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Solving the HEP Computing Challenge <&,

@ Proposed solutions for the
HEP-Computing-Challenge
® Software improvements
® |ntegration of additional non-HEP
resources
a Optimization of existing
computing model
@ QOpportunistic resources ¥
Occupation of network increases

D) With existing workflows:

improvement only when network is
not saturated
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Data Flow

How do we achieve the most ef cient data processing with a
given resource composition?
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Data Flow

How do we achieve the most ef cient data processing with a
given resource composition?

® Jobs starting on a resource and load data into caches
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Data Flow

How do we achieve the most ef cient data processing with a
given resource composition?

® Jobs starting on a resource and load data into caches
@ Repeatedly accessed data is loaded also into other caches
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Data Flow

How do we achieve the most ef cient data processing with a
given resource composition?

® Jobs starting on a resource and load data into caches
@ Repeatedly accessed data is loaded also into other caches

® Continuing until all caches are lled !
different resources
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Data Flow

How do we achieve the most ef cient data processing with a
given resource composition?

® Jobs starting on a resource and load data into caches
@ Repeatedly accessed data is loaded also into other caches

® Continuing until all caches are lled ! Replications of same data on
different resources

@ Coordinate jobs and con gure caches ...
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Data Flow

How do we achieve the most ef cient data processing with a
given resource composition?

® Jobs starting on a resource and load data into caches
@ Repeatedly accessed data is loaded also into other caches
® Continuing until all caches are lled ! Replications of same data on
different resources
@ Coordinate jobs and con gure caches ...
® . .to reduce waste of storage capacity?
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Data Flow

How do we achieve the most ef cient data processing with a
given resource composition?

® Jobs starting on a resource and load data into caches
@ Repeatedly accessed data is loaded also into other caches
® Continuing until all caches are lled ! Replications of same data on
different resources
@ Coordinate jobs and con gure caches ...
® . .to match current job requirements?
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Data Flow

We need coordination!
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Coordinated Distributed Caching

® First prototype for Coord. Caching: NaviX 10.1051/epjconf/201921404007
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Urging Questions Considering Caching

® Fixing workload and scheduler: How do
we achieve the most ef cient data
processing?
® How do we design the network?
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Urging Questions Considering Caching

® Fixing workload and scheduler: How do
we achieve the most ef cient data
processing?
® How do we design the network?
® How many caches do we need to place?

Where?
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Urging Questions Considering Caching

® Fixing workload and scheduler: How do
we achieve the most ef cient data
processing?
® How do we design the network?
® How many caches do we need to place?
Where?
® What is the optimal size and caching logic
of these caches?
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Urging Questions Considering Caching

® Fixing workload and scheduler: How do
we achieve the most ef cient data
processing?
® How do we design the network?
® How many caches do we need to place?
Where?
® What is the optimal size and caching logic
of these caches?
® Can we replace managed storage with
caches without losing momentum?
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Urging Questions Considering Caching

® Fixing workload and scheduler: How do
we achieve the most ef cient data
processing?
® How do we design the network?
® How many caches do we need to place?
Where?
® What is the optimal size and caching logic
of these caches?
® Can we replace managed storage with
caches without losing momentum?
® Which gure of merit do we want to
optimize? User walltime? Monetary costs?
WAN bandwidth?
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Urging Questions Considering Caching

® Fixing workload and scheduler: How do
we achieve the most ef cient data
processing?

Challenge
o

How do we design the network?

How many caches do we need to place?
Where?

What is the optimal size and caching logic
of these caches?

Can we replace managed storage with
caches without losing momentum?

Which gure of merit do we want to
optimize? User walltime? Monetary costs?
WAN bandwidth?

Do we cache for all work ow types? If not,
for which?
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Urging Questions Considering Caching

® Fixing workload and scheduler: How do
we achieve the most ef cient data
processing?

Challenge
o

How do we design the network?

How many caches do we need to place?
Where?

What is the optimal size and caching logic
of these caches?

Can we replace managed storage with
caches without losing momentum?

Which gure of merit do we want to
optimize? User walltime? Monetary costs?
WAN bandwidth?

Do we cache for all work ow types? If not,
for which?

...and many many more
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Problem-solving Approach for Caching

Fixing workload and scheduler: How do we achieve the most
ef cient data processing?

® More speci c:

® How do we design the network?

® How many caches do we need to place? Where?

® Can we replace managed storage with caches without loosing momentum?
a

® Short: What is the desired computing architecture for the collective German

sites?
Simulation can answer these questions!
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Optimizing Coord. Distributed Caching

® Three construction sites: Job/Work ow Management ,
Computing-Architecture and Scheduler very challenging due to

® Complexity of each
® Back couplings / convolutions / interplay

Caching adds layers of complexity to complex optimization problem!

Decouple and isolate single components and study separately to answer
speci ¢ questions

Study the whole combined picture
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Cache Logic - Workload Generation

P. Skopnik, Reactive Caching to Accelerate High-Throughput Computing Workloads
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Cache Logic - Access Generation

P. Skopnik, Reactive Caching to Accelerate High-Throughput Computing Workloads
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Cache Logic - Impact of Cache Algorithms

P. Skopnik

® | east Recently
Used: standard in
XRootD proxy le caching

a : Minimum
based on full
knowledge

® RAND: random

@ EVABIT:
probabilistic
algorithm

input- 1es . cne
input- les oo T INPUL-1ES che

missrate = 1 hitrate = 1
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Drawing Conclusions from Simulations

P. Skopnik

® Choice of cache
algorithm for
general
improvement
negligible (at least
for this type of
work ow)

Simulation answers fundamental questions in the caching context with
full control over the boundary conditions on a large phase space!
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Simulator L APIS

T. FeRenbecker, Modeling of distributed coordinated caching for LHC data analyses

@ Central metric for job characterization: job walltime

twaII = max (tcalculation; ttransfer) = max
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Simulating Coord. Caching

T. FeRenbecker, Modeling of distributed coordinated caching for LHC data analyses

® Good starting point for deeper studies!
® |ncrease freedom to be able to answer more complex questions
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Generalizing the Simulation Ansatz

® One possible improvement: model ...
m .. .that separates between architectures and workloads and avoids a
convoluted basis
® __ .is able to de ne and handle arbitrarily complex architectures and workloads
@ . . is able to simulate at arbitrary precision

Information Flux Model

@ Trade-off between level of generalization and expense due to increasing

complexity!
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Full Simulation

® Macroscopically three components: Workload, Architecture and Scheduler
already covered by LAPIS

@ Use simulation to answer urging questions
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Summary

@ Ef ciency improvement through (redundant) caching is self-evident, but
complex

® Simulation provides a
® scalable
® exibly modi able
® adaptable
® universally usable
ansatz to solve arbitrarily
complex optimization problems
with many possible
con gurations!

® | APis provides the foundation for getting answers
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Backup!

Cache logic Simulating Coordination Flux Model
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Economic Value Added (EVA)

® Assign a value to each element f

cache hit rate

EVA(f) = expected hits of f
() P cache size

expected remaining lifetime of f

@ Evict element with smallest value
& All elements are sorted into prede ned classes

® expected hits of f and expected remaining lifetime of f randomly drawn from
class distribution
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Cache logic - Noise stability

® Adding single accesses to les belonging to an external dataset at a given
rate
® Since single accesses, no bene t from caching

Cache logic Simulating Coordination Flux Model
oce o 0000000000000
M. M. Horzela: Modelling of Distributed Institute of Experimental Particle Physics,

19/16 11.05.2021 Systems with Caching Steinbuch Centre for Computing



Simulating Simpli ed Coord. Caching

Cache logic

[e]e]

20/16

11.05.2021

input- 1es . che

hitrate = - -
input- 1es g mote T INPUL-1€S 4016
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Information Flux Model — Basics |

® Two (three) assumptions:

| Causality

® | ocal information conservation

® (Continuity of information)

a |dea:

® Ajob is a volume of information, which needs to be
transferred

® The transferring agent are pipes with limited
throughput, which carry the information from one
point to another

® The interplay of job collections (work ows) with
arbitrary pipe structures (computing architectures)
is able to picture real systems

Cache logic Simulating Coordination
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Information Flux Model — Basics Il

De nition: Information

® On a very elementary level: digital signals on arbitrary digital-electronic
elements

® But: Resolution property of the model can be used to absorb this into an
effective abstraction by making the right assumptions

® Current is limited by maximum throughput of the
pipe
Toipe = Wpipe  pipe  Ipipe
® |nformation in general not a conserved quantity !
Entry point for gain and drain currents needed
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Information Flux Model — Gain and Drain |

& |nformation in general not a conserved gquantity
I Entry point for gain and drain currents 199" and 193" needed

@ [ ocal information conservation:

gain

out drain — in
Ioive * Toine’ = Tope * lone T pipe

pipe pipe pipe

® Gain is dependent on incoming current (causally
connected)

job _ ) job
Vgain - Fga“" Vin

® Drain is dependent on incoming and gain currents

job  _ . job. y ,job
Vdrain = Fadrain Vin Vgain
Cache logic Simulating Coordination Flux Model
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