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The Belle Il Experiment at KEK 7

Tsukuba, Japan Northwest

» The Belle Il experiment is part of a broad-based
search for new physics in the intensity frontier
B precisely measuring and comparing with theory
branching fractions, angular distributions, CP

asymmetries, forward-backward asymmetries,
and a host of other observables

» The SuperKEKB accelerator upgrade will
provide 40x the luminosity of KEKB and 50x
the data taken with Belle

» “Phase 2" data-taking started in May 2018,
concurrent with beam-tuning efforts

» “Phase 3" full running starts in 2019
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Database Architecture — Concepts
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» Conditions database holds time-dependent status of
detectors for data processing/reprocessing

B Constants or time-varying parameters: calibration,
geometry/alignment, etc.

payload_iov

% payload_iov_id : serial : Not NULL

f global_tag_payload_id : int4 * :

B exp_start : int4 : Not NULL

@ run_start : int4 : Not NULL

B exp_end : int4 : Not NULL

B run_end : int4 : Not NULL
final_run_id : int4 : Mot NULL
dtm_ins : timestamp : Mot NULL
dtm_mod : timestamp : NULL
modified_by : text : Mot NULL

basf2_module
9= basf2_module_id : serial : Not
B name : text : Not NULL
description : text : NULL
dtm_ins : timestamp : Mot NULL
dtm_mod : timestamp : NULL
modified_by : text : Not NULL

v g
i
: payload '
: = payload_id : serial : Not NULL |
. . . . . R ' 8 basf2_module_id : int4 * : Not NULL !
» Intervals of Validity (IOV) specify starting and endin | :
i description : text : NULL |
. . - ¥ is_default : boolean : Mot NULL :
global.tag.payload +---H base_url:text: Not NULL H
experiments and runs for a given payload for tha ~4 e ;
8 global_tag_id : int4 * : Not NULL b oo R R N B O o=
B pavioad.id : int4 * : Not NULL payload._status_id : int4 * : Not NULL
g O a tag dtm_ins : timestamp : Mot NULL deleted : boolean : Not NULL
dtm._mod : timestamp : NULL dtm_ins : timestamp : Mot NULL
b dtm_mod : timestamp : NULL v
;
! ¥
1 ;
i '
_____ : i
i i
- - - - : : app_
» Global tags contain list of IOV-payload relationships | '
"’global T global_tag_status N e & code : char (5) : Not NULL
= 2 global_tag_status_id : serial : Not NULL message : text : Not NULL

and are used to select a complete set of conditions
for a given reprocessing effort

B Different types (dev, release)

B Multiple status types (new, published, invalid)
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% global_tag_id : serial : Not NULL

# name : text : Not NULL

B is_default : boolean : Not NULL
description : text : NULL
global_tag_status_id : int4 * : Not
global_tag_type_id : int4 * : Not

B name : text : Not NULL
description : text : Not NULL
dtm_ins : timestamp : Not NULL
dtm_mod : timestamp : NULL

dtm_ins : timestamp : Not NULL

dtm_ins : timestamp : Mot NULL B

dtm_mod : timestamp : NULL
modified_by : text : Not NULL

global_tag_type

2= global_tag_type_id : serial : Not
& name : text : NULL
description : text : NULL
dtm_ins : timestamp : Mot NULL
dtm_mod : timestamp : NULL

]
:
i dtm_mod : timestamp : NULL
h
h
i
|

-
payload_status

9= payload_status_id : serial : Not NULL
 name : text : Not NULL
description : text : Not NULL
dtm_ins : timestamp : Not NULL
dtm_mod : timestamp : NULL
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Database Architecture — Access \V/
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» Design separated into two components: database (metadata) and payload files
B Each has different requirements for workflow and scalability

Calibration cycle
=

» Database has REST APl — HTTP accesses

B Ex: “lovPayloads?gtName=production&
expNumber=3&runNumber=345"

B Restricts access to allowed operations
B Easy to scale with industry standard (HTTP) tools e

(Tier 1,US BNL)
» Payloads are kept as external files outside

of the database —
B Database request returns partial URL of payload file SECAT
B Avoids database bottleneck for large payload files
B Allows for different scenarios for file storage and transfer

TIER1
BNL
Worker Nodes

v

Interactive Users

Interactive Users

CHEP 2018
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Database Architecture — Multiple Layers o
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» Required performance attained at multiple levels
by relying on commercial tools designed for scalability

Squid proxy cache

dllH

B Squid HTTP cache
@ Configured as reverse proxy — many clients, few servers
@ Supports multiple requests for the same query
@ Caches the most common global tags in Belle Il

10S/1S34 d1LH

H “b2s” Belle Il service layer

® Payara-based (JavaEE) server to translate REST
requests into SQL queries

@ Caching via Hazelcast In-Memory Grid service
® REST API built using Swagger tools

Parallel file system (IBM GPFS)}

B PostgreSQL database

CHEP 2018
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Database Architecture — Separate DB and Payload Servers ~7
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» Database server built with multiple instances » Payload server consists of multiple nodes of
of all components high-performance NGINX HTTP servers
B Major components run as docker containers
B Greater reliability and performance Belle2db-files service
Belle2db service g \
Load Balancer
[ Load Balancer ] \ J
Node 1 Node 2
/[ who ]\ ( \ /" Web instances \ / Web inst \
- Lo
[ cache ] LL .. [ cache ] N
4 Database service A T e — T wte—
[ e o ] L|—/ ;|—/
L Read/Write Read Only ) [ 1
GPFS (CDB files storage)
_[ GPFS (CDB files storage) ]_
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Client Interfaces

Basf2 Software Framework
» Run granularity; finer granularity handled on client side
» Payloads assumed to be ROOT objects (but DB doesn’t care)

» “DBStore” manages storage and automatic updates of payloads

B Template classes that always provide pointer to the correct
current payload

» Transparent access to remote database or local files

» Configured via Python steering file
B Can generate “chain” of locations to search (both remote and local)

Other Interfaces
» Command-line client
» Swagger APl web-based interface

CHEP 2018
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references
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\

manages

DBObjPtr<T>

——requests—m

H—otifies

DBStore

I
requests
updates

Database Service <—I

v

calls

v

LocalDatabase

CentralDatabase

w

Central DB
Server
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Database Monitoring
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Requests

» Extensive monitoring of all layers (HW, database,
server, cache) are in place |
2.0 opm ‘

B Subset provided to all collaborators via web interface !'. I '} '\ TR TSR
0 opm MAL ‘.".rLIM" i "‘J"‘LJ AT 'MJ‘JALPf!“MA!”wl»“}’LJ\J'LVAJJU'f_hw\'ur\mj"ww.w U”

Current IOwait Current CPU Current RAM used Disk Latency 17:00 18:00 19:00 20:00 21:00 22:00
== Requests == {}
o .
8 8 g8 000 0, ..c'. o se, 00,%",""" 000%80g0q0%%,° .'-.
e .

. . B2S Process Memory

. ®_o.°
9808008, , 000, 0000 cop  08%8 0, "% 000%0,00%,0,%0,0,% , 0

22:00 22:10 22:20 22:30 22:40 22:50

== Read:sda 4 ms 13 ms
== Write: sda 34 ms 146 ms
0
17:00 18:00 19:00 20:00

== heap used == nonheap used == heap commited == nonheap commited heap Max
Frontend Requests

150pm B2S Pool Memory

10 opm

5 opm

‘“ J ) .,L u‘\' N k’. '\‘\/1\/, ‘,}‘ \\,l'kw f\,‘w,ﬂ‘\\‘

17:00 17:30 18:00 18:30 19:00 19:30 20:00 20:30 21:00 21:30 22:00 22:30

0 opm 17:00 18:00 19:00 20:00 21:00 22:00

== Code Cache area used == Compressed Class Space area used == G1 Eden Space area used == G1 Old Gen area used

== internet-ingress-nginx-ingress-controller-2629033163-0nkxu == internet-ingress-nginx-ingress-controller-2629033163-jlugd G1 Survivor Space area used - Metaspace area used == Code Cache area commited - Compressed Class Space area commited
G1 Eden Space area commited == G1 Old Gen area commited G1 Survivor Space area commited Metaspace area commited

CHEP 2018
PNNL-SA-136013 10 July 2018




Database Performance — Monte Carlo and Data Reprocessing \v/
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» Current MC and Phase 2 88 Belle Il CDB database service ~ w @ & < Q > Olast2dhours T
data reprocessing do not put
a significant load on the DB

22 Belle Il CDB files service 28 Belle Il KEK online database

and payload file servers - e S
7.0 MB/s
. 2.5MB/s
» Current biggest stressor: 60M/s
users submitting large 20MB/s
. . 5.0 MB/s
number of non-grid jobs
1.5MB/s 4.0 MB/s
3.0 MB/s

» Directed tests necessary to roMa/s
confirm that performance is 20me/s

. . . 500 kB/s l
sufficient for full running | | | I rome/s
[l Wl . I
Pl L W { At | | 1 "N | 1, A1 [INT |
0B/s ;‘,_.,_A,,'\'J’\'.‘L‘w\‘,‘,,,.“._‘\_\ ST ._“._A_v,\_s’.,., oo AW AT T g WP | SaiiBry, 7 ey MV AL LY A _M_,__"; ML\ WICJLE A 4;‘“1»,» «4""‘»-,”;"‘:,\‘ LAA- ,.‘J M A~ -.,~‘{~, Loard 0 B/s
16:00 18:00 20:00 22:00 00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00
belle2db tx Max: 2.75 MB/s Avg: 219 kB/s == belle2db rx Max: 7.48 MB/s Avg: 107 kB/s
CHEP 2018
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Database Performance — Directed Tests \ﬁ/
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Tests of production workflow Performance during directed tests
» Verify proper operation for expected » Example: Gatling configured to issue 400
production jobs reg/second over a period of 15 minutes

» Estimated rates for full production: B Input fed from list of 21k different requests
~100 reg/sec continuous, higher bursts Network bandwidth

» Both directed tests and MC job submission
B Verify software releases
B Specific job scripts for “problem” workflows
B Confirm proper operation and database access

CPU usage

» Directed tests using Gatling HTTP
performance testing tool

» No issues or increased workload seen

CHEP 2018
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Database Migration from PNNL to BNL o
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» U.S. Department of Energy’s Office of Science is aligning _ -
. _—_ . . MRS ifi
unique laboratory capabilities with project needs N hiea

NATIONAL

- Belle Il computing moving to BNL in 2018 T

» This required significant preparation — not only did operation
of the various services need to be transferred, but also

training of staff for development efforts on distributed data
management (DDM) and conditions DB
B PNNL was primary developer for Belle Il in both instances! |
bt ek
» Compute nodes moved in fall of 2017, DDM services it s

Belle2db service

and the conditions database in June 2018
B Similar (but not identical) configurations at both sites
B Careful planning performed to minimize down time
B Payload files in cvmfs during transition
B Effectively no interruption to users!

[ GPFS (CDB files storage) ]

July3,2018 | 11
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Upcoming Database Development 7

Pacific
Northwest

» Authentication and Authorization » Site Replication
B Currently in development B Current performance is sufficient for Belle II, but
B Expectation is that reads will be open, single site Is less reliable
but write access needs to be authenticated (who B Current backup of payloads on cvmfs — temporary!

are you?) and authorized (you can’t do that)
» PostgreSQL replication (streaming, log-based)

» Proposal: leverage existing X.509 certificate ¥ Built-in functionality
authentication used for Belle Il grid processing M Issues: latency, hardware requirements
B Can add “roles” to X.509 certificates, ex.:
® User (read-only) » More advanced tools?
@ Developer (can add data to open global tags) B OpenStack Trove, CockroachDB
@ Coordinator (can modify global tag status) B Would require significant tool migration

» Persistent remote squid caching
B Caches at remote sites w. long invalidation times

CHEP 2018
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Conclusions \v/
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» The Belle Il Conditions Database was designed for ease of operation and support
B REST interface
B Industry-standard tools for scalability and ease of operation

» The database was successfully transitioned from PNNL to BNL in May 2018
B Careful planning resulted in no issues for users
B Effectively zero downtime due to availability of backup payloads in cvmfs

» Demonstrated performance well above current MC and Phase 2 data-processing needs;
expected to handle full Belle Il running as well

B Able to scale cleanly if higher performance needed

CHEP 2018
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The Belle Il Detector 7
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RPC u & K| counter:
Csl(Tl) EM calorimeter:{¢-==-~=--——c . ____ r4m . scintillator + Si-PM
waveform sampling =S T for end-caps
electronics, ' o
pure Csl
for end-caps

6 layer inner tracker —
2 layers PXD ‘
(DEPFET) +

4 layers DSSD

3-of-Flight, Aerogel
srenkov Counter —!
STime-of-Propagation
Wcounter (barrel), !

¥ proximity focusing Aerogel

RICH (forward) '

Central Drift Chamber:
smaller cell size,
long lever arm

Belle Il Technical Design Report: arXiv:1011.0352
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Payara is an application server for production Java EE applications

Release frequency Irregular Quarterly
Releases in 2016 0

« Monthly for
Patch releases For versions < 4.0 only support customers

Payara Server is a drop in replacement for GlassFish Server Open
Source Edition, with the peace of mind of quarterly releases ‘
containing enhancements, bug fixes and patches.

Production Support X v

Developer Support X v
There is also Payara Micro, which enables you to run war files from
the command line without any application server installation. It is — e
small, < 70MB in size and incredibly simple to use. With its
automatic and elastic clustering, Payara Micro is designed for : :
running Java EE applications in a modern containerized/virtualized .. x v
Infrastructure, using automated provisioning tools like Chef, Ansible " ™" - -
or Puppet. Monitoring Logging X v

Microservices distribution X v

CHEP 2018 E— Ml‘/mag
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http://www.payara.fish/payara_micro
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The Hazelcast operational in-memory computing e o | omme | pvwon | wodess | seun
platform helps leading companies worldwide manage [y ot e comsiy By

Forward Compatibility, Binary Protocol)

Serialization
(Serializable, Externalizable, DataSerializable, IdentifiedDataSerializable, Portable, Custom)

their data and distribute processing using in-memory T E—————

storage and parallel execution for breakthrough i ] ey | it | s | g Ao | wo | cume | e |
application speed and scale.

g
:
Low-Level Services API g § §
Hazelcast is easy to work with and brings a highly e — By j F
resilient and elastic memory resource to all of your (ontars, s Morbr, Vit artion g i, Prion G Paton e il
applications. At its core, Hazelcast is one of the most o 7% e Conal e, L Fbores s, T
widely adopted open source solutions with tens of ' g
thousands of installed clusters and over 16 million Sormge ot e o  F
server starts per month. On top of this popular open o 0,75 vercors Ot o o o et 2 8 20 g
source platform, Hazelcast Enterprise HD and S (i, rocE S e, A, -
Hazelcast Enterprise offer licensed features for large (O Prarise, A5, e Sk G o, parst, )

[ Open Source [ Enterprise Edition [l Enterprise HD Edition wo HD-Enabled Feature

scale deployments. Now you can free your data from
slow, expensive, and hard to scale relational
databases. With Hazelcast, your database remains
the system of record, but bottlenecks disappear. CHEP 2018
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SWAGGER =
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What is Swagger?

The goal of Swagger™ is to define a standard, language-agnostic interface to REST APIs which
allows both humans and computers to discover and understand the capabilities of the service without
access to source code, documentation, or through network traffic inspection. When properly defined
via Swagger, a consumer can understand and interact with the remote service with a minimal amount
of implementation logic. Similar to what interfaces have done for lower-level programming, Swagger
removes the guesswork in calling the service.

Technically speaking - Swagger is a formal specification surrounded by a large ecosystem of tools,
which includes everything from front-end user interfaces, low-level code libraries and commercial API
management solutions.

CHEP 2018
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http://swagger.io/getting-started/specification
http://swagger.io/tools

Open-source load testing
framework based on Scala,
Akka, and Netty

» High performance

» Ready-to-present HTML
reports

» Scenario recorder and
developer-friendly DSL

Record

- Compatible with all browsers
- Easy way to script your scenarios

V. gject Gatling Hands On
Launch
SB: t Terminal
‘) } g Linux / OSX: gatling.sh

Windows: gatling.bat

Maven -

Maven: mvn gatling:execute

SBT: sbt test

Continuous Integration

Pacific
Northwest

NATIONAL LABORATORY

Edit
- Write your scenarios with our scripting

API or directly in Scala
- Easy-to-read and developer-friendly

- Easier maintainability

CHEP 2018
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Analyze

- Clear, exhaustive, dynamic and colorful
reports

- Significant metrics: 99th percentiles

- Ready-to-present

October 10, 2016 19



PNNL — FY2017 at a Glance o

Pacific
Northwest

NATIONAL LABORATORY

» $987M in R&D expenditures » Mission-driven collaborations with

» 4,486 scientists, engineers and government, academia and industry
non-technical staff » Among DOE's top-performing labs; a premier

» 64 U.S. and foreign patents chemistry, environmental sciences and data

» 7 R&D 100 Awards, 2 FLC Awards analytics laboratory

» 1,127 peer- rewewed publications

PPPPPPP

Other.
Agencies

22%

NVIR@NMEN '

- | Portland, OR

9 CIENCE
‘,“ S ‘ /Cj‘? i
NATIONAL SECURITY
31%
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