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Approach & Focus

Adaptive infrastructure for sensor data analysis
@ Multiple concurrent data streams
@ Variable properties: rate and data types; various processing models
@ Support for in-transit analysis

@ Support for admission control & flow isolation at each node
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Approach & Focus

Adaptive infrastructure for sensor data analysis

@ Multiple concurrent data streams

@ Variable properties: rate and data types; various processing models
@ Support for in-transit analysis
°

Support for admission control & flow isolation at each node

@ Develop a model and a system architecture to support adaptive
stream processing

@ Model is executable directly and can be combined with monitoring

@ Model behaviour can be modified through an external controller
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Background Petri nets

Petri nets

Characteristics

@ directed bipartite graph

@ 2 types of nodes: places and transitions
@ arcs: place-transition, transition-place

@ tokens: move on the graph

@ static structural nature
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Background Reference nets

Reference nets

Characteristics

@ tokens can be nets — dynamic
hierarchies of Petri nets

@ Java inscriptions & Renew interpreter

@ we can build executable rapid prototype
models — concurrency
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In-transit Analysis

Outline

9 In-transit Analysis
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In-transit Analysis

In-transit Analysis

Characteristics

@ Perform partial/full processing of data from source to destination

@ Benefit from availability of slack in the network — i.e. availability of
excess capacity at processing nodes

o Useful to support: filtering, statistical analysis (min, max, avg) over a
window size — i.e. common (often repeated) operations

@ Same operation available at multiple nodes — location of analysis not
important
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System Architecture & Model

Outline

e System Architecture & Model
@ Token Bucket
@ Autonomic Data Transfer Service
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System Architecture & Model

System Architecture

Workflow
Stages
I \ i R tokensfs /7 2
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01100111 input buffer —— PU input buffer
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01101010 - input buffer
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@ 3 key components / node: Token Bucket, Processing Unit & output streaming

@ Each component provides various tunable parameters — these can be externally

modified
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System Architecture & Model

System Architecture
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System Architecture & Model

Some rules as an example

1 | E: B; over threshold . -
C: SLA; allows control ANumRes;; = min(Ni, (\ij — Ri;)/6ij)
the addition of N; re- AR = Mij — Rij
sources

2 | E: B; over threshold n n
C: SLA; allows control AR;; = ZNumRes,-j * 6;j — Z R;;
the use of free resources im1 im1

e Universidad ////l“;
i Zaragoza

Rafael Tolosana-Calasanz et al. End-to-End QoS on Shared Clouds for Highly Dynamic, Large-Scale DPMSS'12 13 / 22



System Architecture & Model Token Bucket

Token Bucket Behaviour

R tokens/s bits
be | <« slopeR
C-R
b tokens
\ slope C
(I
€ bps time

@ Two key parameters of interest: R and b.
@ Behaviour is dictated by changes in these two parameters.
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System Architecture & Model

Token Bucket & Processing Units

Token Bucket

input

o

input dataChunk

:begin(dt);
bf:add(dt)

inData(i)

ew(b,R);
[b.R]

[b,R_rate]

action bufCap = b*100;
bf:new Buffer(bufCap)

bf:exception(e);
:exception(e);
bf

Bufered dataChunks

Data Buffer guard i>0;
bf:get(dt);
bf rend(dt);
output
i
bf
bf:size(s); o
:bfContent(s);
0
guard i<b; L+ 1] Token Bucket
ck:end();

/ ck: new Clock();
R ck
R
ck:begin(R)

R transfer rate

:update(R);
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System Architecture & Model

Autonomic Data Transfer Service

Autonomic Data Transfer Service

Data Storing

Data Transfer Service

this:initval(bufCap hdCap.s);
bf:new Buffer(bufCap)

js:getw(w);
K:begin(w)

bf:get(awf);
(O navt-add(awiy,
k:end(); hdbf

this:initval(bcs,hds,s);
hdbf:new HDBuffer(hds)

hdbf:get(awf);
element(awf)

@,

biSize(s); -
bf s::g; bf:get(awf); dts:new DTS();
hdbf:size(0); dts
element(awf)
I ot « dis dis—{i6]
Begin(awf); Buff | [ dts:end(di);
bi:add(awf) hdsize(s): mom end(d)):
bf hdbf:size(s) )
hdbf
;l chlj ch2)

dts:send(id,msg);

dts:receive(id msg);
:send(id,msg)

receive(id,msg)

DTS with in-transit processing

_[]:getmu(mu) . .
this:initCtrIval(mu,w); w.mu,npul addIPUO; By
:send(id,[*ipu-rq" op]);
fw,mu,0] fw.mu,npu] —{] :getvars(mu,w.npu) id{ this:getOp(op)
w,mu,npul
Controller ¢ oul T :getww) id
:receive(id,ipu)
@ ckinew CIk(: o\dvalues [w,mu,npu] ipu
T begm(s) lhls initval(bfs.nds.s); TEHED L
X [lia]-ctrl:new Controller ["add",n] this:addIPU) [z} p p >[ 18 |
ipu:begin(awf.dst); o ipu:end(dt);
this:destiny(dst); 2 end t);
this:element(awf) PY ipu
ctl npu facc,0 —*{et7]
is:bfSi - ctrl:end(w,mu,npu);
this:biSize(bfsz); ( PU);
this:hdSize(hdsz2); ctnl el ['stop",n] " 5 [ce2]
this:getvars(mu,w,npu); Ipu:send(id,msg); ipu:stop();
crtl:begin(mu,w,npu, ['stop”,n-1] guard n>0; :send(id,msg) :stopIPU()
biszhdsz) this:stopIPU()
h ipu:recelve(\d,msg).
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System Architecture & Model Autonomic Data Transfer Service
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Evaluation

Outline

e Evaluation
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Evaluation

Experiments
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Conclusions and Future Work

Outline

e Conclusions and Future Work
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Conclusions and Future Work

Conclusions and Future Work

Conclusions

@ in-transit processing of multiple data streams over a shared (elastic) infrastructure

@ dynamic Token Bucket (admission control): support of variable bursts
@ elastic Processing Unit: add / reduce computational resources

@ Autonomic Data Transfer Service: adaptive transfers

@ Controller: monitors & modifies behaviour

o Rule based but can use other strategies (i.e. reinforcement learning)
@ QoS(node 1) + ... + QoS(node n) # end-to-end QoS i.e. a we
consider a hierarchical control strategy (but on-going!)
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@ Autonomic Data Transfer Service: adaptive transfers

@ Controller: monitors & modifies behaviour

o Rule based but can use other strategies (i.e. reinforcement learning)
@ QoS(node 1) + ... + QoS(node n) # end-to-end QoS i.e. a we

consider a hierarchical control strategy (but on-going!)
-~

@ Currently validating in an Electrical Vehicles scenario

@ Focus on pipeline MoC — applicable to other workflow engines where data transfer
can be modified
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