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Abstract—Internet of Things (IoT) is an upcoming network
technology well studied by many researchers. Mass applications
and terminal nodes with heterogenous network connection make
the tremendous scale of data process extremely diﬃcult. A combined architecture with Cloud Computing and Sea Computing
is proposed. Deluge Computing, a new concept, using Adaptive
Coding and Modulation and Granular Computing aims to release
the pressure of data process when data deluge bursts. Granular
Computing is emphasized in this architecture for data reduction.

I. Introduction
Internet of Things (IoT) is one of the most popular topics
in recent years [1]–[5]. It is a network of Internet-enabled
objects, which aims at increasing the ubiquity of the Internet
by integrating every object for interaction via embedded
systems and leads to the highly distributed network of devices
communicating with human beings as well as other devices.
Combining with the infrastructures of the every heterogeneous
networks including Internet and mobile networks, these objects
can communicate with humans, and enable peoples to monitor
and control them and enjoy their intelligent services anytime
anywhere, as Fig.1. Now, IoT is constructing under some
challenging issues and dealing with enormous amounts of data
is the biggest one [6].
Data describe the attributes of entities for example various
values, characters, structures, environment information, etc.
Besides, IoT applications cover many aspects from bottom
physical layer to upper cloud computing system layer, which
inevitably contains a great deal of overt and latent semantics.
Data processing system needs to aggregate, classify and compress the raw data with semantic context awareness. IoT nodes
may need to dynamically and autonomously form networks
with other nodes, whether local or remote and this should be
supported through a decentralized, distributed approach to the
architecture, with support for semantic services. Anticipating
the vast volumes of data that may be generated, it is important
that the architecture also includes mechanisms for moving
intelligence and capabilities for IoT such as ﬁltering, pattern
recognition, machine learning and decision-making to enable
distributed and decentralized processing of the information,
either locally or remotely in the server center [4].
Although locally decentralized data processing is expected to
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Fig. 1.

Widely Accepted Structure of Internet of Things

reduce extra interaction and disperse the cost of computation
since the terminals and gateways could ﬁgure out themselves,
huge amounts of data which have to be transferred, gathered,
stored, etc., in the center or application server are not possible to avoid. However, these data does not swarm into the
network all the time, which usually emerges spasmodically
and aﬀord giant pressure to the entire network, and eﬀect
the stability and lifetime of IoT signiﬁcantly. To ensure the
data communication at this tough duration, communication and
data reduction aspects should be both considered. In communication system, link quality is very important for network
performance. Adaptive coding and modulation (ACM) is a
popular technique to enhance this performance [8], [9]. It can
automatically select feasible coding method and modulation
scheme in accordance of QoS parameters. When data scale
is coming large, ACM will drop the BER and transmission
rate to guarantee the stability and connectivity of the entire
network. More, from data perspective, how to reduce data
transmission is quite diﬃcult with reasonable control. Some
methods run for data reduction, for example, compression,
PCA, ICA, neural network, etc. Most of these algorithms
are focusing on data feature but without context information.
Speciﬁcally, compression with wavelet, compressed sensing,
linear transform, etc. can decrease the redundancy of the data
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themselves but very limited. PCA and ICA would reduce
the data dimensions with eigenvalues information which talks
about data’s correlation other than the meaning of the data
[10], [11]. Fuzzy mathematics methods are exploited in this
issue recent years. Elloumi et al. [16] gave a multilevel
conceptual data reduction approach based on the Lukasiewicz
implication via the reduction of the object sets by keeping only
the minimal rows in each table. Zhang et al. [17] proposed
an attribute reduction approach to ﬁnd a minimal attribute
set, which can determine all of the formal concepts and their
hierarchy in a formal context. In terms of rough set theory, Liu
et al. [18] studied the reduction of concept lattices in the sense
of lattice isomorphism and proposed two kinds of reduction
methods for concept lattices in formal contexts. Granular
computing (GrC) is an emerging computing paradigm of
fuzzy information processing [15], [19], [20]. It concerns the
processing of complex information entities called information
granules, which arise in the process of data abstraction and
derivation of knowledge from information.
In this paper, we propose a novel concept ”Deluge Computing”. Deluge is a metaphor for the tremendous data stream,
which is spasmodical but violent. When data deluge comes,
some methods will play a part into weakening the deluge. GrC
is the core of deluge computing model. The data dimensions
can be decreased via granule conﬁguration so the deluge may
be under control.
The remainder of paper is organized as follow. The next
section discusses the architecture of data processing. Then, in
Section 3, Deluge Computing model is introduced. Conclusion
gives in the ﬁnal section.

Fig. 2.
Intelligent gateway on S3C6410 with Linux OS developed by
InCoDaT Lab of Dalian University of Technology. Support zigbee, wiﬁ, IR,
Bluetooth, GPRS and Internet integration and data process

dant serial steps with distributed collection-centric processfeedback control mode.
Sea computing emerges to solve these problems since nodes
can process the data with less communication and short
transmission. The precondition of this method is that nodes
should have certain computing ability both hardware and
algorithms. However, many cheap nodes can not operate fast
and constraint in running non-complex computation. Some
applications deploying expensive nodes with higher computing
ability seems unfeasible while a large number of applications
are restricted with cost. Hence, the reasonable architecture is
combined cloud computing and sea computing. Simple data
process can be achieved by nodes themselves or the neighbor
or the sink. Complicated process would be handled by the
cloud center after the data are sending from the nodes.

II. Architecture of data processing

A. contextual data

Cloud computing and sea computing may be two ways in
data processing architecture. In cloud computing [21]–[23],
applications are provided and managed by the cloud server
and data are also stored remotely in the cloud conﬁguration.
Users do not download and install applications on their own
device or computer. Sea Computing is a new computing model
of Internet of Things [27]. Through embodying the computing
unit and communications equipment in the physical world
objects, the objects can interconnect with each other. Even
in the scene which is unpredictable in advance to judge,
Sea Computing can realize the interaction between nodes. Its
essence is making the information device invisibly integrate
into the real physical world everywhere, and extending the
informatization to the physical world [26].
With the consideration of energy consumption, communication
module costs most part of node’s power. In other words, data
transmission power is more than data processing power mostly.
100 meter transmission power with 1 bit data is equivalent
with computer executing 3000 orders [25]. Therefore, cloud
computing which collects data into its server center for data
processing may cause huge consumptions. Additionally, some
particular circumstances like battleﬁeld, security surveillance,
accurate control, etc. require a real-time data process. It is
extremely diﬃcult to guarantee real-time operation in redun-

The context-awareness has an extensive application ﬁeld
in human production living like the intelligent oﬃcial work,
house-hold service, medical treatment and so on. For implementing the application system intelligent, controllable and
predictable highly as the ﬁnal destination of the context-aware
computing, making the topology states in the IoT system
predictable and reasonable to some extent through utilizing
the IoT nodes’ relevant real-time information, data, states and
parameters as the context knowledge [12]–[14].
Context-aware data can also imply whether the data are beyond
the node’s processing ability then need to be sent to the
serve center. More importantly in this paper, classifying the
sensitivity of the data should be provided, which gives a
reference for selecting non-neglected information.
Sensing data are aggregated in the intelligent gateway [24]
which classify diﬀerent information into categories, see Fig.2.
The data with similar characters are loading in one table at one
time, for example, in the smart home, shown as Tab.I. Some
characters may be default as the sensors are not deployed or
out of work. Sensitivity gives a decision character of each
data row (the sensitivity is larger, the importance is more).
However, it does not mean data with high sensitivity have to
be saved and with low sensitivity are discardable if necessary.
More complicated strategy will be discussed later.
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TABLE I
smart home
ID
Rm1
Rm2
Rm3
Rm4
Rm5

temp
28
28
29
27.5
29

humi
41
41
42
*
42

lumi
200
200
*
170
*

power
31.4
87.1
43.5
29.4
*

location
S
S
S
N
E

sensitivity
3
3
2
2
1

B. data processing scheme
With sea computing concept, the terminal nodes have process ability. It also means nodes should have been written corresponding processing programs. The programs should have
following characters [26]. (1) Embodiment: Information devices are embodied into various things, so do the sensors. The
information devices have the same life cycle as the object, and
it is self-management and self-maintenance. (2) Autonomy:
The objects are not controlled passively, but possess a certain
autonomous and autonomic ability. (3) Swarm Intelligence.
The intelligent algorithm makes the decision by the node more
eﬀective and accurate.
1) in node’s memory: The processing programs are initially
written in the ﬂash memories. For certain types of data, the
programs are accordingly various. Even with the same type,
diﬀerent targets, context and application the process programs
are diﬀerent. For example, in temperature sensing for outdoors
and patient body, the sampling frequency is various because
the outdoor temperature does not change fast normally and
low sampling will beneﬁt for energy saving while patient’s
temperature is sensitive then the sampling frequency can be
high. Consequently, the programs embedded can be revised
with centralized control.
2) from cloud server: If the program or parameter needs
modiﬁcation or update, the patch or advanced release will be
downloaded from the cloud server as a batch process, as Fig.3,
which obviously is a giant job for individual conﬁgurations in
local.
3) from local: When new nodes substitute for retired nodes
or are supplemented in a region, people hope that the programs
adaptively match the local network requirement. The new node
can downloaded the program from its neighbor or intelligent
sink as p2p protocol, Fig.4 thereby signiﬁcantly decreasing the
cost for long transmission from the cloud server.

Fig. 3.

Fig. 4.

Download program from cloud server

Download program with p2p mode

In WiMax system [28], the ACM scheme is listed in Tab.II.
For example, when the channel quality is good, the modulation
like 64-QAM (which are more sensitive links, but oﬀer much
higher bandwidth) can be exploited. If the link turns bad,
modulations like QPSK (which oﬀer robust links but lower
bandwidth) will take the place.

III. Deluge Computing
A. Adaptive Coding and Modulation
Adaptation Coding and Modulation (ACM) have oﬀered
an alternative link adaptation method that promises to raise
the overall system capacity. ACM provides the ﬂexibility to
match the modulation-coding scheme to the average channel
conditions for each user. With ACM, the power of the transmitted signal is held constant over a frame interval, and the
modulation and coding format is changed to match the current
received signal quality or channel conditions. The procedure
of ACM can be abstract as follow [28]: channel quality
estimation, parameter adaptation and feedback mechanism

TABLE II
ACM scheme in WiMax
Index
1
2
3
4
5
6
7
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Modulation mode
BPSK
QPSK
QPSK
16-QAM
16-QAM
64-QAM
64-QAM

RS code
(12,12,0)
(32,24,4)
(40,36,2)
(64,48,4)
(80,72,4)
(108,96,6)
(120,108,6)

CC CR
1/2
2/3
5/6
2/3
5/6
3/4
5/6

overall CR
1/2
1/2
3/4
1/2
3/4
2/3
3/4

B. Granular Computing

we can not simply get a partition of the universe, instead we
have the coverage of all compatibility granule. In this paper we
 = {S P (x)|x ∈ U} as a classiﬁcation of the
take U/S I M(P) = P

universe. Here for each x ∈ U, S P (x)  ∅, x∈U S P (x) = U.
Deﬁnition 4: For a subset X of the universe U, its lower
and upper approximations are given by:

Granular relationships analysis correspond to class relationships, which can include the following types: inheritance
where a subclass inherits all of the attributes and behavior
of its superclass; association, where objects of one class are
associated with objects of another class; aggregation (strong
association), where an instance of one class is made up of
instances of another class; composition (strong aggregation)
where the composed object cant be shared by other objects
and dies with its composer; and others as well [30]. IoT data
sometimes are over sampled. In similar environment, same
type sensor nodes may collect analogy information in parallel.
Therefore, many redundancies are existed and occupy much
network resources. GrC aims to classify the data and abstract
skeleton information which can represent the full meaning
to some extent. Then, abstracted data are reserved by QoS
requirement. Decision of reserved data is soft with fuzzy
logic. The gateway needs to support the intelligence when
aggregating decentralized sensor data.
1) Rough Set on Incomplete Information System:
Deﬁnition 1: Quaternion S = (U, A, V, f ) is an information
system. Let U be a universe whose elements are called objects.


Let A = C D(C D = ∅) be a ﬁnite nonempty set of
attributes or features, where C denotes condition attributes and
D represents decision attributes. For each attribute a ∈ A, we

associate it with a set of values or labels Va , V = a∈A Va .
And there is a information function f connecting elements of
U and elements of Va . In this case, the value of an object
x ∈ U on an attribute a ∈ A is denoted by f (x, a) ∈ Va . For
some x ∈ U, a ∈ C, We use f (x, a) = ∗ indicate the situation
that f (x, a) is unknown. This kind of information system with
some f (x, a) = ∗ is called Incomplete Information System.
Expanding the Equivalence Relation in classical Rough Set
Theory, Kryszkiewicz [31] gives the deﬁnition of Compatibility Relation in incomplete information system.
Deﬁnition 2: For an incomplete information system S ,
∀P ⊆ C, S I M(P) determined a binary relation:
S I M(P)

=
or

S P (X) = {X ∈ U | S P (x) ∩ X  ∅}
S P (X) = {X ∈ U | S P (x) ⊆ X}

Deﬁnition 5: For ∀x ∈ U, P ⊆ C, if S P\a (x) = S P (x), then
the attribute a ∈ P is unnecessary or superﬂuous for P, or else
a is necessary for P. Here P \ a means all other attributes in P
except a. If every attribute in P is necessary, then P is called
independent otherwise P is dependent.
Deﬁnition 6: For ∀x ∈ U, P ⊆ C, if P is independent and
S P (x) = S C (x), then P is called a reduction of C, designated
as RED(C).
2) Granular Space:
Deﬁnition 7: Given S = (U, A, V, f ), P ⊆ C, U/S I M(P) =
 = {S P (xi ), S P (x2 ), · · · S P (x|U| )}, the granularity of the comP
patibility granule on subset P is deﬁned as follows:
GD(P) =

|U|
1 
| S P (xi ) |
| U |2 i=1

(5)

Deﬁnition 8: For an incomplete information system S =

(U, A, V, f ), A = C D, Va = {vd1 , vd2 , . . . vdn } is the set of values
of the decision attribute D. Information Entropy of a subset
X ⊆ U is deﬁned as follows:
n

E(X) = −
pi logpi
(6)
i=1

Here pi = ki  | X |, ki represents the number of objects whose
decision attribute equals vdi , and | X | is the objects number in
set X. Information Entropy E(X) measures randomness of set
X. A small entropy indicates that one decision attribute value
occupies an leading position in set X. Particularly, when all
the decision attributes equal the same value in set X, E(X) = 0.
Deﬁnition 9: Given a condition attribute subset P, the clas=
siﬁcation of the universe can be written as U/S I M(P) = P
{S P (x)|x ∈ U}. The deﬁnition of Information Entropy of P is:

{(x, y) ∈ U × U | ∀a ∈ P, f (x, a) = f (y, a)
f (x, a) = ∗ or f (y, a) = ∗}
(1)

Here S I M(P), which is reﬂexive and symmetric, is called
the compatibility relation or the indistinguishable relation of
the condition attribute subset P. And × denotes the Cartesian
product of sets.
Then comes the deﬁnition of Compatibility Granule:
Deﬁnition 3: Let S be a incomplete information system,
P ⊆ C. For ∀x ∈ U the compatibility granule of object x is
deﬁned as follows:
S P (x) = {y ∈ U | (x, y) ∈ S I M(P)}

(3)
(4)

H(P) =

|U|
1 
E(S P (xi ))
| U | i=1

(7)

H(P) ≥ 0 embodies the classiﬁcation capacity of condition
attribute subset P under the incomplete information system S .
A large H(P) indicates the weak classiﬁcation capacity of P,
vice versa.
Deﬁnition 10: Condition attribute subset P ⊂ C, ∀c ∈ CP,
the signiﬁcance of c is deﬁned as follows:

(2)

Compatibility granule S P (x) is the maximal sets of all the
objects that are indistinguishable with x on the condition
attribute subset P.
Under the incomplete information system, an object may
belongs to more than one compatibility granule. For this reason

S IG(c, P) = H(P) − H(P ∪ c)

(8)

If S IG(c, P) is relatively large, we say the single condition
attribute c has great inﬂuence on the classiﬁcation capacity of
the condition attribute subset P.
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Algorithm 1: Attribute Reduction

TABLE III
Compatibility Granule Knowledge Table

Input
Output

:
:

incomplete in f ormation
reduction set RED(C)

Procedure

:

set RED(C) = ∅
set Attr = C − RED(C) = C
while H(RED(C)) > H(C)
c = argMax{S IG(ci , RED(C))}, ci ∈ Attr
add c to RED(C)

Return

:

delete c
RED(C)

f rom

system

S
Level One
Level Two

S IG({power}, {temp}) = H({t}) − H({t, power}) = 0.1387
S IG({location}, {temp}) = H({t}) − H({t, location}) = 0.2773

(9)

Add {location}, who has the largest SIG value, into
RED(C), RED(C) = {temp, location}, delete {location} from
Attr, Attr = {humi, lumi, power}. Now H(RED(C)) =
H({temp, location}) = 0, end the loop. We get the attribute
reduction of C:

CL = {CL1 , CL2 , ...}
That means the objects who have the same compatibility
granule can be taken as a same class, so the compatibility
granule knowledge is a kind of partition of the universe.
Algorithm 2: Compatibility Granular Table

Return

:
:
:

:

GD
0.36
0.28

S IG({humi}, {temp}) = H({t}) − H({t, humi}) = 0
S IG({lumi}, {temp}) = H({t}) − H({t, lumi}) = 0

Here c = argMax{S IG(ci , RED(C))} means to select a best ci
from set Attr to maximize S IG(ci , RED(C)).
Deﬁnition 11: For P ⊆ RED(C), compatibility granule
knowledge on P can be deﬁned:

Input
Output
Procedure

Granule Knowledge
(1,2),(3,5),(4)
(1,2),(3),(4),(5)

So we add the most important attribute {temp} into set
RED(C), RED(C) = ∅ ∪ {temp} = {temp}, and delete {temp}
from set Attr, Arrr = {humi, lumi, power, location}. Now
H(RED(C)) = H({temp}) = 0.2773 > 0, so another loop is
necessary:

Attr

CLm = {xi , x j | ∀xi , x j ∈ U, S P (xi ) = S P (x j )}

Attribute Set
temp
temp,location

RED(C) = {temp, location}

incomplete in f ormation system S
compatibility Granular T able HLG
set HLG = ∅
set i = 1
while RED(C) is not empty
c = argMax(S IG(c j , P)), c j ∈ RED(C)

To get the compatibility granule knowledge table we ﬁrst set
P = ∅, i = 1. Use RED(C) = {temp, location}  ∅, we should
ﬁnd c ∈ RED(C) to maximize S IG(c j , P), which is condition
attribute {temp}. And the corresponding compatibility granule
knowledge is CL1 = {{1, 2}, {3, 5}, {4}}. Add {temp} to P and
delete {temp} from RED(C), we get P = {temp}, RED(C) =
{location}.

add c to HLGi
delete c f rom RED(C)
set i = i + 1
HLG =
{HLGi }

HLG1 = {temp}
CL1 = {{1, 2}, {3, 5}, {4}}

3) Example: As Tab.1 presenting sensing data of smart
home, with general mode, total 35 data with 5 characters need
to be transferred. Here Tab.1 can be seen as an incomplete
information system S = (U, A, V. f ), U = {Rm1, Rm2, · · · Rm5},
A = C ∪ D, C = {temp, humi, lumi, power, location}, D =
{sensitivity}. First we set RED(C) = ∅, Attr = C. To calculate
the information entropy of condition attribute set C, we should
build the compatibility granule S C (Rmi):

GD({temp}) = 0.36
For RED(C) is not empty, we set i = 2, do the loop again.
HLG2 = {temp, location}
CL2 = {{1, 2}, {3}, {4}, {5}}

S C (Rm1) = {1}, S C (Rm2) = {2}, S C (Rm3) = {3},
S C (Rm4) = {4}, S C (Rm5) = {5}

GD({temp, location}) = 0.28
The compatibility granule knowledge for this example is
shown in Tab.III. Then, the data dimension is reduced to
1 characters (temperature) with GD = 0.35 or 2 characters
(temperature and location) with GD = 0.28. In practice, the
GD is adaptive with the QoS parameter. When deluge data
bursts, the performance of QoS getting worse, the larger GD
will be chosen for less characters of data. After that, more
information can be presented via setting smaller GD.

So the information entropy of C is:
1
H(C) = (0 + 0 + 0 + 0 + 0) = 0
5
For each condition attribute we get information entropy H(Ci ):
H({temp}) = 0.2773, H({humi}) = 0.7202, H({lumi}) = 0.9652
H({power}) = 0.7655, H({location}) = 0.3819
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IV. Conclusion
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An architecture of data processing and Deluge Computing
concept are proposed in this paper in order to deal with mass
data generated from IoT. Combined structure is designed to
process the data with optimum way. ACM is induced to ﬁnd a
balanced link quality and light the payload of communication.
GrC mainly appointed provides an approachable method to
control the data dimensions as the scale varied. The granule is
the factor of adaption so how to choose a reasonable granule
becomes the emerging task.
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