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Chapter 3

The Data Cyclotron
Architecture

This Chapter introduces the Data Cyclotron (DaCy) architecture which is built around
a ring of homogeneous nodes. The Data Cyclotron has adopted ring topology for a de-
centralized architecture where nodes share data or parallelize data computations with-
out a central coordinator. Its simplicity is the key to explore new and un-orthodox
algorithms for distributed parallel processing. Its communication pattern leverages the
data routing latency and gets optimal bandwidth utilization at networks switches using
simplified routing.

For a flexible integration with different applications, each the Data Cyclotron node
is defined by three layers, the network layer, DaCy layer, and application layer. Their
interaction is achieved by a few support structures and routines having in mind an
efficient platform for data load, data forward, and data access by all nodes. Together
with the DaCy storage they provide the grounds to have a decentralized inter-node
interaction to provide load balancing and scalability.

The Data Cyclotron aims both, to be a scalable architecture and it follows an adap-
tive vision to populate the nodes with data. With an independent service at the data
source nodes to extract data fields from diverse data sets, a user can opt to load all data
before defining the computations or load data as it is requested by the computations.
The latter model reduces by several orders of magnitude the cumulative cost from the
first data chunk load until its first utilization.
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3.1 Outline
The remainder of this Chapter is organized as follows. Section 3.2 starts with the
motivation to use ring topology as the logical topology and how such topology exploits
the physical topology on state-of-the-art data centers. The Chapter continues with the
description of the nodes internal organization in Section 3.3, followed by a description
on how nodes interact in Section 3.4. For the two types of interaction, the DaCy storage
is used as the communication hub. Its structural organization and its management is
presented in Section 3.5. Finally, the Chapter concludes with the presentation of two
models for data distribution, a priory loading and iterative loading in Section 3.6 and
a summary in Section 3.7.

3.2 Logical topology
The relevance of communication protocols and logical topology in the computation
process design has increased over the last few years. It has gained influence on how
parallel computers are built for optimal balance on resource utilization, i.e., the amount
of computation a node does relative to the amount data it can communicate with other
nodes, also known as grain size 1.

From the communication perspective, in the ideal scenario, parallel computers
should have a network diameter of two, i.e., every node would be connected to ev-
ery other node. However, it would make large parallel computers impractical due to
the exponential growth in the number of links.

To overcome the problem, developers started to explore programs which use com-
munication patterns with the immediate neighbors, such as ring topology, to achieve
an effective diameter of two. With the adoption of this communication pattern, parallel
computers can approach their theoretical performance limit. Furthermore, they can ex-
ploit a symbiotic relationship between the communication process and the underlying
hardware.

For these reasons, and to explore state-of-the-art network hardware, we have
adopted the ring topology as the logical topology for the Data Cyclotron. The next
section exposes the advantages of the topology and where its simplicity has been used
to explore new research directions.

1A large grain size indicates the node does a lot of computation while communicating infrequently. A
small grain size indicates that only a small amount of computation is done between communications.
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3.2.1 Ring topology
The Data Cyclotron has adopted a ring topology for a decentralized architecture where
nodes share data or parallelize data computations without a central coordinator. Its
simplicity is the key to explore new and un-orthodox algorithms for distributed par-
allel processing. This simplicity is often left behind in favor of a more complex and
highly dynamic topology such as 2D mesh. For highly dynamic topologies the dis-
tance between two nodes is O(1), i.e., low latency, however, the bus bandwidth quickly
becomes a performance bottleneck. Topologies like 2D mesh are the preferred ones
for programs exchanging thousands of small messages since the latency is the major
cost. For the Data Cyclotron the nodes are intended to exchange big chunks of data.
Thus, topologies that provide higher bandwidth between nodes, i.e., wider channels,
and non-blocking traffic, are the preferable ones.

Symbiotic relationship between application and the network hardware.

For applications with communication patterns from one node to another node, the
tree topology is the best strategy. It typically results in a route length of O(logN) links
with N being the number of nodes in the network. The ring topology is so suitable due
to to its route length, i.e., O(n) links.

The ring topology is more suitable for group (many-to-many) multicast communi-
cations. The overall number of links traversed by each packet is the same as in the tree
topology, i.e., O(N), where N is the size of the group. Furthermore, the bandwidth
allocation on the ring for the multicast scenarios is O(N), while on a general tree it
is O(N) for the static multicast scenario, but O(N2) for the dynamic and adaptive
multicast scenarios [14].

The ring topology has another advantage, its communication pattern leverages the
data routing latency and by using simplified routing it gets optimal bandwidth uti-
lization at networks switches, i.e., the switches can operate in non-blocking mode.
A network switch is non-blocking if the switching fabric can handle the theoretical
maximum load on all ports such that any routing request to any free output port can
be established successfully without interfering with other traffics. With non-blocking
switches no extra latency is added by data routing at the switch.

Not all software architectures can use and exploit the assets of this type of switches,
but the Data Cyclotron can. In the Data Cyclotron the data flows clockwise, i.e., it is a
continuous stream and with a single routing pattern. Furthermore, with the ring topol-
ogy packets that arrive at different input ports are destined to different output ports,
i.e., a contention free scheduling. Therefore, they can be routed instantaneously, i.e,
the switches can be non-blocking. Aside from absence of latency, there is ideal switch
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bandwidth utilization because the routing algorithm is equivalent to synchronized shuf-
fling [38].

Simplified routing becomes more important for actual data centers due to its struc-
tural organization (cf., Section 2.4.2).

” A server is not anymore a single box with all compute resources in it. They have
been placed in pools together with storage and memory processors. All components
have been spread around the data center and they are all interconnected through a
network. ”

With the data center network trends (cf., Section 2.4) we believe the logical topol-
ogy adopted by the Data Cyclotron is the best one to explore a new research path and
guide us to a new optimal for distributed data analysis.

” Cloud computing platforms such as Windows Azure, Yahoo storage, or Google
storage, have their storage services separated from compute nodes. To bring the stor-
age network and compute server groups together the tendency is to use storage area
networks (SANs). They use a fiber channel over Ethernet (FCoE) or ”

Other architectures exploiting ring topology features.

The Data Cyclotron does not stand alone in the adoption of the ring topology to
develop new and efficient distributed parallel processing algorithms. Recent multi-
core processors are using a single ring to share data among their cores [140] such
as Celli [122] and Nehalem-EX [41] processors. Intel is using four rings to inter-
connect its Sandy Bridge [42] processors. It uses four rings to split data movement
from requests, acknowledgments, and snoops [140].

Its adoption for multi-core processors due to its simplicity and opportunity to ex-
plore novel designs raised some concerns about a possible higher latency compared to
a more dynamic topology such as 2D mesh. A recent study [94] has shown that for
on-chip networks the latency for a ring topology is in some cases lower than the latency
achieved on a 2D mesh [94].

At first, latency in a ring seems to be a problem due to the high network diameter
as the average hop count is proportional to N (number of nodes) while on the 2D
mesh is proportional to 2

√
N . However, due to the wider channel, i.e., high aggregated

bandwidth, lower serialization, and lower per-hop latency, the overall latency can be
lower without affecting the throughput. The results are summarized in Figure 3.1.

The design requirements, and bandwidth, facing on-chip networks are few orders
of magnitude different from the ones in a data center network. Nevertheless, some ob-
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Figure 3.1: Latency vs. load curve comparing ring and mesh for a 16-node ring topol-
ogy on uniform random traffic [94].

servations can be used in the Data Cyclotron context. The Data Cyclotron nodes, as the
on-chip cores, load and transfer big data blocks at high speed to achieve high through-
put and low latency. Moreover, the network technology used by the Data Cyclotron,
i.e., RDMA, capitalizes the results through full link utilization and no serialization cost
(more details in Section 2.6).

3.3 The Data Cyclotron node organization
To have a symbiotic relationship with network hardware and flexible integration with
different applications, each Data Cyclotron node is defined by three layers: the network
layer, DaCy layer, and application layer as represented in Figure 3.2. The network layer
is responsible for all in and out node’s traffic. It provides an API for the DaCy layer
to control all network actions and status. The application layer uses three calls to com-
municate what data is needed, which data is in use, and which one was released. The
DaCy layer is between these two layers and its runtime system, composed of several
independent threads, controls the flow of messages.
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Figure 3.2: The Data Cyclotron architecture.

3.3.1 Network layer
The network layer is responsible for connections with the node’s immediate neighbors.
It encapsulates the envisioned RDMA infrastructure and traditional UDP/TCP func-
tionality as a fall-back solution. The ring set up and the communication model derives
from the network layer used for [55, 56] 2.

Ring set up.

During the ring initialization, with the exception for the first node, each new node
connects to the last and first node added to the ring, as shown in Figure 3.3. Node N3
connects first to node N2 and then to node N1. Once N1 accepts N3 connection, it
drops the connection with N2 (cf., steps C), D), and E) in Figure 3.3). The counter
clockwise connection is initialized once the clockwise connection is set.

Each node before entering the ring allocates a set of memory regions to be used
as DaCy buffers, and if the RDMA protocol is the chosen one, register them with the

2Result of a productive cooperation between CWI - Amsterdam and ETH - Zurich, in the initial stages of
the Data Cyclotron project (http://www.systems.ethz.ch/research/researchareas/DPMH/DataCycl)
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Figure 3.3: Ring extension.

network adapter 3 (cf., Section 2.6.3).

Communication model.

The communication model has been designed as an asynchronous scheme which
involves two entities at each node: the receive thread (RX) and the transmit thread
(TX) as picture in Figure 3.4. Both threads are independent from each other. RX
receives a message, places it into a buffer, and notifies the routine caller. There is
one routine caller for the counter-clockwise traffic and another one for the clockwise
traffic. A routine caller inspects the message header and determines each routine from
the DaCy layer should process it. Through flags the routines from DaCy layer know
which DaCy buffers they need to process.

On the other hand, TX is responsible to forward messages to the next node. It
inspects all buffers looking for the ones marked ready for forwarding. It interacts with
the buffer manager for garbage collection or data caching.

Management of the network traffic.

The in/out traffic is composed of data chunk messages and data chunk request mes-
sages 4. New type of messages can be added to the network traffic upon request. Their

3All nodes in a ring need to use same communication protocol
4For the remind a data chunk request will be referred as request.
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Figure 3.4: Asynchronous data propagation scheme.

flow is always counter clockwise to not increase the data propagation latency. For each
new type, a routine is added to the DaCy runtime system and the routine caller made
aware of the existence of a new type of message.

All messages are managed by the network layer on a first-come-first-serve basis.
The exchange of messages is all transparent for the DaCy layer. The underlying net-
work is configured as asynchronous channels with guaranteed order of arrival. The
data transfer and the queues management are optimized depending on the protocol be-
ing used.

3.3.2 DaCy layer
The DaCy layer is an implicit interface for the application. It infers network sends/re-
ceives without the application knowledge. It is the control center and it serves three
message streams, those composed of a) the requests from the local application instance,
b) the predecessor’s data chunks, and c) the successor’s requests from the network
layer.
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To manage these streams it uses two catalogs 5 C1 and C2. C1 contains information
about all data chunks owned by the local node. C2 administers the outstanding requests
for all active computations. They are organized by data chunk identifier.

The runtime system through the routines, updates each catalog based on the mes-
sage’s arrival. Furthermore, it is also responsible for the inter-node interaction and
the storage ring management, both of them are discussed in detail in Section 3.4 and
Section 3.5.

3.3.3 Application layer
For an application to interact with the Data Cyclotron it needs to be integrated with
the application layer for a transparent interaction with all other layers. The application
layer interacts with the DaCy layer through three calls request(), pin(), and unpin().

A request() call is used to inform which data will be required. It is used by the
DaCy layer to warm up local cache through a local or a remote data load. The pin()
call is used to check the local cache for data availability. If it is not available, the
application call blocks.

The application call remains blocked until the data chunk is made available at the
DaCy buffers. Once available, the application call resumes and uses the data chunk for
processing. The data chunk is only cached or dropped after the unpin() call. Until there
the DaCy layer assumes the data chunk is being used for processing by the application.
The interaction between the application layer and the DaCy layer ends with the last
unpin() call.

3.4 Inter-node interaction
The inter-node interaction is done through two data flows, one counter clockwise for
data requests, queries/jobs and metadata, and another one clockwise only for data
chunks. Within these flows only two type of messages define the interaction, requests
and data chunks. All other messages are application specific and they do not directly
interfere in the inter-node interaction.

The interaction can be resumed by a single request for a data chunk. A request of a
local data chunk, leads to an automatic load from disk into the local buffers, otherwise,
the request leads to an update of the requests catalog. In the latter case, a data chunk
request message is sent off to the ring, traveling counter-clockwise towards data chunk
owner. Thereafter, the data chunk is loaded into the ring and travels clockwise towards
the requesting node.

5One catalog per each type of message
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Between the request load and the data chunk reception, all nodes interact through
a request propagation algorithm and a data chunk propagation algorithm for efficient
requests and data forwarding.

3.4.1 Request forwarding
The requests are used as informative pings by the application to keep the DaCy layer
informed about which data chunks still need to be processed. These requests are stored
in a catalog and used to identify which of the data chunks passing by needs to be
retained in the local memory for processing.

After the request registration, the runtime system keeps track of the requests pass-
ing by. The routine request propagation (cf., Figure 3.5), analyzes the counter-clockwise
traffic to see if similar requests are flowing. In case it sees an already loaded request
and the data chunk has not yet arrived, it absorbs the remote request to reduce traffic
in the counter-clockwise ring. Otherwise, the request is forwarded to notify the other
nodes that a certain data chunk is required for data processing.

Hence, the requests flowing in the ring are aggregated to reduce the latency in
requesting data. At the data chunk’s owner, the request is removed from circulation
and the runtime system attempts to load the data chunk. In case the data chunk was
already loaded the request is just ignored, if not, and if the storage ring has space to
transport it, the data chunk is sent to the loading list, otherwise, it is sent to the pending
list.

To avoid data starvation, the runtime uses a time-out to reload a request. After TR
timeouts the data chunk is declared as non-existent, the request un-registered from the
catalog and an exception is raised: The data chunk does not exist anymore in any of
the connected nodes.

3.4.2 Data forwarding
Once a data chunk is loaded, it travels from node to node until it is not needed any-
more, thereby removed by its owner. The data chunk propagation from the predecessor
node to the successor node is carried out by the data chunk propagation algorithm as
depicted in Figure 3.6.

For each data chunk received, the algorithm searches for an outstanding request.
Once found, it checks the catalog in search for computations blocked in a pin() call.
For those computations, it unblocks them by handing over the pointer for the buffer
where the data chunk is stored.

A data chunk carries an administrative header used by its owner for hot-set man-
agement. The header contains some properties, e.g., data chunk id, data chunk size,
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Request Propagation
input: the request node’s origin owner and the request id reqid
output: forwards the request or schedules the load of the requested BAT

01: /∗ check if the request returned to its origin ∗/
02: if ( owner == node id )
03: unregister request( &S2, reqid );
04: unregister request queries ( &S3, reqid );
05: exit;
06:
07: /∗ check if the node is the BAT owner ∗/
08: if ( node is owner ( &S1, reqid ) )
09: if ( data chunk is loaded( &S1, reqid) )
10: exit;
11: if ( data chunk can be loaded( reqid ) )
12: if ( data chunk is already pending(reqid) )
13: data chunk load( reqid, chk size);
14: untag data chunk pending(reqid);
15: exit ;
16: else
17: if ( !data chunk is already pending(reqid) )
18: tag data chunk pending(reqid);
19: exit;
20:
21: /∗ check if there is the same request locally ∗/
22: if ( request is mine(reqid) )
23: if ( !request is sent(reqid) )
24: /∗ send if it has not been sent ∗/
25: load request(node id, reqid);
26: exit;
27:
28: forward request(owner, reqid);

Figure 3.5: Request Propagation Algorithm

copies, hops, and cycles. The data chunk propagation algorithm (Fig. 3.6) updates the
resource variables hops and copies. The variable copies designates how many nodes
actually used the data chunk for their local computations. The variable cycles is update
everytime it passes at its owner, i.e., a metric for the data chunk’s age in the storage
ring.

The DaCy runtime is aware of the memory consumption in the local node only. If
there is not enough buffer space, the data chunk will continue its journey and compu-
tations waiting for it remain blocked for one more cycle.
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Data Chunk Propagation
input: the BAT loader’s id owner, data chunk id, loi, copies, hops ,cycles
output: forwards the BAT

01: /∗ check if there is a local request for the BAT ∗/
02: hops++;
03: if ( data chunk has request(data chunk id) )
04: request set sent(data chunk id);
05:
06: if ( request has pin calls( data chunk id ) )
07: copies++;
08: /∗check if it was pinned for all the associated queries ∗/
09: if ( request is pinned all( data chunk id ) )
10: request unregister( data chunk id);
11:
12: forward data chunk(owner, data chunk id, loi, copies, hops, cycles);

Figure 3.6: Data Chunk Propagation Algorithm

3.4.3 Data loading
The runtime system has two more functions for resources management. A resend()
function is triggered by a timeout on the rotational delay for data chunks requested into
the storage ring. It indicates a package loss. The loadAll() executes postponed data
chunks loads, i.e., data chunks marked as pending in the third outcome of the request
propagation algorithm. It starts the load for the oldest ones. If a data chunk does not fit
in the data chunk queue, it tries the next one and so on until it fills up the queue. The
leftovers stay for the next call. This type of load optimizes the buffer utilization.

The priority for entering the storage ring is derived from both size and waiting time.
This generic priority policy is defined for robustness, however, it might not be optimal
for the data access latency. The data relevance for the workload should also be used
as an additional weight in the priority setting. The boundaries of such optimization is
presented together with the hot-set management in Chapter 4 to maintain the Chapter
self-contained.

To reduce latency, it is assured that the load of a data chunk is not postponed in-
definitely. In such situation, the loadAll() blocks until enough buffer space is released.
These functions make the Data Cyclotron robust against request losses and starvation
due to scheduling anomalies.

3.4.4 Ring’s heartbeat
The definition of time-outs in a decentralized structure is always complex. Without
global knowledge on the number of participants, and how their load is affecting the
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network traffic, using predefined time-outs can lead to data starvation or buffers and
queues overflows.

The unit to define time-outs should be adjusted over the time. For that reason, a
time unit called DaCy-cycle was introduced. A DaCy-cycle is the average time for a
package to be sent and return back to the origin. Since requests do not necessarily
complete a full cycle and data chunks can be unloaded, a special message is used for
this case. With a time unit defined with a single message the time-outs among all node
are aligned.

Hence, a special data chunk, called DaCyPing is loaded into the ring at the ring’s
initialization. Loaded by the first node that defines the ring. It travels with high priority
and it is never removed from circulation. In the context of distributed systems, it can
be seen as an heartbeat for the ring.

It contains an entry per node referring to network statistics at each of them. The
number of entries is then used by the nodes as an estimation of how many nodes com-
pose the ring as well as their load and bandwidth. Such information is relevant for
adjustments on the ring structure (addition or removal of nodes) or in the flow of mes-
sages (number of messages or slowdown the forwarding). Its utility is emphasized in
the coming Chapters.

3.5 Storage ring management
The storage ring is composed of all node’s buffer space, i.e., all node’s DaCy storage.
The management of this space is done through the buffer management and the hot-
set management. The buffer management assures an efficient utilization of the local
buffers at each node. The hot-set management assures that only relevant data for the
workload is flowing around the ring and its discussion has an entire dedicated Chap-
ter 4.

3.5.1 Buffers organization
The DaCy storage is composed of several buffers and each of them has a list of prop-
erties. These properties are used to determine the used/free space and if they contain
data in transit or data in use by the application. They are used by the DaCy buffer man-
agement to determine the right number of buffers for hot-set propagation and to feed
properly the local starving computations. The global and local throughput depends on
the success of this management decision.

The DaCy storage is divided into the DaCy space and application space. A low
number of free buffers for transit data slows down the data propagation, therefore, it
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decreases the global throughput. On the other hand, few buffers to store data for the
application degrades the performance of local computations.

The DaCy sets a minimal number of buffer space for each type of data. The re-
maining space, neutral zone, is used for both data types depending on the workload
requirements. For a workload with a small hot-set the neutral zone is used to cache
data chunks for the application. Used data chunks are kept to be re-used by future
computations. If they are under node’s ownership, they are ready to be forwarded up
to request reducing data access latency. The cache management is explained in more
detail in the coming Chapter 4.

On the other hand, if the hot-set grows the neutral zone starts to be used as a queue
for data chunks in transit. Therefore, application’s data is removed or forbidden to
use the neutral zone. The first data chunks to be evicted are the cached data chunks
followed by the ones in use by the application.

With the entire neutral zone occupied with transit data chunks, the storage ring is
overloaded, therefore, new data chunks cannot be loaded. The Data Cyclotron reduces
the number of data chunks in the ring by increasing a threshold, called LOITn , to
unload the less popular data chunks from circulation. A detailed study of the dynamic
adjustments of the threshold is presented in the coming Chapter 4.

3.5.2 Buffer fragmentation
The data chunks size is not equal and it is not known a priory. Furthermore, the buffer
registration cost on the network adapter requires a buffer to be registered at the node’s
initialization. To cope with this issue and to reduce fragmentation, a node allocates
the buffers with the same size and stores as many data chunks as possible in the same
buffer.

Each buffer contains a offset list to delimit the occupied areas and the ones that
remain empty. Every time a buffer is loaded the offset for the free space is updated. The
management of these offsets is similar to the buddy memory allocation algorithm [144]
and it is relatively easy to implement and supports limited but efficient splitting and
coalescing of memory blocks [97].

The buddy memory allocation splits the buffers into halves, i.e., it creates binary
buddies. Each buffer is divided into two smaller blocks, and each smaller block be-
comes a unique buddy to the other. A split block can only be merged with its unique
buddy block to reform the larger buffer they were split from. A binary tree is used to
locate used or unused memory blocks.

After the buffers allocation, and registration, a binary tree is created to represent all
buddies blocks for each buffer. The depth of the tree (Dep), passed as configuration
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parameter, defines how many times a buffer is split in half. For efficiency the buffer
size is power of two. Power-of-two block sizes make address computation simple.

In comparison to other simpler techniques, such as dynamic allocation, it has little
external fragmentation. Furthermore, the merge of buddy blocks has little overhead
since the maximal number of merges per buffer is log(Dep).

This organization and management of the empty regions is not optimal, but it has
been robust for actual scenarios. However, for workloads where the data chunks do not
have power off two sizes, the internal fragmentation cannot be avoided, specially when
the data chunk is a little larger than a small block, but a lot smaller than a large block.
More robust solutions to manage the empty/occupied buffers, such as the malloc algo-
rithm, should be used to reduce, or even to evict, internal and external fragmentation.
However, its implementation and study is not part of the content of this dissertation.

3.6 Data loading and distribution
The Data Cyclotron provides two data distribution models: iterative loading and a
priory loading. The data distribution model to be used depends on the workload type. It
is up to the user to decide if it is worth to load all data before defining the computations
or use an iterative load, this is, load data as it is requested by the computations.

For workloads which request data from a data source which is always online and
has a stable connection with one or more nodes in the ring, the iterative mode should
be the preferred one. For both, a schema is first shared among all nodes. A request
is defined based on this schema and might have as target different data sources. It is
composed of the source file identification, parse expression, and split function. For
example, a request to extract a relational column from a CSV file, or to extract records
from a data block stored in a cloud storage file.

Independently of the data source, the Data Cyclotron provides a service to be in-
stalled at the data source called data loader. A data loader establishes multiple con-
nections with a Data Cyclotron’s ring and waits for data load requests. Using different
readers, the data loader extracts the relevant data, such as properties or fields of CSV
file, slices the extracted data into partitions, and send them as data chunks to the ring.
Each data chunk is tagged with a nodeID to make sure the distribution is uniform and
each node has a disjoint set. During the first cycle, the node designated by nodeID
stores a copy in its disk and updates its catalog. From that point on, it is responsible to
load/unload the data chunk into the hot-set. All other nodes only update their catalog.
With a single scan of the data source, the data is distributed for future requests.

For a priory loading, a single data load request is issued by the user, or by a node
at the reception of the first computation. Such request triggers the load of all data for
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the entire schema. For iterative loading, several data load requests can be issued by
the nodes. Each request only requires the load of input data which was not yet loaded
into the ring. For example, if two columns of a relational table are used for the first
time, a request is sent to the data loader to only extract the two columns from the
data source. The data access latency for the first data chunk request is higher than the
consequent ones. However, the cumulative cost from the first data chunk load until its
utilization is several orders magnitude smaller than the cumulative cost when using a
priory loading. To keep the Chapter self contained, a more detailed discussion, in the
context of relational databases, is presented in Chapter 6.

3.7 Summary
The Chapter introduced the Data Cyclotron architecture by posing arguments for the
adoption of a ring as the preferred logical topology. With the nodes arranged in a ring
structure each node’s layer was described in detail. Their interaction is achieved by a
few support structures and routines. Their importance and contribution for the layers
interaction was presented having in mind an efficient platform for data loading, data
forwarding, and easy access by all the nodes. Major attention was given to the DaCy
buffers which compose the storage ring. Their management and structural organization
is the key for a near optimal resource utilization and efficient data forwarding.

The population of nodes with data follows the adaptive vision of the architecture.
The applications can request data from various sources and access it on an iterative or a
priory loading mode. The iterative load is however dependent of the type of application
and data sources. Further evolution of this topic is described in coming Chapters as
well as the validation of all protocols through simulation and a full functional system
for state-of-the-art data centers.

Despite recent developments in the research world to enforce new radical changes
on the design of network topologies, the Data Cyclotron stands as one of few architec-
tures without central coordination that has an elegant way to distribute and access data.
The same time, it has the grounds of flexibility to explore new and novel data analyze
techniques using state-of-the-art hardware.
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