the
termination of the first transaction (414-1). Likewise once a termination event is
completed, a subsequent termination event can be completed if the playback
system has completed that transaction. For example, if the playback system

completes the seventh transaction (414-7) before the sixth transaction (414-6),
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the termination event 13 triggers the completing of the sixth transaction (414-6)
before termination event 14 is allowed to trigger the completing of the seventh
transaction (414-7).

[0043] Note that as depicted in Fig. 4, the system (Fig. 1, 100) can record
synchronous and asynchronous transactions (414). That is, both the first thread
(414-1) and the second thread (414-2) do not initialize a new transaction (414)
until an immediately preceding transaction (414) in that thread (412) has
terminated. Such operation is referred to as synchronous transactions. By
comparison, the third thread (412-3) performs asynchronous transactions
wherein a subsequent transaction, (i.e., the seventh transaction (414-7)) can
begin before the immediately preceding transaction (i.e., the sixth transaction
(414-6)) has terminated.

[0044] During playback, each thread (412) waits to issue its next
transaction (414) until the sequence value is one less than the sequence value
associated with the start of a transaction (414). At this point, the counter (Fig. 1,
104) increases to the next value. As described above, at the completion of a
transaction (414), the thread (412) waits until the sequence value is one less
than the termination transaction value and the playback system has completed
the transaction, then the counter (Fig. 1, 104) is incremented. If the thread
(412) has multiple outstanding transactions, it tracks the completion sequence
value and completion state for each transaction.

[0045] Fig. 5 is a diagram of a machine-readable storage medium (516)
for multi-transaction (Fig. 4, 414) workload replication, according to an example
of the principles described herein. To achieve its desired functionality, a
computing system includes various hardware components. Specifically, the
computing system includes a processor. Machine-readable storage medium
(516) is communicatively coupled to the processor. The machine-readable
storage medium (516) includes a number of instruction sets (518, 520, 522, 524,
526, 528, 530) for performing a designated function. The machine-readable
storage medium (516) causes the processor to execute the designated function
of the instruction sets (518, 520, 522, 524, 526, 528, 530).

14



WO 2020/046377 PCT/US2018/049134

[0046] Although the following descriptions refer to a single machine-
readable storage medium (516), the descriptions may also apply to multiple
machine-readable storage mediums. In such examples, the instruction sets (518,
520, 522, 524, 526, 528, 530) may be distributed (e.g., stored) across multiple
machine-readable storage mediums.

[0047] The machine-readable storage medium (516) represents any
tangible and non-transitory memory capable of storing data such as
programmed instructions or data structures used by the computing system.
[0048] Referring to Fig. 5, record instructions (518), when executed by a
processor, may cause the computing system to, during a workload capture mode,
record boundary events for multiple transactions (Fig. 4, 414) between threads
(Fig. 4, 412) of an application and a computing device subsystem. Assign
instructions (520), when executed by a processor, may cause the computing
system to, during the workload capture mode, incrementally assign sequence
values to sequential boundary events. Store instructions (522), when executed by
a processor, may cause the computing system to, during the workload capture
mode, store a mapping between assigned sequence values and recorded
boundary events. Counter instructions (524), when executed by a processor, may
cause the computing system to, during a workload playback mode, increment the
counter (Fig. 1, 104) through sequence values. Retrieve instructions (526), when
executed by a processor, may cause the computing system to, during a workload
playback mode, retrieve from the mapping, a recorded boundary event associated
with a current sequence value. Replicate instructions (528), when executed by a
processor, may cause the computing system to, during a workioad playback
mode, replicate the boundary event. Increment instructions (530), when executed
by a processor, may cause the computing system to, during a workload playback
mode, increment the counter to a subsequent sequence value.

[0049] In summary, using such a replication system and method 1) tests
individual computing device subsystems; 2) accounts for complex multi-
threading and the relationships between the threads; 2) maintains the
sequencing of transactions regardiess of threading; 4) accurately captures and

plays back computing workloads; and 5) allows for the accurate testing of
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workloads on a range of computing device subsystems. However, the devices
disclosed herein may address other matters and deficiencies in a number of

technical areas.
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CLAIMS
What is claimed is:

1. A system, comprising:

a transaction recorder to record data for each of multiple transactions
between threads of an application and a computing device subsystem, wherein
the data comprises at least boundary events for each transaction and other data
to replicate the transactions during workload playback;

a counter fo increment sequence values with each sequential boundary
event;

an assigner to assign incremental sequence values to sequential
boundary events of the multiple transactions;

a replicator to, during the playback mode and as the counter increments,
replicate a boundary event as the counter reaches an associated sequence
value; and

a database to map recorded data to the associated sequence value.

2. The system of claim 1, wherein the threads perform at least one of

synchronous and asynchronous transactions.

3. The system of claim 1, wherein the computing device subsystem is a

storage subsystem.

4. The system of claim 1, wherein the counter increments sequence values
and the assigner assigns incremental sequence values to sequential boundary

events during a capture mode or following the capture mode.

5. A method, comprising:
during a workload playback mode:
identifying from a mapping, sequence values associated with
sequential boundary events of multiple recorded transactions;

incrementing a counter through the sequence values; and

17
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replicating a boundary event as the counter reaches an associated

sequence value.

6. The method of claim 5, further comprising:
during a workload capture mode:
recording, for each of multiple transactions between threads of an
application and a computing device subsystem, data to replicate the
transactions; and
incrementally assigning sequence values to sequential boundary

events.

7. The method of claim 6, wherein boundary events for at least one

transaction are non-sequential.

8. The method of claim 6, wherein an initiation boundary event for a second
transaction occurs sequentially between an initiation boundary event and a

termination boundary event for a first transaction.

9. The method of claim 6, wherein a termination boundary event for a
second transaction occurs sequentially between an initiation boundary event

and a termination boundary event for a first transaction.

10.  The method of claim 6, further comprising, during the workload playback
mode, triggering a termination boundary event for a transaction based on a
completed playback of the transaction and the counter being one value less
than the sequence value associated with the termination boundary event for the

transaction.

11.  The method of claim 6, further comprising storing in a database a

mapping between the multiple transactions and associated boundary events.
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12. The method of claim 5, further comprising outputting a metric regarding

subsystem performance.

13.  The method of claim 5, further comprising transmitting information

regarding subsystem performance to an aggregating server.

14. A computer program product comprising:

a tangible computer readable storage medium comprising computer
readable program code embodied therewith, the computer readable program
code comprising program instructions that, when executed, causes a processor
to:

during a workload capture mode:

record boundary events for multiple transactions between
threads of an application and a computing device subsystem;

incrementally assign sequence values to sequential
boundary events; and

store a mapping between assigned sequence values and
recorded boundary events; and
during a workload playback mode:

increment a counter through the sequence values;

retrieve, based on the mapping, a recorded boundary event
associated with a current sequence value;

replicate the boundary event; and

increment the counter to a subsequent sequence value.

15.  The computer program product of claim 14, wherein at least one of the

transactions overlaps with another transaction of the multiple transactions.
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