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Abstract.

The Star Schema benchmaid SSB was devised to evaluate database system performance of star schema data
warehouse queries. The schema for SSB is based on the TPC-H benchmark, but in a highly modified form. We believe
the detailsof modificationto beinstructivein answeringanimportantquestiongivena databasschemahatis notin
starschemdorm, how canit betransformedo starschem&orm without lossof importantqueryinformation?The SSB

has been used to measure a humber of major commercial database products on Linux to evaluate a new product. We als
intend to use SSB to compare star schema query performance of three major commercial database products running on
Windows, which will be reported separately.

1. Introduction

The Schema of the Star Schema Benchmark (SSB) is based on that of the TPC-H benchmark. The queries are also base
on afew of the TPC-Hqueries put the numberof queriesis rathersmallto makeit easyfor individualsto run SSBon
differentplatforms.Thereis no attemptto makeSSBhulletproofagainstintentionalmisuseby providinganexhaustive

list of tuningapproachethatareillegal, but afew guidelinesareprovidedin Section5.

2. Deriving The Star Schema Benchmark

Figurel (below)outlinesthe Schemdayoutof the TPC-Hbenchmarktakenfrom [TPC-H]. We presumehereaderis
somewhafamiliar with TPC-H schemaconventionsfor example:P_NAME is a columnin the PART table,SF stands
for the ScaleFactorof thebenchmarkandthe LINEITEM tablehas6,000,000owsin abenchmarkvith SF=1,but
600,000,000n a benchmarlkwith SF=100.

Figure2 (onthe samepageasFigurel) outlinesthe Schemdayoutof SSB,the StarSchema&Benchmarkdefined
here. We explain below the various factors that led us to define the schema for SSB based on the schema of [TPC-H].
Definitions of columns of SSB (cardinalities, types, and lengths) are given in Appendix A (Q.V.).

2.1 Achieving a Star Schema and Fact Table Changes

We are guided in the transformations that allow us to derive SSB from TPC-H by principles explained in [KIMBALLOZ2].
Here is a list of transformations made.

1. Create SSB LINEORDER Table. We combinethe LINEITEM and ORDERtablein SSBto makea

LINEORDER table. This denormalization is standard in data warehousing (see [KIMBALLOZ2], page 121), and makes
many joins unnecessary in common queries. Look at Appendix A for a reasonably detailed explanation of the columns in
LINEORDER and all other SSB tables. We discuss these issues further below.

2.Drop PARTSUPP Table. We drop the PARTSUPPtable of TPC-H becausef a grain mismatch.While TPC-H
LINEITEM and ORDER tables (combined in SSB as the LINEORDER table) have the finest Transaction Level grain,
the PARTSUPP table has what is called a Periodic Snapshot grain. (These terms are from [KIMBALLOZ2].) Basically,
this meanghatrefreshesaddingnewrowsovertime to LINEORDER do notaddrowsto PARTSUPPwhichis frozen
in time.

Now thisis OK aslongasPARTSUPPandLINEORDER aretreatedasSEPARATEFACT TABLES (i.e., separate
Data Marts in Kimball terms), queried separately, and never joined together. This is true in most TPC-H Queries where
PARTSUPRPis in the FROM clause,.e.,in Q1,Q11,Q16 andQ20.;howeverin Q9, PARTSUPPORDERS,and
LINEITEM all appear in the FROM clause. Query Q9 calculates profit for a part in a LINEITEM row (identifying PS for
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Figure 1. TPC-H Benchmark Schema
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Figure 2. Star Schema Benchmark (SSB) Schema

See Appendix A for Definitions of Columns shown here and discussed below!




the given part and supplier) as:
[(L_EXTENDEDPRICE*(1-L_DISCOUNT)-(PS_SUPPLYCOST*L_QUANTITY)]

Theproblem,of coursejs thatthatthe PS_SUPPLYCOSTould neverbe expectedo remainconstanduringtheseven
-year history of accumulating LINEORDER rows. The difference in grain between PARTSUPP and LINEORDER causes
this problem.

If we were to ignore Query Q9 (as we do in SSB), we could create a second Data Mart with SUPPLYCOST as the
only Facttable,butwe don'tdo thisin SSB.The presencef a SnapshoPARTSUPPablein TPC-Hdesignseemsf
little usein any event,andseemsncludedsimply to createa complexjoin schemait is very muchwhatonewould
expect in an update transactional design, where in adding an order lineitem for some part, we would access PARTSUPP
to find theminimal costsupplier,andwould thencorrectPS_AVAILQTY afterfilling theorder.All of thiswould be
happeningn currenttime, howeverwith PS_SUPPLYCOSandPS_AVAILQTY keptup to date.But in the TPC-H
benchmark, PS_AVAILQTY is never updated, even during Refresh of ORDERS. In a Star Schema Data Warehouse, it's
more reasonable to leave out the PARTSUPP table and perhaps (as we do) create a column SUPPLYCOST for each
LINEORDER row for this information. A data warehouse, of course, contains derived data only, so there is no need to
normalize to guarantee one fact in one place: the next order for the same part and supplier might not repeat this price, ar
if some part is not ordered we might lose information on some old price charged, but that's fine with derived data.

3. Drop Some TPC-H Columns of LINEITEM and ORDER and Add Some to LINEORDER. (a) We
drop the COMMENT and SHIPINSTRUCT attributes of LINEITEM (27 chars and 25 chars respectively), and
COMMENT of ORDER (49 chars). A warehouse doesn't store unparsed text information in a fact table, since it canOt be
aggregated and takes significant storage. See [Kimball], pg. 18, first full paragraph.

(b) Similarly we dropLO_CLERK, which seemausefulonly in operationaldata,thoughsomeabstractiorof this
information might be included in a data warehouse in a form where a query can return quantitative results.

(c) WeaddLO_SUPPLYCOSTior PART,LO_ORDSUPPLYCOSBummingfor ORDERS ,andbring over
O_TOTALPRICEasLO_ORDTOTALPRICE.

(d) We dropthe TPC-Hattributesfor eventsfollowing the ORDERDATE of anitem. l.e.: SHIPDATE,
RECEIPTDATE,andRETURNFLAG. Clearlythe orderinformationmustbe queryableprior to shipping,customer
receipt and return events many days later. The way such a sequence of dates is hormally handled in data warehousing is
with a sequence of tables as in [KIMBALL], pg. 94, but we feel these are too complex for our intended benchmark. We
retainthe COMMITDATE (committo ship)in SSB,sinceit is partof the salenegotiation.

4. Drop Tables NATION and REGION. We drop the tables,NATION and REGION, which turn the starschema
into a snowflakeschemawhenjoinedto the SSBdimension®CUSTOMER,PART, andSUPPLIER(see[Kimball],
page55). Suchtables,which addjoins to TPC-Hqueriesmay be appropriatén an OLTP systemto enforceintegrity,
but notin awarehouseystemwheredatais cleanedntheway in. It is unlikely thata userwill needto browsethe
NATION or REGIONdimensionto determinewvhatqueryto perform,butif thisis the casethetablesmay existfor
browsingpurposesvithout beinginvolvedin queries.

2.2 Changes to TPC-H Dimension Tables

5. Further Changes Resulting from Grain Mismatches. As in the mismatchbetweenthe snapshotvalue
PS_SUPPLYCOSWith sevenyearsof ORDERandLINEITEM rows,we havemismatchesn afew dimension
columns.

(a) WedropP_RETAILPRICEsincetheretail priceis likely to changeoo frequentlyto be heldin a dimension(see
[KIMBALL], page 20, last paragraph); the price of a part is better determined for a lineorder row many days old as
LO_EXTENDEDPRICE/LO_QUANTITY.

(b) We drop C_ACCTBAL, which does not match the grain of LINEORDER (C_ACCTBAL never changes); we
also refrain from adding another column to the LINEORDER table to provides the customer account balance at the time
the order is placed: we assume that existence of the LINEORDER row implies the customer had sufficient funds (or
credit) to place the order, and we don't want to build into our design complex concepts of charges and extended credit,
featureswith policiesthatmight changeovertime in anyevent.

6. Dropping, Adding, and Changing Columns.

(a) Shortening Columns. (i) We shortenthe TPC-H column P_NAME that is unrealisticallylong (55 bytes,
five concatenated "colors"); presumably this length was intended to make the PART table larger and more challenging to
query;P_NAME is 22 bytesin SSB(two concatenateticolors"). (ii) Although P_MFGR,whichis 25 byteslongin
TPC-His not consideredwo longin [KIMBALL], page20,we changehevaluesto ['"MFGR",M], whereM is a
randomvalue[1,5], atotal of 6 chars,e.g.:"MFGR#2". We makethis changeonly to simplify SSB,sousersneednot
learncomplexP_MFGRnames.
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(b) Dropping Columns. In additionto P_RETAILPRICEandC_ACCTBAL mentionedin Change5, we also
drop P_COMMENT,; as with O_COMMENT, we have no use for an unparsed comment in a Data Warehouse query.

(¢) Adding Columns and Changing Column Names. TPC-H schemacolumnsall have small cardinalities
(numbersof values)with O ORDERDATEthe singleexceptionthusmostpossiblecolumnpredicatesesultin large
filter factors that make index restrictions ineffective. As for O_ ORDERDATE, TPC-H predicates restrict this to a mini-
mum of one year, and most restrictions are to five out of seven years. Because of this, major database products running
TPC-H create indexes only on primary keys, to aid in joins. We consider these small column cardinalities unrealistic, and
make a humber of reasonable changes to permit predicates with smaller filter factors.

(i) We changethenameP_BRANDin TPC-Hto P_CATEGORYin SSB,sincethe TPC-HP_BRAND only has25
distinctvaluesaridiculously smallnumber We adda newcolumn,P_BRAND1,with 1000values,subdividingeach
P_CATEGORYinto 40. (A P_BRAND1valuesuchasMFGR#5433rolls upto P_CATEGORYvalueMFGR#54,
whichrolls upto P_MFGRvalueMFGR#5.See[KIMBALL], pg.21, paragrapl8 for terminology:P_CATEGORY
might be 'Hardware Products' and P_BRANDL1 the Brand 'Snap-On'.)

(ii) We add S_CITY and C_CITY columns using the first 9 characters of the S_NATION (blank extended if there are
fewerthan9) followed by adigit 0-9. This providesCITY columnsfor SUPPLIERandCUSTOMERwith cardinalities
250,whereNATION hasonly 25 values.

(iii) We alsoadda newcolumnnamedP_COLORto usein querieswherecurrentlya color mustbe parsedasa
substringfrom P_NAME.

(d) Changing Scale Sizes of Dimensions. We believethat someof the scalesizesand growth factors of
dimension tables in TPC-H are unrealistic, and try to address this.

(i) While PARTS (or PRODUCTSIn atypical SALES DateMart) realisticallyform alargedimensiontheydo not
grow sofastasto remainin theratio 2/15to the numberof rowsin alarge ORDERStable (astheywould with
SF*200,000rows in TPC-H). We change the scaling factor for PARTS in SSB to 200,000*floor(1+lo@SF),

giving 200,000partsfor 6,000,00dineorderrows (SF=1), 400,000partswhenthereare 12,000,000ineorderrows (SF
= 2),t0 600,000partsonly whenthereare24,000,000dineorderrows (SF = 4), andsoon. Note that sublinearscalingis
also a feature of the planned benchmark presented in [TPC-DS].

(ii) With SF*150,000customersand1,500,000rders this meansve expectthe averagecustometo placel0 orders
in 7 years,an unreasonablysmall number.We change the number of customers to SF*30,000, corresponding
to 50 orders in 7 years, about 7 orders a year.

7. Adding Date Dimension. We adda DATE dimensiontable,standardor a warehousen sales.Unlike the

dropped tables NATION and REGION, this table has a large number of attributes that are valuable in queries, such as
DAYOFWEEK, MONTH (name),SELLINGSEASON etc.Forasourceof Datecolumns see[Kimball] page39. We

leave out Fiscal dates. Note that we keep the DATE dimension in order by date.

Summary of SSB Schema Derivation

The result of these table modifications is a proper star schema Data Mart, with the fact table LINEORDER in the middle
anddimensiontablesfor CUSTOMER,PART, SUPPLIER,andDATE. A seriesof DataMartstablesof thetypes

mentionedn point3 (b), abovecould easilybe constructedbut thisis consideredoo complexa venturefor our current

simple benchmark.

3. Benchmark Queries

The classic data warehouse queries appearing in SSB select from the lineorder table exactly once (no self-joins or subque
ries), with predicate restrictions on dimension table attributes. SSB also has one relatively rare form of query that appear:
in TPC-Handrestrictsfacttableattributesln varyingthe TPC-Hqueryformatfor SSB,we makea weakattemptto
provideFunctional CoveragandSelectivity Coveragkeatures explained in [SETQ].

Functional Coverage. We wantto choosebenchmarlqueriesthatspanthe tasksperformedby StarSchemeagueries

used in commercial systems. We would like to achieve such coverage so as to allow prospective users to derive a
performance rating from a weighted subset of SSB queries to match the query workload they expect to use in practice.
Thisaimis quitedifficult, however giventhe hugenumberof possiblecombinationf predicate®n columnsof a fact

table and four (or more) dimension tables. We can only try our best, by choosing queries with different numbers of predi-
cates on dimension attributes (and a few fact column predicates).

Selectivity Coverage. The total numberof fact tablerows retrievedis determinedby the selectivity (i.e., total Filter
FactorFF) of restrictionson dimensionsWe wish to vary this selectivityfrom querieswherea lot of facttablerowsare
retrieved--though the data reported out is normally grouped and aggregated, resulting in a smaller number of values--to
queries where a small number of rows are retrieved.



One issue that arises in all benchmarks is the disk buffering effect that reduces the number of disk accesses necessary
when one SQL statement follows another with an overlap of accessed data. To minimize this effect, the approach we taki
is to flush the disk buffers between successive queries. While one may argue that flushing buffers is unrealistic, we
believe that the extent to which buffering aids from one query to the next asymptotes to zero as the size of the database
increases so that queries access more information than can be held in memory buffers, a common commercial situation
which we cannotemulatewith alow-costbenchmarlof limited sizesuchasSSB.

As in the Set Query Benchmark [SETQ)], we strive in this benchmark to provide functional coverage (different
commontypesof StarSchemajueries)andSelectivityCoveraggvaryingfractionsof thelineitemtablethatmustbe
accessed to answer the queries). We only have a small number of queries to provide such coverage, but we do our best.
Some model queries will be based on the TPC-H query set, but others we feel needed have no counterpart in TPC-H. In
any eventneedto modify basequeryformatsto vary the selectivity,resultingin whatwe call Query Flights below.

In Section3.1,we providethe definitionsof querieswe proposeo usein SSB.Reportingrequirement$or SSBand
guidelines for running the SSB are covered in Section 3.2.

3.1 Query Definitions

Many queriesin TPC-Hwill nottranslatento our schemaFor example TPCQ1 requiresknowledgewhetheritems
shipped as of a given date were returned. We have decided that our LINEORDER table will only have ordering informa-
tion, and that other data marts would be needed for shipping, receipt, and return information (see [KIMBALL], pg. 94).
Similarly, TPCQ2 asksfor the minimum costsupplierfor partsin variousregions,which requiresthe PARTSUPP
table(with the questionableassumptionhatit is up-to-date) TPCQ3 requiresknowledgethatanorderis unshipped;
TPCQ4 requires knowledge of receipt date by customer. And so on. Only a few queries from TPC-H can be imple-
mentedon our SSBschemewith minimal modification(aswe seebelow).

The SSB Query Definitions are given in Figure 3, below, and the filter factors (FF) for the query predicates are given
in Figure4 of thefollowing page.

Query Flight Q1, basedon TPC-H query TPCQ6, hasa restrictionon onedimensionandtwo LINEORDER

columns, LO_DISCOUNT and LO_QUANTITY. The query measures the revenue increase from eliminating various
ranges of discounts in given product order quantity intervals shipped in a given year. Since our LINEORDER table
doesn't list shipdate, we replace shipdate by orderdate in the flight. We consider this a minimal change, since all products
ordered are later shipped. Query Fli@it has three queries.

Q1.1 hasrestrictionsd_year= 1993,l0_quantity< 25,andlo_discountbetweerl and3. We cancalculatethe total
LINEORDERFilter FactorFF to be (1/7)*0.5*(3/11)= 0.0194805Thereadercando the sameFilter Factorcalculations
for restrictions of other queries given, by looking at Appendix A, where column cardinalities are provided. Figure 4
providesalist of FF vs. RestrictionSourcealculationsor all SSBQueries.

Q1.2 changesestrictionsof Q1.1 to d_yearmonth= 199401 Jo_quantitybetweern26 and35, lo_discountbetweend
and6. TheFilter factoris smaller:FF = (1/84)*(3/11)*0.2= 0.00064935.

Q1.3 changegsherestrictionsto d_weeknuminyear 6 andYEAR = 1994,lo_quantitybetweer36 and40,
lo_discountbetweerb and7 with smallerFF=.000075.

Query Flight Q2 hasrestrictionson two dimensionsThe querycomparesevenuesor certainproductclassesand
suppliers in a certain region, grouped by more restrictive product classes and all years of orders; since TPC-H has no
query of this description, we add it here.

Q2.1 hasrestrictionsp_category= '"MFGR#12'ands_regionsolineorderFF = (1/25)*(1/5) = 1/125.

Q2.2 changesestrictionsof Q2.1 to: p_brandlbetweenMFGR#2221'and'MFGR#2228ands_regionto 'ASIA',
resultingin the FF = (1/125)*(1/5)= 1/625.(Note: p_brand1lis aroll-up of categorywhich rolls up MFGR.)

Q2.3 changesestrictionto: p_brand1= 'MFGR#2339ands_regior= 'EUROPE';FF = (1/1000)*(1/5)= 1/5000.

Query Flight Q3, basedon TPC-H queryTPCQ5, hasrestrictionson threedimensionsThe queryis intendedto
retrieve total revenue for lineorder transactions within a given region in a certain time period, grouped by customer
nation,suppliernationandyear.

Q3.1 hasrestrictionsc_region="ASIA", s_regionASIA', andrestrictsd_yearto a 6-year period, groupedby
c_nations_nationandyear:LINEORDER FF = (1/5)*(1/5)*(6/7) = 6/175.

Q3.2 changesegionrestrictionsto ¢_nation="UNITED STATES'ands_nation='UNITED STATES',grouping
revenueby customercity, suppliercity, andyear,soLINEORDERFF = (1/25)*(1/25)*(6/7)= 6/4375.

Q3.3 Changesestrictionsto c¢_city ands_cityto two citiesin 'UNITED KINGDOM' andretrievesrevenuegrouped
by c_city,s_city,d_year;soLINEORDER FF = (1/125)*(1/125)*(6/7)= 6/109375

Q3.4 Changeglaterestrictionto a singlemonth,resultingin FF = (1/125)*(1/125)*(1/84)= 1/1312500.



QL1
selectsum(lo_extendedprice*lo_discoura}
revenue
from lineorder,date
wherelo_orderdate= d_datekey
andd_year= 1993
andlo_discountbetweenland3
andlo_quantity< 25;

Q1.2
selectsum(lo_extendedprice*lo_discoura}
revenue
from lineorder,date
wherelo_orderdate= d_datekey
andd_yearmonth= 199401
andlo_discountbetween4and6
andlo_quantitybetweer26 and35;

Q13
selectsum(lo_extendedprice*lo_discoura}
revenue
from lineorder,date
wherelo_orderdate= d_datekey
andd_weeknuminyear 6
andd_year= 1994
andlo_discountbetweers and7
andlo_quantitybetweer26 and35;

Q2.1
selectsum(lo_revenue)d_year,p_brandl
from lineorder,date,part, supplier
wherelo_orderdate= d_datekey
andlo_partkey= p_partkey
andlo_suppkey=s_suppkey
andp_category= 'MFGR#12'
ands_regior= 'AMERICA'
groupby d_year,p_brand1
orderby d_year,p_brandl;

Q2.2
selectsum(lo_revenue)d_year,p_brandl
from lineorder,date,part, supplier
wherelo_orderdate= d_datekey
andlo_partkey= p_partkey
andlo_suppkey=s_suppkey
andp_brandlbetweeMFGR#2221
and 'MFGR#2228'
ands_region="ASIA'
groupby d_year,p_brand1
orderby d_year,p_brandl;

Q2.3
selectsum(lo_revenue)d_year,p_brandl
from lineorder,date,part, supplier
wherelo_orderdate= d_datekey
andlo_partkey= p_partkey
andlo_suppkey=s_suppkey
andp_brand1=MFGR#2239'
ands_region= 'EUROPE'
groupby d_year,p_brand1
orderby d_year,p_brandl;

Q3.1
selectc_nation,s_nationd_year,
sum(lo_revenuegasrevenue
from customerlineorder,supplier,date
wherelo_custkey= c_custkey
andlo_suppkey= s_suppkey
andlo_orderdate= d_datekey
andc_region="ASIA'
ands_regior='ASIA'
andd_year>= 1992andd_year<= 1997
groupby c_nation,s_nationd_year
orderby d_yearasc,revenuedesc;

Q3.2
selectc_city, s_city,d_year,sum(lo_revenue)
asrevenue
from customerJineorder,supplier,date
wherelo_custkey= c_custkey
andlo_suppkey= s_suppkey
andlo_orderdate= d_datekey
andc_nation="UNITED STATES'
ands_natior='"UNITED STATES'
andd_year>= 1992andd_year<= 1997
groupby c_city, s_city,d_year
orderby d_yearasc,revenuedesc;

Q3.3
selectc_city, s_city,d_year,sum(lo_revenue)
asrevenue
from customerlineorder,supplier,date
wherelo_custkey= c_custkey
andlo_suppkey= s_suppkey
andlo_orderdate= d_datekey
and (c_city="UNITED KI1'
or c_city="UNITED KI5")
and(s_city="UNITEDKI1'
or s_city=OUNITELKI5")
andd_year>= 1992andd_year<= 1997
groupby c_city, s_city,d_year
orderby d_yearasc,revenuedesc;

Q3.4
selectc_city, s_city,d_year,sum(lo_revenue)
asrevenue
from customerlineorder,supplier,date
wherelo_custkey= c_custkey
andlo_suppkey= s_suppkey
andlo_orderdate= d_datekey
and (c_city='"UNITED KI1'
or c_city="UNITED KI5")
and(s_city="UNITEDKI1'
or s_city='"UNITEDKIS5")
andd_yearmonth= '‘Dec1997"
groupby c_city, s_city,d_year
orderby d_yearasc,revenuedesc;

Q4.1
selectd_year,c_nation,
sum(lo_revenue lo_supplycostprsprofit
from date,customersupplier,part, lineorder
wherelo_custkey= c_custkey
andlo_suppkey= s_suppkey
andlo_partkey= p_partkey
andlo_orderdate= d_datekey
andc_region="AMERICA'
ands_region= '"AMERICA'
and(p_mfgr="MFGR#1'
or p_mfgr="MFGR#2")
groupby d_year,c_nation
orderby d_year,c_nation;

Q4.2
selectd_year,s_nation,p_category,
sum(lo_revenue lo_supplycostprsprofit
from date,customersupplier,part, lineorder
wherelo_custkey= c_custkey
andlo_suppkey= s_suppkey
andlo_partkey= p_partkey
andlo_orderdate= d_datekey
andc_region="AMERICA'
ands_region= "AMERICA'
and(d_year= 1997or d_year= 1998)
and(p_mfgr="MFGR#1'
or p_mfgr="MFGR#2")
groupby d_year,s_nation,p_category
orderby d_year,s_nationp_category;

Q4.3
selectd_year,s_city,p_brand1,
sum(lo_revenue lo_supplycostasprofit
from date,customersupplier,part, lineorder
wherelo_custkey= c_custkey
andlo_suppkey= s_suppkey
andlo_partkey= p_partkey
andlo_orderdate= d_datekey
ands_natiorn="UNITED STATES'
and(d_year= 1997or d_year= 1998)
andp_category= 'MFGR#14"'
groupby d_year,s_city,p_brand1,;
orderby d_year,s_city,p_brandl;

Figure 3. Star Schema Benchmark Query List

Query Flight Q4 providesa "What-If" sequenc®f queriesthatmight be generatedn an OLAP style of exploration.
Starting with a query with rather weak constraints on three-dimensional columns, we retrieve aggregate profit,

sum(lo_revenue - lo_supplycost), grouped by d_year and c_nation. Successive queries modify predicate constraints by

drilling down to find the source of an anomaly.
Q4.1 restrictsc_regionands_regionbothto 'AMERICA', andp_mfgrto oneof two possibilities,so FF on lineorder

= (1/5)(1/5)*(2/5) = 2/125.

Assumethat Q4.1 outputshowsa surprisinggrowth of 40%in profit from year1997to year1998,uniform across
¢_nation.(This neednot betruein the datawe actuallyexamine.)We would probablywant Q4.2 to pivot awayfrom

grouping by s_nation, restrict d_year to 1997 and 1998, and drill down to group by p_category to see where the profit

change arises.



Q4.2 thushasfilter factor FF = (2/7)*(1/5)(1/5)*(2/5)= 4/875.

Now assumehatasaresultof Q4.2, agreatpercentagef the profit increasefrom year1997to 1998comesfrom
s_nation="UNITED STATES'andp_category= '"MFGR1#4'.Now in Q4.3 we might wantto restricts_nationto
'UNITED STATES' and p_category = 'MFGR1#4', drilling down to group by s_city (in the United States) and p_brand1
(within p_category'MFGR#14").

Q4.3 thushasFF = (2/7)*(1/5)*(1/25)*(1/25)= 2/21875.

3.2 A Discussion of SSB Query Optimization
Figure 4 contains Filter Factors (FFs) for SSB Query predicates, categorized by LINEORDER column predicates or

Dimensionakolumnpredicategrom which they spring.Ultimately, FFsof eachqueryline combineto restrictthe
numberof rowsretrievedfrom the LINEORDERtable.An algorithmfor optimizinga querywith dimensioncolumn

Query | FF lineorder Dimensions: FFs of indexable predicates Combined FF Effect
restriction on dimension columns on lineorder

FFon | FF on part: FF on supplie| FF customer:
time Brandlroll-up | city roll-up city roll-up

QL1 A7*3/11 1/7 .019

Q1.2 .2*3/11 1/84 .00065

Q13 1*3/11 1/364 .000075

Q2.1 1/25 1/5 1/125=.0080

Q2.2 1/125 1/5 1/625=.0016

Q2.3 1/1000 1/5 1/5000=.00020

Q3.1 6/7 1/5 1/5 6/175=.034

Q3.2 6/7 1/25 1/25 6/4375=.0014

Q3.3 6/7 1/125 1/125 6/109375=.000055

Q34 1/84 1/125 1/125 1/1312500=000000762

Q4.1 2/5 1/5 1/5 2/125=.016

Q4.2 217 2/5 1/5 1/5 4/875=.0046

Q4.3 217 1/25 1/25 1/5 2/21875=.000091

Figure 4. Filter Factor Breakdown for SSB Queries of Figure 3

restrictionss outlinedin [SCALZO], page90. The queryplantranslategachrestrictionon a dimensionto a setof
primarykeysof rowsin thatdimensiontable,thentranslategrom theseprimary keysto LINEORDER foreignkeysfor
the dimension, and finally ORs the set of LINEORDER rows for each of these indexed foreign key values to achieve a
single restriction on LINEORDER, usually represented as a bitmap. The restrictions on all dimensions of the query are
thenANDed with anyindexedrestrictionson LINEORDER columnsto resultin a combinedFF shownin thefinal
columnof Figure4. Thisrestrictedsetof LINEORDER rowsis thenjoinedwith dimensioncolumnsfrom the Selectlist
of thequery. If thecombinedFF effecton LINEORDER s very small (asin Q3.4), thetotal effort to retrievethe
joined rows is much reduced.

A FF of 1/1000would havesaveda greatdealof time retrievingdisk pagesrom the LINEORDERtableon MVS
DB2: assuming the table had 40 rows on each disk page, we would have only needed to retrieve 40/1000 = 1/25 of all ths
pages. While sequential access (reading in all disk pages in sequence) was ten times faster on a per page basis than list
prefetch (which would be used to pick up an average of 1/25 of all pages in sequence in the most efficient way), that still
meantthatwe couldaccesd/25of all pagesn only 10/25= 40% of thetime it took to accessll pagesn sequence.
Times have changed, however. Currently, sequential access from a disk is much faster than it used to be compared to
random 1/O to retrieve 1/25 of the pages.

An indexedrestrictionon atablewith mostgiven FFsis thusof lessvaluethanit usedto be. The TPC-Hbenchmark
specificallyhasno columnswhoserestrictionscanleadto smallfilter factors,soin factonly primarykeysandforeign
keys are indexed.

3.2 SSB Reporting Requirements

NOTE 1: publishedSSBReportsneednotincludeinformationprecludinganonymou®9BMS referenceso avoidlicense
restrictions on published performance measurements for specific products. This exemption includes: product-specific
tuning details, query plans, and any other facts that would reveal the name of the DBMS product.

Asidefrom exemptionof NOTE 1, SSBReportsshouldincludea ScaleFactorrating (anddatabasg@roductname,if
notanonymous)n thehheadingaswell asthefollowing information:the processomodel, DBMS name(syandversions,



memoryspacebrokendownby use(e.g.,disk buffers,sortspace)disk setup,numberof processorbeingusedin thetest
with breakdown of schema by processor, and any other parameters of the system that impinge on performance.

After a load on a DBMS (see below for data generation), the space utilization of all tables, indexes, materialized
views, and any other objects that incur space utilization will be listed. The purpose of any defined object used for
performance acceleration (such as a materialized view) will be clearly explained. The time expended for all data loads,
including sorting data, partitioning or clustering the data, creating and loading indexes (indexes are considered part of the
data), generating statistics on the data for query optimization, and any other procedures used to bring the data to a state
where efficient query performance can be measured, will be reported in a clear manner.

The 13 queriesQ1.1 throughQ4.3 listedin Figure3 will be executedandperformanceeportedwill be: Elapsed
time, CPUtime, anddisk volumeof I/O (in MBytesor Disk blockswith statedsize).Bufferswill beflushedbetween
successivgueriesmoreon thisin Section3.3.

3.3 Benchmarking Rules/Guidelines

Theauthorsarenot attemptingto makethe SSBbenchmarkbulletproofby listing tuningapproachethatareillegal (as

is done in TPC benchmarks). However, any tuning capability habitually used to improve performance in a database
product should be adopted for that product when it was measured and reported for SSB. If a tuning method should prove
impossiblebecausef costlimitationsin the benchmarkingetup the tuning methodthatwasnot adoptedandthereason

for it should be mentioned in the preface to the report with a bold heading. Note that lack of disk space would normally
not be an acceptable reason, since one is expected to buy additional disk to accommodate efficient database product exec
tion; CPU parallelism across multiple processors would be an acceptable exemption, since a single-processor benchmar
should be appropriate for measurement.

Here are a few ground rules. First, the columns in the SSB tables can be compressed by whatever means available in th
database system used, as long as reported data retrieved by queries has the values specified in our schemas: e.g., we re
values:Monday, Tuesday, . ., Sundayratherthani, 2,...,7.

Second, Materialized Views, dVs that might enhance performance, for example by pre-joining some useful
dimensioncolumnswith the LINEORDER table,arepermitted.The point of thisis to avoidartificial restrictionsthat
would limit performance unrealistically compared to commercial systems, which have no such restrictions. Of course
suchMVs will paya pricein longerloadtime, andit shouldbe notedthatthe smallnumberof queriescontainedn SSB
would not be the only ones that would occur in an ad-hoc data warehouse query application. However, the queries of SSE
canbethoughtof ascommonlyoccurringin suchanapplication.

Disk buffers must be flushed between queries. This can be done by any means desired (e.g., long table scan), but a
test that the flush was effective should be made. This can be achieved by validating that query measurements Q1.1, Q2..
Q3.1, Q3.4 and Q4.1 remain the same after bringing down the processor and executing the queries on a fresh start-up.

Variant query forms are allowed. Any alternativeSQL form that modifies predicaterestrictionsbut retainsthe
sameeffecton retrievalis fine. For examplejt is permissibleo leaveout a join for a columnthathasbeenaddedo

LINEORDER in a Materialized View; similarly, one can provide extra information to a query optimizer that doesn't
understand dimension hierarchy roll-ups by adding restrictions upper hierarchy restrictions that reinforce restrictions on
lower dimension columns in a hierarchy. For example, one can add a D_YEAR = 1997 restriction to a D_YEARMONTH
= 'Decl1997testriction. A word of caution, however: on a basic SSB Schema with no materialized view, a modified query
3.4 that added the restriction C_NATION ="'UNITED KINGDOM' to the restriction (C_CITY ='UNITED KI1' or

C_CITY ='UNITED KI5") caused one of our DBMS products to choose an inferior query plan; the query optimizer
erroneously assumed that these two restrictions were independent, and multiplied their filter factors rather than looking fol
another restriction to reduce the filter factor selectivity.

The underlined FF for each query distinguishes the smallest FF over the indexable dimension column predicate. The mos
valuable way we can speed up a query with an indexable dimension column restriction is to sort the lineorder table by
thatcolumn;otherwise jndexeson suchcolumnswill probablynotlimit the numberof disk pageghatmustbe

accessed. Note that by breaking ties for underlining away from supplier, we can avoid underlines in the supplier city roll-
up columnin Table3.1. Thuswe canavoidalineordersortby s_city. The querysetsuggestsortsby time, partbrand

roll-up and (customer roll-up, supplier roll-up).

We seethat Q4 shiftsfrom customer-sorto part-sortasbestmatchbetweenQ4.1andQ4.3. (NOTE thatthe DB
Designer could either choose the supplier roll-up or customer roll-up for a sort order to provide efficiency where they have
equal Filter Factors; however the DB Designer should NOT require both sort orders.)



4. Load and Refresh

There is a DBGEN load provided with SSB Specification; it works pretty much as specified in TPC-H, but with data
modifications as needed. It will be documented separately.

Refresh (Insert and Delete multiple LINEORDER rows) will also follow TPC-H to reflect accumulated changes.(One
one-thousandth of the lineorder table will be deleted and one one-thousandth inserted with each refresh, with the original
lineorder table coming back into existence after 1000 refresh pairs.) As with TPC-H, we allow inserts and deletes while
queries are running or while queries are quiesced. Refresh is likely to affect What-If analysis query sets if queries are

ongoing.

Appendix A. TPC-H and SSB Column Definitions

TPC-H Column Definitions

PART Table Layout

PARTKEY identifier SF*200,000arepopulated
NAME variabletext, size55
MFGR fixed text, size25
BRAND fixed text, size10
TYPE variabletext, size25

SIZE integer

CONTAINER fixed text, size 10
RETAILPRICEdecimal
COMMENT variabletext, size23
Primary Key: PARTKEY

SUPPLIER Table Layout

SUPPKEYidentifier SF*10,000arepopulated

NAME fixed text, size 25

ADDRESSvariabletext, size40

NATIONKEY identifier foreign key referenceto NATIONKEY
PHONEfixed text, size15

ACCTBAL decimal

COMMENT variabletext, size101

Primary Key: SUPPKEY

PARTSUPP Table Layout

PARTKEY identifier foreign key referenceto PARTKEY
SUPPKEYidentifier foreign key referenceo SUPPKEY
AVAILQTY integer

SUPPLYCOST decimal

COMMENT variabletext, size199

Compound Primary Key: PARTKEY, SUPPKEY

CUSTOMER Table Layout

CUSTKEY identifier SF*150,000are populated

NAME variabletext, size 25

ADDRESSvariabletext, size40

NATIONKEY identifier foreign key referenceto PNATIONKEY
PHONEfixed text, size15

ACCTBAL decimal

MKTSEGMENT fixed text, size10

COMMENT variabletext, size117

Primary Key: CUSTKEY

ORDERS Table Layout

ORDERKEY identifier SF*1,500,000are sparselypopulated
CUSTKEY identifier foreign key referenceo C_CUSTKEY
ORDERSTATUSTixed text(1)

TOTALPRICE decimal

ORDERDATE date

ORDERPRIORITYfixed text(15)

CLERK fixed text, size15

SHIPPRIORITYinteger

COMMENT variabletext, size 79

Primary Key: ORDERKEY

Comment: Ordersarenot presentfor all customersThe ordersare
assignedt randomto two-thirdsof the customersleavingone-third

with no order.The purposes to exercisecapabilitiesof the DBMS to

handle"deaddata"whenjoining two or moretables.

LINEITEM Table Layout

ORDERKEY identifier foreign key referenceo O_ ORDERKEY
PARTKEY identifier foreignkey referenceo P_PARTKEY,
SUPPKEYidentifier foreign key referenceto S_SUPPKEY,
[CompoundForeignkey referenceo (PS_PARTKEY,PS_SUPPKEY)]
LINENUMBER integer

QUANTITY decimal

EXTENDEDPRICEdecimal

DISCOUNT decimal

TAX decimal

RETURNFLAG fixed text, sizel

LINESTATUS fixed text, sizel

SHIPDATE date

COMMITDATE date

RECEIPTDATEdate

SHIPINSTRUCTfixed text, size25

SHIPMODEfixed text, size10

COMMENT variabletext size44

Compound Primary Key: ORDERKEY,LINENUMBER

NATION Table Layout

NATIONKEY identifier 25 nationsare populated

NAME fixed text, size25

REGIONKEY identifier foreign key referenceto R_REGIONKEY
COMMENT variabletext, size 152

Primary Key: NATIONKEY

REGION Table Layout

REGIONKEY identifier 5 regionsare populated
NAME fixed text, size25

COMMENT variabletext, size 152

Primary Key: REGIONKEY

SSB Column Definitions

LINEORDER Table Layout (SF*6,000,000 are populated)
ORDERKEY numeric(int up to SF300) first 8 of each32 keysused
LINENUMBER numericl-7

CUSTKEY numericidentifier foreign key referenceo C_CUSTKEY
PARTKEY identifier foreign key referenceto P_PARTKEY
SUPPKEYnumericidentifier foreignkey referenceo S_SUPPKEY
ORDERDATE identifier foreign key referenceto D_DATEKEY
ORDERPRIORITYfixed text, size15 (5 Priorities:1-URGENT,etc.)
SHIPPRIORITYfixed text, sizel

QUANTITY numeric1-50 (for PART)
EXTENDEDPRICEnumeric,MAX about55,450(for PART)
ORDTOTALPRICEnumeric,MAX about388,000(for ORDER)
DISCOUNT numeric0-10 (for PART) -- (Represent®ERCENT)
REVENUE numeric(for PART: (extendedprice*(100-discount))/100)
SUPPLYCOSThumeric(for PART, costfrom supplier,max= ?)
TAX numeric0-8 (for PART)

COMMITDATE ForeignKey referenceto D_DATEKEY
SHIPMODEfixed text, size10 (Modes:REG AIR, AIR, etc.)
Compound Primary Key: ORDERKEY,LINENUMBER

Comment: As in TPC-H, Ordersarenot presenfor all customers.
The ordersareassignedat randomto two-thirdsof the customers.



PART Table Layout (200,000%1+logySF' populated)

PARTKEY identifier

NAME variabletext, size22 (Not uniqueper PART but neverwas)
MFGR fixed text, size6 (MFGR#1-5,CARD = 5)

CATEGORY fixed text, size7 (MFGR#||1-5||1-5CARD = 25)
BRAND1 fixed text, size9 (CATEGORY||1-40CARD = 1000)
COLORVvariabletext, size11l (CARD = 94)

TYPE variabletext, size25 (CARD = 150)

SIZE numeric1-50 (CARD = 50)

CONTAINER fixed text(10) (CARD = 40)

Primary Key: PARTKEY

SUPPLIER Table Layout (SF*10,000 are populated)
SUPPKEYidentifier

NAME fixed text, size25: 'Supplier'||SUPPKEY
ADDRESSvariabletext, size 25 (city below)

CITY fixed text, size 10 (10/nation:nation_prefix||(0-9))

NATION fixed text(15) (25 values,longestUNITED KINGDOM)
REGIONfixed text, size12 (5 values:longestMIDDLE EAST)
PHONEfixed text, size 15 (manyvalues,format: 43-617-354-1222)
Primary Key: SUPPKEY

CUSTOMER Table Layout (SF*30,000arepopulated)

CUSTKEY numericidentifier
NAME variabletext, size25 'Customer'|| CUSTKEY

References

ADDRESSvariabletext, size 25 (city below)

CITY fixed text, size 10 (10/nation:NATION_PREFIX||(0-9)
NATION fixed text(15) (25 values,longestUNITED KINGDOM)
REGIONfixed text, size12 (5 values:longestMIDDLE EAST)
PHONEfixed text, size 15 (manyvalues,format: 43-617-354-1222)
MKTSEGMENT fixed text, size10 (longestis AUTOMOBILE)
Primary Key: CUSTKEY

DATE Table Layout (7 yearsof days:7366days)

DATEKEY identifier, uniqueid -- e.g.19980327(whatwe use)
DATE fixed text, size 18, longest:DecembeR2, 1998
DAYOFWEEK fixed text, size8, Sunday Monday, ..., Saturday)
MONTH fixed text, size9: January,.., December

YEAR uniguevalue1992-1998

YEARMONTHNUM numeric(YYYYMM) -- e.g.199803
YEARMONTH fixed text, size 7: Mar1998for example
DAYNUMINWEEK numeric1-7

DAYNUMINMONTH numeric1-31

DAYNUMINYEAR numeric1-366

MONTHNUMINYEAR numeric1-12

WEEKNUMINYEAR numeric1-53

SELLINGSEASONtext, size12 (ChristmasSummer,...)
LASTDAYINWEEKFL 1 bit

LASTDAYINMONTHFL 1 bit

HOLIDAYFL 1 bit

WEEKDAYFL 1 bit

Primary Key: DATEKEY
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