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MapReduce BEHEL
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File Reversal Policy

= For every file i in Cold Zone
= Num_accesses, SRR #TREY

= HNum_accesses, >= Thresholdyg, , EREHIETRME R, #§
#WiBEHot Zone
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e Problems for sending Sensor Data to Cloud
e SensorFS and DMFS

e Clustering methods

e Performance

e Conclusion

0 L€
]
Sensor Data to Cloud !

Problems for sending

[AS B

SuLCHAT fupa
Data size compare

HDFS block size vs Sensor Data size

[ [ mm [ [ omm ][] == |
EREEEEL
400MB

Reference:

Problems to be solved

e Massive data(from sensors)
to be stored in data center

e Massive small data should
be merged for analysis

=5 ]
w
=W
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SensorFS and DMFS

SensorFS
An small data unit generated by sensors.
o Extend from DMFS & “u_‘:_:_‘_
o Distri write caching
o Parallel file merging
*  Sensor clustering

. 7

DMFS
Distributed Memory File System
o Distributed g
«  Concurrent Write Master t | ChunkScrver |
o File Clustering PLILE P
 File Merging E Weite Coche.
[ e el
S— 1
———————
VERITag

File System Compare

DMFS vs Existing Memory File Systems )
Tachyou | RAMCloud

| Reds Memcached | | owrs
Distributed ‘ X ¥ v ‘ v ‘ v
Concument | X v v x v
Write
X X X % v
Clustering
File X X X ‘ x ‘ v

arameters for Efficiency Analyzing

Number of Sensors. 10
File Sze | oke
Number of Files(n) [0

Number of DataNodes in HDFS(x) 6

Block size of HOFS. L sae

Tom 7008

Run time of one Sensor Clustering I
Sensor-Clusterig Frequency | Every 100 s
Thsos [ims

T e -W)



Efficiency Compare

HDFS vs HMFS vs SensorFS
Type Formula Result(sec)
= - Tc
HDFS Thors = 2 (Tm i ”‘“k"""') 10,700
| : . !
HUES | Tors = 3 (Tesone) + 3 (Toamotie + TN ece) 1,170
1 1

I "o m THOFS Bock \
SonsorFS Tsensorks = Toustering 3 ( ‘:"‘)*Z (Tm+ D ) 315
| 7 T

Reliability of SensorFS

= Step 1. Write request
Sensor

—_—
Step 2. Return ChunkServer list

Step 5. Backy,

|Step 3. Write file asynchronously

l Master ave
C o
St

ver | vers

Step 4. tep 0.
Write/Backup Status Backup Status

Sensor Clustering

Sensor Similarity

Let A and B be sets of sensors.
0O, and Og be the object set sensed by A and B.

Sensor_Similarity(A, B) = |04 N Og|

s Jaccard(O,, O,
Sensor_Similarity(A, B) = WM -(|0al+|0sl)
Oan O,
Jaccard(Oy, Og) = : o:u o::

Sensor Dependence

Let A and B be sets of sensors.

O, and Og be the object set sensed by A and B.
If Og < O,, B depends on A(B—A).

Lemma 1. If B—~A and C—B, then C—A.

Lemma 2. If B—A, then for any sensor set C, we have

Sensor_Similarity(B, C) < Sensor_Similarity(A, C)

y |

Sensor-Dependence Graph

A directed weighted graph representing sensor distance.

Sensor-Dependence Graph
The sensor-dependence graph has the following properties.

1. Adependence edge can only point to one root node. If two nodes have
sensor dependence between each other, choose smaller sensor identifier
as the root node.

2. Acorrelation edge between root nodes is bidirectional, which is
introduced to refect the sensor similarity.

3 A graphis tobea graph.

4. For each sub-graph in an SDG, there are only two levels of nodes
connected by dependence edges. So there is at most one dependence

A\

edge between any root node and any leaf node.
Sensor-Dependence Graph

Lemma 3. B—A is equivalent to the following.

. Jaccard (O, Og) = %

Simplification Example
=
2o
- :>
(b)
oL
« » 40

M Algorithm 1. SDG_Construction(T)

Part 1. prepare initial 0(not sensed)/1(sensed) matrix
row: objects, col: sensors

[AS B

j b

M1 -~ Sensor-Object-Matrix(T);
M2 - Minhash(M1);

SP = LSH(M2);

§S -~ Sensor-Set(M1);

for each(S, S) € SP do
if S; ¢ SDG.leaf then
if(S,=S,and S, » §)) or (S-S, and Si < Sj) then
SDG.leaf = SDG.leaf U {S}:
SDG.root = SS - SDG leaf;

PONDOP DN

Algorithm 1. SDG_Construction(T) Con@

Part 2. detect dependency edges
use Lemma 1 & 2 to simplify SDG to satisfy Property

4.

10.for each S, € SDG.root do

11. for each S, € SDG.leaf do

12. if S, = S, then

13. SDG.d_edge = SDG.d_edge U {S;~ S(weight = [S)};

14.for each s, w € SDG.root do

15. d = Sensor_Similarity(s, ),

16. ifd>0then

17. SDG.c_edge = SDG.c_edge U {s < w (weight = d)};

18.return SDG
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SDG-Based Sensor Clustering

For a SDG, we create an algorithm to
o Utilize the sensor dependence relationships
e Find sensor pairs that have the maximal sensor similarity.

Lemma 4. Let v be a leaf node in an SDG, and r be the node that
has the maximal sensor similarity with v in the SDG, r must be a
root node of v.

Lemma 5. A node pair that has the maximal positive value of
sensor similarity in an SDG must have a dependence edge or a
correlation edge between them.

Algorithm 2. Sensor_Clustering(T)

Part 1. Initialize each node as cluster, pick each pair by Lemma 5

1. SDG - SDG_Construction(T)
2.n - get the number of sub-graphs in SDG;

3. if (n> MIN_CLUSTERS) then

4. C= each sub-graphs is made a cluster;

5. returnC;

6. for each node in SDG do

7; Initialize each node as cluster in C;

8. while |C| > MIN_CLUSTERS do

9. (c1, c2) = the cluster pair with the maximal sensor similarity in SDG;

. A g
Algorithm 2. Sensor_Clustering(T) Co

Part 2. if dependency edge: merge front to back
if correlate edge: merge and calculate edge

9. ifcl —c2 € SDG.d_edge then
10. Merge c1 into cluster c2;

11. Remove c1 — c2 from SDG;

12. elseifcl < c2 € SDG.c_edge then

13. for each ¢ «+7 ¢2 € SDG.c_edge and ¢ != c1 do

14. ifc —C c1 ¢ SDG.c_edge then

15. Add ¢« c¢1 with the weight of ¢ «T c2 into SDG;
16. else

1: Compute the mew weight of ¢ «» c1in SDG;

18. remove ¢« ¢2 from SDG;

-l |
Algorithm 2. Sensor_Clustering(T) Co

Part 2. if dependency edge: merge front to back
if correlate edge: merge and calculate edge

19. Merge c2 into cluster c1 and make all the leaves of c2 be c1's leaf
nodes;

20. for each w «»7 ¢1 € SDG.c_edge do

21. Compute the new weight of ¢ <[ ¢1 in SDG;

22.return C;

Clustering Example

Generate cluster by SDG.

MIN CLUSTERS =3
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Clustering Example Cont.

Clustering Example Cont.

3

Processing 512 = 511,56 — C1,59 — 53,510 — s4 and C1 «»
ca.

-\

Clustering Example Cont.

Processing s7 — C1,s8 —= C3.

-Hg%%' 1@3

Performance Evaluation

Experimental Setting

Parameters Value
Server 0S Ubuntu 12.04 64bit
cPU 5-4440 @3.10 GHz
RAM Kingston 8GB DDR3
Hard Disk Seagate ST1000DM003
178 7200 RPM
Server Role 1* Master DMFS
1 * HDFS NameNode
5 * Nodes (for DMFS ChunkServer nodes &
DataNodes of HDFS)



Features of the Five Traces Average flle-scan counts (sensor clustenngﬂ

by IndoorSTG, 50 buildi * 20 floors * 30 i ! i
minutes for each traces. 3 i . it
T : ¢ i .
Root-Node Files Files 9 b
Trace Ratio Sensors Objects (10KB) (500KB) 5 e EZ .,/-a.,-w'“ f e SSE2R
1 % 100000 2608800 22010048 292,028 e~ < e R
T T 1 () Teaces. (o) Trace2 0 Traced
2 5% 100000 2272400 10276045 261,973
3 17% 100000 | 2195200 10,171,187 228,047
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5 45% 100000 1991900 = 9856614 265804
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= Conclusion
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@Tres
Average file-scan counts (sensor clusteringﬂ Conclusion
We did imp the write of HDFS.
Jarrcard Coefficeint = |g‘n g’l -5 [g4n OSI 5
|0aU Ogl ~ |04l +|0g! — 104N Ogl SensorFs:
On top of HDFS to solve multi-sensor object-tracking
. PP |0an Og| files.
Cosine Similarity = ——————— Sel D
/TOAl - /TOAl nsor y and Sensor Dep
104l V1Oal Two concepts for sensor clustering.
SDG-Based Sensor Clustering algorithm + SensorFS:
Hamming Distance = |Os & Og| = |OaU B| —|0an B| Efficiency for performance between other FS.
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Conclusion

There are several research directions in future work.

1. Reliability of SensorFS.
2. Improving the
3. Account the consistency of the merging files.
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Definition: Software Reliability

* Software Rellability: P(AB)
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