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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

= With existing workflows:

improvement only when network is
not saturated

Challenge Coordinated Caching Caching Scenarios
° oo oo
M. M. Horzela: Modelling of Distributed
2/16 11.05.2021 Systems with Caching

o ~ ©

u

average incoming network throughput (MB/s)
- N w >

=)

Jobs per User

0.2 0.4 0.6 0.8 1.0
CPU efficiency
M. Schnepf
Simulation Flux Model Summary
0000000 o oo

Institute of Experimental Particle Physics,
Steinbuch Centre for Computing



KIT

Data Flow

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

Cache 1 Cache 2 Cache 3
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KIT

Data Flow

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

® Jobs starting on a resource and load data into caches
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Cache 1 Cache 2 Cache 3
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KIT

Data Flow

How do we achieve the most efficient 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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KIT

Data Flow

How do we achieve the most efficient 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 filled — Replications of same data on
different resources

Cache 1 Cache 2 Cache 3
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KIT

Data Flow

How do we achieve the most efficient 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 filled — Replications of same data on
different resources

a Coordinate jobs and configure caches ...

Cache 1 Cache 2 Cache 3
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KIT

Data Flow

How do we achieve the most efficient 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 filled — Replications of same data on
different resources
@ Coordinate jobs and configure caches ...
® . .to reduce waste of storage capacity?

Sl 43

=
El-4

Cache 1 Cache 2 Cache 3
Challenge Coordinated Caching Caching Scenarios Simulation Flux Model Summary
o [ 1e} oo 0000000 o oo
M. M. Horzela: Modelling of Distributed Institute of Experimental Particle Physics,

3/16 11.05.2021 Systems with Caching Steinbuch Centre for Computing



KIT

Data Flow

How do we achieve the most efficient 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 filled — Replications of same data on
different resources
@ Coordinate jobs and configure caches ...
& . .to match current job requirements?
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Data Flow

We need coordination!

Challenge Coordinated Caching Caching Scenarios Simulation Flux Model Summary
o [ 1e} oo 0000000 o oo
M. M. Horzela: Modelling of Distributed Institute of Experimental Particle Physics,

3/16 11.05.2021 Systems with Caching Steinbuch Centre for Computing



Coordinated Distributed Caching

KIT

Karlsruhe Institute of Technology

& First prototype for Coord. Caching: NaviX 10.1051/epjconf/201921404007
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https://doi.org/10.1051/epjconf/201921404007

Urging Questions Considering Caching

® Fixing workload and scheduler: How do

we achieve the most efficient data
processing?

® How do we design the network?
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Urging Questions Considering Caching ﬂ(IT

Karlsruhe Institute of Technology

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

® How do we design the network?
® How many caches do we need to place?

Coordinated Caching

M. M. Horzela: Modelling of Distributed
Systems with Caching

@Grid storage
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@ Tier 2
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Urging Questions Considering Caching v,

® Fixing workload and scheduler: How do
we achieve the most efficient 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 efficient 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 efficient 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 figure 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 efficient 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 figure of merit do we want to
optimize? User walltime? Monetary costs?
WAN bandwidth?

Do we cache for all workflow types? If not,
for which?

Coordinated Caching Caching Scenarios
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Urging Questions Considering Caching <&

@ Fixing workload and scheduler: How do
we achieve the most efficient 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 figure of merit do we want to
optimize? User walltime? Monetary costs?
WAN bandwidth?

Do we cache for all workflow types? If not,
for which?

...and many many more
Coordinated Caching Caching Scenarios
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Problem-solving Approach for Caching  <eirme

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

@ More specific:

® 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 &S

® Three construction sites: Job/Workflow 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
specific questions
@ Study the whole combined picture
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Cache Logic - Workload Generation

AOD Task N

A 0 D (\ (on Grid)_ /‘

B —— .
Linear growth: every 3 months
AOD Size: 10 TiB - 100 TiB
Skimming Task #2

Skimming Task #1

l Recomputed: after AOD update
Size: 100 GiB - 1 TiB

Analysis Task #1.1) (Analysis Task #1.2 Analysis Task #2.1) (Analysis Task #2.2

Ana

Recomputed: every week
Size: 5 GiB - 50 GiB

i (o

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

Challenge
o
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Cache Volume

Worker Worker
Node Node
Origin Storage

Maximum Throughput:
Cache Bandwidth

Maximum Throughput:
Origin Bandwidth

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

P. Skopnik
100 @ | east Recently

— Iy

— min Used: standard in

— rand

XRootD proxy file caching

0.75 — evabit classifier=dimame

a > Minimum
based on full
knowledge

@ RAND: random
a EVABIT:

_ probabilistic

10 algorithm

05
cache volume size as fraction of max active volume

byte miss rate

input-files zene
input-files,gmete + iNput-files e

missrate = 1 — hitrate = 1 —
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https://github.com/xrootd/xrootd/tree/master/src/XrdPfc

Drawing Conclusions from Simulations A\‘(IT

Karlsruhe Institute of Technology

1.00

— I

P. Skopnik

\ - ® Choice of cache
algorithm for
general
improvement
negligible (at least
for this type of
workflow)

— evabit classifier=dimame

byte miss rate

0.0 05 10
cache volume size as fraction of max active volume

Simulation answers fundamental questions in the caching context with
full control over the boundary conditions on a large phase space!
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Karlsruhe Institute of Technology

Simulator LAPIS

[ original LAPIS Job Queue Scheduler Pools
W caching extension ~onnection
( Job . Worker |ludv] ﬂ
Scheduling .
(_ Worker node
Worker nodel M
Workload Architecture

(D data transfer
G ::‘el:? ction | Job Mix Machines Connections Storages
P + input file information

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

a Central metric for job characterization: job walltime
fcu V-(1—h) V-h

bwal = max(tcalculationy ttransfer) = max s s
Einstr Dbremote Deache
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Simulating Coord. Caching

e==Prediction

—— prediction
T {  simulated jobs 60 + Testrun
= z
§ 50 %50
8 & & & & & & & O
A R
8
EEERRRE
30 e 30
L]
20 20
0.0 02 04 06 08 1.0 0 20 40 60 80 100
cache hitrate Fraction of cached files (%)
T. FeBenbecker, 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 ...
a . ..that separates between architectures and workloads and avoids a
convoluted basis
® . .is able to define 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

— () f“\é

& Use simulation to answer urging questions

e
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Summary

complex

® Simulation provides a

| gscalable

® flexibly modifiable

® adaptable

® universally usable
ansatz to solve arbitrarily
complex optimization problems
with many possible
configurations!

KIT

Karlsruhe Institute of Technology

& Efficiency improvement through (redundant) caching is self-evident, but

® | APIS provides the foundation for getting answers

Challenge
o
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Backup!

Cache logic Simulating Coordination Flux Model
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Economic Value Added (EVA) A\‘(IT

Karlsruhe Institute of Technology

® Assign a value to each element f

cache hit rate

EVA(f) = ected hits of f—
( ) expec s 0 cache size

-expected remaining lifetime of f

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

a expected hits of f and expected remaining lifetime of f randomly drawn from
class distribution

Cache logic Simulating Coordination Flux Model
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Cache logic - Noise stability

KIT

Karlsruhe Institute of Technology

® Adding single accesses to files belonging to an external dataset at a given

rate

Since single accesses, no benefit from caching

rand

Iru min

1.00

o
]
a

o
@
3

o
o
&

o
9
S

noise ratio
1.00

0.75

eva classifier=constant eva classifier=dataset eva classifier=dirname

0.50

scaled byte miss rate
o o o =
N @ N o
% 8 o 8

o
=
3

Cache logic
oe
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cache volume size as fraction of max active volume
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Simulating Simplified Coord. Caching

60

prediction e Prediction
= simulated jobs + Testrun
é 50 8 J 50
o <
g £
= 1
s E
5 30 =
S g 30
20 a 20
10 10
° 0000
00 0.2 0.4 0.6 08 1.0 0 20 40 60 80 100
cache hit rate Fraction of cached files (%)
input-files
: cache
hitrate = - - : ;
input-files, ot + iNPUt-files ,cne
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Information Flux Model — Basics |

® Two (three) assumptions:
® Causality
® | ocal information conservation
® (Continuity of information)
® |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 (workflows) with
arbitrary pipe structures (computing architectures)
is able to picture real systems

Cache logic Simulating Coordination Flux Model
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Information Flux Model — Basics Il

Definition: 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
7?)ipe = Wpipe * Vpipe = lpipe

® [nformation in general not a conserved quantity —
Entry point for gain and drain currents needed

Cache logic Simulating Coordination Flux Model
oo o ©000000000000
M. M. Horzela: Modelling of Distributed Institute of Experimental Particle Physics,

22/16 11.05.2021 Systems with Caching Steinbuch Centre for Computing



KIT

Information Flux Model — Gain and Drain | o5 e

& |nformation in general not a conserved quantity
— Entry point for gain and drain currents /98" and /%" needed

@ | ocal information conservation:

ut rain __ 4in gain
I&pe Ig|pe Iplpe Ip|pe < 7?3”39

® Gain is dependent on incoming current (causally
connected)

b b
Vi, = Fan (Vi)

& Drain is dependent on incoming and gain currents

job ob job
l fdram <V|Jn ) VJ )

dra|n gain
Cache logic Simulating Coordination Flux Model
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Information Flux Model — Gain and Drain o5 e

- Ile Ial I
N — —

put — | 4 i 8]:793in B 8]—'idrain B a}-ldrain 8f?ain i
b avin ovin 8Vgain gVmn i
! ! i i

Cache logic Simulating Coordination Flux Model
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Information Flux Model — Pipe Chain Limit <=,

® |n a pipe chain the current can be limited by all subsequent pipes
— For a linear pipe chain with n pipes the incoming current at pipe i:

. 7 =
I < min Di}n'HDext ‘ fori<j<n
j

gain gain drain drain ain
with DIt = 1 4 2207 ang pext = 1 4 2200 _ O7CR 0707
- V\n - Vln G Vim 6 Vfgam o V/_m
Cache logic Simulating Coordination Flux Model
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Unreliable Connection

® Input information volume V" is transferred by a single pipe
® Random loss of information with unique rate c for the specific component:

]:gain =0
d <]_~drain> — d<]_-loss> =c- dvin

@ Qutput information stream:

Iout — (1 _ C) Iin

Cache logic Simulating Coordination Flux Model
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One-pipe Duplication Job A\‘(IT

Karlsruhe Institute of Technology

& |nput information:

Vin — Vinstr + Vdata
Vinstr
Vin

finstr _

@ Duplication of data with n number of duplicates:

d<]_-gain> -n- (1 _ finstr> dVin
}-drain =0

@ Qutput information stream:

Iout — (1 +n (1 o finstr)) Iin ~ (1 + n) Iin

Cache logic Simulating Coordination Flux Model
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One-pipe Simulation Job

& |nput information:
Vin — Vinstr + Vdata
Vinstr
Vin
® Creation of data from instructions with boost factor b and filtering of created
data with efficiency e:

finstr _

d <]_-gain> =p- dvinstr — bfinstrdvin
df'drain —c- dvgain + dvinstr —c- dvgain 4 finstrdvin
@ Qutput information stream:

Iout — (1 4 bfinstr _ finstr _ 6bfinstr) Iin ~ (1 _ 6) blin

Cache logic Simulating Coordination Flux Model
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Four-pipes Simulation Job

@ Pipes labelled from left to right with counter
a Simplifying here: figy = 1

Cache logic Simulating Coordination Flux Model
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Four-pipes Simulation Job — Information N(IT
Fluxes e e i

w "= [Uand [t = /Ut

® dFgEn — gV, dFE" = baVil = B = bl = b

w = gut

- df;gain —0 dfgrai" =edVil = Bt =(1—¢) = (1—¢€)bhn
w QU= [0 = o = (1 — ¢) bl

M. M. Horzela: Modelling of Distributed Institute of Experimental Particle Physics,
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Four-pipes Simulation Job — Throughput
Limitation A\‘(IT

@ Throughput limitation for the incoming current:

in . T T 1 T3 1 1 T, 1 1 A1
' < min — — , — , —
— D|1nt D|2nt D$xt Dént D(zaxt D1ext DLnt Dgxt Dgxt D$xt

<min|Tq T2 Ts Ta
> 1 e
"14b b b(1—e)
a Different to the one pipe example:
/m < %ipe
pibe =11 p
@ However, if Eb limiting factor and 7Tyipe = T2 both descriptions are
equivalent
Cache logic Simulating Coordination Flux Model
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Non-Linear Architectures

Cache logic Simulating Coordination Flux Model
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Internal Node-logic

® Many possible paths for a single job to
choose

— Some internal logic £™ needed to guide
the jobs across certain paths

=- Scheduler module matches jobs to paths

& Multiple jobs might share same paths

— Internal logic needed to share available
throughputs among jobs

= Implementation of transfer protocols in
architecture components

Cache logic Simulating Coordination
oo o
M. M. Horzela: Modelling of Distributed
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