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Abstract

English - Distributed storage/retrieval of information is becoming increas-
ingly crucial and is used extensively in various kinds of applications, such
as web search engines, real-time systems, high performance computing, grid
computing, and distributed file systems, to achieve higher throughput (enabling
parallel access to the data), and more robust performance (redundancy in case
of failures). While various alternatives have been proposed, this work will
primarily focus on low-level mechanisms, and will introduce a new approach
for a distributed key-value storage based on a b-tree implementation.

Deutsch- Verteiltes Speichern/Abfragen von Information wird je 1&nger je
mehr wichtiger und wird in verschiedensten Anwendungen benutzt. Beispiele
sind Suchmaschinen, Echtzeitsysteme, Hochleistungsrechner, Grid-Computing
und verteilte Dateisysteme, um héheren Durchsatz (ermdglicht parallelen Zu-
griff auf Daten) und Robustheit (Redundanz bei Ausféllen) zu ermdglichen.
Wahrend es verschiedene Moglichkeiten gibt, wird sich diese Arbeit auf grund-
legende Mechanismen konzentrieren und einen neuen Ansatz einfuhren, der auf
einem verteilten Assoziativspeicher (key-value) Mechanismus einer B-Baum
Implementation basiert.
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1 Introduction

1.1 Situation

The increasing amount of data [18, 70] and the increasing level of access to those
data has changed the way in which data is stored.

At the time when most basic systems (such as file-systems, databases and email
systems) were designed, the amount of data they needed to store was not that great
and everything could be handled by one single computer (e.g. a mainframe [81]).
Over time, the amount of data has grown exponentially, and today’s systems need to
handle large amounts of data. Additionally, the data is stored in multiple places, and
systems access this data from different sources. The number of users of such systems
has also grown exponentially.

In today’s world, a monolithic system, which only runs on a single machine, will
not be able to cope with the amount of data and users accessing the system. Over
time, most systems have moved from a centralized approach to a distributed one,
which should allow for load-sharing the data and accessing requests from a broader
range of machines.

It is interesting to note the similarities between those systems: The underlying
storage mechanism is based on a key-value architecture for most of those systems.
This means the system stores the data in chunks and stores each of them under a
certain key. This key allows the user to retrieve the data again afterwards. The
approach is similar to a conventional encyclopedia, where the keys are the items
and the values are the definitions, as shown in Figure 1.
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Key Valve

Ziindapp | Was a famous German
motorcycle brand.

Ziirich | ['tsying] Largest city in

Switzerland (population
364,558 in 2002) and

capital of the canton of
Zirich.

Zug | City in central Switzerland
(population 23,000 in
2004) and capital of the

canton of Zug.

Figure 1: Key-Value Pairs in an Encyclopedia

1.2 Problems

There are several ways to actually distribute a system and most of the methods are
highly dependent on the actual environment and usage case, e.g.:

e File Systems- Transformed from local file systems to network file systems
(e.g. NFS [83]) and towards storage area networks, where the actual storage
can be distributed to several machines.

e Databases Transformed to a more distributed approach, e.g. by splitting the
database tables into several chunks (partitioning). Depending on the architec-
ture, they allow distribution to a few or several hundred machines.

While most of those systems already try to solve the problem of distributed storage,
they have done the distribution on a high-level; the fundamental underlying structure
has not been dramatically changed. This could soon be a limit, as the data continues
to grow exponentially and a more radical and general approach for distributing the
data could be necessary.

So much more radical an approach would be a low-level distribution already at
the key-value layer. The system on top of it would then already be abstracted from
the complexity of a distributed system, as the access to its data would still be the
same key-value approach as before, with the difference that those key-values are now
already distributed among multiple nodes. Also, more general frameworks could be
implemented this way, by offloading all storage needs to a worldwide distributed
storage network, so all large scale systems could access data from it, just by using a
well-specified interface around a key-value principle.
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Earth Picture: hitp://gw.marketingden.com/planets/earth.himl

Figure 2: Distributed key-value pairs form a worldwide storage network.

Currently, great efforts to solve this problem are being made in the research
community. For the more relaxed case of unsorted key-value (hash tables) archi-
tectures, some algorithms and implementations already exist (they are called DHT:
distributed hash tables) and are already being used in some special applications, such
as file-sharing, peer-to-peer networks, but are not suited for other applications (like
databases) where the sorted access to data is important.

For the more interesting case of distributemtted key-value architectures, not
much has been done so far. There are some research project working towards solv-
ing this problem (e.g. P-Rings [14], Boxwood [49]) but aside from some private
prototypes, nothing “real” has been released to the public yet.

1.3 ERT (Extended Root Tree) Approach

The goal of this work is to build a prototype of a system that provides a distributed
storage forsortedkey-value pairs. It can then be used for different kind of applica-
tions (e.g. distributed databases, file systems, web applications).

ERT (Extended Root Tree) is a proposed solution for such a distributed sorted
key-value architecture and will be introduced in detail in section 3. It is based on
a conventional balanced tree (b-Tree) architecture, which has been extended by a
separate handling of their root nodes (Extended Root Tree).
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extended root
organized separately
(e.g table, zeroconf)

standard b-trees
(e.g. BerkeleyDB)

Figure 3: Extended Root Tree

This data structure, which provides distributed storage and a simple interface
around its key-value architecture for small/medium/large systems, can be used as an
underlying framework for building different kinds of applications on top of it.

The prototype implementation of ERT is hostedhtip://www.nix.ch/
kussmaul/ert  and has been released under a BSD open source license [36].

1.4 Structure

The work can roughly be grouped into 3 main parts: The first part describes the
theoretical background, the second part describes the chosen approach and the third
part the implementation details. Additionally there is a section about “Evaluation”
and an ending section, the “Conclusion”.

e Distributed Data Storage - Describes state-of-the art methods for managing
distributed data. It will first give an overview of general distribution tech-
niques and describe the key factors for a successful distributed system. It
will then describe methods for distributing data tailored to requirements for
small/medium/large systems. The next part will describe local methods for
storing data, which are already being used in monolithic systems and are still
needed for distributed systems as well. The last part will then discuss perfor-
mance aspects of a distributed system, such as concurrent access to data and
high throughput systems.

e Overview of ERT (Extended Root Tree)- Describes the chosen approach to
build such a distributed data structure on a more theoretical level.

e Implementation of ERT (Extended Root Tree)- Describes the currenfva
implementation of the built prototype and is meant as a program documentation
to understand the underlying implementation details.

e Evaluation - Describes the benchmarking of the prototype and strengths and
weaknesses found during testing and implementation.

e Conclusion- Provides a summary and a short outlook of the chosen approach.


http://www.nix.ch/kussmaul/ert
http://www.nix.ch/kussmaul/ert
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2 Distributed Data Storage

2.1 Introduction
2.1.1 Nature of Data

Storage and retrieval of data is used everywhere and is becoming more and more
important. In today’s world we see the following tendencies:

e Data Growth - As we live in an information age, the amount of data (con-
ventional, digital) is increasing rapidly. Studies [18, 70] have tried to get an
overview of how much data is produced each year and estimate that in the year
2002 alone, more than 5 terabytes of data were produced [70]. This includes
data stored on paper, film, magnetic and optical mediums. The biggest part of
the data growth has come from magnetic storage. Digitization is also becom-
ing more common: Old movies are being re-released in digital form (DVD,
cinema), and books are being digitized (E.g., Google.com provides a service
for full-text searching of books [29]).

e Data Distribution - Data needed for a specific task is often not centralized any-
more; it is distributed and stored at several locations, even around the world.
In the future, this tendency will continue to grow. As for certain data, spe-
cific requirements for storage are needed: High-value data (such as permanent
data for banking institutes and telecommunications firms) is stored at special
secured sites with access control and protection against power failure or other
disasters. In contrast, data of lower value (such as temporary data for product
downloads, web space) is more commonly stored at places, which provide the
most value for the money. Some examples of distribution are:

— Personal Data- More and more people already work on several com-
puters at different locations, such as on a computer at work, at home and
perhaps on a mobile device (such as laptop, palmtop or mobile phone).
Some data reside on a specific computer, but there is a trend to "synchro-
nize” the data among all devices, or to allow access to important data
from all devices (such as emails, contacts, appointments).
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— Business Data- Since companies have been growing, there is no cen-
tralized data store anymore; the business data is distributed to several
places, as described above. Also, company data is often not stored exclu-
sively inside the organization itself, but is distributed among subsidiaries
or partner companies. Some data, such as financial data and address data,
is often bought or leased from intermediate companies.

— Government Data- As governments are large organizations which have
separate departments for each specific task, they produce data that reside
in different places.

— Scientific Data- For large experiments, the data produced can no longer
be processed locally (e.g. CERN [12], Folding@home [57]), and meth-
ods for distributing the data for remote calculation will be developed.

e Data Finding - Storing the data is only one aspect. Of course the data needs to
be found and retrieved again later. While web search engines allow for more or
less accurate searching of public data on the Internet, new trends are focusing
on more personal data searching techniques, which function in the same way as
existing web search engines (like Microsoft WinFS [50], Apple Spotlight [4] or
Google Desktop Search [28]). There is also a trend towards a more structural
storage of data for easier finding. Keywords are: semantic web [52], metadata
[27, 82], relational data [86].

— Personal Data- With the increasing amount of personal data (emails,
multimedia data, documents) stored at multiple places (work, home, mo-
bile devices), finding the necessary data is becoming more crucial and
complex. Today finding information on the Internet is easier than find-
ing data on a personal computer. As most users store the data in an un-
structured way, the common methods for finding data - indexing the data
before searching, as in web search engines - are normally used.

— Business Data- Growing complexity and dependency on information
technology is not easy to overcome. Companies normally use a more
structural approach in managing data (in contrast to the personal data
methods described above) and try to store data together with metadata or
along with other information, even in a relational database. This allows
for more exact searching capabilities.

— Government Data- For several tasks, it is necessary to combine differ-
ent data sources to get the desired result. For instance, if the immigration
bureau needs to exchange its data with other countries, the data and meta-
data must be stored in a structured way. For exchanging those data with
other authorities, standards for exactly how the data should appear are
needed. The trend here is to have open standards for data exchange.

— Scientific Data- The data itself is not always the interesting part. Often-
times, data needs to be further analyzed and processed to get the desired
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results. So finding the data means finding interesting relations between
data. Here the data itself has to be very well-structured to allow automatic
post-processing and also well-described so it is transparent and others can
follow the experiments. Often for smaller projects, the data is not shared
with other groups and it might be sufficient not to describe the data com-
pletely, but only to structure it for the needs of the project itself. For larger
experiments, the data is shared with multiple groups and strict standards
need to be put in place to allow other members to find the necessary data.

Generally speaking, if you need accurate access to data (e.g. fitiognk
accounts within a specific criteria) the key is to structure the data in a precise
way. If you are satisfied with inaccurate access to data, other heuristics can be
used to give access to unstructured data (e.g. general indexing of plain text, as
done by Google or others).

Quintessentially, it could be argued that:

“Storing data is easy - finding the data afterwards is the challenge.”

2.1.2 Managing Data

For the storage and retrieval of data, there are several approaches, which can be dis-
tinguished into two main fields (as already described above):

1. Structured Data - This data has some sort of defined structure. This can be
additional data describing this data (metadata [27, 82]) or other methods for
structuring, such as grouping data and describing relations between data (re-
lational model [86]). This structure can be added manually, e.g. by a person
who has knowledge about how to structure a certain piece of data, or automati-
cally, by using some heuristics to classify the data. Both methods have pros and
cons, as a manual approach is always biased in favor of the person who does the
manual classification and automatic categorization will suffer from inaccuracy
because of limitations of the algorithms used. Examples are: XML files with a
well-defined schema definition, relational databases and categorized articles.

2. Unstructured Data - This is data which has no structure. This can be data of
any kind, which is mixed together with no relation between. Examples are: A
storage medium with an arbitrary number of files of any kind, such as Word
documents or pictures.

There are several approaches to managing this kind of data. Some of them allow for
searching at different levels, while others only store the data and allow the user to
browse all of it. Some examples (sorted from small to large systems) are:

e Arrays and similar - These are low-level, used by the application developer:
These contain unstructured data and only the specific application can under-
stand and use it. Even the computer memory (RAM) has some kind of array-
like structure. The only way to access the data is by asking for the data at a
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specific address. Example:
“Give me the data at position 5 of the array”

Key-Value Storage- This is low-level, used by the application developer: The
data can already be slightly structured: Each data item has a describing key,
which then holds the corresponding value. Depending on the key-value rela-
tion, the data is more or less structured; e.g. if the key is only a random number,
then it probably does not add any description to the data itself. In contrast, if
the key contains a valuable description, such as “name” it adds some metadata
to the data. Generally, there are two types of key-value storage mechanisms:

— Unsorted - The keys are unsorted. This means the data is not ordered.
This is mostly implemented as a “hash table”. Example:
“Give me the data for the key 'Zurich™

— Sorted - The keys are sorted according to a criterion (e.g. alphabeti-
cally, numerically). It is mostly implemented in a tree-like structure, with
which the ordering is preserved at insertion time. Additionally to un-
sorted access, it allows queries such as:

“Give me all data for the keys which start with 'Z™

For a more detailed description of key-value mechanism, see section 2.3.

File Systems- From the low-level point of view, the data is structured in some
way, e.g. the file system knows at which position on the disk a specific file is
stored and in which sub-directory it is located, but mostly this information is
useless for high-level usage; e.g. to find a file which contains a certain word,
all the data on the file-system needs to be browsed. Example:

“I have to browse the file system to find the file | need”

Databases- Contain structured data. Furthermore, the database requires that
only data that conforms to this structure can be inserted. Before filling a
database with data, the designer has to decide how the data should be struc-
tured. Changing the structure afterwards is not an easy task, as adding a prop-
erty mostly means updating all existing data items with these new properties.
For accessing the data, there are sophisticated methods, which allow for fast
and accurate searching of data. Example:

“Give me the data which has the property 'city’ set to 'Zurich’ and which has
the property 'income’ greater than '100,000’ Swiss francs”

Web Search Engines- Depending on the architecture, these are based on
databases or have their own techniques for storing the data. The data can be the
web address of a page or even an archived copy of this web page [30]. To allow
searching for unstructured data, the search engine maintains a huge index for
the web pages to search. The algorithm to index and finally rank the index is
unique to each search engine. Example:

“Give me the link of a web page which is relevant for my word, "Zurich™
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e Peer-To-Peer SystemsThis is another unstructured way to store data: Several
computers are connected to each other and each acts as a server and client at
the same time and are able to retrieve some data. There are some large systems,
such as the older Gnutella [24] network. Mostly those systems only allow for
inaccurate, rudimentary and very slow searching capabilities (normally only
on file names or some limited predefined properties such as file size or type
of music encoding used, but all these additional properties do not have to be
included all the time). Example:

“Give me the data which has to do with 'Zurich’. This will not return all data,
as some cannot be found, and can even return data which has nothing to do
with "Zurich™

As already noted in the introduction, most systems described above are internally
built on top of a key-value storage architecture and could therefore profit from a
more general approach to do the distribution already on the key-value layer. Such
systems are:

e File Systems- The base for most file systems is a sorted key-value storage
architecture. Examples include: Microsoft NTFS [84] file system, Linux Reis-
erFS [54], Linux Ext2/3 [10], Apple HFS(+) [80] and others.

e Databases Here also, key-value based solutions are commonly used as their
underlying storage architecture, e.g. for building an index or allowing for
sorted access to data [78].

e Web Search Engines As some of them are based on databases or file systems,
key-value kind storage algorithms are also found here, e.g. for the creation of
the index [9].

e Peer-To-Peer Systems Most of them are built on top of an unsorted dis-
tributed key-value architecture [24].

2.2 Distributed System
According to Tanenbaum [69]:

“A distributed system is a collection of independent computers that ap-
pears to its users as a single coherent system.”

As it appears, this definition is quite difficult to implement, so normally the following
weaker definition [44] is used:

“A distributed system is a collection of independent computers that are
used jointly to perform a single task or to provide a single service.”
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Building a distributed system will always have some trade-off between different de-
sirable properties. E.g. a system that is fully secure will probably not be fully efficient
[43]. Also for specific use cases not all distribution problems need to be solved. Es-
pecially in our case, to build a distributed balanced tree, not all aspects need to be
addressed. General important goals in a distributed system are (taken from different
sources: [21, 22, 32, 43, 48, 60, 61, 62]):

e Transparency- For some applications it is necessary to hide from the user the
fact that the system is distributed, so the user thinks he is working on a local
system. There are different kinds of transparencies:

LOCATION - Users unaware of location of resources

MIGRATION - Resources can migrate without name change

REPLICATION - Users unaware of existence of multiple copies

FAILURE - Users unaware of the failure of individual components

CONCURRENCY- Users unaware of sharing resources with others

PARALLELISM - Users unaware of parallel execution of activities
— OTHERS

e Flexibility - Depending on the need, a distributed system should be extensible,
so additional components/services can be added/changed. Interface specifica-
tion should be open, to allow easy addition of new features or enhancement of
interoperability. Flexibility can also have an impact on other factors, such as
reduced performance and security.

¢ Reliability / Availability / Redundancy - To enhance availability, load-
sharing can be implemented with additional redundant data, so if part of
the system fails, the system is still fully operable and after the failure, the
whole system should stabilize again. There is also the problem that in a
distributed system we have more components that could potentially fail, so
to increase reliability, some recovery methods need to be implemented to
bring the system back into a consistestate after a partial failure. Relia-
bility/Availability/Redundancy can have an impact on performance, flexibility,
scalability, concurrency and basically all other elements.

e Performance- There are multiple measurements of performance, such as: Re-
sponse time, throughput, system utilization and network capacity used. Any
system will benefit from performance enhancements. In distributed systems,
performance can have an impact on other desirable properties, such as trans-
parency, flexibility, reliability and security.

There are some objections that for a large distributed system, full consistency can't be reached and
that, therefore, some ideas need to be implemented so the whole system will work, even if it is not in a
fully consistent state (e.g. voting mechanism to check whether result can be trusted, multiple querying
to see if the same result is retrieved).
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e Scalability - “A system is said to be scalable if it can handle the addition of
users and resources without suffering a noticeable loss of performance or in-
crease in administrative complexity” [B. Clifford Neuman].

There are three metrics in a scalable system. Depending on the needs, some of
them are more important than others:

— SizE - Number of users and resources
— GEOGRAPHY - Distance between users and resources

— ADMINISTRATION - Number of organizations that exert administrative
control over parts of the system

Scalability can have an impact on performance. Sometimes a distributed sys-
tem only provides better performance if a certain initial size of the system is
being reached Scalability influences reliability, availability, redundancy and
flexibility.

e Concurrency / Parallelism - Components in a distributed system are nor-
mally concurrent by design, as each component can perform its own calculation
(those can be independent of or dependent on other components). Another as-
pect is the synchronization of information across the system. Concurrency has
an impact on reliability, availability and redundancy as well as on performance.

e Security - A distributed system is more complex than a similar centralized one,
so for components which need to exchange information, there is the risk that
malicious components can harm the whole distributed system. Security has an
impact on reliability, performance and scalability.

2.2.1 Distribution Methods

There are many methods to build a distributed system. Below, some strategies from
large database vendors are discussed, how they distribute their data to multiple nodes.
As those product portfolios are huge, and also because information is restricted, not
all aspects are shown here. Currently the topic “distribution” is very hot, especially
with regard to grid computing, and as vendors are trying to get into this area, the
competition is quite tough.

Generally, a full-blown database (in contrast to our approach of a low-level
database) allows several approaches to actually achieve distribution. E.g. the dis-
tribution could be done at table level, SQL level, or even higher at application level.

To compare the three databases, papers from [33, 37] helped give a general
overview, although one of them is sponsored by IBM.

20Often a distributed system containing two nodes is slower than a comparable centralized system.
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2.2.1.1 Oracle - Oracle Corporation Oracle’s solution for distributing data is
based on using a “shared-disk” architecture [37]. In the most current version (Oracle
10g), Oracle is going into the direction of grid computing, but uses the common
former distribution technique (RAC - Real Application Cluster) as the foundation

of their grid offerings. RAC is a cluster database with a shared cache architecture
that runs on multiple machines attached through a cluster interconnect and a shared
storage subsystem [51].

Application
Server Clusters

Oracle
Database 10¢

Storage Pool

Supply Chain Financials Manufacturing

Figure 4: Oracle 10g Grid Overview (taken from [56])

Using a cluster architecture has some limitations, as all machines need to be con-
nected using a cluster-interconnect (a fast path from machine to machine); so distri-
bution is limited to a high-performance LAN/Memory interconnect. Those machines
can't be distributed over a larger area (e.g. the whole Internet). Also, depending on
the cluster architecture used as a foundation, there are some more limitations. From
our own experience in the telecommunications field where we deployed clustered
systems, we have found that most architectures can only scale to a small number of
nodes inside one single cluster (8-32 nodes per cluster [38]). The advantage of such
a system is their high performance capability, because all machines are within a very
fast network, but the limitation is the small size of such a system and the inability to
distribute the cluster itself over large distances - so all nodes participating in a cluster
must reside at the same location.

Using a storage subsystem (also known as shared storage, storage area network) is
limited to a local distribution of the system, as access to this storage system has to be
fast. The disks can't be spread over a large distance. Also, building a shared storage
system can be quite complex, because it needs to have several mechanisms built in for
concurrent access, e.g. a distributed locking manager, and therefore Oracle is limited
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to systems, which actually support those features. See Appendix A on page 89 for an
overview of two example architectures of such a storage subsystem.

The major benefit in using a shared disk/cluster architecture over a monolithic
system is the increase in availability of such a solution. If one node goes down, all
the storage is still accessible and another node can take over working on the same
data.

Oracle has other offerings to distribute part of the database or the whole thing
to larger areas. This is done in a replication manner using “Oracle Streams” to have
multiple databases in sync over a bigger distance or using partitioning (explained
below).

2.2.1.2 DB2 - IBM Corporation In contrast to Oracle’s offering, DB2 follows

the “shared-nothing” approach: Each node owns and manages its own resources, in-
cluding the data it has access to and the DB cache [37]. This approach was chosen to
address the lack of good shared disk support (e.g. distributed locking mechanisms) in
Linux, UNIX and Windows. Using this approach, IBM is claiming to reach “infinite”
scalability to at least 1000 nodes [33]. Generally, this technique is closer to our b-tree
distribution method, where we also plan to have “independent” nodes.

To distribute data in a DB2 environment, it mainly uses partitioning (MDC - Multi
Dimensional Clustering [34]) to spread a table across multiple partitions, residing on
multiple disks or systems (so a relational database table will be split horizontally into
several chunks and those are then placed into different nodes).

Table 1

Table

Table 2

Table 3

Figure 5: Table Partitioning

This also allows for parallel executing of queries, as every node can process its
own data and only the result will then be combined. Generally this technique is also
available in Oracle.
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2.2.1.3 SQLServer - Microsoft Corporation In contrast to Oracle and DB2,
SQLServer does not support clustering of machines by itself. It is limited to one ma-
chine, although it can be a multi CPU machine. Distribution of data is only possible
using “federated databases” (linking distributed, heterogeneous databases together
using software), [33] e.g. by having a database installed in each country and then
running an application which will query each database independently and combine
the results. This approach is similar to partitioning, but in the case of SQLServer, the
user has to do it by himself in the application accessing the database. This approach
has several limitations. E.g. in case of renaming parts of the table, this renaming has
to be propagated manually to all participating database nodes.

2.3 Local Data

Regardless, for monolithic or distributed systems, they need to store data. As each
machine only has direct access to its own hardware, the actual low-level storing is
always done localfj This means that the actual algorithm to store the data can be
the same for monolithic machines or nodes of a distributed system.

There are several algorithms for storing the key-value pairs. In this section, we
will mainly focus on algorithms for sorted storage of key-values and will further
focus on the most commonly used algorithms.

2.3.1 Binary Search Tree

A binary search tree [76] is a special form of a binary tree [77], in which all nodes are
inserted in an ordered manner: If you pick one node, all sub-nodes to the left always
contain values less than this node, and all sub-nodes to the right contain values greater
than this node itself, as shown in Figure 6. This data structure is the base for most
others, which just add functionality to it.

3The terms distributed/monolithic have no exact boundary, as one could argue that a single machine
itself has distributed components: CPU accesses the memory over an internal bus-system and accesses
the disk over an external cable, for example. Nevertheless, in this work distributed means connected
using a network interconnect to each other. All other bus-systems or internal communication paths are
regarded as part of a monolithic system.
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Figure 6: Binary Search Tree

As a binary search tree does not rebalance itself during insertion of new elements,
the tree might, in the end, not look like a tree but more like a linked list, where all
nodes are chained after each other. In this case, the tree is highly unbalanced.

Figure 7: Highly Unbalanced Binary Search Tree

This will limit the search performance of such a tree, as for the worst case sce-
nario described above, the search-algorithm basically has to look up all nodes of this
tree and is of orde®(n?), wheren is the number of nodes of the tree.

2.3.2 Self-Balancing Binary Search Tree

A self-balancing binary search tree [87] is a special form of a binary search tree in
which the algorithm tries to limit the shortcoming of a normal binary search tree by
implementing a method to prevent the unbalanced growth of the tree. The height of
the tree is automatically kept to an optimal minimum. Depending on the actual imple-
mentation, the worst-case lookup time can then be reduced to an or@¥toafn ),
where agaim is the number of nodes of the tree.

Some data structures that use a self-balancing binary search tree are:
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AVL Tree - Invented by Adelson-Velskii and Landis [73], 1962.

Red-Black Tree- Invented by Rudolf Bayer [85], 1972.

Splay Tree- Invented by Daniel Sleator and Robert Tarjan [88], 1985.

B-Tree - Invented by Rudolf Bayer [74], 1972. This is the most commonly
used form of a self-balanced binary search tree. There are also a variety of
slightly different algorithms which all are based on the original b-tree.

Figure 8: B-Tree

As shown in Figure 8, all leaf-nodes have the same height of 3 and always need
the same amount of time for lookup. In contrast to a normal binary search tree as
shown in Figure 6, the height depends on the nodes: Nodes 7 and 24 have a height
of 3, while the other leaf-nodes have a height of 4. Therefore, the lookup for each
leaf-node takes a different amount of time. Hence, the tree could be even worse - a
few leaf-nodes could have a much greater height, for instance (as seen in Figure 7).

2.3.3  Skip List

This data structure is also commonly used and is based on parallel linked lists and
was invented by William Pugh [58], 1990. Instead of only linking the succes-
sors/ancestors, crosslinks from one element to another arbitrary one are possible.
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Figure 9: Skip List

It has advantages in parallel computing where the re-balancing (or re-linking)
can be done independently of the other nodes: Each element can decide by itself to
whom a link should be established, without global communication. Nevertheless, it
has some shortcomings, as there is still a possibility (although very low) that at the
end the skip-list is just one huge linked list, which would then have a worst-case
lookup order ofO(n?). But in normal circumstances, this algorithm can achieve a
lookup performance similar to a balanced tre€xfog n).

2.4 Distributed Data

While good implementation of balanced trees for centralized architectures exist, we
are looking for a solution on how to distribute sorted key-value like structures (e.g.
balanced trees) among multiple nodes, to gain higher throughput, as well as redun-
dancy. With this approach some new problems, which are normally not found on a
centralized system arise:

e Data Balancing- Data is now located on different computer nodes, so a mech-
anism that will distribute the whole database over all participating nodes has to
be built. Depending on the needs, some nodes can hold more data than others
(e.g. if they have larger disks, more processing power) or data should be evenly
distributed among all nodes.

e Data Reallocating- A database is highly dynamic, so it has to move its data
automatically among other nodes if needed. (E.g. a lot of inserts could lead
to a growth in some limited number of nodes, so data has to be transferred to
other nodes to gain good balancing data). This is related to data balancing.

e Communication Between Nodes Depending on the design decision, internal
communication between participating nodes will be needed (e.g. to reallocate
data). Those have to be reduced to a minimum, or at least be on local order
only. E.g. there is only communication between “neighboring” nodes, not
broadcasting to all nodes.
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e Access Time Concerns In a distributed environment, all accesses (e.g.
searches, inserts, deletes) eventually go over a network connection, depend-
ing on architecture: An access-request could even be delegated from one node
to another, which could have an impact on access latency and throughput.

2.4.1 Small-Sized Systems

This section describes some methods for smaller systems of how the data could be
distributed and still allow for sorted key-value access.

2.4.1.1 Paging B-Trees One promising approach is the use of paging b-trees [55],
where sub-trees are relocated to different nodes. To prevent splitting the tree into too
many small sub-trees, the distribution is done on the depth-level of a tree. E.g. if the
whole tree has a depth of 4, then splitting is done in such a way that 2 depth fields
are always grouped together. This also solves the problem of locality, because now
local/similar data is most probably on the same node and not spread to other nodes as
well. Experiments have shown that the overhead in querying these paging b-trees is
around 5%, while the overhead for inserting is around 50%, which seems quite high.
It seems it is better suited for applications, which read more from the tree than write
to it.
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Figure 10: Example of a b-tree split into several parts and put on multiple nodes
(taken from [55])

2.4.1.2 Concurrent B-Link Trees A more theoretical work on distributing b-

trees is done by Johnson/Colbrook [39]. As a foundation, a concurrent b-link tree
[47, 63], which, according to the authors, has the highest performance of all avail-
able b-tree algorithms, is used. This is done with fine granular locking mechanism in
case of concurrent access on the b-link tree. Further b-link trees help in finding the
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data, even when parts of the upper tree are missing, because all leaves are linked to
each other, so in case of a node failure or a short-local inconsistency (e.g. during a
balanced tree re-organization process) the data can still be found.

Because all b-tree queries normally start at the root node, Johnson/Colbrook [39]
proposed to replicate the root to all available nodes to have better throughput. The
same is done for sub-trees, so in the best case the request will never leave the first
chosen node and will find the data without hopping to different machines.

dE-tree

LT o Yoo 2 e T e el Tl

Figure 11: Shows the replication of sub-trees to get higher throughput (taken from
[39]). The numbers show, on which CPU this part of the tree is stored. E.g. the root
tree is stored on CPU 1, 2, 3 and 4.

2.4.2 Medium-Sized Systems

The difference between small and medium sized systems is not very big. Most people

consider a system medium sized if it is too large for huge data exchanges (e.g. it does
not use a shared disk approach) but it is still efficient enough to broadcast messages
to all members of a system. Mostly those systems are also located at the same site
and are not distributed over the whole world.

2.4.2.1 Boxwood Project This project is part of a Microsoft research program
[49] to build a distributed storage architecture. It focuses on building a distributed file
system on top of a distributed data structure. To solve this problem, they first want
to build a distributed balanced tree architecture and then use this as a foundation for
their file system. Unfortunately, no source code or architectural overview, on how
they actually want to build it, has been released so far.

2.4.3 Large-Sized Systems

Large systems are considered Internet-scale systems, which also have the charac-
teristics of unpredictable failure of nodes and communication between them. Such
systems are mostly built around a structure common to P2P (Peer-to-Peer) networks
or have a hierarchical approach (e.g. such as DNS systems).
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2.4.3.1 Structured Peer-to-Peer Overlays Structured Peer-to-Peer (P2P) over-
lays are the foundation of highly distributed P2P networks and currently a hot topic.
In contrast to older P2P networks like [24], those new approaches [23, 40, 59, 66, 90]
focus on true decentralized mechanisms, scalability, self organization, higher reliabil-
ity and better performance. They allow routing to location-independent names (e.g.
“route message tkey, wherekeyis located on a node-not-yet-known in the network).

On top of such an architecture, higher-level operations, e.g. a distributed hash table
(DHT), decentralized object location and routing (DOLR), group anycast/multicast
(CAST) and possibly, also a distributed balanced tree (DBT) can be built.

Tier2 CFS PAST I3 Scribe SplitStream Bayeux OceanStore

Tier 1

Tgr 0 Key-based Routing Layer (KBR)

Figure 12: P2P overlay (key-based routing layer) with several services on top of it
and applications using those services (taken from [17])

There are some projects going on which are working on a distributed low-level
data-structure called Distributed Hash Tables (DHT), which are commonly used in
Peer-to-Peer network architectures and are also found in some research projects re-
lated to distributed storage. The difference between hash tables and b-trees are that
hash tables only allow unsorted access to keys (e.g. a lookup of a range of values is
not possible) and b-trees have sorted keys. It seems that for distributed storage (e.g.
file-based access, Peer-to-Peer networks) a DHT is enough, as several projects [8, 42]
are using it. Nevertheless, no implementation of a sorted distributed data structure
has been found so far.

All those P2P overlay projects focus on large-scale distribution, and therefore try
to minimize global communication, so we can learn from them:

e How those projects do data balancing.

e There are some techniques to build a b-tree on top of a P2P overlay (e.g. [13]).
With this approach we could use an already proven overlay implementation
and add a b-tree to it. It has to be shown whether there are drawbacks. E.g.
data balancing could be worse or access time could be less than perfect.

e There exist already a DHT implementation on top of those P2P overlays. Per-
haps we could find a way to build a distributed b-tree on top of such a DHT.
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2.4.3.2 Sorted Distributed Hash Tables The main advantage of using a balanced

tree instead of a hash table is the fact that all keys are sorted. Besides using a b-tree,
there are other techniques, e.g. those based on hash tables, to get access to sorted
keys (some are described at [89]). With those methods, we could use existing DHT
implementations and build a system, which has the same functionality as a distributed
balanced tree.

One proposed data structure, which would provide the full functionality of a dis-
tributed balanced tree are skip graphs [7]. Skip graphs are based on skip lists [58]
(an alternative to balanced trees, see section 2.3.3) and enhance them with DHT to
get a truly distributed balanced tree. Nevertheless, Yalagandula [89] showed that skip
graphs do not seem to scale well.

Another is Squid [64], who basically allows multidimensional sorted keys, but
here also Yalagandula [89] showed that this method does not scale well.

Yalagandula then proposes his own approach by combining Tries [1, 25] with
hash tables by first filling the data into a Trie and then mapping this structure onto
physical nodes using DHT techniques. Although the author plans to implement a
prototype of his idea, no such implementation has been found so far.

2.4.3.3 P-Tree (P2P Tree) Instead of splitting a single balanced tree across all
nodes, there are also ideas to have multiple independent b-trees and assign them to
each available node. One such an approach is described in [13], where they introduce
P-trees (Peer-to-Peer trees) and some kind of semi-independent B+-trees (a flavor of
the common b-tree). This is a mixture of having one full tree distributed over all
nodes and having several independent trees.

Each node will build up some part of a global index where the actual data can be
found. This index does not need to be fully consistent; in case there are some failures,
the search will take just a bit longer. The main disadvantage of this structure is that
the data, which can be stored on one node, is very limited (e.g. only one single item of
data can be stored - this limitation can only be overcome by starting multiple virtual
nodes on each real node, but even with this way, the amount of data to be stored
is very limited). This data structure can be seen more as an indexing framework,
where only a very limited amount of data needs to be stored at each node. Or the
node itself is the interesting data to be found, so this data structure could be used for
node discovery, e.g. as a “replacement” for DNS. (It would then be called DDNS,
Distributed DNS).

2.4.3.4 P-Ring (P2P Ring) To overcome the limitations in P-trees, an extension
has been proposed: P-ring[14]. With this approach, it is now possible to store large
amounts of data on each node and the current limitation only seems to be that the
amount of data stored on each node is expected to be roughly the same. But also
here, no prototype has been released to the public so far.
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2.5 Performance Aspects

When designing a distributed system, special care needs to be taken with performance
issues. Generally, a distributed system will send some information between each of
its nodes. Depending on the actual architecture, such messages could be:

e State Information - General alive messages, state-change information or mes-
sages needed for synchronization of the overall system wide state.

e Managing Information - Such as information about joining, leaving, or statis-
tics.

e User Information - The actual user messages, the data packets that need to be
processed by the system.

e Overhead Information - As each network layer, including the application pro-
tocol, adds some housekeeping information to each message, the overall mes-
sage grows in size.

Sending messages and accessing data remotely is always very expensive, as in current
network topologies (e.g. Ethernet, IP) transmitting information between nodes is
slow, compared to local access methods, as shown in Figure 13. This is especially
true if the nodes are distributed on the Internet, where the network latency is quite
high compared to the other methods.

Cache = Ins
Memory = 50 - 100ns
Disk =5-50ms
Network = 1-1000ms

Figure 13: Access Time Differences (taken from [53])

2.5.1 Minimize Disk / Network Traffic

The goal is to minimize disk- and network-related traffic, as those have the biggest
impact on slowing down a distributed system. As disk access is always done locally,

it is not only a problem in distributed systems but also in basic monolithic ones,
and several implementations for local key-value storage have already addressed this
issue (e.g. the BRKELEYDB [65] implementation of a balanced tree implements
advanced caching and disk access procedures to further reduce disk access). For
discussing performance issues on a distributed system, minimizing and optimizing
network traffic becomes the main issue. Basically this problem is split into two main
parts:
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e Problems you can control- These are issues which can be reduced by choos-
ing a good design and implementation of the distributed systems. Such things
are:

— Algorithms - Using efficient algorithms probably has the highest effect
on reducing network traffic - the goal is to reduce all unnecessary traffic
and also limit the amount of data to be exchanged. This has to be done
not only for the network-related part, but also for the underlying architec-
ture. E.g. if the system can also correctly operate in a not fully consistent
state, the number of messages related to consistency can be reduced. Or
by taking advantage of parallelized algorithms, where the actual work-
load can be split into multiple subtasks, which could then be processed
independently, the latency of each request can be reduced.

— Broadcasts- Instead of sending requests to all members of a system, the
message could be sent only to a subset of members (multicast) or the
number of such messages could be reduced in favor of more personalized
messages (point to point).

— Caching - Requests could be cached, so if a similar access needs to be
processed, it could be found in the cache and would not need to be sent
out to the network.

— Overhead- Each network layer adds some administrative overhead to a
message - generally this is out of your control, but by wisely choosing the
right network medium (e.g. TCP or UDP) and the serialization coding (to
convert internal data to binary data) and not adding much overhead with
your own application, this overhead can be reduced.

e Problems which are out of your control- These are issues which arise in the
network and are not in control of the application itself. These issues harm the
overall system performance, as the system needs to react to such failures with
additional administrative effort (e.g. by implementing fault tolerance mecha-
nisms). Some characteristics of problems are (taken from [11]):

— Failures - Network components can fail at any time. This is especially
true for larger systems, where the probability that some parts of the net-
works are down is higher than on smaller systems. Besides network fail-
ures, nodes participating in the distributed system can fail for any reason.

— Latency - The time a network message needs to pass from one node
to another can vary, and this is especially true for larger systems, or if
the transport channel is also used for other traffic (e.g. a company wide
intranet, which transports emails, web page requests and also the com-
munication messages for the distributed system).

— Throughput - The amount of data which can be sent during a specific

time will also vary, especially for larger systems where the network paths
have different characteristics with regard to speed.
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2.5.2 Asynchronous Processing

A general problem for systems which access different components which all have
different access time constraints (as shown in Figure 13) is that faster components
could process much more data but are slowed down because they need to wait for
slower components. E.g. the disk or network part of processing will slow down the
CPU because it has to wait until the data is stored to disk or sent over the network
and waits for a response. The CPU could do other work at the same time instead of
waiting for responses.

There are a few methods for overcoming these problems [72]. What they all have
in common is that they don’t wait for a full request to be processed. They accept
new requests and try to execute them while waiting for the slower components to be
finished.

2.5.2.1 A Thread per Request This method basically assigns a thread for each
incoming request, to process it. As the number of requests increase, the number of
running threads increases as well, as shown in Figure 14. Generally, each thread
processes the whole request from start to finish by itself and then sends back a re-
sponse to that request. Similar to old manufactures, where the employee is building
a product from start to finish.

Request 1
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Figure 14: A Thread per Request

This method allows for the processing of multiple requests at the same time.
Even when one request takes a long time to process, another thread can be processing
another request. This method has the drawback that a lot of threads are running at the
same time and the operating system needs to switch thread context quite often. As
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the number of threads increases, the administrative overhead to manage those threads
also increases and overall performance suffers.

There are variations to this approach, such as limiting the number of threads and
only allowing a few threads to run at the same time. Additional work, which cannot
be processed because no idle thread is available, will be put into a queue and every
time a thread has finished its work, it will retrieve the next pending request from its
queue. This allows for more control over the number of parallel threads running on
the system.

Using a multi-threaded approach, great care must be taken in synchronizing
shared resources. If different threads want to access the same resource (e.g. file
system) locking must be put in place. This leads to lower performance, as this syn-
chronization/locking overhead needs more CPU resources. In addition, the complex-
ity of the program can increase, as multiple threads could access each component at
the same time.

2.5.2.2 Event-Driven Architecture Instead of letting a thread process the whole
request from start to finish, event-driven architecture basically runs around events.
Events are more finely granulated than a whole request. E.g. arequest is a full-blown
application-related task, such as: “Fetch web page with name seda.html”, while an
event is just: “I have a TCP-packet on my network interface”, so the whole request
is split into multiple events, and for each event type there is a responsible compo-
nent, which processes it and also generates new events which are then processed by
other components. The communication between those components is separated by
event-queues; this allows for nicely decoupled components. Similar to more modern
assembly lines, where each employee is only building a part of the whole product -
this is normally much faster than old manufactures.

The number of threads is not controlled by the components themselves, but by a
scheduler component, which gives the thread of execution to those components that
have full event-queues.
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Figure 15: Event-Driven Architecture (taken from [72])

As Figure 15 shows, an incoming request will trigger one or more events, which
are then passed to the responsible event-queues for processing (e.g. the request first
needs to be parsed). This component itself will trigger new events for further process-
ing (e.g. the parser will now check whether the request could already be answered
with information from a cache).

A possible implementation of such an event-driven architecture is SEDA [72]
(Staged Event-Driven Architecture), which is used in several applications already.
Beside providing access to an event-driven architecture, it also provides additional
useful functions for an application programmer and implements a sophisticated
thread pooling mechanism which allows for controlling the number of threads for
each component (called stage in SEDA) depending on system load.

As we will see later, the proposed prototype ERT also uses this kind of architec-
ture and borrows some ideas from the SEDA approach (e.g. the components only
communicate through queues and never call methods directly).
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3 Overview of ERT (Extended Root Tree)

When sorted access to data is needed in a centralized environment, b-trees (balanced
trees) and their similar flavors are commonly used. We will now discuss how such

a data structure can be scaled to a distributed environment to provide the same func-
tionality as a centralized b-tree. The method discussed here extends the algorithms
found on balanced trees or other local sorted key-value algorithms with additional
functionality to get the desired distribution. One can say that the data structure in
the end is not a distributed b-tree, but solves the same problems and gives the same
interface to key-value data:

o It allows access for exact match results (e.g. lookup of a single key).
¢ It allows range queries (e.g. lookup of a range of keys).

o It implements put(key, value) get(key) getNext(startkey, amount)get-
Prev(startkey, amoungnd similar interfaces to set and get data from the dis-
tributed data structure.

The proposed high-level architecture is designed to scale from small systems to very
large systems. The main idea behind this is to reuse as much as possible already
available technologies and software, to lower the risk of having to build a completely
new system. This also has the advantage that if new trends or new problem-solving
techniques come up, it should be possible to incorporate them into this system. An-
other point is that for different requirements (e.g. smaller systems, larger systems)
some components can be tuned for their specific environment, without changing other
parts. Such a framework is shown here (similar frameworks can be found in [15, 17]):

QUG

key transformation  node lookup data store replication

Figure 16: The different components for building a distributed data structure.
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The next part of this article shows an overview of how everything works together,
and the following part goes into a bit more detail about each component.

3.1 Basic Concepts

The main benefit of a distributed b-tree over a distributed hash table is the sorted
access to its data. One idea would be to store the keys out-of-order (unstructured)
and only to restore the order during query-processing time. But because the aspect
of sorting is the fundamental feature of the whole system, it makes sense to sort the
keys at insertion time, so at all times, the whole data structure is in a sorted state
(structured).

Considering we have a user key-spade 7], this range has to be partitioned
and distributed among all participating notieBistribution can be done at key-level,
so each single key is managed on its own (e.g. [13]), or we can group some keys
together (key-group’) and then manage the whole group as one single entikeyA
groupis like a very small range of the whole user key-space and all keys inside such a
key-groupz C [A, Z] are ordered and are responsible for exactly this assigned range.
No otherkey-groupb C [A, Z] contains a key which is also containedkiey-group
a(soanbn...=d). Eachkey-grouphas a unique label (id, hash-key) to identify
it>. Furthermore, a range of continudkesy-groupswill be calledkey-partitione.g.:
a = [a,d]. As an overview of how the mapping of a user key to an internal key (=
key-group and the mapping to a node is done, take a look at Figure 17. Figure 3 will
show, how such a structure is distributed among multiple nodes.

ABC [ DEF | GHI | LKL |MNO | P. | userkey-space

e
A/ NI e

a b c e ..

mapping to nodes

Figure 17: Mapping of user key-spaeeinternal key-space- nodes.

4At this point, we won't look at data replication. So if one node goes away, all data for which this
node was responsible are no longer accessible.

5In this paper, elements of the user key-space are written in capital letters (e.g. A, B, @yand
groupsare labeled with lowercase letters (e.g. a, b, c) lkedpartitionsare labeled with Greek letters
(e.g9.«, 3,7).
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user keys are mapped using a linear hash
function (order preserving) to a fixed
internal range [a,0] (normalizing)

keys:
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Figure 18: Transformation of keys to our internal key-space.
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Figure 19: Rangéu, o] is distributed among 4 nodes. Node 1, 2, 3 hold key-
partitions node 4 only one.
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Figure 20: All sub ranges are linked to their successors and predecessors.
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Figure 21: User keys C, P and Z are stored on the corresponding nodes.

As the user of such a distributed data structure wants to have full flexibility with
the keys, he might use alphanumeric, large range or small range, but the keys can't
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be used as received from the user. They must be transformed to an internal key-range
(example in Figure 18).

Assuming we have a whole internal key-rangekéy-partitior) of « = |a, o],
then each participating node will be responsible for one (or more) non-overlapping
sub ranges of the whole key-range (see Figure 19: E.g. node 1 consists of sub ranges
a = [a, c] andd = [j, k]) and all nodes will know where the successor and predeces-
sor of their sub ranges is (Figure 20).

The transformation process depends on the size of the system. For example, on a
small 4-node system, it would be possible to have 4 lkeyegroupsand just establish
a 1:1 relationship betwedtey-groupsand nodes, so each node is solely responsible
for one singlekey-group On a large system, there are many mkeg-groupsand
each contains only a very small subset of the whole user key-range.

To retain the original user key, it is stored on the node itself (Figure 21).

The commonly used operations are described here:

3.1.1 Lookup / Storing of Key-Value Data

1. The user key is transformed to the internal key-space using a linear hash-
function.

2. The corresponding node for this internal key is now searched using already
proven P2P lookup methods (P2P overlays, distributed hash tables [17, 23, 40,
41, 66, 90]) or for smaller systems a simple lookup-table (static table, Zeroconf
implementation a la “Rendezvous” [2, 3, 35] or like a DNS system).

3. The corresponding node will receive the request and will return/store the data.

3.1.2 Lookup /Browsing a Range

1. The lower end of the user key is transformed to the internal key-space using a
linear hash-function.

2. The corresponding node is now looked up.
3. The node returns all values in the requested range.

4. The node forwards the requests he cant fulfill to the next node (successor) and
so on.

For optimization, range queries could also start at both ends, so the lower-end and the
higher-end are executed in parallel. This will require some kind of transaction 1D, so
if the two split and processed meet at one node (e.g. in the middle of the range), this
node will know that it has already processed this query and will stop.
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3.1.3 Node Insertion

1. The new node will randomly send out some requests to get the load of some
nodes.

2. The new node will then contact the node with the highest load to migrate some
data.

3. The new node will then register its successor and predecessor. (This can be
done in the way b-link trees register new tree nodes [39]).

4. The new node will then officially be the holder of tkey-group

3.1.4 Node Failure

1. If a node leaves the system (planned or unplanned), the links to its successor
and predecessor will be broken.

2. Its successor and predecessor will search each other and will link together.
The range of the lost node will no longer be available (unless there was a data
replication mechanism in place), but the rest of the distributed data structure
will still be functional.

3.2 Key Transformation

The main idea behind key transformation is that our implementation will have an al-
ready pre-defined key-range for the internal key-space. Depending on the technology
used for the node-lookup, this can be a very large integer space. If we used “Bam-
boo” [59] as the underlying node-lookup infrastructure, the internal key-space could
be integers fron) to 260, At the same time, the user key-space could be phone
numbers ranging from 1,000,000,000 to 9,999,999,999 and therefore would need to
be mapped to our internal key-space. Note that not the whole internal key-space
needs to be used. In this example, the phone number range could be mapped 1:1 into
our internal key-space or, better yet, to an even smaller internal key-space, because
otherwise eackey-groupwould only contain a single enfty

This transformation needs to keep the ordering of the user key-space, which is
why a linear hashing function needs to be chosen. The hashing function does not
need to provide perfect ordering. If the hashing function only provides a proximity
result (e.g. it finds that the requested key should Besirgroupa but is in fact inb),
then the corresponding node, which holds kkg-group will forward the request to
its successor node to query there. Of course, this will have an impact on performance,
so the better the hashing function, the better the lookup perforrhance

6E.g. the range 1,000,000,000 to 9,999,999,999 could be mapped to 0 to 1,000. This way each
key-groupwould hold up to 9,000,000 humbers and we could still scale up to 1,000 nodes.

"Forwarding data to the successor node only needs to be done for range-queries. For exact queries,
the hashing function will never be inaccurate, because when the hashing function decides in which
key-groupto store the value, it will be the same as when the user queries for the same value for a
lookup.
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3.3 Node Lookup

Once we get the internal key for the request, we have to look up the corresponding
host, which contains the requested key. Rdly-groupsare distributed among all
participating nodes. As a general rule, if we have sevaergigroupdocated at the
same host, it is preferable that thdssy-groupsorm a closed range of the internal
key-space (this is callddey-partition) (e.g. it is preferred to haveey-groups:, b, ¢, d
on one node and nat, &, r, z. This will help prevent unnecessary jumps from one
node to the other during range queries).

As mentioned above, depending on the size of the system, different approaches
can be taken:

3.3.1 Small-Sized Systems

For smaller systems, a static routing table can be put in place, e.g.:

Internal Key [P Address

a 192.168.0.10
b 192.168.0.5
c 192.168.0.9
d 192.168.0.5

Figure 22: Static Routing Table

3.3.2 Medium-Sized Systems

In a more dynamic environment, in which nodes are constantly added/removed, DNS-
like approaches or other local-network methods like Zeroconf (also known as “Ren-
dezvous”) [2, 3, 35] can be used. With these methods, every node broadcasts its
internal key on the network, so others can easily find it. Zeroconf claims that their
broadcast mechanism is resource limited and will not overload the network with un-
necessary broadcast messages. Nevertheless, this mechanism only works on the IP
broadcast scope and is therefore limited to the local network, as broadcast messages
are not forwarded by a router to a foreign network.

3.3.3 Large-Sized Systems

Obviously for a large-scale systems, other mechanisms need to be considered, even
non-centralized ones (e.g. for current Peer-to-Peer systems such as Gnutella [24]). In
such systems, lookup becomes the most critical part of the system, as it is normally
the slowest. Recently, there have been many projects working on a distributed lookup
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architecture (sometimes also called “Peer-to-Peer overlays” or “P2P overlays” for
short) [15, 17, 23, 40, 41, 59, 66, 90]. Some of them could be used for our approach.
Depending on the underlying system we choose, additional optimizations can be
implemented. E.g. sometimes the key-space is not uniformly distributed - there are
some spots (“data-spots”) with a lot of data and some with no data at all (“data-
holes”). In such a sparsely occupied key-range, nokeftgroupsneed to be pre-
allocated. They could be allocated as soon as some data fell inteethigroup This
way, during an insertion of a new key, the system asks the nearest node to also add
this newkey-group (E.g. if you already havkey-groups: andb on node 1, now a
new key, which would fall intkey-groupe, should be added. The system will ask
node 1 to also hol#ey-groupc.) This approach has two advantages:

1. The key-groupsdo not need to be pre-allocated, so use of the nodes is made
more efficient.

2. Allows better scalability, as newly added nodes can efficiently be filled with
new keys without having to migrate data from existing nodes.

To accomplish this feature, the underlying structure needs to support the routing
of lookups for non-existenkey-groupsto the nearest existingey-group (E.g. if
key-groupa and f exist, and then a lookup fdeey-groupc is done, the underlying
structure needs to route this request to either f. This only has to be done for
range-queries. For exact queries, the system can immediately return, as the key does
not exist).

3.4 Data Store

Each node has its own storage where all the keys of tkeggroupsare stored (see
section 2.3). For efficiency reasons, each node only needs to have one single storage,
and all key-ranges can be stored in the same place. As this storage also needs support
for sorted access to keys, conventional b-tree (e.gREELEYDB [65]) or highly
concurrent b-link trees [39, 47, 63] can be used.

To make the system as flexible as possible and to allow further extensions, each
key-value pair can have one or more pieces of additional metadata information, which
is stored alongside the data. Such metadata information could be:

e Permission flags, so access to this data can be restricted to some users

Time and date, transaction ID of last change

How many times the data item has been accessed already

Locks for transactions

A flag if actual data is locally stored or stored on another machine of the net-
work
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This metadata is also used by the system itself for monitoring, development and tun-
ing purposes. Beside having metadata and counters on data level, also other counters
should be put in place on node level, e.g. the amount of network traffic coming in
or out, how many queries the node already has answered, etc. This allows for mon-
itoring of the whole system during testing, finding the best way to implement all its
features. Later it can also be used for self-maintenance, e.g. to detect an overloaded
system or cache frequently used data.

Each request coming to the node should have a “unique” transaction 1D, so if the
whole query is split in parallel and would reach a node twice - for whatever reason -
the node will know that he already processed this query and does not need to do any
further action. Those transaction IDs do not need to be stored for a long time, and
can be removed after some time.

3.5 Replication

So far, we have not discussed replication of data in such a system, as there are several
aspects and granularity to look at. E.g. replication could be used as an active/standby
mechanism, so the replication is only used if the master is not available anymore, or
in an active/active manner, where writing/reading could be done on either master or
replica.

3.5.1 Active / Standby

This is the simplest approach and would only give the advantage of having a backup
copy in case the master is not available anymore. Additionally, several replicas could
be used to achieve even higher redundancy in case of failure. This method would not
give any performance advantage of having multiple data sources for the same data,
S0 access to its data could not be load-shared between master and replicas.

But the advantage is that this approach would not need to block write requests
until all replicas could be updated, so this is rather simple to implement.

To include such mechanisms into our distributed data structure, a simple approach
can be used: The originkky-groupacts as master and in case of an insertion/update
of a key-value it propagates these changes to its first replica, and this first replica then
propagates the changes along to the second replicade-g.a’ — a”). Alterna-
tively, the master could also update all its replicas (e.g= o’ anda — a”). This
could be done synchronously (the master waits to send back the response until all
replicas have been updated, and then returns its status) or asynchronously (the master
immediately returns its status, and updates its replicas later).

The master and its replica always send some tokens to probe their avaftability
Alternatively, replica 2 could also only probe replica 1, in case of a hierarchical setup.

If the master is unavailable, the replicas will fail to send its probe tokens and
the next available will be elected as master. If we have an underlying node-lookup

80nly the replicas have to send such a token. The master itself never needs to send a token to its
replica, as he knows their status anyway, when an update fails.
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Figure 23: Replication: A master and two replicas.

architecture as described in section 3.3.3, the node-lookup will automatically find the
correct replica, as it cannot find the original host and will just forward the query to
the next availabl&ey-group (E.g. if a lookup forkey-groupu fails because node 1 is
not reachable, the underlying node-lookup architecture tries to find the next available
key-group In Figure 23 this would b&ey-groupd located at node 2, where the first
replicad’ is also located.)

If the old master is available again, it will contact the current active replica to
update its value and will then act again as normal master.

3.5.2 Active / Active

With Active/Standby, we gain redundancy in case of a node failure. With Ac-
tive/Active, we could additionally gain load-sharing, although this method is more
difficult to implement.

If some data that fall into the sankey-groupis “hot” and needs to be accessed
from several clients at the same time, a potential bottleneck will occur, as only one
single node is responsible for this data. Here replication could also help, as master
and replicas would allow access to their data at the same time. Using this method,
synchronization and locking between master and replica must be put in place, so
all update requests must be atomic, and during a write/update, no client is allowed
to access the same data for read/write. Depending on the transactional need, there
are possibilities to tune the locking behavior, but nevertheless there is always some
amount of administrative cost to update all replicas.

Generally we can assume that writing data will be slower, as all replicas need to
be updated and during that time no other client is allowed to access the same data.
Each time before updating the data, the master has to set locks on each replica and
can then update the values.

Reading from those data can then be done in a load-balanced manner. The node-
lookup mechanism will randomly (or any other load-balance mechanism can be used)
forward the queries to either the master or his replicas.

Instead of using a separate key-space for all replicas, the node-lookup will just
add a fixed prefix to its intern&ey-group This prefix has to be large, so the chance
of putting the replica on the same node as the master is minimized. Assume a prefix
of 1000 and look at the mastkey-groupwith ID “35”. Doing a lookup of “35” will
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return node 1. A&ey-group‘36” is probably also on node 1, we now take our prefix

of 1000 and then look ukey-group‘1035”. This one is most probably not on node

1, and on this node we could store our first replica. The second will be on the node
with key-group2035”, and so on.
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4 Implementation of ERT (Extended Root Tree)

This section will describe the low-level and implementation details for the distributed
data structure. It will introduce the main concepts of the application and explain why

a specific approach has been taken. There are two main roles a user of the system can
have:

1. End User - This is the user of the Application Programming Interface (API)
of the system.

2. Administrator - This user configures the system and does administrative tasks
(like adding new nodes and removing nodes).

It should be noted that in some circumstances, both roles could be executed by the
same person.

According to section 2.2, the system will try to fulfill the requirements for a
distributed system. The following list summarizes the goals achieved or those still
open for the implementation of ERT:

e Transparency- The current design tries to be as transparent as possible to the
end user. It is important to know that the administrator of the system knows
that the system is distributed, as he needs to configure the nodes. On the other
hand, the end user API (Application Programming Interface) abstracts the fact
that the system is a distributed one. There are different kinds of transparencies:

— LocATION - The end user is unaware of the location of a resource; he
just has an interface to get/put/delete values and does not know where the
actual data is placed (local/remote).

— MIGRATION - The end user is unaware if resources have been migrated or
are migrating at the time the user sends requests. In addition, migration
does not alter the resource name or anything else.

— REPLICATION - The end user is unaware that data exists as multiple
copies distributed among some nodes. Also, the end user has no influ-
ence to stop/start migration for a particular data item. Replication can be
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turned on/off by the administrator of the system. In the current version,
replication is not implemented, but the design has already taken replica-
tion into account.

— FAILURE - Depending on whether replication is enabled/disabled, the end
user will not see any disruption in service. The failure rate also depends
on the degree of replication and the overall size of the system.

— CONCURRENCY - The end user is unaware of other users of the sys-
tem. The current implementation does not support transactions. E.g. ev-
ery change an end user performs on the system is immediately available
to other users; there is currently no BEGIN/COMMIT/ROLLBACK for
transactions.

— PARALLELISM - The end user is unaware of parallel execution of his
requests.

o Flexibility - The system tries to be as flexible as possible with respect to per-
formance. The three main points, which will give flexibility, are:

— SERVICE CONCEPT- The system is designed around services: Each node
has some services running, and these are responsible for certain requests
(e.g. a data store service is responsible for storing/retrieving data). Those
services are decoupled from each other and the only interfaces to the out-
side world are data items, which can be sent to it. Each service has to
subscribe for keywords it is listening to (e.g. the data store service sub-
scribes to the keywords “get”, “put” and “delete”).

This allows extensions with new services, without having an impact on
the design or structure of other parts of the system. (A detailed descrip-
tion can be found in section 4.1).

— PLUGIN CONCEPT- Some services allow for further extension. E.g. the
data store service allows for extensions with plugins to have different
kinds of backend storage (file, database or others). The plugin structure
has been designed to allow transparent access: The system itself does
not know which exact plugin is in use; it just accesses it through a well-
defined interface. (Detailed description can be found in section 4.2).

— MESSAGE CONCEPT- The messages passed between the services are
extensible as well. It defines a key-value concept, so each service can add
new keys if it needs to. (A detailed description can be found in section
4.3).

o Reliability / Availability / Redundancy - For enhanced reliability and avail-
ability, the data can be replicated to other nodes. For write access (put, delete)
the request is always routed to the master of the responsible data, and this mas-
ter then transfers the data to its replicas. For read access (get), the requests are
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load-shared among all master/replicas to enhance performance. To circumvent
the problem of possible inconsistency, the routing is done at several levels, and
if for some reason a request is routed to the wrong node, this node will relay
the request to the correct one. In current implementation, no replication has
been implemented yet, but the design allows for adding this functionality later.

e Performance - To gain optimal performance, all services are decoupled and
run inside their own thread of execution. Together with other services, the
system can run multi-threaded and can achieve performance gains on multi-
processor machines. Also, the system is designed to allow asynchronous exe-
cution. This means all requests sent from one service to another one (local or
remote) do not wait for an immediate response and continue to work with other
data until the response eventually comes in. This is a very important aspect to
allow high performance processing.

e Scalability - The scalability is highly dependent on the actual implementation
of the communication/directory component (see section 4.4.3). From the de-
sign point of view, the system can scale to a very large number of nodes, as the
system has been designed to hold as little status information as possible on the
node itself (e.g. the algorithms do not store status information for other nodes).

e Concurrency / Parallelism - As the system is already distributed to multiple
nodes, it already does parallel processing of data. To allow concurrent access
to the system, there are two possibilities:

1. The end user attaches his own application to a node that also stores data.

2. The end user attaches his own application to a new node that does not
store any data.

In the former case, the node is a member of the distributed data structure and
also a member of the end user application. In the latter case, the node is only
a member of the end user application and connects to the system over the net-
work. In both cases, the end user has concurrent access to its data.

e Security - No security counter measurements are currently in place. This im-
plies that a malicious user could harm the whole system, e.g. by sending ad-
ministrative messages, which could result in bringing down the whole system.
However, the current design allows for extending the system with security mea-
surements (such as encryption and authentication of messages as an extension
to the sending/receiving entity).

Figure 24 shows the overall design with all its components (Services, Plugins, Mes-
sages with their queues and supporting components).
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Figure 24: ERT System Overview

4.1 Service Concept

The system consists of several services, and each of them solves a well-defined part of
the whole process. This allows for grouping functionality together and decoupling the
system. It also allows for extending the system in the future with new functionality,
which is not yet known or is application specific. Such extensions could be:

e A database application could implement a SQL [16] parser service, which
would then use the underlying b-tree as a storage layer.

e A conversion service, which allows XML-based requests to be parsed and pro-
cessed.

e A security service, which would grant/deny access on special criteria.

Generally such services only need be implemented if the standard user access, which
only gives get/put/delete access to data, is not enough and access to lower-level parts
are necessary to extend the functionality beyond the simple get/put/delete interface.

While services are not allowed to exchange data directly, there is a dispatcher,
which will act as an intermediator between all services (see section 4.1.1 for details).
The dispatcher decides where a specific request has to be forwarded; according to
the supplied keywords, every service has to subscribe beforehand at the dispatcher.
Using the service concept has the following advantages:
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e Decoupling- Each service has a well-defined role and interface. A service can
never call another service method directly. The interfaces between services are
thread safe queues, and only the main component - the dispatcher - can put/get
a workload from/to each service. Therefore, the only interface of a service is
his queue, where he receives the workload from the dispatcher. All completed
work is then sent again to the dispatcher, which then decides what to do with
the work (e.g. send it to another service to process further).

e Enhanced Performance- Each service runs independently from the others.

In the current implementation, each service runs within its own thread of ex-
ecution, which scales with the number of CPUs of the underlying machine.
Generally, it is not a good idea to have a large number of threads running at
the same time, as each context switch of a thread will cause an overhead on
the machine and will slow down the performance. However, with the current
number of services, not many threads are running. Because the generation of
the threads is done within the dispatcher, a further enhancement could be the
introduction of a thread pool, where a predefined amount of threads are passed
on to the busiest services.

e Avoiding Threading Problems- There is no limit how long a service needs to
complete a certain task (e.g. the data store service takes longer to process, as
it has to store data to disk, while other services have shorter processing time),
so a multi-threaded system is necessary. Designing a well-functioning multi-
threaded system is not an easy task (see section 2.5), as concurrent access to
data is difficult to handle and the needed synchronization overhead will slow
down performance.

The service concept will solve this problem, as each service only runs within
one single thread of execution. This way, the design and implementation of
a service becomes easier, as it only has to be designed with a single threaded
approach in mind, and no attention has to be paid to synchronization or con-
currency issues. The only part of the system that is really multi-threaded is
the dispatcher itself, as it will receive requests from all services and therefore
has several threads of execution. But the dispatcher is a very small part of
the system and consists only of a handful of lines of code and has been tested
extensively (with respect to performance and accuracy).

e Extensibility - Each service has keywords assigned, which will act as routing
indication for the dispatcher (e.g. the data store service will respond to “get”,
“put” and “delete” requests). This allows for easy extension, as new services
just need to assign new keywords for their functionality and can be put in place
without changing other services or the core system. Services could even be
added/removed during runtime, just by registering/unregistering the keywords
at the dispatcher.
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4.1.1 Structure

Because every service has some basic thing in common, they all extend from an
abstract service base (ServiceBase class). This class already implements features
needed for message handling and registering service keywords.

It makes no sense to have several instances of the same service running, therefore
every service needs to be implemented as a singleton [20, 26].

For a structural overview, see Figure 25.
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<Name>Service

run()
registerAtDispatcher()

getlnstance()

Figure 25: Class Diagram for the Service Concept

An actual implementation of a service already gets the functionality of the service
base class:

e run - Must be implemented in the actual service and must contain the run
loop of the service. Typically, it consists ofggtWorkcommand and will then
process the request. After completion, it will process the next request and so
on.

e registerAtDispatcher - Must be implemented in the actual service. During
initialization, this method will be called to register all its keywords at the dis-
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patcher. It normally contains a list eégisterServiceequests for all assigned
keywords.

registerService- With the registerAtDispatchemethod, a list of thoseegis-
terServicerequests will subscribe the service keywords at the dispatcher. It is
not required to register the keywords during service initialization - this can be
done at any time - but it is recommended to do it at the beginning, because if
the dispatcher receives a request for an unknown keywaord, it will just discard
it.

getWork - Will take the oldest request from the service queue. If the queue is
empty, the thread will go into a waiting state until some work is pushed into
that queue.

addWork - Will put some work into the dispatcher queue. This method can
be used if the work is of the “shoot-and-forget” kind and does not need to be
handled as a transaction; therefore, no answer needs to be sent back.

transactionBegin- Will put some work into the dispatcher queue. This method

can be used if the work is a request that needs a response. If you use this
method, the system makes sure that the response is routed back to this service.
This also stays true if the request needs to be sent to another node. The response
will always find its way back to its originating service.

transactionContinue - Will put some work into the dispatcher queue. This
method can be used if the request is received by this service but needs further
processing by another service. You can do processing on this chunk of data
and then pass it to another service. The response to this request will then be
sent directly to the service, which originated the actual transaction.

transactionSplit - Will put some work into the dispatcher queue. This method

is a special case oftaansactionContinuenethod. It will also relay the work,

but is able to relay it to several services at once. This is useful if you need
to spread some information to several nodes (e.g. if a “put” request needs to
be stored on the master and also on all replicas, then the “put” request can be
split and directly sent to all required nodes). A transaction monitor at the dis-
patcher of the initiating transaction will make sure that the final response of that
transaction is collected from all sources and, if all sources report “successful
operation”, it will send back a “successful operation” message to the initiating
service. If only one source sends back an “unsuccessful operation” message,
the whole transaction is sent back as “unsuccessful” to the originating service.

transactionEnd - Will put some work into the dispatcher queue. This method
needs to be used if it is the final response to a request and the response should
be sent back to the originating service.

getinstance- This must be implemented in the actual service and should re-
turn the only instance of this service. The service has to be implemented as a
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singelton [20, 26], and th8erviceManagervhich will load the service, will
use this method to get its service instance using standawd idtrospection
mechanisms. There is currently no other wayAmalto force implementing a
static method (such as forcing to implement a normal method usingidter-
faces). In any case, you would get a runtime exception iSbericeManager
tried to load this service but could not find thjetinstancemethod.

The complete processing of requests from one service to another is shown in the
following Figure 26

registered
keywords

Service B

Figure 26: Processing of a Request

1. Service A sends a request to the dispatcher (eithadd®/ork transactionBe-
gin, transactionContina ortransactionEngl

2. Dispatcher will pick up the oldest entry of its queue and start processing it.

3. Dispatcher will lookup in its registered keywords list to find where it has to put
the request.

4. Dispatcher will find a suitable Service B and puts the request in its queue.

5. Service B will pick up the oldest entry of its queue and start processing it.
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4.1.2 Usage

e Creation - The instance is created by tBerviceManagemwhich manages all
services that should be loaded during application startup. ShigsiceMan-
agerwill use thegetinstancanethod to get the single instance of this service.

static public synchronized DataStoreService getinstance() {
if (null == instance) {
instance = new DataStoreService();
instance.dataStoreManager = DataStoreManager.getinstance();
logger.info("DataStoreService started");

return instance;

}

Figure 27: Creation of a Service

e Registering - The ServiceManageusesregisterAtDispatcheto register all
keywords for this service at the dispatcher. The service is then set up to
receive requests for those keywords. There is one special keyword, “default”,
which can be implemented by one and only one service, which will then be
chosen by the dispatcher, if no service for a particular keyword has been found.

public void registerAtDispatcher() {
registerService("putdb");
registerService("getdb");
registerService("getnextdb");
registerService("getprevdb”);
registerService("deletedb");
registerService("getsizedb");

Figure 28: Registering at Dispatcher

e Run Loop - After the initialization phase, th8erviceManagewill execute

the run loop of the service, and the service will do the actual work.
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public void run() {
Thread.currentThread().setName("ERT.KeyPartitionService");
while (true) {
Dataltem dataltem = getWork();
String operation = dataltem.getOperationType();
if (operation.equals(“get")) {
keyPartitionManager.get(dataltem);

}

Figure 29: Run Loop

e Responding - After or during the processing, one or more new re-
qguests/responses are sent to the dispatcher. This can be done inside the
service itself, or within subcomponents of the actual service.

Dataltem response = dataStoreManager.get(dataltem);
transactionEnd(response);

Figure 30: Responding

4.2 Plugin Concept

Besides extending the functionality with new services, some core services have the
possibility to change their functionality. Currently there are two services which have
a common plugin structuréNodeCommunicationServiemdDataStoreServiceEx-
tensions to services could be:

e New routing mechanisms for messages (e.g. Zeroconf based [35], P2P-overlay
based [15, 17])

¢ New messaging methods for communication between system instances (e.qg.
Java Remote-Method-Invocation, XML based, ASN.1 based [6, 45])

e New storage mechanisms for actual data (e.g. file based, database based)

The main idea behind the plugin concept is to allow for exchanging parts in an already
implemented service with other plugin components. Instead of building a complete
new service from scratch, extending existing services with plugins reduces the devel-
opment time. Using the plugin concept has the following advantages:

e Reducing Development Efforts- By re-using the already available service
component with all its business logic, the time to develop and test a new ser-
vice can be reduced, as only part of the plugin itself needs to be written and
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tested. The plugin itself needs to implementasalinterface and has to con-

form to its method declaration. The plugin will then be loaded by the service
itself as a delegate/proxy (see delegate/proxy pattern in [19, 26]). This means
the service or the whole system does not know which particular plugin is in
use.

Also, the plugin can use the already proven base classes, such as logging, con-
currency packages and data structures.

e Extensibility - As you would use the service concept if you wanted to make
structural changes to the whole system (e.g. by introducing new keywords,
functionality), you can use the plugin concept to make smaller changes to al-
ready developed services.

e Abstraction - As the system itself is not aware of the actual plugin implemen-
tation, the whole system will benefit by the reduction of complexity that needs
to be handled.

4.2.1 Structure

The actual structure is dependent on the service and the interface it provides for
plugins, so the number and signature of the methods can change for each service.
For a structural overview, see Figure 31.

<Plugininterface>
<<interface>>

method1()
method2§

4 "
pv <<realize>> <<realize>>
N

4 A
/ A

<PluginDelegate>

N

<Plugin>

PluginDelegate()
method1()
method?2()

method1()
method?2()

<Service>

Figure 31: Class Diagram for the Plugin Concept

e methodl / method2- The interface specifies which methods should be part
of the Plugin. Those methods need to be implemented atRhain. The
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PluginDelegatewill also implement those methods, but only as an envelope to
the actual plugin. This means the implementation ofRheginDelegatewill

use the same method in tRugin instead and therefore acts as a proxy (see
section 4.2.2 for details).

¢ PluginDelegate- During instantiation of théluginDelegateit will load the
actualPlugin using AvA introspection mechanisms. In the current design, the
Plugin needs to have the same name asRh&yinDelegate and it needs to
reside inside its own sub package (seeaJcode for examples).
The Servicewill only access thePluginDelegateto actually reach a plugin.
This abstracts the actual plugin implementation from the rest of the system.

4.2.2 Usage

e Creation - ThePluginDelegateneeds to load the actual implementation of the
Plugin. This is done in the constructor of the delegate, as shown below. The
delegate is then initialized (e.g. by setting properties, which are needed for
setup).

static private String plugin = "berkeleyje";

public DataStore(String instanceld) {
try {
delegate = (DataStorelnterface)
(Class.forName("ch.nix.ert.store."
+ plugin + ".DataStore").newlnstance());
delegate.setDatabaseld(instanceld);
} catch (InstantiationException e) {
e.printStackTrace();
} catch (lllegalAccessException e) {
e.printStackTrace();
} catch (ClassNotFoundException e) {
e.printStackTrace();

}
}

Figure 32: Creation

e Delegating- If a method is accessed, the delegate acts as a proxy and forwards
the request to the actuBlugin.

public Dataltem getDataltem(Dataltem data) {
return delegate.getDataltem(data);

}

Figure 33: Delegating

e Implementation - The actual implementation of the functionality inside the
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Plugin.

public Dataltem getDataltem(Dataltem data) {

/lextract key from data

long key = data.getUserKey().getld();

llcheck, if connection to database is already open

if (myDatabase == null) {
this.openDatabase();

}

try {
/I Create a pair of DatabaseEntry objects. theKey
/I is used to perform the search. theData is used
/I to store the data returned by the get() operation.
DatabaseEntry theKey = new DatabaseEntry();
DatabaseEntry theData = new DatabaseEntry();

Figure 34: Implementation

4.3 Message Concept

The current architecture is based on message passing. All services pass messages
along to other services. Those can be on the same node or on a remote node. The
basic idea of this message concept is to introduce a common way for intercommu-
nication between services, which also allows for future extension. Such extensions
could be:

e New yet unknown services need specific data, which needs to be transported
over the already deployed network.

e In addition to the raw key-value data from users, other properties such as
permission-related attributes and metadata might be introduced.

e New communication protocols (e.g. switching to XML, ASN.1 [6, 45]) could
be introduced; this should not affect the implementation of the services.

As the future is unknown, the messaging should be decoupled as much as possible
from the actual implemented services, so additional attributes could be added with-
out affecting already developed services (backward, forward compatibility [75, 79]).
Generally, using the message concept has the following advantages:

e Backward Compatible - New versions of ERT should understand old mes-
sages, as the messages themselves are based on a key-value mechanism. In
newer versions, new keywords can be introduced, but the old keywords are
still recognized. A system with a mixture of old and new systems is possible
and in the case of a rolling update (an update with zero downtime) unavoidable.

e Forward Compatible - Old versions of ERT should understand new messages,
again because the old key-values are still present in the new messages. Of
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course, this has the limitation that features introduced in the new version are not
available on the old system. However, because the message concept will still
understand the grammar of the message, it will not alter the message itself, but
just not react to new attributes. This is also important during a rolling update
of a system, where it is unavoidable that at a certain time, multiple versions of
the system are running at the same time.

e Extensibility - Because of the key-value nature (See section 4.3.1 for details),
new attributes can be introduced at any time. Even when new attributes are
introduced, the communication component is still capable of sending the mes-
sages, even if they contain new/unknown attributes. The same is true for ser-
vices: Each service only looks at those attributes it is interested in and will not
fail if new attributes are introduced.

e Abstraction - The structure of the actual message is hidden for the developer;
he does not know how the message is built. The message itself is a lightweight
object, which basically contains an array. The keys are integers and the values
can be of any kind. Making the values as lightweight as possible, e.g. using
only strings, integers or simple objects to speed up the processing speed, is en-
couraged. This is important, as each sending and storing activity will serialize
the message object and serializing complex object structures can be slow.

4.3.1 Structure

The message concept is based on a class n&atdtem which consists of an array
and the idea that every attribute is represented by a key-value pair:

e Key - The key is the representation of the attribute. It is of tygeinteger)
and in current implementation all keys are on the same level. There is no
namespace. Every attribute is identified by its unique key. In the future, as the
attributes might grow, a nested approach in which keys are grouped and nested
together could be necessary.

e Value - The value is the attribute content. It is of tyfjectand therefore
can be any kind of information. Having only simple objects is encouraged, as
there is a performance penalty to convert complex objects to the actual binary
representation needed for storing and communication between nodes.

To make it easier for the developer, all key-value attributes have accessor methods,
which help setting/getting/deleting attributes. It is favorable to use these accessor
methods, because using the array directly will always result in a return value of type
Object,which would need to be cast to the needed object by hand afterwards. Using
accessor methods does this for you.

For a structural overview, see Figure 35



4.3 Message Concept 57

Serializable Cloneable
<<interface>> <<interface>>
Object clone()
N 7
\ /
\ 7/
\ /
\ /7
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\ /
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<<realize>> ,/ <<realize>>

\ /7
\ /

Dataltem

array
Object getValue(int)
putValue(int, Object)
removeValue(int)
boolean existValue(int)
Object clone()
Dataltem getClone()

UserKey getUserKey()
setUserKey(UserKey)
removeUserKey()

Figure 35: Class Diagram for the Message Concept

e Serializable- There is no method to implement for tBerializableinterface.
NeverthelessDataltemneeds to implement it, so this class can be automati-
cally serialized for use in data store and communication layer as needed.

e clone- This allows cloning the object. Sometimes this is needed if you want
to split the transaction (see section 4.1.1 for details) into multiple pieces and
every piece contains the sarbataltem(e.g. to replicate the very same data
to several nodes). Itis also needed if multiple references of the Baadtem
are sent around inside the same node, as then multiple threads might mod-
ify this Dataltemat the same time. Cloning can help in these circumstances.
Generally, théDataltemis implemented in a thread-safe way, so even multiple
threads could eventually modify the samataltem Nevertheless, some ser-
vices may not allow th®ataltemchange at the same time by another service
and therefore need to implement cloning.

e getValue - Gets a value for a given key. The key is always of typeand
this method returns an object of ty@bject Using accessor methods for the
keys instead is encouraged, as they provide optimized versions on accessing
the actual value.

e putValue - Assigns a value for a given key. The key is always of tigeand
value of typeObject Using accessor methods for the keys instead is encour-
aged, as they provide optimized versions on storing the value.

e removeValue- Removes a given key. The key is always of type Using
accessor methods for most of the keys instead is encouraged.
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e existValue - Checks for the existence of a certain key. The key is always of
typeint and will return aboolean(false/true).

e getClone- This is a more convenient method to clon®ataltem as it al-
ready returns an object of tyfi#gataltem(as clone itself only returns a generic
Objec).

e get/ set / remove- These are accessor methods for the most common used
keys. Currently all used keys have such accessor methods and using them
is strongly encouraged, as they already provide basic conversion to the final
object type.

4.3.2 Usage

e Getting Values- There are two ways of getting values: One is by using the
general method, and the other is by using the accessor methods.

Node originator = (Node) dataltem.getValue(
Operationinterface.DIRECTORIGINATOR);

Figure 36: Getting Values - General

Node originator = dataltem.getDirectOriginator();

Figure 37: Getting Values - Accessor Method

e Setting Values- There are two ways of setting values: One is by using the
general method, and the other is by using the accessor methods.

Node node = new Node();
dataltem.putValue(
Operationinterface.DIRECTORIGINATOR, node);

Figure 38: Setting Values - General

Node node = new Node();
dataltem.setDirectOriginator(node);

Figure 39: Setting Values - Accessor Method
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e Removing Values- There are two ways of removing/deleting values: One is
by using the general method, and the other is by using the accessor methods.

dataltem.removeValue(Operationinterface. DIRECTORIGINATOR);

Figure 40: Removing Values - General

dataltem.removeDirectOriginator();

Figure 41: Removing Values - Accessor Method

4.4 Components

This section will describe the most important components, which form the ERT sys-
tem.

4.4.1 Key Partition Service

This service is responsible for deciding if this node can handle an incoming request
or if it should be relayed to another node. Furthermore, it handles all data migra-
tion requests and in future versions of ERT will also handle replication. In current

implementation, th&ey Partition Servicdistens to the following commands:

e put - Will first check to determine whether this node is responsible for this
key-value pair. If so, it will store the key-value by using hata Store Service
(see section 4.4.2) method: putdb. If ey Partition Servicelecides it is not
responsible for this key-value pair, it will try to relay the request to the node it
thinks is responsible for it.

e get - Will first check to determine whether this node is responsible for this
request. If so, it will retrieve the value for this key by using bata Store
Service(see section 4.4.2) method: getdb. If ey Partition Servicelecides
it is not responsible for this key-value pair, it will try to relay the request to the
node it thinks is responsible for it.

e getnext- Will first check to determine whether this node is responsible for this
request. If so, it will retrieve the value for the next key by usingDiag¢a Store
Service(see section 4.4.2) method: getnext. If ey Partition Servicale-
cides it is not responsible for this key-value pair, it will try to relay the request
to the node it thinks is responsible for it.

e getprev - Will first check to determine whether this node is responsible for
this request. If so, it will retrieve the value for the previous key by using the
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Data Store Servicgsee section 4.4.2) method: getprev. If ey Partition
Servicedecides it is not responsible for this key-value pair, it will try to relay
the request to the node it thinks is responsible for it.

o delete- Will first check to determine whether this node is responsible for this
request. If so, it will delete the corresponding key-value pair by using the
Data Store Servicésee section 4.4.2) method: deletedb. If Key Partition
Servicedecides it is not responsible for this key-value pair, it will try to relay
the request to the node it thinks is responsible for it.

e nodeload- Will return the current load of this node. The return value is a
number between 0 and 1. 0 means: Node is idle and 1 means: Node is under
heavy load.

¢ firstnode - During startup phase, this command indicates that this node is the
first node on the whole network. This implies that this node does not try to
probe for other nodes during startup and will assign the whole data range (all
possible keys) to itself.

e join - During startup phase, this command indicates that this node should be
part of an already existing network. It will then probe some random nodes to
find out which node currently has the highest load, and will then ask this node
to migrate some data from it.

e migrationprobe - Is similar to the join command. During runtime, the system
will probe its neighboring nodes (those nodes which are responsible for the
next higher or lower data range) every few minutes to see if they have compa-
rable load. If it finds that the neighbors are more heavy loaded compared to its
own load factor, it will start a migration. This way it can be assured that the
overall load is evenly distributed among all participating system nodes.

e migrationstart - This request will start a migration (see section 4.5.4). As
each node can only be part of one migration at a time, it will first check to
determine whether this node is already doing another migration. If not, it will
respond with the data range to migrate.

e getmigration - This request will actually transfer the data from one node to
the other.

e migrationend - If the migration is finished and all necessary data has been
transferred to the other node, this request will indicate that the data has been
successfully migrated. The two participating nodes will then adjust Nheiie
Directoriesand carry out other administrative actions.

4.4.1.1 Responsibility TheKey Partition Servicavill always check to determine
whether the local node can handle the incoming request. If not, it tries to relay the
request to another node, which it thinks is responsible for. Of course, the newly
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chosen node again checks the responsibility and will further relay the request until
the correct node is found. Under normal circumstances, in which the node directory
is up-to-date, no relaying is necessary. Relaying only happens if one node directory
has temporary outdated information.

4.4.1.2 Migration TheKey Partition Servicés responsible for data balancing and

will migrate the data automatically if necessary. During startup of a new node, it will
probe a few random nodes to find out which is the most loaded node and will then
start migrating some data to the new node. After this first migration (the new node
joins the network), the nodes will continuously watch their neighboring nodes, and, if
their load starts to climb, request a migration to relieve overloaded nodes. See section
4.5.4 for more details.

4.4.1.3 Replication In current version of ERT, no replication feature has been
implemented. Replication already has been prepared in the design of the application
and should be straightforward to implement, as the logic should be about the same as
for migration.

4.4.2 Data Store Service

This service is responsible for actually storing the data permanently, e.g. to disk. It
uses thd’lugin Conceptlescribed above to allow replacing the actual data store with
another implementation. The following commands are supported:

e putdb - Will store a tuple (key-value) to the storage. The outcome of this
operation will be sent back by returning true/false.

e putdbnoack - Will store a tuple (key-value) to the storage. There is no re-
sponse sent back, so there is no guarantee that the tuple was successfully stored.

e getdb - Will retrieve a tuple (key-value) from the storage. The response will
contain the complete key-value pair.

e getnextdb - For a given key, it will respond with the next available key-
value pair. E.g. if your database contains the following key-value pairs:
(1—DATAL), (4—DATA4), (12-DATA12), agetnextdlrequest for key 1 will
return the tuple (4-DATA4).

e getprevdb - For a given key, it will respond with the previous available
key-value pair. E.g. if your storage contains the following key-value pairs:
(1—DATAL), (4—DATA4), (12-DATA12), agetprevdlrequest for key 4 will
return the tuple (&:>DATAL).

o deletedb- Will delete a tuple (key-value) from the storage. The outcome of
this operation will be sent back by returning true/false.
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e getsizedb- Will return the current amount of tuples (key-value pairs) of the
datastore.

In the current implementation, only saERKELEYDB JavA EDITION [65] storage is
available, but other plugins can be built and used instead.

4.42.1 BRKELEY DB BERKELEYDB [65] is an implementation of a balanced
tree (b-tree) and is available from Sleepycat Software. Two different implementations
are available: BRKELEYDB and BERKELEYDB Java EDITION. The former is
written in C-language and is a proven product, used in multiple commercial and non-
commercial applications. There am/3 bindings, through thea¥a Native Interface
(INI), so AvAa applications can use the C version of this implementation. The newer
BERKELEYDB JavA EDITION is a re-write of the whole data-store ima language.
There is no need to install any C libraries anymore in the system, as this version is
now 100% AvA.

Some general features oERKELEYDB are (taken from [65]):

e Open Source- The sources for BRKELEYDB are available for download and
BERKELEYDB can be integrated into your own open source software for free,
although if you want to include it in your own commercial applications (where
you don’t want to make the sources available), a license has to be bought.

e Small Footprint - In contrast to full-blown databases (e.g. Oracle, DB2),
BERKELEYDB only needs very limited space on disk for the executable, and
the memory footprint of the loaded executable is very low.

e Thread-Safe Library - BERKELEYDB is completely thread-safe; therefore,
multiple threads can be read/written to the database at the same time. This
feature is currently not used, as thigta Store Servicenly runs within a
single thread.

o File System Integration- The database itself is stored on a normal file system.
There is no need for a special partitioned hard disk or other storage medium.

e Large Databases BERKELEYDB supports databases up to a size of 256 ter-
abytes and key-values up to 4 gigabytes in size.

e Transaction - BERKELEYDB allows transaction. This means that several op-
erations can be performed on the database and they will only be visible to
others if the whole transaction is executed. OtherwiseriB=LEYDB will
roll back to the state it was in before the transaction started.

e Check Points- If BERKELEYDB or its hosting application crashesgBKE-
LEYDB automatically brings the database into a consistent state after the next
startup.

e Hot Backup - A backup of the database can be done during normal operation.
There is no need to shut down the application to do a backup of the data.
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4.4.3 Node Communication / Directory Service

This service is responsible for sending requests to other nodes and consists of two
main components:

1. Node Communication- This part is responsible for sending direct requests to
nodes. Such requests can be administrative in nature (e.g. status messages) or
application related (e.g. get/put/delete requests). The general dispatcher (see
section 4.1) tries to route the messages, and if he can’t find the required service
on the local node, he will put it on tHdode Communication Serviead this
service will then send out the request to the correct node.

2. Node Directory - As theNode Communication Serviceeds to know which
node is responsible for which data range, Nwe Directorymaintains a list
(this list can be real or virtual; e.g. for smaller systems, the list could be stored
on each node. For larger systems, the list can be distributed over all or parts of
the nodes) and just responds to requests like “give me the IP of the node which
is responsible for key a”.

Both components are implemented following #legin ConceptDepending on the
needs, both components (communication and directory) could be implemented as one
single large component if needed, or separated.

The following commands are supported:

e send- Will send out this data item. Depending on the routing indication of this
data item, the service will first do a lookup in t&de Directoryor if an IP is
already supplied in the data item, it will send it directly to the corresponding
node.

e default - The dispatcher (see section 4.1) will automatically send all requests
for which it does not find a local responsible, to a service which subscribes
the “default” keyword. ThéNode Communication Servigell then receive all
requests that cannot be handled by the local instance and therefore need to be
transferred to another node.

e publish - If there is a new key-group to be added to the local instance (so the
local instance will get a new data range assigned) Nbde Directoryneeds
to be called with this command, to update its directory. It will then pass this
information to itsNode Directoryplugin, which will carry out the necessary
steps to publish this information, e.g. to send a broadcast to all other nodes,
telling them that this node is now responsible for this new data range.

e unpublish - If the current node is no longer responsible for a certain data range,
it needs to send this message to Mede Directory It will then pass on this
information to itsNode Directoryplugin, which will carry out the necessary
steps to unpublish this information.

In the current implementation, two communication pluginst(RNETTY2) and one
directory plugin (MDNs) are available.
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4.4.3.1 Rwi This communication implementation on top of the standaseh J
Remote Method Invocation (R) [67] is a rather slow but straightforward method

for sending messages from one node to another. It basically uses two main parts for
sending messages:

e Serialization - A RmMI message is basically a fula object that is being sent
over the network. Before the sending can be done| Boes a serialization
of the object into a byte stream. That means all relevant data of an object (in-
stance variables, static variables) are converted to a flat byte stream, including
administrative data to de-serialize the data stream afterwarghs. aRtomat-
ically uses an internal serialization mechanism, so the application developer
does not need to write its own. He can, however, by implementing special
serialization methods (e.g. for better serialization performance).

Object Object
Attributes Attributes
Atributes i 1000117107100 s Attributes
Operations Operations
Operations Serialization De-Serialization | Operations

Figure 42: Serialization, De-Serialization

e Sending- After a byte stream has been generated through serialization, R
tries to deliver it over the network.

The main use of this plugin is to have a running communication layer very quickly,

as most implementation details are already included in the IRrary. As a down-

side, the performance is quite low. A test between two machines showed that this
mechanism allows around 80 messages per second to be sent over the network. The
main bottleneck is the serialization mechanism, which takes the most time.

4.4.3.2 NeTTY2 This communication implementation on top oENry2 [46]

uses the newaVa NIO-package (New 1/O) [68], which claims to support superior
network performance. The main difference between the old networking libraries and
the new are: The old was using one thread for each listening network socket, while
the new is only using a user-specified number of threads for all network sockets.
This is especially useful for servers, which need to listen to many concurrent network
channels from different nodes.
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Figure 43: Old vs. NewAVA Networking

The main advantage of this plugin is its better performance. A test between two
machines showed that this mechanism allows around 700 messages per second to be
sent over the network (around 10 times the performancevo) RAs NETTY2 or NIO
are only libraries for doing raw network transfer, the downside is that the application
developer needs to build its own serialization/de-serialization mechanism. This has
been done for ERT, which implements an efficient way to encode/decode messages
in a way, similar to ASN.1 [6, 45].

4.4.3.3 MDNs Thisis a directory implementation on top ofiDNs [71], which
conforms to the Zeroconf/Rendezvous [2, 35] specification.

ServiceConsumer [ JmDNS | ServiceProvider
) 1 1
L i calee
listen
publish
broadcast
service call
service response
unpublish
broadcast

o - -
i i i
1 1 1

Figure 44: #DNs Message Flow

It is responsible for maintaining the directory of ERT and holds a list, which
part of the data is stored on which node. It implements a broadcasting mechanism
to transmit changes to its directory to other nodes. As changes to the data range do
not occur very often, this mechanism does not need to be very efficient. Also, the
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problem of propagating time is solved, as the system works even if one node has
outdated information about the other nodes. In this case, the lookup just takes a bit
longer, as the node that received the request and does not feel responsible will just
relay it to the correct one.

4.4.4 Callback Service

This service is responsible for automatic callbacks within the ERT application. Nor-
mally, if you need periodic execution of a code (e.g. to collect statistic information
every minute, clean-up), a separate thread that will execute the code from time to
time is introduced. This can lead to poor performance, as every such situation would
need a separate thread (e.g. if you need to update statistical information every minute,
clean up every 10 minutes and poll a server every 5 seco@ddpack Servicédries
to outsource this mechanism to its own service. Additionally the timely execution is
always done over the normal service interface, so the callback service never executes
code directly; it just puts the callback into the service queue, which requested the
callback before. This way, every service can still run within one single thread (see
section 4.1), and no synchronization overhead needs to be put in place.

There are two types of callbacks:

o calllater - The callback is executed only once after a specified amount of time.

e callcontinous - The callback is executed at every specified time (e.g. every
minute).

Callback Service

Figure 45: Callback Service

1. Service requests a callback (e.g. a continuous callback)

2. After the time is up, theCallback Serviceputs the original request into the
Service Queu®

SFor simplicity, the role of the dispatcher is not shown here. All request€étiback Servicer
Service Anormally go through the dispatcher.
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445 User Service

This service is part of the user application; the user of ERT will interact only with
this User Service It supports wrapper methods for commonly used functions and
will hide the complexity of a distributed system. The methods provided bytes
Serviceare:

o put(key, value) - Will store the key-value pair and will not block further ex-
ecution. Whether the request can be executed successfully or not, it will be
returned at a later stage using an asynchronous response.

e putSync(key, value)- Will store the key-value pair and will block until a re-
sponse (successful/unsuccessful) is returned by the ERT system.

o get(key) - Will retrieve a value for this given key. The request is executed
asynchronously, and the response is sent back at a later stage.

e getSync(key)- Will retrieve a value for this given key and will block until a
response (the value or a status message indicating a failure) is returned.

o getNext(key)- Will retrieve the next value for this given key. The request is
executed asynchronously, and the response is sent back at a later stage.

o getNextSync(key)- Will retrieve the next value for this given key and will
block until a response (the value or a status message indicating a failure) is
returned.

o getPrev(key)- Will retrieve the previous value for this given key. The request
is executed asynchronously, and the response is sent back at a later stage.

e getPrevSync(key) Will retrieve the previous value for this given key and will
block until a response (the value or a status message indicating a failure) is
returned.

o delete(key)-Will delete the value associated with this key and will not block
further execution. Whether the request can be executed successfully or not, it
will be returned at a later stage using an asynchronous response.

o deleteSync(key) Will delete the value associated with this key and will block
until a response (successful/unsuccessful) is returned by the ERT system.

The only interface between the user application and ERT will be the interface de-
scribed above, so a user application never uses other services or other parts of the
ERT system.

4.4.6 Main Service

The only responsibility of thé/ain Serviceis to initialize the system and listen to
application requests (such as shutdown, startup, dumping version information).
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4.5 Message Flow

This section will describe the most common message flows of ERT. For simplicity,
the role of the dispatcher is omitted.

4.5.1 GetRequests

UserService CommunicationService CommunicationService &xParmionService DataStoreService
i i i i i
| | | | |

] ] ]
get get get m getDB
Network
12
getResponse getResponse getResponse
- -
! Nd :
' S’ '
| |

Figure 46: Get Request

TheUserServicavill initiate a get requestiransactionBegipand if the request can’t
already be answered at the current node (e.g. because the node does not contain any
data, as it is not part of the storing network and only acts as a user service, or the
data is not part of its own data partition), tN@edeCommunicationServigéll find

the correct node which is the holder of the requested data and will send the request
there. If for some reason tidodeCommunicationServitas outdated information

and therefore sends the request to the wrong node, the receiving node will relay the
message to the correct one.

The DataStoreServicwiill answer the request and end the transactimarisac-
tionEnd and the transaction mechanism will then route the response to the node that
originated it.

Additionally there are other similar get requests not shown in the message flow
chart. There are also thgetNext/getPrecommands, which work similarly to the
normalgetcommand.
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4.5.2 Put Requests
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Figure 47: Put Request

Put requests use the same procedure as get requests. A put request normally has
no return value. In this architecture, a put request will always return, whether the
request has been successfully executed or not. This is important, because in a highly
distributed system with unpredictable network latency, it is not certain that the put
request can be processed and stored successfully.

4.5.3 Delete Requests
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Figure 48: Delete Request

Works similarly to the put request above. It will also return whether the delete request
can be executed successfully or not.
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4.5.4 Migration Requests
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Figure 49: Migration Request

Migration has the most complex message flow and was designed to be as fault tolerant
as possible. In addition to the mechanism pictured above, different timeout mecha-
nisms have been put in place so the whole migration can be rolled back if something
happens. Itis interesting to note that in case of a migration roll-back, no data have to
be moved again, as during migration no data is being deleted at the original node and
all write/delete requests during migration update both parties simultaneously.

The whole migration process starts by probing the neighboring node at certain
time intervals with a node load request. If the node load of the neighboring node
is much higher then the local load factor, the node that has initiated the node load
request will start a migration request. The other party will respond with a migration
request response, which contains the exact amount of data that could be migrated,
including the lower/higher boundary of the data to migrate (e.g. rgmngé. The
migration initiator will then check the range and choose a sub/whole-range of it and
start requesting the datgdtMigration). Once all data have been transferred, the
initiator will end the transaction by sendingragrationEndmessage.

Note that there is no deletion of data. Even if the migration has been successfully
terminated, the data are not deleted immediately. There is a background task running
on each node, which will take care of deleting all unnecessary data after some time.
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45,5 Administrative Requests

UserService &xParﬁtionService UserService @xPartitionService

join first

Figure 50: Administrative Requests

The only administrative requests at the moment are requests to join a running net-
work, and for the first node, there is a request to tell the node that it is the first node
on the whole network.
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5 Evaluation

This section will provide an overview of the tests done with the prototype and will
list some issues found or things which have worked out well.

5.1 Benchmark

Benchmarking has been done at the student computer lab at the IFI (Institute for
Informatics, University of Zurich), running on multiple machines. All machines have
the same hardware and software setup (see CD-ROM for a detailed machine profile,
including all installed software and hardware).

e Hardware - PowerMac G4, dual CPU, each running at 450 MHz with 256-640
MB of RAM.

e Software- MacOSX 10.3.5 runningaVa version 1.4.2_05-141.3 and HotSpot
client VM 1.4.2-38. ERT was running in version 165 and was configured to use
the NETTY2 (see section 4.4.3.2) communication layer.

e Network - All machines are connected using switches on a 100 Mbit/s (Fast
Ethernet) network.

To perform the tests, the machines are divided into three roles:

e Collector - A single machine, who will collect all the data received from the
load generators and will calculate the overall load.

e Load Generator - Those machines generate the load to the test machines.
They run the same ERT software, but do not perform any storage on their own.
They just send out requests, e.gu(key, value)and wait for their responses.

The number of responses per second is sent to the collector every 10 seconds.
This figure is used to calculate the overall performance of the whole system.
It is important to note that not the amount of requests sent out per second is
recorded (as this is much higher), but only the amount of responses returned.



5.1 Benchmark 73

e Test Machine - These machines process the requests received from the load
generator and send back the result. There is no measuring of the processed
number of requests, as this is done solely at the load generators.

A e e
U U O U U T
U U U U U

Figure 51: Benchmark Setup: Collector (C), Load Generators (LG) and Test Ma-
chines (T)

In the benchmark printed below, 1 collector, 20 load generators and up to 42 test
machines are used. The load of all 20 load generators is added up to get the overall
load.

Execution of the benchmark has been automated and is always done in the same
manner:

1. The database on each node is cleared.
2. ERT is started on all test machines.

3. Waiting until the test machines are stabilized and all data-ranges have been
distributed equally to all nodes.

4. Collector is started and is ready to receive results.

5. Load generators are all started simultaneously and start sending requests. To
prevent overloading the system, the load generators start with a small load and
will increase their load every second, until the maximum possible throughput
is reached.

6. This setup runs for a few minutes and is then stopped.
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7. The results from the collector are noted down. Always the highest three num-
bers in a row are averaged and used for plotting the data below.
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Figure 52: Benchmark: Random put, 10 bytes of data
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Figure 53: Benchmark: Random put, 1024 bytes of data
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As shown in the benchmark result, ERT will scale pretty well as the number
of nodes increases - although it did not scale entirely linear, this could be related
to network stalling, as all participating machines share the same physical network
connection.

It should be noted, that each transaction consists of two messages being sent: One
request and one response, so the number of messages processed is twice the number
as shown above.

Benchmarking was only done for “put” requests and not for the others like “get”,
“delete”, as all requests have the same characteristics (all transactions are based on
two messages being sent, see section 4.5), with the only difference that the desti-
nation node will either store, retrieve or delete data from its internal database. The
“put” request is the most time consuming request anyway, as the underlying storage
architecture (BERKELEYDB [65]) needs to allocate new disk-space and handles all
insertions into its internal b-tree. Beside that, in current testing setup, all “put” re-
guests have been executed in a random manner, to retrieve those values afterwards
a lot of “get” requests would return an empty result, if no key-value pair for this
particular “get” request is found.

5.2 Strengths / Weaknesses

During testing and developing, the following strengths and weaknesses were identi-
fied:

e Strengths

— The complexity of adding new nodes to the network is very low, as there
is not much configuration to be done. Basically, there are two types of
nodes: The first one creates a new ERT network and needs to be started
with a “first” flag. Then all other nodes can be added by supplying a
“join” flag, and will then automatically try to join the existing network
and assume responsibility for their own data range.

— The overall performance of the system is good, although no intensive
performance tuning has been done so far.

— The system uses both CPUs efficiently, as the load of the system climbed
almost to the maximum of 200% CPU utilization.

o \Weaknesses

— A client who wants to access the distributed data needs to open a network
connection to all those nodes where the specific data is located. If a client
needs to access all available data (e.g. by randomly accessing all of them),
it potentially will open a network connection to all participating nodes on
the network. This can cause problems if the network is very large (e.g.
thousands of nodes).
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5.2 Strengths / Weaknesses

— The new 3va networking library (NIO), which is used in theENTY2

plugin, as described in section 4.4.3.2, offers great performance, but it
was added to theaJya library only very recently, as ofA¥A version

1.4. It seems not all vendors of\h have a robust implementation of

it; e.g. the AvA version included in Apple’s MacOSX suffers from sta-
bility problems, which can cause the whole machine to crash. There is
a workaround, but this decreases overall performance a bit. A bug re-
port has been filed at Apple (Bug-ID 3866318), so this will hopefully be
resolved later.

Transferring large amounts of data, which can happen if the key-value
pairs are very large in size, will decrease the overall performance of the
system. As in a distributed system, the networking performance is usually
the bottleneck. Sending large chunks of data will occupy the network, so
other concurrent access to it will suffer. Also, sending large pieces of
data will increase the memory footprint of the application, as all the data
needs to be kept in the memory at some time.

Migration of data under load is currently not very efficient and still has
some bugs, which was an additional shortcoming during benchmarking.
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6 Conclusion

This section will provide a short summary of the work and give an outlook.

6.1 Introduction

Current problems in data storage are the growing amount of data, the increasing level
of access to those data and the need for finding the correct data. This leads to the fact
that today’s systems are built on distributed foundations and a trend towards more
structured data. While there are some solutions for distributing data, most of them
are done at a very high level.

This work will introduce a new low-level approach to distributing data - ERT
(Extended Root Tree) - which is based on a distributed sorted key-value architecture.
It can be used as a building block for higher-level applications as a storage tier.

6.2 Distributed Data Storage

In today’s world, we see tendencies that indicate the amount of data is growing. More
than 5 terabytes of data are produced every year. Moreover, companies, as well as
private individuals, have data distributed to many places (e.g. company computer and
personal laptop); so finding data is becoming increasingly difficult. A solution for
finding the correct data is to structure it using several mechanisms. Depending on the
use-case and application, low-level structures, such as key-value based algorithms,
are used, or more high-level approaches, such as storing the data into databases, are
chosen.

To discuss distributed data storage, we first need to define what characteristics
a general distributed system has and then build a system, which should fulfill those
requirements.

For a better understanding of how others have built distributed data storage sys-
tems, an overview of the large database vendors (Oracle, IBM, Microsoft) is given,
and it shows that they all do the data distribution at a very high level. Further general
research projects that focus on low-level distribution of data are discussed, and there
we find two main directions: Smaller systems allow for sorted key-value access but
most larger systems can only handle unsorted key-value access.
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Regardless, for monolithic or distributed systems, they need to store data. As
each machine only has direct access to its own hardware, the actual low-level storing
is always done locally and a brief overview of such low-level storage is given. It
shows that most systems implement a balanced tree (b-tree)-like structure for low-
level storage.

Another problem in distributed systems is performance aspects: As distributed
systems need communication between them, optimizing the network traffic is a key
element of a successful system. Another one is asynchronous processing of requests
to enable higher overall throughput of the system.

6.3 Overview of ERT

The main idea behind ERT is to split the data range into sub ranges and assign each
computer on the network one or multiple of such sub ranges. The administration of
the sub ranges (e.g. where to find a specific sub range) is done inside a distributed
directory. The ERT approach does not favor a specific directory, so depending on
the needs and size of the system, different such directory implementations can be
used. For smaller systems, static directories could be used, for medium-sized sys-
tems, broadcast mechanisms and for very large systems, P2P (Peer-To-Peer)-like
systems. The actual storing of key-value pairs on each node is done using a con-
ventional balanced tree. Also, here ERT does not favor a specific implementation.
Again, depending on the needs, different such balanced tree-like structures can be
used.

6.4 Implementation of ERT

The prototype is being implemented iavd and basically consists of three main
concepts: The service concept, which is responsible for decoupling the whole sys-
tem into subcomponents, the plugin concept, which is responsible for abstracting the
actual implementation from the services and the messaging concept, which is respon-
sible for all communication between and inside all components.

6.5 Evaluation

Benchmarking showed that the system scales well as the number of nodes grow.
There are bottlenecks, however, as networking bandwidth can limit scalability.

6.6 Outlook

The current prototype is suitable for distributed low-level data storage and is fast
enough depending on the use case. Testing on how big the system can scale is still
needed. The network interface could then become a bottleneck limiting further scal-
ability. Compared to a monolithic system, the performance improvements in this
distributed data structures only has an effect after an initial size is reached. There-
fore, a system consisting of only two machines is slower than a monolithic system.
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While a first prototype to explore the possibilities could be built, there is plenty
of room for expansion:

Replication - The replication feature is not fully implemented yet, but could
be necessary for a fully functional service.

Large Data - Before storing any data, the data itself needs to be held in the
application memory for pre-processing. This can result in a huge memory
footprint if the data is very large (e.g. big key-value pairs). An improvement
could be to start pre-processing during receipt of messages, so the whole data
flow then would look more like data streaming: While receiving data, the part
already received is already pre-processed on-the-fly and stored to the data store.

More Testing - The algorithms work well, but generally the implementation
could be made more stable. In particulaxyAl exceptions are in most cases
only caught but not really handled. There is room for improvement to opti-
mize unexpected events (e.g. network connection loss, transmission errors).
Currently all unrecognized messages are silently ignored.

GUI - Administration and monitoring of the system could benefit from a graph-
ical interface. Currently, the state of a component can only be checked by
looking at the general log file.

Security Concerns- The current version of ERT does not handle any security
issues, so malicious systems could interfere with ERT and possibly disable the
whole service.

Real World Use Case A real application that utilizes ERT should be built, to
see if this low-level approach is useful.
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A Storage Subsystems
Using a storage subsystem has several advantages over directly accessing the disk:

e More than one node can directly access data - otherwise, only one node can
mount the physical hard-drive.

e Because of an HAL (Hardware Abstraction Layer), the actual implementa-
tion of a storage subsystem can abstract several hardware limitations normally
found on direct disk-based access:

— Redundancy: If one disk fails, another can take over (i.e.
RAID)

— Adding/Removing/Reallocating disk space on the fly

— Enhanced Caching mechanisms
e Storage is in one place; this makes it easier to administrate.

A.1 TruCluster Shared Storage

Hewlett-Packard Corporation - TruCluster is the cluster offering from HP (former
Compaq) and also contains a shared storage mechanism.

LAN

Cluster Cluster

Interconnect Interconnect
Node 1 Node 2 Node 3

Shared SCSI Bus
Cluster
3 Quorum
-

Figure 54: Shared Storage Overview (taken from [31])

Here one cluster member takes the lead and mounts the cluster-wide shared-
storage disk. All other cluster members need to send all read/write requests to this
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leading member over the cluster-interconnect. If the leader is down, there is a sophis-
ticated leader-elector process (not shown here) and the new leader then mounts the
cluster-wide file system. This mechanism will not scale for a larger number of nodes.
In general, truCluster is limited to 8 nodes in the current version.

A.2 Xsan

Apple Computer Corporation, Advanced Digital Information Corporation - Asa
newcomer to this market, they have a simple offering which helps consolidate storage
to a common place. It uses technology from ADIC (Advanced Digital Information
Corporation).

This approach also has limitations and will not scale indefinitely. The number
of Storage Servers is limited (64 nodes) and also the concurrent access to the phys-
ical disks is limited. The overall performance could be higher than the truCluster
approach, because it uses a dedicated storage access medium (Fibre Channel) used
only for transmitting storage related data, where in truCluster, in addition to storage-
related data, general cluster information data is also transmitted.

T
¢ —
(MM 1 . s

Figure 55: Xsan Overview (taken from [5])

1. Storage Pool- The actual disk drives.

2. Metadata Controller - Manages the Storage Servers (3) and directs them to
the actual files in the Storage Pool.

3. Storage Servers Are connected to the Storage Pool using Fibre Channel and
use the Metadata Controller (2) for concurrent file access.

4. Data Consumers- Clients who want to access the data.
5. Fibre Channel Switch - Dedicated switch for Storage Pool (1).

6. Backup Metadata Controller - Provides high-availability insurance.
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B Content of CD-ROM
The attached CD-ROM contains the following data:

e Abstract - A file containing the English abstract of this thesis.

Zusfsg- A file containing the German abstract of this thesis.

e code- A folder containing the most recent version of the ERT software, in-
cluding instructions on how to install and run the software.

e benchmark - A folder containing the scripts for automated testing, test proto-
col and a system profile of one of the test machines.

e misc- A folder containing additional files that have been produced during writ-
ing this thesis. This includes copies of PDF documents found during research
and intermediate papers handed in during writing the thesis.

e repository - A folder containing the software repository for the software and
the thesis paper itself. During the writing of the thesis, all intermediate steps
were recorded into this repository. This allows retrieval of the thesis and source
code at any given date. The repository is stored as a Subversion archive (see
http://subversion.tigris.org ) in two different formats. One as
native format and the other as a dump file, to import the repository into another
existing Subversion repository.

o thesis- A folder containing the final version of the thesis as PBRX, LyX
and plain text document.


http://subversion.tigris.org

92

SOURCE CODE

C

Source Code

File 1: base.Dispatcher

©O~NOUAWNER

Created on Aug 13, 2004 11:44:01 AM

*
* Project: ExtendendRootTree

* Last Change: $Date: 2004-10-26 15:28:00 +0200 (Tue, 26 Oct 2004) $
* Changed by: $Author: michi $

* Revision: $Rev: 138 $

* Location: $URL: Dispatcher.java $

This source-code is part of the diploma thesis of Michael Kussmaul
written at the University of Zurich, Switzerland

Department of Information Technology (www.ifi.unizh.ch)

For copyright information please contact kussmaul@nix.ch

package ch.nix.ert.base;
import  java.util.Hashtable;
import  org.apache.log4j.Logger;

import  ch.nix.ert. message.Dataltem;
import  ch.nix.ert.util. Queue;

import  EDU.oswego.cs.dl.util.concurrent.LinkedQueue;

e
* TODO Edit this text for a better description
*
* This is a local dispatcher, he is responsible for all local requests. He does
* not decide if the request is executed locally or remotely, he will ALWAYS
* execute it remotly. It's the responsibility of each single service to relay
* it to another node... <br>
* If you don't know, if the request is for local or remote execution, you can
* place it in Dispatcher, but he will forward it to KeyPartitionManager who
* will then decide if executed locally or remotely (according their KeyGrouplD)
*
*  @author michi
*
public class Dispatcher ~ implements  Runnable {
/I logger:
static Logger logger = Logger.getLogger ( Dispatcher.  class );
private LinkedQueue dispatcherQueue = new LinkedQueue () ;
private Hashtable dispatcherServices = new Hashtable () ;
private Hashtable serviceNames = new Hashtable () ;
private  Object queueLock =  new Object () ;
/**
* A handle to the unique Dispatcher instance.
*
static private Dispatcher instance = null

private  Dispatcher () {

static public synchronized Dispatcher getinstance 0 {
if  (null == instance ) {
instance = new Dispatcher () ;
logger.info ( "Dispatcher started" )
return  instance;
}
o
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* Only data which contain the “"command" key are accepted, all other will be
* silently ignored! TODO: perhpas we could also throw an exception?
*
*

@param data
*
public  void addWork ( Dataltem data ) {
synchronized  (queuelLock ) {
/lcheck data, and only add it to queue, if it contains a operation

/I (like "put")
if (data.getOperation 0 !'= null ) {
try {

/ISystem.out.printin("DispatcherWork: "+data);
dispatcherQueue.put (data );

} catch (InterruptedException e ) {
/I TODO Auto-generated catch block
e.printStackTrace 0

}
}
}
}
e
* There is only ONE service allowed for each type... if an service is
* already registered and a new one with the same keyword, subtype is added,
* an exception is thrown TODO: implment this EXCEPTION
*
*  @param command
* The events you are interested in (e.g. "put’, "get",
* "delete","ping" <br>
* Some events have subtypes, subtypes can be: request, response
* (e.g. a "get" request can be of type "request”, this means it
* has not been processed yet or of type "“response" this means
* this is the response of the first request <br>
* <i> request </i> starting of a transaction <br>
* <i> response </i> ending of a transaction
* @param queue
* The queue where incomming request are stored for this command.
*
public  void registerService ( String operation, Queue queue ) {
synchronized ( dispatcherServices ) {
operation = operation.toLowerCase 0
dispatcherServices.put (operation, queue );
}
}

public  void registerQueue (Queue queue) {
serviceNames.put  (queue.getName () , queue );

}
public  void unregisterService ( String operation ) {
synchronized ( dispatcherServices ) {
operation = operation.toLowerCase 0
dispatcherServices.remove (operation ) ;
}
}
o
* Start the dispatcher and ONLY ONE thread meight be inside it!
*

public  void run () {
/I First set the name for this Thread, helps debugging :-)
Thread.currentThread () .setName ("ERT.Dispatcher" );
TransactionMonitor transactionMonitor = new TransactionMonitor 0
Dataltem dataToDispatch = null
String operation;
String transactionType;
String routingHint;
int transactionSplit;
while  (true ) {
Queue operationQueue = null ;
/I wait for something in dispatcherQueue
ty {
dataToDispatch = ( Dataltem ) dispatcherQueue.take 0
} catch (InterruptedException e ) {
/I TODO Auto-generated catch block
e.printStackTrace 0

/I now dispatch request
if (dataToDispatch = null ) {

/I transactionType = dataToDispatch.getTransactionType();
routingHint = dataToDispatch.getRouting 0

/I reset the transactionSplit
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155 transactionSplit = 0;
156
157 /I now find the correct ServiceQueue where to put the value
158 if  (routingHint == null || routingHint.equals ("local" ) {
159 transactionType = dataToDispatch.getTransactionType 0;
160 if (transactionType != null
161 && transactionType.equals ("end" )) {
162 /I we send the response right to the place where it
163 /I originated
164 operationQueue =  (Queue) serviceNames
165 .get ( dataToDispatch.getTransactionServiceld 0 ;
166
167 /I now check, if we this transaction is part to a
168 /I splitted transaction
169 transactionSplit = dataToDispatch.getTransactionSplit 0
170 if (transactionSplit > 0) {
171 /I yes, it is a result from a splited transaction
172 /I pass it on to the TransactionMonitor whoch holds
173 /I references to all open splited transactions
174 dataToDispatch = transactionMonitor
175 .put (dataToDispatch );
176 if (dataToDispatch == null ) {
177 operationQueue = null
178 }
179
180 } else {
181 /I as | already checked at insertion time, this data has
182 /I an operation defined!
183 operation = dataToDispatch.getOperation 0
184 operationQueue =  (Queue) dispatcherServices
185 .get (operation );
186
187 } else {
188 /I default means mostly the item is sent to the
189 /I NodeCommunication layer to sending out to another
190 /I node
191 operationQueue = (Queue) dispatcherServices.get ("default" );
192
193
194 if (operationQueue != null ) {
195 try
196 /ISystem.out.printin("Data2Dispatch: "+dataToDispatch+"
197 /I is response? "+dataToDispatch.isRespose());
198 operationQueue.put (dataToDispatch ) ;
199 // logger.debug("Work: " + dataToDispatch
200 /I + " put on queue: " + operationQueue.getName());
201 } catch (InterruptedException e
202 /I TODO Auto-generated catch block
203 e.printStackTrace 0
204
205 } else if ( transactionSplit == 0) {
206 loggerwarn  ("No Queue found for dataltem: "
207 + dataToDispatch ) ;
208 }
209 }
210 }
211
212}
File 2: base.RootLogger
1M
2 * Created on Sep 7, 2004 11:05:37 AM
3
4 * Project: ExtendendRootTree
5 * Last Change: $Date: 2004-11-11 18:55:48 +0100 (Thu, 11 Nov 2004) $
6 * Changed by: $Author: michi $
7 * Revision: $Rev: 169 $
8 * Location: $URL: RootLogger.java $
9 *
10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland
12 * Department of Information Technology (www.ifi.unizh.ch)
13 * For copyright information please contact kussmaul@nix.ch
14 *
15 *
16 package ch.nix.ert.base;
17
18 import  org.apache.log4j.BasicConfigurator;
19 import  org.apache.log4j.DailyRollingFileAppender;
20 import  org.apache.log4j.Level;
21 import org.apache.log4j.Logger;
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22 import  org.apache.log4j.PatternLayout;

23
24 [**
25 * TODO Edit this text for a better description
26 *
27 * @author michi
28 *
29 public class RootLogger  {
30
31 static Logger logger = Logger.getRootLogger 0
32
33 I
34 *
35 *
36 public  RootLogger () {
37 /I TTCCLayout layout = new TTCCLayout();
38 PatternLayout layout = new PatternLayout
39 "%d{HH:mm:ss,SSS} [%15.15t] %-5p %30.30c.%-3L %x - %m%n" )
40 DailyRollingFileAppender appender = null ;
41 try
42 appender = new DailyRollingFileAppender (layout,
43 "/Users/tutor/ert/log/ert.log" , "yyyy-MM-dd” )
44 } catch (Exception e ) {
45 }
46
47 logger.setLevel (LevelINFO );
48 BasicConfigurator.configure (‘appender );
49 logger.info ("emmme- ERT started -------- " )
50 }
51}
File 3: base.ServiceBase

1~

2 * Created on Sep 8, 2004 7:43:33 PM

3

4 * Project: ExtendendRootTree

5 * Last Change: $Date: 2004-10-26 15:28:00 +0200 (Tue, 26 Oct 2004) $

6 * Changed by: $Author: michi $

7 * Revision: $Rev: 138 $

8 * Location: $URL: ServiceBase.java $

9 *

10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland

12 * Department of Information Technology (www.ifi.unizh.ch)

13 * For copyright information please contact kussmaul@nix.ch

14 =

15

16 package ch.nix.ert.base;

17

18 import org.apache.log4j.Logger;

19

20 import  ch.nix.ert. message.Dataltem;

21 import  ch.nix.ert. message.Node;

22 import  ch.nix.ert.util.Queue;

23

24 [**

25 * TODO Edit this text for a better description

26 *

27 * @author michi

28 ¥

29 public abstract class ServiceBase  implements  Servicelnterface {
30

31 /I logger:

32 static Logger logger = Logger.getLogger (ServiceBase. class );
33

34 private  Dispatcher dispatcher;

35

36 private Queue serviceQueue;

37

38 private int transactionld = 0;

39

40 private Node currentNode;

41

42 private String serviceName;

43

44 private int  splitSize = 0;

45

46 private  String storedld,;

47

48 private  Node storedNodeld;

N
©
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50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
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120
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134

private
private
private

private

e
*

*

String storedServiceld;

String storedOperation;

String storedTransactionType;

String storedTransactionOperation;

protected ServiceBase () {
/lthis.getClass().getName().

dispatcher = ServiceManager.getinstance
currentNode =  new Node() ;
serviceName = this .getClass

() .getName () ;

serviceQueue = new Queue( getQueueName ()

/I register service Queue, so dispatcher knows where to send the

1
d
}

responses
ispatcher.registerQueue

protected void  registerService

d

public
d

1
"
"

ispatcher.registerService

(serviceQueue );

(String service

( service, serviceQueue

void addWork ( Dataltem data ) {

ispatcher.addWork (data ) ;

)

{

public void transactionBeginStatefull(Dataltem data) {
data.setTransactionld(getTransactionld());
transactionBeginGeneral(data);

0oy

"
"
"
"

public void transactionBegin(Dataltem data) {
/ldata.setTransactionld(data.getOperation());
transactionBeginGeneral(data);

/A

public

void  transactionBegin (Dataltem data ) {

data.setTransactionNodeld

d
d
d

ata.setTransactionServiceld
ata.setTransactionld
ata.setTransactionOperation
ata.setTransactionType

ispatcher.addWork (data ) ;

void transactionContinue

( storedTransactionType !=
data.setTransactionType
data.setTransactionSplit
data.setTransactionNodeld

data.setTransactionServiceld

data.setTransactionld

(getNodeld () ;
( getServiceld

( getTransactionld 0)

);

0

( data.getOperation

("begin” ) ;

(Dataltem data ) {
/I only fill in data, if incoming request really was a transaction,
/I otherwise just send back the answer

null ) {
("continue" );
(splitSize ) ;

( storedNodeld

(storedld );

/ldata.setTransactionOperation(storedOperation);

ispatcher.addWork (data ) ;

void transactionSplit

( Dataltem data,

int

)

0

( storedServiceld );

newSplitSize

() .getDispatcher

/I only fill in data, if incoming request really was a transaction,
/I otherwise just send back the answer

d
d
}
public
if
}
d
}
public
if
}
d
public

/I otherwise we don't send back anything, as a transaction does not make

I
if

( storedTransactionType !=
data.setTransactionType
data.setTransactionSplit
data.setTransactionNodeld

data.setTransactionServiceld

data.setTransactionld

null ) {
('split' )

( splitSize+newSplitSize

( storedNodeld

(storedld );

/ldata.setTransactionOperation(storedOperation);

ispatcher.addWork  (data );

void transactionEnd  (Dataltem data ) {
/I only fill in data, if incoming request really was a transaction,

any sense...

( storedTransactionType !=
data.setTransactionType
data.setTransactionSplit

data.setTransactionNodeld

null ) {
(vend" )
(splitSize );

( storedNodeld

)

)i

( storedServiceld );

);

0

)
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135 data.setTransactionServiceld ( storedServiceld )
136 data.setTransactionld (storedld );

137 data.setOperation ( storedTransactionOperation )
138

139 if (data.isTransactionLocal 0 {

140 data.setRouting ("local" );

141 } else {

142 data.setDirectDestination ( data.getTransactionNodeld 0)
143 data.setRouting ("direct" );

144 }

145 dispatcher.addWork (data );

146 }

147 }

148

149 public  Queue getServiceQueue () {

150 return  serviceQueue;

151 }

152

153 public  Dataltem getWork () {

154 try

155 Dataltem data = ( Dataltem ) serviceQueue.take 0;
156 /IString transactionType = data.getTransactionType();

157 Illogger.warn("getWork: "+data);

158 /I if (transactionType != null && transactionType.equals("end")) {
159 INlogger.warn("if is executed");

160 I data.setOperation(data.getOperation() + "-end");

161 Iy

162 storedOperation = data.getOperation 0

163 splitSize = data.getTransactionSplit 0

164 storedld = data.getTransactionld 0

165 storedServiceld = data.getTransactionServiceld 0
166 storedNodeld = data.getTransactionNodeld 0
167 storedTransactionType = data.getTransactionType 0;
168 storedTransactionOperation = data.getTransactionOperation 0
169

170 return  data;

171 } catch (InterruptedException e ) {

172 /I TODO Auto-generated catch block

173 e.printStackTrace 0

174 }

175 return null ;

176 }

177

178 public ~ Dataltem getWork (long timeout ) {

179 try

180 return  ( Dataltem ) serviceQueue.poll (timeout );
181 } catch (InterruptedException e {

182 /I TODO Auto-generated catch block

183 e.printStackTrace 0

184 }

185 return null H

186 }

187

188 /ITODO do a nice regex search...

189 private String getQueueName () {

190 return this .getClass () .getName () ;

191 /ISystem.out.printin(this.getClass().getName().split("\\..*Service$"));
192 }

193

194 private  Node getNodeld () {

195 return  currentNode;

196 }

197

198 private  String getServiceld 0 {

199 return this  .getClass () .getName () ;

200

201

202 private  String getTransactionld

203 return  Integer.toString ( transactionld++ )

204 }

205

206 }

File 4: base.Servicelnterface

I
* Created on Aug 13, 2004 3:03:03 PM

Project: ExtendendRootTree

Last Change: $Date: 2004-10-26 15:28:00 +0200 (Tue, 26 Oct 2004) $
Changed by: $Author: michi $

Revision: $Rev: 138 $

~NoabhwWNRE

* Ok kK *
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8 * Location: $URL: Servicelnterface.java $
9 *
10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland
12 * Department of Information Technology (www.ifi.unizh.ch)
13 * For copyright information please contact kussmaul@nix.ch
14 *
15 *
16 package ch.nix.ert.base;
17
18 [**
19 * TODO Edit this text for a better description
20 *
21 * @author michi
22 %
23 public interface Servicelnterface extends Runnable {
24
25 Paid
26 * Registers the Service at the Dispatcher
27 */
28 public  void registerAtDispatcher 0;
29
30 /I public Queue getServiceQueue();
31
32}
File 5: base.ServiceManager
1
2 * Created on Aug 6, 2004 1:37:14 PM
3
4 * Project: ExtendendRootTree
5 * Last Change: $Date: 2004-10-26 15:43:26 +0200 (Tue, 26 Oct 2004) $
6 * Changed by: $Author: michi $
7 * Revision: $Rev: 139 $
8 * Location: $URL: ServiceManager.java $
9 *
10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland
12 * Department of Information Technology (www.ifi.unizh.ch)
13 * For copyright information please contact kussmaul@nix.ch
14 *
15 *
16 package ch.nix.ert.base;
17
18 import  java.lang.reflect.InvocationTargetException;
19 import  java.lang.reflect.Method;
20 import  java.util.ArrayList;
21
22 import  org.apache.log4j.Logger;
23
24 [**
25 * TODO Edit this text for a better description <br>
26 *
27 * Follows the Singelton-Design Pattern after Rodney Waldhoff.
28 * http://radio.weblogs.com/0122027/stories/2003/10/20/implementingTheSingletonPatterninJava.html
29 *
30 * @author michi
31
32 public class ServiceManager  {
33
34 INogger:
35 static Logger logger = Logger.getLogger ( ServiceManager. class );
36
37 [+
38 * A handle to the unique ServiceManager instance.
39 */
40 static private ServiceManager instance = null ;
41
42 static String [] serviceNamelList = { "ch.nix.ert. main.MainService" s
43 “ch.nix.ert.callback.CallbackService" s
44 “ch.nix.ert.communication.NodeCommunicationService" ,
45 “ch.nix.ert.datastore.DataStoreService" R
46 “ch.nix.ert.keypartition.KeyPartitionService" s
47 “ch.nix.ert.user.UserService" }:
48
49 static  ArrayList serviceList = new Arraylist () ;
50
51 static private Thread dispatcherThread;
52
53 static private Dispatcher dispatcher;



SOURCE CODE 99

55 Ilprivate RootLogger ertLogger;

56

57 Paid

58 * The constructor could be made private to prevent others from

59 * instantiating this class. But this would also make it impossible to

60 * create instances of ServiceManager subclasses.

61 */

62 private  ServiceManager () {

63 /I TODO temporarely create logger here, afterwards it needs to be put

64 /I into startup class

65 /I ertLogger = new RootLogger();

66 }

67

68 I+

69 * @return  The unique instance of this class.

70 */

71 static public synchronized ServiceManager getinstance 0 {

72 if  (null == instance ) {

73 instance = new ServiceManager () ;

74 dispatcher = Dispatcher.getinstance )

75 dispatcherThread = new Thread (dispatcher );

76 String serviceName;

77 for (int i = 0; i < serviceNamelList.length; i++ ) {

78 serviceName = serviceNamelList [il;

79 Servicelnterface service;

80 Thread serviceThread;

81 Method method;

82

83 try {

84 method = ( Class.forName (serviceName ).getMethod (

85 "getinstance" , null ) ;

86 service =  ( Servicelnterface ) method.invoke (null, null );
87 service.registerAtDispatcher 0

88 serviceThread = new Thread (service );

89 serviceList.add (serviceThread );

90 serviceThread.start 0

91 logger.debug (“"Service loaded & started: " + serviceName );
92 } catch (SecurityException e ) {

93 logger.error ("Error creating: " + serviceName + "\n" + e);
94 } catch (NoSuchMethodException e ) {

95 logger.error ("Error creating: " + serviceName + "\n" + e);
96 } catch ( ClassNotFoundException e ) A{

97 logger.error ("Error creating: " + serviceName + "\n" + e);
98 } catch (lllegalArgumentException e

99 logger.error ("Error creating: " + serviceName + "\n" + e);
100 } catch (lllegalAccessException e ) {

101 logger.error ("Error creating: " + serviceName + "\n" + e);
102 } catch (InvocationTargetException e ) {

103 logger.error ("Error creating: " + serviceName + "\n" + e);
104

105

106 }

107

108 /land lastely:

109 dispatcherThread.start 0

110 logger.info ( "ServiceManager started" )

111 }

112 return  instance;

113 }

114

115 public  Dispatcher getDispatcher 0 {

116 return  dispatcher;

117 }

118

119 }

File 6: base.TransactionMonitor

=

Created on Sep 24, 2004 4:14:16 PM

*
*
* Project: ExtendendRootTree

* Last Change: $Date: 2004-10-26 15:43:26 +0200 (Tue, 26 Oct 2004) $
* Changed by: $Author: michi $

* Revision: $Rev: 139 $

* Location: $URL: TransactionMonitor.java $

*

*

*

*

*

*

[N
COONOUTAWNE

This source-code is part of the diploma thesis of Michael Kussmaul
written at the University of Zurich, Switzerland

Department of Information Technology (wwuw.ifi.unizh.ch)

For copyright information please contact kussmaul@nix.ch

e
ENERN SN
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15 %

16 package ch.nix.ert.base;

17

18 import  org.apache.log4j.Logger;
19

20 import  ch.nix.ert. nessage.Dataltem;
21 import  ch.nix.ert.util.LinkedHashMap;

22

23 [**

24 * Stores the temporary results for nested (or split) Transactions. Only if all
25 * parts are arrived, this TransactionMonitor will join the results and return
26 * the transaction

27 * <p>

28 *

29 * In current implementation only boolean operations are allowed to be

30 * split/joined (e.g. those who have ok/Error as result)

31 *

32 * @author michi

33 %

34 public class TransactionMonitor {

35

36 /I logger:

37 static Logger logger = Logger.getLogger ( TransactionMonitor. class );
38

39 /I if more than 10000 open transactions, the oldest one will be discarded...
40 private  int bufferSize = 10000

41

42 private  LinkedHashMap transactionlds;

43

44 public  TransactionMonitor 0 {

45 transactionlds = new LinkedHashMap () ;

46 transactionlds.setMaxSize (bufferSize ) ;

47 }

48

49 Paid

50 @param data

*
* @return The final transaction Dataltem, if we have now all parts

52 * together. It contains also an variable called result, which
* indicates, if operation was a success or not. If it was only a
*

54 part of a transaction, it will return null

55 */

56 public ~ Dataltem put (Dataltem dataltem ) {

57 /I logger.error("Monitor: got it: "+dataltem);

58 /I first check the result type of this part, if it is already false, we
59 /I can already return this dataltem, as the whole transaction is wrong
60 if (dataltem.getResult () == false ) {

61 removeld ( dataltem.getTransactionld 0

62 return  dataltem;

63 }

64

65 String transactionld = dataltem.getTransactionld 0
66 addOneTold ( transactionld )

67

68 int  splitAmount = dataltem.getTransactionSplit H
69 if  (splitAmount <= getAmountForld ( transactionld N A
70 /I means we have all parts together and can return success :-)
71 return  dataltem;

72 } else {

73 return null ;

74

75

76 }

77

78 private  int getAmountForld (String id ) {

79 return  (( Integer ) transactionlds.get (id)) .intvalue () ;
80

81

82 private  void addOneTold (String id ) {

83 Integer value = (Integer ) transactionlds.get (id);
84 int amount;

85 it (value == null ) {

86 amount = 0;

87 } else {

88 amount = value.intValue 0;

89

90 transactionlds.put (id, new Integer (amount + 1)) ;
91 }

92

93 private  void removeld (String id ) {

94 transactionlds.remove (id);

95
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File 7: callback.CallbackService

( CallbackService.

null

+ dataltem );

class );

0

);

Ik
* Created on Aug 18, 2004 12:55:22 PM
*
* Project: ExtendendRootTree
* Last Change: $Date: 2004-10-26 15:28:00 +0200 (Tue, 26 Oct 2004) $
* Changed by: $Author: michi $
* Revision: $Rev: 138 $
* Location: $URL: CallbackService.java $
*
* This source-code is part of the diploma thesis of Michael Kussmaul
* written at the University of Zurich, Switzerland
* Department of Information Technology (wwuw.ifi.unizh.ch)
* For copyright information please contact kussmaul@nix.ch
*
*
package ch.nix.ert.callback;
import  java.util.Calendar;
import  java.util. TreeMap;
import  org.apache.log4j.Logger;
import  ch.nix.ert.base.ServiceBase;
import  ch.nix.ert. message.Dataltem;
Jrx
* TODO Edit this text for a better description
*
*  @author michi
*
public class CallbackService extends ServiceBase {
/I logger:
static Logger logger = Logger.getLogger
static private CallbackService instance =
Illprivate Queue serviceQueue = new Queue("CallbackQueue");
Ilprivate Dispatcher dispatcher;
private  TreeMap timeSortedList = new TreeMap () ;
private  CallbackService () {
}
static public synchronized CallbackService getinstance
if (null == instance ) {
instance = new CallbackService () ;
/linstance.dispatcher =
/I ServiceManager.getlnstance().getDispatcher();
logger.info ("CallbackService started" )
return  instance;
}
1
* (non-Javadoc)
*
* @see ch.nix.ert.Servicelnterface#registerAtDispatcher()
*
!
public  void registerAtDispatcher 0 {
/I TODO Auto-generated method stub
registerService ("calllater" )
registerService ("callcontinous" );
}
1
* (non-Javadoc)
*
* @see java.lang.Runnable#run()
*
/
public  void run () {
Thread.currentThread () .setName ("ERT.CallbackService"
/I get the first request
long currentTime, wait;
Long newestTime;
Dataltem dataltem = null ;
dataltem = getWork () ;
/I System.out.printin("CallBackService got: "+dataltem);
logger.debug  ( "Register Callback: "
this .putinSortedTimeList (dataltem );
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83 while  (true ) {

84 currentTime = Calendar.getinstance () .getTimelnMillis 0

85 newestTime = (Long) timeSortedList.firstkey 0

86 wait = newestTime.longValue 0

87 if  (newestTime.longValue () < currentTime ) {

88 dataltem = (Dataltem ) timeSortedList.remove (newestTime ) ;

89 Dataltem dataToExecute = dataltem.getNested 0;

90 /I fill in transaction-Data from sourounding dataltem:

91 if (dataltem.getTransactionType O = null ) {

92 /I request was a transaction, so i Have to swap in all data

93 /I from the main object into the nested one...

94 dataToExecute.setTransactionType ("continue" ) ;

95 dataToExecute.setTransactionNodeld ( dataltem

96 .getTransactionNodeld 0)

97 dataToExecute.setTransactionServiceld ( dataltem

98 .getTransactionServiceld 0)

99 dataToExecute.setTransactionld ( dataltem.getTransactionld 0
100 dataToExecute.setTransactionOperation ( dataToExecute
101 .getOperation () ;

102 transactionContinue (dataToExecute );
103 } else {
104 addWork ( dataToExecute ) ;
105
106 logger.debug  ("Execute Callback: " + dataltem );
107 /Inow check, if this is a continous service, so we have to put
108 /I it into queue again...
109 if (dataltem.getOperation () .equals ("callcontinous" N {
110 this .putinSortedTimeList (dataltem );
111 }
112 if  (timeSortedList.isEmpty 0 {
113 wait = - 1;
114 } else {
115 wait = (( Long) timeSortedList.firstkey () .longvalue () ;
116 /ISystem.out.printin("Set Waiting to: "+wait);
117
118 }
119 if (wait == - 1) {
120 /I means there is no element in the queue anymore, so | have
121 /I to wait indefinetly:
122 dataltem = getWork () ;
123 logger.debug  ( "Register Callback: " + dataltem );
124 /I System.out.printin("CallBackService got: "+dataltem);
125 } else {
126 dataltem = getWork (wait - currentTime );
127 logger.debug  ( "Register Callback or Timeout: " + dataltem );
128 /I System.out.printin("CallBackService got: "+dataltem);
129
130 if (dataltem !=  null
131 this .putinSortedTimeList (dataltem );
132
133
134 }
135 }
136
137 private  void putinSortedTimeList (Dataltem data ) {
138 long currentTime = Calendar.getinstance () .getTimelnMillis 0;
139 long delay = data.getDelay 0;
140 long nextTime = currentTime + delay;
141 /[TODO: Performance enhancements todo...
142 /IAs Java Maps/Sets do not allow duplicated keys, | have to check
143 /I first, if this key is already in queue... if so | have to postpone it
144 /I a bit... this is not very performant, but this class is anyway not
145 /I used that often in the application. If you rely on exact timing, a
146 /I external Priority-Queue class needs to be built, which supports
147 /I duplicated keys
148 boolean  duplicateFound = true ;
149 while  (duplicateFound ) {
150 if (timeSortedList.containsKey (new Long ( nextTime ))) {
151 nextTime++;
152 } else {
153 duplicateFound = false ;
154 }
155
156 timeSortedList.put (new Long(nextTime ), data );
157 }
158
159 }
File 8: communication.NodeCommunication
1/
2 * Created on Aug 10, 2004 11:26:59 AM
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3
4 * Project: ExtendendRootTree

5 * Last Change: $Date: 2004-10-26 15:28:00 +0200 (Tue, 26 Oct 2004) $

6 * Changed by: $Author: michi $

7 * Revision: $Rev: 138 $

8 * Location: $URL: NodeCommunication.java $

9 *

10 * This source-code is part of the diploma thesis of Michael Kussmaul

11 * written at the University of Zurich, Switzerland

12 * Department of Information Technology (www.ifi.unizh.ch)

13 * For copyright information please contact kussmaul@nix.ch

14 =

15 #

16 package ch.nix.ert.communication;

17

18 import  org.apache.log4j.Logger;

19
20 import  ch.nix.ert. message.Dataltem;
21
22 [**
23 * TODO Edit this text for a better description
24 *
25 * Follows the Singelton-Design Pattern after Rodney Waldhoff.
26 * http://radio.weblogs.com/0122027/stories/2003/10/20/implementingTheSingletonPatterninJava.html
27 *
28 * @author michi
29 ¥
30 public class NodeCommunication implements ~NodeCommunicationinterface {
31
32 static Logger logger = Logger.getLogger (NodeCommunication. class ) ;
33
34 static private String plugin = “netty2"
35
36 static private NodeCommunication instance = null
37
38 private NodeCommunicationinterface delegate = null
39
40 private NodeCommunication () {
41 }
42
43 static public synchronized NodeCommunication getinstance 01
44 if  (null == instance ) {
45 instance = new NodeCommunication () ;
46 plugin = plugin.toLowerCase 0
47 try
48 instance.delegate = ( NodeCommunicationInterface ) ( Class
49 forName ( “ch.nix.ert.communication.” + plugin
50 + ".NodeCommunication" ) .newlnstance () ;
51 logger.info ("NodeCommunication loaded plugin: " +plugin );
52 return  instance;

53 } catch (InstantiationException e )

54 /I TODO Auto-generated catch block

55 e.printStackTrace 0

56 } catch (lllegalAccessException e ) {

57 /I TODO Auto-generated catch block

58 e.printStackTrace 0;

59 } catch (ClassNotFoundException e ) {

60 /I TODO Auto-generated catch block

61 e.printStackTrace 0

62

63 return null H

64

65 return  instance;

66

67 }

68

69 *

70 * (non-Javadoc)

71 *

72 * @see ch.nix.ert.communication.NodeCommunicationinterface#send(ch.nix.ert.Dataltem)
73 */

74 public  void send(Dataltem dataltem ) {

75 /I TODO Auto-generated method stub

76 delegate.send  ( dataltem );

77 }

78 }

File 9: communication.NodeCommunicationinterface

1/

2

3

* Created on Aug 10, 2004 11:27:16 AM
*
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4 * Project: ExtendendRootTree
5 * Last Change: $Date: 2004-10-26 15:28:00 +0200 (Tue, 26 Oct 2004) $
6 * Changed by: $Author: michi $
7 * Revision: $Rev: 138 $
8 * Location: $URL: NodeCommunicationinterface.java $
9 *
10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland
12 * Department of Information Technology (www.ifi.unizh.ch)
13 * For copyright information please contact kussmaul@nix.ch
14 *
15 *
16 package ch.nix.ert.communication;
17
18 import  ch.nix.ert. message.Dataltem;
19
20 [**
21 * TODO Edit this text for a better description
22 *
23 * @author michi
24 ¥
25 public interface NodeCommunicationinterface {
26
27 public  void send(Dataltem data );
28
29 }
File 10: communication.NodeCommunicationService
1M
2 * Created on Aug 17, 2004 11:51:59 AM
3
4 * Project: ExtendendRootTree
5 * Last Change: $Date: 2004-10-26 15:28:00 +0200 (Tue, 26 Oct 2004) $
6 * Changed by: $Author: michi $
7 * Revision: $Rev: 138 $
8 * Location: $URL: NodeCommunicationService.java $
9 *
10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland
12 * Department of Information Technology (www.ifi.unizh.ch)
13 * For copyright information please contact kussmaul@nix.ch
14 *
15 ¥
16 package ch.nix.ert.communication;
17
18 import  org.apache.log4j.Logger;
19
20 import  ch.nix.ert.base.ServiceBase;
21 import  ch.nix.ert. message.Dataltem;
22
23 [**
24 * TODO Edit this text for a better description
25 *
26 * @author michi
27 ¥
28 public class NodeCommunicationService extends ServiceBase {
29
30 /I logger:
31 static Logger logger = Logger.getLogger ( NodeCommunicationService. class );
32
33 static private NodeCommunicationService instance = null
34
35 private NodeCommunication nodeCommunication;
36
37 private  NodeDirectory nodeDirectory;
38
39 private NodeCommunicationService () {
40
41
42 static public synchronized NodeCommunicationService getinstance 0{
43 if (null == instance ) {
44 instance = new NodeCommunicationService () ;
45 instance.nodeCommunication = NodeCommunication.getinstance 0;
46 instance.nodeDirectory = NodeDirectory.getinstance 0
47 logger.info  ("NodeCommunicationService started” )
48
49 return  instance;
50 }
51
52 I*
53 * (non-Javadoc)
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54 *
55 * @see ch.nix.ert.Servicelnterface#registerAtDispatcher()
56 */
57 public  void registerAtDispatcher 0{
58 registerService ("send" );
59 registerService ("publish* ) ;
60 registerService ("unpublish" ) ;
61
62 registerService ("default" );
63 }
64
65 *
66 * (non-Javadoc)
67 *
68 * @see java.lang.Runnable#run()
69 */
70 public  void run () {
71 I System.out.printin("DataStoreService started");
72 Thread.currentThread () .setName ("ERT.NodeCommunicationService" )
73 while  (true ) {
74 Dataltem dataltem = null
75 dataltem = getWork () ;
76 /I System.out.printin("got request: " + dataltem);
7 String operation = dataltem.getOperation 0
78 if  (operation.equals ("send" )) {
79 /I now check if dataltem is nested. otherwise send the whole
80 /I datltem as it is.
81 /I This can happen, if we automatically send back the response
82 /I to a request, then it meight not have a nested dataltem, as
83 /I nobody has wrapped up the packet.
84 Dataltem dataToSend = dataltem.getNested 0
85 if (dataToSend == null ) {
86 dataToSend = dataltem;
87 }
88 /ISystem.out.printin(*Comm Service2send: " + dataToSend);
89 nodeCommunication.send  ( dataToSend ) ;
90 } else if ( operation.equals ("publish” 1)) {
91 nodeDirectory.publish (dataltem );
92 } else if ( operation.equals ("unpublish* 1)) {
93 nodeDirectory.unpublish (dataltem );
94 } else {
95
96 /ITODO will be uncommented later!
97 Dataltem dataToSend = dataltem.getNested 0
98 if (dataToSend == null ) {
99 dataToSend = dataltem;
100 }
101 /I System.out.printin("Comm Service: " + dataToSend);
102 nodeCommunication.send  ( dataToSend ) ;
103 }
104 }
105 }
106 }
File 11: communication.NodeDirectory
1/
2 * Created on Aug 8, 2004 8:11:34 PM
3
4 * Project: ExtendendRootTree
5 * Last Change: $Date: 2004-10-26 15:28:00 +0200 (Tue, 26 Oct 2004) $
6 * Changed by: $Author: michi $
7 * Revision: $Rev: 138 $
8 * Location: $URL: NodeDirectory.java $
9 *
10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland
12 * Department of Information Technology (www.ifi.unizh.ch)
13 * For copyright information please contact kussmaul@nix.ch
14 *
15 *
16 package ch.nix.ert.communication;
17
18 import org.apache.log4j.Logger;
19
20 import  ch.nix.ert. message.Dataltem;
21
22 [**
23 * TODO Edit this text for a better description
24 *
25 * Follows the Singelton-Design Pattern after Rodney Waldhoff.
26 * http://radio.weblogs.com/0122027/stories/2003/10/20/implementingTheSingletonPatterninJava.html
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27
28
29
30
31

*
*
*
*

*/

In addition this class acts as a proxy to the actual implementation.

@author michi

32 public class NodeDirectory implements  NodeDirectoryInterface {

33
34
35
36
37
38
39
40
a1
42
43
a4
45
46
a7
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
20
91
92
93
94
95
9
97
98
99

100

101 /I

102 /I

103 /I

104 /I

105 /I

106

107 }

/I logger:
static Logger logger = Logger.getLogger (NodeDirectory.  class );

static private String plugin = "jmdns"
static private NodeDirectory instance = null ;
private  NodeDirectoryinterface delegate = null ;

private NodeDirectory () {
}

static public synchronized NodeDirectory getinstance 0 {
if (null == instance ) {
instance = new NodeDirectory () ;
plugin = plugin.toLowerCase 0
try
instance.delegate = ( NodeDirectoryInterface ) ( Class
.forName ( “ch.nix.ert.communication." + plugin
+ ".NodeDirectory" ) .newlnstance () ;
return  instance;
} catch (InstantiationException e )
/I TODO Auto-generated catch block
e.printStackTrace 0
} catch (lllegalAccessException e ) {
/I TODO Auto-generated catch block
e.printStackTrace 0
} catch ( ClassNotFoundException e ) {
/I TODO Auto-generated catch block
e.printStackTrace 0

return null ;

}

return  instance;

}

/*
* (non-Javadoc)
*
* @see ch.nix.ert.communication.NodeDirectorylnterface#publish(ch.nix.ert.KeyPartition)
*/
public  void publish (Dataltem keyPartition ) {
logger.info ("Publish: " +keyPartition )
delegate.publish ( keyPartition 'R
}

1
* (non-Javadoc)

* @see ch.nix.ert.communication.NodeDirectorylnterface#unpublish(ch.nix.ert.KeyPartition)
*
public  void unpublish ( Dataltem keyPartition ) {
logger.info ("Unpublish: " +keyPartition )
delegate.unpublish ( keyPartition );
}

I
* (non-Javadoc)

* @see ch.nix.ert.communication.NodeDirectorylnterface#findNode(ch.nix.ert.Dataltem)
*/

public  Dataltem findNode (Dataltem data ) {
return  delegate.findNode (data );
}

public Node findNode(InternalkKey key) {
Dataltem myData = new Dataltem();
myData.putValue(“internalKey", key);
return this.findNode(myData);
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File 12: communication.NodeDirectorylnterface

1/
2 * Created on Aug 8, 2004 8:12:11 PM
3 *
4 * Project: ExtendendRootTree
5 * Last Change: $Date: 2004-10-26 15:28:00 +0200 (Tue, 26 Oct 2004) $
6 * Changed by: $Author: michi $
7 * Revision: $Rev: 138 $
8 * Location: $URL: NodeDirectoryInterface.java $
9 *
10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland
12 * Department of Information Technology (www.ifi.unizh.ch)
13 * For copyright information please contact kussmaul@nix.ch
14 *
15 ¥
16 package ch.nix.ert.communication;
17
18 import  ch.nix.ert. message.Dataltem;
19
20 [
21 * TODO Edit this text for a better description
22 *
23 * @author michi
24 *
25 public interface NodeDirectoryInterface {
26
27 public  void publish (Dataltem dataKeyPartition )
28 public  void unpublish ( Dataltem dataKeyPartition )
29 public  Dataltem findNode ( Dataltem data );
30
31}
File 13: communication.jmdns.NodeDirectory
1/
2 * Created on Aug 4, 2004 3:29:26 PM
3 *
4 * Project: ExtendendRootTree
5 * Last Change: $Date: 2004-11-11 19:33:00 +0100 (Thu, 11 Nov 2004) $
6 * Changed by: $Author: michi $
7 * Revision: $Rev: 171 $
8 * Location: $URL: NodeDirectory.java $
9 *
10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland
12 * Department of Information Technology (www.ifi.unizh.ch)
13 * For copyright information please contact kussmaul@nix.ch
14 *
15 *
16 package ch.nix.ert.communication.jmdns;
17
18 import java.io.lOException;
19 import java.util. Hashtable;
20 import java.util.SortedMap;
21
22 import  javax.jmdns.JmDNS;
23 import  javax.jmdns.Servicelnfo;
24
25 import  org.apache.log4j.Logger;
26
27 import  ch.nix.ert.communication.NodeDirectoryInterface;
28 import  ch.nix.ert. nessage.Dataltem;
29 import  ch.nix.ert. message.InternalKey;
30 import  ch.nix.ert. message.Node;
31
32 [
33 * TODO Edit this text for a better description
34 =
35 * This is a special implementation for zeroconf (aka Apple:Rendezvous,
36 * Apple:OpenTalk) and published all KeyPartitions
37 *
38 * @author michi
39 %
40 public class NodeDirectory implements  NodeDirectoryInterface {
41
42 /I logger:
43 static Logger logger = Logger.getLogger ( NodeDirectory.  class );
44
45 private JmMDNS jmdns;
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46

47 private Hashtable registeredServiceTable = new Hashtable () ;

48

49 private NodeDirectoryListener nodeDirectoryListener = new NodeDirectoryListener 0;
50

51 Pl

52 *

53 */

54 public ~ NodeDirectory () {

55 try

56 jmdns = new JmDNY) ;

57 /Inow start Listener to all ExtendedRootTree nodes out there!

58 jmdns.addServiceListener ("_master._ert._tcp.local." ,

59 nodeDirectoryListener );

60 } catch (1OException e ) {

61 /I TODO Auto-generated catch block

62 logger.error ("Error creating zeroconf service (JmDNS)" +e);
63

64 }

65

66 /I TODO change: the HashTable should contain a reference to the actual

67 /I KeyPartition, and should check if the information in this keyPartition

68 /I has changed: if so, it has to unpublish the old and publish the new one

69 public  void publish (Dataltem data ) {

70 /IKeyPartition keyPartition = data.getKeyPartition();

71 InternalKey firstinternalKey = data.getFirstinternalkey 0

72 InternalKey lastinternalKey = data.getLastinternalKey 0

73 int  keyPartitionld = data.getKeyPartitionld 0

74

75 Hashtable props = new Hashtable () ;

76 /Inow check, if for some reason something is alreay registered at the

77 /I very same name! (To prevent the creation of [2]...)

78 if  (nodeDirectoryListener.getkeyPartitionList () .containsKey (

79 firstinternalKey ) {

80 Ilthere is already something out there with the name 2, | dont

81 /I publish this new information!

82 /ISystem.out.printin("Already something published with this

83 /I name!");

84 logger

85 .info  ("There is already something published with this KeyGroup-ID: "
86 + firstinternalKey

87 + ", | don't overwrite this informatin” )

88 return

89

90 String publishedinfo = firstinternalKey.toString )

91 if  (registeredServiceTable.containsKey (new Integer ( keyPartitionld N {
92 /[This service is already published, now check, if KeyPartition has

93 /I changed!

94 Servicelnfo oldServicelnfo = (Servicelnfo ) registeredServiceTable
95 .get (new Integer ( keyPartitionld )

96 String oldPublishedinfo = oldServicelnfo.getName 0

97 logger.info ( "KeyPartition was already published, but has changed"

98 + " in meantime, | will update my Directory from:

99 + oldPublishedinfo + " to: "+ publishedinfo )

100 /ISystem.out.printin("new: " + publishedInfo);

101 /ISystem.out.printin("old: " + oldPublishedInfo);

102 /ISystem.out.printin("Same?" +

103 /I publishedInfo.equals(oldPublishedInfo));

104 if  ( publishedinfo.equals ( oldPublishedInfo N A

105 /I keyPartition is the same, nothing to do!

106 /ISystem.out.printin("already published, nothing todo!");

107 logger

108 .info ("KeyPartition has changed, but is not relevant"

109 + " for NodeDirectory, so | don't re-publish anything now" );
110 return

111 } else {

112 /I keyPartitions have significantly changed, i need to update my

113 /I directory

114 /ISystem.out.printin(“unpublish/publish me: " + publishedInfo);

115 logger

116 .info ("KeyPartition has changed, and changes are relevant"
117 + " for NodeDirectory, | will now re-publish"

118 + " the updated information" )

119 jmdns.unregisterService ( oldServicelnfo )

120 registeredServiceTable.remove (new Integer ( keyPartitionld )
121 }

122 }

123 props.put  ( "keygroup" , publishedinfo ;

124 /I TODO currently the port 1099 is hardcoded (RMI port), must be made

125 /I configurable.

126 Servicelnfo newServicelnfo = new Servicelnfo  (

127 "_master._ert._tcp.local." , publishedinfo

128 + "._master._ert._tcp.local.” , 1099, 0, O, props );
129

130 ry
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131 /ISystem.out.printin("registering new service");

132 logger.info ("Register KeyPartition: (" + firstinternalkey +
133 + lastinternalKey + ") with ID: " + keyPartitionld

134 + " (JMDNS Servicelnfo: "

135 + newServicelnfo.getNiceTextString 0O +");

136 jmdns.registerService (newServicelnfo );

137 registeredServiceTable.put (new Integer ( keyPartitionld ),
138 newServicelnfo ) ;

139 } catch (IOException e ) {

140 /I TODO Auto-generated catch block

141 System.out.printin ("ERROR registering zeroconf service (JmDNS) "
142 +e);

143 logger

144 .error  ("Error registering KeyPartition in zeroconf service (JmMDNS)" );
145 }

146 }

147

148 public  void unpublish (Dataltem data ) {

149 /IKeyPartition keyPartition = data.getKeyPartition();

150 InternalKey firstinternalKey = data.getFirstinternalKey 0

151 InternalKey lastinternalkey = data.getLastinternalKey 0

152 int  keyPartitionld = data.getKeyPartitionld 0;

153

154 Servicelnfo oldServicelnfo = (Servicelnfo ) registeredServiceTable
155 .get (new Integer ( keyPartitionld )

156 /ISystem.out.printin("KeyPartition: " + keyPartition);

157 /ISystem.out.printin("ServiceHash: " + registeredServiceTable);

158 if  (oldServicelnfo = null ) {

159 logger.info ("Unregister KeyPartition with I1D: " + keyPartitionld
160 + " (JmMDNS Servicelnfo: "

161 + oldServicelnfo.getNiceTextString 0O +");

162 jmdns.unregisterService (oldServicelnfo );

163

164 registeredServiceTable.remove (new Integer ( keyPartitionld )

165 }

166

167 public  Dataltem findNode ( Dataltem data ) {

168 if (data.getinternalKey ) == nul ) {

169 return null ;

170 }

171 SortedMap headMap = nodeDirectoryListener.getKeyPartitionList 0
172 .headMap ( data.getInternalKey () .getSubsequentinternalKey 0)
173 /lif this beast is not empty, get the last key of it:

174 Node node;

175 if (!headMap.isEmpty () {

176 node = (Node) nodeDirectoryListener.getKeyPartitionList () .get (
177 headMap.lastkey () ;

178 Dataltem returnData = new Dataltem () ;

179 returnData.setDirectDestination (node) ;

180 return  returnData;

181

182 /I should not happen, as always all KeyPartitions should be available

183 /I (only in case a machine is down, network problem, this can happen

184 return null ;

185 }

186 }

File 14: communication.jmdns.NodeDirectoryListener

1/

2 * Created on Aug 4, 2004 5:31:31 PM

3 *

4 * Project: ExtendendRootTree

5 * Last Change: $Date: 2004-11-04 10:15:02 +0100 (Thu, 04 Nov 2004) $
6 * Changed by: $Author: michi $

7 * Revision: $Rev: 158 $

8 * Location: $URL: NodeDirectoryListener.java $

9 *

10 * This source-code is part of the diploma thesis of Michael Kussmaul
11  * written at the University of Zurich, Switzerland

12 * Department of Information Technology (www.ifi.unizh.ch)

13 * For copyright information please contact kussmaul@nix.ch

14 *

15 #

16 package ch.nix.ert.communication.jmdns;

17

18 import java.util. TreeMap;

19

20 import  javax.jmdns.JmDNS;

N
[y

import  javax.jmdns.Servicelnfo;
import  javax.jmdns.ServiceListener;

NN
w N
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24 import  ch.nix.ert. message.InternalKey;
25 import  ch.nix.ert. message.Node;

26
27 [+
28 * TODO Edit this text for a better description
29 *
30 * @author michi
31 *
32 public class NodeDirectoryListener implements  ServiceListener {
33
34 private  TreeMap nodeDirectory = new TreeMap () ;
35
36 public  TreeMap getKeyPartitionList 01
37 return  nodeDirectory;
38
39
40 I*
41 * (non-Javadoc)
42 *
43 * @see javax.jmdns.ServiceListener#addService(javax.jmdns.JmDNS,
44 * java.lang.String, java.lang.String)
45 */
46 public  void addService (JmDNS jmdns, String type, String name ) {
47 String shortname;
48 shortname = name.substring (0, name.length () - (typelength () + 1)) ;
49 /lcheck if name is a number (e.g. not 1 [1])
50 if  (shortname.endsWith ("' )) {
51 /linvalid name, discard it!
52 /ISystem.out.printin("Wrong Name in addService: " + shortname);
53 return
54
55 InternalkKey key = new Internalkey  (shortname );
56 Node value = new Node(jmdns.getServicelnfo (type, name ) .getAddress () ,
57 jmdns.getServicelnfo (type, name ) .getPort () ;
58 nodeDirectory.put (key, value );
59 /ISystem.out.printin("ADD: " + shortname);
60 }
61
62 I*
63 * (non-Javadoc)
64 *
65 * @see javax.jmdns.ServiceListener#removeService(javax.jmdns.JmMDNS,
66 * java.lang.String, java.lang.String)
67 */
68 public  void removeService (JmDNS jmdns, String type, String name ) {
69 /I TODO Auto-generated method stub
70 if (name.endsWith ("." + type )) {
71 name = name.substring (0, name.ength () - (typelength () + 1)) ;
72
73 /I check if name is a number (e.g. not 1 [1])
74 if (name.endsWith ("]" )) {
75 /llinvalid name, discard it!
76 /ISystem.out.printin("Wrong Name in removeService: " + name);
77 return ;
78
79 InternalKey key = new Internalkey (name);
80 nodeDirectory.remove (key);
81 /ISystem.out.printin("REMOVE: " + name);
82 }
83
84 I*
85 * (non-Javadoc)
86 *
87 * @see javax.jmdns.ServicelListener#resolveService(javax.jmdns.JmDNS,
88 * java.lang.String, java.lang.String, javax.jmdns.Servicelnfo)
89 *
90 public  void resolveService  (JmDNS jmdns, String type, String name,
91 Servicelnfo info ) {
92 /I TODO Auto-generated method stub
93 System.out.printin ("RESOLVED: " + info );
94 }
95
96 }
File 15: communication.netty2.ErtClassCatalog
1/
2 * Created on Oct 22, 2004 9:52:21 PM
3
4 * Project: ExtendendRootTree

5 * Last Change: $Date: 2004-11-12 12:46:25 +0100 (Fri, 12 Nov 2004) $
6 * Changed by: $Author: michi $
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7 * Revision: $Rev: 173 $

8 * Location: $URL: ErtClassCatalog.java $

9 *

10 * This source-code is part of the diploma thesis of Michael Kussmaul
11  * written at the University of Zurich, Switzerland

12 * Department of Information Technology (www.ifi.unizh.ch)
13 * For copyright information please contact kussmaul@nix.ch
14 *

15 %

16 package ch.nix.ert.communication.netty2;

17

18 import java.io.ObjectStreamClass;
19 import  java.util. Hashtable;

20

21 import org.apache.log4j.Logger;
22

23 import  ch.nix.ert. message.Dataltem;
24

25 import  com.sleepycat.bind.serial.ClassCatalog;
26 import com.sleepycat.je.DatabaseException;

27

28 [**

29 * TODO Edit this text for a better description

30 *

31 * @author michi

32 ¥

33 public class ErtClassCatalog implements  ClassCatalog ~ {

34

35 /I logger:

36 static Logger logger = Logger.getLogger ( ErtClassCatalog. class );
37

38 String [] classlds = { "ch.nix.ert.Dataltem" , ‘java.util.Hashtable" ,
39 "java.lang.Boolean” , "ch.nix.ert.Node" s

40 "java.net.InetSocketAddress" , "jJava.net.InetAddress" s
41 "java.net.SocketAddress" , "ch.nix.ert.InternalKey" s
42 “ch.nix.ert.UserKey" }s

43

44 I*

45 * (non-Javadoc)

46 *

47 * @see com.sleepycat.bind.serial.ClassCatalog#close()

48 */

49 public  void close () throws DatabaseException {

50 /I TODO Auto-generated method stub

51

52 }

53

54 I*

55 * (non-Javadoc)

56 *

57 * @see com.sleepycat.bind.serial.ClassCatalog#getClassFormat(byte[])
58 */

59 public  ObjectStreamClass getClassFormat (byte [] classID )
60 throws DatabaseException, ClassNotFoundException

61 /I System.out.printin("getClassFormat:

62 /I "+ObjectStreamClass.lookup(Dataltem.class));

63 /ISystem.out.printin("Lookedup: " + classID[0]);

64 String name = classlds [( int ) classID [O0]] ;

65 return  ObjectStreamClass.lookup (Class.forName ( name)) ;
66 }

67

68 I*

69 * (non-Javadoc)

70 *

71 * @see com.sleepycat.bind.serial.ClassCatalog#getClassID(java.io.ObjectStreamClass)
72 *

73 public  byte [] getClassID ( ObjectStreamClass classDesc )

74 throws DatabaseException, ClassNotFoundException {
75 /I TODO Auto-generated method stub

76 /I System.out.printin("getClassID: "+classDesc);

7 String name = classDesc.getName 0

78 for (int i = 0; i < classlds.length; i++ {

79 if  ((( String ) classlds [i]) .equals (name)) {

80 /I System.out.printin(“calculated: " + i);

81 byte [] result = new byte [1];

82 result [0] = (byte ) i;

83 return  result;

84 }

85

86

87 logger.error ("Undefined Class: " + name

88 + ", please update ErtClassCatalog with the"

89 + " new Class you introduced in Dataltem" );
90 return new  byte [ Oxff ];

91 }
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92
93 }
File 16: communication.netty2.ErtMessage
1/
2 * Created on Oct 21, 2004 9:24:15 AM
3
4 * Project: ExtendendRootTree
5 * Last Change: $Date: 2004-10-28 22:38:52 +0200 (Thu, 28 Oct 2004) $
6 * Changed by: $Author: michi $
7 * Revision: $Rev: 144 $
8 * Location: $URL: ErtMessage.java $
9 *
10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland
12 * Department of Information Technology (www.ifi.unizh.ch)
13 * For copyright information please contact kussmaul@nix.ch
14 *
15 *
16 package ch.nix.ert.communication.netty2;
17
18 import java.io.ByteArraylnputStream;
19 import java.io.ByteArrayOutputStream;
20 import  java.io.lOException;
21 import java.io.ObjectOutputStream;
22 import  java.nio.ByteBuffer;
23
24 import  net.gleamynode.netty2.Message;
25 import  net.gleamynode.netty2.MessageParseException;
26
27 import  org.apache.log4j.Logger;
28
29 import  ch.nix.ert. message.Dataltem;
30 import  ch.nix.ert. message.DataltemCoder;
31
32 import  com.sleepycat.bind.serial.Seriallnput;
33 import com.sleepycat.bind.serial.SerialOutput;
34
35 [
36 * TODO Edit this text for a better description
37 *
38 * @author michi
39 #
40 public class ErtMessage implements Message {
41
42 /I logger:
43 static Logger logger = Logger.getLogger ( ErtMessage. class );
44
45 public  Dataltem dataltem = null ;
46
47 private  DataltemCoder dataltemCoder;
48
49 public  ErtMessage () {
50 dataltemCoder =  new DataltemCoder () ;
51
52
53 public ~ Dataltem getDataltem 0 {
54 return  dataltemCoder.getDataltem 0
55
56
57 public  void setDataltem (Dataltem myData ) {
58 dataltem = myData;
59 dataltemCoder.setDataltem (myData) ;
60 }
61
62 I*
63 * (non-Javadoc)
64 *
65 * @see net.gleamynode.netty2.Messaget#read(java.nio.ByteBuffer)
66 */
67 public  boolean read ( ByteBuffer buf ) throws MessageParseException
68 return  dataltemCoder.decode  (buf );
69 }
70
71 I*
72 * (non-Javadoc)
73 *
74 * @see net.gleamynode.netty2.Message#write(java.nio.ByteBuffer)
75 */
76 public  boolean write (ByteBuffer buf ) {
77 return  dataltemCoder.encode (buf);
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78 }
79
80 }
File 17: communication.netty2.ErtMessageRecognizer
1/~
2 * Created on Oct 21, 2004 9:23:30 AM
3
4 * Project: ExtendendRootTree
5 * Last Change: $Date: 2004-10-29 17:46:07 +0200 (Fri, 29 Oct 2004) $
6 * Changed by: $Author: michi $
7 * Revision: $Rev: 146 $
8 * Location: $URL: ErtMessageRecognizer.java $
9 *
10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland
12 * Department of Information Technology (www.ifi.unizh.ch)
13 * For copyright information please contact kussmaul@nix.ch
14 *
15 ¥
16 package ch.nix.ert.communication.netty2;
17
18 import  java.nio.ByteBuffer;
19
20 import  net.gleamynode.netty2.Message;

21 import net.gleamynode.netty2.MessageParseException;
22 import net.gleamynode.netty2.MessageRecognizer;
23
24 [
25 * TODO Edit this text for a better description
26 *
27 * @author michi
28 ¥/
29 public class ErtMessageRecognizer implements  MessageRecognizer  {
30
31 /* (non-Javadoc)
32 * @see net.gleamynode.netty2.MessageRecognizer#recognize(java.nio.ByteBuffer)
33 */
34 public Message recognize (ByteBuffer buf ) throws MessageParseException {
35 /I return null if we have not yet received the length of the message
36 if (bufremaining () < 5) {
37 return null ;
38 }
39 /I we have the length so we get the message!
40 /I int length = buf.getint();
41 /I if (length < 1) {
42 |/ return null;
43 1l
44 return new ErtMessage () ;
45 }
46
47}
File 18: communication.netty2.NodeCommunication
1/~
2 * Created on Oct 21, 2004 8:30:54 AM
3
4 * Project: ExtendendRootTree
5 * Last Change: $Date: 2004-11-09 01:55:31 +0100 (Tue, 09 Nov 2004) $
6 * Changed by: $Author: michi $
7 * Revision: $Rev: 165 $
8 * Location: $URL: NodeCommunication.java $
g *
10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland
12 * Department of Information Technology (www.ifi.unizh.ch)
13 * For copyright information please contact kussmaul@nix.ch
14 *
15
16 package ch.nix.ert.communication.netty2;
17
18 import java.io.|OException;
19 import  java.net.InetSocketAddress;
20
21 import org.apache.log4j.Logger;
22
23 import  net.gleamynode.netty2.loProcessor;
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24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
a1
42
43
a4
45
46
a7
48
49
50
51
52

54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71

73
74
75
76
7
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108

import  net.gleamynode.netty2.LowLatencyEventDispatcher;
import  net.gleamynode.netty2.MessageRecognizer;

import  net.gleamynode.netty2.OrderedEventDispatcher;

import  net.gleamynode.netty2.Session;

import  net.gleamynode.netty2.SessionServer;

import  net.gleamynode.netty2.SimpleEventDispatcher;

import  net.gleamynode.netty2. ThreadPooledEventDispatcher;
import  ch.nix.ert.base.Dispatcher;

import  ch.nix.ert.base.ServiceManager;

import  ch.nix.ert.communication.NodeCommunicationinterface;
import  ch.nix.ert.communication.NodeDirectory;

import  ch.nix.ert.communication.rmi.NodeCommunicationRmilnterface;
import  ch.nix.ert. message.Dataltem;

import  ch.nix.ert. message.Node;

e
* This is an implementation of Netty 2

* (http://gleamynode.net/dev/projects/netty2)

*

* It is implemented on top of Java NIO and provides good network performance

*

*  @author michi

*

public class NodeCommunication  implements  NodeCommunicationinterface {

/I logger:
static Logger logger = Logger.getLogger ( NodeCommunication. class );

private static final String HOSTNAME = "localhost" ;
private static final int  SERVER_PORT =15123;
private static final int  CONNECT_TIMEOUT =30;
private static final int  DISPATCHER_THREAD_POOL_SIZE 4;
private NodeCommunicationServerListener listener;
NodeDirectory nodeDirectory = NodeDirectory.getinstance 0
private Dispatcher dispatcher;
public  NodeCommunication () {
dispatcher = ServiceManager.getinstance () .getDispatcher () ;
/I initialize 1/0 processor and event dispatcher
loProcessor ioProcessor = new loProcessor () ;
SimpleEventDispatcher eventDispatcher = new SimpleEventDispatcher
try
/I start with the default number of I/O worker threads
ioProcessor.start 0
} catch (1OException e ) {

/I TODO Auto-generated catch block
e.printStackTrace 0

/I start with a few event dispatcher threads
eventDispatcher.setThreadPoolSize ( DISPATCHER_THREAD_POOL_SIZE
eventDispatcher.start 0

/I prepare message recognizer
ErtMessageRecognizer recognizer = new ErtMessageRecognizer () ;

/I prepare session event listener which will provide communication
/I workflow.
listener = new NodeCommunicationServerListener 0

/I prepare session server

SessionServer server = new SessionServer () ;
server.setloProcessor (ioProcessor ) ;
server.setEventDispatcher (eventDispatcher ) ;
server.setMessageRecognizer (recognizer );

server.addSessionListener (listener ) ;
server.setBindAddress (new InetSocketAddress  ( SERVER_PORYT ;

/I open the server port, accept connections, and start communication

/I logger.info("Listening on port " + SERVER_PORT);
try

server.start 0
} catch (1OException el ) {

0
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109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
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129
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135
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150
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159
160
161
162
163
164
165
166
167
168
169
170
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172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193

*
(non-Javadoc)

/I TODO Auto-generated catch block
el.printStackTrace 0

@see ch.nix.ert.communication.NodeCommunicationinterface#send(ch.nix.ert.Dataltem)

public  void send (Dataltem dataltem ) {

}

String ip = "

/I now check where the dataltem has to be sent to

/I first check if we have a "directdelivery" packet, which does not need

/I to be routed

Node node = dataltem.getDirectDestination 0

if (node == null ) {
/I no indication that we have a direct delivery packet, so we have
/I to lookup the dataltem

Dataltem destination = nodeDirectory.findNode ( dataltem );
if (destination == null ) {
logger
I .warn("Could not send (unknown destination): "
1l + dataltem);
return ;
Node destinationNode = destination.getDirectDestination 0
if  (destinationNode.isLocalhost 0 {

/I means we would send this dataltem to ourselfs, so we return
/it here already!

dataltem.setRouting ("local" );
dispatcher.addWork (dataltem );
return
ip = destinationNode.getlp 0
} else {

ip = node.getlp () ;

/I we don't want to send over this information

/I TODO later we should write an cleanup method into Dataltem which
/I automatically removes all unused parameters bevore sending it or

/I storing it...

dataltem.removeDirectDestination 0
}
/Inow add originator Address:
dataltem.setDirectOriginator (new Node( SERVER_PORY ;
Session session = getSessionForAddress (ip);
ErtMessage ertMessage = new ErtMessage () ;
ertMessage.setDataltem (dataltem );
I logger.debug(“for IP: " + ip + ", | took session: "
I + session.getSocketAddressString() + " " + session);
I session.setAttachment(this);
I boolean result = session.write(ertMessage);
boolean result = false ;

int round = O;
while  (!result && round < 2) {
/I sending was not successful, try again!

session = getSessionForAddress (ip);
result = session.write (ertMessage ) ;
round++;
}
private  Session getSessionForAddress (String ip ) {
Session cachedSession = null
cachedSession = SessionManager.getSessionForAddress (ip);
/ISystem.out.printin(SessionManager.getSize());
if (cachedSession == null ) {
logger

.info  ("In hashtable are "
+ SessionManager.getSize 0
+ " connections stored, | need to create a new session for ip: "

+ip);
loProcessor clientloProcessor = new loProcessor () ;
try {
clientloProcessor.start 0;

} catch (1OException e ) {
/I TODO Auto-generated catch block
e.printStackTrace 0

SimpleEventDispatcher clientEventDispatcher = new SimpleEventDispatcher 0
clientEventDispatcher
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194 .setThreadPoolSize ~ ( DISPATCHER_THREAD_POOL_SIZE

195 clientEventDispatcher.start 0

196 ErtMessageRecognizer clientRecognizer = new ErtMessageRecognizer () ;
197 NodeCommunicationClientListener clientListener = new NodeCommunicationClientListener 0
198

199 cachedSession = new Session ( clientloProcessor,

200 new InetSocketAddress (ip, SERVER_PORT), clientRecognizer,
201 clientEventDispatcher )

202 /I set configuration

203 cachedSession.getConfig () .setConnectTimeout  ( CONNECT_TIMEOUYT
204 /I suscribe and start communication

205 cachedSession.addSessionListener ( clientListener )

206 SessionManager.addAddressForSession (

207 (( InetSocketAddress ) cachedSession.getSocketAddress 0)
208 .getAddress () .getHostAddress () , cachedSession );
209 1 logger.debug("Connecting to "

210 1 + ((InetSocketAddress) cachedSession.getSocketAddress())
211 1 .getAddress().getHostAddress());

212 cachedSession.start 0

213 try {

214 while  ( !cachedSession.isConnected 0) {

215 Thread.sleep  (500);

216

217 } catch (InterruptedException el ) {

218 /I TODO Auto-generated catch block

219 el.printStackTrace 0

220 logger.error ("Interrupt: " + el);

221

222

223 return  cachedSession;

224

225

226 }

File 19: communication.netty2.NodeCommunicationClientListener

1/~

2 * Created on Oct 21, 2004 7:36:59 PM

3 *

4 * Project: ExtendendRootTree

5 * Last Change: $Date: 2004-11-12 12:46:25 +0100 (Fri, 12 Nov 2004) $
6 * Changed by: $Author: michi $

7 * Revision: $Rev: 173 $

8 * Location: $URL: NodeCommunicationClientListener.java $
9 *

10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland

12 * Department of Information Technology (www.ifi.unizh.ch)

13 * For copyright information please contact kussmaul@nix.ch
14 *

15 *

16 package ch.nix.ert.communication.netty2;

17

18 import  java.net.InetSocketAddress;

19

20 import  net.gleamynode.netty2.Message;

21 import net.gleamynode.netty2.Session;

22 import net.gleamynode.netty2.SessionListener;

23

24 import  org.apache.log4j.Logger;

25

26 import  ch.nix.ert.base.Dispatcher;

27 import  ch.nix.ert.base.ServiceManager;

28 import  ch.nix.ert. message.Dataltem;

29

30 /**

31 * TODO Edit this text for a better description

32 *

33 * @author michi

34 ¥

35 public class NodeCommunicationClientListener implements  SessionListener {
36

37 /I logger:

38 static Logger logger = Logger

39 .getLogger ( NodeCommunicationClientListener. class );

40

41 private  Dispatcher dispatcher;

42

43 public  NodeCommunicationClientListener

44 dispatcher = ServiceManager.getinstance () .getDispatcher 0;
45 }

N
)
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47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75

77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129 }

1
* (non-Javadoc)

* @see net.gleamynode.netty2.SessionListener#
* connectionEstablished(net.gleamynode.netty2.Session)

*
public  void connectionEstablished (Session session ) {
logger.debug  ("netty2 connection established: " + session );
/I set idle time to 60 seconds
session.getConfig () .setldleTime  (60);
SessionManager.addAddressForSession ((( InetSocketAddress ) session
.getSocketAddress () .getAddress () .getHostAddress () , session );
}
G

* (non-Javadoc)
*

* @see net.gleamynode.netty2.SessionListener#connectionClosed(net.gleamynode.netty2.Session)
*

|

public  void connectionClosed ( Session session ) {

logger.debug  ("netty2 connection closed: " + session );
SessionManager.removeAddressForSession ((( InetSocketAddress ) session
.getSocketAddress () .getAddress () .getHostAddress ()
}
/*
* (non-Javadoc)
*
* @see net.gleamynode.netty2.SessionListener#messageReceived(net.gleamynode.netty2.Session,
* net.gleamynode.netty2.Message)
*
public  void messageReceived ( Session session, Message message ) {
Dataltem dataltem = (( ErtMessage ) message) .getDataltem () ;
/I logger.debug("Recveived <- : " + dataltem);
dataltem.setRouting ("local" );
dispatcher.addWork (dataltem );
}
*

(non-Javadoc)

*
*

* @see net.gleamynode.netty2.SessionListener#messageSent(net.gleamynode.netty2.Session,
* net.gleamynode.netty2.Message)

*/
public  void messageSent ( Session session, Message message ) {
1 Dataltem dataltem = ((ErtMessage) message).getDataltem();
I logger.debug("Sending -> "
I + ((InetSocketAddress) session.getSocketAddress()).getAddress()
1 .getHostAddress() + " : " + dataltem);
}
I

* (non-Javadoc)
*

* @see net.gleamynode.netty2.SessionListener#sessionldle(net.gleamynode.netty2.Session)
*
!
public  void sessionldle (Session session ) {
/I logger.info("Disconnecting the idle session: " + session);

SessionManager.removeAddressForSession ((( InetSocketAddress ) session
.getSocketAddress () .getAddress () .getHostAddress () ;
session.close () ;

}

I
* (non-Javadoc)

* @see net.gleamynode.netty2.SessionListener#exceptionCaught(net.gleamynode.netty2.Session,

* java.lang.Throwable)
*
public  void exceptionCaught ( Session session, Throwable cause ) {
/I cause.printStackTrace();
logger.error ("Unexpected exception: " + cause + "\n" + " in session: "
+ session );
SessionManager.removeAddressForSession ((( InetSocketAddress ) session

.getSocketAddress () .getAddress () .getHostAddress () ;
session.close () ;



118

SOURCE CODE

File 20: communication.netty2.NodeCommunicationServerListener

©ONOUDWNE

Created on Oct 21, 2004 10:20:43 AM

*
*
* Project: ExtendendRootTree

* Last Change: $Date: 2004-11-12 12:46:25 +0100 (Fri, 12 Nov 2004) $
* Changed by: $Author: michi $

* Revision: $Rev: 173 $

* Location: $URL: NodeCommunicationServerListener.java $

*

*

*

*

*

*

This source-code is part of the diploma thesis of Michael Kussmaul
written at the University of Zurich, Switzerland

Department of Information Technology (www.ifi.unizh.ch)

For copyright information please contact kussmaul@nix.ch

package ch.nix.ert.communication.netty2;

import  java.net.ConnectException;
import  java.net.InetSocketAddress;

import  org.apache.log4j.Logger;
import  com.sleepycat.util. RuntimeExceptionWrapper;

import  ch.nix.ert.base.Dispatcher;

import  ch.nix.ert.base.ServiceManager;

import  ch.nix.ert. message.Dataltem;

import  net.gleamynode.netty2.Message;

import  net.gleamynode.netty2.Session;

import  net.gleamynode.netty2.SessionListener;

[x

* TODO Edit this text for a better description
*

*  @author michi
*

public class NodeCommunicationServerListener implements  SessionListener {

/I logger:
static  Logger logger = Logger
.getLogger  ( NodeCommunicationServerListener. class );
private  Dispatcher dispatcher;
public ~ NodeCommunicationServerListener 0{
dispatcher = ServiceManager.getinstance () .getDispatcher
G
(non-Javadoc)

*
*

* @see net.gleamynode.netty2.SessionListener#

* connectionEstablished(net.gleamynode.netty2.Session)
*

public  void connectionEstablished ( Session session ) {

0

logger.debug  ( "netty2 connection established: " + session );

/I set idle time to 60 seconds
session.getConfig () .setldleTime  (60);
SessionManager.addAddressForSession ((( InetSocketAddress
.getSocketAddress () .getAddress () .getHostAddress
}

I
* (non-Javadoc)

* @see net.gleamynode.netty2.SessionListener#
* connectionClosed(net.gleamynode.netty2.Session)
*
|
public  void connectionClosed (Session session ) {
logger.debug ("netty2 connection closed: " + session );

SessionManager.removeAddressForSession ((( InetSocketAddress

.getSocketAddress ()) .getAddress () .getHostAddress

(non-Javadoc)

messageReceived(net.gleamynode.netty2.Session,

*
*

* @see net.gleamynode.netty2.SessionListener#
*

* net.gleamynode.netty2.Message)

public  void messageReceived (Session session, Message message

) session

(), session

) session

(OB

)
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83 Dataltem dataltem = (( ErtMessage ) message) .getDataltem () ;
84 /I logger.debug("Recveived <- : " + dataltem);
85 dataltem.setRouting ("local" );
86 dispatcher.addWork ( dataltem );
87 }
88
89 I*
90 * (non-Javadoc)
91 *
92 * @see net.gleamynode.netty2.SessionListener#
93 * messageSent(net.gleamynode.netty2.Session,
94 * net.gleamynode.netty2.Message)
95 *
96 public  void messageSent ( Session session, Message message ) {
97 1 Dataltem dataltem = ((ErtMessage) message).getDataltem();
98 1 logger.debug("Sending -> "
99 I + ((InetSocketAddress) session.getSocketAddress()).getAddress()
100 I .getHostAddress() + " : " + dataltem);
101
102 }
103
104 I*
105 * (non-Javadoc)
106 *
107 * @see net.gleamynode.netty2.SessionListener#sessionldle(net.gleamynode.netty2.Session)
108 */
109 public  void sessionldle (Session session ) {
110 logger.info ("Disconnecting the idle session: " + session );
111 SessionManager.removeAddressForSession ((( InetSocketAddress ) session
112 .getSocketAddress () .getAddress () .getHostAddress () ;
113 session.close () ;
114 }
115
116 I*
117 * (non-Javadoc)
118 *
119 * @see net.gleamynode.netty2.SessionListener#
120 * exceptionCaught(net.gleamynode.netty2.Session,
121 * java.lang.Throwable)
122 */
123 public  void exceptionCaught ( Session session, Throwable cause ) {
124 cause.printStackTrace 0
125 logger.error ("Unexpected exception: " + cause + "\n" + " in session: "
126 + session );
127 if (cause instanceof RuntimeExceptionWrapper ) {
128 Throwable causeDetails = (( RuntimeExceptionWrapper ) cause )
129 .getDetail () ;
130 logger.error (" Details: " + causeDetails ) ;
131 logger.error (" Message: " + causeDetails.getMessage 0 ;
132 }
133
134 if (cause instanceof ConnectException ) {
135 /I failed to connect to the server, retry after a while.
136 try |
137 Thread.sleep  (5000) ;
138 } catch (InterruptedException e ) {
139 }
140 session.start 0
141 } else {
142 SessionManager.removeAddressForSession ((( InetSocketAddress ) session
143 .getSocketAddress () .getAddress () .getHostAddress () ;
144 session.close () ;
145 }
146
147 }
148
149 }
File 21: communication.netty2.SessionManager
1/
2 * Created on Oct 21, 2004 1:39:20 PM
3 *
4 * Project: ExtendendRootTree
5 * Last Change: $Date: 2004-10-26 15:28:00 +0200 (Tue, 26 Oct 2004) $
6 * Changed by: $Author: michi $
7 * Revision: $Rev: 138 $
8 * Location: $URL: SessionManager.java $
9 *
10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland
12 * Department of Information Technology (www.ifi.unizh.ch)
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13 * For copyright information please contact kussmaul@nix.ch
14 *
15 *
16 package ch.nix.ert.communication.netty2;
17
18 import  java.util.Hashtable;
19
20 import  ch.nix.ert. message.Node;
21
22 import net.gleamynode.netty2.Session;
23
24
25 * TODO Edit this text for a better description
26 =
27 * @author michi
28 *
29 public class SessionManager  {
30
31 private static Hashtable sessionHash = new Hashtable () ;
32
33 public static Session getSessionForAddress (String ip ) {
34 return  (Session ) sessionHash.get (ip);
35 }
36
37 public static void addAddressForSession  ( String ip, Session session ) {
38 sessionHash.put  (ip, session );
39 }
40
41 public static void removeAddressForSession  (String ip ) {
42 sessionHash.remove  (ip );
43
44
45 public static int getSize () {
46 return  sessionHash.size 0
47
48
49
50 }
File 22: communication.rmi.NodeCommunication
1/~
2 * Created on Aug 5, 2004 3:28:51 PM
3 *
4 * Project: ExtendendRootTree
5 * Last Change: $Date: 2004-10-26 15:28:00 +0200 (Tue, 26 Oct 2004) $
6 * Changed by: $Author: michi $
7 * Revision: $Rev: 138 $
8 * Location: $URL: NodeCommunication.java $
9 *
10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland
12 * Department of Information Technology (www.ifi.unizh.ch)
13 * For copyright information please contact kussmaul@nix.ch
14 *
15 *
16 package ch.nix.ert.communication.rmi;
17
18 import  java.net.MalformedURLException;
19 import  java.rmi.Naming;
20 import  java.rmi.NotBoundException;
21 import  java.rmi.RemoteException;
22 import  java.rmi.registry.LocateRegistry;
23 import  java.rmi.registry.Registry;
24 import  java.rmi.server.ExportException;
25
26 import  org.apache.log4j.Logger;
27
28 import  ch.nix.ert.base.Dispatcher;
29 import  ch.nix.ert.base.ServiceManager;
30 import  ch.nix.ert.communication.NodeCommunicationinterface;
31 import  ch.nix.ert.communication.NodeDirectory;
32 import  ch.nix.ert. message.Dataltem;
33 import  ch.nix.ert.message.Node;
34
35 [**
36 * TODO Edit this text for a better description
37 *
38 * @author michi
39 ¥
40 // To do the RMI stub building, do:
41 /I cd /Users/michi/Documents/eclipse/workspace/ExtendendRootTree/bin
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42 /I rmic ch.nix.ert.communication.rmi.NodeCommunicationRmi

43 public class NodeCommunication  implements  NodeCommunicationinterface {
44

45 static Logger logger = Logger.getLogger ( NodeCommunication. class );
46

47 NodeCommunicationRmi communicationObject;

48

49 NodeDirectory nodeDirectory = NodeDirectory.getinstance 0;

50

51 private  Dispatcher dispatcher;

52

53 I

54 *

55 */

56 public  NodeCommunication () {

57 Registry reg;

58 try {

59 try {

60 reg = LocateRegistry.createRegistry (1099); /I registry
61 } catch (ExportException e ) {

62 reg = LocateRegistry.getRegistry (1099);

63 }

64 dispatcher = ServiceManager.getinstance () .getDispatcher 0
65 communicationObject = new NodeCommunicationRmi ( this );

66 communicationObject.startServer 0

67 } catch (RemoteException e ) {

68 /I TODO Auto-generated catch block

69 System.out.printin ("Generation of RMI failed" +e);

70 }

71 }

72

73 public  void send (Dataltem dataltem ) {

74 String ip = "

75 /I now check where the dataltem has to be sent to

76 /I first check if we have a "directdelivery" packet, which does not need
7 /I to be routed

78 Node node = dataltem.getDirectDestination 0

79 if (node == null ) {

80 /I no indication that we have a direct delivery packet, so we have
81 /I to lookup the dataltem

82 Dataltem destination = nodeDirectory.findNode (dataltem );
83 if (destination == null

84 logger.warn  ("Could not send (unknown destination): " +dataltem ) ;
85 return

86

87 Node destinationNode = destination.getDirectDestination 0
88 if  (destinationNode.isLocalhost 0 {

89 /I means we would send this dataltem to ourselfs, so we return it here already!
90 dataltem.setRouting ("local" );

91 dispatcher.addWork (dataltem );

92 return

93

94 ip = destinationNode.getlp 0

95

96 } else {

97 ip = node.getlp () ;

98 /I we don't want to send over this information

99 /I TODO later we should write an cleanup method into Dataltem which
100 /I automatically removes all unused parameters bevore sending it or
101 /I storing it...

102 dataltem.removeDirectDestination 0

103 }

104

105 NodeCommunicationRmilnterface nodeCommunication;

106

107 /Inow add originator Address:

108 dataltem.setDirectOriginator (new Node(1099)) ;

109

110 try {

111 nodeCommunication =  ( NodeCommunicationRmilnterface ) Naming
112 lookup  ("rmi://" + ip + "/NodeCommunicationRmi" );
113 /I executes the remote "receive” method to acutally send this dataltem
114 /ISystem.out.printin("Data sendingRMI ->: "+ dataltem);

115 logger.debug ("Sending -> " +ip+ " : " +dataltem );

116 nodeCommunication.receive (dataltem ) ;

117 } catch (MalformedURLException e ) {

118 logger.warn  ("Could not send: "  +dataltem+ "\n" +e);

119 } catch (RemoteException e ) {

120 loggerwarn  ("Could not send: "  +dataltem+ "\n" +e);

121 } catch (NotBoundException e ) {

122 logger.warn  ("Could not send: "  +dataltem+ "\n" +e);

123

124

125 }
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File 23: communication.rmi.NodeCommunicationRmi

1/

2 * Created on Aug 5, 2004 4:20:49 PM

3

4 * Project: ExtendendRootTree

5 * Last Change: $Date: 2004-10-26 15:28:00 +0200 (Tue, 26 Oct 2004) $

6 * Changed by: $Author: michi $

7 * Revision: $Rev: 138 $

8 * Location: $URL: NodeCommunicationRmi.java $

9 *

10 * This source-code is part of the diploma thesis of Michael Kussmaul

11 * written at the University of Zurich, Switzerland

12 * Department of Information Technology (www.ifi.unizh.ch)

13 * For copyright information please contact kussmaul@nix.ch

14 *

15 *

16 package ch.nix.ert.communication.rmi;

17

18 import  java.net.MalformedURLException;

19 import  java.rmi.Naming;

20 import  java.rmi.RemoteException;

21 import java.rmi.server.UnicastRemoteObject;

22

23 import  org.apache.log4j.Logger;

24

25 import  ch.nix.ert.base.Dispatcher;

26 import  ch.nix.ert.base.ServiceManager;

27 import  ch.nix.ert. nessage.Dataltem;

28

29 [+

30 * TODO Edit this text for a better description

31 *

32 * @author michi

33 ¥

34 public class NodeCommunicationRmi  extends UnicastRemoteObject implements
35 NodeCommunicationRmilnterface

36

37 static Logger logger = Logger.getLogger ( NodeCommunicationRmi. class );
38

39 NodeCommunication nodeCommunication;

40

41 private Dispatcher dispatcher;

42

43 P

44 * @throws RemoteException

45 */

46 public  NodeCommunicationRmi ( NodeCommunication myNodeCommunication )
47 throws RemoteException  {

48 nodeCommunication = myNodeCommunication;

49 Ilwrite the responses directly to the Dispatcher main queue:

50 dispatcher = ServiceManager.getinstance () .getDispatcher 0;
51

52

53 *

54 * (non-Javadoc)

55 *

56 * @see ch.nix.ert. NodeCommunicationRmilnterface#transmit(ch.nix.ert.Dataltem)
57 */

58 public  void receive (Dataltem dataltem ) throws RemoteException {
59 /I This will be executed, when remote site was sending us an object
60 /ISystem.out.printin("Comm Received: "+dataltem);

61 logger.debug ("Recveived <- : "  +dataltem );

62 dataltem.setRouting ("local" );

63 dispatcher.addWork (dataltem ) ;

64 }

65

66 public  void startServer () {

67

68 try {

69 Naming.rebind  ( "NodeCommunicationRmi* , NodeCommunicationRmi.  this );
70 /ISystem.out.printin  (“NodeCommunication Server is ready.");

71 } catch (MalformedURLException e ) {

72 /I TODO Auto-generated catch block

73 System.out.printin ("Error in NodeCommunicationRmi, Naming.bind: "
74 + e);

75 } catch (RemoteException e ) {

76 /I TODO Auto-generated catch block

77 System.out.printin ("Error in NodeCommunicationRmi, Naming.bind: "
78 +e);

79 }

80

81 }
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File 24: communication.rmi.NodeCommunicationRmilnterface

1/
2 * Created on Aug 5, 2004 4:21:16 PM
3
4 * Project: ExtendendRootTree
5 * Last Change: $Date: 2004-10-26 15:28:00 +0200 (Tue, 26 Oct 2004) $
6 * Changed by: $Author: michi $
7 * Revision: $Rev: 138 $
8 * Location: $URL: NodeCommunicationRmilnterface.java $
9 *
10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland
12 * Department of Information Technology (www.ifi.unizh.ch)
13 * For copyright information please contact kussmaul@nix.ch
14 *
15 #
16 package ch.nix.ert.communication.rmi;
17
18 import java.rmi.Remote;
19 import  java.rmi.RemoteException;
20
21 import  ch.nix.ert. message.Dataltem;
22
23 [**
24 * TODO Edit this text for a better description
25 *
26 * @author michi
27 %
28 public interface NodeCommunicationRmilnterface extends Remote {
29
30 public  void receive (Dataltem dataltem ) throws RemoteException;
31
32}
File 25: datastore.DataStore
1~
2 * Created on Aug 10, 2004 12:28:46 PM
3
4 * Project: ExtendendRootTree
5 * Last Change: $Date: 2004-11-11 18:53:50 +0100 (Thu, 11 Nov 2004) $
6 * Changed by: $Author: michi $
7 * Revision: $Rev: 168 $
8 * Location: $URL: DataStore.java $
9 *
10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland
12 * Department of Information Technology (www.ifi.unizh.ch)
13 * For copyright information please contact kussmaul@nix.ch
14 =
15 #
16 package ch.nix.ert.datastore;
17
18 import  ch.nix.ert.message.Dataltem;
19
20 [**
21 * TODO Edit this text for a better description
22 *
23 * @author michi
24 %
25 public class DataStore  implements  DataStorelnterface {
26
27 static private String plugin = "berkeleyje” ;
28
29 private  DataStorelnterface delegate = null
30
31 public ~ DataStore ( String instanceld ) {
32 try
33 delegate = ( DataStorelnterface ) ( Class
34 forName ( “ch.nix.ert.datastore.” + plugin + “.DataStore" )
35 .newinstance () ;
36 delegate.setDatabaseld (instanceld ) ;
37 } catch (InstantiationException e )
38 /I TODO Auto-generated catch block
39 e.printStackTrace 0
40 } catch (lllegalAccessException e ) {
41 /I TODO Auto-generated catch block
42 e.printStackTrace 0
43 } catch ( ClassNotFoundException e ) {
44 /I TODO Auto-generated catch block



124 SOURCE CODE

45 e.printStackTrace 0
46 }
47 }
48
49 I*
50 * (non-Javadoc)
51 *
52 * @see ch.nix.ert.datastore.DataStorelnterface#getDataltem(ch.nix.ert.Dataltem)
53 */
54 public  Dataltem getDataltem (Dataltem data ) {
55 /I TODO Auto-generated method stub
56 return  delegate.getDataltem (data );
57
58
59 I*
60 * (non-Javadoc)
61 *
62 * @see ch.nix.ert.datastore.DataStorelnterface#putDataltem(ch.nix.ert.Dataltem)
63 *
64 public  boolean putDataltem (Dataltem data ) {
65 /I TODO Auto-generated method stub
66 return  delegate.putDataltem (data );
67 }
68
69 I*
70 * (non-Javadoc)
71 *
72 * @see ch.nix.ert.datastore.DataStorelnterface#deleteDataltem(ch.nix.ert.Dataltem)
73 *
74 public  boolean deleteDataltem ( Dataltem data ) {
75 /I TODO Auto-generated method stub
76 return  delegate.deleteDataltem (data ) ;
77 }
78
79 public int getDbSize () {
80 return  delegate.getDbSize 0
81 }
82
83 I*
84 * (non-Javadoc)
85 *
86 * @see ch.nix.ert.datastore.DataStorelnterface#getDatabaseld()
87 */
88 public  String getDatabaseld 0 {
89 /I TODO Auto-generated method stub
90 return  delegate.getDatabaseld 0;
91
92
93 public  void setDatabaseld (String id ) {
94 /ldo nothing as setting the Database id should not be allowed!
95 }
96
97 I*
98 * (non-Javadoc)
99 *
100 * @see ch.nix.ert.datastore.DataStoreInterface#getNextDataltem(ch.nix.ert.Dataltem,
101 * java.lang.String, int)
102 */
103 public  Dataltem getNextDataltem (Dataltem data ) {
104 /I TODO Auto-generated method stub
105 return  delegate.getNextDataltem (data );
106 }
107
108 I*
109 * (non-Javadoc)
110 *
111 * @see ch.nix.ert.datastore.DataStorelnterface#getPreviousDataltem(ch.nix.ert.Dataltem,
112 * java.lang.String, int)
113 */
114 public  Dataltem getPreviousDataltem (Dataltem data ) {
115 /I TODO Auto-generated method stub
116 return  delegate.getPreviousDataltem (data );
117
118
119 }
File 26: datastore.DataStorelnterface
1/
2 * Created on Aug 10, 2004 12:31:08 PM
3

4 * Project: ExtendendRootTree
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5 * Last Change: $Date: 2004-10-26 15:43:26 +0200 (Tue, 26 Oct 2004) $
6 * Changed by: $Author: michi $

7 * Revision: $Rev: 139 $

8 * Location: $URL: DataStorelnterface.java $

9 *

10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland

12 * Department of Information Technology (www.ifi.unizh.ch)

13 * For copyright information please contact kussmaul@nix.ch

14 *

15 %

16 package ch.nix.ert.datastore;

17

18 import  ch.nix.ert.message.Dataltem;

19

20 /=

21 * TODO Edit this text for a better description

22 *

23 * @author michi

24 %

25 public interface DataStorelnterface {

26

27 public ~ Dataltem getNextDataltem (Dataltem data );

28

29 public ~ Dataltem getPreviousDataltem (Dataltem data );
30

31 public  Dataltem getDataltem (Dataltem data );

32

33 public  boolean putDataltem ( Dataltem data );

34

35 public  boolean deleteDataltem ( Dataltem data );

36

37 /I public void deleteDataltemRange(Dataltem data);

38

39 public int getDbSize () ;

40

41 Paid

42 * |f database is still closed, <code> databaseld </code> is null
43 * <p>

44 * |If database is opened and running, <code> databaseld </code> contains an
45 * unique Id (namespace like "ch.nix.accountDB")

46 *

47 * @return Returns the databaseld.

48 *

49 public  String getDatabaseld 0

50

51 public  void setDatabaseld ( String databaseld )

52

53 }

File 27: datastore.DataStoreManager

1/~

2 * Created on Jul 28, 2004 4:59:10 PM

3 *

4 * Project: ExtendendRootTree

5 * Last Change: $Date: 2004-10-26 15:43:26 +0200 (Tue, 26 Oct 2004) $
6 * Changed by: $Author: michi $

7 * Revision: $Rev: 139 $

8 * Location: $URL: DataStoreManager.java $

9 *

10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland

12 * Department of Information Technology (www.ifi.unizh.ch)

13 * For copyright information please contact kussmaul@nix.ch

14 *

15 *

16

17 package ch.nix.ert.datastore;

18

19 import  java.util. Hashtable;

20

21 import  ch.nix.ert.datastore.DataStore;
22 import  ch.nix.ert. message.Dataltem;

23

24 [

25 =

26 * TODO Edit this text for a better description Manages all DataStore objects.

27 * Each DataStore object is responsible for his own namespace <br>

28 *

29 * Follows the Singelton-Design Pattern after Rodney Waldhoff.

30 * http://radio.weblogs.com/0122027/stories/2003/10/20/implementingTheSingletonPatterninJava.html
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31

32 @author michi

33

34 public class DataStoreManager  {

35

36 private Hashtable dataStores = new Hashtable () ;

37

38 static private DataStoreManager instance = null ;

39

40 private  DataStoreManager () {

41 }

42

43 /**

44 * @return  The unique instance of this class.

45 *

46 static public synchronized DataStoreManager getinstance 0{

47 if (null == instance ) {

48 instance = new DataStoreManager () ;

49

50 return  instance;

51 }

52

53 public  boolean put (Dataltem data ) {

54 /lcheck if namespace already exists

55 String myNamespace = (String ) data.getNamespace () ;

56 if (dataStores.get (myNamespace) == null ) {

57 /Inamespace does no exist, | need to create a new DataStore first
58 dataStores.put (myNamespace, new DataStore ( myNamespace)) ;
59

60 DataStore currentDataStore = (DataStore ) dataStores.get ( myNamespace) ;
61 return  currentDataStore.putDataltem (data );

62

63

64 public  Dataltem get (Dataltem data ) {

65 DataStore currentDataStore = (DataStore ) dataStores.get (data
66 .getNamespace () ;

67 if (currentDataStore == null ) {

68 return null ;

69

70 return  currentDataStore.getDataltem (data );

71 }

72

73 public  boolean delete (Dataltem data ) {

74 DataStore currentDataStore = (DataStore ) dataStores.get (data
75 .getNamespace ()) ;

76 if  (currentDataStore == null ) {

77 return false )

78

79 return  currentDataStore.deleteDataltem (data ) ;

80 }

81

82 public  Dataltem getNext (Dataltem data ) {

83 DataStore currentDataStore = (DataStore ) dataStores.get (data
84 .getNamespace () ;

85 if (currentDataStore == null ) {

86 return null ;

87

88 return  currentDataStore.getNextDataltem (data );

89 }

90

91 public  Dataltem getPrevious (Dataltem data ) {

92 DataStore currentDataStore = (DataStore ) dataStores.get (data
93 .getNamespace ()) ;

94 if (currentDataStore == null ) {

95 return null )

96

97 return  currentDataStore.getPreviousDataltem (data ) ;

98 }

99

100 public int getDbSize (Dataltem data ) {

101 DataStore currentDataStore = (DataStore ) dataStores.get (data
102 .getNamespace () ;

103 if  (currentDataStore == null ) {

104 return 0;

105 }

106 return  currentDataStore.getDbSize 0

107 }

108

109 }

File 28: datastore.DataStoreService

1/
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2 * Created on Aug 13, 2004 3:02:42 PM

3

4 * Project: ExtendendRootTree

5 * Last Change: $Date: 2004-10-28 22:38:52 +0200 (Thu, 28 Oct 2004) $
6 * Changed by: $Author: michi $

7 * Revision: $Rev: 144 $

8 * Location: $URL: DataStoreService.java $

9 *

10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland

12 * Department of Information Technology (www.ifi.unizh.ch)

13 * For copyright information please contact kussmaul@nix.ch

14 =

15 ¥

16 package ch.nix.ert.datastore;

17

18 import  org.apache.log4j.Logger;

19

20 import  ch.nix.ert.base.ServiceBase;
21 import  ch.nix.ert. message.Dataltem;
22 import  ch.nix.ert. message.Node;

23

24 [**

25 * TODO Edit this text for a better description

26 *

27 * @author michi

28 ¥

29 public class DataStoreService extends ServiceBase {
30

31 /I logger:

32 static Logger logger = Logger.getLogger ( DataStoreService. class );
33

34 static private DataStoreService instance = null
35

36 private DataStoreManager dataStoreManager;

37

38 /I private Queue serviceQueue = new Queue("DataStoreQueue"”);
39

40 /I private Dispatcher dispatcher;

41

42 private  DataStoreService () {

43 }

44

45 static public synchronized DataStoreService getlnstance 0{
46 if  (null == instance ) {

47 instance = new DataStoreService () ;

48 /I instance.dispatcher =

49 /I ServiceManager.getinstance().getDispatcher();
50 instance.dataStoreManager = DataStoreManager.getinstance 0
51 logger.info ( "DataStoreService started” );
52 }

53 return  instance;

54 }

55

56 I private Dispatcher getDispatcher() {

57 1l return dispatcher;

58 I }

59

60 I*

61 * (non-Javadoc)

62 *

63 * @see ch.nix.ert.Servicelnterface#registerAtDispatcher()

64 */

65 public  void registerAtDispatcher 0 {

66 registerService ("putdb” );

67 registerService ("putdbnoack” ) ;

68 registerService ("getdb" );

69 registerService ("getnextdb" ) ;

70 registerService ("getprevdb” ) ;

71 registerService ("deletedb" ) ;

72 registerService ("getsizedb" ) ;

73 }

74

75 I*

76 * (non-Javadoc)

77 *

78 * @see java.lang.Runnable#run()

79 */

80 public  void run () {

81 /ISystem.out.printin("DataStoreService started");

82 Thread.currentThread () .setName ("ERT.DataStoreService" )
83 while  (true ) {

84 Dataltem dataltem = null

85

86 dataltem = getWork () ;
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87
88 /I System.out.printin(“got request: " + dataltem);
89 String operation = dataltem.getOperation 0
90 if  (operation.equals ("getdb" )) {
91 /I logger.debug("getDB: " + dataltem);
92 Node originator = dataltem.getDirectOriginator 0
93 Dataltem response = dataStoreManager.get (dataltem );
94 if (response == null ) {
95 response = new Dataltem () ;
96
97 response.setOperation ("getdb" );
98 response.setDirectDestination (originator ) ;
99 transactionEnd  (response ) ;
100 /I logger.debug("getDBResponse: " + response);
101 } else if  (operation.equals ("getnextdb" 1)) {
102 /I logger.debug("getNextDB: " + dataltem);
103 Node originator = dataltem.getDirectOriginator 0
104 Dataltem response = dataStoreManager.getNext (dataltem );
105 if (response == null ) {
106 response = new Dataltem () ;
107 }
108 response.setOperation ("getnextdb" ) ;
109 response.setDirectDestination (originator ) ;
110 transactionEnd  (response ) ;
111 /I logger.debug("getNextDBResponse: " + response);
112 } else if  (operation.equals ("getprevdb" 1)) {
113 /I logger.debug("getPrevDB: " + dataltem);
114 Node originator = dataltem.getDirectOriginator ;
115 Dataltem response = dataStoreManager.getPrevious (dataltem );
116 if (response == null ) {
117 response = new Dataltem () ;
118
119 response.setOperation ("getprevdb" );
120 response.setDirectDestination (originator ) ;
121 transactionEnd  (response ) ;
122 /I logger.debug("getPrevDBResponse: " + response);
123 } else if ( operation.equals ("putdb" 1)) {
124 /I logger.debug("putDB: " + dataltem);
125 boolean outcome = dataStoreManager.put (dataltem );
126 Dataltem response = new Dataltem () ;
127 response.setResult (outcome ) ;
128 transactionEnd  (response ) ;
129 /I logger.debug("putDBResponse"+outcome+": " + response);
130 } else if  (operation.equals ("putdbnoack” 1)) {
131 /I logger.debug("putDB: " + dataltem);
132 dataStoreManager.put (dataltem );
133 }else if  (operation.equals ("deletedb” )) {
134 /I logger.debug(“deleteDB: " + dataltem);
135 boolean outcome = dataStoreManager.delete (dataltem );
136 dataltem.setResult (outcome ) ;
137 transactionEnd  (dataltem );
138 /I logger.debug("deleteDBResponse: " + dataltem);
139 } else if ( operation.equals ("getsizedb" )) {
140 /I logger.debug("getSizeDB: " + dataltem);
141 int size = dataStoreManager.getDbSize (dataltem );
142 Dataltem response = new Dataltem () ;
143 response.setDbSize (size );
144 response.setOperation ("getsizedb" ) ;
145 transactionEnd  (response ) ;
146 /I logger.debug("getSizeDBResponse: " + response);
147 else {
148 logger
149 .warn ("Dataltem dropped, because no processing was found for: "
150 + dataltem );
151 }
152 }
153 }
154
155 }
File 29: datastore.berkeleyje.DataStore
1/
2 * Created on Jul 27, 2004 11:49:54 AM
3 *
4 * Project: ExtendendRootTree
5 * Last Change: $Date: 2004-11-12 12:46:25 +0100 (Fri, 12 Nov 2004) $
6 * Changed by: $Author: michi $
7 * Revision: $Rev: 173 $
8 * Location: $URL: DataStore.java $
9 *
10 * This source-code is part of the diploma thesis of Michael Kussmaul
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11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
a1
42
43
a4
45
46
a7
48
49
50

52
53

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74

76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95

* written at the University of Zurich, Switzerland
* Department of Information Technology (www.ifi.unizh.ch)
* For copyright information please contact kussmaul@nix.ch
*
*/
package ch.nix.ert.datastore.berkeleyje;
import  ch.nix.ert.datastore.DataStorelInterface;
import  ch.nix.ert. nessage.Dataltem;
import  ch.nix.ert. message.UserKey;
import  com.sleepycat.bind.EntryBinding;
import  com.sleepycat.bind.serial.SerialBinding;
import  com.sleepycat.bind.serial.StoredClassCatalog;
import  com.sleepycat.bind.tuple. TupleBinding;
import  com.sleepycat.je.Cursor;
import  com.sleepycat.je.DatabaseException;
import  com.sleepycat.je.Database;
import  com.sleepycat.je.DatabaseEntry;
import  com.sleepycat.je.DatabaseStats;
import  com.sleepycat.je.LockMode;
import  com.sleepycat.je.OperationStatus;
import  com.sleepycat.je.DatabaseConfig;
import  com.sleepycat.je.Environment;
import  com.sleepycat.je.EnvironmentConfig;
import  com.sleepycat.je.StatsConfig;
import  java.io.File;
import  org.apache.log4j.Logger;
e
* @author michi
*
* TODO Edit this text for a better description Responsible for a namespace.
* TODO Extend this class to allow range queries and browsing!
* <p>
* During first performance testing, this class should allow to store more than
* 4000 objects per second (variance around 4000 - 8000) Each namespace holds
* it's own database
*
public class DataStore  implements  DataStorelnterface {
/I logger:
static Logger logger = Logger.getLogger ( DataStore. class );
private  String databaseld;
private int  syncCounter = 0;
/ITODO make configurable in a later version
private String databasePath = "/Users/tutor/ert/db" H
private int requestsSync =  50;
/lprivate Hashtable cursorTable = new Hashtable();
Environment myDbEnvironment;
Database myDatabase;
/[EntryBinding myDataBinding;
EntryBinding myKeyBinding;
e
*
*
public  DataStore () {
super () ;
}
public  void openDatabase () {
try {
/I Open the environment. Create it if it does not alreadyexist.
EnvironmentConfig envConfig = new EnvironmentConfig () ;
envConfig.setAllowCreate (true );
myDbEnvironment = new Environment (new File (databasePath ), envConfig );
/I Open the database. Create it if it does not already exist.
DatabaseConfig dbConfig = new DatabaseConfig () ;
/I set the Comparator Method:
1 dbConfig.setBtreeComparator(Long.class);
1 dbConfig.setDuplicateComparator(Long.class);
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96 dbConfig.setAllowCreate (true );

97 dbConfig.setSortedDuplicates (false );

98 myDatabase = myDbEnvironment.openDatabase (null,  this
99 .getDatabaseld () , dbConfig );

100

101 /I Open the database that you use to store your class information.
102 /ImyClassDb = myDbEnvironment.openDatabase(null, “classDb",
103 /I dbConfig);

104

105 /I Instantiate the class catalog

106 /IStoredClassCatalog classCatalog = new

107 /I StoredClassCatalog(myClassDb);

108

109 /I Create the binding

110 /ImyDataBinding = new SerialBinding(classCatalog, Dataltem.class);
111 myKeyBinding = TupleBinding.getPrimitiveBinding (Long. class );
112 logger.info ("Berkeley Database opened" )

113 } catch (DatabaseException dbe ) {

114 /I Exception handling goes here

115 logger.error ("Error opening DB: " + dbe);

116 }

117 }

118

119 public  void closeDatabase () {

120 try

121 /Iclose all open cursors:

122 1 for (Enumeration e = cursorTable.elements();
123 /I e.hasMoreElements();) {

124 1 ((Cursor) e.nextElement()).close();

125 I }

126

127 if (myDatabase '= null ) {

128 myDatabase.close () ;

129 }

130 1 if (myClassDb != null) {

131 1 myClassDb.close();

132 n }

133 if  (myDbEnvironment !=  null ) {

134 myDbEnvironment.sync () ;

135 myDbEnvironment.close () ;

136

137 logger.info  ("Berkeley Database closed" )

138 } catch (DatabaseException dbe ) {

139 /I Exception handling goes here

140 logger.error ("Error closing DB: " + dbe);

141

142

143 }

144

145 I*

146 * (non-Javadoc)

147 *

148 * @see java.lang.Objecti#finalize()

149 */

150 protected void finalize () throws Throwable {

151 try {

152 closeDatabase () ; // close open database

153 } finally {

154 super finalize 0

155

156 }

157

158 public  Dataltem getNextDataltem (Dataltem data ) {

159

160 int amount = data.getCursorSize 0

161 UserKey key = data.getUserKey 0;

162

163 Illcheck, if connection to database is already open

164 if (myDatabase == null ) {

165 this .openDatabase () ;

166 }

167 try

168 /I first create a cursor

169 Cursor cursor = myDatabase.openCursor (null, null );
170

171 /I Create a pair of DatabaseEntry objects. theKey

172 /I is used to perform the search. theData is used

173 /I to store the data returned by the get() operation.

174 DatabaseEntry theKey = new DatabaseEntry () ;

175 DatabaseEntry theData = new DatabaseEntry () ;

176

177 myKeyBinding.objectToEntry (new Long(key.getld ()) , theKey );
178

179 if  (cursor.getSearchKeyRange (theKey, theData, LockMode.DEFAULT )

180 == OperationStatus.SUCCESS ) {
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181 /I Recreate the data & key

182 1 Dataltem retrievedData = (Dataltem) myDataBinding
183 I .entryToObject(theData);

184 Dataltem retrievedData = new Dataltem () ;

185 retrievedData.setData (new String (theData.getData () ;

186 UserKey retrievedKey = (UserKey ) new UserKey (

187 (Long) myKeyBinding.entryToObject (theKey )) ;

188

189 /ladd the namespace attribute to Dataltem

190 retrievedData.setNamespace (this .getDatabaseld () ;

191 retrievedData.setUserKey (retrievedkey ) ;

192

193 /I now check, that we retrieve the next key and not the value

194 /I for the current key

195 if (key.equals (retrievedkey )) {

196 /Imeans by coincidence the searching key was exactly a

197 /I matching key in db, so we have to retrieve the next

198 Il key...

199 OperationStatus retVal = cursor.getNext (theKey, theData,
200 LockMode.DEFAULT) ;

201 if (retval == OperationStatus.SUCCESS ) {

202 " retrievedData = (Dataltem) myDataBinding
203 I .entryToObject(theData);
204 retrievedData.setData (new String (theData.getData  ())) ;
205 retrievedKey = (UserKey ) new UserKey (

206 (Long) myKeyBinding.entryToObject (theKey )) ;
207 /I add the namespace attribute to Dataltem

208 retrievedData.setNamespace (this .getDatabaseld () ;
209 retrievedData.setUserKey (retrievedKey ) ;

210 } else {

211 return null ;

212

213 }

214

215 /I'if user requested more than one dataitem, we have to use

216 /I the cursor functionality and put all remaining data

217 /I into "dataitems" field

218 for (int i = 1; i < amount; i++ ) {

219 Dataltem moreRetrievedData;

220 UserKey moreRetrievedKey;

221 OperationStatus retVal = cursor.getNext (theKey, theData,
222 LockMode.DEFAULT) ;

223 if (retVal == OperationStatus.SUCCESS ) {

224 I moreRetrievedData = (Dataltem) myDataBinding
225 I .entryToObject(theData);
226 moreRetrievedData = new Dataltem () ;

227 moreRetrievedData

228 .setData (new String (theData.getData ())) ;
229 moreRetrievedKey = (UserKey ) new UserKey (

230 (Long) myKeyBinding.entryToObject (theKey )) ;
231 /I add the namespace attribute to Dataltem

232 moreRetrievedData.setNamespace (this .getDatabaseld () ;
233 moreRetrievedData.setUserKey ( moreRetrievedKey )
234 /I add the additional dataltem into retreivedData

235 /I from before:

236 retrievedData.addDataltems ( moreRetrievedData ) ;

237 } else {

238 /I do nothing

239 }

240

241

242 cursor.close () ;

243 return  retrievedData;

244 } else {

245 /ISystem.out.printin("ERROR 1");

246 return null )

247 }

248 } catch (Exception e ) {

249 /I TODO Auto-generated catch block

250 /I Exception handling goes here

251 logger.error ("Get: Error hapened: " + e);

252 return null ;

253 }

254 }

255

256 public ~ Dataltem getPreviousDataltem (Dataltem data ) {

257

258 int amount = data.getCursorSize 0

259 UserKey key = data.getUserKey 0

260

261 llcheck, if connection to database is already open
262 if (myDatabase == null ) {

263 this .openDatabase () ;

264 }

265 ry {
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/I first create a cursor
Cursor cursor = myDatabase.openCursor (null, null );

/I Create a pair of DatabaseEntry objects. theKey

/I is used to perform the search. theData is used

/I to store the data returned by the get() operation.
DatabaseEntry theKey = new DatabaseEntry () ;
DatabaseEntry theData = new DatabaseEntry () ;

myKeyBinding.objectToEntry (new Long(key.getld ()) , theKey );
OperationStatus status = OperationStatus.SUCCESS;
if  (cursor.getSearchKeyRange (theKey, theData, LockMode.DEFAULT )
= OperationStatus.SUCCESS ) {
/I means we are at the end of the database, so now get the last
/I entry of the whole db

status = cursor.getLast (theKey, theData, LockMode.DEFAULT )
} else {

/I now we are one item to high, so we have the get the previous

/I one...

status = cursor.getPrev (theKey, theData, LockMode.DEFAULT )

}
if (status == OperationStatus.SUCCESS ) {
/I Recreate the data & key

I Dataltem retrievedData = (Dataltem) myDataBinding
I .entryToObject(theData);

Dataltem retrievedData = new Dataltem () ;

retrievedData.setData (new String (theData.getData  ())) ;
UserKey retrievedKey = (UserKey ) new UserKey (

(Long) myKeyBinding.entryToObject (theKey )) ;

/ladd the namespace attribute to Dataltem
retrievedData.setNamespace (this .getDatabaseld () ;
retrievedData.setUserKey (retrievedKey ) ;

/I now check, that we retrieve the next key and not the value
/I for the current key
if (key.equals (retrievedKey )) {
/Imeans by coincidence the searching key was exactly a
/I matching key in db, so we have to retrieve the next
Il key...
OperationStatus retVal = cursor.getPrev (theKey, theData,
LockMode.DEFAULT) ;
if (retval == OperationStatus.SUCCESS
I retrievedData = (Dataltem) myDataBinding

I .entryToObject(theData);
retrievedData.setData (new String (theData.getData  ())) ;
retrievedKey = (UserKey ) new UserKey (

(Long) myKeyBinding.entryToObject (theKey )) ;
/I add the namespace attribute to Dataltem

retrievedData.setNamespace (this .getDatabaseld () ;
retrievedData.setUserKey (retrievedKey ) ;

} else {
return null ;

}

/I if user requested more than one dataitem, we have to use
/I the cursor functionality and put all remaining data
/I into "dataitems" field
for (int i = 1;i < amount; i++ ) {
Dataltem moreRetrievedData;
UserKey moreRetrievedKey;
OperationStatus retVal = cursor.getPrev (theKey, theData,
LockMode.DEFAULT) ;
if (retVal == OperationStatus.SUCCESS ) {

moreRetrievedData = new Dataltem () ;
moreRetrievedData = (Dataltem) myDataBinding
1 .entryToObject(theData);
moreRetrievedData
.setData (new String (theData.getData  ())) ;
moreRetrievedKey = (UserKey ) new UserKey (

(Long) myKeyBinding.entryToObject (theKey )) ;
/I add the namespace attribute to Dataltem
moreRetrievedData.setNamespace (this .getDatabaseld ()
moreRetrievedData.setUserKey ( moreRetrievedKey ) ;
/I add the additional dataltem into retreivedData
/I from before:
retrievedData.addDataltems ( moreRetrievedData ) ;
} else {
/I do nothing
}

cursor.close () ;
return  retrievedData;
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351 } else {

352 /I System.out.printin("ERROR 1");

353 return null H

354 }

355 } catch (Exception e ) {

356 /I TODO Auto-generated catch block

357 /I Exception handling goes here

358 logger.error ("Get: Error hapened: " +e);

359 return null

360 }

361 }

362

363 public ~ Dataltem getDataltem (Dataltem data ) {

364 /lextract key from data

365 long key = data.getUserkey () .getld () ;

366 /lcheck, if connection to database is already open

367 if (myDatabase == null ) {

368 this .openDatabase () ;

369 }

370 try

371 /I Create a pair of DatabaseEntry objects. theKey

372 /I is used to perform the search. theData is used

373 /I to store the data returned by the get() operation.

374 DatabaseEntry theKey = new DatabaseEntry () ;

375 DatabaseEntry theData = new DatabaseEntry () ;

376 myKeyBinding.objectToEntry (new Long(key), theKey );
377

378 /I Perform the get.

379 if (myDatabase.get (null, theKey, theData, LockMode.DEFAULT )
380 == OperationStatus.SUCCESS ) {

381 /I Recreate the data.

382 1 Dataltem retrievedData = (Dataltem) myDataBinding
383 I .entryToObject(theData);

384 Dataltem retrievedData = new Dataltem () ;

385 retrievedData.setData (new String (theData.getData ()
386 /ladd the namespace attribute to Dataltem

387 retrievedData.setNamespace (this .getDatabaseld () ;
388 retrievedData.setUserKey (new UserKey (key)) ;

389 return  retrievedData;

390 } else {

391 return null ;

392 }

393 } catch (Exception e ) {

394 /I Exception handling goes here

395 logger.error ("Get: Error hapened: " + e);

396 return null )

397 }

398 }

399

400 public  boolean putDataltem (Dataltem data ) {

401 Ilextract key from data

402 long key = data.getUserKey () .getid () ;

403 Illcheck, if connection to database is already open

404 if (myDatabase == null ) {

405 this .openDatabase () ;

406 }

407 try {

408 DatabaseEntry theKey = new DatabaseEntry () ;

409 DatabaseEntry theData = new DatabaseEntry (data.getData () .getBytes (
410 "UTF-8" ) ;

411 /ITODO: remove the namespace attribute from data, because it would
412 Il need

413 /I unneccessary space on disk...

414 /ldata.removeValue("namespace");

415 /ldata.removeValue("userkey");

416

417 /I TODO: for this test, only store the real data, nothing else into
418 /I db! Can change in future

419 Dataltem storedDataltem = new Dataltem () ;

420 storedDataltem.setData (data.getData () ;

421

422 myKeyBinding.objectToEntry (new Long(key), theKey );
423 1 myDataBinding.objectToEntry(storedDataltem, theData);
424 OperationStatus outcome = myDatabase.put (null, theKey, theData )
425 sync () ;

426 /ITODO: revert namespace attribute so we don't remove any data from
427 /I original Dataltem

428 /ldata.putValue("namespace”, this.getDatabaseld());

429 /ldata.setUserKey(new UserKey(key));

430 if (outcome == OperationStatus.SUCCESS ) {

431 return true

432 } else {

433 logger.error ("Put: Error hapened: " + outcome ) ;
434 return false B

435 }
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436 } catch (Exception e ) {
437 /I Exception handling goes here
438 logger.error ("Put: Error hapened: " + e);
439 return false ;
440 }
441 }
442
443 public  boolean deleteDataltem (Dataltem data ) {
444 /lextract key from data
445 long key = data.getUserkey () .getld () ;
446 llcheck, if connection to database is already open
447 if (myDatabase == null ) {
448 this .openDatabase () ;
449 }
450 try {
451 DatabaseEntry theKey = new DatabaseEntry () ;
452 myKeyBinding.objectToEntry (new Long(key), theKey );
453 /I Perform the deletion. All records that use this key are deleted.
454 OperationStatus outcome = myDatabase.delete (null, theKey );
455 sync () ;
456 if (outcome == OperationStatus.SUCCESS ) {
457 return true H
458 } else {
459 return false ;
460 }
461 } catch (Exception e ) {
462 /I Exception handling goes here
463 logger.error ("Delete: Error hapened: " +e);
464 return false )
465 }
466 }
467
468 public int getDbSize () {
469 /I TODO: As of update from je 1.5.1 -> 1.5.3 this does not work
470 /I anymore... new ideas needed
471 1 StatsConfig statConfig = new StatsConfig();
472 I statConfig.setFast(false);
473 I if (myDatabase == null) {
474 I this.openDatabase();
475 i }
476 1 try {
477 I DatabaseStats dbStat = myDatabase.getStats(statConfig);
478 1l int size = dbStat.;
479 1 logger.info("Current BerkeleyDB size: " + size);
480 I return size;
481 I } catch (DatabaseException e) {
482 1 /I TODO Auto-generated catch block
483 1 logger.error("get DB Size error: " + e);
484 " }
485 return - 1;
486 }
487
488 private  void sync () throws DatabaseException {
489 if (syncCounter > requestsSync ) {
490 myDbEnvironment.sync () ;
491 syncCounter = 0;
492
493 syncCounter++;
494 }
495
496 Pl
497 * If database is still closed, <code> databaseld </code> is null
498 * <p>
499 * |If database is opened and running, <code> databaseld </code> contains an
500 * unique Id (namespace like "ch.nix.accountDB")
501 *
502 * @return Returns the databaseld.
503 */
504 public  String getDatabaseld 0{
505 return  databaseld,;
506 }
507
508 public  void setDatabaseld (String id ) {
509 /ITODO check, if id does not contain any reserved id
510 databaseld = id;
511 }
512
513 }
File 30: keypartition.KeyGroup
1/~

2 * Created on Aug 2, 2004 10:46:25 AM
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3

4 * Project: ExtendendRootTree

5 * Last Change: $Date: 2004-10-26 15:28:00 +0200 (Tue, 26 Oct 2004) $
6 * Changed by: $Author: michi $

7 * Revision: $Rev: 138 $

8 * Location: $URL: KeyGroup.java $

9 *

10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland

12 * Department of Information Technology (www.ifi.unizh.ch)

13 * For copyright information please contact kussmaul@nix.ch

14 =

15 #

16

17 package ch.nix.ert.keypartition;

19 import  ch.nix.ert. message.InternalKey;
20 import  ch.nix.ert. message.Node;

21
22 [**
23 * @author michi
24 *
25 * TODO Edit this text for a better description
26 *
27 public class KeyGroup implements Comparable {
28
29 private  InternalKey keyGroupld = null
30
31 private  Node uplinkNode, downlinkNode;
32
33 I**
34 *  @param keyGroupld
35 * sets the unique ID of this KeyGroup.
36 */
37 public  KeyGroup ( InternalKey keyGroupld ) {
38 this .keyGroupld = keyGroupld;
39 }
40
41 Paid
42 * @return Returns the KeyGroup ID.
43 */
44 public  InternalKey getKeyGroupld 0 {
45 return  keyGroupld;
46 }
47
48 I
49 * @return Returns the downlinkNode.
50 *
51 public  Node getDownlinkNode () {
52 return  downlinkNode;
53 }
54
55 Paid
56 * @return Returns the uplinkNode.
57 */
58 public  Node getUplinkNode () {
59 return uplinkNode;
60 }
61
62 /* (non-Javadoc)
63 * @see java.lang.Comparable#compareTo(java.lang.Object)
64 */
65 public int compareTo (Object o ) {
66 KeyGroup keyGroup = (KeyGroup) o;
67 return  getKeyGroupld () .compareTo ( keyGroup.getKeyGroupld 0 ;
68 }
69
70 public  String toString 01
71 return  getkKeyGroupld () .toString () ;
72 }
73}
File 31: keypartition.KeyPartition
1/
2 * Created on Aug 2, 2004 12:28:43 PM
3 *
4 * Project: ExtendendRootTree
5 * Last Change: $Date: 2004-11-12 12:46:25 +0100 (Fri, 12 Nov 2004) $
6 * Changed by: $Author: michi $
7 * Revision: $Rev: 173 $
8 * Location: $URL: KeyPartition.java $
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* ok ok ok k ok

*

This source-code is part of the diploma thesis of Michael Kussmaul
written at the University of Zurich, Switzerland

Department of Information Technology (www.ifi.unizh.ch)

For copyright information please contact kussmaul@nix.ch

16 package ch.nix.ert.keypartition;

18 import  org.apache.log4j.Logger;

20 import  ch.nix.ert.base.Dispatcher;

21 import  ch.nix.ert.base.ServiceManager;
22 import  ch.nix.ert. message.Dataltem;
23 import  ch.nix.ert. message.InternalKey;
24 import  ch.nix.ert. message.Node;

25 import  ch.nix.ert. message.UserKey;

27 P

*
*
*

*

TODO Edit this text for a better description

@author  michi

32 public class KeyPartition {

/I logger:

static Logger logger = Logger.getLogger ( KeyPartition. class );
static private int  keyPartitionldCounter = 0;

private  int keyPartitionld = 0;

private  Node uplinkNode, downlinkNode;
private KeyGroup firstkeyGroup;
private KeyGroup lastKeyGroup;

private Dispatcher dispatcher = ServiceManager.getinstance 0
.getDispatcher 0

public  KeyPartition () {
keyPartitionld = keyPartitionldCounter++;

public int getld () {
return  keyPartitionld;

* TODO During register process not all KeyGroups are necessary, only the

* upper, lower one. We can remove all KeyGroups in between to enhance

* performance, so we basically don't need any TreeMap for this class, as we

* only need to hold the upper, lower bound? It could be problematic, if we

* want to decide, if a special KeyGroup is occupied? (E.g. to replicate it

* to another node? If we only now the upper, lower KeyGroups, we can’t say

* if a dedicated key-group is contained or if it is just empty) <br>
* Also if we need to broadcast for all KeyGroups, that we are responsible

* for it, could be a bit tricky, if we don't know all key-groups

*
*

@param newKeyGroup
*
/
public synchronized void register ( KeyGroup newKeyGroup ) {
boolean hasChanged = add ( newKeyGroup ) ;
if (hasChanged) {
publish () ;

}

public synchronized boolean add(KeyGroup newKeyGroup ) {
IllkeyGroupList.put(newKeyGroup.getKeyGroupld(), newKeyGroup);
boolean hasChanged = false ;

if  (firstkeyGroup == null
|| newKeyGroup.compareTo  ( getFirstkeyGroup  ()) < 0) {
firstkeyGroup = newKeyGroup;
hasChanged = true ;

}
it (lastkeyGroup == null
|| newKeyGroup.compareTo  ( getLastkeyGroup ()) > 0) {
lastkeyGroup = newKeyGroup;
hasChanged = true ;

return  hasChanged;
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94

95 public  void publish () {

96 /I first publish the information at the keypartitionManager

97 KeyPartitionManager.getinstance () .register  (this );

98

99 if (getFirstkeyGroup () != null && getLastkeyGroup () != null ) {
100 Dataltem publish = new Dataltem ("publish* );

101 publish.setKeyPartitionld ( keyPartitionld )

102 publish.setFirstinternalKey (getFirstkeyGroup () .getKeyGroupld () ;
103 publish.setLastinternalKey (getLastKeyGroup () .getKeyGroupld () ;
104 dispatcher.addWork (publish );

105 }

106 }

107

108 " public synchronized void unregister(KeyGroup oldKeyGroup) {

109 " dispatcher.addWork(new Dataltem("unpublish”, this));

110 1 keyGroupList.remove(oldKeyGroup.getKeyGroupld());

111 " }

112

113 public synchronized void unpublish () {

114 Dataltem unpublish = new Dataltem (“"unpublish” );

115 unpublish.setKeyPartitionld ( keyPartitionld )

116 unpublish.setFirstinternalKey ( getFirstkeyGroup () .getkeyGroupld ()
117 unpublish.setLastInternalKey ( getLastKeyGroup () .getKeyGroupld () ;
118 dispatcher.addWork (unpublish ) ;

119 }

120

121 public  void addKeyPartition ( KeyPartition keyPartition ) {

122 logger.info ("Add: "+ keyPartition + "(ID:" + keyPartition.getld 0
123 + ") to me: " + this + "(ID:" + this .getld () + )" );

124 /I'1 only add the first and last KeyGroup

125 boolean hasChangedl = false ;

126 boolean hasChanged2 = false ;

127 hasChangedl = this .add ( keyPartition.getFirstkeyGroup 0

128 hasChanged2 = this .add ( keyPartition.getLastKeyGroup 0

129 if (hasChangedl || hasChanged2 ) {

130 publish () ;

131 }

132 }

133

134 Paid

135 *

136 *

137 *  @param keyPartition

138 * @return the cutoff part of this KeyPartition, null if nothing could be

139 * cut off

140 */

141 public  KeyPartition subtractKeyPartition ( KeyPartition keyPartition ) {
142 logger.info ("Subtract: " + keyPartition + "(ID:" + keyPartition.getld 0
143 + ") from me: " + this + "(ID:" + this .getld () + )" );
144 KeyGroup cutoffFirst, cutoffLast;

145 KeyPartition cutoff = new KeyPartition 0

146 KeyGroup firstkeyGroupOfSubstract = keyPartition.getFirstKeyGroup 0
147 KeyGroup lastkeyGroupOfSubstract = keyPartition.getLastKeyGroup 0
148 /I 4 cases

149 if  (firstkeyGroupOfSubstract.compareTo (getFirstkeyGroup () <=0
150 && isResponsible  ( lastkeyGroupOfSubstract ) {

151 cutoffFirst = this .getFirstkeyGroup 0;

152 cutoffLast = lastKeyGroupOfSubstract;

153

154 cutoff.add  ( cutoffFirst )

155 cutoffadd  (cutoffLast );

156 IIregister(new KeyGroup(lastkeyGroup.getKeyGroupld()

157 1 .getSubsequentinternalKey()));

158 this firstkeyGroup = new KeyGroup ( lastkeyGroupOfSubstract

159 .getkeyGroupld () .getSubsequentinternalKey 0 ;

160 this .publish () ;

161 return  cutoff;

162 }

163

164 if (isResponsible  ( firstkeyGroupOfSubstract )

165 && lastKeyGroupOfSubstract.compareTo (getLastkeyGroup ()) >= 0) {
166 cutoffFirst = firstkeyGroupOfSubstract;

167 cutoffLast = this .getLastKeyGroup () ;

168

169 cutoffadd  ( cutoffFirst )

170 cutoffadd  (cutoffLast );

171 IIregister(new KeyGroup(firstkeyGroup.getKeyGroupld()

172 I .getPreviouslInternalKey()));

173 this .lastKeyGroup = new KeyGroup ( firstKeyGroupOfSubstract

174 .getKeyGroupld () .getPreviousinternalKey 0 ;

175 this .publish () ;

176 return  cutoff;

177

}
178 if (isResponsible  ( firstkeyGroupOfSubstract )
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&& isResponsible  ( lastkeyGroupOfSubstract ) {
/I not supported now... we can’'t remove from the MIDDLE of the
/I keygroup as this would imply a split!
logger
.warn ("Substracting this Keypartition would split it into 2 parts,”
+ " this is not supported!" )5
return null N

/I this means both borders are outside of this KeyPartition, so we have
/I to get rid off the whole KeyPartition

logger
.info ("The whole KeyPartition has been substracted, this is ok, but "
+ "could also be a failure?" );
unpublish () ;
cutoff.addKeyPartition (this );
this firstkeyGroup = null
this .lastkKeyGroup = null ;

return  cutoff;

}

/ITODO currently returns false, if we could adopt it (adopting is
/I currently not supported)
public  boolean isResponsible (Dataltem data ) {

InternalKey internalKey = data.getinternalKey 0
if  (internalKey == null ) {

UserKey userKey = data.getUserKey 0

if (userKey == null ) {

/I we have not found any data to see if this dataltem could fit
/I into our Keygroups, so we are not responsible for it
return false ;
internalkey = userKey.getinternalKey 0
return  isResponsible  (internalkey );

public  boolean isResponsible ( KeyGroup keyGroup ) {
return  isResponsible  ( keyGroup.getKeyGroupld 0) ;

}
public  boolean isResponsible (InternalKey internalKey ) {
I check if Dataltem falls between my range of keyGroups
/lcheck if Dataltem is bigger than my lowest value:
if  (internalkey.compareTo ( getFirstkeyGroup () .getKeyGroupld () >= 0) {
/lcheck if Dataltem is smaller than my highest value:
if  (internalkey.compareTo (getLastkeyGroup () .getKeyGroupld ()) <= 0) {
return true
}
/I Dataltem does not fall into our range, now check if we could adopt
/I this new Dataltem
/I This does not need to be done (perhaps) as we now ALWAYS extend the
/I KeyPartition to the highest possible value, so there is never a hole
/I in the KeyPartition. Example:
/I If node 1 has keyGroup 1,2,3
/I If node 2 has keyGroup 100,102,110
/I Then KeyPartition of node 1 is: [1, 99]
/I and KeyPartition of node 2 is: [100, 110]
/I So this "return false" is correct then and no need to further expand
/I the implementation of this method
return false ;
}

public ~ KeyGroup getFirstkeyGroup 0 {
return  firstkeyGroup;

public  KeyGroup getLastkeyGroup () {
return  lastKeyGroup;

protected void finalize () throws Throwable {

logger.info ("Finalized called for KeyPartition ID: " + this .getld () ;
try
this .unpublish () ; // close all open published infos on this
/I object!
} finally {
super finalize 0;
}
public  String toString 0{

return  "ID"  + getld () + ™" + getFirstkeyGroup () .toString () + "
+ getLastKeyGroup () .toString () ;
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264
265 }
File 32: keypartition.KeyPartitionManager
1/
2 * Created on Aug 2, 2004 10:48:16 AM
3 *
4 * Project: ExtendendRootTree
5 * Last Change: $Date: 2004-11-12 12:46:25 +0100 (Fri, 12 Nov 2004) $
6 * Changed by: $Author: michi $
7 * Revision: $Rev: 173 $
8 * Location: $URL: KeyPartitionManager.java $
9 *
10 * This source-code is part of the diploma thesis of Michael Kussmaul
11  * written at the University of Zurich, Switzerland
12 * Department of Information Technology (www.ifi.unizh.ch)
13 * For copyright information please contact kussmaul@nix.ch
14 *
15 ¥
16
17 package ch.nix.ert.keypartition;
18
19 import  java.util.lterator;
20 import java.util.SortedMap;
21 import java.util. TreeMap;
22
23 import  org.apache.log4j.Logger;
24
25 import  ch.nix.ert. message.Dataltem;
26 import  ch.nix.ert. message.InternalKey;
27 import  ch.nix.ert. message.UserKey;
28
29 [**
30 * TODO Has to check, if this node is responsible for the requested key (by
31 * looking at all his key-partitions) and otherwise has to forward the request
32 * to the corresponding node
33 *
34 * @author michi
35 %
36 public class KeyPartitionManager {
37
38 /I logger:
39 static Logger logger = Logger.getLogger ( KeyPartitionManager. class );
40
41 private  TreeMap keyGroupList = new TreeMap () ;
42
43 static private KeyPartitionManager instance = null
44
45 static boolean firstNode = false ;
46
47 private int dbSize = 0;
48
49 private  int putRequestsPerMinute = 0;
50
51 private  int putRequests = O;
52
53 private  int getRequestsPerMinute = 0;
54
55 private  int getRequests = O;
56
57 private  int deleteRequestsPerMinute = 0;
58
59 private int deleteRequests = 0;
60
61 protected boolean isJoining = false ;
62
63 private KeyPartitionService service;
64
65 private MigrationServer migrationServer;
66
67 private  MigrationClient migrationClient;
68
69 private  KeyPartitionManager 0 {
70
71
72 static public synchronized KeyPartitionManager getinstance 0 {
73 if  (null == instance ) {
74 /ISystem.out.printin("Instanciation “+instance+" of
75 /I KeyPartitionManager: "+Thread.currentThread().getName());
76 instance = new KeyPartitionManager 0
77 instance.service = KeyPartitionService.getinstance 0
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instance.migrationServer = MigrationServer.getinstance 0
instance.migrationClient = MigrationClient.getinstance 0
/ISystem.out.printin("Instance set: "+instance+" of

/I KeyPartitionManager: "+Thread.currentThread().getName());

/Isetting up instance

Dataltem dbSizeltem = new Dataltem () ;
dbSizeltem.setOperation ("getsizedb" ) ;
Dataltem callBackltem = new Dataltem () ;
callBackltem.setOperation ("callcontinous" )
callBackltem.setDelay (60000) ;
callBackltem.setNested (dbSizeltem );

Dataltem statisticltem = new Dataltem () ;
statisticltem.setOperation ( "updatestatistic" );
Dataltem callBackltem2 = new Dataltem () ;
callBackltem?2.setOperation ( "callcontinous" )
callBackltem2.setDelay (60000) ;
callBackltem?2.setNested ( statisticltem )

/Iregistering callback for database size

instance.service.transactionBegin ( callBackltem ) ;
lIregistering callback for statistic update
instance.service.transactionBegin (callBackltem2 ) ;

/ISystem.out.printin("Finished Instanciation "+instance+" of
/I KeyPartitionManager: "+Thread.currentThread().getName());
logger.info ( "KeyPartitionManager initialized" )

return  instance;

}
public  void register ( KeyPartition newKeyPartition ) {
/I first check, if we already have this "new" KeyPartition in our list:
for (lterator iter = keyGrouplList.values () .iterator () ; iter.hasNext (0]
KeyPartition keyPartition = ( KeyPartition ) iter.next 0
if  (keyPartition.getld () == newKeyPartition.getld 0 {
iterremove () ;
}
keyGroupList.put ( newKeyPartition.getFirstkeyGroup () .getkeyGroupld () ,
newKeyPartition ) ;
}
public  void unregister  ( KeyPartition oldKeyPartition ) {
oldKeyPartition.unpublish 0
keyGroupList.remove ( oldKeyPartition.getFirstKeyGroup () .getkeyGroupld
}
public  KeyPartition responsible (Dataltem dataltem ) {
InternalKey internalKey = dataltem.getinternalKey 0
if  (internalkey == null ) {
UserKey userKey = dataltem.getUserKey 0
if  (userkey == null ) {
return null ;
return  responsible  (userKey.getinternalKey 0)
} else {
return  responsible  (internalkey );
}
}
public  KeyPartition responsible (InternalKey internalKey ) {
KeyPartition actualKeyPartition = null ;
SortedMap headMap;
if  (keyGroupList.isEmpty 0) {
/I this means there is no KeyGroup there, so i return null
return null H
} else {
headMap = keyGroupList.headMap  (internalKey
.getSubsequentinternalKey 0)
/lif this beast is not empty, get the last key of it:
if  ('headMap.isEmpty () {
actualKeyPartition = ( KeyPartition ) keyGroupList.get ( headMap
lastkey () ;
}
}
if (actualKeyPartition == null ) {
return null
}
if  (actualKeyPartition.isResponsible (internalkey ) {
return  actualKeyPartition;
} else {
return null ;
}

DRt

0
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163 Paid

164 *

165 *

166 *  @param keyPartition

167 * @return the cutoff part of this KeyPartition, null if nothing could be

168 * cut off

169 */

170 public  KeyPartition substract ( KeyPartition keyPartition

171 /I first find the correct keypartition in my list where | can cutoff

172 /I something

173 InternalKey firstkey = keyPartition.getFirstkeyGroup () .getkeyGroupld () ;
174 InternalKey lastKey = keyPartition.getLastKeyGroup () .getkeyGroupld () ;
175 KeyPartition keyPartitionToCut = responsible (firstkey );

176 if  (keyPartitionToCut == null

177 keyPartitionToCut = responsible (lastkey );

178 }

179 if  (keyPartitionToCut == null ) {

180 /I nothing to do...

181 return null ;

182 } else {

183 return  keyPartitionToCut.subtractKeyPartition ( keyPartition )
184 }

185 }

186

187 public  void add( KeyPartition keyPartition ) {

188 /'l can only add a KeyPartition, if it will extend another one without
189 /I any hole in between, as otherwise we would have a splited

190 /I KeyPartition.

191

192 if  (keyGroupList.isEmpty 0 {

193 /I this means we have the very first keyPartition here so we should
194 /I add it!

195 logger.info ("add: First KeyPartition to add: " + keyPartition );
196 register  ( keyPartition )

197 keyPartition.publish 0

198 } else {

199

200 /I as adding a new KeyPartition normally does not overlap with the
201 /I already existing KeyPartitions we have to add +1 to each edge for
202 /I searching the correct keypartition to add this new one

203 InternalKey firstkey = keyPartition.getFirstkeyGroup 0
204 .getKeyGroupld () .getPreviousInternalKey 0;

205 InternalKey lastKey = keyPartition.getLastKeyGroup 0
206 .getKeyGroupld () .getSubsequentinternalKey 0
207 KeyPartition keyPartitionToAdd = responsible (firstkey );
208 if  (keyPartitionToAdd == null

209 keyPartitionToAdd = responsible (lastkey );

210 }

211 if (keyPartitionToAdd == null ) {

212 /I nothing to do...

213 logger

214 .info ("Could not add keyPartition: "

215 + keyPartition

216 + " to my own: "

217 + this

218 + ", because they would result in a KeyPartition split..." )
219 } else {

220 keyPartitionToAdd.addKeyPartition ( keyPartition )
221 }

222 }

223 }

224

225 public  KeyPartition getFirst 0 {

226 if  (keyGroupList.isEmpty 0 {

227 return null ;

228

229 KeyPartition firstkeyPartition = (KeyPartition ) keyGrouplList
230 .get ( keyGrouplList.firstkey 0

231 return  firstkeyPartition;

232 }

233

234 public  KeyPartition getLast 0{

235 if  (keyGroupList.isEmpty 0) {

236 return null ;

237 }

238 KeyPartition lastKeyPartition = ( KeyPartition ) keyGroupList
239 .get (keyGrouplList.lastkey 0

240 return  lastKeyPartition;

241 }

242

243 public  void get (Dataltem data ) {

244 if (responsible (data) != null ) {

245 data.setOperation ("getdb" );

246 service.transactionContinue (data ) ;

247 getRequests++;
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248 } else {

249 logger

250 .info ("get: | forward this request, as I'm not responsible for: "
251 + data );

252 data.setRouting ("routing" );

253 service.transactionContinue (data );

254 }

255 }

256

257 public  void put (Dataltem data ) {

258 if (responsible (data) != null || migrationClient.isResponsible (data )) {
259 /I Yes this node is responsible for this data, store it!

260 data.setOperation ("putdb” ) ;

261 if (' migrationServer.isMigrating 0

262 && migrationServer.isResponsible (data )) {

263 /I We are the server and are migrating data to somewhere, so |
264 /I have to send the put requests also there

265

266 service.transactionSplit (data, 2);

267

268 Dataltem data2 = data.getClone 0

269 data2.setDirectDestination ( migrationServer.getCurrentClient 0)
270 data2.setRouting ("direct" );

271 service.transactionSplit (data2, 2);

272

273 } else {

274 service.transactionContinue (data );

275 }

276 putRequests++;

277 /I System.out.printin("Put Requests received sofar: " +

278 /I putRequests);

279 } else {

280 logger

281 .info  ("put: | forward this request, as I'm not responsible for: "
282 + data );

283 data.setRouting ("routing" );

284 service.transactionContinue (data );

285 }

286 }

287

288 public ~ void delete (Dataltem data ) {

289 /I TODO Perhaps check first if I'm responsible for this Dataltem, and
290 /I redirect, if necessary?

291 data.setOperation ("deletedb” );

292 if (' migrationServer.isMigrating 0 {

293 /Il We are the server and are migrating data to somewhere, so |
294 /I have to send the put requests also there

295

296 service.transactionSplit (data, 2);

297

298 Dataltem data2 = data.getClone 0

299 data2.setDirectDestination ( migrationServer.getCurrentClient 0)
300 data2.setRouting ("direct" );

301 service.transactionSplit (data2, 2);

302

303 } else {

304 service.transactionContinue (data );

305

306 deleteRequests++;

307

308

309 [**

310 * This method should be only called for the first node in the whole

311 * network. All other nodes should use the "join" method to actually join
312 * the ert-network

313 *

314 public  void isFirstNodeOnNetwork 0 {

315 /I check that this method is called ONLY once

316 if  (firstNode == false ) {

317 /I 'm the first node, so I'm responsible for the whole

318 logger.info ("This node is the first node on the whole network!" )
319 KeyGroup firstkeyGroup = new KeyGroup (new Internalkey (
320 Long.MIN_VALUE)) ;

321 KeyGroup lastKeyGroup = new KeyGroup (

322 new Internalkey (Long.MAX_VALUE)) ;

323 KeyPartition firstkeyPartition = new KeyPartition 0
324 firstkKeyPartition.add (firstkeyGroup ) ;

325 firstkKeyPartition.add (lastkeyGroup ) ;

326 register  ( firstkeyPartition )

327 firstkeyPartition.publish 0

328 firstNode = true ;

329 }

330 }

331

332 public ~ void joinOnNetwork () {
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J
«
.
.
.

*
*

*/

/I we have to join on the network, so we have to migrate some data to
/I us!
MigrationClient.getinstance () Join () ;

gives back the load of this current node: takes into account the amount
of items stored in db and later also CPU load, throughput of requests,

@return  value between 0-1 (0 = idle, 1 = on system limit, >1 = heavily
overloaded)

public  double nodeLoad () {

/I this is hardcoded, so an amount of 100000 stored attributes are
/I looked as too much

1 int maxStoredValues = 100000;

I float store = (float) dbSize / (float) maxStoredValues;

i

I /lhardcoded put value 500 requests per minute considered as very
/I high:

/i int maxPutPerMinute = 500;

I float putdb = (float) putRequestsPerMinute / (float) maxPutPerMinute;
i

I /Ihardcoded put value 500 requests per minute considered as very
/I high:

I int maxGetPerMinute = 500;

I float getdb = (float) getRequestsPerMinute / (float) maxGetPerMinute;
l

I /Ihardcoded put value 500 requests per minute considered as very
/I high:

1 int maxDeletePerMinute = 500;

1 float deletedb = (float) deleteRequestsPerMinute

I | (float) maxDeletePerMinute;

/I now do a weighting of the values:

/I store: 0.4

/I put : 0.2

/I get : 0.3

/I delete: 0.1

I System.out.printin("DB-Size:" + dbSize + " Puts/min:"

I + putRequestsPerMinute + " Gets/min:" + getRequestsPerMinute
1 + " Dels/min:" + deleteRequestsPerMinute);

/lfloat load = (float) (store * 0.4 + putdb * 0.2 + getdb * 0.3 +
/I deletedb * 0.1);

/ITODO revert to line above

Ilcurrently for simplicity only take into account the store:

/lfloat load = (float) store;

/I For simplicity | change nodeload to be dependant of the number of
/I KeyGroups: so the load is just the % of the whole key-range:
long numberOfKeyGroups = 0;
for (lterator iter = keyGroupList.values (0 .terator () ; iter.hasNext 03;){
KeyPartition keyPartition = ( KeyPartition ) iter.next 0
numberOfKeyGroups += keyPartition.getFirstKeyGroup 0
.getKeyGroupld () .amountBetween (
keyPartition.getLastKeyGroup () .getkeyGroupld () ;

long maxPossibleKeyRange = InternalKey.getHigherLimit 0
- InternalKey.getLowerLimit 0

double load = (double ) numberOfKeyGroups /  (double ) maxPossibleKeyRange;
/lload = (float) 0.4;

return  load;
}
e
* Calculates the KeyRange to migrate
*
* @param remoteLoad
* the load of the other node, which wants to have some data from
* this node
*  @param uplinkNode
* if true, the node who requests the migration is the
* uplinkNode, if false it is the downlonkNode
* @return The Dataltem with parameter "migrationCutPointLow" and
* "migrationCutPointHigh" of the keygroups to migrate
*
public ~ Dataltem calculateMigrationData (double remoteLoad, boolean uplinkNode ) {

double localLoad = nodeLoad () ;
long storedDataltems = (long ) ( localLoad * 100000) ;

/I first check how many dataltems we potentionally could migrate:
double difference = localLoad - remoteLoad;
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418 if (storedDataltems == 0) {

419 /Imeans we have empty node, so we can easily share half of our keys
420 /I to the other node

421 return null ;

422 }

423

424 /I 40% of the load is related to number of dataitems (see nodeload

425 /I method)

426 long numberOfDataltems =  (long ) ( difference * 100000 / 2);

427

428 /I now calculate the keygroups we could migrate

429 /I First calculate the amount of keygroups we currently hold

430 long numberOfKeyGroups = 0;

431 for (Iterator iter = keyGroupList.values () .iterator () ; iter.hasNext 03){
432 KeyPartition keyPartition = (KeyPartition ) iternext () ;
433 numberOfKeyGroups += keyPartition.getFirstkeyGroup 0

434 .getKeyGroupld () .amountBetween (

435 keyPartition.getLastKeyGroup () .getkeyGroupld () ;
436 }

437

438 /I now calculate the amount of keygroups to migrate:

439 long keygroupsToMigrate = (long ) ((( double ) numberOfKeyGroups /
440 (double ) storedDataltems ) *

441 (double ) numberOfDataltems ) ;

442

443 /I now calculate the correct keygroup where we should do the cut - we
444 /I migrate max one full keypartition, even if keygroupsToMigrate is

445 /I larger than the last keypartition

446 Dataltem response = new Dataltem () ;

447 if  (uplinkNode ) {

448 /I'if the other node is the uplink node, we have to migrate data

449 /I from the higher end of the last keyPartition

450 KeyPartition lastkeyPartition = ( KeyPartition ) keyGroupList
451 .get (keyGroupList.lastkey 0)

452

453 InternalKey lastinternalKey = lastKeyPartition.getLastKeyGroup 0
454 .getKeyGroupld () ;

455

456 InternalKey migrationCutPoint = lastinternalKey

457 .getNthPreviousinternalKey (keygroupsToMigrate ) ;
458 /I now check if this cutPoint is within the lastKeyPartition

459 if  (!lastKeyPartition.isResponsible ( migrationCutPoint N A{
460 /lops lastKeyPartition is not responsible for this key, so |

461 I set

462 /I the migrationCutPoint to the first key!

463 migrationCutPoint = lastKeyPartition.getFirstkeyGroup 0
464 .getKeyGroupld () ;

465

466 response.setLastinternalKey (lastinternalKey );

467 response.setFirstinternalkey ( migrationCutPoint )

468 } else {

469 /I if the other node is the downlink node, we have to migrate data
470 /I from the lower end of the first keyPartition

471 KeyPartition firstkeyPartition = ( KeyPartition ) keyGroupList
472 .get (keyGrouplList.firstkey 0)

473

474 InternalKey firstinternalKey = firstkeyPartition.getFirstKeyGroup 0
475 .getKeyGroupld () ;

476

477 InternalkKey migrationCutPoint = firstinternalKey

478 .getNthSubsequentinternalKey ( keygroupsToMigrate - 1);
479 /I now check if this cutPoint is within the lastKeyPartition

480 if  (!firstkeyPartition.isResponsible ( migrationCutPoint ) {
481 /lops lastKeyPartition is not responsible for this key, so |

482 I set

483 /I the migrationCutPoint to the first key!

484 migrationCutPoint = firstkeyPartition.getLastkKeyGroup 0
485 .getKeyGroupld () ;

486 }

487 response.setFirstinternalKey (firstinternalKey )

488 response.setLastinternalKey ( migrationCutPoint )

489 }

490 return response;

491 }

492

493 protected  void updatedbSize (int size ) {

494 I System.out.printin("Update DB size called! having done: " + size
495 1! + " entries");

496 dbSize = size;

497 }

498

499 protected  void updateStatistic 0 {

500 1 System.out.printin("Update Statistic called! having done: "

501 1 + putRequests + " putRequests");

502 putRequestsPerMinute = putRequests;
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503 getRequestsPerMinute = getRequests;

504 deleteRequestsPerMinute = deleteRequests;

505 putRequests =  0;

506 getRequests =  0;

507 deleteRequests = 0;

508 }

509

510 public  String toString 0 {

511 String representation = G

512 for (lterator iter = keyGrouplList.values () .iterator () ; iter.hasNext 03){
513 KeyPartition keyPartition = (KeyPartition ) iternext () ;
514 representation = representation + keyPartition + "y
515

516 return  representation + "t

517 }

518

519 1 public boolean isResponsible(Datltem data) {

520 "

521 " }

522

523 }

File 33: keypartition.KeyPartitionService

1M~

2 * Created on Aug 27, 2004 12:29:27 PM

3 *

4 * Project: ExtendendRootTree

5 * Last Change: $Date: 2004-11-09 01:55:31 +0100 (Tue, 09 Nov 2004) $
6 * Changed by: $Author: michi $

7 * Revision: $Rev: 165 $

8 * Location: $URL: KeyPartitionService.java $

9 *

10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland

12 * Department of Information Technology (www.ifi.unizh.ch)

13 * For copyright information please contact kussmaul@nix.ch

14 *

15 #

16 package ch.nix.ert.keypartition;

17

18 import  org.apache.log4j.Logger;

19

20 import  ch.nix.ert.base.ServiceBase;

21 import  ch.nix.ert. message.Dataltem;

22

23 [**

24 * TODO Edit this text for a better description

25 *

26 * @author michi

27 %

28 public class KeyPartitionService extends ServiceBase {

29

30 /I logger:

31 static Logger logger = Logger.getLogger ( KeyPartitionService. class );
32

33 static private KeyPartitionService instance = null

34

35 private  KeyPartitionManager keyPartitionManager;

36

37 private  MigrationClient migrationClient;

38

39 private MigrationServer migrationServer;

40

41 /I private TreeMap timeSortedList = new TreeMap();

42

43 private KeyPartitionService 0{

44 }

45

46 static public synchronized KeyPartitionService getinstance 0{

47 if  (null == instance ) {

48 instance = new KeyPartitionService 0

49 instance.keyPartitionManager = KeyPartitionManager.getinstance 0
50 instance.migrationClient = MigrationClient.getinstance 0
51 instance.migrationServer = MigrationServer.getinstance 0
52 logger.info ( "KeyPartitionService started” );

53

54 return  instance;

55 }

56

57 I*

58 * (non-Javadoc)
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*

* @see ch.nix.ert.Servicelnterface#registerAtDispatcher()

*

!

public  void registerAtDispatcher 0{
/I TODO Auto-generated method stub
registerService ("get" );
registerService ("put" );
registerService ("delete" );
registerService ("updatedbsize” );
registerService ( "updatestatistic" );
registerService ("nodeload" );
registerService ( “firstnode" )
registerService ("join" );
registerService ( "migrationprobe" 'R
lIregisterService("migrationservercancel");
IIregisterService("migrationclientcancel);
registerService ( "migrationstart” 'R
registerService ( "migrationend"” )
registerService ( "getmigration” )
registerService ( "deletemigration” )

}

/k

* (non-Javadoc)

*

* @see java.lang.Runnable#run()

*

public  void run () {
/ISystem.out.printin("DataStoreService started");
Thread.currentThread () .setName ("ERT.KeyPartitionService"
while  (true ) {

Dataltem dataltem = null

dataltem = getWork () ;
/I logger.debug("Got Work: "+dataltem);
String operation = dataltem.getOperationType 0
/ISystem.out.printin("Operation: "+operation+" equals? "+
/I (operation.equals("nodeload")));
if  (operation.equals ("get" ) {
/I logger.debug(“get: " + dataltem);

keyPartitionManager.get (dataltem );
} else if  (operation.equals ("put" ) {
/I logger.debug("put: " + dataltem);

/ISystem.out.printin("put in keyservice...");

keyPartitionManager.put (dataltem );
} else if  (operation.equals ("delete" ) {
/I logger.debug("delete: " + dataltem);
keyPartitionManager.delete (dataltem );
} else if ( operation.equals ( "getsizedb-end" »{
/I logger.debug(“getSizeDBResponse: " + dataltem);
keyPartitionManager.updatedbSize ( dataltem.getDbSize
} else if ( operation.equals ( "updatestatistic” ) {
/I logger.debug("udpadateStatistic: " + dataltem);

/I System.out
/I .printin("KeyPartitionService:UPDATESTATISTIC called");
keyPartitionManager.updateStatistic 0;

} else if  (operation.equals (“firstnode" N Ao
keyPartitionManager.isFirstNodeOnNetwork 0

} else if  (operation.equals ("join" ) {
keyPartitionManager.joinOnNetwork ) ;

} else if  (operation.equals ("nodeload" )) {
/I logger.debug("'nodeLoad: " + dataltem);
/INode originator = dataltem.getDirectOriginator();

double size = keyPartitionManager.nodeLoad 0;

Dataltem response = new Dataltem () ;

response.setNodeLoad  (size );

Illresponse.setDirectDestination(originator);

IIresponse.setOperation(“nodeloadresponse");

/ISystem.out.printin("KeyPartitionService response: " +

/I response);

transactionEnd  (response );

/I logger.debug("nodeLoadResponse: " + response);

} else if  (operation.equals ("nodeload-end” )) {

/I logger.debug("nodeLoad-end: " + dataltem);

if  (keyPartitionManager.isJoining
migrationClient.joinOnNetwork

} else
migrationClient.nodeLoadResponse

)1

(dataltem ) ;
(dataltem ) ;

} else if  (operation.equals ( "migrationprobe” »A{

/I logger.debug("migrationProbe: " + dataltem);
migrationClient.probeServer 0;

0
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144 |1 } else if (operation.equals("migrationservercancel")) {

145 /I logger.debug("migrationServerCancel: " + dataltem);

146 /I migrationServer.cancelMigration();

147 1 } else if (operation.equals("migrationclientcancel”)) {

148 /I logger.debug("migrationClientCancel: " + dataltem);

149 /I migrationClient.cancelMigration();

150 } else if  (operation.equals ( "migrationstart" N {
151 /I logger.debug("migrationStart: " + dataltem);

152 migrationServer.migrationStart (dataltem );

153 } else if  (operation.equals ( "migrationstart-end" N {
154 /I logger.debug("migrationStartResponse: " + dataltem);
155 migrationClient.migrationStartResponse (dataltem );
156 } else if  (operation.equals ( "migrationend"” ) {

157 /I logger.debug("migrationEnd: " + dataltem);

158 migrationServer.migrationEnd (dataltem );

159 } else if  (operation.equals ( "migrationend-end" »A{
160 /I logger.debug("migrationEndResponse: " + dataltem);

161 migrationClient.migrationEndResponse (dataltem );
162 } else if ( operation.equals ( "getmigration” ) {

163 /I logger.debug("getMigration: " + dataltem);

164 migrationServer.sendMigratedData (dataltem );
165 } else if ( operation.equals ( "getmigration-end" ) {
166 /I logger.debug("getMigrationResponse: " + dataltem);

167 migrationClient.receiveMigratedData (dataltem ) ;
168 } else {

169

170 logger

171 .warn ("Dataltem dropped, because no processing was found for: "
172 + dataltem );

173 }

174 }

175

176 }

177 }

File 34: keypartition.MigrationClient

1/~

2 * Created on Sep 6, 2004 2:59:21 PM

3 *

4 * Project: ExtendendRootTree

5 * Last Change: $Date: 2004-11-12 12:46:25 +0100 (Fri, 12 Nov 2004) $
6 * Changed by: $Author: michi $

7 * Revision: $Rev: 173 $

8 * Location: $URL: MigrationClient.java $

9 *

10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland

12 * Department of Information Technology (www.ifi.unizh.ch)
13 * For copyright information please contact kussmaul@nix.ch
14 *

15 ¥

16 package ch.nix.ert.keypartition;

17

18 import  java.util.Calendar;

19

20 import org.apache.log4j.Logger;

21

22 import  ch.nix.ert. message.Dataltem;
23 import  ch.nix.ert. message.InternalKey;
24 import  ch.nix.ert. message.Node;

25 import  ch.nix.ert. message.UserKey;

26

27 [+

28 * TODO Edit this text for a better description

29 *

30 * @author michi

31 %

32 public class MigrationClient {

33

34 /I logger:

35 static Logger logger = Logger.getLogger ( MigrationClient. class );
36

37 static private MigrationClient instance = null ;
38

39 private  boolean joinExecuted = false ;

40

41 private  MigrationServer migrationServer = null
42

43 private  KeyPartitionService service;

44

45 private boolean isMigratingAsClient = false ;
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46

47 private Node migrationNode;

48

49 private KeyPartition migrationKeyPartition;

50

51 private KeyPartitionManager keyPartitionManager;

52

53 private  int joinOnNetworkCount = 10;

54

55 private Node highestLoadNode =  new Node() ;

56

57 private  double highestLoad =  0;

58

59 private  long migrationTime = 0;

60

61 /I hardcoded set: timeout migration after 60 sec of inactivity

62 private long migrationTimeout = 60000 ;

63

64 private MigrationClient 0{

65 }

66

67 static public synchronized MigrationClient getinstance 0{
68 if (null == instance ) {

69 instance = new MigrationClient 0

70 instance.service = KeyPartitionService.getinstance 0
71 instance.keyPartitionManager = KeyPartitionManager.getinstance 0
72 instance.migrationServer = MigrationServer.getinstance 0
73 /I calling probeServer to get the migration started!

74 /linstance.probeServer(new Node("10.0.1.250", 1099));

75 /I now start the automatic probe: every 60 sec

76

77 logger.info ("MigrationClient initialised” )

78

79 return  instance;

80 }

81

82 public  boolean isMigrating 0{

83 migrationTimeout 0

84 return  isMigratingAsClient;

85 }

86

87 public  void join () {

88 if  (ljoinExecuted ) {

89 Dataltem migrationProbe = new Dataltem () ;

90 migrationProbe.setOperation ( "migrationprobe” );
91 Dataltem callBackltem = new Dataltem () ;

92 callBackltem.setOperation ("callcontinous" );

93 callBackltem.setDelay (20000) ;

94 callBackltem.setNested (' migrationProbe ) ;

95 service.transactionBegin (callBackltem );

96 joinExecuted = true ;

97 }

98 joinOnNetwork  (null ) ;

99 }

100

101 public  void joinOnNetwork ( Dataltem dataltem ) {

102 logger.info ("Client: Probe a random Server for Joining Response: "
103 + dataltem );

104 it (joinOnNetworkCount > 0) {

105 keyPartitionManager.isJoining = true ;

106 } else {

107 keyPartitionManager.isJoining = false ;

108 initiateMigration ( highestLoadNode ) ;

109 }

110 if (dataltem != null ) {

111 if (dataltem.getNodeLoad () > highestLoad ) {
112 highestLoadNode = dataltem.getDirectOriginator 0
113 highestLoad = dataltem.getNodeLoad 0

114 }

115 }

116 if  (joinOnNetworkCount > 0) {

117 /I now send to another random node:

118 Dataltem sendData = new Dataltem ("nodeload" );
119 sendData.setRouting ("routing" );

120 sendData.setInternalKey ( InternalKey.getRandom 0)
121 service.transactionBegin (sendData ) ;

122 logger.info ("Probe a random Server for Joining: " + sendData ) ;
123 joinOnNetworkCount-;

124 }

125 }

126

127 /I TODO must be: probeServer(Node node)

128 public ~ void probeServer () {

129

130 logger.info ("Client: Send Probe to Servers. My current KeyPartitions: "
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+ keyPartitionManager )
/I first check for node-load of my Server
KeyPartition firstkeyPartition = keyPartitionManager.getFirst
KeyPartition lastKeyPartition = keyPartitionManager.getLast

if  (firstkeyPartition != null ) {
InternalKey downlink = firstkeyPartition.getFirstkeyGroup
.getKeyGroupld () .getPreviousinternalKey

if  (keyPartitionManager.responsible (downlink ) ==

/I avoid sending messages to myself, if I'm on the
/I lowest/highest edge of internal-Keys

;nuII ) {

Dataltem sendDataDownlink = new Dataltem ("nodeload" );

sendDataDownlink.setRouting ("routing" );

sendDataDownlink.setinternalKey (downlink ) ;
logger.info ("Client: Probe Server: "
service.transactionBegin ( sendDataDownlink ) ;

}

}
if (lastKeyPartition != null ) {
InternalKey uplink = lastKeyPartition.getLastKeyGroup
.getKeyGroupld () .getSubsequentinternalKey

+ sendDataDownlink ) ;

0
0

if  ( keyPartitionManager.responsible (uplink ) == null ) {

/I avoid sending messages to myself, if I'm on the
/I lowest/highest edge of internal-Keys

Dataltem sendDataUpLink = new Dataltem ("nodeload" );

sendDataUpLink.setRouting ("routing" );
sendDataUpLink.setinternalKey (uplink ) ;

logger.info ("Client: Probe Server: " + sendDataUpLink );

service.transactionBegin ( sendDataUpLink ) ;

}

if  (firstkeyPartition == null  && lastkeyPartition ==

null ) {

/I means we have not yet found a node to join, so we have to repeat

/I the node-join algorithm:
/

/I first reset the join-related variables:

joinOnNetworkCount = 10;
highestLoad =  0;
join () ;

}

/ISystem.out.printin("Data sent");

}

public  void nodeLoadResponse (Dataltem dataltem ) {
logger.info ("Client: Probe Server Response: "
if  (lisMigrating 0 {

+ dataltem );

/I we got an nodelLoadResponse, now check, if we can migrate...

double localLoad = keyPartitionManager.nodeLoad
if (localLoad + 0.02 < dataltem.getNodeLoad 0 |

(localLoad == 0)) {

/I the Server has at least a 5% higher load than we have, or the
/I other node is almost idle, so we can easily so we should

/I migrate
initiateMigration ( dataltem.getDirectOriginator

/linstance.probeServer(new Node("192.168.0.111", 1099));

}

public  void initiateMigration (Node node) {
if  (!migrationServer.isMigrating
migrationNode = node;
Dataltem sendData = new Dataltem ( "migrationstart"
sendData.setDirectDestination ( migrationNode ) ;
KeyPartition firstkeyPartition = keyPartitionManager.getFirst
if  (firstkeyPartition != null

0

)i

/I this has to be done, so the Server Node finds out if this

/I node is
/I the uplink, or downlink node

sendData.setInternalKey (firstkeyPartition.getFirstKeyGroup 0

.getKeyGroupld () ;

sendData.setRouting ("direct" );
sendData.setNodeLoad  ( keyPartitionManager.nodeLoad
logger.info ("Client: Migration-Request Initiated: "
service.transactionBegin (sendData ) ;

}

public  void migrationStartResponse (Dataltem dataltem ) {
if  (isMigratingAsClient == false  && !migrationTimeout
logger.info ("Client: Migration Start Response: "
isMigratingAsClient = true ;
/I first check, if we want to migrate this amount of data?
/I TODO: check - currently we always accept.

0

+ sendData ) ;

0 {

+ dataltem );
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getData.setDirectDestination ( migrationNode ) ;
service.transactionBegin (getData ) ;
}
}
private boolean  migrationTimeout 0 {
long currentTime = Calendar.getinstance () -getTimelnMillis 0
if  (currentTime > migrationTime + migrationTimeout
&& migrationTime 1= 0) {
logger
.warn ("Client: Migration has been canceled, because of an time-out "
+ "during transfering of Dataltems" )
isMigratingAsClient = false ;
migrationKeyPartition = null
migrationTime = 0;
return true
return false H
}
public  void receiveMigratedData (Dataltem dataltem ) {
if  (isMigratingAsClient ) A{
migrationTime = Calendar.getinstance () .getTimelnMillis 0
/I first check if migrated dataltem is within our
/I MigrationKeyPartition
if (' migrationKeyPartition.isResponsible (dataltem )) {
/I this dataltem is part of this Migration and we store it into
/I db
UserKey currentUserKey = dataltem.getUserKey 0;
dataltem.setOperation ("putdbnoack” );
service.transactionBegin (dataltem );
/I now request the next dataltem
Dataltem getData = new Dataltem ( "getmigration” )
getData.setUserKey (currentUserKey ) ;
getData.setDirectDestination ( migrationNode ) ;
getData.setRouting ("direct" );
service.transactionBegin (getData ) ;
} else {
/I means we are out of range -> means we have finished the
/I ‘migration and could commit it
logger.info ("Client: Migration finished" ;
Dataltem sendData = new Dataltem ( “migrationend" )
sendData.setDirectDestination ('migrationNode ) ;
sendData.setRouting ("direct" );
service.transactionBegin (sendData ) ;
}
}
}
public  boolean isResponsible (Dataltem dataltem ) {
it (migrationKeyPartition == null ) {
return false i
return  migrationKeyPartition.isResponsible (dataltem );
}
public  void migrationEndResponse  ( Dataltem dataltem ) {
it (isMigratingAsClient ) {
logger.info ("Client: Migration End Response: " + dataltem );
keyPartitionManager.add ( migrationKeyPartition )
migrationKeyPartition = null
migrationNode = null
isMigratingAsClient = false ;
migrationTime = 0;
}
}

/I we first upload the the migration-data, and if successfully

/I finished will publish the new information!

n

/I first we generate a temporary KeyPartition (which is not

/I published yet) and use it to fill up the data:

migrationKeyPartition = new KeyPartition 0

/I add the proposed data-Range of the data to migrate:

migrationKeyPartition.add (new KeyGroup ( dataltem
.getFirstinternalKey ;

migrationKeyPartition.add (new KeyGroup ( dataltem
.getLastInternalKey (V)

/I set the Dataltem to the highest value:

Dataltem getData = new Dataltem ( "getmigration” );

getData.setUserkKey  ( dataltem.getLastinternalKey () .getLastUserKey
.getSubsequentUserkey () ;

getData.setRouting ("direct" );

0

SOURCE CODE
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301 }

File 35: keypartition.MigrationServer

1/

2 * Created on Sep 6, 2004 2:59:39 PM

3

4 * Project: ExtendendRootTree

5 * Last Change: $Date: 2004-11-12 12:46:25 +0100 (Fri, 12 Nov 2004) $
6 * Changed by: $Author: michi $

7 * Revision: $Rev: 173 $

8 * Location: $URL: MigrationServer.java $

9 *

10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland

12 * Department of Information Technology (www.ifi.unizh.ch)
13 * For copyright information please contact kussmaul@nix.ch
14 *

15 ¥

16 package ch.nix.ert.keypartition;

17

18 import java.util.Calendar;

19

20 import  org.apache.log4j.Logger;

21

22 import  ch.nix.ert. message.Dataltem;
23 import  ch.nix.ert. message.InternalKey;
24 import  ch.nix.ert. message.Node;

25

26 [**

27 * TODO Edit this text for a better description

28 *

29 * @author michi

30 *

31 public class MigrationServer {

32

33 /I logger:

34 static Logger logger = Logger.getLogger ( MigrationServer. class );
35

36 static private MigrationServer instance = null ;

37

38 private  MigrationClient migrationClient = null

39

40 private Node currentClient = null

41

42 private KeyPartitionService service;

43

44 private boolean requestMigration = false ;

45

46 private boolean isMigratingAsServer = false ;

47

48 private KeyPartitionManager keyPartitionManager;

49

50 private  KeyPartition migrationKeyPartition;

51

52 private  long requestMigrationTime = 0;

53

54 private  long migrationTime = 0;

55

56 /I hardcoded set: timeout migration after 60 sec of inactivity
57 private  long requestMigrationTimeout = 60000 ;

58

59 private long migrationTimeout = 60000 ;

60

61 private MigrationServer 0{

62

63

64 static public synchronized MigrationServer getinstance 0 {
65 if  (null == instance ) {

66 instance = new MigrationServer 0;

67 instance.service = KeyPartitionService.getlnstance ;
68 instance.keyPartitionManager = KeyPartitionManager.getinstance 0
69 instance.migrationClient = MigrationClient.getinstance 0
70 logger.info ( "MigrationServer initialised" )
71 }

72 return  instance;

73 }

74

75 public  boolean isMigrating () {

76 requestMigrationTimeout 0

77 migrationTimeout 0

78 return  requestMigration;
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}

public

}

private

private

}

public

1"

Node getCurrentClient 0{

return  currentClient;

boolean  requestMigrationTimeout 0{
long currentTime = Calendar.getinstance () .getTimelnMillis 0
if  (currentTime > requestMigrationTime + requestMigrationTimeout
&& requestMigrationTime != 0) {
if (requestMigration && lisMigratingAsServer ) {
logger

.info ("Server: Migration has been canceled, because of an time-out "

+ "while waiting for the first Dataltem to be transfered"
requestMigration = false ;
isMigratingAsServer = false ;
migrationKeyPartition = null ;
currentClient = null
requestMigrationTime = 0;
migrationTime = 0;
return true H

}

return false

boolean migrationTimeout 0 {

long currentTime = Calendar.getinstance () .getTimelnMillis 0
if  (currentTime > migrationTime + migrationTimeout

&& migrationTime != 0) {

logger
.info  ("Server: Migration has been canceled, because of an time-out
+ “during transfering of Dataltems" )
requestMigration = false ;
isMigratingAsServer = false ;
migrationKeyPartition = null
currentClient = null
requestMigrationTime = 0;
migrationTime = 0;
return true

return false

void  migrationStart ( Dataltem dataltem ) {
if  (requestMigration == false  && !migrationClient.isMigrating 0
&& !requestMigrationTimeout () && !migrationTimeout 0) {
requestMigrationTime = Calendar.getinstance () .getTimelnMillis 0
logger.info ("Server: Migration Start: " + dataltem );
/I now check which data we can can migrate
n
/I first check if the node who requests the data is uplink or
/I downlink node
InternalKey remotelnternalKey = dataltem.getinternalKey 0
boolean uplink = true ;
if  (remotelnternalKey == null ) {
/I no InternalKey set, so remote does not yet know so we have to
/I decide :-)
uplink = true ;
} else if  (dataltem.getinternalKey
keyPartitionManager.getFirst
.getKeyGroupld ()
false ;

() .compareTo (
() .getFirstkeyGroup 0
<0){
uplink =
}

Dataltem remoteData = keyPartitionManager.calculateMigrationData (
dataltem.getNodeLoad (), uplink );

dataltem.setLastInternalKey ( remoteData.getLastInternalKey

dataltem.setFirstinternalKey ( remoteData.getFirstinternalKey

0
0

migrationKeyPartition = new KeyPartition 0;

/I add the proposed data-Range of the data to migrate:

migrationKeyPartition.add (new KeyGroup ( dataltem
.getFirstinternalKey 0)

migrationKeyPartition.add (new KeyGroup ( dataltem
.getLastInternalKey 0

dataltem.removeNodeLoad () ;

service.transactionEnd (dataltem );

currentClient = dataltem.getTransactionNodeld 0;

requestMigration = true ;

public void cancelMigration() {
if (requestMigration && lisMigratingAsServer) {
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164 " logger

165 " .info("Server: Migration has been canceled, because of an time-out");
166 " requestMigration = false;

167 I isMigratingAsServer = false;

168 1 migrationKeyPartition = null;

169 " }

170 " }

171

172 public  void sendMigratedData (Dataltem dataltem ) {

173 if  (requestMigration ) {

174 migrationTime = Calendar.getinstance () .getTimelnMillis 0
175 isMigratingAsServer = true ;

176 /Nlogger.info("sendMigratedData: " + dataltem);

177 /ITODO: as getprev will ALWAYS omit the first key, we have to
178 /I check, that for first execution we actually do a normal

179 /I get-Operation...

180 /I Or because we currently let the whole migration finish untill we
181 /I change the Responsibilities of a KeyRange, we can always fetch
182 /I backwards...

183

184 /I forward this request to DataStore layer, so he actually returns
185 /I the data to the Migration-Client

186 dataltem.setOperation ("getprevdb” );

187 service.transactionContinue (dataltem );

188 }

189 }

190

191 public  boolean isResponsible (Dataltem dataltem ) {

192 if  (migrationKeyPartition == null ) {

193 return false )

194 }

195 return  migrationKeyPartition.isResponsible (dataltem );

196 }

197

198 public  void migrationEnd ( Dataltem dataltem ) {

199 if  (requestMigration ) {

200 logger.info ("Server: Migration End: " + dataltem );
201 /I now change my KeyPartition

202 keyPartitionManager.substract ( migrationKeyPartition )
203

204 /I now delete all my obsolete data

205 /I TODO... currently no data is deleted, perhaps we can do a general
206 /I "cleanup" Service which will delete unused data from db during
207 /I low CPU time...

208

209 service.transactionEnd (dataltem );

210 migrationKeyPartition = null

211 requestMigration = false ;

212 isMigratingAsServer = false

213 requestMigrationTime = 0;

214 migrationTime = 0;

215 }

216 }

217

218 }

File 36: main.MainService

1/~

2 * Created on Oct 20, 2004 4:06:01 PM

3 *

4 * Project: ExtendendRootTree

5 * Last Change: $Date: 2004-11-12 12:46:25 +0100 (Fri, 12 Nov 2004) $
6 * Changed by: $Author: michi $

7 * Revision: $Rev: 173 $

8 * Location: $URL: MainService.java $

9 *

10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland

12 * Department of Information Technology (www.ifi.unizh.ch)

13 * For copyright information please contact kussmaul@nix.ch

14 *

15 *

16 package ch.nix.ert.main;

17

18 import  java.awt.Frame;

19 import java.util. ArrayList;

20 import java.util.Arrays;

22 import org.apache.log4j.Logger;

24 import  ch.nix.ert.base.RootLogger;
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25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
a4
45
46
a7
48
49
50
51
52
53

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72

74
75
76
7
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109

import  ch.nix.ert.base.ServiceBase;
import  ch.nix.ert.base.ServiceManager;
import  ch.nix.ert. message.Dataltem;

Jx

*

*

*

*

*

MainService class which is executed at startup. <br>
It will initialize the whole system and starts it up

@author michi

public class MainService  extends ServiceBase {

/I logger:
static Logger logger = Logger.getLogger (MainService. class );
static private MainService instance = null ;

static ServiceManager serviceManager;

static private RootLogger ertLogger;
static public synchronized MainService getinstance 0{
if (null == instance ) {
instance = new MainService () ;
logger.info ("MainService started" )

return  instance;

}

public static void main(String [] args) {
/I Disable IPv6, as it is not used at the moment
System.setProperty ( "java.net.preferlPv6Addresses" , “false" );
System.setProperty ( "java.net.preferlPv4Stack" , true" ),

/I A possible workaround for an apple bug in kqueue, so | now use the
/I older select

System.setProperty ( "java.nio.preferSelect" , true" ),
ertLogger = new RootLogger () ;

serviceManager = ServiceManager.getinstance 0;

MainService mainService = MainService.getinstance 0
ArrayList parameters = new ArrayList ( Arrays.asList (args)) ;

boolean success = false ;

if  (!parameters.isEmpty () && parameters.contains ("v" ) A{

String version = "$AntReplaceVersion$" ;
String date = "$AntReplaceDate$"  ;
System.out.printin ;
System.out.printin ("ert version:" )
System.out.printin (" Revision: " + version );
System.out.printin (" Date: "+ date );
System.out.printin 0
System.exit  (0);
}
if  (!parameters.isSEmpty () && parameters.contains ("c" ) {

/I this means a command has been provided, now get the command
if ( parameters.size 0 >1){
String command = (String ) parameters.get ( parameters
.indexOf ("-c" ) + 1);
command = command.toLowerCase () ;
/I only commands allowed are: "join" "first"
if (command.equals (“join" )) {

logger.info ("-c join’ command supplied at startup” )
mainService.addWork ~ (new Dataltem (“join" )) ;
success = true ;

}

if (command.equals ( "first" ) {
logger.info (™-c first’ command supplied at startup” )
mainService.addWork  (new Dataltem ( “firstnode" ) s
success = true ;

}

if (command.equals ("writebench" )) {
logger.info ("-c writebench’ command supplied at startup"

String sendStatistics = (String ) parameters.get  ( parameters
.indexOf ("s" ) + 1);
String dataSize = (String ) parameters.get  ( parameters
.indexOf ("d" ) + 1);
if (sendStatistics = null ) {
Dataltem data = new Dataltem (“writebench” );

data.setData  ( sendStatistics )

data.setDbSize  ( Integer.parselnt (dataSize )) ;
mainService.addWork  (data ) ;

success = true ;
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if (command.equals ("“readbench” )) {

logger.info ("-c readbench’ command supplied at startup” )
String sendStatistics = (String ) parameters.get  ( parameters
.indexOf ("s" ) + 1);
if (sendStatistics != null ) {
Dataltem data = new Dataltem (‘“readbench" );

data.setData  ( sendStatistics )
mainService.addWork  (data ) ;

success = true ;
}
if (command.equals (“"deletebench" )) {
logger.info ("-c deletebench’ command supplied at startup” );
String sendStatistics = (String ) parameters.get  ( parameters
.indexOf ("-s" ) + 1);
if (sendStatistics != null ) {
Dataltem data = new Dataltem ("deletebench" );

data.setData  ( sendStatistics )
mainService.addWork  (data ) ;
success = true ;

if (command.equals ("bulk" )) {

logger.info ("-c bulk command supplied at startup” )
mainService.addWork  (new Dataltem ("bulk" )) ;
success = true ;
if (command.equals ( "collector" )N {
logger.info ("-c collector command supplied at startup” )
String amount = (String ) parameters.get  ( parameters
.indexOf ("-a" ) + 1);
if  (amount != null ) {
Dataltem data = new Dataltem ( “collector" )
data.setCursorSize ( Integer.parselnt (amount)) ;
mainService.addWork  (data ) ;
success = true ;
if (command.equals ( "fillup" N A{
logger.info ("-c fillup’ command supplied at startup” )
mainService.addWork  (new Dataltem ( “fillup" )
success = true ;
}
}
}
if (success == true ) {
if  (!parameters.isEmpty () && parameters.contains ("-b" ) {
/I this means we should run in the background with no GUI
/I starting
/I up
logger.info ("-b" command supplied at startup.”
+ " Run in background, no GUI starting up" )
success = true ;
} else {
Frame frame = new Frame() ;
SplashScreen splashScreen = new SplashScreen ("logo.jpg" , frame );
}
} else {
logger.error ("Wrong or no command parameters supplied at startup” )
System.out.printin 0
System.out.printin ("ert usage:" );
System.out.printin 0
System.out.printin (" -c [joinfirstjuser] - command:" );
System.out.printin (" join"
" join an existing network" )
System.out.printin (" first"
+ " be the first node in a new network" )
System.out.printin (" user"
+ " startup in user mode only,"
+ " no storage on this node" )
System.out.printin (" b+
+ "- runs the server in background (no GUI)" )
System.out.printin (" RVANE "
+ "- prints out the application version" );
System.out.printin 0
System.out.printin ("example: java -jar ertjar -c join -b" )
System.out.printin 0
System.exit (1);
}
}
1

* (non-Javadoc)
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195 *

196 * @see ch.nix.ert.Servicelnterface#registerAtDispatcher()

197 */

198 public  void registerAtDispatcher 0{

199 /I TODO Auto-generated method stub

200 registerService ("quit" );

201

202

203 I*

204 * (non-Javadoc)

205 *

206 * @see java.lang.Runnable#run()

207 */

208 public  void run () {

209 /I TODO Auto-generated method stub

210 Thread.currentThread () .setName ("ERT.MainService" );
211 while  (true ) {

212 Dataltem dataltem = null

213 dataltem = getWork () ;

214 /I logger.debug("Got Work: "+dataltem);

215 String operation = dataltem.getOperationType 0
216 if  (operation.equals ("quit ) {

217 logger.info ("quit request received, shutting down ERT" )
218 System.exit  (0);

219 }

220 }

221 }

222

223 }

File 37: main.SplashScreen

1~

2 * Created on Oct 20, 2004 5:12:51 PM

3

4 * Project: ExtendendRootTree

5 * Last Change: $Date: 2004-10-26 15:28:00 +0200 (Tue, 26 Oct 2004) $

6 * Changed by: $Author: michi $

7 * Revision: $Rev: 138 $

8 * Location: $URL: SplashScreen.java $

9 *

10 * This source-code is part of the diploma thesis of Michael Kussmaul written at
11 * the University of Zurich, Switzerland Department of Information Technology
12 * (www.ifi.unizh.ch) For copyright information please contact kussmaul@nix.ch
13 *

14 %

15

16 package ch.nix.ert.main;

17

18 import java.awt.BorderLayout;
19 import java.awt.Color;

20 import  java.awt.Dimension;
21 import  java.awt.Font;

22 import  java.awt.Frame;

23 import  java.awt.Toolkit;

25 import  javax.swing.lmagelcon;

26 import  javax.swing.JLabel;

27 import  javax.swing.JWindow;

28 import  javax.swing.SwingConstants;

29

30 /**

31 * Example code taken from: <br>

32 * http://www.javaworld.com/javaworld/javatips/jw-javatip104.html

33 *

34 * @author michi

35 *

36 class SplashScreen extends JWindow {

37

38 public ~ SplashScreen ( String filename, Frame f ) {

39 super (f);

40 setBackground ( Color. WHITE );

41

42 JLabel pictureLabel = new JLabel (new Imagelcon (SplashScreen. class .getResource (filename ))) ;
43 JLabel versionLabel = new JLabel (" Version: $AntReplaceVersion$" );
44 versionLabel.setFont (new Font ("SansSerif* ,Font.PLAIN, 10)) ;

45 versionLabel.setHorizontalAlignment ( SwingConstants.LEFT ) ;

46 getContentPane () .add ( pictureLabel, BorderLayout.CENTER )

47 getContentPane () .add ( versionLabel, BorderLayout. NORTH )

48 pack () ;

49 Dimension screenSize = Toolkit.getDefaultToolkit () .getScreenSize () ;

50 Dimension labelSize = pictureLabel.getPreferredSize 0
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51 setLocation  ( screenSize.width / 2 - (labelSize.width / 2),
52 screenSize.height / 2 - (labelSize.height / 2)) ;
53 setVisible  (true );

54 screenSize = null ;

55 labelSize = null ;

56 }

57 }

File 38: message.Dataltem

1~

2 * Created on Oct 28, 2004 10:28:43 AM

3

4 * Project: ExtendendRootTree

5 * Last Change: $Date: 2004-11-09 01:55:31 +0100 (Tue, 09 Nov 2004) $
6 * Changed by: $Author: michi $

7 * Revision: $Rev: 165 $

8 * Location: $URL: Dataltem.java $

9 *

10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland

12 * Department of Information Technology (www.ifi.unizh.ch)

13 * For copyright information please contact kussmaul@nix.ch

14 =

15 #

16 package ch.nix.ert. message;

17

18 import java.io.Serializable;
19 import java.util. ArrayList;

21 import  ch.nix.ert. message.operations.OperationFactory;
22 import  ch.nix.ert. message.operations.Operationinterface;

23

24 [**

25 * TODO Edit this text for a better description

26 *

27 * @author michi

28 */

29 public class Dataltem implements  Cloneable, Serializable {
30

31 protected Object [|] operations = new Object [25];
32

33 public  Object [] getinternalArray 0 {

34 return  operations;

35 }

36

37 private  void putValue (int opCode, Object value ) {
38 /1l if (operations[opCode] == null) {

39 /I operations[opCode] = OperationFactory.getOperation(opCode);
40 11

41 operations [ opCode] = value;

42 }

43

44 private  Object getValue (int opCode) {

45 |/ if (operations[opCode] == null) {

46 /I return null;

47 11

48 return  operations [ opCode] ;

49 }

50

51 private  void removeValue (int opCode) {

52 operations [ opCode] = null ;

53

54

55 private synchronized boolean existValue (int opCode) {
56 if (operations [opCode] == null ) {

57 return false ;

58 } else {

59 return true ;

60 }

61 }

62

63 public  Object clone () {

64 try

65 Object dataltemCloned = super .clone () ;
66 (( Dataltem ) dataltemCloned ) .operations = (Object []) operations.clone
67 return  dataltemCloned;

68 } catch ( CloneNotSupportedException e ) {

69 return null ;

70 }

71 }
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public  Dataltem getClone () {
return  (Dataltem ) clone () ;
}

public  Dataltem () {
}

/I helper Constructors, for common wrapping of Objects into a Dataltem
public ~ Dataltem ( String operation ) {
this .setOperation  (operation );

}

1 public Dataltem(KeyPartition keyPartition) {

I /ITODO always make a deep copy of this object first, otherwise the
1 /I keypartition does not allow concurrent access from multiple

1 /I threads....

1 this.setKeyPartition(keyPartition);

i }

I

I public Dataltem(String operation, KeyPartition keyPartition) {

I /ITODO always make a deep copy of this object first, otherwise the
I /I keypartition does not allow concurrent access from multiple

I /I threads....

I this.setOperation(operation);

I this.setKeyPartition(keyPartition);

1 }

public ~ Dataltem (InternalKey internalkKey ) {

this .setInternalKey (internalkey ) ;

}

public ~ Dataltem (Dataltem nestedlitem ) {
this .setNested (nesteditem );

}

public  Dataltem ( String operation, Dataltem nesteditem ) {
this .setOperation (operation ) ;
this .setNested (nesteditem );

}

public ~ Dataltem (Node destinationNode ) {
this .setDirectDestination (destinationNode ) ;

}

[ffor the most common keys accessors are supplied

public  UserKey getUserKey () {
return  (UserKey ) this .getValue ( Operationinterface. USERKEY )
}

public  void setUserKey (UserKey key ) {
this .putValue ( Operationinterface. USERKEY, key )
}

public  void removeUserKey () {
this .removeValue ( Operationinterface. USERKEY )

/I Destination InternalKey (where the Dataltem needs to be processed)

public  InternalKey getinternalKey 0{
InternalKey internalKey = (Internalkey ) this
.getValue ( Operationinterface.INTERNALKEY )
if (internalKey == null ) {
UserKey userkey =  this .getUserKey () ;
if (userkey == null ) {
return null ;
internalkey = userkey.getinternalKey 0
}
return  internalKey;
}
public  void setinternalKey (InternalKey iKey ) A{
this .putValue ( Operationinterface.INTERNALKEY, iKey );
}

public  void removelnternalKey
this .removeValue ( Operationinterface.INTERNALKEY )

}
public  String getNamespace () {
String namespace =  (String ) this .getValue (Operationinterface. NAMESPACE
if (namespace == null ) {
namespace = “default"
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return namespace;

}

public  void setNamespace ( String namespace ) {
this .putValue ( Operationinterface. NAMESPACE, namespace
}

public  void removeNamespace () {
this .removeValue ( Operationinterface.NAMESPACE )
}

public ~ String getData () {
return  (String ) this .getValue ( Operationinterface.DATA
}

public  void setData (String data ) {
this .putValue ( Operationinterface.DATA, data )
}

public  void removeData () {
this .removeValue ( Operationinterface.DATA )
}

public  ArrayList getDataltems 0{

}

public  void addDataltems (Dataltem data )

return  (ArrayList ) this .getValue ( Operationinterface.DATAITEMS

{
if (this .getValue ( Operationinterface.DATAITEMS ) == null ) {

/llazy initialisation of ArrayList

this .putValue ( Operationinterface.DATAITEMS, new ArrayList

}
(( ArrayList ) this .getValue ( Operationinterface. DATAITEMS
}

public  void removeDataltems () {

this .removeValue ( Operationinterface. DATAITEMS )
}
public  String getTransactionld 01

}

public  void setTransactionld ( String transactionld ) {
if (transactionld != null

}

return  (String ) this .getValue ( Operationinterface. TRANSACTIONID

this .putValue ( Operationinterface. TRANSACTIONID, transactionld

}

public  void removeTransactionld 0{
this .removeValue ( Operationinterface. TRANSACTIONID )

}
public  String getTransactionOperation 0 {
return  (String ) this .getValue ( Operationinterface. TRANSACTIONOPERATION
}
public  void setTransactionOperation ( String operation ) {
if (operation != null ) {
this .putValue ( Operationinterface. TRANSACTIONOPERATION, operation
}
}
public  void removeTransactionOperation
this .removeValue ( Operationinterface. TRANSACTIONOPERATION
}

public  Node getTransactionNodeld 0{

return  (Node) this .getValue ( Operationinterface. TRANSACTIONNODEID

public  void setTransactionNodeld (Node node) {
if (node !'= null ) {

}

this .putValue ( Operationinterface. TRANSACTIONNODEID, node

}

public  void removeTransactionNodeld

this .removeValue ( Operationinterface. TRANSACTIONNODEID );
}
public  String getTransactionServiceld 01

return  (String ) this .getValue ( Operationinterface. TRANSACTIONSERVICEID
}

);

)i
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243 public  void setTransactionServiceld ( String serviceld ) {
244 if (serviceld = null ) {

245 this .putValue ( Operationinterface. TRANSACTIONSERVICEID, serviceld 'R
246 }

247 }

248

249 public  void removeTransactionServiceld

250 this .removeValue ( Operationinterface. TRANSACTIONSERVICEID )
251

252

253 public  String getTransactionType 0 {

254 String type = (String ) this

255 .getValue ( Operationinterface. TRANSACTIONTYPE )
256 return  type;

257 }

258

259 public  void setTransactionType (String type

260 this .putValue ( Operationinterface. TRANSACTIONTYPE, type )
261

262

263 public  void removeTransactionType 0{

264 this .removeValue ( Operationinterface. TRANSACTIONTYPE )
265 }

266

267 public  void setTransactionSplit (int splitSize ) {

268 if (splitSize == 0) {

269 removeTransactionSplit 0

270 } else {

271 this .putValue ( Operationinterface. TRANSACTIONSPLIT, new Integer (
272 splitSize ) ;

273 }

274 }

275

276 public int getTransactionSplit 0{

277 Integer value = (Integer ) this

278 .getValue ( Operationinterface. TRANSACTIONSPLIT )
279 if (value == null ) {

280 return 0;

281 } else {

282 return  value.intValue 0;

283

284 }

285

286 public  void removeTransactionSplit

287 this .removeValue ( Operationinterface. TRANSACTIONSPLIT );
288 }

289

290 public  boolean isTransactionLocal 0 {

291 Node node = getTransactionNodeld 0

292 if (node == null ) {

293 return true N

294 } else {

295 return  getTransactionNodeld () .isLocalhost 0

296

297 }

298

299 public  String getRouting 0{

300 /Ivalues are: local, routing, direct

301 String routing = (String ) this .getValue ( Operationinterface.ROUTING );
302 return  routing;

303 }

304

305 public  void setRouting ( String routingHint ) {

306 this .putValue ( Operationinterface.ROUTING, routingHint );
307 }

308

309 public  void removeRounting () {

310 this .removeValue ( Operationinterface. ROUTING )

311 }

312

313 public  String getOperationType 0{

314 String type = this .getTransactionType 0

315 String operation = this .getOperation () ;

316 if (type != null && type.equals (“"end" )) {

317 return  operation + "+ type;

318 }

319 return  operation;

320 }

321

322 public  String getOperation 0 {

323 return  (( String ) this .getValue ( Operationinterface. OPERATION ) ;
324 }

325

326 public  void setOperation ( String operation ) {

327 this .putValue ( Operationinterface. OPERATION, operation )
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}
public  void removeOperation () {

this .removeValue ( Operationinterface. OPERATION )
}

public  Node getDirectDestination {
return  (Node) this .getValue ( Operationinterface.DIRECTDESTINATION );

public  void setDirectDestination (Node node) {
this .putValue ( Operationinterface.DIRECTDESTINATION, node )
}
public  void removeDirectDestination 0 {
this .removeValue ( Operationinterface.DIRECTDESTINATION )
}
public  Node getDirectOriginator 0{
return  (Node) this .getValue ( Operationinterface. DIRECTORIGINATOR )
}
public  void setDirectOriginator (Node node) {

this .putValue ( Operationinterface.DIRECTORIGINATOR, node );

public  void removeDirectOriginator {
this .removeValue ( Operationinterface.DIRECTORIGINATOR )

}
public  void setServiceOriginator ( String service ) {

this .putValue ( Operationinterface. SERVICEORIGINATOR, service )
}

public  String getServiceOriginator {
return  (String ) this .getValue ( Operationinterface. SERVICEORIGINATOR
}

public  void removeServiceOriginator
this .removeValue ( Operationinterface.SERVICEORIGINATOR )
}

public ~ Dataltem getNested () {
return  (Dataltem ) this .getValue ( Operationinterface. NESTED );

}
public  void setNested (Dataltem data ) {

this .putValue ( Operationinterface.NESTED, data )
}

public  void removeNested () {
this .removeValue ( Operationinterface.NESTED )
}

" /I TODO currently only used for NodeDirectory to publish, unpublish
/I data...

I /I will later perhaps removed to simplify the complex Dataltem Object...
I public KeyPartition getKeyPartition() {
I return (KeyPartition) this.getValue("keypartition");

1

1

/i public void setKeyPartition(KeyPartition keyPartition) {
1 this.putValue("keypartition”, keyPartition);

i

1

I public void removeKeyPartition() {

" this.removeValue("keypartition");

" }

/ISTART: Statistic related stuff
public  void setDbSize (int size ) {

this .putValue ( Operationinterface.DBSIZE, new Integer (size )) ;
}
public int getDbSize () {
return  (( Integer ) this .getValue ( Operationinterface.DBSIZE )) .intValue
}
public  void removeDbSize () {
this .removeValue ( Operationinterface.DBSIZE );
}
public  void setNodeLoad (double size ) {
this .putValue ( Operationinterface.NODELOAD, new Double (size )) ;

0
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413

414 public  double getNodelLoad () {

415 return  (( Double ) this .getValue ( Operationinterface.NODELOAD )
416 .doublevalue () ;

417 }

418

419 public  void removeNodelLoad () {

420 this .removeValue ( Operationinterface.NODELOAD )

421

422

423 /IEND: Statistic related stuff

424

425 /ISTART: Callback Service related stuff:

426 public  void setDelay (long delay ) {

427 this .putValue ( Operationinterface.DELAY, new Long (delay )) ;
428 }

429

430 public long getDelay () {

431 return  (( Long) this .getValue ( Operationinterface.DELAY )) .longvalue () ;
432

433

434 public  void removeDelay () {

435 this .removeValue ( Operationinterface.DELAY )

436 }

437

438 /IEND: Callback related stuff

439

440 public  void setCursorSize (int size ) {

441 this .putValue ( Operationinterface. CURSORSIZE, new Integer (size )) ;
442 }

443

444 public int getCursorSize () {

445 if (this .existValue ( Operationinterface. CURSORSIZE N A{

446 return  (( Integer ) this .getValue ( Operationinterface. CURSORSIZE )
447 intvalue () ;

448 } else {

449 return 1;

450

451 }

452

453 public  void removeCursorSize () {

454 this .removeValue ( Operationinterface. CURSORSIZE )

455 }

456

457 public  InternalKey getLastInternalKey 0 {

458 return  (Internalkey ) this .getValue ( Operationinterface.LASTINTERNALKEY H
459 }

460

461 public  void setLastinternalKey (InternalKey iKey ) {

462 this .putValue ( Operationinterface.LASTINTERNALKEY, iKey )
463 }

464

465 public  void removeLastinternalKey 0{

466 this .removeValue ( Operationinterface.LASTINTERNALKEY 'R
467 }

468

469 public  InternalKey getFirstinternalKey 0{

470 return  (Internalkey ) this .getValue ( Operationinterface.FIRSTINTERNALKEY )
471 }

472

473 public  void setFirstinternalkKey (InternalKey iKey ) {

474 this .putValue ( Operationinterface.FIRSTINTERNALKEY, iKey );
475 }

476

477 public  void removeFirstinternalKey

478 this .removeValue ( Operationinterface.FIRSTINTERNALKEY )
479

480

481 public  void setKeyPartitionld (int id) {

482 this .putValue ( Operationinterface.KEYPARTITIONID, new Integer (id)) ;
483 }

484

485 public int getKeyPartitionld 01

486 if (this .existValue ( Operationinterface. KEYPARTITIONID

487 return  (( Integer ) this .getValue ( Operationinterface.KEYPARTITIONID )
488 .intvalue () ;

489 } else {

490 return - 1;

491

492 }

493

494 public ~ void removeKeyPartitionld 0 {

495 this .removeValue ( Operationinterface. KEYPARTITIONID )

496 }

497
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498 public  void setResult (boolean outcome ) {
499 this .putValue ( Operationinterface.RESULT, Boolean.valueOf (outcome)) ;
500 }
501
502 public  boolean getResult () {
503 Boolean value = (Boolean ) this .getValue ( Operationinterface. RESULT )
504 it (value == null ) {
505 return true H
506 } else {
507 return  value.booleanValue 0
508 }
509 }
510
511 public  void removeResult () {
512 this .removeValue ( Operationinterface. RESULT );
513 }
514
515 public  String toString 0{
516 String output = "
517 for (int i = 0; i < operations.length; i++ ) {
518 Object array_element = operations [il;
519 if (array_element != null
520 output += Operationinterface. OPERATIONNAMES [i] + ™"
521 + array_element + R
522 }
523 }
524 ;
525 return [ "+ output + "' ;
526 }
527 }
File 39: message.DataltemCoder
1/~
2 * Created on Oct 26, 2004 4:14:09 PM
3
4 * Project: ExtendendRootTree
5 * Last Change: $Date: 2004-11-12 12:46:25 +0100 (Fri, 12 Nov 2004) $
6 * Changed by: $Author: michi $
7 * Revision: $Rev: 173 $
8 * Location: $URL: DataltemCoder.java $
9 *
10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland
12 * Department of Information Technology (www.ifi.unizh.ch)
13 * For copyright information please contact kussmaul@nix.ch
14 =
15 ¥
16 package ch.nix.ert.message;
17
18 import  java.nio.ByteBuffer;
19 import java.util. Enumeration;
20 import  java.util.Hashtable;
21 import java.util.lterator;
22
23 import org.apache.log4j.Logger;
24
25 import  ch.nix.ert.communication.netty2.NodeCommunicationClientListener;
26 import  ch.nix.ert. message.operations.OperationFactory;
27 import  ch.nix.ert. message.operations.Operationinterface;
28
29 [**
30 * Codes the Dataltem in ASN.1-kind way (key-length-value)
31 *
32 * @author michi
33 *
34 public class DataltemCoder  {
35
36 I /I logger:
37 I static Logger logger = Logger.getLogger(DataltemCoder.class);
38
39 private  Object [] operations;
40
41 private  int currentArrayElement = 0;
42
43 private  byte [] bytePart = null ;
44
45 private  byte operationCode;
46
47 private  boolean operationCodeRead =  false ;
48
49 private int offsetPart;
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private boolean startNewPart = true ;
final static private byte endMarker = (byte ) Oxff ;
private Dataltem receivedDataltem = null ;

public ~ DataltemCoder () {

receivedDataltem = new Dataltem () ;

operations = receivedDataltem.getinternalArray 0
}
public  void setDataltem (Dataltem data ) {

operations = data.getinternalArray 0;
}

public  Dataltem getDataltem 0{
return  receivedDataltem;
}

public synchronized boolean encode ( ByteBuffer buf ) {
int bufferSize = buf.remaining 0
/I first write all the data which could net yet be put on the buffer
it (bytePart != null
int stillToSend = bytePart.length - offsetPart;
if (bufferSize >= stillToSend
buf.put (bytePart, offsetPart, stillToSend );
bufferSize -= stillToSend,;
offsetPart = 0;
} else {
buf.put (bytePart, offsetPart, bufferSize );
offsetPart += bufferSize;
return false ;

while  (true ) {
for (int opCode = currentArrayElement; opCode < operations.length; opCode++
Object element = operations [ opCode] ;
if (element != null
Operationinterface operationCoder = OperationFactory
.getOperation  (opCode) ;
bytePart = operationCoder.encode (element );
int length = bytePart.length;
if (bufferSize > 4) {
buf.put (( byte ) opCode) .putint (length );
bufferSize -= 5;

currentArrayElement = opCode + 1;

if (bufferSize >= length ) {
buf.put ( bytePart, 0, length );
bufferSize -= length;

} else {
buf.put ( bytePart, 0, bufferSize )
offsetPart = bufferSize;
return false ;

}

}

it (bufferSize > 0) {
buf.put (endMarker );
I byte[] buffer = buf.array();

I for (int i = 0; i < buffer.length; i++) {

I System.out.printin("buffer: "+buffer[i]);

n }

/I logger.debug("Wrote endmarker
return true

} else {
return false ;

}

+ operations[6].getValue());

}

public synchronized boolean decode ( ByteBuffer buf ) {

int bufferSize = buf.remaining 0
/ISystem.out.printin("decoder: "+buf);
while  (true ) {

/I for (int opCode = currentArrayElement; opCode <

/I operations.length; opCode++) {

if (startNewPart ) {

if (bufferSize >= 1 && l!operationCodeRead ) {
operationCode = buf.get 0;

operationCodeRead =  true ;
bufferSize -= 1;
if (operationCode == (byte ) Oxff ) {

/I this is the marker, that we have reached the end of



SOURCE CODE 165

135 /I this dataltem

136 return true ;

137

138 }

139 if (bufferSize > 4) {

140 int  sizeOfPart = buf.getint 0
141 bytePart = new byte [sizeOfPart ];
142 offsetPart = 0;

143 startNewPart = false ;

144 bufferSize -= 4;

145 } else {

146 return false ;

147 }

148 }

149 int stillToReceive = bytePart.length - offsetPart;
150 if (bufferSize >= stillToReceive {

151 buf.get ( bytePart, offsetPart, stillToReceive
152 Operationinterface newOperation = OperationFactory
153 .getOperation (operationCode ) ;
154 operations [ operationCode ] = newOperation.decode (bytePart );
155 bufferSize -= stillToReceive;

156 operationCodeRead = false ;

157 startNewPart = true ;

158 } else {

159 buf.get (bytePart, offsetPart, bufferSize )
160 offsetPart += bufferSize;

161 return false ;

162 }

163

164 }

165 }

166

167 }

File 40: message.InternalKey

1/~

2 * Created on Jul 27, 2004 4:14:37 PM

3 *

4 * Project: ExtendendRootTree

5 * Last Change: $Date: 2004-11-01 11:26:55 +0100 (Mon, 01 Nov 2004) $
6 * Changed by: $Author: michi $

7 * Revision: $Rev: 151 $

8 * Location: $URL: InternalKey.java $

9 *

10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland

12 * Department of Information Technology (www.ifi.unizh.ch)
13 * For copyright information please contact kussmaul@nix.ch
14 *

15 ¥

16

17 package ch.nix.ert. message;

18

19 import  java.io.Serializable;

20

21 [

22 *

23 * TODO Edit this text for a better description

24 * <p>

25 * TODO Has to check what the ranges of the keys are (e.g. 0-1000 or
26 * 0-100000000000) and should reject invalid values!

27 *

28 *

29 * @author michi

30 *

31 public class InternalKey implements  Serializable, Comparable {
32

33 private long id;

34

35 static private long lowerLimit = 0;

36

37 static private long higherLimit = 1000000 ;

38

39 [**

40 *

41 */

42 public  Internalkey (long uniqueld ) {

43 uniqueld = adjustkey (uniqueld );

44 this .id = uniqueld;

45 }
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47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75

7
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131

public  Internalkey  ( String uniqueld
this .id = adjustkey  (Long.decode (uniqueld ).longValue ()) ;

}
public  InternalKey getSubsequentinternalKey 0{
return new Internalkey (this .id + 1);
}
public  InternalKey getNthSubsequentinternalKey (long amount) {
return new Internalkey (this .id + amount );
}
public  InternalKey getPreviousinternalKey 0 {
return new Internalkey (this .id - 1);
}
public  Internalkey getNthPreviousinternalKey (long amount) {
return new Internalkey (this .id - amount );
}
e
* @return Returns the uniquelD.
*
public long getld () {
return  id;
}
static public long getHigherLimit 0 {
return  higherLimit;
}
static public long getLowerLimit () {
return  lowerLimit;
}
static public InternalKey getRandom 0 {
long difference = getHigherLimit () - getLowerLimit 0
/IRandom generator = new Random();
long random = (long ) ( Math.random () * (double ) difference );
return new Internalkey (random + getLowerLimit 0
}
public ~ UserKey getFirstUserKey 0 {
long internalKeyDiff = getHigherLimit () - getLowerLimit () ;
long userKeyDiff = UserKey.getHigherLimit 0
- UserKey.getLowerLimit ;
float  scalingFactor = (float ) userKeyDiff / (float ) internalKeyDiff;
/ISystem.out.printin("scalingFactor: "+scalingFactor);
long calculatedUserKey = (long ) (( float ) getld () * scalingFactor )
/ISystem.out.printin("calculatedUserKey: "+calculatedUserKey);
return new  UserKey ( calculatedUserKey
+ UserKey.getLowerLimit 0
}
public  UserKey getLastUserKey () {
long internalKeyDiff = getHigherLimit () - getLowerLimit 0
long userKeyDiff = UserKey.getHigherLimit 0
- UserKey.getLowerLimit 0
float  scalingFactor = (float ) userKeyDiff / (float ) internalKeyDiff;
/ISystem.out.printin("scalingFactor: "+scalingFactor);
long calculatedUserKey = (long ) (( float ) ( getld () +1) * scalingFactor );
/ISystem.out.printin("calculatedUserKey: "+calculatedUserKey);
return new  UserKey ( calculatedUserKey
+ UserKey.getLowerLimit 0 -1);
}
e

*  @param uniquelD
* The uniquelD to set.
*
public  void setld (long uniqueld ) {
uniqueld = adjustkey (uniqueld ) ;
this .id = uniqueld;
}

*
(non-Javadoc)

*
*
* @see java.lang.Comparable#compareTo(java.lang.Object)
*
*

Note: This class has a natural ordering that is inconsistent with equals
*
|
public int compareTo (Object o ) {
InternalKey internalKey = (Internalkey ) o;



SOURCE CODE 167

132 if  (internalKey.getld () > this .getld () {

133 return -1;

134 } else if (internalKey.getld () < this .getld () {
135 return 1;

136 } else {

137 return  0;

138 }

139 }

140

141 public  long amountBetween ( InternalKey internalKey ) {
142 return  Math.abs (this .getld () - internalKey.getld 0
143 }

144

145 private  long adjustkey (long uniqueld ) {

146 if  (uniqueld > higherLimit

147 return  higherLimit;

148 }

149 if  (uniqueld < lowerLimit ) {

150 return  lowerLimit;

151

152 return uniqueld;

153 }

154

155 public  String toString 0 {

156 return  String.valueOf (this .getld () ;

157 }

158 }

File 41: message.Node

1~

2 * Created on Aug 2, 2004 11:06:57 AM

3

4 * Project: ExtendendRootTree

5 * Last Change: $Date: 2004-10-28 22:38:52 +0200 (Thu, 28 Oct 2004) $
6 * Changed by: $Author: michi $

7 * Revision: $Rev: 144 $

8 * Location: $URL: Node.java $

g *

10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland

12 * Department of Information Technology (www.ifi.unizh.ch)

13 * For copyright information please contact kussmaul@nix.ch

14 =

15 ¥

16

17 package ch.nix.ert.message;

18

19 import java.io.Serializable;

20 import  java.net.InetAddress;

21 import java.net.InetSocketAddress;

22 import  java.net.UnknownHostException;

23

24 [**

25 * TODO Edit this text for a better description

26 *

27 * Represents the nodes (in this implementation IP/Port)

28 *

29 * @author michi

30 ¥

31 public class Node implements  Serializable {

32

33 InetSocketAddress nodeAddress;

34

35 [**

36 *

37 */

38 public  Node( String ip, int  port ) {

39 nodeAddress = new InetSocketAddress (ip, port );
40 }

41

42 public  Node( InetAddress ip, int  port ) {

43 nodeAddress = new InetSocketAddress  (ip, port );
44 }

45

46 I+

47 * Constructs a node with localhost as ip, and a port as supplied
48 *

49 public  Node(int port ) {

50 try {

51 nodeAddress = new InetSocketAddress ( InetAddress.getLocalHost () ,port );

52 } catch (UnknownHostException e ) {
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53 /I TODO Auto-generated catch block
54 e.printStackTrace 0
55
56 }
57
58 Pl
59 * Constructs a node with localhost as ip, and a standard port as port... (15000)
60 */
61 public  Node() {
62 try
63 nodeAddress = new InetSocketAddress  ( InetAddress.getlLocalHost () ,15000);
64 } catch (UnknownHostException e ) {
65 /I TODO Auto-generated catch block
66 e.printStackTrace 0
67
68 }
69
70 [+
71 * @return true: Node is on localhost
72 * <p>
73 * false: Node is on a remote host
74 */
75 public  boolean isLocalhost () {
76 InetAddress local;
77 try
78 local = InetAddress.getLocalHost 0
79 return  local.equals ( nodeAddress.getAddress 0
80 } catch (UnknownHostException e ) {
81 /I TODO Auto-generated catch block
82 System.out.printin ("Error in Node isLocalhost: " + e);
83
84 return false H
85 }
86
87 Il public boolean isAvailable() {
88 /I /I compose a "ping" packet!
89 /I Dataltem ping = new Dataltem();
90 /I ping.setDirectRecipient(this);
91 /I ping.setOperation("ping");
92 /I Dataltem response = ServiceManager.getinstance().getMessageHandler().sendAndWait(ping);
93 /I if (response == null) {
94 |/ return false;
95 /I } else {
96 /I return true;
97 Il }
98 /I
99 /I }
100
101 public  InetSocketAddress getinetSocketAddress 0 {
102 return  nodeAddress;
103
104
105 public ~ String getlp () {
106 return  nodeAddress.getAddress () .getHostAddress () ;
107 }
108
109 public int getPort () {
110 return  nodeAddress.getPort 0
111 }
112
113 public  String toString 0 {
114 return  nodeAddress.getAddress () .getHostAddress () + ™"
115 + nodeAddress.getPort 0;
116 }
117
118 }
File 42: message.UserKey
1/~
2 * Created on Sep 14, 2004 12:40:18 PM
3 *
4 * Project: ExtendendRootTree
5 * Last Change: $Date: 2004-11-01 11:26:55 +0100 (Mon, 01 Nov 2004) $
6 * Changed by: $Author: michi $
7 * Revision: $Rev: 151 $
8 * Location: $URL: UserKey.java $
9 *
10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland
12 * Department of Information Technology (www.ifi.unizh.ch)
13 * For copyright information please contact kussmaul@nix.ch
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14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
7
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98

*
package ch.nix.ert.message;

import  java.io.Serializable;
import  java.util.Comparator;

[k

* TODO Edit this text for a better description
*

* @author michi
*
public class UserKey implements  Serializable, Comparable, Comparator {

private  long id;
static private long lowerLimit = 0;
static private long higherLimit = 100000000 ;

public  UserKey (long uniqueld ) {
this .id = uniqueld;
}

public  UserKey (Long uniqueld ) {
this .id = uniqueld.longValue 0
}

public  UserKey ( String uniqueld ) {
this .id = Long.decode  (uniqueld ).longValue () ;
}

public  UserKey getSubsequentUserkey () {
return new  UserKey (this .id + 1);
}

public  UserKey getPreviousinternalKey 0 {
return new  UserKey (this .id - 1);
}

static public long getHigherLimit 0 {
return higherLimit;
}

static public long getLowerLimit () {
return  lowerLimit;
}

public  InternalKey getinternalKey 0 {
long internalKeyDiff = InternalKey.getHigherLimit 0
- InternalKey.getLowerLimit 0
long userKeyDiff = getHigherLimit () - getLowerLimit 0
float  scalingFactor = (float ) userKeyDiff / (float ) internalKeyDiff;
long calculatedinternalKey = (long ) (( float ) getld () / scalingFactor
return new Internalkey ( calculatedinternalKey
+ InternalKey.getLowerLimit 0
}
o
* @return Returns the uniquelD.
*
public long getld () {
return  id;
}

I
* (non-Javadoc)

* @see java.lang.Comparable#compareTo(java.lang.Object)
*/

public int compareTo (Object o ) {

InternalKey internalKey = (Internalkey ) o;

if  (internalKey.getld () > this .getld () {
return -1;

} else if (internalKey.getld () < this .getld () {
return 1;

} else {
return  0;

}

}

public  String toString 0{
return  String.valueOf (this .getld () ;
}

);
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99 public  boolean equals (Object o ) {
100 try {
101 UserKey userKey = (UserKey) o;
102 if (userKey.getld () == getld () {
103 return true H
104 } else {
105 return false ;
106 }
107 } catch (ClassCastException e ) {
108 return false ;
109 }
110 }
111
112 public int hashCode () {
113 throw new UnsupportedOperationException 0
114
115
116 I*
117 * (non-Javadoc)
118 *
119 * @see java.util.Comparator#compare(java.lang.Object, java.lang.Object)
120 */
121 public int compare ( Object ol, Object 02 ) {
122 UserKey userKeyl = (UserKey) ol;
123 UserKey userKey2 = (UserKey) o02;
124 return  userKeyl.compareTo (userKey2 );
125 }
126
127 '}

File 43: message.operations.CursorSize
1/
2 * Created on Oct 28, 2004 3:25:48 PM
3 *
4 * Project: ExtendendRootTree
5 * Last Change: $Date: 2004-10-31 12:28:25 +0100 (Sun, 31 Oct 2004) $
6 * Changed by: $Author: michi $
7 * Revision: $Rev: 150 $
8 * Location: $URL: CursorSize.java $
9 *
10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland
12 * Department of Information Technology (www.ifi.unizh.ch)
13 * For copyright information please contact kussmaul@nix.ch
14 *
15 *
16 package ch.nix.ert.message.operations;
17
18 import  netbyte.NetByte;
19 import  netbyte.NetByteDecodingException;
20
21 [+
22 * TODO Edit this text for a better description
23 *
24 * @author michi
25 %
26 public class CursorSize  implements  Operationinterface {
27
28 public  byte [] encode (Object cursorSize ) {
29 return  NetByte.encodelnt ((( Integer ) cursorSize ).intvalue () ;
30 }
31
32 public  Object decode (byte [] buffer ) {
33 try {
34 return new Integer ( NetByte.decodelnt (buffer 1)) ;
35 } catch ( NetByteDecodingException e ) {
36 /I TODO Auto-generated catch block
37 e.printStackTrace 0
38 return null H
39 }
40 }
41
42}

File 44: message.operations.Data
1/~

2

* Created on Oct 28, 2004 3:18:41 PM
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3
4 * Project: ExtendendRootTree

5 * Last Change: $Date: 2004-10-31 12:28:25 +0100 (Sun, 31 Oct 2004) $
6 * Changed by: $Author: michi $

7 * Revision: $Rev: 150 $

8 * Location: $URL: Data.java $

9 *

10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland

12 * Department of Information Technology (www.ifi.unizh.ch)
13 * For copyright information please contact kussmaul@nix.ch
14 =

15 #

16 package ch.nix.ert. message.operations;

17

18 [**

19 * TODO Edit this text for a better description

20 *

21 * @author michi

22 %

23 public class Data implements Operationinterface {
24

25 public  byte [] encode (Object data ) {

26 return  (( String ) data ) .getBytes () ;

27 }

28

29 public  Object decode (byte [] buffer ) {

30 return new  String (buffer );

31 }

32

33}

File 45: message.operations.Dataltems

1/~

2 * Created on Oct 28, 2004 3:19:08 PM

3 o+

4 * Project: ExtendendRootTree

5 * Last Change: $Date: 2004-10-31 12:28:25 +0100 (Sun, 31 Oct 2004) $
6 * Changed by: $Author: michi $

7 * Revision: $Rev: 150 $

8 * Location: $URL: Dataltems.java $

9 *

10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland

12 * Department of Information Technology (www.ifi.unizh.ch)

13 * For copyright information please contact kussmaul@nix.ch

14 *

15 ¥

16 package ch.nix.ert.message.operations;

17

18 /**

19 * TODO Edit this text for a better description

20 *

21 * @author michi

22 %

23 public class Dataltems implements  Operationinterface {
24

25 *

26 * (non-Javadoc)

27 *

28 * @see ch.nix.ert. message.operations.Operationinterface#encode()
29 *

30 public  byte [] encode (Object Dataltems ) {

31 /I TODO Auto-generated method stub

32 return null ;

33 }

34

35 I*

36 * (non-Javadoc)

37 *

38 * @see ch.nix.ert.message.operations.Operationinterface#decode(byte[])
39 *

40 public ~ Object decode (byte [] binary ) {

41 /I TODO Auto-generated method stub

42 return null ;

43 }

44
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File 46: message.operations.DbSize

1/~
2 * Created on Oct 28, 2004 3:24:49 PM
3 *
4 * Project: ExtendendRootTree
5 * Last Change: $Date: 2004-10-31 12:28:25 +0100 (Sun, 31 Oct 2004) $
6 * Changed by: $Author: michi $
7 * Revision: $Rev: 150 $
8 * Location: $URL: DbSize.java $
9 *
10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland
12 * Department of Information Technology (www.ifi.unizh.ch)
13 * For copyright information please contact kussmaul@nix.ch
14 *
15 *
16 package ch.nix.ert. message.operations;
17
18 import  netbyte.NetByte;
19 import  netbyte.NetByteDecodingException;
20
21 [
22 * TODO Edit this text for a better description
23 =
24 * @author michi
25 %
26 public class DbSize implements Operationinterface {
27
28 public  byte [] encode (Object dbSize ) {
29 return  NetByte.encodelnt ((( Integer ) dbSize ).intvalue () ;
30
31
32 public  Object decode (byte [] buffer ) {
33 try {
34 return new Integer ( NetByte.decodelnt (buffer 1)) ;
35 } catch ( NetByteDecodingException e ) {
36 /I TODO Auto-generated catch block
37 e.printStackTrace 0
38 return null H
39 }
40 }
41}
File 47: message.operations.Delay
1/~
2 * Created on Oct 28, 2004 3:25:30 PM
3
4 * Project: ExtendendRootTree
5 * Last Change: $Date: 2004-10-31 12:28:25 +0100 (Sun, 31 Oct 2004) $
6 * Changed by: $Author: michi $
7 * Revision: $Rev: 150 $
8 * Location: $URL: Delay.java $
9 *
10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland
12 * Department of Information Technology (www.ifi.unizh.ch)
13 * For copyright information please contact kussmaul@nix.ch
14 *
15 *
16 package ch.nix.ert. message.operations;
17
18 import  netbyte.NetByte;
19 import  netbyte.NetByteDecodingException;
20
21 [
22 * TODO Edit this text for a better description
23 *
24 * @author michi
25 %
26 public class Delay implements  Operationinterface {
27
28 public  byte [] encode (Object delay ) {
29 return  NetByte.encodeLong ((( Long) delay ).intValue () ;
30 }
31
32 public  Object decode (byte [] buffer ) {
33 try {
34 return new  Long ( NetByte.decodeLong (buffer )) ;
35 } catch ( NetByteDecodingException e ) {
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36 /I TODO Auto-generated catch block
37 e.printStackTrace 0

38 return null ;

39 }

40 }

41 '}

File 48: message.operations.DirectDestination

1/

2 * Created on Oct 28, 2004 3:23:04 PM

3

4 * Project: ExtendendRootTree

5 * Last Change: $Date: 2004-10-31 12:28:25 +0100 (Sun, 31 Oct 2004) $
6 * Changed by: $Author: michi $

7 * Revision: $Rev: 150 $

8 * Location: $URL: DirectDestination.java $

9 *

10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland

12 * Department of Information Technology (www.ifi.unizh.ch)

13 * For copyright information please contact kussmaul@nix.ch

14 =

15 #

16 package ch.nix.ert. message.operations;

17

18 import java.io.Serializable;

19 import  java.net.InetAddress;

20 import  java.net.InetSocketAddress;

21 import  java.net.UnknownHostException;

23 import  netbyte.NetByte;
24 import  netbyte.NetByteDecodingException;
25 import  ch.nix.ert. message.Node;

26

27 [**

28 * TODO Edit this text for a better description

29 *

30 * @author michi

31 %

32 public class DirectDestination implements  Operationinterface {
33

34 public  byte [] encode (Object value ) {

35 Node destinationNode = (Node) value;

36 /I will store it as:

37 I ip

38 1 port

39 byte [] port = NetByte.encodelnt ( destinationNode.getPort 0
40 byte [] address = destinationNode.getinetSocketAddress () .getAddress ()
41 .getAddress () ;

42 byte [] returnValue = new byte [ address.length + 4];

43 System.arraycopy  (address, 0, returnValue, 0, address.length )
44 System.arraycopy ~ (port, 0, returnValue, 4, 4);

45 I for (int i = 0; i < returnValue.length; i++) {

46 I System.out.printin("ENCODE " + i + " " + returnValue[i]);
47 l }

48 return  returnValue;

49 }

50

51 public  Object decode (byte [] buffer ) {

52 1 for (int i = 0; i < buffer.length; i++) {

53 I System.out.printin("DECODE " + i + ™ " + bufferfi]);
54 i }

55 try {

56 byte [| bytelp = new byte [4];

57 System.arraycopy  ( buffer, 0, bytelp, 0, 4);

58 InetAddress ip = InetAddress.getByAddress (bytelp );
59 int port = NetByte.decodelnt ( buffer, 4);

60 /IString ip = new String(buffer, 4, buffer.length - 4);

61 return new  Node(ip, port );

62 } catch (Exception e ) {

63 /I TODO Auto-generated catch block

64 System.out.printin ("ERROR in here" );

65 e.printStackTrace 0

66 return null :

67 }

68 }
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File 49: message.operations.DirectOriginator

©O~NOUAWNER

WWWWWWWWWNNNNNNNNNNERRRERERRRRE
ONOTBRWNRPOOONOUBRWNRPOOONDUAWNERO

39
40
a1
42
43
a4

46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

*

* Created on Oct 28, 2004 3:23:30 PM
*
* Project: ExtendendRootTree
* Last Change: $Date: 2004-11-11 18:55:48 +0100 (Thu, 11 Nov 2004) $
* Changed by: $Author: michi $
* Revision: $Rev: 169 $
* Location: $URL: DirectOriginator.java $
* This source-code is part of the diploma thesis of Michael Kussmaul
* written at the University of Zurich, Switzerland
* Department of Information Technology (www.ifi.unizh.ch)
* For copyright information please contact kussmaul@nix.ch
*
package ch.nix.ert. message.operations;
import  java.io.Serializable;
import  java.net.InetAddress;
import  netbyte.NetByte;
import  ch.nix.ert. message.Node;
o
* TODO Edit this text for a better description
* @author michi
*
public class DirectOriginator implements  Operationinterface {
public  byte [] encode ( Object value ) {
Node originatingNode = (Node) value;
/I will store it as:
I ip
I port
byte [] port = NetByte.encodelnt ( originatingNode.getPort 0)
byte [] address = originatingNode.getinetSocketAddress () .getAddress
.getAddress () ;
byte [] returnValue = new byte [ address.length + 4];
System.arraycopy  (address, 0, returnValue, 0, address.length )
System.arraycopy ~ (port, 0, returnValue, 4, 4);
return  returnValue;
public  Object decode (byte [] buffer ) {
try {
byte [| bytelp = new byte [4];
System.arraycopy  ( buffer, 0, bytelp, 0, 4);
InetAddress ip = InetAddress.getByAddress (bytelp );
int port = NetByte.decodelnt ( buffer, 4);
/IString ip = new String(buffer, 4, buffer.length - 4);
return new  Node(ip, port );
} catch (Exception e ) {
/I TODO Auto-generated catch block
System.out.printin ("ERROR in here" );
e.printStackTrace 0
return null H
}
}

0

File 50: message.operations.FirstinternalKey

©O~NOUAWNER

10
11
12
13
14
15

Created on Oct 28, 2004 3:26:26 PM

*
*
* Project: ExtendendRootTree

* Last Change: $Date: 2004-10-31 12:28:25 +0100 (Sun, 31 Oct 2004) $
* Changed by: $Author: michi $

* Revision: $Rev: 150 $

* Location: $URL: FirstinternalKey.java $

*

*

*

*

*

*

This source-code is part of the diploma thesis of Michael Kussmaul
written at the University of Zurich, Switzerland

Department of Information Technology (www.ifi.unizh.ch)

For copyright information please contact kussmaul@nix.ch

16 package ch.nix.ert. message.operations;
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18 import netbyte.NetByte;
19 import netbyte.NetByteDecodingException;

20
21 [**
22 * TODO Edit this text for a better description
23 *
24 * @author michi
25 %
26 public class FirstinternalKey implements  Operationinterface {
27
28 public  byte [] encode ( Object iKey ) {
29 return  NetByte.encodeLong ((( ch.nix.ert. message.InternalKey ) iKey )
30 .getld () ;
31 }
32
33 public  Object decode (byte [] buffer ) {
34 try {
35 return new  ch.nix.ert. message.InternalKey ( NetByte
36 .decodeLong ( buffer )) ;
37 } catch (NetByteDecodingException e ) {
38 /I TODO Auto-generated catch block
39 e.printStackTrace 0
40 return null ;
41 }
42 }
43}
File 51: message.operations.InternalKey
1/
2 * Created on Oct 28, 2004 3:18:18 PM
3 *
4 * Project: ExtendendRootTree
5 * Last Change: $Date: 2004-10-31 12:28:25 +0100 (Sun, 31 Oct 2004) $
6 * Changed by: $Author: michi $
7 * Revision: $Rev: 150 $
8 * Location: $URL: InternalKey.java $
9 *
10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland
12 * Department of Information Technology (www.ifi.unizh.ch)
13 * For copyright information please contact kussmaul@nix.ch
14 *
15 %
16 package ch.nix.ert. message.operations;
17

18 import netbyte.NetByte;
19 import  netbyte.NetByteDecodingException;

20
21
22 * TODO Edit this text for a better description
23 *
24 * @author michi
25 %
26 public class InternalKey implements  Operationinterface {
27
28 public  byte [] encode (Object iKey ) {
29 return  NetByte.encodeLong ((( ch.nix.ert. message.InternalKey ) iKey ).getld () ;
30 }
31
32 public  Object decode (byte [] buffer ) {
33 try {
34 return new  ch.nix.ert.message.InternalKey ( NetByte.decodeLong  (buffer )) ;
35 } catch ( NetByteDecodingException e ) {
36 /I TODO Auto-generated catch block
37 e.printStackTrace 0
38 return null H
39 }
40 }
41}
File 52: message.operations.KeyPartitionld
1/
2 * Created on Oct 28, 2004 3:26:58 PM
3
4 * Project: ExtendendRootTree

5 * Last Change: $Date: 2004-10-31 12:28:25 +0100 (Sun, 31 Oct 2004) $
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6 * Changed by: $Author: michi $

7 * Revision: $Rev: 150 $

8 * Location: $URL: KeyPartitionld.java $

9 *

10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland

12 * Department of Information Technology (www.ifi.unizh.ch)
13 * For copyright information please contact kussmaul@nix.ch
14 *

15 */

16 package ch.nix.ert.message.operations;

17

18 import  netbyte.NetByte;
19 import  netbyte.NetByteDecodingException;

20
21 [
22 * TODO Edit this text for a better description
23 *
24 * @author michi
25 %
26 public class KeyPartitionld implements  Operationinterface {
27
28 public  byte [] encode ( Object partld
29 return  NetByte.encodelnt ((( Integer ) partld ).intvalue () ;
30
31
32 public  Object decode (byte [] buffer ) {
33 try {
34 return new Integer ( NetByte.decodelnt (buffer 1)) ;
35 } catch ( NetByteDecodingException e ) {
36 /I TODO Auto-generated catch block
37 e.printStackTrace 0
38 return null )
39 }
40 }
41}
File 53: message.operations.LastInternalKey
1/
2 * Created on Oct 28, 2004 3:26:08 PM
3
4 * Project: ExtendendRootTree
5 * Last Change: $Date: 2004-10-31 12:28:25 +0100 (Sun, 31 Oct 2004) $
6 * Changed by: $Author: michi $
7 * Revision: $Rev: 150 $
8 * Location: $URL: LastinternalKey.java $
9 *
10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland
12 * Department of Information Technology (www.ifi.unizh.ch)
13 * For copyright information please contact kussmaul@nix.ch
14 *
15 *
16 package ch.nix.ert.message.operations;
17
18 import  netbyte.NetByte;
19 import  netbyte.NetByteDecodingException;
20
21
22 * TODO Edit this text for a better description
23 =
24 * @author michi
25 %
26 public class LastinternalKey implements  Operationinterface {
27
28 public  byte [] encode (Object iKey ) {
29 return  NetByte.encodeLong ((( ch.nix.ert.message.InternalKey ) iKey)
30 .getld () ;
31 }
32
33 public  Object decode (byte [] buffer ) {
34 try
35 return new  ch.nix.ert.message.InternalKey ( NetByte
36 .decodeLong ( buffer )) ;
37 } catch ( NetByteDecodingException e ) {
38 /I TODO Auto-generated catch block
39 e.printStackTrace 0
40 return null H
41 }

N
N
-
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43}
File 54: message.operations.Namespace
1~
2 * Created on Oct 28, 2004 2:58:08 PM
3
4 * Project: ExtendendRootTree
5 * Last Change: $Date: 2004-10-31 12:28:25 +0100 (Sun, 31 Oct 2004) $
6 * Changed by: $Author: michi $
7 * Revision: $Rev: 150 $
8 * Location: $URL: Namespace.java $
9 *
10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland
12 * Department of Information Technology (www.ifi.unizh.ch)
13 * For copyright information please contact kussmaul@nix.ch
14 *
15 %
16 package ch.nix.ert. message.operations;
17
18 [**
19 * TODO Edit this text for a better description
20 *
21 * @author michi
22 %
23 public class Namespace implements  Operationinterface {
24
25 public  byte [] encode ( Object namespace ) {
26 return  (( String ) namespace) .getBytes () ;
27 }
28
29 public  Object decode (byte [] buffer ) {
30 return new  String (buffer );
31 }
32
33}
File 55: message.operations.Nested
1r
2 * Created on Oct 28, 2004 3:24:26 PM
3 *
4 * Project: ExtendendRootTree
5 * Last Change: $Date: 2004-10-31 12:28:25 +0100 (Sun, 31 Oct 2004) $
6 * Changed by: $Author: michi $
7 * Revision: $Rev: 150 $
8 * Location: $URL: Nested.java $
9 *
10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland
12 * Department of Information Technology (www.ifi.unizh.ch)
13 * For copyright information please contact kussmaul@nix.ch
14 *
15 %
16 package ch.nix.ert. message.operations;
17
18 /**
19 * TODO Edit this text for a better description
20 *
21 * @author michi
22 %
23 public class Nested implements  Operationinterface {
24
25 public  byte [] encode (Object nested ) {
26 /ITODO not supported yet...
27 return null ;
28 }
29
30 public  Object decode (byte [] buffer ) {
31 return null ;
32 }
33 }
File 56: message.operations.NodelLoad
1/~

2

* Created on Oct 28, 2004 3:25:10 PM
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10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

31
32
33
34
35
36
37
38
39
40
41

Project: ExtendendRootTree

Last Change: $Date: 2004-11-09 01:55:31 +0100 (Tue, 09 Nov 2004) $
Changed by: $Author: michi $

Revision: $Rev: 165 $

Location: $URL: NodeLoad.java $

This source-code is part of the diploma thesis of Michael Kussmaul
written at the University of Zurich, Switzerland

Department of Information Technology (www.ifi.unizh.ch)

For copyright information please contact kussmaul@nix.ch

* Ok ok Kk ok ok k% ok ok Ok *

*

package ch.nix.ert.message.operations;

import  netbyte.NetByte;
import  netbyte.NetByteDecodingException;

Jx

* TODO Edit this text for a better description
*

*  @author michi
*

public class NodeLoad implements  Operationinterface {

public  byte [] encode (Object load ) {
return  NetByte.encodeDouble  ((( Double ) load ) .doubleValue

public  Object decode (byte [] buffer ) {
ty {
return new  Double ( NetByte.decodeDouble  ( buffer )) ;
} catch ( NetByteDecodingException e ) {
/I TODO Auto-generated catch block
e.printStackTrace 0
return null H

0

File 57: message.operations.Operation

©O~NOUODWNE

~
*

Created on Oct 26, 2004 5:18:41 PM

Project: ExtendendRootTree

Last Change: $Date: 2004-10-31 12:28:25 +0100 (Sun, 31 Oct 2004) $
Changed by: $Author: michi $

Revision: $Rev: 150 $

Location: $URL: Operation.java $

This source-code is part of the diploma thesis of Michael Kussmaul
written at the University of Zurich, Switzerland

Department of Information Technology (www.ifi.unizh.ch)

For copyright information please contact kussmaul@nix.ch

* Ok kK kK ok K E ok E kX

*

package ch.nix.ert.message.operations;

[x

* TODO Edit this text for a better description
*

* @author michi
*/

public class Operation  implements  Operationinterface {

public  byte [] encode ( Object operationCode ) {
return  (( String ) operationCode ) .getBytes () ;

public ~ Object decode (byte [] buffer ) {
return new  String (buffer );

" public boolean encode(Object operation, ByteBuffer buf) {
I String code = (String) operation;

I byte[] raw = ((String) operation).getBytes();

I int length = raw.length;

I if (buf.remaining() < length) {

" return false;

I }

I buf.put(OPERATION).putlnt(length).put(raw);



SOURCE CODE 179

41 1 return true;
42 I }
43 I
44 I public void decode (Dataltem data, ByteBuffer buf) {
45 I int length = buf.getint();
46 I byte[] raw = new byte[length];
47 I String opCode = new String(buf.get(raw).array());
48 I data.putValue("operation”, opCode);
49 I
50
51 I*
52 * (non-Javadoc)
53 *
54 * @see ch.nix.ert. message.operations.Operationinterface#getName()
55 */
56
57}
File 58: message.operations.OperationFactory
1/
2 * Created on Oct 28, 2004 12:21:26 PM
3 *
4 * Project: ExtendendRootTree
5 * Last Change: $Date: 2004-10-28 17:44:43 +0200 (Thu, 28 Oct 2004) $
6 * Changed by: $Author: michi $
7 * Revision: $Rev: 143 $
8 * Location: $URL: OperationFactory.java $
9 *
10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland
12 * Department of Information Technology (www.ifi.unizh.ch)
13 * For copyright information please contact kussmaul@nix.ch
14 *
15 %
16 package ch.nix.ert. message.operations;
17
18 import  org.apache.log4j.Logger;
19
20 import  ch.nix.ert.keypartition.MigrationClient;
21
22 import com.sleepycat.je.tree.DIN;
23
24 [
25 * TODO Edit this text for a better description
26 *
27 * @author michi
28 %
29 public class OperationFactory {
30
31 /I logger:
32 static Logger logger = Logger.getLogger ( OperationFactory. class );
33
34 public static Operationinterface getOperation (int  opCode) {
35 switch  (opCode) {
36 case Operationinterface. OPERATION:
37 return new  Operation () ;
38 case Operationinterface. USERKEY:
39 return new  UserKey () ;
40 case Operationinterface.INTERNALKEY:
41 return new Internalkey () ;
42 case Operationinterface. NAMESPACE:
43 return new  Namespace() ;
44 case Operationinterface.DATA:
45 return new Data() ;
46 case Operationinterface. DATAITEMS:
47 return new Dataltems () ;
48 case Operationinterface. TRANSACTIONID:
49 return new  Transactionld 0
50 case Operationinterface. TRANSACTIONOPERATION:
51 return new  TransactionOperation 0;
52 case Operationinterface. TRANSACTIONNODEID:
53 return new  TransactionNodeld () ;
54 case Operationinterface. TRANSACTIONSERVICEID:
55 return new  TransactionServiceld 0
56 case Operationinterface. TRANSACTIONTYPE:
57 return new  TransactionType () ;
58 case Operationinterface. TRANSACTIONSPLIT:
59 return new  TransactionSplit 0
60 case Operationinterface. ROUTING:
61 return new Routing () ;
62 case Operationinterface. DIRECTDESTINATION:
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63 return new  DirectDestination 0
64 case Operationinterface.DIRECTORIGINATOR:
65 return new  DirectOriginator 0

66 case Operationinterface.SERVICEORIGINATOR:
67 return new  ServiceOriginator 0
68 case Operationinterface.NESTED:

69 return new  Nested () ;

70 case Operationinterface.DBSIZE:

71 return new  DbSize () ;

72 case Operationinterface.NODELOAD:

73 return new  NodelLoad () ;

74 case Operationinterface.DELAY:

75 return new  Delay () ;

76 case Operationinterface. CURSORSIZE:

77 return new  CursorSize () ;

78 case Operationinterface. LASTINTERNALKEY:
79 return new  LastinternalKey 0

80 case Operationinterface.FIRSTINTERNALKEY:
81 return new  FirstinternalKey 0

82 case Operationinterface. KEYPARTITIONID:
83 return new  KeyPartitionld 0;

84 case Operationinterface. RESULT:

85 return new Result () ;

86 default

87 logger.error ("Can't handle unknown Message Attribute with ID" +opCode) ;
88 return null H

89 }

90 }

91

92 }

File 59: message.operations.Operationinterface

1/~

2 * Created on Oct 26, 2004 5:22:53 PM

3

4 * Project: ExtendendRootTree

5 * Last Change: $Date: 2004-11-02 01:36:34 +0100 (Tue, 02 Nov 2004) $
6 * Changed by: $Author: michi $

7 * Revision: $Rev: 154 $

8 * Location: $URL: Operationinterface.java $

9 *

10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland

12 * Department of Information Technology (www.ifi.unizh.ch)

13 * For copyright information please contact kussmaul@nix.ch

14 *

15 *

16 package ch.nix.ert. message.operations;

17

18 import java.io.Serializable;

19

20 /**

21 * TODO Edit this text for a better description

22 *

23 * @author michi

24 ¥

25 public interface Operationinterface extends  Serializable {
26

27 /I list of all keys for Dataltem

28 public static final int  OPERATION =0;

29

30 public static final int  USERKEY =1;

31

32 public static final int  INTERNALKEY =2;

33

34 public static final int  NAMESPACE =3;

35

36 public static final int DATA =4;

37

38 public static final int DATAITEMS =5;

39

40 public static final int  TRANSACTIONID =6;

41

42 public static final int TRANSACTIONOPERATION Z;
43

44 public static final int TRANSACTIONNODEID =8;

45

46 public static final int TRANSACTIONSERVICEID =9;
47

48 public static final int  TRANSACTIONTYPE =10;
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50 public static final int. TRANSACTIONSPLIT =11;
51
52 public static final int ROUTING =12;
53
54 public static final int  DIRECTDESTINATION = 13;
55
56 public static final int DIRECTORIGINATOR =14;
57
58 public static final int  SERVICEORIGINATOR =15;
59
60 public static final int NESTED =16;
61
62 public static final int DBSIZE = 17;
63
64 public static final int  NODELOAD =18;
65
66 public static final int DELAY =19;
67
68 public static final int  CURSORSIZE =20;
69
70 public static final int  FIRSTINTERNALKEY = 21;
71
72 public static final int  LASTINTERNALKEY =22;
73
74 public static final int  KEYPARTITIONID = 23;
75
76 public static final int  RESULT =24;
77
78 public static final String [] OPERATIONNAMES £ "Operation” "UserKey" ,
79 "InternalKey" , "Namespace" , "Data" , "Dataltems" "Transactionld"
80 "TransactionOperation” "TransactionNodeld" s
81 "TransactionServiceld" “TransactionType" , "TransactionSplit" ,
82 "Routing" , "DirectDestination" "DirectOriginator"
83 "ServiceOriginator" , "Nested" , "DbSize" , "NodeLoad" , "Delay" ,
84 "CursorSize" , "FirstinternalKey" , "LastinternalKey" , "KeyPartitionld" , "Result" N
85
86 public  byte [] encode (Object value );
87
88 public ~ Object decode (byte [] binary );
89
90 /I public boolean encode(Object value, ByteBuffer buf);
91
92 /I public void decode(Dataltem data, ByteBuffer buf);
93
94 I public Object getValue();
95 I
96 I public void setValue(Object value);
97 I
98 " public String getName();
99
100 }
File 60: message.operations.Result
1/
2 * Created on Oct 28, 2004 3:27:17 PM
3 *
4 * Project: ExtendendRootTree
5 * Last Change: $Date: 2004-10-31 12:28:25 +0100 (Sun, 31 Oct 2004) $
6 * Changed by: $Author: michi $
7 * Revision: $Rev: 150 $
8 * Location: $URL: Resultjava $
9 *
10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland
12 * Department of Information Technology (www.ifi.unizh.ch)
13 * For copyright information please contact kussmaul@nix.ch
14 *
15 ¥
16 package ch.nix.ert. message.operations;
17
18
19 [+
20 * TODO Edit this text for a better description
21 *
22 * @author michi
23 ¥
24 public class Result implements  Operationinterface {
25
26 public  byte [] encode (Object result ) {
27 return new byte [( byte ) ( (( Boolean ) result ).booleanValue () ? 1 : 0)] ;
28 }
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29
30 public  Object decode (byte [] buffer ) {
31 return  Boolean.valueOf  (buffer [0] == 0);
32 }
33 }

File 61: message.operations.Routing
1/~
2 * Created on Oct 28, 2004 3:22:37 PM
3
4 * Project: ExtendendRootTree
5 * Last Change: $Date: 2004-10-31 12:28:25 +0100 (Sun, 31 Oct 2004) $
6 * Changed by: $Author: michi $
7 * Revision: $Rev: 150 $
8 * Location: $URL: Routing.java $
9 *
10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland
12 * Department of Information Technology (www.ifi.unizh.ch)
13 * For copyright information please contact kussmaul@nix.ch
14 *
15 *
16 package ch.nix.ert. message.operations;
17
18 [**
19 * Values for routing are: <br>
20 * local: menans this dataltem has a local destination <br>
21 * routing: means NodeDirectory needs to resolve destination <br>
22 * direct: means IP is already know, where to send this dataltem <br>
23 =
24 * @author michi
25 %
26 public class Routing implements ~ Operationinterface {
27
28 public  byte [] encode ( Object routing ) {
29 return  (( String ) routing ).getBytes () ;
30
31
32 public  Object decode (byte [] buffer ) {
33 return new  String (buffer );
34 }
35
36 }

File 62: message.operations.ServiceOriginator
1/
2 * Created on Oct 28, 2004 3:23:59 PM
3
4 * Project: ExtendendRootTree
5 * Last Change: $Date: 2004-10-31 12:28:25 +0100 (Sun, 31 Oct 2004) $
6 * Changed by: $Author: michi $
7 * Revision: $Rev: 150 $
8 * Location: $URL: ServiceOriginator.java $
9 *
10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland
12 * Department of Information Technology (www.ifi.unizh.ch)
13 * For copyright information please contact kussmaul@nix.ch
14 *
15 *
16 package ch.nix.ert. message.operations;
17
18 [**
19 * TODO Edit this text for a better description
20 *
21 * @author michi
22 %
23 public class ServiceOriginator implements  Operationinterface {
24
25 public  byte [] encode (Object serviceOriginator ) {
26 return  (( String ) serviceOriginator ) .getBytes () ;
27 }
28
29 public  Object decode (byte [] buffer ) {
30 return new  String (buffer );
31 }
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File 63: message.operations.Transactionld

1/
2 * Created on Oct 28, 2004 3:19:39 PM
3
4 * Project: ExtendendRootTree
5 * Last Change: $Date: 2004-10-31 12:28:25 +0100 (Sun, 31 Oct 2004) $
6 * Changed by: $Author: michi $
7 * Revision: $Rev: 150 $
8 * Location: $URL: Transactionld.java $
g *
10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland
12 * Department of Information Technology (www.ifi.unizh.ch)
13 * For copyright information please contact kussmaul@nix.ch
14 *
15 ¥
16 package ch.nix.ert.message.operations;
17
18 [
19 * TODO Edit this text for a better description
20 *
21 * @author michi
22 %
23 public class Transactionld implements  Operationinterface {
24
25 public  byte [] encode ( Object transactionld ) {
26 return  (( String ) transactionld ) .getBytes () ;
27 }
28
29 public  Object decode (byte [] buffer ) {
30 return new  String (buffer );
31
32}
File 64: message.operations.TransactionNodeld
1/
2 * Created on Oct 28, 2004 3:20:25 PM
3
4 * Project: ExtendendRootTree
5 * Last Change: $Date: 2004-10-31 12:28:25 +0100 (Sun, 31 Oct 2004) $
6 * Changed by: $Author: michi $
7 * Revision: $Rev: 150 $
8 * Location: $URL: TransactionNodeld.java $
g *
10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland
12 * Department of Information Technology (www.ifi.unizh.ch)
13 * For copyright information please contact kussmaul@nix.ch
14 =
15 #
16 package ch.nix.ert.message.operations;
17
18 import java.net.InetAddress;
19

20 import  netbyte.NetByte;
21 import  ch.nix.ert. message.Node;

22

23 [**

24 * TODO Edit this text for a better description

25 *

26 * @author michi

27 %

28 public class TransactionNodeld implements  Operationinterface {

29

30 public  byte [] encode (Object value ) {

31 Node transactionNodeld = (Node) value;

32 /I will store it as:

33 I ip

34 1 port

35 byte [] port = NetByte.encodelnt ( transactionNodeld.getPort 0)
36 byte [ address = transactionNodeld.getinetSocketAddress () .getAddress ()
37 .getAddress () ;

38 byte [] returnValue = new byte [ address.length + 4];

39 System.arraycopy  (address, 0, returnValue, 0, address.length )

40 System.arraycopy  (port, 0, returnValue, 4, 4);
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41 return  returnValue;
42 }
43
44 public  Object decode (byte [] buffer ) {
45 try {
46 byte [] bytelp = new byte [4];
47 System.arraycopy  ( buffer, 0, bytelp, 0, 4);
48 InetAddress ip = InetAddress.getByAddress (bytelp );
49 int port = NetByte.decodelnt ( buffer, 4);
50 /IString ip = new String(buffer, 4, buffer.length - 4);
51 return new  Node(ip, port );
52 } catch (Exception e ) {
53 /I TODO Auto-generated catch block
54 System.out.printin ("ERROR in here" );
55 e.printStackTrace 0
56 return null i
57 }
58 }
59
60 }
File 65: message.operations.TransactionOperation
1/~
2 * Created on Oct 28, 2004 3:20:04 PM
3
4 * Project: ExtendendRootTree
5 * Last Change: $Date: 2004-10-31 12:28:25 +0100 (Sun, 31 Oct 2004) $
6 * Changed by: $Author: michi $
7 * Revision: $Rev: 150 $
8 * Location: $URL: TransactionOperation.java $
9 *
10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland
12 * Department of Information Technology (www.ifi.unizh.ch)
13 * For copyright information please contact kussmaul@nix.ch
14 *
15 %
16 package ch.nix.ert.message.operations;
17
18 [**
19 * TODO Edit this text for a better description
20 *
21 * @author michi
22 %
23 public class TransactionOperation implements  Operationinterface {
24
25 public  byte [] encode ( Object transactionOp ) {
26 return  (( String ) transactionOp ) .getBytes () ;
27
28
29 public  Object decode (byte [] buffer ) {
30 return new  String (buffer );
31
32
33 }
File 66: message.operations.TransactionServiceld
1~
2 * Created on Oct 28, 2004 3:20:49 PM
3 x
4 * Project: ExtendendRootTree
5 * Last Change: $Date: 2004-10-31 12:28:25 +0100 (Sun, 31 Oct 2004) $
6 * Changed by: $Author: michi $
7 * Revision: $Rev: 150 $
8 * Location: $URL: TransactionServiceld.java $
9 *
10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland
12 * Department of Information Technology (www.ifi.unizh.ch)
13 * For copyright information please contact kussmaul@nix.ch
14 *
15 %
16 package ch.nix.ert. message.operations;
17
18 [**
19 TODO Edit this text for a better description

*
*
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* @author michi

*
public class TransactionServiceld implements  Operationinterface {
public  byte [] encode ( Object transactionServiceld ) {
return  (( String ) transactionServiceld ) .getBytes () ;
}
public  Object decode (byte [] buffer ) {
return new  String (buffer );
}

File 67: message.operations.TransactionSplit

[N
COONOUAWNER

P el o
arwWN R

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

Created on Oct 28, 2004 3:21:51 PM

*
*
* Project: ExtendendRootTree

* Last Change: $Date: 2004-10-31 12:28:25 +0100 (Sun, 31 Oct 2004) $
* Changed by: $Author: michi $

* Revision: $Rev: 150 $

* Location: $URL: TransactionSplit.java $

*

*

*

*

*

*

This source-code is part of the diploma thesis of Michael Kussmaul
written at the University of Zurich, Switzerland

Department of Information Technology (wwuw.ifi.unizh.ch)

For copyright information please contact kussmaul@nix.ch

package ch.nix.ert.message.operations;

import  netbyte.NetByte;
import  netbyte.NetByteDecodingException;

[x

* TODO Edit this text for a better description
*

* @author michi

*
public class TransactionSplit implements  Operationinterface {
public  byte [] encode ( Object transactionSplit
return  NetByte.encodelnt ((( Integer ) transactionSplit ) .intvalue
}
public  Object decode (byte [] buffer ) {
try
return new Integer ( NetByte.decodelnt (buffer 1)) ;
} catch (NetByteDecodingException e
/Il TODO Auto-generated catch block
e.printStackTrace 0
return null H
}
}

0

File 68: message.operations.TransactionType

©O~NOUAWNER

Created on Oct 28, 2004 3:21:15 PM

*
*
* Project: ExtendendRootTree

* Last Change: $Date: 2004-10-31 12:28:25 +0100 (Sun, 31 Oct 2004) $
* Changed by: $Author: michi $

* Revision: $Rev: 150 $

* Location: $URL: TransactionType.java $

*

*

*

*

*

*

This source-code is part of the diploma thesis of Michael Kussmaul
written at the University of Zurich, Switzerland

Department of Information Technology (www.ifi.unizh.ch)

For copyright information please contact kussmaul@nix.ch

package ch.nix.ert. message.operations;

[

* TODO Edit this text for a better description
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20 *

21 * @author michi

22 %

23 public class TransactionType implements  Operationinterface {

25 public  byte [] encode (Object transactionType ) {
26 return  (( String ) transactionType ).getBytes () ;
27 }

29 public  Object decode (byte [] buffer ) {
30 return new  String (buffer );

File 69: message.operations.UserKey

1/
2 * Created on Oct 28, 2004 3:17:54 PM
3
4 * Project: ExtendendRootTree
5 * Last Change: $Date: 2004-10-31 12:28:25 +0100 (Sun, 31 Oct 2004) $
6 * Changed by: $Author: michi $
7 * Revision: $Rev: 150 $
8 * Location: $URL: UserKey.java $
9 *
10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland
12 * Department of Information Technology (www.ifi.unizh.ch)
13 * For copyright information please contact kussmaul@nix.ch
14 *
15 *
16 package ch.nix.ert. message.operations;
17
18 import  netbyte.NetByte;
19 import  netbyte.NetByteDecodingException;
20
21
22 * TODO Edit this text for a better description
23 =
24 * @author michi
25 %
26 public class UserKey implements  Operationinterface {
27
28 public  byte [] encode (Object uKey ) {
29 return  NetByte.encodeLong ((( ch.nix.ert.message.UserKey ) uKey).getld () ;
30 }
31
32 public ~ Object decode (byte [] buffer ) {
33 ry {
34 return new  ch.nix.ert.message.UserKey ( NetByte.decodeLong  ( buffer )) ;
35 } catch ( NetByteDecodingException e ) {
36 /I TODO Auto-generated catch block
37 e.printStackTrace 0
38 return null H
39
40 }
41
42}
File 70: user.UserService
1/~
2 * Created on Oct 5, 2004 11:18:43 AM
3 *
4 * Project: ExtendendRootTree
5 * Last Change: $Date: 2004-11-07 22:22:16 +0100 (Sun, 07 Nov 2004) $
6 * Changed by: $Author: michi $
7 * Revision: $Rev: 164 $
8 * Location: $URL: UserService.java $
9 *
10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland
12 * Department of Information Technology (www.ifi.unizh.ch)
13 * For copyright information please contact kussmaul@nix.ch
14 *
15 *
16 package ch.nix.ert.user;

[
]
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import
import

import

import
import
import
import
import

[

java.util.Date;
java.util.StringTokenizer;

org.apache.log4j.Logger;

ch.nix.ert.base.ServiceBase;
ch.nix.ert. message.Dataltem;
ch.nix.ert. message.InternalKey;
ch.nix.ert. message.Node;
ch.nix.ert. message.UserKey;

* TODO Edit this text for a better description
*

*  @author michi

*

public class UserService  extends ServiceBase {

"

logger:

static Logger logger = Logger.getLogger (UserService. class );

static private UserService instance = null ;

static

static

static

static

nt reqSec = O0;

int throughput =  0;

nt  collectorAmount = 0;

nt collected = 0;

static String  [I0 statistics;

private UserService () {

static public synchronized UserService getlnstance 0{

}

/*
* (non-Javadoc)

if  (null == instance ) {
instance = new UserService () ;
logger.info ("UserService started” )

}

return  instance;

* @see ch.nix.ert.Servicelnterface#registerAtDispatcher()

public  void registerAtDispatcher 0 {

}

/*
* (non-Javadoc)

/I nothing to register, as this UserService should not listen to any
/I keywords, he should only retrieve transaction results
registerService ( "fillup" )

registerService ("bulk" );

registerService ("writebench" );

registerService ("readbench" );

registerService ("deletebench” ) ;
registerService ("collect" );
registerService ( "collector" );

* @see java.lang.Runnable#run()

public  void run () {

Thread.currentThread () .setName ("ERT.UserService" );
long startMillis = 0;
long startMillis2 = 0;
int  amount = 2000;
int counter = amount;
boolean bulkMode = false ;
while  (true ) {
Dataltem dataltem = null ;
dataltem = getWork () ;
/I logger.debug("Got Work: "+dataltem);
String operation = dataltem.getOperationType 0

if (operation.equals ( "collector" )N {
/I 'm a collector, so | will retrieve the amount of machines, i
/I have to collect...
collectorAmount = dataltem.getCursorSize 0
statistics = new String [ collectorAmount ][ 10];
} else if  (operation.equals ("collect" ) {
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103 String statisticData = dataltem.getData 0
104 StringTokenizer st = new StringTokenizer ( statisticData )
105 int i = 0;
106 while (' st.hasMoreTokens () {
107 statistics [collected ][ i] = stnextToken () ;
108 i++;
109
110 collected++;
111 if (collected >= collectorAmount ) {
112 /I now generate statistics
113 for (int j= 0;j< 10; j#++ ) {
114 String timeslice = "
115 double timesliceSum = 0;
116 for (int k = 0; k < collectorAmount; k++ ) {
117 String number = statistics [KILil;
118 int len = number.length 0
119 if (len < 4){
120 for (int index = O; index < (4 - len ); index++ ) {
121 number = " " + number;
122 }
123 }
124 timeslice += number + "
125 timesliceSum += Double.parseDouble (number) ;
126
127 /I timesliceSum = timesliceSum / (double) collectorAmount;
128 String sum = "™ + Math.round (timesliceSum );
129 int len = sum.length () ;
130 it (len < 9){
131 for (int index = O; index < (9 - len ); index++ ) {
132 sum =" " + sum;
133 }
134
135 logger.error ("Timeslice: " + sum + " - "+ timeslice );
136 }
137 collected = 0;
138
139 } else if ( operation.equals ("bulk" ) {
140 bulkMode = true ;
141 try
142 Thread.sleep  (10000) ;
143 } catch (InterruptedException e ) {
144 /I TODO Auto-generated catch block
145 e.printStackTrace 0
146
147 logger.info ("Starting benchmark" )
148 Date start = new Date () ;
149 startMillis = start.getTime ;
150 for (int i = 0;i< amount; i =i + 1) {
151 long random = (long ) ( Math.random () * (double ) 100000000 );
152 put (random, “Fillup * + random) ;
153 //System.out.printin(random);
154
155 Date stop = new Date () ;
156 long stopMillis = stop.getTime 0
157 logger
158 .info  ("Sending "
159 + amount
160 + " entries took: "
161 + (stopMillis - startMillis )
+
+

162
163 (( double ) amount

164 / (double ) ( stopMillis - startMillis ) * (double ) 1000)
165 + " requests/sec)" );

166

167 } else if  (operation.equals ("put-end” ) && bulkMode ) {

168 /I logger.info("Got: "+dataltem);

169 if (counter == amount ) {

170 Date start2 = new Date () ;

171 startMillis2 = start2.getTime 0

172

173 counter-;

174 I if (counter%l == 0) {

175 I logger.info("Still missing responses: "+counter);

176 n }

177 if (counter < 1) {

178 Date stop = new Date () ;

179 long stopMillis = stop.getTime 0

180 logger

181 .info  ("Receiving "

182 + amount

183 + " entries took: "

184 + (stopMillis - startMillis2 )

185 + "ms ("

186 + (( double ) amount

187 | (double ) ( stopMillis - startMillis2 ) * (double ) 1000)
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}

else if ( operation.equals

+ " requests/sec)" )

logger
.info ("Overall Storing "

+ amount
+ " entries took: "
+ (stopMillis - startMillis )
+ "ms ("
+ (( double ) amount

+

requests/sec)" );
/I restart

counter = amount;

addWork (new Dataltem ( "bulk" )) ;

("writebench" 1)) {

final Node collectorNode = new Node( dataltem.getData 0.
final int dataSize = dataltem.getDbSize 0
try
Thread.sleep  (10000);
} catch (InterruptedException e ) {
/I TODO Auto-generated catch block
e.printStackTrace 0;
}
Thread t1 = new Thread ("ThreadT1" ) {
long startMillis;
public  void run () {
int round = 1;
StringBuffer buffer = new StringBuffer (60);
String data = "
for (int i = 0; i < dataSize; i++ ) {
data += "d" ;
while  (true ) {
Date start = new Date () ;
startMillis = start.getTime 0
for (int i = 0; i < throughput + 10; i =i +

long random = (long ) ( Math.random ()
put (random, data );

| (double ) ( stopMillis - startMillis

0);

1 {

) * (double ) 1000)

* (double ) 100000000 );

Date stop = new Date () ;
long stopMillis = stop.getTime 0;
long timeToWait = 1000 - (stopMillis - startMillis

try {

Thread.sleep  (timeToWait );

} catch (InterruptedException e ) {
/I TODO Auto-generated catch block
e.printStackTrace 0

logger.info
+ reqSec ) ;

buffer.append (" " +reqSec );

if (round >= 10) {
/I send statistics to collector:
Dataltem collectorData =
collectorData.setDirectDestination
collectorData.setRouting ("direct" );
collectorData.setData ( buffer.toString
addWork ( collectorData )

round = O;
buffer = new StringBuffer  (60);
round++;
throughput = reqSec;
reqSec = O;
}
}
logger.info ( "Starting benchmark" )
tl.start () ;
} else if ( operation.equals ("put-end" 1)) {
regSec++;
} else if ( operation.equals ("fillup" ) {
try

Thread.sleep  (10000) ;

} catch (InterruptedException e {
/I TODO Auto-generated catch block
e.printStackTrace 0

}
Thread t1 = new Thread ("ThreadT1" ) {
long startMillis;

public  void run () {

("Received requests in last second: "

new Dataltem ( “collect"
( collectorNode

()

) % 1000;

)i
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273 logger.info ("Starting filing DB" )

274 for (int i= 0;i< 1000000;i=1i+ 1){

275 put (i, “Fillup " +i);

276 if (i % 1000 == 0) {

277 logger.info ("Filling DB: " + i

278 + " entries in db" )

279 }

280 try {

281 Thread.sleep  (10);

282 } catch (InterruptedException e ) {

283 /I TODO Auto-generated catch block

284 e.printStackTrace 0

285

286 }

287 logger.info ("Stopped filing DB: 1'000°000 entries" )
288

289 }:

290 tl.start () ;

291 } else if ( operation.equals ( "deletebench" ) {

292 final Node collectorNode = new Node( dataltem.getData 0O, 0);
293 try {

294 Thread.sleep  (10000);

295 } catch (InterruptedException e ) {

296 /I TODO Auto-generated catch block

297 e.printStackTrace 0

298 }

299 Thread t1 = new Thread ("ThreadT1" ) {

300 long startMillis;

301

302 public  void run () {

303 int round = 1;

304 StringBuffer buffer = new StringBuffer (60);

305 while  (true ) {

306 Date start = new Date () ;

307 startMillis = start.getTime 0

308 for (int i = 0; i < throughput + 10; i =i+ 1) {
309 long random = (long ) ( Math.random () * (double ) 100000000 );
310 delete (random);

311

312 Date stop = new Date () ;

313 long stopMillis = stop.getTime 0

314 long timeToWait = 1000 - (stopMillis - startMillis ) % 1000;
315 try {

316 Thread.sleep (timeToWait );

317 } catch (InterruptedException e ) {

318 /I TODO Auto-generated catch block

319 e.printStackTrace 0

320

321 logger.info ("Received requests in last second: "
322 + reqSec ) ;

323 buffer.append (" " +reqSec );

324 if  (round >= 10) {

325 /I send statistics to collector:

326 Dataltem collectorData = new Dataltem ( “collect” )
327 collectorData.setDirectDestination (collectorNode ) ;
328 collectorData.setRouting ("direct" );

329 collectorData.setData ( buffer.toString 0)
330 addWork ( collectorData )

331 round = O;

332 buffer =  new StringBuffer (60);

333

334 round++;

335 throughput = reqSec;

336 reqSec = O;

337 }

338 }

339 };

340 logger.info ("Starting benchmark" )

341 tlstart () ;

342 } else if ( operation.equals ("delete-end” )) {

343 reqSec++;

344 } else if ( operation.equals ("readbench" )) {

345 final Node collectorNode = new Node( dataltem.getData 0O, 0);
346 try

347 Thread.sleep  (10000);

348 } catch (InterruptedException e ) {

349 /I TODO Auto-generated catch block

350 e.printStackTrace 0

351 }

352 Thread t1 = new Thread ("ThreadT1" ) {

353 long startMillis;

354

355 public  void run () {

356 int round = 1;

357 StringBuffer buffer = new StringBuffer (60);
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358 while  (true ) {

359 Date start = new Date () ;

360 startMillis = start.getTime 0

361 for (int i = 0; i < throughput + 10; i =i+ 1) {
362 long random = (long ) ( Math.random () * (double ) 100000000 );
363 get (random) ;

364

365 Date stop = new Date () ;

366 long stopMillis = stop.getTime 0
367 long timeToWait = 1000 - (stopMillis - startMillis ) % 1000;
368 try {

369 Thread.sleep  (timeToWait );

370 } catch (InterruptedException e ) {
371 /I TODO Auto-generated catch block
372 e.printStackTrace 0

373

374 logger.info ("Received requests in last second: "
375 + reqSec ) ;

376 buffer.append (" " +reqSec );

377 if (round >= 10) {

378 /I send statistics to collector:

379 Dataltem collectorData = new Dataltem ( “collect" )
380 collectorData.setDirectDestination (collectorNode ) ;
381 collectorData.setRouting ("direct" );
382 collectorData.setData ( buffer.toString 0)
383 addWork ( collectorData )

384 round = 0;

385 buffer = new StringBuffer  (60);
386

387 round++;

388 throughput = reqSec;

389 reqSec = 0;

390 }

301 }

392 I

393 logger.info ( "Starting benchmark" )

394 tl.start () ;

395 } else if ( operation.equals ("get-end" )) {

396 regSec++;

397 }

398

399 }

400

401 }

402

403 public  void sendRaw( Dataltem dataltem ) {

404 transactionBegin (dataltem );

405 }

406

407 public synchronized void put (long key, String data ) {

408 UserKey userKey = new UserKey (key);

409 InternalKey internalkey = userKey.getinternalKey 0

410

411 Dataltem putData = new Dataltem () ;

412 putData.setUserKey (userKey );

413 putData.setInternalKey (internalkey ) ;

414 putData.setData  (data ) ;

415 putData.setOperation ("put" );

416 putData.setRouting ("routing" );

417 transactionBegin (putData ) ;

418 }

419

420 public synchronized boolean putSync (long key, String data ) {
421 put (key, data );

422

423 /I now wait for a response...

424 Dataltem result = getWork 0

425 return  result.getResult 0

426 }

427

428 public synchronized void get (long key) {

429 UserKey userKey = new UserKey (key);

430 InternalKey internalkey = userKey.getinternalKey 0;

431

432 Dataltem getData = new Dataltem () ;

433 getData.setUserKey (userKey );

434 getData.setInternalKey (internalkey );

435 getData.setOperation ("get" );

436 getData.setRouting ("routing" );

437 transactionBegin (getData );

438 }

439

440 public synchronized Object getSync (long key) {

441 get (key);

442
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443 /I now wait for a response...
444 Dataltem result = getWork 0
445 return  result.getData 0
446 }
447
448 public synchronized void delete (long key) {
449 UserKey userkKey = new UserKey (key);
450 InternalKey internalKey = userKey.getInternalKey 0;
451
452 Dataltem deleteData = new Dataltem () ;
453 deleteData.setUserKey (userKey );
454 deleteData.setInternalKey (internalkey );
455
456 deleteData.setOperation ("delete” );
457 deleteData.setRouting ("routing” );
458 transactionBegin (deleteData ) ;
459 }
460
461 public synchronized boolean deleteSync (long key) {
462 delete (key);
463
464 /I now wait for a response...
465 Dataltem result = getWork 0
466 return  result.getResult 0
467 }
468
469 }
File 71: util.LinkedHashMap
1/
2 * Created on Sep 24, 2004 5:33:57 PM
3 *
4 * Project: ExtendendRootTree
5 * Last Change: $Date: 2004-09-24 17:58:24 +0200 (Fri, 24 Sep 2004) $
6 * Changed by: $Author: michi $
7 * Revision: $Rev: 97 $
8 * Location: $URL: LinkedHashMap.java $
9 *
10 * This source-code is part of the diploma thesis of Michael Kussmaul
11 * written at the University of Zurich, Switzerland
12 * Department of Information Technology (www.ifi.unizh.ch)
13 * For copyright information please contact kussmaul@nix.ch
14 *
15 *
16 package ch.nix.ert.util;
17
18 import  java.util.Map;
19
20 [
21 * TODO Edit this text for a better description
22 *
23 * @author michi
24
25 public class LinkedHashMap extends java.util.LinkedHashMap {
26
27 public  void setMaxSize (int size ) {
28 MAX_ENTRIES = size;
29 }
30
31 private int  MAX_ENTRIES =10000;
32
33 protected boolean removeEldestEntry  (Map.Entry eldest ) {
34 return  size () > MAX_ENTRIES;
35 }
36
37 }

File 72: util.Queue

©O~NOUODWNRE

I+

* ok kK Gk ok E ok

Created on Sep 8, 2004 5:08:21 PM

Project: ExtendendRootTree

Last Change: $Date: 2004-09-08 17:26:50 +0200 (Wed, 08 Sep 2004) $
Changed by: $Author: michi $

Revision: $Rev: 79 $

Location: $URL: Queue.java $
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* This source-code is part of the diploma thesis of Michael Kussmaul
* written at the University of Zurich, Switzerland
12 * Department of Information Technology (www.ifi.unizh.ch)
* For copyright information please contact kussmaul@nix.ch
*

16 package ch.nix.ert.util;
18 import EDU.oswego.cs.dl.util.concurrent.LinkedQueue;

20 [
21 * TODO Edit this text for a better description
*

23 * @author michi
24 *
25 public class Queue extends LinkedQueue {

27 private String myName = “noname" ;
29 private Object lockObject = new Object () ;

31 Paid

32 *

33 */

34 public  Queue() {
35 super () ;

36 }

38 public ~ Queue( String name ) {
39 super () ;

40 myName = name;

41 }

43 public  void setName ( String name ) {
44 synchronized (lockObject ) {
45 myName = name;

46 }

47 }

49 public synchronized String getName () {
50 synchronized (lockObject ) {
51 return  myName;
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