Intercloud Workflows

CREST Application-Centric Cloud Overlay Project Eguivalent Transformation (ET) Constraint Solver

Hokkaido University

Infrastructure The Constraint Solver is based on Equivalent transformation (ET).

) _thﬂta | Stgfe/access method  on ET Program: Set of declarative meaning-preserving rewriting rules.
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Optimal resource selection { + Testbed operation ET Solver: Finds all feasible solutions to a problem based on a logic search tree.

Select optimal set of resources
(compute, network, storage) that fulfill

* SAT-based methods: Search range must be specified (e.g.,  Advantage: Generate application infrastructures composed of

licati [ ts. )
appieation rearemen S ) Search range 1 or 2). any number of resources by branching clause state.
+ ET-based method: Search range can be abstractly . . .
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= \—\ - = Utilized type ET abstract search == bl bl mstancet By
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Rapidly and automatically build data m3.2xlarge R Replace
_ analysis platform  optimized for m3.xlarge i {ans([* a]) < -+
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+ Genome sequencing { &8 ] [8% ] BI-ObjECtIVE Optlmlzathn vVia MOPLS
+ Fluid Acoustic Analysis user user I |
app A app B
[Cloud resource configuration A) [Cloud resource configuration B]
Deploy md.14xlarge in Virginia region for TopHat2 Deploy cd.8xlarge in Virginia region for TopHat2
Deploy cd.Bxlarge in Virginia region for Cufflinks Deploy c4.2xlarge in Virginia region fer Cufflinks
Deploy c4.2xlarge in Virginia region for StringTie Deploy cd.xlarge in Virginia region for StringTie
. . . [Execution time for genome analysis] [Execution time for genome analysis]
Deliverables for Optimal Resource Selection 7145.17 sec 2357.24 sac
;- : S I S —-- [Cloud resource usage cost] [Cloud resource usage cost]
1. Multi-objective optimization that can handle more than 10 (3-5 => 30-50) ; 13.18 USD 6.32 USD
' objective measures such as performance, cost, SLA, and greenness while also _
satisfying hundreds of requirements and constraints. [%'2“:’ fﬂzﬂﬁr‘;"ﬁ“ﬁﬂ:ﬁ_‘?ﬂq R
. ploy c4. in Virginia region for TopHa
: : .. . g : . . i Deploy cd.4xlarge in Virginia region for Cufflinks
2. Highly efficient formal method for descriptive specification of virtualized g DEEM: m.;,,dafrgga i uirg’}ma rgggign for StringTie
' systems and the intercloud environment. [Execution time for genome analysis]
5 | 13440.94 sec
3. Dynamic optimizgtion/adaptation mechanism co_nsidering resilience, fault [Cloud resource usage cost]
tolerance, changing environment, and user requirements. ' k 4.98 USD
MOPLS Framework for Optimal Resource Selection Many-objective Optimization via MOPLS
I 5 | |

Distribution of Pareto-optimal feasible solutions

Manyobjective Optimizer
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Genome analysis workflow D N @) dorni Reference . Output b | - ;
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| Cufflinks I \) ...... v 0.9990
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A 3 { i (Sample values)
£ Cost (USS) Makespan Availability Reliability Configuration

PLS formula s RTT, 484000 189575 599922 099985 [lophat2, mé.4xiarge, Virginial
(First-order predicate logic) : Clause transformation using ETA : "™ [cuffiinks, c4.2xlarge, Virginial,
p g . . . . . ol U ' [stringtie, m4.10xlarge, Virginia]
-+ while evaluating unit clause via MOGA : G 620217 189575 09944 099965  [ophat2, mé 4xargo, Virgini]
N R R TP rarY D.9996 . ; . ) ophat2, m4.4xlarge, Virginia],
Generate enerate w e ] . [cufflinks, c4.2xlarge, Virginia],

- - e b 9995 09930 % [stringtie, c4.xlarge, Virginia]
- Input : Output : AL g o & 801104 195569 099976 099976 [tophat2, c4.2xlarge, Virginial,
Set of definite clauses fpummmdl Clause transformation L dl Set of unit clauses dnriG . possy : [cuffiinks, c4.2xlarge, Virginial,

. . ®»e o 19980 g [stringtie, c4.xlarge, Virginia]
(ETA and MOGA) (Optimal and feasible) - | %0 104113 189575  0.99880 0.99965 [tophat2, md.4xlarge, Virginia],
L ) 0.9975 [cufflinks, m4.2xlarge, Virginia],

i : ® posee tringtie, r4.xlarge, Virgini

MOPLS framework (Generate cloud resource configurations) = fsringtie,ré.xiarge, Virginal
0.0000.0020.0040,006 .68 1o " 1.09070 1.89575 0.99912 0.99965 [tophat2, m4.4xlarge, Virginia],
T e 0t0000012001 2 * yave? [cufflinks, c4.2xlarge, Virginia],

[stringtie, r4.xlarge, Virginia]
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Constraint Specification Via PLS Descriptive sttem Oetimal Resource Selection for Simultaneous Workflows
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B PLS (Predicate Logic-defined Specification) is a unique formula for Workflow A Manyobjective Optimizer
specifying system requirements based on first-order predicate logic. i ,f-,:f-"fTas",/Cg?‘ers,if:\ " Input /\ »
P .\ / 5 / o ! dominated i s
\v WE. A E v ﬂ Nondorr Reference .
{vlr'"vl}{ 1 n} P .@ b L @ i sorting Points Assoc. . .- 7
Eis an atomic formula, v is a variable that appears in the atom. a @ @ K / |
1 1 1 1 i Output
B PLS is created by selecting and adding atoms required to represent system . Feasible Universe ____ P
requ“'ements i ~’ Feasible Configs {A} ‘ ! Pareto-optimal feasible solutiops (Sample)
I i U i : 0.9998
V Process‘,: Feasible Configs {B} | N
{ S U5 C A.'oo z DCAlIO 2NO S dnd 0 0 } | U i: i%
{1.71, 1?1} A >-\ Feasible Configs {C} J
—~ ) Objectives  _____
ODMPONE Aalo . . L N
Other Applications X {Ons, OAS -+ Opn} ¥ U
Ll siler Purpose-spe DNStra Purpose-specific constraints E {Og1, Og2, -y Ogn} E : (Sample values)
eNome ana applica (3-tierweb applicaton) | i\ (0., 0 v 0.} i ! WorkflowA' — - wOrkrow.C —
Financial budget Genome analysis workflow Maximum concurrent sessions DN e ): Cost  Makespan Avellablity cost Maokespan Avall Releblv
= = b N | H 1.0907 1.8957 0.9991 2.4510 2.5929 0.9995 0.9996
Deployment location / region Treatment policy of genome data ilability factor for tier 2rin =Cn : |
: : - : Resources Info ! Configuration: Configuration:
Service prowdertype Genome data size age size of database Resources i Task Metrics Data H [[Tal, c4.2xlarge, Virginia], [[Tcd, m4.Axlarge, Virginial, [T¢2,
B8CP /DR polic'f . - Info E E [Ta2, m4.2xlarge, Virginia], c4.2xlarge, Virginial, [T¢c3, r4.xlarge,
_ e [TA3, r4.xlarge, Virginia]] Virginial, [Tc4, m4.4xlarge, Frankfurt],
Task Metrics . Note: Feasible configurations are generated ' [Tc5, c4.2xlarge, Tokyo]]
Data [ via ET constraint solver | - -
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ILU preconditioner is one of important technique for solving unsymmetric linear system
of equations by iterative solvers (e.g. GMRES solver).

& Parallelization of the triangular solver involved in ILU preconditioner is crucial to achieve
high performance on a recent multi/many-core CPU.

€ Algebraic block multi-color ordering is a parallel ordering technique, which achieves
both fast convergence and sufficiently high degree of parallelism in parallel ICCG solver
(lwashita et al., IPDPS’12, SISC'05, and widely employed in HPCG benchmark).

€ In this research, we enhance the technique to ILU preconditioner and develop a high
performance multi-treaded ILU-GMRES solver.

Intel Xeon Broadwell (2 x 18 cores) with Intel Xeon Phi (68 cores) with optimal _
optimal blocking method and block size blocking method and block size T2em convergence behavior
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Reference: S. Li, T. Iwashita, T. Fukaya, “Enhancement of Algebraic Block Multi-Color Ordering for ILU Preconditioning and Its Performance Evaluation in Preconditioned
GMRES Solver”, Journal of Information Processing, Vol. 27 (2019), pp. 201-210.

Cholesky QR computes QR factorization by
1) W = ATA, 2) R = ChOl(W), 3) Q = AR_l_ 108 < k,(A) < 10%° | [k, (A4) < 108 K,(A) =1 orthonormal

. . . - Y, Y «
€ Cholesky QR is suitable for high-performance A—m A —> A —> ()
computing but numerically unstable. shifted Cholesky QR __ Cholesky QR Cholesky QR

holesky QR2
€ We improved the stability of Cholesky QR by « {
reorthogonalization (CholeskyQR2), but still | seporar(a s) =0, R] //s>0 cholqr2(A) = [Q, R}
face breakdown for ill-conditioned matrices. 1. W:=ATA 1. [A’,R;] == CholQR(A)
@ Recently, we have proposed a shift technique i R= ;}E’_ISW“’) 2 EQ; _RZR} - CholQR(4")
for Cholesky QR (shifted Cholesky QR) and use L= 0= T e

it as preconditioning before CholeskyQR2. Summary the of shifted CholeskyQR3 algorithm

€ The resulting algorithm (shifted CholeskyQR3)
: 1 si | d Ficient] t th Reference: T. Fukaya, R. Kannan, Y. Nakatsukasa, Y. Yamamoto, and Y.
IS st Simplie and can efriciently computes the Yanagisawa, Shifted CholeskyQR for computing the QR factorization of ill-
QR factorization of ill-conditioned matrices. conditioned matrices, SIAM J. Sci. Comput., Vol. 42 (2020), pp. A477-A503.
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