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CERN

CERN - European Laboratory for Particle Physics

Founded in 1954 by 12 Countries for fundamental
physics research in a post-war Europe

Major milestone in the post-World War Il recovery/reconstruction
process 2
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elactro-weak

Fundamental Research

Why do particles have mass?
Higgs Mechanism

Why Is there no antimatter left in the Universe?
Nature should be symmetrical

What was matter like during the first second of the
Universe, right after the "Big Bang"?

A journey towards the beginning of the Universe gives us
deeper insight.




Fundamental Research

What is 95% of the Universe made of?
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Worldwide LHC Computing Grid

- Provides Global computing resources

«  Store, distribution and analysis T2 sites

(about 140)

Tier-1 sites

10 Ghit/s links

- Physics Analysis using ROOT
« Dedicated analysis framework
« Plotting, fitting, statistics and analysis




Data Analysis in Practice 4

- ROOT works with N-tuples '{
« Specifically produced by physics groups
Physics objects, level of detalls, filter and pre-analysis steps
- Small Datasets
« Copy files and run locally

- Large Datasets
« WLCG infrastructure split the analysis in multiple jobs
« Each job is sent to Grid site where input files are available




The Challenge

Can we replace the file based analysis with a model where the data is
analyzed inside a centrally accessible Oracle Database?

with
"sel muon" as (select "muon 1", "RunNumber", "EventNumber","E", "px","py","pz","charge","pt","phi","sta" from DATAL2 8TEV."muon"
pmere "pre > 10000. and abs("eta”) < 2.7 and "right 1 and ("id _d0"<10. or abs("eta”)>2.5) and "prcone207<0.1s"ptn)
select "RunNumber®”, "EventNumber”,mu_sel n,
muon0."muon_i" as mu_id0, muonl *
muon0."charge" as mu_charged, muonl."charge" as mu_chargel,
muon0."pt"/1000. as mu_pt0, muonl."pt"/1000. as mu_ptl,
maonl."sta" as mu_etal, muenl."eta" as mu_etal,
(case when abs (muon0."phi"-muonl. "phi")<aces (-1.) then sqrt (POWER (2bs (muonl."phi”-muonl."ph
else sgre (POWER( 2.%acos(-1.) - abs (muon0."phi”-muonl."phi®),2)+POWER (abs (muon0. "eta

,2) +POWER (2bs (muon0. "eta”-muonl."eta"),2))
-muonl."eta”),2)) end) as DELTAR,

ANALYSISTOOLS . PHYSANALYSIS . INV_MASS_LEPTONS (muon0."E",muonl. "E", muon0. "px”, muonl. "px", muon0. "py", muonl. "py”, muon0. "pz",muonl. "pz")/1000. as INV_MASS

from DATA12_STEV."periodAllYear v47-prol3-017

INNER JOIN (select "RunNumber","EventNumber",COUNT(*) as mu_sel n frem "sel muon" group by ("RunNumber","EventNumber")) USING ("RunNumber","EventNumber")
INNER JOIN "sel muon" muon0 USING ("RunNumber","EventMumber") INNER JOIN "sel muon" muonl USING ("RunNumber","EventNumber")

where muon0. "muon_i"<muonl."muon_i" and muon0."charge"
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The Challenge

. . . Table name columns M rows sizein GB
- Physics-objects described by hundreds ahotan z NEEN s
of variables a1 N 142

primary_vertex 25 89.5 11.9

- Each query uses unique subset of Fugger) 40 72 79

MET_RefFinal 62 6.6 2.3
Varl ab I e S eventData 52 7.2 14
« Cannot index all possible combinations _ z>eciom08 paralil

- Query performance typically limited by I/O
reads

Average % CPU used

:: o iowait
: M system
. M user

w0

' o 50

« Root N-tuples Optimized to reduce I/O




The Challenge

- Higgs+Z: 40 variables

« TTbar cutflow: 262 variables

Total volume of I/O reads in GB:

ttbar 317
cutflow 87

Higgs+Z 14 154
m DB mntuples
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In-Memory Column Store

New static pool in System Global Area
Data in-memory — columnar format
Huge performance boost for table scans!

System Global Area SGA

i lemo
Buffer Cache Shared Pool Redo Buffer — : :
T Other shared E )
Memory

Components

<>\ Graphics: www.oracle.com, Oracle In-Memory white paper



In-Memory Column Store

- Both row and columnar format simultaneously in memory
« Buffer Cache for OLTP workload and data modifications (DML)
« IM Column Store for analytics and reporting queries
« Guaranteed transactional consistency

- Transparent for applications
« No code change needed

. No storage overhead g

« Row format on disk

OLTP

Graphics: Oracle In-Memory data sheet



IMC — Setup

- Very simple setup
alter system set inmemory_size=128G scope = spfile;

- Database restart required
- Other parameters: data population, optimizer awareness...

5QL>» zhow parameter inmemory

NAME TYPE UALUE
inmemory_clanse_defaunlt string
inmemory_force string DEFAULT
inmemory_max_populate_servers integepr 32
INMEMOFY_QgUEry string ENABLE
inmemory_size big integer 128G
inmemory_trickle_repopulate_servers_ integer 1
percent

optimizer_inmemory_aware boolean TRUE

SQL>» _




IMC — Memory

- Distribute memory between IMC and Buffer Cache

MEMORY _COMPONENT SIZE_GB
SGA Target 186
In—-Memory Area 128
DEFAULT buffer cache 38
shared pool 12
jJava pool 3.5
large pool 3.5

- Data pool (1M chunks) and Metadata pool (64K chunks)
-  VSINMEMORY _AREA view to monitor IMC pools

select POOL, ROUND(ALLOC_BYTES/1024/1024/1024,2) as "ALLOC_BYTES_GB",
ROUND(USED_BYTES/1024/1024/1024,2) as "USED_BYTES_GB",
populate_status
from vSinmemory_area;

POOL ALLOC_BYTES_GB USED_BYTES_GB POPULATE_STATUS

1ME POOL 181 .99 -1 DONE
64KB POOL 25.98 .82 DONE




IMC — Data Population

ALTER TABLE ,,electron” INMEMORY;

- Table can be loaded immediately (on database startup)
or on-demand, when first accessed

- Data populated and re-populated in the background
« New processes IMCO, SMCO, Wnnn

- Optimizer automatically uses In-Memory table scans
for fully populated tables




IMC — Data Population

« V$IM_SEGMENTS view to monitor in-memory area
contents on segment level

select segment_name, ROUND{SUM(BYTES)/1024/1024/1024,2) "Orig. Bytes GB",
ROUND(SUM(INMEMORY_SIZE)/1024/1024/1024,2) "In-memory GB",
ROUND(SUM(BYTES-BYTES_NOT_POPULATED)*100/SUM(BYTES),2) "% In-memory",
ROUND(SUM(BYTES-BYTES_NOT_POPULATED)/SUM(INMEMORY_SIZE),2) "Compression Ratio"
from vSIM_SEGMENTS group by owner,segment_name order by 2 desc;

SEGHMENT _NAHE Orig. Bytes GB In—memory GB ¥ In—memory Compression Ratio
electron 65 .66 24 .45 51.76 1.39
jet 32.27 15 .68 98 .45 2.11
muwon i1.688 i@_22 27.75 1.86
EF 3.22 .87 52.16 23.23
MET_RefFinal 2.53 2.7 188 .24

periodAll¥Year_ v4?-prol3-81_LEA .13 .é? 188 1.38




IMC - Compression

Reduces the amount of extra memory needed for IMC

5 levels of compression
NOCOMPRESS > FOR DML > FOR QUERY LOW |HIGH > FOR CAPACITY LOW |HIGH

2X-20x compression
« Depends on data type and distribution (number of unique values)

Filters for In-memory table scans applied directly on
compressed data
« Except FOR CAPACITY compression

Very low performance impact on queries




IMC — Cool Features

In-memory Storage Index — like Exadata!
« Skip scanning table sections based on filter predicates

SIMD Vector Processing
« Process multiple values in single CPU instruction

In-memory Joins
« With Bloom Filter transformation — replace join with a filter
In-memory Aggregation

« Special ,Accumulator” aggregates data
on the fly during the IMC big table scan
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(;\ Graphics: www.oracle.com, Oracle In-Memory white paper



IMC — Questions

How much performance can we gain with In-Memory
Column Store for physics queries?

How does it cope with numeric data used in physics?
« Int, float, double
« Very high cardinality columns — almost every value is unique

Is it really transparent?
« e.g. no negative impact on DML operations

Can the analysis now be performed in real-time?




IMC Tests — Methodology

- A workload consisting of all 4 benchmark queries
« Queries run in Parallel and some also in Serial mode
. Sample 115GB set of physics experiment data

- Multiple runs of the workload for each DB configuration
« 4 undisturbed workload runs with a stable execution plan
« Results averaged out of all test runs
« 3-4 warmup runs before the actual test




IMC Tests - Environment

- Server. Dell PowerEdge R820

- CPU: Intel Xeon 2.7Ghz i
32 cores / 64 threads

. Memory: DDR3 256GB -

. Storage: local SSD drive and NetApp NAS

. OS: Red Hat Enterprise Linux Server 6.5

- RDBMS: 12.1.0.2 Enterprise Edition - 64bit Production

3
¥

1t
1

<5\ Graphics: www.dell.com



IMC Tests — DB Configurations

- Row format only — Buffer Cache
«  With empty buffer (flushed before each query)
«  With pre-warmed big buffer — 160GB
«  With pre-warmed reduced buffer — 32/80GB

- In-Memory Columnar format — IM Column Store
« In addition to Buffer Cache

« All possible compression levels
« BC/IMC pool sizes dependent on compression: total = 160GB




IMC Tests — Compression Rates

- Fortables used in physics analysis — 115GB in row format
« ,electron”, ,jet”, ,muon” - typical physics data: mixture of int, float, double
« ,Event Filter” - only boolean columns (mostly false), best compression
« ,Missing Energy” - table with float & double columns, worst compression

Table: electron jet muon Event Filter Missing Energy Total (all tables) Size GB (all tables)

NO MEMCOMPRESS 1.07 1.41 1.10 0.70 1.42 1.14 101.2
FOR DML 1.17 1.62 1.12 0.95 1.46 1.26 91.5
FOR QUERY LOW 1.39 2.11 1.06 21.75 0.94 1.51 76.2
FOR QUERY HIGH 1.60 2.77 1.30 30.08 1.49 1.82 63.0
FOR CAPACITY LOW  2.00 3.71 1.80 39.44 1.54 2.32 49.5

FOR CAPACITY HIGH 2.44 483 244 56.28 1.71 2.89 39.7




IMC Tests — Compression Rates

- For tables used in physics analysis — 115GB in row format

. .electron”; o0 os0 100 150 200 250 300 350 [Nt float, double
° JEvent Filt no memcomeress _ 1.14 CompreSSiOn
« ,Missing B ISt compression
Table: es) Size GB (all tables)
no MEmcompress | Forauerviow | : -« 101.2
FOR DML 91.5
FOR QUERY LOW 76.2
FOR CAPACITY LOW 49.5
FOR CAPACITY HIGH 2.89
FOR CAPACITY HIGH 39.7




IMC Tests — Population Time

For tables used in physics analysis — 115GB in row format

32 populate processes
SSD vs NAS storage

Load Time Load  Time

Compression Level
NO MEMCOMPRESS
FOR DML
FOR QUERY LOW
FOR QUERY HIGH
FOR CAPACITY LOW
FOR CAPACITY HIGH

3500

3000 -

-

NOCOMPRESS DML QUERYLOW QUERYHIGH CAPACITY LOW CAPACITY HIGH
@=|oad Time SSD (s) ®=»Load Time NAS (s)




IMC Tests — Population Time

- Fortables used in physics analysis — 115GB in row format
- 32 populate processes
- SSD vs NAS storage

700.0
600.0 -

500.0 -

Load Speed Load Speed

400.0 -
Compression Level SSD (MB/s) NAS (MB/s)
NO MEMCOMPRESS 576.7 54.5 300.0
FOR DML 565.6 54.4 2000
FOR QUERY LOW 212.0 54.0
FOR QUERY HIGH 200.1 53.7 1000
FOR CAPACITY LOW 96.4 40.4 00 - —
FOR CAPAC'TY HlGH 728 397 NOCOMPRESS DML QUERY LOW QUERY HIGH CAPACITY LOW CAPACITY HIGH

esmload Speed SSD (MB/s) e=»l_oad Speed NAS (MB/s)




IMC Tests — Population CPU

- INMEMORY_MAX_POPULATE_SERVERS parameter controls
resources dedicated to IMC Store population
« By default 2 of available CPU cores

top - 16:02:43 up 43 days, 3:04, 32 users, load average: 21.67, 15.32, 11.15 top - 19:58:41 up 44 days, 7:00, 3 users, load sverage: 5.50, 2.899, Z.81
Tasks: 1464 total, 31 running, 1433 sleeping, 0 stopped, 0 zombie Tasks: 1454 total, 12 running, 1442 sleeping, 0 stopped, 0 zombie

Cpu(s): 40.6%us, 3.3%sy, 0.0%ni, 55.3%id, 0.7%wa, 0.0%hi, 0.1%=i, 0.0%st Cpuis): 17.7%us, 0O.43sy, 0.0%ni, 78.6%id, 3.2Z%wa, 0.0%hi, 0.0%si, 0.0%sC
Mem: 264548792k total, 248388696k used, 16160096k free, 350608k buffers Mem: 264548792k total, 232140772k used, 32408020k free, 442512k huffers
Swap: 1999992k total, Ok used, 1999992k free, 35801544k cached Swap: 1993992k total, Ok used, 1999992k free, 28127592k cached

USER 3 VIRT ) 1 PU :MEN TIME+
10502 oracle 20 0 156g 41im 2Z3m R 100.0 0.2 1:04.42 ora wO00_imcpro

TIME+ COMMAND

oracle ora w00i_imcpro

57640 oracle 20 ora w0Om imcpro 10906 oracle 20 0 187y &94m 19w R 100.0 0.3 0:42.02 ora wlOS_imepro
57594 oracle 20 ora w002 imcpro 10921 oracle 20 0 156g 453im 15m R 100.0 0.2 0:22.82 ora wOOf_imcpro
E7E50F oracle 20 ora w003 imcpro 10902 oracle 20 0 186g 421m 18w R 99.9 0.2 0:40.28 ora wO09 imcpro
57589 oracle 20 ora w004 imcpro 10913 oracle z0o B ora_wiOb_imcpro
57603 oracle 20 ora w006 imcpro 10927 oracle 20 0 4 ore wOOi imcpro
57600 oracle 20 ora_WOOQ_imcpIo 10901 oracle z0 NAS 18 /0 CPU N ora_wiO6_imepro
57615 oracle 20 ora_wClOc_imcpIo 10935 oracle 20 5 ora_wllk_imcpro
57617 oracle 20 0 187g 745m 20m R 100.0 0.3 3:02.50 ora w00d_imcpro 108399 oracle 20 "0 Ig7g Z93m Z0m R B88.7 0.1 0:45.29 ora_wl05S_imepro
57623 oracle 20 0 187g 754m 22m R 100.0 0.3  3:03.9% ora_w0Og_imcpro 10897 oracle 20 0 187y 42Zm 20w R 85.4 0.2 0:45.56 ora_wi04_imcpro
57630 oracle 20 0 187g 459m 21m R 100.0 0.2 3:34.24 OIE_WOOJ_imcpIO 10911 oracle 20 o 186g 408m  18m 5 73.2 0.2 0:35.92 ora_wDDa_lmcpro
57632 oracle 20 0 187g 617m 20m R 100.0 0.2  3:57.38 ora w00k _imcpro 10938 oracle 20 0 186y 85m 15w R 65.0 0.0 0:02.04 ora w0l imcpro
57638 oracle 20 0 187g 521m 20m R 100.0 0.2 3:56.26 ora w00l imcpro 10929 oracle 0 0 186y 3F4m Zlm 3 32.6 0.0 0:05.57 ora_wOOj_imcpro
57646 oracle 20 0 187g 600m 19m R 100.0 0.2  2:27.77 ora w0Op_imcpro 6278 root 20 0 0 0 0% 10.6 0.0 29:11.59 rpciod/25

57648 oracle 20 0 187g S87Tm _20m R 100.0 0.2  3:30.33 ora w00g imcprg 10940 oracls 20 0 186y 20m 16w % 2.0 0.0 0:00.06 ora_wdOm imcpro




IMC Tests — Physics Benchmark

« Query 1. ,Electron Counter”
« Count number of electrons meeting certain criteria

- Query 2. ,Electron Filter”
« Find good quality electron-positron pairs, calculate properties

- Query 3: ,Interesting Events” (TTbar cutflow)
« Find interesting collision events, meeting certain criteria
- Query 4: ,Higgs Boson” (Higgs+Z2)

« Find collision events in which Higgs boson was produced




IMC Tests — Benchmark Query 1

Electron Counter”

Big table scan (66GB) with filters

select count(*) from DATA12_8TEV."electron" where "pt">18000. and "eta"<1.5;

Execution Plan

PQ Distrib |

filter ("pt">1.8E+004F AND "eta"<l.S5E+000F)

I
I
I
QC (RRND) |
I
I
I

Flan hash wvalue: 3317014141

| Id | Cperation | _Hame L Bows | Bute= | Co=t (SCEUY 1 _Time | _Estart| Pstop | T |IN-CUT|
1 0 | SELECT STATEMENT - " | | | |
| ¢l sELEcr sTATmuN In-Memory scan: electron | | L
1 2 FX CCOCRDINATCE | | | |
|21 mcommmwz | TABLE ACCESS INMEMORY FULL | 1 1.
1 4 SORT AGGREGATE T T T | | Q1,00 | BCWPE |
1 5 PX BLOCK ITERATOR | 6T18K| 51M| 62386 (5)| 00:00:03 | 1 |1048575| Q1,00 | BCWC |
1* & | TABLE ACCESS INMEMORY FULL[ electron | 6&718K]| 51M| 62386 (5)] 00:00:03 1 |1048575] Q1,00 | BCWP |
Predicate Information (identified by operation id): FraCtlon Of

- - - a second
6 - inmemory ("pt">1.8E+004F AND "eta"<1l.5E+000F)




IMC Tests — Benchmark Results Q1

0 100 200 300 400 500 600 700 800

Electron Counter”

Row Format - DP Read NAS

749.9
Configuration Paralle! 16 Seria.l
Execution Execution Row Format - DP Read SSD

Row Format - Direct Path Read NAS 593.0 749.9
Row Format - Direct Path Read SSD 36.3 47.1 Row Format - Buffer Cache
Row Format - Buffer Cache 2.3 34.3
IMC NO MEMCOMPRESS / DML 0.1 0.4 IMC NO MEMCOMPRESS / DML | ",
IMC FOR QUERY LOW / HIGH 0.1 0.4
IMC FOR CAPACITY LOW 0.1 0.5 IMC FOR QUERY LOW / HIGH | 0",
IMC FOR CAPACITY HIGH 0.2 2.1

IMC FOR CAPACITY LOW g;

IMC FOR CAPACITY HIGH gi

H Parallel 16 Execution M Serial Execution




IMC Tests — Benchmark Results Q1

® ,,EleCtrOn Counter” 0 100 200 300 400 500 600 700 800

Row Format - DP Read NAS

IMC vs Buffer Cache serial
Row Format - DP Read SSD
86x faster!!!
Row Format - Buffer Cache

749.9

Row Format - Buffer Cache 2.3 34.3
6 : . IMC NO MEMCOMPRESS / DML | >
| IMC vs SSD Direct Path serial 04
0.1
:-\ 118X faSterI | | IMC FOR QUERY LOW / HIGH | )
IMC FOR CAPACITY LOW g;
e _ :
IMC vs NAS Direct Path serial M FOR CAPACHTY HiGH | 02
2.1
11
NS 1900X faSter S H Parallel 16 Execution  H Serial Execution




IMC Tests — Benchmark Query 2

- ,Electron Filter”
« Big table scan with 2 self-joins and a join to time dimension
« physics analytic calculations of electron properties

select "RunNumber","EventNumber",el_sel_n,
electron0."electron_i" as mu_id0, electronl."electron_i" as mu_id1,
electron0."charge" as mu_charge0, electronl."charge" as mu_chargel,
electron0."pt"/1000. as mu_pt0, electronl."pt"/1000. as mu_pt1,
electron0."eta" as el_eta0, electronl."eta" as el_etal,
(case when abs(electron0."phi"-electronl."phi")<acos(-1.) then sqrt{POWER(abs(electron0."phi"-electronl."phi"),2)
+POWER(abs(electron0."eta"-electronl."eta"),2)) else sqrt{POWER( 2.*acos(-1.) - abs(electron0."phi"-electronl."phi"),2)
+POWER(abs(electron0."eta"-electronl."eta"),2)) end) as DELTAR,
ANALYSISTOOLS.PHYSANALYSIS.INV_MASS_LEPTONS(electron0."E",electronl."E",electron0."px",electronl."px",
electron0."py",electronl."py",electron0."pz",electronl."pz")/1000. as INV_MASS
from DATA12_8TEV."periodAllYear_v47-pro13-01"
INNER JOIN (select "RunNumber","EventNumber",COUNT(*) as el_sel_n
from "sel_electron_v" group by ("RunNumber","EventNumber")) USING ("RunNumber","EventNumber™)
INNER JOIN "sel_electron_v" electron0 USING ("RunNumber","EventNumber™)
INNER JOIN "sel_electron_v" electron1 USING ("RunNumber","EventNumber™)
where electron0."electron_i"<electronl."electron_i" and electron0."charge" I= electronl."charge" and el_sel_n=2;




IMC Tests — Benchmark Query 2

- ,Electron Filter”
« Big table scan with 2 self-joins and a join to time dimension
« physics analytic calculations of electron properties

Execution Plan

Plan hash value: 250320983
| Id | Operation | Name | Rows | Bytes | Cost (3CPU)| Time | Bstart| Pstop | TQ |IN-OUT| PQ Distrib |
1 0 | SELECT STATEMENT 1 1 1] 196 | 74334 (20)| 00:00:03 | 1 1 1 1 1

I I I I I I I I I I I
| :Tg1l0002 1 1] 186 | 74334 (20)] 00:00:03 | 1 | ©1,02 | B-»S | QC (RAND) |
| | 1] 196 | 72334 (20)] 00:00:03 | | | 1,02 | BCWE | |

In-Memory Scan: electron | :BF0O0D 1 1] 185 | 74188 (20)]| 00:00:03 | 1 | Q1,02 | BCWE | 1

| | 1] 185 | 72192 (20)] 00:00:03 | | | Q1,02 | BCWE | |

| :Tg10001 | 1] 185 | 72138 (20}] 00:00:03 | | | Q1,01 | B->P | BROADCAST |

TABLE ACCESS | | 1] 185 | 72192 (20)] 00:00:03 | | | Q1,01 | BCWE | |

| | 1] 185 | 72138 (20}] 00:00:03 | | | 1,01 | BCWE | |

| | 1] 112 | 72192 (20}] 00:00:03 | | | Q1,01 | BCWP | |

INMEMORY FULL | | 1] 3% | 72138 (20}] 00:00:03 | | | 1,01 | BCWE | |

I I I I I I I I Q1,01 | BCWC | I

- | | 1] 38 | 72138 (20}] 00:00:03 | | | Q1,01 | BCWE | |

PX RECEIVE 1 | 1| 38 | 74199 (20)| 00:00:03 | 1 | Q1,01 | PCWP | 1

EX SEND HASE | (03 | | | Q1,00 | B->F | EASE |

1 HASH GROUP BY 1 . . . 03 | 1 | Q1,00 | BCWP | 1

1 PX BLOCK ITERATOR 1 CO m bl ned Wlth 2 |ndex 3 1 |1048575] Q1,00 | BCWC | 1

1 TABLE ACCESS INMEMORY FULL 1 3 | 1 ]1048575|] Q1,00 | PCWP | 1

FE TASLE ACCESS BY GLOBAL INDEX ROWID BATCHED| 1 | ROWID | ROWID | Q1,01 | BCWE | |
1* 19 | INDEX RANGE SCAN | scans (buffer Cache) 1 | Q1,01 | BCWE | |
1% 20 | INDEX RENGE SCAN 1 | | Q1,01 | BCWP | |
1# 21 | TASLE ACCESS BY GLOBAL INDEX R 1 | ROWID | ROWID | Q1,01 | BCWE | |
|22 JOIN FILTER USE INDEX RANGE SCAN 1 | | Q1,02 | BCWE | |
|23 EX BLOCK ITERATOR | o1 | | | Q1,02 | BCWC | |
1+ 22 1 TASLE ACCESS INMEMORY FULL | periciETTTET——Tr—r: T — T 201 | l | Q1,02 | BCWE | 1




IMC Tests — Benchmark Query 2

»  ,Electron Filter” ... ==
« Big table scan

| Operation | Name | Rows | Bytes | Cost (3CPU)| Time | Pstart| Pstop | TIQ |IIN-OUT| PQ Distrib |

SELECT STATEMENT
TEMF TABLE TRANSFORMATION

| 1
|
PX COORDINAICR I
|
|

| 192 | 74340 (20)] 00:00:03 |
| I I I
| I
I

| I I I |
| I I I |
. . | I I I I I |
° phySICS an alytl I PX SEND QC (RANDOM) :TQ10000 | 1849K| 128M| 74189 (20)| 00:00:03 | Q1,00 | P->5 | QC (REND)
| LOAD AS SELECT (TEMP SEGMENT MERGE) | SYS_TEMP OFDID668B_4B7ACE 1 | 1 1 1 1 Q1,00 | BCWP |
| PX BLOCK ITERATCR | 1849E|  128M| 74189 (20)| 00:00:03 | 1 11048575] Q1,00 | BCWC |
| TABLE ACCESS INMEMORY FULL | 184SE|  128M| 74189 (20)| 00:00:03 | 1 11048575] Q1,00 | ECWE |
COORDINATOR 1 | 1 1 1 1 1 1 |
" - PX SEND QC (RANDOM) | 1] 192 | 142 (87)] 00:00:01 | 1 | Q2,06 | P-35 | QC (REND)
select "RunNumber’ ’ EventNumbe HASH JOIN BUFFERED 182 | 142 (87)] 00:00:01 | 1 102,06 | PCWE_|
" i | PX RECEIVE
electron0."electron_i | EX SEND HYSRID HASH HASH

Sub-query factoring —temporary table

I

I

|

I

I

I

|

I

I

I

I

|

I

I

HASH JOIN |

In-Memory scan: electron = RecrvE |
L PX SEND HASH I

VIEW I

TABLE ACCESS INMEMORY FULL |
HASH GROUP BY T T T T ™ " T T T T T I

PX RECEIVE | 1 1] 11 | 2 (0)| 00:00:01 | 1 | Q2,01 | BCWP | |

PX SEND HASH | :TQ20000 1 1] 11 | 2 (0) ] 00:00:01 | 1 | Q2,00 | P->P | HASH I

" " 1 22 HASH GROUP BY | 1 1] 11 | 2 (0)] 00:00:01 | 1 1 Q2,00 | PCWP | |
+POWER(abs(electron0."cta"-electra, :; 1w | | 1 11 2 (o)) 00:00:01 | | | Q2,00 | ECHE | |

1 24 | PX BLOCK ITERATIOR | 1 1] 46 | 2 (0)| 00:00:01 | 1 | Q2,00 | BCWC | |

ANALYSISTODLS'PHYSANALYSIS'INV 1 25 | TABLE ACCESS FULL | SYS_TEMP OFD9D66B8B_4B7ACE 1 1] 46 | 2 (0)| 00:00:01 | 1 | Q2,00 | PCWP | I

" " n n a1 26 | PX RECEIVE | 1 1] 71 ] 2 (0)| 00:00:01 | 1 1 Q2,04 | PCWP | |

EIECtrono' pv IEIECtronl' p‘f’ IEIECt‘ 1 27 | PX SEND HASH | :TQ20002 1 1] 71 ] 2 (0)] 00:00:01 | 1 1 Q2,02 | P-»P | HASH |

n - 1 28 | VIEW | 1 1] 71 | 2 (0) ]| 00:00:01 | 1 1 Q2,02 | PCWP | |

from DATA].Z_BTEV. perIOdAIIYear_V4? 1 23 | PX BLOCK ITERATOR | 1 1] 46 | 2 (0)| 00:00:01 | 1 | Q2,02 | BCWC | |
" oyl 30 | TABLE ACCESS FULL | S5Y5 TEMP_OFD3D668E_4E7ACE 1 1] 46 | 2 (0) ] 00:00:01 | 1 | Q2,02 | BCWP | I

INNER IOIN (SEIECt RunNumber L 1 31 | PX RECEIVE | 1 1] 71 ] 2 (0)] 00:00:01 | 1 1 Q2,04 | PCWP | |

n n 1 32 | PX SEND HASH | :TQ20003 1 1] 71| 2 (0)] 00:00:01 | 1 1 Q2,03 | P->P | HASH |

from SEI—EIECtron—V 1 33 | VIEW | 1 1] 71 2 (0)| 00:00:01 | 1 | Q2,03 | BCWP | |

" 1 1 34 | PX BLOCK ITERATICR | 1 1] 46 | 2 (0)| 00:00:01 | 1 | Q2,03 | BCWC | |

INNER jOIN Sel—elearon—v EIectr 1 35 | TABLE ACCESS FULL | SYSiTEHPiﬂFDQDEEEB;;B?ACE 1 1] 46 | 2 (0)| 00:00:01 | 1 1 Q2,03 | PCWP | |

n 1 1 36 | FX RECEIVE | 1 6961K | T3M| 102 (88) | 00:00:01 | 1 1 Q2,06 | PCWP | |

INNER IOIN Se'—EIearon—V EIECtr 1 37 | PX SEND HYBRID HASH | :TQR20005 1 6961K | T3M| 102 (88) | 00:00:01 | 1 1 Q2,05 | P->P | HYBRID HASH|

. < 1 3e | PX BLOCK ITERATICR | 1 6961K| T3M| 10z (88) | 00:00:01 | 1 | Q2,05 | BCWC | |

Where EIECtano EIECtrO”—I EIECtronl 1 39 | TABLE RCCESS INMEMORY FULL | periodAllYear v47-prol3-01 LEO | 6961K| T3M| 102 (88) | 00:00:01 | 1 | Q2,05 | PCWP | I




IMC Tests — Benchmark Results Q2

« _Electron Filter”

Parallel 16 Parallel 16 with

Configuration

Row Format - DP Read NAS 617.3
Row Format - DP Read SSD 52.3
Row Format - Buffer Cache 31.3

IMC NO MEMCOMPRESS / DML 4.7

IMC FOR QUERY LOW / HIGH 4.7
IMC FOR CAPACITY LOW 8.3
IMC FOR CAPACITY HIGH 9.5

597.3
44.34
21.9
4.4
4.4
4.7
5.3

Serial

Execution SubQ Factoring Execution

1260.5
287.2
251.5

17.6
17.6
17.8
21.2

Row Format - DP Read NAS

Row Format - DP Read 55D

Row Format - Buffer Cache

IMC NO MEMCOMPRESS / DML

IMC FOR QUERY LOW / HIGH

IMC FOR CAPACITY LOW

IMC FOR CAPACITY HIGH

M Parallel 16 Execution ™ Parallel 16 with SubQ Factoring

0 200 400 600 800 1000 1200 1400

617.3
597.3
1260.5
52.3
44.3 )
287.2
31.3
21.9
251.5

4.7
I 4.4
| 17.6

4.7
4.4
| 17.6

8.3
4.7
| 17.8

9.5
5.3
21.2

W Serial Execution




IMC Tests — Benchmark Results Q2

® ”EIeCtron Fllter” 0 200 400 600 800 1000 1200 1400
7 Row Format - DP Read NAS 53;?33
. L 1260.5
Conf IMC vs Buffer Cache serial s
ion g
Row 1 4X f aS t e r I I 05 Row Format - DP Read 55D ! 44.3 y87.2
Row \- .. 7.2 Row Format - Buffer Cache ! 23:93
Row Format - Buffer Cache 31.3 21.9 251.5 251.5
mMc . . a7
el IMC vs SSD Direct Path serial o emcoupress ot |41
LS 16X faster I I i IMC FOR QUERY LOW / HIGH L:I
IMC R " 2 17.6
IMC FOR CAPACITY LOW L:;
. . 17.8
IMC vs NAS Direct Path serial os
IMC FOR CAPACITY HIGH L5.3
72X faster!!
\_ M Parallel 16 Execution M Parallel 16 with SubQ Factoring & Serial Execution




IMC Tests — Benchmark Query 3

Jnteresting Events” (TTbar cutflow)

« 3 scans of a big table with filters and aggregations
« 2x self-join, 100GB of data scanned

« Sub-gueries converted into views for simplicity

create or replace view "allJets" as (select /*+ FULL("jet") */"RunNumber","EventNumber","jet_i","E","emscale_eta","emscale_phi","emscale_pt","emscale_E","EtaOrigin",
"PhiOrigin","MOrigin","EMJES_EtaCorr","eta","phi","pt","isBadLoose","BCH_CORR_JET","BCH_CORR_CELL","jvitxf","fl_w_SVO0","fl_w_JetFitterCOMBNN",
ANALYSISTOOLS.MV1.mv1Eval_java("fl_w_IP3D","fl_w_SV1","fl_w_JetFitter COMBNN", "pt","eta") as "MV1","E" as "correctedE","pt" as "correctedPt",0 as "isMC"

from DATA12_8TEV."jet" );

create or replace view "noJvflets" as (select * from "alllets" where abs("emscale_eta"+"EMJES_EtaCorr")<2.5 and "correctedPt">25000.0 and "correctedE">0.);

create or replace view "badlets _count" as (select "RunNumber","EventNumber",COUNT(*) as N from "badJets" GROUP BY {"RunNumber","EventNumber") );

select "RunNumber",COUNT(1) as "GRL Events",
COUNT(case when 1=1 and "goodlets_count".N>=4 then 1 END) as "GRL_4good)_events",
COUNT(case when 1=1 and "goodlets_count".N>=4 and "badlets_count".N is NULL then 1 END) as "GRL_4goodl_noBadJ_events",
COUNT(case when 1=1 and "goodJets_count".N>=4 and "badJets_count".N is NULL and "tagged)ets_count".N>=1 then 1 END) as "GRL_4good)_noBadJ_1Tag)_events"
from DATA12_8TEV."periodAllYear_v47-pro13-01" LEFT OUTER JOIN "goodlets_count” USING ("RunNumber","EventNumber")
LEFT OUTER JOIN "taggedlets count" USING ("RunNumber","EventNumber")
LEFT OUTER JOIN "badlets_count" USING ("RunNumber","EventNumber") group by "RunNumber";




IMC Tests — Benchmark Query 3

- Interesting Events” (T Tbar cutflow)

Execution Plan

L] Plan hash value: 598306710
| Id | Operation | Name | Rows | Bytes |TempSpc| Cost (3CPU)| Time | Pstart| Pstop | TQ |IN-OUT| PQ Distrib |
Y | 0 | SELECT STATEMENT 1 | 3] 249 | | 96716 (10)| 00:00:04 | 1 | 1 1 1
| 11 PX COCRDINATCR 1 I L L L L L L L 1 1 1
| 2| X SEND QC (RANDOM) | :TQlo | B=>5 | QC (RAND) |
I 3] HASH GROUP BY 1 - | BCWP | 1
i mEE ' 3x In-Memory scan: jet o '
I 5] PX SEND HASH 1 :TQ1g| . | B—>P | HASH 1
[ J [ HASH GROUP BY 1 | BCWE | 1
il R e ' | TABLE ACCESS INMEMORY FULL [:Z!
I g | PX RECEIVE 1 | BCWP | 1
o9 PX SEND BROADCAST | :Tgio | B->P | BROADCAST | - N
createorl o VIEW | badsec™ T e ———— - p—r=fs | PCWP | 1 ‘_E N Etaorlglr‘l 2,
. [ HASH GROUR BY 1 1724K| 2856K] 31161  (7)| 00:00:02 | 1 | Q1,03 | PCWP | 1 2
Phi, 2 PX RECEIVE 1 80255 | 1724K| | 31161 (7)| 00:00:02 | 1 | Q1,03 | BCWP | 1 NN*,
1131 PX SEND HASH 1 | 80255 | 1724K| | 31161  (7)| 00:00:02 | 1 | Q1,00 | P->P | HASH 1 T ™ "
ANI| 1s HASH GROUP BY 1 | 80255 | 1724K| 2856K| 31161  (T)| 00:00:02 | 1 | Q1,00 | BCWP | 1 IPt",0as "isMC
| 151 PX BLOCK ITERATOR | 80255 | 1724K| | 311se (7)| 00:00:02 | 1 |1048575| Q1,00 | BCWC | 1
from DA1,. =5 | TABLE ACCESS INMEMORY FULL | 80255 | 1724K| | 31158  (7)| 00:00:02 | 1 11048575 Q1,00 | ECWE | 1
1% 17 | HASH JOIN RIGHT OUTER 1 | 6961K|  391M| | 65217 (11)] 00:00:03 | 1 | Q1,06 | BCWP | 1 En "
createorl;, ., PX RECEIVE 1 | 30068 |  704K| | 31891  (9)] 00:00:02 | 1 | Q1,06 | BCWP | 1 E >0.);
| 191 BX SEND BRORDCAST | 30068 | 704K| | 31891  (9)| 00:00:02 | 1 | Q1,04 | P->P | BROADCAST |
- | 20 VIEW | 30068 | T04K| | 31891 (9)| 00:00:02 | 1 | Q1,04 | BCWP | 1
create or o2t HASE GROUP BY 1 | 30068 |  910K| 1544K| 31891 (9)1 00:00:02 | 1 | Q1,04 | BCWE | 1 l] }_
| 22 PX RECEIVE 1 | 30068 | 910K| | 31891 (9)| 00:00:02 | 1 | Q1,04 | BCWP | 1 g
1231 PX SEND EASH I :TQLO00L S10K 31831 1 | Q1,01 | P->P | HASH 1
|24 HASH GROUP BY 1 1 | QL,01 | BCWP | 1
select "R |25 PX BLOCK ITERATOR 1 . . 1 ]11048575] Q1,01 | PCWC | 1
1* 26 | TABLE ACCESS INMEMORY FULL | jet NO In _Mem Or OI n S 1 |1048575| Q1,01 | BCWE | 1
co'- 27 HASH JOIN RIGHT OUTER 1 1 | Q1,06 | BCWP | 1
1281 PX RECEIVE 1 1 | Q1,06 | BCWP | 1
ST 2\ HASH JOIN RIGHT OUTER | | | E&{ZH =
I 301 VIEW | tagge| 1 | Q1,05 | BCWP | I
co! =1 HASH GROUP BY | I | Q1,05 | BCWE | I fad) 1TagJ events"
32 PX RECEIVE I u T T T u — T 1 | Q1,05 | ECWP | 1 - -
from DA1! =31 EX SEND HASH I :TR10002 | 1503 | 70641 | | 33157 (12)| 00:00:02 | 1 | Q1,02 | BP->P | HASH |
|34 HASH GROUP BY 1 | 1503 | 70641 | | 33187 (12)] 00:00:02 | 1 | Q1,02 | BCWP | 1
LEFY! =51 BX BLOCK ITERATOR 1 | 1503 | 70641 | | 33156 (12)] 00:00:02 | 1 |1048575| Q1,02 | ECWC | 1
1% 36 | TASLE ACCESS INMEMORY FULL| jet | 1503 | 70641 | | 33186 (12)] 00:00:02 | 1 |1048575| 1,02 | BCWE | 1
LEF1' =711 PX BLOCK ITERATOR 1 | 6961H| T3M| 1 104 (86)| 00:00:01 | 1 | Q1,06 | BCWC | 1
1 381 TABLE ACCESS INMEMORY FULL | periodAllYear vw47-prol3-01 LEO | 6961K| 73M] I 104 (86)] 00:00:01 | 1 | Q1,06 | BCWP | 1




IMC Tests — Benchmark Results Q3

- ,Interesting Events”

Configuration Paralle! 16
Execution
Row Format - DP Read NAS 1254.7
Row Format - DP Read SSD 190.0
Row Format - Buffer Cache 148.8
IMC NO MEMCOMPRESS / DML 136.1
IMC FOR QUERY LOW / HIGH 136.5

IMC FOR CAPACITY LOW / HIGH 136.5

Row Format - DP Read NAS

Row Format - DP Read SSD

Row Format - Buffer Cache

IMC NO MEMCOMPRESS / DML

IMC FOR QUERY LOW / HIGH

IMC FOR CAPACITY LOW / HIGH

0 200 400 600

300

1000

1200

1400

H Parallel 16 Execution

1254.7




IMC Tests — Benchmark Results Q3

,Interesting Events”

.

IMC vs Buffer Cache
1.1x faster

Row Format - Buffer Cache 148.8

IMC vs SSD Direct Path
1.4x faster

IMC vs NAS Direct Path
0.2x faster

Row Format - DP Read NAS

Row Format - DP Read SSD

Row Format - Buffer Cache

IMC NO MEMCOMPRESS / DML

IMC FOR QUERY LOW / HIGH

IMC FOR CAPACITY LOW / HIGH

0 200 400 600

300

1000 1200 1400

H Parallel 16 Execution

1254.7




IMC Tests — Benchmark Query 4

,Higgs Boson” (Higgs+Z)

Join of 6 tables + 2 self joins

Over 200GB of data to be scanned

Very complex query with analytic calculations
Multiple layers of views for simplicity

create or replace view sel_EF_events as (select /*+ FULL("EF") */ "RunNumber","EventNumber"
from DATA12_8TEV_NAS."EF" where ("e24vhi_medium1"=1 or "e60 medium1"=1or "2e12Tvh loosel"=1 or "mu24i _tight"=1 or "mu36 _tight"=1 or "2mul3"=1));

create or replace view sel_muon_events as (select "RunNumber","EventNumber",ANALYSISTOOLS.PHYSANALYSIS.INV_MASS_LEPTONS(
muon0."E",muonl."E",muon0."px",muonl."px",muon0."py",muonl."py",muon0."pz",muonl."pz")/1000. as "DiMuonMass"
from sel_mu_el_events INNER JOIN sel_muon muon0 USING ("RunNumber","EventNumber") INNER JOIN sel_muon muonl
USING ("RunNumber","EventNumber") where muon0."muon_i"<muonl."muon_i" );

select "RunNumber","EventNumber","EventNumber","RunNumber"," DiMuonMass"," DiElectronMass","DiJetMass"
from sel_muon_events FULL OUTER JOIN sel_electron_events USING {"RunNumber","EventNumber")

INMER JOIN sel_jet_events USING ("RunNumber","EventNumber") INNER JOIN sel_MET_events USING ("RunNumber","EventNumber")
INMNER JOIN sel_EF_events USING("RunMumber","EventNumber")

INNER JOIN DATA12_8TEV_NAS."periodAllYear v47-pro13-01" USING("RunNumber","EventNumber");




IMC Tests — Benchmark Query 4

(Higgs+2)

- ,Higgs

Boson”

VIEW

@ =

In-Memory scans:
muon, electron, ...
TABLE ACCESS
INMEMORY FULL

FILTER
HASH JCIN CUTER BUFFERED

01 TER CREATE
HASH JOTH RIGHT OUTER
FX RECEL

VIEW
HASH GROUP BY

HASH JOIN

JO0IM FILIER CREATE
HASH JCIH
FART JOIN FILTER CREATE

FX BLOCK TTERATOR
TABLE ACCE3S3 INMEMORY FULL
RECEIVE

P SEND HASH

EX BLOCH ITERATOR

TASLE ACCESS TMMEMORY FULL

FX SEND HASH
JOIN FILTER USE
FX BLOCH ITERATOUR

TABLE ACCESS THMEMORY

(CEIVE

HASH

FILTER USE

H GROUP BY
RECEIVE

=3 D HASH
MASH GROUP BY

FX BLOCK TTERATOR

TABLE ACCE3S3 INMEMORY FULL

RY FULL

JBAL TNDEX ROWID

"'158 |

TABLE ACCES3 INMEMORY FULL

SEL_MUCH_EVENTS

BFOO0L

=TQ20012
SEL_MUCN_EVENTS:

e

=2F0002
ZBFOO0Y
SIQzOO1s

maen
=TQI0014

masn

=TQI0015
:BFOO02

MET_RefFinal

=TQI0008

electron

MET_RefFinal
5Y5_C0025255
EF

SBFOOO0

105K {14) |

00 00:0%

Bloom Filters for
In-Memory join

JOIN FILTER CREATE

43224
43224
43224
0292
80292
0292
80262
80292

ELETEY
0292
a0262

ae1H|

62|
361K|
LIEd)

|
I
|
I
I
I
I
|
| 80282
I
I
|
I
I
I
I
I
I

TIEBEE]
CEERES
(11104}
611581
&11EH]
&115H]
&118H)]
€115E]
611581
115K
611581
&118H)]

27165 (19) |

24317 (28}

24317 {18)|
g)

2846
BELSS

00:00:02
00:00:01
00:00:01
00:00:01
00:00201
00:00:01
000001
00:00:01
00:00:01
00:00:01
00:00:01

00:00:03

-

SBFOOOI|
=BFO003|
I
I

-

-

|
11058575
| 1048575

104857

In

Memory join executed
JOIN FILTER USE

periodhll¥ear v47-proli-01 LED

EIELK|
£961%|
6961K|

18 |

1
29 |
Tau|
EET
T3l

8170
oo
a (A

132 (91}

132 (91))

{91} |

—
{20 |

00:00:01

s
51




IMC Tests — Benchmark Results Q4

- ,Higgs Boson”

Configuration

Row Format - DP Read NAS
Row Format - DP Read SSD
Row Format - Buffer Cache

IMC NO MEMCOMPRESS

IMC FOR DML

IMC FOR QUERY LOW / HIGH
IMC FOR CAPACITY LOW / HIGH

Parallel 16
Execution
3094.2
197.8
53.9
55.5
323
26.2
27.6

Row Format - DP Read NAS

Row Format - DP Read SSD

Row Format - Buffer Cache

IMC NO MEMCOMPRESS

IMC FOR DML

IMC FOR QUERY LOW / HIGH

IMC FOR CAPACITY LOW / HIGH

500 1000 1500

2000

2500

3000

3500

197.8

53.9

55.5

32.3

26.2

27.6

M Parallel 16 Execution

3094.2




IMC Tests — Benchmark Results Q4

,Higgs Boson”

.

IMC vs Buffer Cache
2.1x faster!

Row Format - Buffer Cache 53.9

IMC vs SSD Direct Path
7.6X faster!

IMC vs NAS Direct Path

118x faster!

0

500 1000 1500

2000

2500

3000

3500

Row Format - DP Read NAS

Row Format - DP Read SSD

Row Format - Buffer Cache

IMC NO MEMCOMPRESS

IMC FOR DML

IMC FOR QUERY LOW / HIGH

IMC FOR CAPACITY LOW / HIGH

197.8

53.9

55.5

32.3

26.2

27.6

M Parallel 16 Execution

3094.2




IMC Tests — OLTP Benchmark

- OLTP schema from one of the physics databases (CMS)
« High concurrency workload with ~300 simultaneous sessions
« Mixed DML and SELECT queries — mostly with index access path

- Real Application Testing — 1h of peak activity captured

- Replay comparison: row format (BC) vs In-Memory Store
e IMC with 3 compression levels: DML / QUERY HIGH / CAPACITY HIGH

Configuration Replay Duration (s) DB Time(s) CPU Time (s) Physical Reads (GB)
ROW FORMAT 1733 3172 2571 97.9
IMC FOR DML 1707 3427 2895 7.9

IMC FOR QUERY HIGH 1718 3449 2888 7.5
IMC FOR CAPACITY HIGH 2037 3929 3400 7.1




IMC Tests — OLTP Benchmark

OLTP schema from one of the physics databases (CMS)

« High concurrent
« Mixed DML and

Replay comparis

Real Application

IMC with 3 com|

Configuration
ROW FORMAT

IMC FOR DML
IMC FOR QUERY HIGH

IMC FOR CAPACITY HIGH

0 500 1000 1500 2000 2500 3000 3500 4000 4500

ROW FORMAT ONLY

IMC FOR DML

IMC FOR QUERY HIGH

IMC FOR CAPACITY HIGH 3929

H Replay Duration (s) HEDBTime(s) ®ECPUTime (s)

)ath

re




Physics Analysis NOW — with IMC

- In-memory Column Store provides significant
performance boost for physics queries

- Very positive benchmark results

INV_M~A2° | hlato._plot_H_MASS |
= Entries 72298
- Mean 7832
'3‘?00 24.39
@
with "sel_electron” as (select /*+ PARALLEL(16) */ "electron_i","RunNumber","EventNumber","E","px","py","pz", "charge","pt","phi","eta" from DAT 600
where ("author"=1 or "author"=3) and "cl_E"/cosh("tracketa") >10000. and (abs("cl_eta")!=0 and abs("cl_eta")<2.47) and (abs("cl_eta")<1.37 o
and BITAND("0Q",1446)=0 and abs("trackzOpvunbiased") < 2. and "tightPP"=1) 500
select "RunNumber","EventNumber",el_sel_n, electron0."electron_i" as mu_id0, electronl."electron_i" as mu_id1, electron0."charge" as mu_charg 400

electron0."pt"/1000. as mu_pt0, electronl."pt"/1000. as mu_ptl, electron0."eta" as el_eta0, electronl."eta" as el_etal,
(case when abs(electron0."phi"-electronl."phi")<acos(-1.) then sqrt{POWER(abs{electron0."phi"-electronl."phi"),24+POWER(abs({electron0."et 300
else sqrt(POWER( 2.¥acos(-1.) - abs(electron0."phi"-electronl."phi"),2)+POWER(abs{electron0."cta"-electronl."eta"),2)) end) as DELTAR,
ANALYSISTOOLS.PHYSANALYSIS.INV_MASS_LEPTONS(electron0."E",electronl."E",electron0."px",electronl."px",electron0."py",electronl."py  2pg
from DATA12_8TEV."periodAllYear_v47-prol3-01"
INNER JOIN (select "RunNumber","EventNumber",COUNT(*) as el_sel_n from "sel_electron" group by {"RunNumber","EventNumber")) USING 100
INNER JOIN "sel_electron" electron0 USING ("RunMNumber”,"EventNumber") INNER JOIN "sel_electron” electronl USING ("RunNumber","Even
where electron0."electron_i"<electronl."electron_i" and electron0."charge" != electronl."charge" and el_sel_n=2; 0 20 a0 50 80 100
| INV_MASS

|||_.|.|||I..I_.l||I||||||||||||||||||||‘




Conclusions

- In-Memory Colum Store is both powerful and easy to use

- Significant performance improvements of analytic-type
gueries on the same hardware
« On average 10x for fast SSD storage
« On average 100x for slower spindles

- No negative impact on OLTP, high concurrency workloads

- More data can go to memory due to the columnar format
with compression
« Very low performance impact of higher compression levels




Conclusions

Do we plan to use In-Memory
Column Store at CERN?

Will definitely consider it
In future projects!

Many good use-cases identified

CE/RW
\\._/
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Maaike: Maaike.Limper@cern.ch

Manuel: Manuel.Martin.Marquez@cern.ch

Emil: Emil.Pilecki@cern.ch

See also: http://db-blog.web.cern.ch/
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