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Project Overview

We develop optimal resource selection scheme based
for “Application-Centric Overlay Cloud Utilizing Inter-
Cloud” (JST CREST Bigdata: Prof. Aida group@NIl)

Jitsumoto@Tokyo Tech.

B Development of intercloud

Munetomo@Hokkaido U. Infrastructure

» Data store/access method on
intercloud
» Testbed operation

middleware to build

bigdata analytic
platform in the
intercloud automatically

B Munetomo group@Hokkaido U
develops an optimal B2 Ogasawara@NIG
resource selection

scheme of the middlewarep

Middleware
Rapidly and automatically build data

analysis platform  optimized for
application

Applications
« Genome sequencing
 Fluid Acoustic Analysis
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Virtual Cloud Provider (VCP) Middleware (Prof. Aida group)

B Automatic and quick creation of virtual clouds (=
data analysis platforms) configured by resources
over multiple cloud platforms

1. resource selection
2.VM/BM control (Terraform)

3.base container deployment (Docker) z

4.network setup (IPSec, SINET5 VPN) Y | containers collection with
6 app communities o

user | Y configuration template [upyter
6. dynamic resource reconfiguration (Jupyter Notebook) A\
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5. monitoring (Fluentd, Elasticsearch, Kibana) N




Demo: Building Galaxy Virtual Cloud with VCP

Help o9 @ A |¥] @oo27:40 T o) 100% @A ThuNov 8 13:46 nasuno Q =
2ss - Docker Huo i SC1/_Galaxy_ntra SC1/-Galaxy-scaleout 7 Gratana - 5C1/ Galaxy VO -
Galaxy_infra.ipynb# 150% ¢ Search
- Ju pyter SC1 7_Ga|axy_infra Last Checkpoint: 14 minutes ago (autosaved) # Logout
File Edit View Insert Cell Kernel Navigate Help Trusted ‘ Python3 O

Contents (-] v n
1 Construct a virtual cloud for Galaxy + SLURM cluste

e 1 Construct a virtual cloud for Galaxy + SLURM
2.2 Initialize VCP SDK cluster

2.3 Create a node for Galaxy _ N . i
2.4 Create a node for a SLURM cluster e NIIZ7 77 F TGalaxyZ 7 2 # LD VC (Virtual Cloud) 2fFRT 3.

v 2.5 Confirm the created VC information e Galaxy¥— 8L, £D¥a 7ETHL R BEHH — FHif2ZSLURMZ 7 2 % & LTHRT 3,

2.5.1 Show a list of launched nodes
2.6 Add a SLURM compute node

~ 2.7 Confirm VC information (JE:)I::); LZ’:‘e’ﬂaO‘:k) i i &
2.7.1 Show a list of launched nodes & -~

Gal u
3 Prepare SSH setting for VC nodes VCP User R2) Tse
(VC Administrator) i

v 4 Setup Base containers ! m X
¥ 4.1 Setup a Consul server for a DNS service VCP system - A DT, e ee——— ) e
4.1.1 Boot the Consul server on the Galaxy node E Unit: galaxy-compute Unit: compute
4.1.2 Check status of the Consul server T i , node#1  node #2 . | node#n node #n+1
4.1.3 Register SLURM node IPs to Consul DNS Gw| Sﬁ’"’:‘d s;:pnﬁd Sc#lb-od‘t 'Sﬁ”n’:d smd |
4.2 Mount the NFS volume | [BC BCUINFs Cliest | | BC BC i
v 5 Setup Application containers i LB BM | ; W™ WM

5.1 Start the Galaxy container

5.2 Start SLURM containers Base Network over R&E

5.3 Configure Galaxy job runner ] network Amazon:

5.4 Restart Galaxy server @ap-northeast-1
5.5 Setup a reverse proxy for Galaxy Web

i

:

E App_ misc (DN, Logging, ..) i App  Application Container

1 i
& i i Bc ‘NFS—server Persistent Data BC  VCP Base Container
7 Check status of the SLURM cluster BM =- > Galaxy DB

NIl Cloud: ! » Tool Config BM  Bare-metal Machine
8 Next step, Scale-out cluster @chlba T » Workflow
chiba » Reference Data VM Virtual Machine

efc ...
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Optimal resource selection (Munetomo group)

B We discuss optimal resource selection in scientific
bigdata processing in the intercloud environment.
=> Integration to VCP middleware

1. Multi-objective optimization to minimize deployment cost,
make span, and maximize availability, etc. to deploy
scientific workflows in the intercloud.

2. Development of cloud service broker satisfying a number
of constraints related to the target workflow and cloud
infrastructure (services).

3. Multi-objective optimization of parameters configuration
in bigdata processing (Hadoop) and scientific workflows.
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Difficulty in optimal cloud service selection

B |t is difficult to select proper services and their

options for instances of workflow components.
B Instance types (cores, memory, storages)

B Location (region)

Instance
B Providers -
B Purchase option '~

Compute

(spot, reserved) e
B The users are

optimized

only interested ...
in overall cost

Amazon EC2 instance types

Current Generation Instance Types

t2.nano | t2.micro | t2.small | t2.medium | t2.large | t2.xlarge | t2.2xlarge |
md.large | md.xlarge | m4.2xlarge | md.4xlarge | md.1l0xlarge | m4.l6xlarge |

m5.large | m5.xlarge | m5.2xlarge | m5.4xlarge | m5.12xlarge | m5.24xlarge

c4.large | c4.xlarge | c4.2xlarge | c4.4xlarge | c4.8xlarge | c5.large | c5.xlarge
| e5.2xlarge | c5.4xlarge | c5.9xlarge | c5.18xlarge | c5d.xlarge | c5d.2xlarge |
c5d.4xlarge | c5d.9xlarge | c5d.18xlarge

r4.large | rd.xlarge | rd.2xlarge | r4.4xlarge | r4.8xlarge | rd.l6xlarge |
xl.1l6xlarge | x1.32xlarge | xle.xlarge | xle.2xlarge | xle.4xlarge | xle.8xlarge

| xle.16xlarge | xle.32xlarge

d2.xlarge | d2.2xlarge | d2.4xlarge | d2.8xlarge | hl.2xlarge | hl.4xlarge |
hl.8xlarge | hl.1l6xlarge | i3.large | i3.xlarge | i3.2xlarge | i3.4xlarge |
i3.8xlarge | i3.16xlarge | i3.metal

Accelerated f1l.2xlarge | £1.16xlarge | g3.4xlarge | g3.8xlarge | g3.1l6xlarge | p2.xlarge |

& performance computing | p2.8xlarge | p2.1l6xlarge | p3.2xlarge | p3.8xlarge | p3.16xlarge
[ ]

https://docs.aws.amazon.com/AWSEC2/latest/UserGuide/instance-types.html
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Optimal resource selection in the intercloud

Multi-objective optimization problem: we want to
minimize cost, execution time, and maximizes
availability etc. simultaneously.

B Scheduler should be developed to select optimal
resources such as virtual machine instances and their
configurations from a huge variety of services options.

Response with
Deployment

Configurations
< Dynamic Inter-cloud

<

>~

4 Resource Scheduler

Request with
Specifications and
Requirements

$ Optimal Deployment of Energy/Cost/SLA, \
virtualized systems . Greenness, etc.

y ) - 2 \‘,;- ‘ ,.‘.
Inter-cloud WyAyutonomous ‘

Metadata Adaptation .
Public Cloud A Public Cloud B Private Cloud services “Infra” Layer (The Inter-Cloud)
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Cloud Service Broker (CSB) based on Equivalent

Transformation (ET) with Predicate Logic Spec. (PLS)

* We develop a cloud service broker (CSB) by ET to
find feasible infrastructure deployment patterns
based on user’s requirements.

) Input _ Output ETRAT
= > == =&

User requirements CSBystem % $
- N

Predicate Replacement of

Feasible Infrastructure
deployment patterns

Logic-defined definite clause sets
Specification by ET rules
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Predicate Logic-defined Specification (PLS)

B We describe system requirements with predicate
logic formula.
v{El A EZ A% En}

e el e

Atomlc formula (predicates)

TopHat?2 Spec.

Vsstructure}t Envrionment (x structure, [[stepl, “tophat2”, [2.0]]

[step2, “cuf flinks”, [2.0]]
Cufflinks [step3, “stringtie”, [2.0]]]) A
X Cost(* structure, 10.0) A

.bam

gtf Constraint Location(* structure, [“Virginia”, “Tokyo”]) A
. , onstraints Policy(* structure, “public”, “single”) }
StringTie on Cloud
infrastructure

Ca)

*structure Cloud service/type (e.g. instance type)
Environment Genomic analytics workflow to deploy
Cost Maximum price payable

Location Deployment location or region, zone
Policy Selction policy of cloud service providers
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Equivalent Transformation (ET)

Replacement

ET program: Set of rewriting rules that replaces
clause sets, while preserving the declarative
meaning of original clause. (Akama, 2006)

S, = {(answer *x *y) <-- (append *x *y (1 2))}

(append *a *b *c) | Rewrtingrule - ("@l"0) = (12 3)

—=>{(=*a (), (=*b *c)}: = RLAT.lnDTAS2L
==> {(="a (*d[%)), (= "c (*d|™))}, (append e "b ™).

M Preserving the
S, = {(answer () (1 2)) <-—- ﬁ declarative meaning}
(answer (1]*z) *y) <-- (append *z *y (2))}
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Cloud Resource Selection Based On PLS Method

Step 1: Construct a PLS reflecting system requirements

A PLS has the following form:
VilEr AEy A=+ Ep},
where E is an atomic formula (atom), v is a set of variables
appearing in the formula.

Step 2: Generate a definite clause cl from the PLS

A definite clause cl has the following form:
ans(vy, vy, v;) « E, E,, -+ E,,

where the term of an ans atom is all variables in .
Step 3: Transform clause set D

Clause set D is transformed while preserving the declarative
meaning of the initial state in accordance with the following
procedure, where the initial state is {cl}.

HOKKAIDO UNIVERSITY



Cloud Service Broker (CSB) based on ET and GA

B We combine ET and GA to find optimal solutions
that also satisfy constraints (requirments).

Input: System/App requirement ..© Output: Pattern set
e ) ) M=
« Genomic workflow CSB system Infrastructure pattern 1
° MaXimum priCe payable ans([“aws”, “r4.16xlarge”, “Virginia”, [s1, “tophat2”,[2.0],892.49]], N
. Deployment location of VMs . [“aws”, “m4. xlarge”, “Virginia”, [s2, “cuf flinks”, [2.0], 1.0]],
. Service provider type [“‘aws”, “m4.xlarge”, “Virginia”, [s3, “stringtie”, [2.0],1.0]]) «
- J T

Describe! ‘ Compute ‘ !Describe

(Logical formula) Transformation of clause set Set of unit clauses
e {

Vu{Er A Eg A+ Ep} (HO <) | (H = ans(vy,v3 - vy))&
(B ={E1, Ez, - En})&
Clause transformation while (6 € S)&(BO € G)&
evaluating unit clause (HO € G)}

For satisfiability

HOKKAIDO UNIVERSITY
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Results

B 60 definite clauses and 19 unit clauses are obtained
from the initial state, and the unit clauses are evaluated
by GA. Green points represent optimal solutions.

e
.

Estimated cost D
Estimated cost [USD]

20000 30000 40000 50000 60000 70000

Estimated execution time [sec] /
[ ((

ans( [“aws”, “r4.16xlarge”, “Virginia”, [step1, “tophat2”,[2.0],892.49]],

“aws”, “m4. xlarge”, “Virginia”, [step2, “cuf flinks”, [2.0], 1.0]],

“aws”, “m4. xlarge”, “Virginia’, [step3, “stringtie”, [2.0], 1.0]] ) «

Estimated execution time [sec]

» «
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Many-objective optimization engine with NSGA-III

B We develop a many-objective optimization engine for
scientific workflows considering tradeoff among cost,
make span, and availability by employing NSGA-III.

Input from Constraint Solver

Set of resource configurations
satisfying constraints (feasible
configs.)

Historical Data

Site uptime/downtime

=  Hourly usage ratio

Modified NSGA-IIl Optimizer

_____________________________________

(Search feasible set for optimal configurations)

Feasible initial
set of resource
configs

N/w conditions

Input from Users

= Genomic workflow

=  Objectives (cost, makespan,
availability)

=  Reference values (optional)

1 (ll;(lbl[lfy

-
1
1
|
1
1
1
|
1
1
|
|
1
1
i | Nondominated Reference values
i ot association i
=ahd s0 — |
FastQC FastQC : T \l_ I :
| . . . Reference Point ]
i 1 )\ A< !
: Insert new 1 XS :
' | feasible resource igal, 7~ Hyper-piane :
z : configurations P :
1 ‘ 1
I
_:>: it g .
\ | Discard worst Nioh :
* | configurations iening :
1
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Distribution of optimal tradeoff
configurations
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Multi-objective scientific workflow optimization

H We employ NSGA-Il/Ill to solve multi-objective

optimization (cost, makespan, availability) of level-wise
scientific workflows.

DAG

workflow
) —

User

‘Workflow Task Partitioning

o600
—
Jsh)
w
a8

groups

___________

Service Queue
| Manager

Task Scheduler
|

i | Resource Manager

multi-objective
optimization

failure availability resource
probability | | probability cost

makespan

() () (W]

e[ M ] [vm, |

‘ Cloud Seruce .

Cloud Physical Layer ]

Oy

__________

)

(X, y)
(1,2)

2,1)
(4,2)
(2,3)
G3.1)
(1,3)

(1,3)
(L,1)
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Experimental results (Scientific workflows)

B We perform experiments on Epigenomics, Montage, and

CyberShake workflow benchmarks, and obtain Pareto
optimal solutions.

60 0.2

0.6
50 1% Epigenomics 0.15 '- Montage 05 & CyberShake
& 40 % 24 nodes ' . 0.4 % 30 nodes
% 30 . 46 nodes ¢ 01 = 50 nodes & 03 50 nodes
17 - ’:
20 . 100 nodes 5 0.05 ° % “ g 02 ‘».;" 100 nodes
10 LI - ‘ ® e e veel o 0'1 tu,,.'v.“'
0 e . o 0 Q‘“ ® oo " %o . 0 :s!'. ..:.au :.
0 2000 4000 6000 0 2 4 6 8 0 10 20 30 40
makespan makespan makespan
6000 20 80
5000
, . 15 . 60 ¢
_4000 % Epigenomics 997 nodes = « Montage 1000 nodes : CyberShake 1000 nodes
o
< ] fa
z 3000 z Y g N
wv
2000 & 5 L T S 20 ‘
1000 \ Y. . \
0 “®eeme o 4 W . 0 0 ® ®
0 5000 10000 15000 20000 0 5 10 15 0 20 40 60 80
makespan makespan

makespan
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Parameter optimization for Hadoop bigdata processing

B Hadoop configuration parameter optimization using
steady-state NSGA-II.

workload ;
‘ SSNSGA-I| Execution
optimization ~ time | \
§ N2 o aw
Instance \ A S ,

________________________________________

List of optimal setup cost

configuration setting | -

HDFS & MapReduce parameters (17 parameters)
. . YARN parameters (6 parameters, including instance type)
min #(p) , min c(p) YARN related MapReduce parameters (7 parameters)

p=Ip,pP»---P, »configuration parameter list and instance type
t(p) = execution time of MR job per second

c(p) = machine instance usage cost in yen
HOKKAIDO UNIVERSITY



Experiment results (Hadoop)

cost (¥)
O R N W b T OO N

ng terasort workload result
Conditions .
Population Size, P= 30 > .
Number of Evaluations, E = 150 * ot
43
Number of Objectives, 0 = 2 §2
Mutation Probability, MP = 0.1 1 @ oD
Crossover Probability, CP = 1 0 e » @ see o 0
Hokkaido univ. academic cloud 0 0 execution time (sec) |70 °0
Il i X-large
(for cost & exec. time conditions) © smal e medum o large o X8
wordcount workload result ,  Pagerank workload result
16
54 14 &
f>;12
::‘10
AR}
o® 3 6
(@) N @
C - e (2) o -
0 100 200 300 400 500 600 50 100 150 200 250 300
execution time (sec) execution time (sec)

e small @ medium o large e x-large ® small ® medium o large * x-large

il
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Current achievements and Future works

We employ multi-objective genetic algorithms and
equivalent transformation to solve multi-objective
resource optimization problems with complex
constraints in the inter-cloud environment.

B Scientific (genomic) bigdata workflows

B Hadoop parameters configuration

B We are integrating our methodologies into the
Application-Centric Overlay Cloud (VCP).

B As a Cloud Broker/Scheduler to satisfy various needs in
wide-spectrum of bigdata applications.

HOKKAIDO UNIVERSITY
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Hokkaido University High-Performance Intercloud

Supercomputer + Intercloud system to support research

projects related to HPC, Bigdata, loT, Al, etc.

Supercomputer system: 3.96PFLOPS (Intel Xeon + Xeon Phi)
Intercloud system: Virtual & Baremetal Servers with multiple

sites (Hokkaido, Tokyo, Osaka, Kyushu) across Japan to
support distributed systems development (loT, etc.).

Supercomputer System

Subsystem A 1,004 nodes

==

FUJITSU Server PRIMERGY
CX400/CX2550 M4
[Node architecture)

Subsystem B 288 nodes
—
FUJITSU Server PRIMERGY

CX600/CX1640 M1
[Node architecture)

C P U :Intel Xeon C P U : Intel Xeon Phi
(Gold 6148/20-core) x 2 (7250/68-core)x 1
Memory : 384GB Memory : 96GB

Peak Performance
3.96PFLOPS

)

?&';ES“KX SAET LA Jane cane

Intercloud System
(Private cloud system)

Virtual machines: 500+VM (16 nodes)
FUJITSU Server PRIMERGY CX400/CX2550 M4
C P U :Intel Xeon (Gold 6138/20-core) x 2

Memory : 256GB d

Baremetal servers 44 nodes
FUJITSU Server PRIMERGY CX400/CX2550 M4
C P U :Intel Xeon (Gold 6138/20-core) x2

Memary : 256G8 ’

Cloud Archive System
(Remote site)

Kitami Institute of Tech.

PRIMERGY RX2530M4

GPU servers 4 nodes x4 —
FUJITSU Server PRIMERGY RX2540 M4
C P U :Intel Xeon (Gold 6138/20-core)x2 I, Toky Osaka U, ' 'Kyushu U, |
Memary : 256G8 B | Baremetal Baremetal ETERNUS
aremets eme emet
G P U :NVIDIA Tesla V100(PCle)x2 aremeta lopuerie ' LT270 (LTO)
3 nodes 3 nodes 1 node 58
Storage : 3.84TB SSDx2 (RAID1)
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