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Introduction

Thiswhite paper will discuss the wdl known fantrap phenomenon in query and reporting environments. It will
present a scaleable (i.e. server based) and maintenance free solution for this problem. Until now administrators of
guery and reporting tools in genera were struggling with implementing maintenance intensive workarounds and
very complicated solutionsin order to provide end users with correct results. The Oracle Discoverer development
team has put alot of effort in finding afinal solution to this problem. The solution is presented in this white paper.
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Statement of the problem

Two basic architectures (OLTP systems and data warehouses)

CUSTOMER

The phenomenon Fantrap typically appears in situations where CUST_ID

information is retrieved from relational databases via SQL in which [ gﬁg_:i;:m

multiple tables are involved. In general there are two basic architectures in REG REY

which the fantrap occurs. The first situation is the so-called master-detail- ALID_THRU

detail (MDD) model, typically found in OLTP systems. In this model the

first detail table is the master for the second detail table. An example of the

MDD model is shown in figure 1. CUSTOMER is the master table, SALE is SALE

the first detail table having a second detail table SALE_DETAILS. L= [cusT_KEY
OPER_ID

The second situation is found in data warehouses with multiple fact tables SALES_AMOUNT

and common dimension tables. In data warehouse environments multiple- E:EE—E’Q‘TE

fact-table data models are not unusual. According to data warehouse -

experts like Ralph Kimball, a fact table is subject oriented and is

dimensioned by a set of dimension tables. In a data warehouse

environment multiple subjects may exist and therefore it is not unusual SALE_DETAILS

that a data warehouse model contains more than one fact table with COSTS

. . . N PROD_KEY
common dimensions. This model is indicated as MF2 (an acronym for SALE D
master-fact1-fact2). This model is shown in figure 2. TR_LINE

Figure 1.  (Right) An example of a MDD model

CUSTOMER

Figure 2.  (Left) An example of a MF2 model

Both systems are used as data source by end users for information retrieval using ad-hoc query and
analysis tools like Oracle Discoverer. These tools use dynamically generated SQL to retrieve data from
these data sources based on an intermediate semantic layer. The semantic layer is the business area in the
EUL for Discoverer. The following section explains why the basic models are potential sources of erroneous
result sets for ad-hoc SQL generating query tools.

Why does this go wrong in straight SQL ?

The semantic layer in query tools hide database complexity for end users. Basically the database tables and columns
are presented in terms of commonly known and accepted objects. When end users create an ad-hoc report these
objects or items are selected. The semantic layer generates the corresponding SQL by selecting the corresponding
tables, join paths and applied constraints. In fact, the basic components of a SQL statement (SELECT, FROM,
WHERE, GROUPBY, etc.) arefilled in.
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Let us see what happens when a report is created based on the basic architectures. The examples used in
this paper are based on the data model given in Appendix A.

Example 1: The MDD basic model

Based on the presented MDD model a report can be created showing the COSTS and SALES_ AMOUNT
per CUSTOMER. Following the strategy described above, the SQL statement generated is:

SELECT M CUST_NAME CUSTOVER
, SUM D. SALES_AMOUNT) SALES
, SUM DD. COSTS) COSTS
FROM CUSTOMVER M
SALE D

, SALE_DETAI LS DD
WHERE M CUST_KEY=D. QUST_KEY
AND D. SALE_| D=DD. SALE_I D
GROUP BY M CUST_NAME

which results into:
CUSTOVER SALES COSTS

CUMM NGS 800,00 3
GRANT 1400,00 7.
JOHNSON 1000, 00 2.00
MCCLOUD 300,00 O
OSBORNE  4800,00 5

This is very wrong and should be
CUSTOMER  SALES COSTS

CUMM NGS 800,00 3.10
GRANT 900,00 7.45
JOHNSON 1000,00 2.00
MCCLOUD 300,00 0.30
OSBORNE 1600, 00 5.60

The SALES column contains wrong results because some sales records have more than one detail record,
i.e. SALE_ID=12 and SALE_ID=16, which is confirmed by the temporary result of the SQL statement above
before the aggregation and GROUP BY:

CUSTOMER SALE_I D SALES COSTS

JOHNSON 11 1000 2.00
GRANT 12 500 2.50
GRANT 12 500 0.75
GRANT 13 400 4.20
CUMM NGS 14 800 3.10
MCCLOUD 15 300 0.30
OSBORNE 16 1600 1.10
OSBORNE 16 1600 0.50
OSBORNE 16 1600 4.00

Example 2: The MF2 basic model

Based on the presented MF2 model a report can be created showing the SALES_AMOUNT and
LOAN_AMOUNT per CUSTOMER. Straight SQL would result into:

SELECT C. CUST_NAME CUSTOMER,
SUM S. SALES_ANMOUNT) SALES REVENUE,
SUM L. LOAN_AMOUNT) LOAN_ REVENUE

FROM CUSTOVER C
, SALE S
, LOAN L
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WHERE C. CUST_KEY = S. CUST_KEY
AND  C. CUST KEY = L.QUST KEY
GROUP BY C. CUST_NAME

Which results into:
CUSTOVER SALES_REVENUE LOAN_REVENUE

CUMM NGS 2400 160
GRANT 900 20
JOHNSON 2000 140
MCCLOUD 600 30
OSBORNE 1600 40

And is wrong again. It should be:
CUSTOVER SALES_REVENUE LOAN_REVENUE

CUMM NGS 800 160
GRANT 900 10
JOHNSON 1000 140
MCCLOUD 300 30
OSBORNE 1600 40

If for a given customer, the number of sales transactions differs from the number of loan transactions, the
result is wrong for that specific customer, which is confirmed by the temporary result:

CUSTOMER SALES_REVENUE LOAN_REVENUE

CUMM NGS 800 30
CUMM NGS 800 30
CUMM NGS 800 100
GRANT 400 10
GRANT 500 10
JOHNSON 1000 50
JOHNSON 1000 90
MCCLOUD 300 20
MCCLOUD 300 10
OSBORNE 1600 40

In fact the join created in the SQL statement above is not valid. There is no semantic relationship between
sale and loan transactions. Therefore the query should be solved in two separate queries and printed next
to each other in the report.

In fact both data warehouse and OLTP data models may contain these basic models. MDD models appear
in OLTP schemas and MF2 in data warehouse models for which multiple fact tables are implemented. The
next section shows some solutions implemented by query and reporting tools.

Known solutions

SQL generating query and reporting tools in the Business Intelligence market place have been struggling for
years to solve these kinds of problems (these tools are sometimes called the desktop OLAP tools).

In all versions up to patch release 3.1.40, Oracle Discoverer has been able to detect a potential fan trap
situation. The detection works properly for the MF2 situation only (master with multiple detail tables) and
is based on the foreign key relationships defined in the database schema or defined in the Business Area by
the Oracle Discoverer Administrator (see figure 3)
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Select Itemsl Table Layout Conditions I Sark I Calculations

To add itemns to your work sheet, select them from the &vailable list and mowve
therm to the Selected list.

Avvailable Selected
@ FanTrap j M =1 Customer
&~ L Customer name

-0 Product
#-1 Customer
= Operakor _’l
#-C1 sale
#- 1 5ale Details ;l
—--- Loan

+E|E Contract number

+E|E Loan Date

Oracle Discoverer

¢ Sales Amount

& Inwalid join configuration - includes & master with bwo separately joined detail Folders

Figure 3. Fantrap detection in Oracle Discoverer until release 3.1.40

When the detection is disabled the user may obtain wrong results. When the fan trap detection is enabled
the user will not be able to create a report based on two detail tables, unless the Discoverer Administrator
creates a UNION ALL custom folder based on a union of both fact tables. However this solution is not
satisfactory in a situation with very large fact (detail) tables, i.e. it is not a scaleable solution. It is not a
manageable solution either with many fact tables: the Discoverer Administrator has to create a custom
folder for all possible combinations of fact tables.
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Fantrap support in Oracle Discoverer

This section will discuss the solution of Oracle Discoverer to the fantrap problem. It will show that this
solution is generic for all data models. The solution will be presented based on both basic models .

The concept of inline views

The solution implemented in Oracle Discoverer version 3.1.41 is server based and involves the use of inline
views. In the previous section the SQL statements without inline views retrieved wrong results because the
tables involved are joined before the single-group function (aggregation, SUM) is performed. In fact, each
table involved in the query should be grouped first before it is joined with a related table. The foreign key
columns of the aggregated table, required to join with a related table, together with referenced primary
keys, constitute the GROUP BY clause of the query. This concept is the basis for the algorithm implemented
in Discoverer. Let us work out this concept with the basic model examples.

Example 1: The MDD basic model

The required information is CUSTOMER.CUST_NAME, SALE.SALES_ AMOUNT and
SALE_DETAILS.COSTS.

The tables involved in this example are:

TABLE NAME  MEASURES PRI MARY KEY FOREI GN KEYS
COLUM\( S) COLUM\( S)
CUSTOMER - CUST_KEY -
SALE SALES_AMOUN | SALE | D CUST_KEY
T
SALE DETAIL | COSTS TRX_LI NE SALE I D
s

Table 1.  Tables involved in example 1, MDD. The right column contains the relevant foreign key columns.
Primary keys columns in yellow are referenced by related foreign keys.

The CUSTOMER table does not store any measures (data points). The SALE table contains a measure to
which a single-group function must be applied: SALES_ AMOUNT. The foreign key to CUSTOMER is
CUST_KEY, referencing the primary key of CUSTOMER, i.e. CUST_KEY. The SALE_DETAILS table also
contains a measure: COSTS. The foreign key to SALE is SALE_ID referencing the primary key of SALE, i.e.
SALE_ID.

First for each of the two detail tables, an inline view is defined. In this example we will call them SALE IVW and
SALE DETAILS IVW respectively.

Inline view for SALE:

( CUST_KEY SALE | D SALES_AMOUNT
SELECT S. CUST_KEY CUST_KEY = mmmmmmme e e
, S.SALE I D SALE_I D 1 12 500
, SUM S. SALES_AMOUNT) SALES_AMOUNT 1 13 400
FROM  SALE S 2 14 800
GROUP BY S. CUST_KEY, S.SALE_ID 3 15 300
) SALE_I VW 4 11 1000
5 16 1600

Inline view for SALE DETAILS:
(
SELECT D. SALE_I D SALE I D SALE_|I D COSTS
, SUM D. COSTS) COSTS e e
FROM SALE_DETAI LS D 11 2.00
GROUP BY D. SALE I D 12 3.25
) SALE_DETAI LS | VW 13 4.20

14 3.10
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15 0. 30 16 5. 60

Consequently each in-line is used to constitute the final SQL statement:

SELECT M CUST_NAME CUSTOVER

, SUM D. SALES_AMOUNT) SALES

, SUM DD. COSTS) COSTS
FROM CUSTOMVER M

, SALE_| VW D

, SALE DETAIL_IVW DD
WHERE M CUST_KEY = D CUST_KEY
AND  D.SALE ID = DD. SALE I D
GROUP BY M CUST_NAME

The same analysis holds for the second example, the MF2 basic model:

Example 2: The MF2 basic model

The required information is CUSTOMER.CUST_NAME, SALE.SALES_ AMOUNT and
LOAN.LOAN_AMOUNT.

The tables involved in this example are:

TABLE_NAME | MEASURES PRI MARY KEY FOREI GN KEYS
COLUMN\( S) COLUMN( S)
CUSTOMER - CUST_KEY
SALE SALES_AMOUN | SALE_I D CUST_KEY
T
LOAN LOAN_AMOUNT | - CUST_KEY
Table 2. Tables involved in example 2, MF2. The right column contains the relevant foreign key columns.

Primary keys columns in yellow are referenced by related foreign keys.

The CUSTOMER table, again, does not store any measures. The SALES table and LOAN table contain a
measure to which a single-group function must be applied: SALES_ AMOUNT and LOAN_AMOUNT
respectively. The foreign key to customer is CUST_KEY, referencing the primary key of CUSTOMER, i.e.
CUST _KEY for both tables.

According to the inline view concept together with table 2 the following in-line views are defined, called
SALE IVW and LOAN_IVW respectively in the example printed below.

Inline view for SALE:

(

SELECT C. CUST_KEY CUST_KEY CUST_KEY SALES_AMOUNT
, SUM S. SALES_AMOUNT) SALES AMOUNT =~ ==mmmmcmoe mommmomoo
FROM CUSTOMER C 1 900
, SALE s 2 800
WHERE C. CUST_KEY = S. CUST_KEY 3 300
GROUP BY C. CUST_KEY 4 1000
) SALE_| VW 5 1600

Inline view for LOAN:

(

SELECT C. CUST_KEY CUST_KEY CUST_KEY LOAN_AMOUNT

. SUM L. LOAN_AMOUNT) LOAN AMOUNT ~ smmmmmemoe mmmeeeeoo -

FROM CUSTOMER C 1 10

, LOAN L 2 160

WHERE C. CUST_KEY = L. CUST_KEY 3 30

GROUP BY C. CUST_KEY 4 140

) LOAN | VW 5 40
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Consequently each in-line is used to constitute the final SQL statement:

SELECT M CUST_NANME CUSTOMER
, SUM D1. SALES_ANMOUNT) SALES

, SUM D2. LOAN_AMOUNT) LOAN
FROM CUSTOMER M

, SALE_| VW D1

, LOAN_| VW D2

WHERE M CUST_KEY = DL. CUST_KEY
AND M CUST_KEY = D2.CUST KEY
GROUP BY M CUST_NAME

From version 8.1.5 of Oracle database, inline views are not only supported in the FROM clause but also in
the SELECT clause. This opportunity enables us to use in-line views in a more compact and effective way.

SELECT C. CUST_NAME CUSTOMER

(
SELECT SUM S. SALES_AMOUNT)

FROM SALE s
WHERE S. CUST_KEY = C. CUST_KEY
) SALES_REVENUE

(

SELECT SUM L. LOAN ANDUNT)

FROM LOAN

WHERE L. CUST KEY = C. CUST_KEY
LOAN_REVENUE

FROM CUSTOMER C

This alternative but very elegant SQL statement, based on in-line views in the SELECT clause, reflects the
fact that there is no relationship at all between sale and loan transactions. (We would like to thank Lex de Haan
who analyzed this basic model and brought the solution in line with relational calculus principles).

Oracle Discoverer version 3.1.41 implements both solutions mentioned. Figure 4 shows the generated SQL in the
MF2 example.

Oracle Discoverer 3.1.41
Fan Trap support

SELECT el B g ET00 CE8 . Sl 1] ae ETONT07_SLIW . SUMIed32) a3 ET001 26 SUM =
d FACH [ SELECT 101087 &5 ind22, SUM| 011251 &5 ind32 FACM [ SELECT CLIST FEY A5 I010SY, LT |0 A5
(0o, TLIGT_ WAE &5 701099, FER KEr &5 101100 WALI0_THALIAS 1019671 FAOM FAMTAER CISTORER
N0 86, | SELECT CUST_KEY A5 (101124, SALE_DWTE &5 111126 SALES_AMOLINT 45 1107126, OFEA_ID
A5 /111127, SALE IT) AC {07123 FACH FANTARAP GALE JI0101123 WHERE [FI01CA7 - i1 011240, 8000 (A1 0E7
e = STTTR |- 101124] GROLE By (101057 | mden.
SRR DTS ST | GELECT 1101007 A e, SUMGIDEFLAS il 1, 1101088 A% ind12 FACH [ SELECT CUET_KEW AR
CUMMINGE = 1l1] TR0 |10, CLIST_ (2 A5 105 CUST_HARE &8 Ni0es, REG_KEY A8 A0 00 WALID. THRLLAS nini i FROK
e B 7 [FANTRAF DUSTOMER 1107101085, | SELECT CUST_KEY 5 101104, CONTFLKEY A5 107105, LOAM,_DATE &5
- FHEE, L050_AMOLIRT &5 1101107, PACID EEY &5 1101108 FAOH FARTASP LGN 110101103 WHERE
JOHKSOHN 000 0 [[1DTCET = 1011 04C]AND [IDTAS7 = 1TT10%] GAOUR EY 1010881 101 037 J o7
MCCLOUD £ EI| e
DEEORME 1500 a0 -]

Figure 4. Generated SQL for the MF2 example.
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Performance, scaleability and maintenance

The solution described above is a server based solution because the query is performed entirely by the database. The
intelligence of recognizing a fantrap situation isin the Discoverer EUL. The temporary inline views are created on
the server and are joined together on the server:

The solution is completely maintenance free. Thisis especialy important with frequently changing data models.
During the setup and maintenance of the Business Area the Discoverer Administrator does not have to reckon with
any additional settings for possible fantrap situations. The only aspect that isimportant for the generation of correct
SQL are constraints. The Discoverer Administrator must setup the table constraints properly either in the database
or in the Business Area. If the database changes a refresh of the Business Areaiis sufficient to reflect these changes.

This architecture ensures the solution to be very scal eabl e, maintenance free, client machineindependent and
gives optimal performance.

Concluding remarks

This document presented the most important enhancement of Oracle Discoverer version, 3.1.41, which is fantrap
support. Fantrap situations commonly occur in small and large data warehouse environments. It has been shown that
the solution implemented by Oracle Discoverer is easy to understand, free of maintenance and very scaleable. The
technical, server based architecture of the fantrap support implementation guarantees optimal performance and does
not rely on any additional knowledge of end user and administrators concerning fantrap environments.
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Appendix A. Demo Table Descriptions

This appendix describes the demo schema and tables used throughout this document.

DPERATOR CONTRACT

- |OPER_ID COMTR_DESC

' [OPER_LOGIN S alER CONTR_DURATION

! QOPER_LOGOUT CLUST_ID CONTR_KEY

' |[OPER_NAME CLIST_KEY

: CLIST_MARME

: REG_KEY

' ALID_THRLU

: SALE LOAMN

E CLIST_KEY COMNTR_KEY

L --|OFER_ID CLIST_KEY
SALES_AMOLINT LOAMN_AMOUNT
SALE_DATE LOAMN_DATE

— [SALE_ID PRCOD_KEY

SALE_DETAILS

COSTS
PROD_KEY
L l5aLE_|D
R_LIME

Figure 1. The demo data model

Description and contents of the tables are shown on the next pages.
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Description of the demo tables. Primary keys are indicated in blue, bold italics, foreign keys in blue only.

TABLE: OPERATOR

NAAM TYPE

OPER I D NUVBER( 3)
OPER_NANME VARCHAR2( 10)
OPER_LOGI N DATE
OPER_LOGOUT DATE

TABLE: CUSTOMER

NAAM TYPE
CUST_KEY NUVBER( 10)
CUST_ID NUVBER( 10)
CUST_NAME VARCHAR2 ( 50)
REG KEY NUVBER( 10)
VALTD_THRU DATE

TABLE: CALENDAR

NAAM TYPE
CAL_DATE DATE
CAL_VEEK NUVBER( 2)
CAL_MONTH NUVBER( 2)
CAL_YEAR NUVBER( 4)
TABLE: PRODUCT

NAAM TYPE
PROD_KEY NUVBER( 10)
PROD_NANME VARCHAR2( 50)
COLOR VARCHAR2( 10)
VALI D_DATE DATE
DATE_UNTI L DATE

TABLE: CONTRACT

NAAM TYPE
CONTR_KEY NUVBER( 1)
CONTR_DESC VARCHAR2( 20)
CONTR_DURATI ON VARCHAR2( 10)
TABLE: SALE

NAAM TYPE
CUST_KEY NUVBER( 10)
SALE_DATE DATE
SALES_ANMOUNT NUVBER( 10)
OPER 1D NUVBER( 3)
SALE_ID NUVBER( 2)
TABLE: LOAN

NAAM TYPE
CUST_KEY NUVBER( 10)
CONTR_KEY NUVBER( 10)
LOAN DATE DATE
LOAN_ANMOUNT NUVBER( 10)
PROD_KEY NUVBER( 10)
TABLE: SALE_DETAILS

NAAM TYPE

TRX_LI NE NUVBER( 3)
SALE I D NUVBER( 2)
PROD_KEY NUVBER( 10)
COSTS NUVBER
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TABLE: OPERATOR
OPER | D OPER_NAME LOG N

00 14-01-
00 17-01-
00 24-02-
00 03-083-
00 01-05-

VALI D_TH
01-01-99
01-01-99
01-01-99
01-01-99
01-03-99

COLOR VALI D_DATE

01-01-00
SI LVER 01-01-00

2 JOHN 14-01-1999 20: 00
1 PETER 17-01-1999 09: 00
2 JOHN 24-02-1999 09: 00
1 PETER 03-03-1999 14:00
1 PETER 01- 05-1999 12: 00
TABLE: CUSTOMER
CUST_KEY CUST_I D CUST_NAME REG KEY
1 1001 GRANT 1
2 1002 CUMM NGS 2
3 1003 MCCLOUD 2
4 1004 JOHNSON 2
5 1002 CUMM NGS 1
TABLE: PRODUCT
PROD_KEY PROD_NAME
1 Sparta Standard BLACK 01-01-00
2 Sparta Race RED
3 Gazelle A dtiner
4 Gazelle Tandem GREEN 01-01-00
5 Ral ei gh Sprint BLUE 10-01-00

TABLE: CONTRACT

CONTR_KEY CONTR_DESC

1 LONG TERM CONTRACT

2 M DDLE TERM CONTRACT
3 SHORT TERM CONTRACT
4 ONE DAY CONTRACT

TABLE: SALE
SALE_DATE SALES AMOUNT OPER I D SALE ID

CUST_KEY

GQWN -

14-01-99
14-01-99
17-01-99
24-02-99
03-03-99
01-05-99

TABLE: SALE_DETAILS
TRX_LINE SALE | D PROD_KEY COSTS

111 11
112 12
113 12
114 13
120 14
121 15
130 16
131 16
132 16
TABLE: LOAN

CUST_KEY CONTR_KEY

P WAONNRARWEDN

TABLE: CALENDAR
Records for 01-jan-1999 to 31-12-2000

PWONPARPWRD_W

ORAWNATIWE P
POroOowkroNnN
I
o

1999 22: 00: 00
1999 11:30:00
1999 10: 00: 00
1999 14:30: 00
1999 17:00: 00

DATE_UNTI L
10- 01-00
10- 01-00
10- 01- 00
10- 01-00
14-01-00

LOAN_DATE LOAN_AMOUNT PROD_KEY

02-01-99
04-01-99
30-01-99
01-02-99
02-02-99
20-02-99
10- 03-99
11-03-99
03-04-99

WRWRFRWNWEDN
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