8. Datenbank-Benchmarks
m Benchmark-Anforderungen

m TPC-Benchmarks

m OLTP-Benchmarks
— TPC-C
— TPC-E

m Decision Support Benchmark: TPC-H
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Anforderungen an geeignete Benchmarks*

m Domain-spezifische Benchmarks

— kein geeignetes Leistungsmal? fir alle Anwendungsklassen moglich
— spezielle Benchmarks fiir techn./wissenschaftliche Anwendungen, DB-Anwendungen,

etc.
m Relevanz

— Bertcksichtigung “typischer” Operationen des jeweiligen Anwendungsbereichs
— Messen der maximalen Leistung
— Beriicksichtigung der Systemkosten (Kosteneffektivitat)

m Portierbarkeit
— Ubertragbarkeit auf verschiedene Systemplattformen
— Vergleichbarkeit

m Skalierbarkeit

— Anwendbarkeit auf kleine und groRe Computersysteme
— Ubertragbarkeit auf verteilte/parallele Systeme

m Einfachheit / Verstandlichkeit

*J. Gray (ed.): The Benchmark Handbook for Database and Transaction Processing Systems. 2nd ed., Morgan
Kaufmann, 1993. http://research.microsoft.com/en-us/um/people/gray/BenchmarkHandbook/TOC.htm
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TPC-Benchmarks

u HerSte”ergremium Zur Transaction Processing
Standardisierung von TPC Performance Council
DB-Benchmarks (www.tpc.org)

— Griindung 1988
— erste Benchmarks fur Kontenbuchung (“Debit-Credit”): TPC-A, TPC-B (1989/90)

m besondere Merkmale

— Leistung eines Gesamt-Systems wird bewertet

— Bewertung der Kosteneffektivitat (Kosten / Leistung)

— skalierbare Konfigurationen

— verbindliche Richtlinien zur Durchfiihrung und Dokumentation (Auditing; Full
Disclosure Reports)

— Ausschlul? von “Benchmark Specials” innerhalb von DBMS etc. .

m aktuelle Benchmarks fir
— OLTP (TPC-C)
— Web-OLTP (TPC-E)
— Decision Support (TPC-H)
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TPC-C
m 1992 eingefiinrter OLTP-Benchmark
m 9 Tabellen (Bestellverwaltung von Warenhausern)

m 5 Transaktionstypen

— New-order (45%)
— Payment (43%), Delivery (4%) , Order-status (4%), Stock-level(4%)

m DB skaliert proportional zum Durchsatz
m Hohe Lokalitat

m Metriken
— Durchsatz von NewOrder-Transaktionen pro Minute (tpmC)
— Price/performance ($/tpmC)
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TPC-C DB-Schema

Warehouse
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10

District
W*10

1+

History
W*30K+
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Order-Line
W*300K+

Transaktionstyp New Order (TPC-C)

— im Mittel 48 SQL-Anweisungen

(BOT, 23 SELECT, 11 UPDATE,

12 INSERT, EOT)

— 1% der Transaktionen sollen
zurtickgesetzt werden
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BEGIN WORK  { Beginn der Transaktion }

SELECT ...FROM CUSTOMER

WHERE ¢ w_id =:w_no AND ¢_d_id=:d_no AND c_id=:cust_no
SELECT ... FROM WAREHOUSE WHERE w_id =:w_no

SELECT ...FROMDISTRICT (*->next o id*)
WHEREdW|d :w_no ANDd_id =:d no

UPDATE DISTRICT SET d_next_o_id:= mext o id+1
WHERE d w id=:w noAND d_id=:d no

INSERT INTONEW _ORDER ...
INSERT INTO ORDERS ...

pro Artikel (im Mittel 10) werden folgende Anweisungen ausgefilhrt:

SELECT .. FROM ITEM WHERE ...

SELECT ... FROM STOCK WHERE ..

UPDATE STOCK ...

INSERT INTO ORDER-LINE ...
COMMIT WORK " { Ende der Transaktion }




TPC-C: Entwicklung 1994-2004
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Aktuelle TPC-C-Ergebnisse: Top-Durchsatz

Performanc, System i ™ Dat
e — T
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Oracle Database
11g Release 2 Oracle
1 |ORACLE [SPARC SuperCluster vith | ., > 49,688 | 1.01 USD NR 06/01/11 [Ent. €4, wiReal  |Solaris 10 |1 W*%¢° [12/02/10| v
T3-4 Servers . . CFS-R
Application 09/10
Clusters w/P
It % ¥ 3 M P ; ‘ )
2 | T i ma |°MPower780 Server | 4366254 1.38usp|  nr 10/13/10 |pB2 9.7 AIX Version [Microsoft f g, 5 10| v
===r= |[Model 9179-MHE 6.1 COM+
Oracle Database
) 11g Ent. Ed. .
Sun SPARC Enterprise . |Sun Solaris |Tuxedo
3 |ORACLE e de L i 7.646,486 | 2.36 USD NR 03/19/10 |w/Real Application [ o/09 lors- 11/03/09| v
Clusters
w/Partitionin
=== = ||BM Power 595 Server IBM AIX 5L |Microsoft
4 | 2L lacadi 9115 min 6,085,166 2.81 USD NR 12/10/08 |[IBM DB2 9.5 s coms. |06/10/08| N
[ IBM AIX SL |Microscft
i Bull E la PLE460OR " . v M . N
BUE ull Escala 6,085,166 2.81 USD NR 12/15/08 [IEM DB2 9.5 g coms | 06/15/08
Oracle Database
" |HP Integrity Superdome- ) . BEA
s Itanium2/1.6GHz/24MB | 4,092,799 2.93 usD NR 08/06/07 |09 R2 Enterprise [HP-UX 11 Lo\ 40 |o2/27/07 | n
) Edt w/Partitioning |v3
invaenn IL3 3-0
=_—== F
6 | & 85 |1em system ps 595 4,033,378 297usp|  mR 01/22/07 |1em DB2 9 $OMAIX DL | Mecronelt | omormn |
SEEErETRE V5.3 COM+




TPC-C: Top-Preis/Performance

= System Operating Date
mm R | e Availability mm-

Oracle
i Database Oracle
HP ProLiant Mi ft
1 o™ 290,040 .39UsD 4.22| 08/16/10 |11g Release [Enterprise <2 los/16/10
ML350 G6 : COM~+
invenn 2 Standard Linux
Ed One
Microsoft [Microsoft
SAL Sarver Windows Server
2 CD HP Proliant! ;807,347 | .49 usp 246 | 10715710 [2°°° 2008 R2 [Microsoft | 5g/27/10
g DLS80 G7 Enterprise Enterprise COM+
x64 Edition i
Edition
sp3
I .
ovicki Mfcmsoft
. Dell Database Windows Servar |Microsoft
3 | DAL |Poveredge | 239,392| .sousp NR 11/18/09 |10 0 e [2003 come | 11/18/09
T710 IEd::ion Oiie Enterprise x64
Edition
" Oracle Oracle
p HP Proliant! 535 002| .sausp NR 0s/21/09 [P2t202se o erprise  [MicrosoR | 001 /00
il |ML3s0 Ge 11g Standard| . CcoM+
|Edition One
Microsoft "
SQL Server IMfcw!eh
(D HP ProLiant 2005 et Y
5 - sl 705,652 | .60USD NR 05/01/10 Setarpilbis ans R2 come | 04/08/10
invenn w64 Edition E:'il:i:ﬂnn!E
sp3
Oracle |Microsoft
Dall Database Windows Server [Microsoft
¢ | DELL zgggrsdge 104,492 | .60USD NR 02/20/09 119 Standard [2003 Standard |coM+ 02/20/09
Edition One [Ed. x64
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Business Model — Financial Market
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m 2007 verabschiedet

m wesentlich komplexer als TPC-C

— 33 statt 9 Tabellen
— 188 statt 92 Spalten

— Referentielle Integritét

TPC-E

— Obligatorische RAID-Datenspeicherung

— Pseudo-reale Daten (z.B. flir Kundennamen)

m 10 Transaktionstypen
— Consumer-to-Business: Trade-Order, Trade-Result, Trade-Update, ...

— Business-to-Business: Broker VVolume, Market-Watch, ..

m Metriken

— Durchsatz von TradeResult-Transaktionen pro Sekunde (tpsE)
— Price/performance ($/tpsE)
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TPC-E-Ergebnisse: Top-Durchsatz

Processors /
Performance System Operating Date
Ran Company Price/tpsE |Watts/tpsE Database Cores [
(tpsE) Availability System Submitted
Threads
Sicronshsgn. [WRosek
Server 2008 R2 |Vindows Server | o, s/
PRIM Y 1 800, ; / i
1 fUiDr[SU RIMERGY RX900 S 3,800.00 | 245.82 USD NR 10/01/10 ey 2008 R2 128 09/24/10
|edition Datacenter
Edition
i
Microsoft SQL fcrosoﬁ:
Windows Server , .
2 "‘: PRIMEQUEST 1800E 3,800.00 | 283.03 USD NR 10/01/10 [2VEr 2008 R2 1, o 0e r2 87647 | 1or26/10
FUJITSU d 7 g A Datacenter 128 e
Edition Datacenter
Edition
Slcrano SQL :::;Zt:s&Sewnr
NEC Server 2008 R2 8/64/
141, . 7/ f f ]
3 INEC L scoiraiteoe-i 3,141.76 | 768.92 USD NR 07/30/10 [Z- =" [2008 R2 i 03/30/10
Edition Datacenter
Edition
Microsoft SQL |Microsoft
Server 2008 R2 |Windows Server
4 PRIMERGY RX600 S5 2,046.96 | 193.68 USD NR 0s9/01/10 4/32/64 | 06/18/10
FUT"SU oM Enterprise 2008 Enterprise £a2
Edition Ed x64 R2
i
Microsoft SQL W::;:::S&SEWIr
W Ty T Server 2008 R2
5 & = === |[BM System %3850 X5 2,022.64 | 355.02 USD NR 07/30/10 : 2008 R2 4/32/64 | 03/30/10
SREEFETE Enterprise 1
Edition Enterprise
Edition
—_
IDBS
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TPC-E: Top-Preis/Performance

Processors
Performance System Operating Date
Company Price/tpsE |Watts/tpsl tabili Database 8 Cores Submitted
Micraxoh SQ :l':;oof::tsuver
1 ]a onemigiid 1,246.13 |191.48USD|  NR PV 121y il zélus R2 2/12/24 | 11/29/10
FUJITSU |axz00 ss e ’ e R2 Enterprise _ £
Edition Entarprise
Edition
i
Micesol Ga. wl'::i:sos&Sewer
1 W
PRIMERGY Server 2008
’ 4 " 5 I '} 4 I '} 4 ! I
2 FU]OIT'SU RACOD o 2,046.96 [193.68USD|  NR 09/01/10 ' rarprise 2908 /32/64 | 06/18/10
Edition |Enterprise Ed
x64 R2
y Microsoft
Microsoft SQL Windows Server
3 ]a tirintd 3,800.00 [245.82 usp|  NR 10/01/10 [FVer2008 | ke 8/847 |oss24/10
FUJITSU RX900 S1 ! ; i it R2 Datacenter 128 Tt
Edition Datacenter
|Edition
i
Microsoft SQL '_cwm&
+ |Dell PowerEdge Server 2008 Wingous Serves
s | DAL s - 1,074.14 [264.32USD| AR os/21/10 |0 "~ |2008R2 2/12/24 |06/21/10
o nl:e:r_pnse Enterprise x64
x64 Edition L
Edition
Microsoft SQL Ml.cmm&
Bell PowerEdae s 2008 Windows Server
s | D@AL |25 ToverteeE 766.47 [273.65UsD|  NR 03/30/09 [2°TVE 4 2008 2/e/16 |03/30/09
T610 Enterprise x64 .
g Enterprise x64
Edition 3
Edition
[ | [FT——.
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TPC-H
m Benchmark fiir Decision Support (Ad-Hoc-Queries)
— 1999 eingefihrt
m Unterschiedliche DB-GroRen (100 GB — 30 TB) Uber
Skalierungsfaktor
m 22 Query-Typen, 2 Update-Operationen

m Zeitbedarf fiir Einbenutzer- und Mehrbenutzerausfiihrung
(single/multiple streams)

m Metriken
— Query-per-Hour (QphH@Size)
— $/QphH@Size
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TPC-H Schema

Customerw ( Nation Reglon
SF*150K J L 25

Part
SF*200K

Order Supplier
SF*1500K SF*10K

Lineltem W ( PartSupp
SF*6000K J L SF*800K
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Beispiel-Query Q7 (Volume Shipping)

/* TPC H Query 7 - Volume Shipping */
SELECT SUPP_NATION, CUST_NATION, L _YEAR, SUM(VOLUME) AS REVENUE
FROM SELECT NL1. N NAME AS SUPP NATION
; N2.N NAME AS CUST _NATION, &ﬂuw} (yy, L_SHIPDATE) AS L_YEAR
; L_EXTENDEDPRICE (1 L DISCOUNT) AS VOLUME
FROM SUPPLIER, LINEITEM, ORDERS, CUSTOMER, NATION N1, NATION N2

WHERE S_SUPPKEY L _SUPPKEY AND O_ORDERKEY L. ORDERKEY
ID C_CUSTKEY = O_CUSTKEY AND S NATIONKEY = N1.N NATIONKEY
C NATIONKEY N2.N NATIONKEY
N1.N NAME = 'FRANCE' AND N2.N NAME = 'GERMANY'
(N1.N_NAME = 'GERMANY' AND NZ2.N_NAME 'FRANCE'
L SHIPDATE BETWEEN '1995-01-01' AND '1996-12-31°" AS SHIPPING

GROUP BY SUPP ~NATION, CUST NATION, L YEAR
ORDER BY SUPP_NATION CUST_NATION L_YEAR

Zur Unterstitzung bei der Verhandlung Uber neue Liefervertrage soll

der Wert der zwischen Frankreich und Deutschland transportierten Guter
festgestellt werden. Dazu werden jeweils die rabattierten

Einnahmen in den Jahren 1995 und 1996 berechnet, die aus
Auftragspositionen resultieren, bei denen der Lieferant aus dem einen,
und der Kunde aus dem anderen Land stammt (also vier Ergebnistupel).
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TPC-H: Performance

100 GB Results

System Date
mm Pnce!Oth Availability M

cPil — —
t |Gul"H |croenic 209208 125UsD| Nk Bl o Bt ec | Paneos] ¥
1Q-201
- ParAccel Analyti
2 |[ORACLE [SunFire 98,857| 2.65UsD NR 10/29/07 |P2ACcel Analvtic o i Hat Linux 4.4 | 10729/07| v
%4100 Database
D ’ HE ProLisnt Microsoft SQL Server [Microsoft Windows
3 q 73,974 .58 USD 5.93 07/02/10|2008 R2 Enterprise erver 2008 R2 07/02/10 N
DL380 G7 o ‘ .
Vimwoal | Edition Enterprise Edition

3,000 GB Results

= System Date

EXASOL
PRIMERGY EXASOL
1 FUYJHSU RICI00 94 1,608,920| 1.36 USD NR 08/01/08fc, oo o oy gx:\ciuster os | os/02/08| v
Sun SPARC Oracle Database oridassibis
2 |ORACLE [enterprise 198,907 |16.58 UsSD NR 12/09/10|11g Release 2 i 10/05/10] N
M9000 Server |Enterprise Edt.
[Microsoft
L Microsoft SQL Windows Server
11 HP ProLiant
3 C 162,601| 2.68 USD NR 10/13/10|Server 2008 R2 |2008 R2 06/21/10| N
DLS80 G7 : e :
invens Enterprise Edition |Enterprise
Edition
1
————
IDBS
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TPC-H: Preis/Performance

[100 GB Results

System Date
mmmm Availability M

e Beathis Microsoft SQL Server|Microsoft Windows
roLian
1 , /& DL38S G7 71,438 51 USD| 6.48 07/14/10 2008 R2 Enterprise 07/14/10| N
i HP Proliant Microsoft SQL Server|Microsoft Windows
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DL380 G7 = = e
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