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APPLICATION MONITORING IN A STREAM 
DATABASE ENVIRONMENT 

BACKGROUND 

2 
Still another embodiment of the invention includes a sys­

tem having a plurality of compute nodes, each including a 
processor and a memory. The compute nodes are configured 
to execute processing elements of a stream application. They 

While computer databases have become extremely sophis­
ticated, the computing demands placed on database systems 
have increased at a rapid pace. Database systems are typically 
configured to separate the process of storing data from 
accessing, manipulating or using data stored in the database. 
More specifically, databases use a model where data is first 
stored, then indexed, and then queried. However, this model 
cannot meet the performance requirements of some real-time 
applications. For example, the rate at which a database system 
can receive and store incoming data can limit how much data 
can be processed or otherwise evaluated, which, in tum, limits 

5 system may also include a management system, also having 
at least a processor and a memory. The memory on the man­
agement system stores a monitoring application, which, when 
executed on the management system, is configured to per­
form an operation for monitoring the stream application. The 

10 operation itself may generally include generating a graphical 
user interface display presenting at least a portion of an opera­
tor graph. The operator graph represents the plurality of pro­
cessing elements, and links between processing elements, 
corresponding to a flow of data tuples through the stream 

the utility of database applications configured to process large 
amounts of data in real-time. 

15 application. The operation may further include monitoring 
user interactions with the presentation of the portion of the 
operator graph on the graphical user interface display and 
identifying at least a first modification to the stream applica­
tion based on a processing state of the stream application and 

To address this issue, stream based computing and stream 
based database computing is emerging as a developing tech­
nology for database systems. And products are available 
which allow users to create applications that process and 
query streaming data before it reaches a database file. With 
this emerging technology, users can specify processing logic 25 

to apply to inbound data records while they are "in flight," 
with the results available in milliseconds. Constructing an 
application using this type of processing has opened up a new 
programming paradigm that will allow for a broad variety of 
innovative applications, systems and processes to be <level- 30 

oped as well as present new challenges for application pro­
grammers and database developers. 

20 the monitored user interactions. 

SUMMARY 
35 

BRIEF DESCRIPTION OF THE DRAWINGS 

So that the manner in which the above recited aspects are 
attained and can be understood in detail, a more particular 
description of embodiments of the invention, briefly summa­
rized above, may be had by reference to the appended draw­
ings. Note, however, that the appended drawings illustrate 
only typical embodiments of this invention and are therefore 
not to be considered limiting of its scope, for the invention 
may admit to other equally effective embodiments. 

FIGS. lA-lB illustrate logical diagrams of computing 
infrastructure configured to execute a stream application, 
according to one embodiment of the present invention. 

FIG. 2 is a more detailed logical view of a distributed 
computing node of FIG. 1, according to one embodiment of 
the present invention. 

Embodiments of the invention provide techniques for 
monitoring and adjusting a stream based application. For 
example, one embodiment of the invention includes a method 
for managing a stream application, stream application com­
posed from a plurality of processing elements executing on 
one or more compute nodes. The method itself may generally 
include generating a graphical user interface display present-

FIG. 3 is a more detailed logical view of a management 
computing system in a stream application, according to one 

40 embodiment of the present invention. 
FIG. 4 is a more detailed logical view of a stream applica­

tion monitoring system, according to one embodiment of the 
present invention. ing at least a portion of an operator graph. The operator graph 

represents the plurality of processing elements, and links 
between processing elements, corresponding to a flow of data 
tuples through the stream application. This method may also 
include monitoring user interactions with the presentation of 

FIG. 5 is a schematic diagram of a monitoring application, 
45 according to one embodiment of the present invention. 

the portion of the operator graph on the graphical user inter­
face display and identifying at least a first modification to the 
stream application based on a processing state of the stream 50 

application and the monitored user interactions. 
Another embodiment of the invention includes a computer 

readable storage medium containing a program which, when 
executed, performs an operation of monitoring a stream 
application. The stream application may be composed from a 55 

plurality of processing elements executing on one or more 
compute nodes. The operation itself may generally include 
generating a graphical user interface display presenting at 
least a portion of an operator graph. The operator graph rep­
resents the plurality of processing elements, and links 60 

between processing elements, corresponding to a flow of data 
tuples through the stream application. The operation may 
further include monitoring user interactions with the presen­
tation of the portion of the operator graph on the graphical 
user interface display and identifying at least a first modifi- 65 

cation to the stream application based on a processing state of 
the stream application and the monitored user interactions. 

FIG. 6 illustrates a flow diagram of method steps for moni­
toring and adjusting a stream application, according to one 
embodiment of the present invention. 

DETAILED DESCRIPTION 

Typically, data collected from data sources is stored in one 
or more databases and then the data is retrieved by processing 
applications for processing. However, in scenarios where the 
incoming data flow is huge, it becomes inefficient to follow 
the approach of first storing the incoming data in a database 
and then retrieving the data from the database for processing. 
The problem becomes acute when the incoming data need to 
be processed in real-time, because huge volumes of data 
cannot be stored and retrieved without losing the real-time 
characteristics of the data processing. 

Further, in many data processing scenarios, such as real­
time monitoring, generally there is no need for storing the 
incoming data, or at least storing all the incoming data. More­
over, some data processing applications are concerned with 
sUlllillaries of data rather than each individual incoming data 
record. Still further, some data processing scenarios require 
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comparative analysis of the incoming data with the previous 
values of some selected attributes. Hence, storing all incom­
ing data is unnecessary. In such scenarios, the traditional 
approach of data processing fails to yield desired results with 
regards to scalability, efficiency and real-time data process­
ing. 

However, processing the incoming data without first stor­
ing the data in a database creates challenges in term of appli­
cation monitoring and detecting performance issues in stream 
applications. Traditionally, monitoring and fault detection 
systems rely on stored data because inserting a monitoring 
system in data flow channels would reduce overall system 
efficiency. However, working on stored data would not yield 
desired results where fault detections need to be fixed in 
real-time. 

In a stream data processing application, operators are con­
nected to one another such that data flows from one process-

4 
historical information just adds more certainty to automated 
or prompting decision to adjust a PE, clone a PE, etc. 

As another example, assume the end user is constantly 
viewing a log file associated with a processing element and 

5 has filtered the log view to show only one or more of the 
operators within a log file. In such a case, the monitoring 
application may re-fuse the processing elements so that the 
log file contains only information that the user appears to be 
interested in viewing. Of course, the monitoring application 

1 o could also fuse operators and PE' s in response to observations 
of how the user interacts with a GUI screen. 

As noted, the monitoring application could be configured 
to make such adjustments to the stream application automati­
cally, or in response to prompting the user. As yet another 

15 example, assume an end user is looking at PE's running on a 
specific node and accessing system log files. In such a case, 
the monitoring application may identify modifications to the 
stream application that would enhance the performance of a 
particular node by adding more resources to that node. For 

ing element (PE) to the next (e.g., over a TCP/IP socket). 
Scalability is achieved by distributing an application across 
nodes by creating many small executable pieces of code ( op­
erators), as well as replicating processing elements on mul­
tiple nodes and load balancing among them. Processing ele­
ments (and operators) in a stream application can be fused 
together to form a larger processing element. Doing so allows 
processing elements to share a common process space, result- 25 

ing in much faster communication between operators than is 
available using inter-process communication techniques 
(e.g., using a TCP/IP socket). Further, processing elements 

20 example, the memory and/or machine processing power sup­
plied to a node could be added to a node to that node. This 
would occur where the system is logically configured from a 
larger physical machine ( e.g., as a set of virtual machines 
managed by a hypervisor). 

As yet another example, assume an end user is reading log 
files. In such a case, the monitoring application could tum on 
additional tracing in the log file or set of log files that are 
connected to a given PE. Likewise the monitoring application 
could remove tracing ( or step down a logging level) if the user can be inserted or removed dynamically from an operator 

graph representing the flow of data through the stream appli­
cation. 

In one embodiment, processing elements (and operators) 
may be configured to collect pre-defined statistical data 
related to data stream that flows through processing elements 
according to predefined configurations. The data is then used 
by a monitoring application in conjunction with how a user 
interacts with a representation of an operator to identify pos­
sible changes to the stream application that may help to opti­
mize the performance of the stream application. That is, a 
monitoring application may be configured to modify a stream 
application based on of how the user interacts with a repre­
sentation of the operator graph presented in a graphical user 
interface. The monitoring application may be configured to 
automatically modify the stream application in some cases or 
to prompt the user with suggested modifications. The graphi­
cal representation of the operator graph may present not only 
how the job's PEs are connected to each other but may also 
allow the user to access logs, parts of a log, and performance 
metrics associated with the processing elements, operators, 
nodes, and data flows of a stream application. 

For example, assume a user is looking at the operator graph 
and is always focused on a part of the graph which presents 

30 appears to be focused on only certain levels of information. In 
some cases, the monitoring application could even determine 
to temporarily remove part of the operator graph. This option 
would likely be prompted and not automatic as it could have 
substantial impacts on the data flowing through a stream 

35 application. 
In the following, reference is made to embodiments of the 

invention. However, it should be understood that the inven­
tion is not limited to specific described embodiments. Instead, 
any combination of the following features and elements, 

40 whether related to different embodiments or not, is contem­
plated to implement and practice the invention. Furthermore, 
although embodiments of the invention may achieve advan­
tages over other possible solutions and/or over the prior art, 
whether or not a particular advantage is achieved by a given 

45 embodiment is not limiting of the invention. Thus, the fol­
lowing aspects, features, embodiments and advantages are 
merely illustrative and are not considered elements or limita­
tions of the appended claims except where explicitly recited 
in a claim(s). Likewise, reference to "the invention" shall not 

50 be construed as a generalization of any inventive subject 
matter disclosed herein and shall not be considered to be an 

the performance metrics of tuples in and tuples out of a 
particular processing element. In such a case, the motioning 
application may determine that the user is interested in the 55 

tuple flow at that part of the graph. In response, the monitor-

element or limitation of the appended claims except where 
explicitly recited in a claim(s). 

As will be appreciated by one skilled in the art, aspects of 
the present invention may be embodied as a system, method 
or computer program product. Accordingly, aspects of the 
present invention may take the form of an entirely hardware 
embodiment, an entirely software embodiment (including 
firmware, resident software, micro-code, etc.) or an embodi­
ment combining software and hardware aspects that may all 
generally be referred to herein as a "circuit," "module" or 
"system." Furthermore, aspects of the present invention may 
take the form of a computer program product embodied in one 
or more computer readable medium( s) having computer read­
able program code embodied thereon. 

ing application could then increase the priority of the PE in 
question or even move the PE to separate machines to gain 
more resource, assuming that the user responds favorably to 
prompts suggesting such changes to increase performance. 60 

Similarly, the monitoring application could be configured to 
clone a given PEs if it is determined that the user is focused on 
a part of the graph that may be running too slowly to process 
data tuples through the stream. Similarly still, the monitoring 
application could also evaluate the historical information 65 

associated with prior executions of the PE's at a node and 
determine that the current rates have slowed. Looking at the 

Any combination of one or more computer readable medi­
um(s) may be utilized. The computer readable medium may 
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programmable data processing apparatus, or other devices to 
function in a particular manner, such that the instructions 
stored in the computer readable medium produce an article of 
manufacture including instructions which implement the 

be a computer readable signal medium or a computer read­
able storage medium. A computer readable storage medium 
may be, for example, but not limited to, an electronic, mag­
netic, optical, electromagnetic, infrared, or semiconductor 
system, apparatus, or device, or any suitable combination of 
the foregoing. More specific examples (a non-exhaustive list) 
of the computer readable storage medium would include the 
following: an electrical connection having one or more wires, 

5 function/act specified in the flowchart and/or block diagram 
block or blocks. 

a portable computer diskette, a hard disk, a random access 
memory (RAM), a read-only memory (ROM), an erasable 10 

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. 
In the context of this document, a computer readable storage 15 

medium may be any tangible medium that can contain, or 
store a program for use by or in connection with an instruction 
execution system, apparatus or device. 

A computer readable signal medium may include a propa­
gated data signal with computer readable program code 20 

embodied therein, for example, in baseband or as part of a 
carrier wave. Such a propagated signal may take any of a 
variety of forms, including, but not limited to, electro-mag­
netic, optical, or any suitable combination thereof. A com­
puter readable signal medium may be any computer readable 25 

medium that is not a computer readable storage medium and 
that can communicate, propagate, or transport a program for 
use by or in connection with an instruction execution system, 
apparatus, or device. 

Program code embodied on a computer readable medium 30 

may be transmitted using any appropriate medium, including 
but not limited to wireless, wireline, optical fiber cable, RF, 
etc., or any suitable combination of the foregoing. 

Computer program code for carrying out operations for 
aspects of the present invention may be written in any com- 35 

bination of one or more programming languages, including 
an object oriented programming language such as Java, 
Smalltalk, C++ or the like and conventional procedural pro­
gramming languages, such as the "C" programming language 
or similar programming languages. The program code may 40 

execute entirely on the user's computer, partly on the user's 
computer, as a stand-alone software package, partly on the 
user's computer and partly on a remote computer or entirely 
on the remote computer or server. In the latter scenario, the 
remote computer may be connected to the user's computer 45 

through any type of network, including a local area network 
(LAN) or a wide area network (WAN), or the connection may 
be made to an external computer (for example, through the 
Internet using an Internet Service Provider). 

Aspects of the present invention are described below with 50 

reference to flowchart illustrations and/or block diagrams of 
methods, apparatus (systems) and computer program prod­
ucts according to embodiments of the invention. It will be 
understood that each block of the flowchart illustrations and/ 

The computer program instructions may also be loaded 
onto a computer, other progranmiable data processing appa­
ratus, or other devices to cause a series of operational steps to 
be performed on the computer, other programmable appara­
tus or other devices to produce a computer implemented 
process such that the instructions which execute on the com­
puter or other progranmiable apparatus provide processes for 
implementing the functions/acts specified in the flowchart 
and/or block diagram block or blocks. 

Embodiments of the invention may be provided to end 
users through a cloud computing infrastructure. Cloud com­
puting generally refers to the provision of scalable computing 
resources as a service over a network. More formally, cloud 
computing may be defined as a computing capability that 
provides an abstraction between the computing resource and 
its underlying technical architecture (e.g., servers, storage, 
networks), enabling convenient, on-demand network access 
to a shared pool of configurable computing resources that can 
be rapidly provisioned and released with minimal manage­
ment effort or service provider interaction. Thus, cloud com-
puting allows a user to access virtual computing resources 
(e.g., storage, data, applications, and even complete virtual­
ized computing systems) in "the cloud," without regard for 
the underlying physical systems ( or locations of those sys­
tems) used to provide the computing resources. 

Typically, cloud computing resources are provided to a 
user on a pay-per-use basis, where users are charged only for 
the computing resources actually used ( e.g., an amount of 
storage space consumed by a user or a number ofvirtualized 
systems instantiated by the user). A user can access any of the 
resources that reside in the cloud at any time, and from any­
where across the Internet. In context of the present invention, 
a user may access applications or related data available in the 
cloud. For example, the nodes used to create a stream appli­
cation may be virtual machines hosted by a cloud service 
provider. 

FIGS. lA-1B illustrate a computing infrastructure 100 
configured to execute a stream application, according to one 
embodiment of the invention. As shown, the computing infra­
structure 100 includes a management system 105 and a plu-
rality of compute nodes 130 1_4 , each connected to a commu­
nications network 120. Also, the management system 105 
includes an operator graph 132 and a stream manager 134. As 
described in greater detail below, the operator graph 132 
represents a stream application beginning from of one or 
more source processing elements (PEs) through to one or 
more sink PEs. The operator graph 132 is configurable to add 
or remove one or more PEs based on the data processing 

or block diagrams, and combinations of blocks in the flow­
chart illustrations and/or block diagrams, can be imple­
mented by computer program instructions. These computer 
program instructions may be provided to a processor of a 
general purpose computer, special purpose computer, or other 
programmable data processing apparatus to produce a 
machine, such that the instructions, which execute via the 
processor of the computer or other programmable data pro­
cessing apparatus, create means for implementing the func­
tions/acts specified in the flowchart and/or block diagram 
block or blocks. 

55 needs and scalability. Data elements flow into a source PE of 
a stream application and are processed by that PE. 

These computer program instructions may also be stored in 
a computer readable medium that can direct a computer, other 

Typically, processing elements receive an N-tuple (also 
referred to as "tuple" herein) of data elements from the stream 
as well as emit an N-tuple of data elements into the stream 

60 ( except for a sink PE where the stream terminates). Of course, 
the N-tuple received by a processing element need not be the 
same N-tuple sent downstream. And the processing elements 
could be configured to receive or emit data in formats other 
than an N-tuple (e.g., the processing elements could exchange 

65 data marked up as XML documents). Additionally, each pro­
cessing element may be configured to carry out any form of 
data processing functions on a received N-tuple, including, 
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e.g., writing to database tables or performing other database 
operations such as data joins, splits, reads, etc., as well as 
performing other data analytic functions or operations. In one 
embodiment, the management system 105 may also include a 
user interface that allows a user to configure the operator 
graph 13 2 and the compute nodes 1301 _4 . The term "N-tuple" 
or "tuple" as used herein means a unit of data analogous to 
one record in a database. Further, as noted above, the moni­
toring application mayo bserve how the user interacts with the 
operator graph and, in response, modify the stream applica­
tion, or increase ( or decrease) the amount of information 
presented to the user. 

The user interface may be used to load programming 
instructions and configurations to be executed by the compute 
nodes 1301_4 .Amonitoring system 110 may also be included 
in the computing infrastructure 100 to monitor data process­
ing components of the stream application. Further, even 
though the monitoring system 110 is shown as a single com­
puting system, the monitoring system 110 may be a cluster of 
a plurality of computing resources, which may be distributed 
in the network 120. The monitoring system 110 is configured 
to communicate with compute nodes 130 1_4 . The monitoring 
system 110 may also be configured to communicate with the 
management system 105. In one embodiment, operations of 
the monitoring system 110 are tied to user interactivity on a 
user interface of the monitoring system 110. 

8 
Data tuples emitted from PES flow to PE9 on compute node 

1304 , which emits tuples processed by sinkPEl0 1402 . Sinks 
140 may be configured to perform further processing on 
incoming data tuples. Sinks 140 may also be configured to 

5 send data tuples to other applications in the computing infra­
structure 100. Further, sinks 140 may also be configured to 
maintain process logs and audit trail of incoming data tuples. 
Alternatively, depending on a particular configuration and 
requirements of a data processing application, sinks 140 may 

10 also be configured to dispose the incoming data without per­
forming any processing. In one or more embodiments, PEs 
may be configured to transform incoming data tuples by 
either adding or removing one or more data attributes before 
emitting outgoing data tuples to other PEs, as per the configu-

15 ration of target PEs. It may be noted that when a tuple is 
bifurcated to be processed by more than one processing ele­
ments, a unique identification may be affixed to all bifurcated 
tuples so that the data in the bifurcated tuples may be com­
bined or related when a need arises during further processing, 

20 retrieval or storage of information related to the original data 
tuple. 

In one embodiment, incoming data tuples are configured to 
include a set of attributes and PEs are arranged in an inter­
connected network of processing elements to provide pro-

25 cessing of one or more included attributes. For example, the 
operator graph 132 may be created based on known attribute 
processing characteristics of a plurality of available process­
ing elements in the computing infrastructure 100 vis-a-vis 

The stream manager 134 may be configured to control a 
stream application running on the compute nodes 130 1_4 as 
well as change the structure of the operator graph 132. For 
example, the stream manager 134 may be configured for 30 

moving processing elements (PEs) from one compute node 
130 to another, e.g., to manage the processing loads of the 
compute nodes 130 in the computing infrastructure 100. Fur­
ther, the stream manager 134 may control the stream appli­
cation by inserting, removing, or otherwise modifying the 
processing elements ( or what data-tuples flow to the process­

included attributes in incoming data tuples. 
FIG. 2 is a more detailed view of the compute node 130 of 

FIGS. lA-1B, according to one embodiment of the invention. 
As shown, the compute node 130 includes, without limita­
tion, a central processing unit (CPU) 205, a network interface 
215, an interconnect 220, a memory 225, and storage 230. 

35 The compute node 130 may also include an I/0 devices 
interface 210 used to connect I/0 devices 212 ( e.g., keyboard, 
display and mouse devices) to the compute node 130. The 
compute node 130 may be a physical host or a virtual 
machine. A virtual machine provides a software abstraction 

ing elements) running on the compute nodes 130 1_4 . 

FIG. 1B illustrates an example operator graph 132 that 
includes ten processing elements (labeled as PEl-PElO) run­
ning on the compute nodes 1301_4 . While a processing ele­
ment may be executed as an independently running process 
(with its own process ID (PID) and memory space), multiple 
processing elements may be fused to run as single process 
(with a PID and memory space). In cases where two ( or more) 
processing elements are running independently, inter-process 
communication may occur using a network socket (e.g., a 
TCP/IP socket). However, when processes are fused together, 
the fused processing elements can use more rapid communi­
cation techniques for passing N-tuples ( or other data) among 
processing elements (and operators in each processing ele­
ment). 

As shown, the operator graph begins at a source PE 135 
(labeled as PEl) and ends at sink PEs 1401_2 (labeled as PE6 
and PEl0). Compute node 1301 includes source PEl along 
with PE2 and PE3. Source PEl emits tuples received by PE2 
and PE3. For example, PEl may split data elements received 
in a tuple and pass some data elements to PE2 others to PE3. 
Data that flows to PE2 results in tuples emitted to PE4 on 
compute node 1302 . And data tuples emitted by PE4 flow to 
sink PE6 140 1 . Similarly, data tuples flowing from PE3 to 
PE5 also reach sink PE6 140 1 . Thus, in addition to being a 
sink for this example operator graph, PE6 could be configured 
to perform a join operation for combining tuples received 
from PE4 and PE5. This example operator graph also shows 
data tuples flowing from PE3 to PE7 on compute node 1303 , 

which itself shows data tuples flowing to PES and looping 
back to PE7. 

40 of computing resources of a physical host computer. With a 
deployment of virtualization software, a physical host may be 
configured to host a plurality of virtual machines, which may 
share hardware resources of the physical host. Typically, a 
virtual machine runs as an independent computer system. 

45 Various technologies are available to live migrate a virtual 
machine from one physical host to another while the virtual 
machine is still running, spawn more virtual machines on the 
fly, etc. In one embodiment, processing nodes and the man­
agement server may be hosted in a virtualized computing 

50 environment to provide well known advantages of virtualized 
computing infrastructure including another layer of scalabil­
ity and fault tolerance. 

The CPU 205 retrieves and executes programming instruc­
tions stored in the memory 225. Similarly, the CPU 205 stores 

55 and retrieves application data residing in the memory 225. 
The interconnect 220 is used to transmit programming 
instructions and application data between the CPU 205, I/0 
devices interface 210, storage 230, network interface 215, and 
memory 225. CPU 205 is included to be representative of a 

60 single CPU, multiple CPUs, a single CPU having multiple 
processing cores, and the like. And the memory 225 is gen­
erally included to be representative of a random access 
memory. Storage 230, such as a hard disk drive, solid state 
device (SSD), or flash memory storage drive, may store non-

65 volatile data. 
In this example, the memory 225 includes one or more 

processing elements (PEs) 235, a data collector module 250 
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and a control module 255. Other processing modules may be 
loaded in the memory 225 to configure the processing node 
130 to adapt to particular types of data processing needs. The 
PEs 235 includes a collection of operators 240. Each operator 
240 may provide a small chunk of executable code configured 5 

to process data flowing into a processing element ( e.g., PEs 
235) and to emit data to other operators 240 in a PE and to 
other PEs in the stream application as described by the opera-
tor graph 132. In one embodiment, a processing element (PE) 
may include a plurality of simultaneously active operators 10 

240, each of which may be configured to receive data traffic at 
a different incoming port of the PE. In another embodiment, 
only one (or a limited number) of the operators 240 is active 
at a given time. In such an embodiment, the PE may be 
configured to invoke a pre-configured operator when a par- 15 

ticular type of tuple is received or when a particular type of 
data processing is needed on a particular type of attribute in an 
incoming tuple (for example, when an operator needs to get 
composite data parsed, the operator may invoke another 
operator that is pre-configured to provide the needed parsing). 20 

The other PEs may be on the same compute node 130 or on 
other compute nodes accessible over the data communica­
tions network 120. The data collector 250 collects pre-con­
figured statistics of data that flows through operators 240 and 
other processing modules of a compute node 130. For 25 

example, the data collector 250 may collect tuple rates at 
different pre-configured intervals. The data collector 250 may 
also separately collect tuple rates at inputs and outputs of 
operators 240. The monitoring system 110 may be configured 
to interact with the data collector 250 either continuously or at 30 

pre-configured intervals to retrieve data from the data collec-
tor 250. The retrieved data is then stored at a database or 
memory cache coupled to the monitoring system 110. 

10 
CPU 305 is included to be representative of a single CPU, 
multiple CPUs, a single CPU having multiple processing 
cores, and the like. Memory 325 is generally included to be 
representative of a random access memory. The network 
interface 315 is configured to transmit data via the commu­
nications network 120. Although shown as a single unit, the 
storage 330 may be a combination of fixed and/or removable 
storage devices, such as fixed disc drives, removable memory 
cards, optical storage, SSD or flash memory devices, network 
attached storage (NAS), or connections to storage area-net­
work (SAN) devices. 

As shown, the memory 325 stores a node manager 340 and 
a stream manager 134. The storage 330 also includes the 
operator graph 132. The node manager 340 may be used to 
configure the compute nodes 130 with respect to loading 
programming instructions and related configurations, assign-
ing or reassigning processing elements on different compute 
nodes 130, etc. The node manager 340 may also be used for 
setting up one or more processing elements and operators in 
the compute nodes 130. The processing elements 235 and 
operators 240 setup may include configuring each processing 
element and operator to process particular type of streaming 
data attributes, accept the streaming data in a particular for­
mat and emit the streaming data in another particular format, 
which may be the same or different from the data format of 
incoming data tuples. More than one processing elements 235 
and/or operators 240 may be used in parallel to process same 
type of data to increase data throughput. In one embodiment, 
the monitoring system 110 may interact with the node man­
ager 340 to instruct the management system 105 to spawn 
more process nodes 130 to process certain type of data when 
the monitoring system 110 determines a need based on a 
detection of performance issues with a computer node 130 or 
the processing elements 235 in a computer node 130. The The control module 255 may be included in the compute 

node 130 to enable the monitoring module 110 to configure 
the computer node 130 based on the occurrence and detection 

35 monitoring system 110 may also interact with the node man­
ager 340 to instruct the management system 105 to move 
processing elements 235 from one computer node 130 to 
another to improve the data processing performance of the 

of pre-configured conditions in the computer node 130. For 
example, during the monitoring of a stream application, if the 
monitoring system 110 determines that more processing ele­
ments 235 or operators 240 need to be added, the monitoring 40 

system 110 may send a message to the control module 255 to 
effect the desired change in the computer node 130. 

Buffered stream data 260 represents a storage space for 
data flowing into the compute node 105 from upstream pro­
cessing elements ( or from a data source for the stream appli­
cation). For example, buffered stream data may include data 
tuples waiting to be processed by one of the PEs 235. Buff­
ered stream data 260 may also store the results of data pro­
cessing performed by PEs 235 that will be sent to downstream 
processing elements (or load shed). 

FIG. 3 is a more detailed view of the management system 
105 of FIG. 1, according to one embodiment of the present 
invention. As shown, the management system 105 includes, 
without limitation, a central processing unit (CPU) 305, a 
network interface 315, an interconnect 320, a memory 325, 
and storage 330. The management system 105 may also 
include an I/0 device interface 310 connecting I/0 devices 
312 (e.g., keyboard, display and mouse devices) to the man­
agement system 105. 

stream application. 
The stream manager 134 may be used to monitor the data 

stream as it flows through the processing elements in a stream 
application. The stream manager 134 may also maintain log­
ging and audit trails of the streaming data as the streaming 
data is processed by the compute nodes 130. In one embodi-

45 ment, the stream manager 134 may be used to instruct pro­
cessing elements to send a particular type of data to the 
monitoring system 110 based on occurrences of pre-config­
ured events. The storage 330 includes storage for operator 
graph 132. As noted above, the operator graph 132 maintains 

50 the connectivity configuration of a plurality of compute nodes 
and processing elements in a streaming application. In one 
embodiment, the processing element and operator source 
code 345 may also be stored in the storage 330. The process­
ing element and operator source code 345 is loaded to setup 

55 the processing elements 235 and the operators 240 in the 
compute nodes 130. 

The management system 105 may include a user interface 
to enable configuration and storage of trigger rules and trigger 
conditions. The user interface may also be used for building 

60 the operator graph 132 (that is, to configure and network the 
processing elements to suit a particular streaming applica­
tion). Moreover, as noted above, the user interface may also 
be used to load programming instructions in each of the 

Like CPU 205 of FIG. 2, CPU 305 is configured to retrieve 
and execute programming instructions stored in the memory 
325 and storage 330. Similarly, the CPU 305 is configured to 
store and retrieve application data residing in the memory 3 25 
and storage 330. The interconnect 320 is configured to move 
data, such as programming instructions and application data, 65 

between the CPU 305, I/0 devices interface 310, storage unit 
330, network interface 305, and memory 325. Like CPU 205, 

processing elements in the operator graph 132. 
FIG. 4 is a more detailed logical view of a stream applica­

tion monitoring system 110, according to one embodiment of 
the present invention. As shown, the management system 105 
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includes, without limitation, a central processing unit (CPU) 
305, a network interface 315, an interconnect 320, a memory 
325, and storage 330. The client system 130 may also include 
an I/O device interface 310 connecting I/O devices 312 (e.g., 
keyboard, display and mouse devices) to the management 
system 105. 

Like CPU 305 of FIG. 3, CPU 405 is configured to retrieve 
and execute programming instructions stored in the memory 
425 and storage 430. Similarly, the CPU 405 is configured to 
store and retrieve application data residing in the memory 425 
and storage 430. The interconnect 420 is configured to move 
data, such as programming instructions and application data, 
between the CPU 405, I/O devices interface 410, storage unit 
430, network interface 405, and memory 425. Like CPU 305, 
CPU 405 is included to be representative of a single CPU, 
multiple CPUs, a single CPU having multiple processing 
cores, and the like. Memory 425 is generally included to be 
representative of a random access memory. The network 
interface 415 is configured to transmit data via the commu­
nications network 120. Although shown as a single unit, the 
storage 430 may be a combination of fixed and/or removable 
storage devices, such as fixed disc drives, removable memory 
cards, optical storage, SSD or flash memory devices, network 
attached storage (NAS), or connections to storage area-net­
work (SAN) devices. 

As shown, the memory 425 stores a monitoring application 
435. The storage 430 includes historical data 440. The moni­
toring application 435 may be used to monitor performance 
of processing elements (PEs) based on user interactions with 
the user interface of the monitoring application 435. The 
monitoring application may also be configured to configure 
the compute nodes 130 with respect to assigning or reassign­
ing processing elements on different compute nodes 130, 
spawning new processing elements 235, operators 240, etc. 
The monitoring application 435 may also be configured to 
interact with process nodes 130 to increase or decrease pri­
orities of running processes or jobs. 

The historical data 440 may include data retrieved from the 
data collector 250. The historical data 440 may also include 
data that is collected by the monitoring system 110. In one 
embodiment, the historical data 440 may include tuple rates at 
each processing element in the stream application. The his­
torical data 440 may also include more detailed data such as 
tuple rate at each input and output port of each operators 240 
in a processing element (PE). In one embodiment, the histori­
cal data 440 may include only averages of tuple rates in a 
pre-configured time intervals. For example, the historical data 
440 may arrange the data in formats such as "average tuple 
rate at the input of PEl within the last one hour" and the like. 

FIG. 5 is a schematic diagram of the monitoring applica­
tion 435, according to one embodiment of the present inven­
tion. As shown, the monitoring application 435 includes a 
graphical user interface (GUI) 510. The GUI 510 may be 
configured to depict the operator graph 132 of a selected 
stream application. In one embodiment, the GUI 510 may 
display the interconnected computer nodes 130 and process­
ing elements (PEs) as shown in FIG. 18. The GUI 510 may 
also be configured to depict a more detailed diagram of the 
interconnected computer nodes 130 and processing elements 
(PEs ), as for example, operators 240 of each PE may also be 
shown in the GUI 510. 

In one embodiment, the stream application may be modi­
fied either automatically or in response to user-prompts based 
off of the way the user interacts with the graphical represen­
tation of the operator graph presented in the GU 510. The 
graphical representation of the operator graph may present 
not only how the job's PEs are connected to each other but 

12 
may also allow the user to access logs, parts of a log and 
performance metrics associated with the processing ele­
ments. A user may interact with the GUI 510 to view the 
operations ofone of the selected operators 240 within a PE ( or 

5 the connections between PEs). The GUI 510 may also be 
configured to display configurations of PEs (for example, 
which attributes of incoming data tuples are to be processed 
by a selected PE, etc.). A log file of a selected PE may also be 
viewed in the GUI 250. The log file of a selected PE typically 

10 includes pre-configured data related to the data processing of 
data tuples at the selected PE. Also, as shown, the monitoring 
application 435 is coupled to the historical data 440. 

The monitoring application 435 may include a data collec­
tor module 515. The data collector module 515 is configured 

15 to interact with the data collector 255 of compute nodes 130 
to retrieve the historical data related to each processing ele­
ment 235 and operator 240 from each compute node 130. The 
data collector module 515 may be configured to arrange the 
retrieved data in a pre-configured arrangement and to keep the 

20 data up-to-date. The data collector module 515 is coupled to 
the historical data 440 to persistently store the retrieved data. 

The monitoring application 435 may also include a user 
activity monitoring module 520 to capture user interactions 
with the GUI 510. An application control module 525 may be 

25 included to send messages or commands to compute nodes 
130 and/or the management system 105 for reconfiguration of 
the processing modules of the stream application based on 
user interactivity in the GUI 510. A data analysis module 530 
may be included to analyze the current tuple processing rates 

30 at a selected PE in view of the historical data of tuple pro­
cessing rates at the selected PE. Note that the operations of the 
monitoring application 435 are being described using data 
tuple rates for example only. For example, processing errors 
in a selected PE or operator may also be a factor on which the 

35 monitoring application 435 may act and reconfigure the pro­
cessing modules of the stream application. 

In one example, when a user selects a depiction of a pro­
cessing element in the GUI 510, the processing application 
435 displays a log file associated with the selected processing 

40 element. The monitoring application 435 may be configured 
to retrieve the historical tuple processing data from the his­
torical data 440 when a processing element in selected in the 
GUI 510 and analyze the current tuple processing rates with 
a selected arrangement of the historical tuple processing 

45 rates. For example, if the selected processing element is 
receiving 100 tuples per second at the input but only produc­
ing 30 tuples at the output, the data analysis module 530 may 
compare these rates with the historical processing rates ( or 
historical processing averages) to determine if there is any 

50 issue with the selected processing element. If for example, the 
selected processing element in the last one hour was process­
ing on an average 70 tuples, the current processing of 30 
tuples per second may be an indication of performance issues 
with the selected processing element. After the monitoring 

55 application 435 determines that there may be some process­
ing issues at the selected processing element, the monitoring 
application 435 may interact with the selected processing 
element to determine if adding more operators 240 may rem­
edy the issue. Alternatively, the monitoring application 435 

60 may interact with the computer node 130 in which the 
selected processing element is running to determine if adding 
more processing elements to process the same type of data as 
being processed by the selected processing element may rem­
edy the issue. The monitoring application 435 may also inter-

65 act with the management system 105 to determine ifrearrang­
ing some processing elements on computer nodes 130 may 
remedy the issue. For example, if the CPU 205 of a compute 
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node 130 is performing at a very high rate, some processing 
elements may be moved to other compute nodes of the stream 
application. 

In one embodiment, the GUI 510 may be configured to 
continuously monitor the current tuple processing rates at 5 

various processing elements and compare the current tuple 
processing rates with the historical tuple processing rates. 
And, if the monitoring application 435 determines that the 
current tuple processing rates are outside a pre-configured 
range, the GUI 510 may notify the user (e.g., through and 10 

alert, or change of color of the processing element in question 
on the display, etc.). In one embodiment, the monitoring 
application 435 may employ corrective measures automati­
cally when a discrepancy in tuple processing rates is found. 
However, in another embodiment, the corrective measures 15 

are only employed when the user selects the processing ele­
ment in question in the GUI 510 rather than automatically 
employing the corrective measure (because some processing 
discrepancies may be due to good reasons and automatically 
employing corrective measure may result in unintended 20 

results and reduced overall system performance). 
The monitoring application 435 may include functionality 

to store user configurations to handle particular types of dis­
crepancies in the tuple processing rates. For example, the user 
may create custom configurations for various possible tuple 25 

processing discrepancies ( e.g., if the current tuple processing 
rate is 10% away from the historical average tuple processing 
rate, add one operator in the processing element in question, 
etc.). 

FIG. 6 illustrates a flow diagram 600 of method steps for 30 

monitoring a stream application, according to one embodi­
ment of the present invention. At step 602, individual com­
pute nodes 130 collects tuple processing data from each pro­
cessing element 235, including operators 240. Compute 
nodes 130 then transfer this collected data at pre-configured 35 

intervals to the monitoring system 110, which persistently 
stores the collected data. The collected data may be retained 
in a cache at compute nodes 130 until the collected data is 
transferred to the monitoring system 110. The cache at a 
compute node 130 may be flushed after transferring the col- 40 

lected data to the monitoring system 110. At the monitoring 
system 110, in one embodiment, the collected data may be 
stored in a database or in a file. In other embodiments, the 
monitoring system 110 may cache the collected data in 
memory 425. The collected data may include tuple rates at 45 

each inputs and outputs of each of the operators 240 of pro­
cessing elements (PEs of FIG. 1B). As noted above, other 
types of data may also be collected according to configura­
tions of the monitoring system 110. In one embodiment, a 
user configures the monitoring system 110 with regards to the 50 

type of data to be collected. The monitoring system 110 
configures compute nodes 130 to collect the data accordingly. 
Note that the granularity of the collected data is configurable 

14 
At step 606, PEs of the stream application are depicted and 

displayed in the GUI 510 of the monitoring application 435. 
As noted above, the operator graph 132 of the stream appli­
cation includes PEs (and operators) and their interconnec­
tions. Note that method steps described in steps 602 and 604 
are performed independent of the displaying of the operator 
graph 132. In other words, the monitoring system 110 may 
continue to collected data from compute nodes 13 0 while step 
606 is being performed. 

At step 608, a user may select a selected processing ele­
ment in the GUI 510. In one example, the user may be looking 
at the operator graph 132 of running code. As noted above, 
since the monitoring system 110 may still be receiving tuple 
processing data from the selected processing element, this 
currently received tuple processing data is processed against 
the historical tuple processing data that was received and 
transformed in step 604. Further, as noted above, the moni­
toring system 110 may also monitor user interactions with the 
presentation of the portion of the operator graph presented on 
the graphical user interface display, i.e., with the selected 
processing element displayed in the GUI 510. In one embodi-
ment, the granularity of the collected data (step 602) may be 
automatically increased for the selected operator or process­
ing element being visualized or interacted with in the GUI 
510. 

At decision step 610, the monitoring system 110 deter­
mines if the current tuple processing rate is outside a pre­
configured range based on the historical tuple processing rate 
averages. If the current tuple processing rate is within the 
pre-configured range, then no further action is taken. How­
ever, if the current tuple processing rate is above or below the 
pre-configured tuple processing rate, the monitoring system 
110 may take pre-configured corrective actions by sending 
messages or commands to at least one of compute nodes 130 
and the management system 105. The corrective measures 
may include adjusting the run-time priority of a particular 
processing job in the stream application to bring the current 
tuple processing rates within the pre-configured range, as 
noted above. 

In another embodiment, when the monitoring system 110 
is configured to consider a collaboration of interactions of 
multiple users on a selected processing element in the GUI 
510, the monitoring system 110 when identifying a modifi­
cation to the stream application. In one embodiment, besides 
adjusting an operator's priority up or down based on the 
comparison between the current tuple processing rates and 
historical averages, as configured, the monitoring system 110 
may perform more complex streaming type operations auto­
matically based on how an operator, set of operators, or set of 
processing elements was visualized/interacted with by either 
one or multiple users in the GUI 510. These complex opera-
tions may include automatic adjustment of an operator within 
compute nodes 130, automatic fusion or separation of opera­
tors, automatic duplication of an operator, spawning new by a user or may be set to variable based on occurrences of 

pre-configured events. 
At step 604, the monitoring system 110 formats and trans­

forms the collected data according to pre-set configurations. 

55 compute nodes, duplicating a compute node, spawning new 
processing elements, etc. 

For example, the collected data may be formatted according 
to the requirements of a database, which may be used for 
persistently storing the data ( e.g., if the database is a relational 60 

database, the collected data is formatted to be stored in tabular 
format). The monitoring system 110 may transform the col­
lected data accordingly to pre-set configurations. For 
example, average tuple rates within a pre-configured time 
intervals ( e.g., average tuple rate in the last one hour at the 65 

input of PEl). The transformed collected data is stored either 
in a database or in the memory 425. 

The flowchart and block diagrams in the Figures illustrate 
the architecture, functionality and operation of possible 
implementations of systems, methods and computer program 
products according to various embodiments of the present 
invention. In this regard, each block in the flowchart or block 
diagrams may represent a module, segment or portion of 
code, which comprises one or more executable instructions 
for implementing the specified logical function(s). It should 
also be noted that, in some alternative implementations, the 
functions noted in the block may occur out of the order noted 
in the figures. For example, two blocks shown in succession 
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may, in fact, be executed substantially concurrently, or the 
blocks may sometimes be executed in the reverse order, 
depending upon the functionality involved. It will also be 
noted that each block of the block diagrams and/or flowchart 
illustration, and combinations ofblocks in the block diagrams 5 

and/or flowchart illustration, can be implemented by special 
purpose hardware-based systems that perform the specified 
functions or acts, or combinations of special purpose hard­
ware and computer instructions. 

While the foregoing is directed to embodiments of the 10 

present invention, other and further embodiments of the 
invention may be devised without departing from the basic 
scope thereof, and the scope thereof is determined by the 
claims that follow. 

What is claimed is: 
1. A method for managing a stream application, the stream 

application composed from a plurality of processing elements 
executing on one or more compute nodes, the method com­
prising: 

15 

generating a graphical user interface display presenting at 20 

least a portion of an operator graph defining a structure 
of the stream application, wherein the operator graph 
represents the plurality of processing elements, and 
links between processing elements, corresponding to a 
flow of data tuples through the stream application, 25 

wherein the processing state includes a current tuple 
processing rate for at least one processing element; 

monitoring, by operation of an application executed on a 
processor, user interactions with the presentation of the 
portion of the operator graph on the graphical user inter- 30 

face display; 
identifying at least a first modification to the stream appli­

cation based on a processing state of the stream appli­
cation and the monitored user interactions, wherein the 
first modification comprises modifying a logging level 35 

of at least one of the processing elements; and 
implementing the modification to the stream application. 
2. The method of claim 1, wherein the first modification to 

the stream application comprises adjusting the computing 
resources made available to one of the processing elements in 40 

the stream application. 
3. The method of claim 1, wherein the monitored user 

interactions include monitoring a log file associated with a 
processing element accessed through the graphical user inter-
~- ~ 

4. The method of claim 1, wherein the current processing 
rate is compared to a historical processing rate for the at least 
one processing element. 

5. The method of claim 1, wherein the first modification to 
the stream application comprises at least one of an adjustment 50 

to an operator in one of the processing elements, fusing two or 
more processing elements, separating a first processing ele­
ment into to two or more processing elements, and cloning 
one of the processing elements; and wherein the method 
further comprises, updating the graphical user interface dis- 55 

play presenting the portion of the operator graph to reflect the 
first modification. 

6. The method of claim 1, further comprising: 
prior to implementing the first modification to the stream 

application, issuing a prompt to accept the first modifi- 60 

cation. 
7. A non-transitory computer-readable storage medium 

containing a program which, when executed, performs an 
operation of monitoring a stream application, the stream 
application composed from a plurality of processing elements 65 

executing on one or more compute nodes, the operation com­
prising: 

16 
generating a graphical user interface display presenting a 

user with at least a portion of an operator graph defining 
a structure of the stream application, wherein the opera­
tor graph represents the plurality of processing ele­
ments, and links between processing elements, corre­
sponding to a flow of data tuples through the stream 
application, wherein the processing state includes a cur­
rent tuple processing rate for at least one processing 
element; 

monitoring user interactions with the presentation of the 
portion of the operator graph on the graphical user inter­
face display; 

identifying at least a first modification to the stream appli­
cation based on a processing state of the stream appli­
cation and the monitored user interactions, wherein the 
first modification comprises modifying a logging level 
of at least one of the processing elements; and 

implementing the modification to the stream application. 
8. The computer-readable storage medium of claim 7, 

wherein the first modification to the stream application fur­
ther comprises adjusting the computing resources made avail­
able to one of the processing elements in the stream applica­
tion. 

9. The computer-readable storage medium of claim 7, 
wherein the monitored user interactions include monitoring a 
log file associated with a processing element accessed 
through the graphical user interface. 

10. The computer-readable storage medium of claim 7, 
wherein the first modification to the stream application fur­
ther comprises at least one of an adjustment to an operator in 
one of the processing elements, fusing two or more process­
ing elements, separating a first processing element into to two 
or more processing elements, and cloning one of the process­
ing elements; and wherein the method further comprises, 
updating the graphical user interface display presenting the 
portion of the operator graph to reflect the first modification. 

11. The computer readable storage medium of claim 7, 
wherein the operation further comprises: 

prior to implementing the first modification to the stream 
application, issuing a prompt to accept the first modifi­
cation. 

12. A system, comprising: 
a plurality of compute nodes, each comprising a processor 

and a memory, wherein the compute nodes are config­
ured to execute processing elements of a stream appli­
cation; and 

a management system comprising at least a processor and 
a memory, wherein the memory stores a monitoring 
application, which, when executed on the management 
system performs an operation for monitoring the stream 
application, the operation, comprising: 
generating a graphical user interface display presenting 

a user with at least a portion of an operator graph 
defining a structure of the stream application, wherein 
the operator graph represents the plurality of process­
ing elements, and links between processing elements, 
corresponding to a flow of data tuples through the 
stream application, wherein the processing state 
includes a current tuple processing rate for at least one 
processing element; 

monitoring user interactions with the presentation of the 
portion of the operator graph on the graphical user 
interface display; 

identifying at least a first modification to the stream 
application based on a processing state of the stream 
application and the monitored user interactions, 
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wherein the first modification comprises modifying a 
logging level of at least one of the processing ele­
ments; and 

implementing the modification to the stream applica-
tion. 5 

13. The system of claim 12, wherein the first modification 
to the stream application further comprises adjusting the 
computing resources made available to one of the processing 
elements in the stream application. 

14. The system of claim 12, wherein the monitored user 10 

interactions include monitoring a log file associated with a 
processing element accessed through the graphical user inter­
face. 

15. The system of claim 12, wherein the first modification 
to the stream application further comprises at least one of an 15 

adjustment to an operator in one of the processing elements, 
fusing two or more processing elements, separating a first 
processing element into to two or more processing elements, 
and cloning one of the processing elements; and wherein the 
method further comprises, updating the graphical user inter- 20 

face display presenting the portion of the operator graph to 
reflect the first modification. 

16. The system of claim 12, wherein the operation further 
comprises: 

prior to implementing the first modification to the stream 25 

application, issuing a prompt to accept the first modifi­
cation. 

* * * * * 

18 
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