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ABSTRACT

In most new commercial business software applications like Customer Relationship Management, the data
is stored in the database layer which is usually a Relational Database Management System (RDBMS) like
Oracle, DB2 UDB or SQL Server. To access data from these databases, Structured Query Language (SQL)
queries are used that are generated dynamically at run time based on defined business models and business
rules. One such business rule is visibility- the capability of the application to restrict data access based on
the role and responsibility of the user logged in to the application. This is generally achieved by appending
security predicates in the form of sub-queries to the main query based on the roles and responsibility of the
user. In some cases, the outer query may be more restrictive while in other cases, the security predicates
may be more restrictive. This often results in a dilemma for the cost-based optimizer (CBO) of the backend
database whether to drive from the outer query or drive from the security predicate sub-queries. This
dilemma is sometimes called the “Tiny-Huge, Huge-Tiny” problem and results in serious performance
degradation by way of increased response times on the application User Interface (UI). This paper
provides a case study of a new approach to vastly reduce this CBO dilemma by a combination of de-
normalized columns and re-writing of the security predicates’ sub-queries at run-time, thereby levelling the
outer and security sub-queries. This approach results in more stable execution plans in the database and
much better performance of such SQLs, effectively leading to higher performance and scalability of the
application.
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1. INTRODUCTION

Most commercial business applications use relational databases as the back-end to store business
data. Such data is accessed using SQL queries that are dynamically generated by the application
framework, using a defined business model and business rules. For example, Oracle Application
Development Framework uses its SQL generation engine to do this. The performance of the
application is generally gauged by the response times in the UL The UI response times in turn
depends in a large part on the query response time in the database. If a user has to wait to get the
results in the U, they complain about it as the application performing badly. The query response
time in the database depends on many factors, including the size and complexity of the SQL text
as well as how much processing the database engine must do before it can arrive at the result set
to be sent to the application requesting for it. A simple SQL with few tables and joins with good,
restrictive filter predicates will generally perform better than a SQL with many tables, views and
joins and less restrictive filter predicates. One of the key elements of SQL performance is the
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decision by the CBO to arrive at an execution plan that it considers as most optimal. In Oracle
database, the CBO is a complex engine and it evaluates many different optimization paths and
access methods before finalizing an execution plan. In recent releases, the concept of cardinality
feedback and other features also often result in second, third or more execution plans for the same
SQL. From the application perspective, a common way to restrict access to the data on a need to
know basis is to implement security and visibility through a set of roles and responsibilities that
each are defined by way of sub-queries that get appended to the main SQL at run time. This
method of adding sub-queries cumulatively through a security framework results in complex
SQLs, especially for users who are granted many different roles and responsibilities. The main
query is usually referred to as the outer query and the appended security predicates’ sub-queries
are termed as the inner query. When such SQLs arrive at the database, the CBO evaluates them
for possible access paths and join optimizations to decide on an execution plan based on available
statistics. Very often, the CBO is posed with the dilemma of whether to drive from the outer
query or drive from the inner query. For some users, the outer query with its filter predicates can
be greatly restrictive while for other users, the inner security predicates’ sub-queries can be more
restrictive. This if sometimes referred to as the “Tiny-Huge, Huge-Tiny” problem that many
application and database designers struggle to manage. Many times, this problem leads to poor
choices by the CBO, resulting in sub-optimal execution plans leading to poor query response
times and consequently causing performance and scalability issues for the application as well as
the database. This paper presents the analysis of SQLs and CBO execution plans from the
Opportunity Management module of a CRM application that performed poorly due to the
aforesaid “Tiny-Huge, Huge-Tiny” problem. Based on the analysis, the paper then presents a
suggested solution incorporating some de-normalized columns and rewrite of the security
predicates’ sub-queries that result in vastly improved performance and scalability of such queries
and consequently of the application.

2. THE EXISTING SQLS, PLANS AND ISSUES AFFECTING PERFORMANCE

The Opportunity Management Module of any CRM application is a widely used application in
any sales department of businesses. Details of sales opportunities are stored in tables of relational
databases and accessed through the user interface of the web-based application. The visibility or
access-control of which user can access which records of such sales opportunities is controlled
through rules defined in terms of SQL sub-queries that get appended to the main SQL at run time
based on the roles and responsibilities of the logged in user. For example, roles could be Sales
Representative, Sales Manager, Sales Vice President or Sales Administrator. The access could
also be defined in terms of teams or sales territories. The access could also come from the user
being in a management hierarchy. All these access rules are stored as seeded sub-queries in the
application and get appended at run-time to a dynamically generated SQL. As such, the developer
does not have much control over how the SQL is written.

2.1. Existing SQLs, Performance and Execution Plans

A sample SQL text, its performance metrics and execution plan are presented below.
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SELECT
fe+ FIRST_ROWS (100 =/
Columl,
Column2

Columni

FROM
MOO_OPTY Opportunityeod,
HZ_PARTIES PartyPED,
MOO_SALES_METHOD_WL SalesMethodED,
MOO_STE_WL SalesStageEd,
MOO_REVW RevenueED,
HZ_PARTY_SITES PartySitePEOD,
HZ_PARTIES PrimaryCompetitorPartyPED,
HZ_LOCATIONS LocationPED,
HZ_PARTIES OwnerfesourcePartyPED,
ZES_|L 0OKUP_VALLES_WL LookupvaluesEQ,
HZ_PARTIES PrimaryContactPartyPED,
ZCA_SALES_ACCOUNTS SalesAccountPED,
HZ_RELATIONSHIPS RelationshipPEOD,
HZ_CONTACT_POINTS PhonePED,
HZ_CODE_ASSIGHMENTS CodedssignmentPEQ

WHERE OpportunityEQ. CUST_PARTY_ID

AND OpportunityED. SALES_METHOD_ID

AND' OpportunityEQ, CURR_STG_ID

AND OpportunityEd. SUN_REVN_ID

AND' OpportunityEo. OPTY_PARTY_SITE_ID

AND OpportunityEQ. PR_CNPT_PARTY_ID

AND PartySitePEQ. LOCATION_ID

AND OpportunityEQ. GWNER_RESOURCE _ID

AND OpportunityEd. STATUS_D

PartyPED. PARTY_ID(+])
5alesMethodED, SALES_METHOD_ID(+)
salesstageED, 5T ID(+)

RevenueEd, REVN_ID

PartySitePED. PARTY_SITE_ID(+)
PrimaryCompetitorPartyPED, PARTY_IDN+)
LocationPED, LOCATION_ID{+)
OwnerfesourcePartyPED, PARTY_ID+)
LookupvaluesEQ, LODKUP _CODE (+)
LookupvaluesEDd, ENABELED_FLAG(+)
LookupvaluesEd, LOOKUP_TYPE (+)
PrimeryContactPartyPED. PARTY_ID(+)
5ales ACCOUntPED. PARTY_IDN+)
relationshipPEQ, RELATIONSHIP_ID(+)
RelationshipPED. SUBJECT_ID(+)
PhonePEQ, RELATIONSHIP _IDN+)
PhionePED, MWHER_TAELE _ID(+)
PhionePED, WHER_TAELE _NAME [+)
PhonePEQ. CONTACT_POTNT_TYPE {+)
PhionePED, STATUS [+
CodesssignmentPED. MWNER_TAELE_ID(+)

AND ('OPTY_STATUS ')

AND OpportunityEo. PR_CON_PARTY_ID

AND OpportunityEd. QUST_PARTY_ID

AND OpportunityEQ. PR_CON_RELATIONSHIP_ID

AND l]pq::l’tumt wED. PR_CON_PARTY_ID
ationshipPEQ. RELATIONSH IP_ID

AND RelationshipPED. SUBJECT_ID

AND RelationshipPEQ. SUEJECT_TAELE_NAME

AND 'PHOME "3

AND (TATD

AND ?pnrtumt‘_-.-El} CUST_PARTY_ID
AND ORGAN IZATION_TYPE ") CodeAss1gnmentPED. (LASS _CATEGORY(+)
AND HZ_P“.R‘.TIES b CodeAss T gnmentPED. OWNER_TAELE_NAME (+)
AND YD CodeAss T gnmentPED. PRINARY_FLAG+)
AND TATD CodesssignmentPEQ. STATUS(+)
anp §  (EXISTS

(SELECT 1

FROM MOO_OPTY_RESOURCES OpportunityResourceEONGL,
JTF_RS_REP_MANAGERS ReportingManagerPECHEL

WHERE ({{{OpportunityhesourceEONdL. RESOURCE_ID

AND {Dpportunityfes ourceEONEL, RESOURCE _ORG_ID

AND (Opportunityfes curceEONEL, ORE_TREE_CODE

AND (Opportunityfes ourceEONGL, ORG_TREE_STRUCTURE _CODE

-.'?{Dpp:-rtunit:,ﬂ.es.wn:eEDNQ‘l RESOURCE _ID
AND {R‘.Ep:-l'tm?-lanaglerF‘EDNEZl PARENT_RESOURCE_ID
AND {Dpp:-rtumt}EG OPTY_ID

ReportingManage rPEONQL. RESOURCE _IDN+)D
ReportingManage rPEONGL, GROUP_ID 1))
ReportingManage rPEONGL. TREE_CODE (+3))
ReportingManage rPEONGL. TREE_STRUCTURE _CODE (+))
tBindLoggedInUserfesourceId )
EindLoggadInUserfesourceId 3 3 3
OpportunityfesourceEONGL, OPTY_ID)

(=}

(1] ':} wnn

2
AND { {OpportunityEd. STATUS_CD = iBindDefauTtstatuscd J
AND (RevenusEd, EFFECTIVE_DATE BEETWEEN :EBindEffectiveBeginDate AND :EindEffectiveEndDate ) 3 2
AN { (RelationshipPEQ. STATUS(+) = ivc_temp_4 )

AND %hti:ﬁshipPED. START_DATE(+) <= :Bindsysdate )

AND lationshipPEQ. END_DATE(+) == :BindSysdate ) 3 2
AND O { (PhonePEQ. END_DATE (+) == iEindsysdate )
AND (PhonePED. START_DATE (+) <= BindSysdate )
AND (PhonePED, PRINARY_FLAG(+) = 33

tvC_temp_5 )
AND { ({{ opportunityEQ. opty_id fu7]

Figure 1. Existing SQL Outer Query
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ANp o C0C q:-pn'tumtl«El}.np y_id N
{(EELECT apty. opty_1
FROM FUS IOH. M_M_RESMRES acmtres,
FIS TIM . FEA_SAl FS_ACTTHINTS saTlesarrmt |
FUS IOH. moo_opTy opty,

FUSIOH. Jt°_rs_rep_managers mg-chain , -- ADDED
FUSIOH. Fnd_tree_version fov -- ADDED
WHERE opty. cust_pa-ty_id = salesaccnt, party_id

ANU SE1esEccnT. sales_account_1d = acnrres,sales_acoount_1d
AND SYSDATE BETWEENW Ttv.effective_start_date auD v, e“fective_end date

AND Frvotree_wverzion_id — mgrchain.tree_wverzdon_id

AND Tty tree_sTructure_code = mgrchain. tree_sTructure_code
AMD Fryv.trea_coda — mgrchain. tras_coda

AND acntres, org_tree_structure_code = ngrchain tree_structure_code
AND acntres.ory tree code = ngrchain. tree code

AND acntres. resource_org_id = ngrchain. growp_id

AND mgrchain, parent_resource_id = { :Bindresourcem )

m { OpperunizyEd. opty_id IN
[SELECT wres. uply_ i
FROM Fusion. Moo_opTy_resou-ces ores,
Fuzien. I2°_r=_rep_managers mgrchain
Fusion. Fnd_tree_version fiv
WHFRF ares. access_lewel_rads T4 C100°, "200° , "3ma')
AND  ores. resource_org_id = myrchain. group_id
AND  ores.org_t oﬁst'ucture _code = marchain. < rg&structu‘e _code
AND  ores. org_tres_c m;r\:ha'ln.
AND  SYSDATE EETWEEN “tv. e‘l"Fe-:twe_start date Mll:l “Frv.effective_end_date
AND v Tree_version_i = mgrchain. Tree_version_id
AND  Ttw.tree_structu-e_code = myrchain, Tree_structu-e_code
AHD Shvetree_code — mgrchaing tree_code
AND  ngrchain parent_-esource_id = { :BindResourceID )

or { Oppor-uniczyEd opty_id IN
[SELECT MOOQ 0PTY.opty id
FROM FUSDON. WOT_TERR_RESOURCES,
FUSTON. 2CA_S_ACCT_TERRLTORIES,
FUSTON. ZCA_SALES_ACDOUNTS,
FUSTON. NOO_OP TV
WHERE WOT_TERR_RESOURCES. resmirce_id = OB indResmrce IDD
AND MOT_TERR_RESOURCES. terrizory_version_id = 2CA_S_ACCT_TERRITORIES ter-ito-y_version_id
AMD 2CA_S_ACCT_TERRITORIES. sales_accaunmt_id = 20N _SALES_MNOCOUMTES sales_account_id
?ND ZCA_SALES_ACCOUNTS. party_id MOO_OPTY, cust_party_id

OR OpportunityEd. opty_id IV

[SELECT WOO_BPTY. opty_id
FROM FUSION. WOT_TERR_RESMURCES

FUSION. MOT_TERRITORIES,

LS LUM. MU | _ I ERE_H LERARIHY_UIN

FUSTION. 2CA_S_ACCT_TERRLTORIES,

U5 ION. ZCA_SALLS_ACCOUNTS ,

FUS ION. MOO_OPTY
WHERE MOT_TERR_PBESOURCES rassurca_id — Eindbas curca ID
AND' WOT_TERR_RESOURCES. terrizory_version_id MOT_TERRITORIES. ter-itory_version_id
AND MOT TERRITORIES. latest wersion flap !
AND WOT_TERRITORIES. status_code 'FINALIZED '
AND WOT_TERRLTORIES. zerritory_id = MOT_TERE_H IERARCHY_[N. terrizory_id
AND WOT_TERR_HIERARCHY_DM. deicendant_ter—1to~y_1d !'= NOT_TERE_HIFRARCHY_DN.terri-ory_1d
AND WOT_TERR_HIERARCHY_DM, descendant_ter-itomy_id = ZCA_S_ACCT_TERRITORIES.zerritory_id
AMD TCA_S_ACCT_TERRITORIES. =ales_accmnl_id = ZCA_SALES _ACCOUNTS ., pa e s wuno_id
.!.Nl:l ZCA_SALES_ACCOUNTS. party_id = MOO_OPTY. cust_party_id

m { OpporunizyEd opty_id IN
[SFI FCT UOO_FFWN. npty_id
FROM FUSDON. WOT_TERR_RESOLURCES ,
FLU5 ION. MOO_REVH_TERR.,
FLUSION. MOO_REW
YWHERE MOT_TERR_RESOURCES. resource_id =  (BindResou-ceID 2
ANMU MU | _IERK_RESUURLES, Terrizory_version_1d = Muu_KEvN_ItHk, Territory_vesion_1d
AND WOO_REVN_TERR. SUM_RE'WN_FLAG "y
MWD HOO_RCVWN_TCRE. revn_id
?ND HOO_REWVH. PRIMARY_FLAS

MO0_RC'MN. revn_id
et

OR CpportunityE. opty_id I
[SELECT revn.opty 1d
FROM FUSDON. WOT_TERR_RESOURCES terr_res,

FUSION.MOT_TERRITORIES ter-,

FUSTON. NOT. TER‘.I‘,_HIER.*.R‘.D'IYJIN terron,

FUSION. MOOQ_REVH_TERR rewnterr,

FU5SIOW. MOO_REVH ren
YHERE terr_res, resource_id = (ibindeesourcem )
MD Terr_res.ter-itey_wersion_id = terroterrizory_version_id
AND zerr latest_version_"lag f
ANN marrostatns_rods
AND Terr.ter-itory_id
AND zerrdn. descendant_te-ritory_id !
AND zerrdn. descendant_te-ritory_id
AND mawvmzerr. SUN_REVH_FLAG
AnU tevmzerr. rewn_id
.WI:I ~evn.primry_flag

'FMNAI PFR

terrdn. ter-itory_id
te-rdn. ter-itory_id
revmte-r.terrizory_id

reym. revn_id
"y

ER { Oppor-unizyEd. opty_id IN
{SELECT myopras.opty_id
FROM Moo _opty_resources ?np-es
YHERE myopres. resource j {: B'lml.esoun:el:l:l '!
?g}g}w'es access_Tevel_code IN 721007, "200°, "300°)

Figure 2. Existing Data Security Sub-Queries
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A sample SQL is provided in two parts above. The first part is the outer SQL that is generated at
run time by the application engine. The second part is the data security predicate sub-queries that
are appended to the outer SQL at run time based on the identity of the application user logged in.

The performance of such a SQL against an Oracle 11gR2 database was measured using a
benchmarking Java tool for fetching the first 25 rows from the database.

Bind variable
Bind variable
Bind wvariable 3:0PEN

Bind variable 4:06/01,/2012

1::BindrResourceID
2
ES
4
Bind variable 5:05,/31/2013
[
B
9

1 iBindResourcelD

Bind variable &6:A
Bind variable 7:11,/01,/2012
Bind variable 8:11/01/2012
Bind wvariable 9:11,/01/2012
Bind wvariable 10:11,/01,/2012
Bind variable 11:¥

Iter Preparei(s) Execute(s) Fetch({s) FetchedRows Total({s)

1 0.032 6.492 3.832 25 10.357
2 0. 000 1.810 3.602 25 5.411
3 0. 000 1.8500 3.629 25 5.429

==guffer_gets(per exec): 2576102.6
=xghared Mem({ME) : 0.534
==plan Cost: 145

Figure 3. Bind values and SQL benchmark metrics

The execution plan chosen by the optimizer is shown in Figure 4 below.
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| 1d | operation Name | starts | E-Rows | Cost (scPU)| A-Rows | a-Time | Buffers | Reads |
0 | SELECT STATEMENT 3 145 (1003 7728K €
= 1 | COUNT STOPK 2 o 63 o
= 2 TABLE ACCESS BY INDEX ROWID HZ_CONTACT_PREFERENCES zs 1 s (0] o 63 o
= 3 INDEX RANGE SC HZ _CONTACT_PREFERENCES_N1 28 1 3 (o) o 63 o
4 | NESTED LagP 3| o1 145 (0} o 7728K 76
5 NESTED LOOPS SEMI ] 1 43 (03 o 3900 E
€ NESTED LOOPS OUTER E 1 2 (0] o 3326 o
7 NESTED LOOPS OUTER E 1 36 (0] o 3120 o
3 NESTED LOOPS OUTER E 1 33 (0] o 23904 o
) NESTED LOOPS OUTER E 1 32 (0} o 2856 o
NESTED LOOPS OUTER E 1 30 (0} o 2556 o
ESTED LOOPS OUTER z 1 28 (03 o 2402 o
NESTED LOOPS OUTER z 1 25 (0] o 1899 o
NESTED LOOPS OUTER E 1 22 (0] o 1638 o
NESTED LOOPS OUTER E 1 20 (0} o 1333 o
NESTED LOOPS OUTER E 1 18 (0} o 1236 o
NESTED LOOPS OUTER E 1 16 (0} o 1083 o
NESTED LOOPS OUTER z 1 14 (03 o 1013 o
NESTED LOOPS OUTER z 1 i (o) o 921 o
NESTED LOOPS E 1 5 (0] o 750 o
TABLE ACCESS STORAGE FULL FIRST ROWS| MOO_OPTY 3 z 2 (0] o 453 o
TABLE ACCESS BY INDEX ROWID MOO_REVN 93 1 2 o} o 291 o
INDEX UNIQUE SCAN MOO_REVN_PK 93 1 1 (o} o0 198 o
TABLE ACCESS EY INDEX ROWID HZ_RELATIONSHIPS 20 1 5 (0) o 171 o
INDEX RANGE SCAN HZ_RELATIONSHIPS_UL 20 2 3 (0 o 108 o
TABLE ACCESS BY INDEX ROWID HZ_CONTACT_POINTS 30 1 3 (0] o £ o
INDEX RANGE SC. HZ_CONTACT_POINTS_N1 30 1 2 (0] o 7. o
TABLE ACCESS BY INDEX ROWID HZ_PARTIES 20 1 2 (o) o 63 o
UNIQUE s HZ_PARTIES_PK 20 1 1 (o) o 45 o
TAELE ACCESS EY INDEX ROWID HZ_PARTY_S. 20 1 2 (0) o 153 o
INDEX UNIQUE SC HZ_PARTY_SITES_PK 20 1 1 (0 o 108 o
TABLE ACCESS BY INDEX ROWID HZ_PARTIES 30 1 2 (0] o 108 o
INDEX UNIQUE St HZ_PARTIES_PK 30 1 1 (0] o 7 o
TABLE ACCESS BY INDEX ROWID HZ_PARTIES 20 1 2 (o) o o
INDEX UNIQUE s HZ_PARTIES_P 20 1 1 (o) o o
TAELE ACCESS EBY INDEX ROWID HZ_CODE_ASSIGNMENTS 20 1 ER )] o o
INDEX RANGE SC HZ_CODE_ASSIGNMENTS_U1 20 1 2 (0 o o
7 TABLE ACCESS BY INDEX ROWID ZCA_SALES_ACCOUNTS 30 1 3 (0 o o
= 38 INDEX RANGE SC. 2CA_SALES_ACCOUNTS_N4 30 1 2 (0} o o
EE) TABLE ACCESS BY INDEX ROWID HZ_LOCATIONS 20 1 2 (o) o o
= a0 INDEX UNIQUE HZ_LOCATIONS_PK 20 1 1 (o) o o
41 TAELE ACCESS 8Y INDEX ROWID HZ_PARTIES 20 1 2 (0) o o
+ 42 INDEX UNIQUE SC HZ_PARTIES_PK 20 1 1 (0 o o
43 VIEW PUSHED PREDICATE ZB5_LOOKUP_VALUES_VL 30 1 2 (0} o o
= a1 FI 30 o o
45 NESTED LOOPS 20 1 2 (o) o o
= 46 TABLE ACCESS BY INDEX ROWID ZBS_LOOKUP_VALUES_B 20 1 2 (o) o o
= 47 INDEX RANGE SCAN ZB5_LOOKUP_VALUES B_UZ 20 1 1 (o) o o
+ 43 INDEX UNIQUE SCAN ZBS_LOOKUP_VALUES_TL_UL 20 1 o (0] o o
) VIEW PUSHED PREDICATE MOO_STG_VL 30 1 2 (0] o o
50 NESTED LOOPS 30 1 2 (0] o o
51 TABLE ACCESS BY INDEX ROWID MOO_STG_TL 30 1 1 o} o o
=52 INDEX UNIQUE MOO_STG_TL_u1 30 1 [ ] o0 o
53 TAELE ACCESS BY INDEX ROWID MOO_STG_& 20 1 1 (o) o o
+ 53 INDEX UNIQUE SC MOO_STG_E_PK. 20 1 o (0] o o
55 VIEW PUSHED PREDICATE MOO_SALES_METHOD_VL 30 1 2 (0] o o
56 NESTED LOOP. 30 1 2 (0] o o
7 TABLE ACCESS BY INDEX ROWID MOO_SALES_METHOD_TL 30 1 1 o} o o
= 58 INDEX UNIQUE St MOO_SALES_METHOD_TL_PK1 30 1 [ ] o0 o
53 TAELE ACCESS BY INDEX ROWID MOO_SALES_METHOD_B 20 1 1 (o) o o
+ &0 INDEX UNIQUE SCAN MOO_SALES_METHOD_B_PK 20 1 o (0 o o
61 VIEW PUSHED PREDICATE VW_S 30 1 11 (0] o 31
= 62 FILTER 30 o 31
63 NESTED LOOPS 20 o 31
64 NESTED LOO| 20 1 11 (o) o 31
+ &5 TABLE ccess £y INDEX ROWID MOO_OPTY_RESOURCES 90 | 23 s (0) o o
+ g8 RANGE MOO_OPTY_RESOURCES K20 90 | 23 3 (0 o o
= 67 TDEX RANGE: SCAN ITF_RS_REP_MANAGERS_N 30 1 2 (0] o 31
= 68 TABLE ACCESS BY INDEX ROWID ITF_RS_REP_MANAGERS 30 1 3 (0} o o
VIEW VWS 20 1 96 (0} o a5
SORT UNIQUE 90 | 105 974 (59) o 45
UNION ALL PUSHED PREDICATE 20 o 45
+ TABLE ACCESS BY INDEX ROWID 1O0_OPTY RESOURCES 20 1 5 (o) o o
= INDEX RANGE SCAN TY_RESOURCES_U1 30 1 i (03 0 0o
NESTED LOOPS 30 0: o
NESTED LOOPS 30 1 13 (D) 0 o
NESTED LOOPS %0 1 17 (0) 0 0
NESTED LOOPS %0 1 3 (0) 0 0
NESTED LOOPS 20 1 6 (0) 0 o
TABLE ACCESS BY INDEX ROWID MOO_QPTY 20 1 3 (o) 0 0
= INDEX UNIQUE SCAN MOO_OPTY_PK1 20 1 2 (D) 0 o
TABLE ACCESS BY INDEX ROWID ZCA_SALES_ACCOUNTS a0 1 3 (0) 0 o
® INDEX RANGE ZCA_SALES_ACCOUNTS_N4 20 1 2 (0) 0 o
= TABLE ACCESS EY INDEX ROWID ZCAZS_ACCT_RESOLRCES 90 1 3 (0) 0 0
= INDEX RANGE SC ZCA_S_ACCT_RESOURCES_N2 90 1 1 (0) 0 o
= TABLE ACCESS BY INDEX ROWID JTF_RS_REP_MANAGERS 15 80 g (o) 0 o
= INDEX RANGE SCAN JTF_RS_REP_MANAGERS_NL 15 38 2 (o) 0 0
= INDEX UNIQUE SCAN FND_TREE_VERSION_U1 102 1 1 (D) 0 o
= TABLE ACCESS BY INDEX ROWID FND_TREE_VERSION 102 1 z (D) 0 o
NESTED LOGPS 30 1 203 (D) 0 1
NESTED LOOPS %0 | 59 85 (0) 0 1
NESTED LOOPS %0 | 10 26 (0) 0 1
MERGE JOIN CARTESIAN %0 | 10 & (0) 0 1
TABLE ACCESS BY INDEX ROWID MOO_REWN 20 1 2 (o) 0 0
= INDEX RANGE SCAN MOO_REWN_PSRL 20 1 3 (D) 0 o
BUFFER SORT 30 | 10 z (D) 0 1
= INDEX RANGE S MOT_TERR_RESOURCES_N2 90 | 10 2 (0} 0 1
® a7 TAELE ACCESS BY INDEX ROWID MOT_TERRITORIES 4320 1 z (D) 0 o
= 38 INDEX UNIQUE SC MOT_TERRITORIES_PK. 4320 1 1 (0) 0 0
= 99 TABLE ACCESS BY INDEX ROWID MOO_REVN_TE 180 B 12 (o) 0 o
=100 INDEX RANGE SCAI MOO_REWN_TERR_ 180 | 18 3 (o) 0 o
=101 INDEX RANGE SCAN MOT_TERR _HIERARCHY_DN_V_N2 3282 1 2 (o) 0 0
*102 HASH JOIN 30 1 20 (5) 0 o
103 NESTED LOOPS 30 0 o
104 NESTED LOOPS 30 6 16 0 o
105 TABLE ACCESS BY INDEX ROWID MOO_REVN 90 1 4 0 0
INDEX RANGE SCAN MOO_REVN_PSRL 20 1 3 0 o
INDEX RANGE SCAN MOO_REVN_TERR_U1 20 | 18 3 0 o
=108 TABLE ACCESS BY INDEX ROWID MOO_REVN_TERR 1641 3 12 0 0
=109 INDEX RANGE SCAN MOT_TERR_RESQURCES_N2 8L | 10 3 0 0
110 NESTED LOOPS 30 1 206 0 I
111 NESTED LOOPS a0 | 86 48 0 44
112 NESTED LOOPS %0 | 10 28 0 0
112 MERGE JOIN CARTESIAN %0 | 10 El 0 0
113 NESTED LOOPS 20 1 6 0 o
115 TABLE ACCESS BY INDEX ROWID MOO_QPTY 20 1 3 0 0
#1186 INDEX UNIQUE SCAN MOO_OPTY_PKL 20 1 z 0 o
117 TABLE ACCESS BY INDEX ROWID ZCA_SALES_ACCOUNTS a0 1 3 0 o
#118 INDEX RANGE X ZCA_SALES_ACCOUNTS_N4 20 1 2 0 o
119 BUFFER SORT %0 | 10 5 0 0
=120 INDEX RANGE S MOT_TERR_RESOURCES_NZ 90 | 10 2 0 o
=121 TAELE ACCESS BY INDEX ROWID MOT_TERRITORIES 4220 1 2 0 o
=122 INDEX UNIQUE SCAN MOT_TERRITORIES_PK 4320 1 1 0 o
=123 INDEX RANGE SCAN MOT_TERR_HIERARCHY_DN_V_N1 180 9 2 0 44
=124 INDEX RANGE SCAN ZCA_S_ACCT_TERRTITORTES_N3 2519K| 1 3 0 o
125 HASH JOIN 30 1 16 0 o
126 NESTED LOOPS 30 0 o
127 NESTED LOOPS 90 | 22 1z (0) 0 0
128 NESTED LOQPS 20 1 & (0) 0 o
129 TABLE ACCESS BY INDEX ROWID MOO_OPTY 20 1 3 (o) 0 o
=130 INDEX UNIQUE SCAN MOO_OPTY_PKL 20 1 2 (o) o o
131 TABLE ACCESS BY INDEX ROWID ZCAZSALES_ACCOUNTS a0 1 3 (0) 0 o
132 INDEX RANGE SCAN ZCA_SALES_ACCOUNTS_N4 a0 1 2 (0} 0 o
#133 INDEX RANGE SCAN ZCAZS_ACCT_TERRITORIES_N4 90 | 22 z (D) 0 o
134 TABLE ACCESS BY INDEX ROWID ZCAZS_ACCT_TERRITORIES 2934 | 21 6 (0] 0 o
=135 INDEX RANGE SCAN MOT_TERR_RESOURCES_NZ 80 | 10 3 (o) 0 o
136 NESTED LOOPS 20 0 o
137 NESTED LOOPS 20 | 99 405 (0) 0 0
1z NESTED LOOPS a0 | 339 207 (D) 0 o
#1339 TABLE ACCESS BY TNDEX ROWID MOO_OPTY_RESOURCES 90 | 23 23 (0) 0 o
#140 INDEX RANGE S5C MOO_OPTY_RESOURCES_N20 90 | 23 3 (0) 0 o
=141 TAELE ACCESE BY TNDEX ROWID JTF_RS_REP_MANAGERS 2025 B 8 (0] 0 0
=142 INDEX RANGE SCAN JTF_RS_REP_MANAGERS_N1 2025 38 2 (o) 0 o
=143 INDEX UNIQUE SCAN FND_TREE_VERSION_UL 14595 1 1 (o) 0 o
=144 TABLE ACCESS BY INDEX ROWID FND_TREE_VERSION 14535 1 z (o) o
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Predicate Information (identified by operation id):

1 - filter (ROWNUM=1)
2 - Filter(("HCP"."STATI
TRUNC (INTERNAL_FUNCTION("HCP
3 - access("HCP"."CONTACT_LEVEL_TABLE_.
20 - stor’age(‘UPFURTUhITYECI‘ "STATUS._
filt

"CONTACT_LEVEL_TABLE"="HZ_CONTACT_POINTS' AND
"PREFERENCE_START_DATE") )«=TRUNC(SYSDATE@!) AND TRUNC (INTERNAL_FUNCTION("HCP"."PREFERENCE_END_DATE"))»=TRUNC(SYSDATE@!)))

INDDEFAULTSTATUSCD)
BINDDEFAULTSTATUSCD)
IhDEFFECTI\/EEEGIhDATE AND "REVENUEEOQ™."EFFECTIVE_DATE"«=: BINDEFFECTIVEENDDATE])

AND
HONEPEQ" . "OWNER_TABLE_NAME™

RELATIOI\SHIPPEO‘ "SUBJECT_ID"="PHONEPED". "OWNER_TABLE_.
TEMP_S AND "RELATIONSHIPPEQ"."SUBJECT_TABLE_NAME":

)
R_TABLE_. ID A?\D "CODEASSIGNMENTPEQ", "OWNER_TABLE_NAME'™:

EASSIGNMENTPED" . "OMWI HZ_PARTIES' AND
ORGANIZATION_TYPE' ]
"ORGANIZATION_TYPE' AND “CODEASSIGNMENTFEQ™."OWNER_TABLE_NAME"
"SALESACCOUNTPEQ". "PARTY_ID")

PEO"."LOCATION_ID")

WNERRE SOURCEPARTYPED™. "PARTY_ID")

STATUS_CD")

HZ_PARTIES'))

OPTY_STATUS' AND “B"."LOOKUP_CODE"="OPPORTUNITYEQ". "STATUS_CD")

- "LANGUAGE "' =USERENV ('LANG'])
"LANGUAGE"=USERENV( 'LANG"))

‘OPPORTUNITYEQ ALES_METHOD_ID" AND "T"."LANGUAGE"=USERENV('LANG'))
‘OPPORTUNITYEQ". "SALES_METHOD_ID")

T"."SALES_METHOD_ID")

62 - filter (TO_DATE(:BINDEFFECTIVEBEGINDATE)<=TO_DATE (:BINDEFFECTIVEENDDATE))

65 - Tilter("OPPORTUNITYRESOURCEEONQL SOURCE_ID"<>TO, hUMBER( EIhDLGGGEDIMISERRESGLIRCEID])

68 -

RG_TREE_STRUCTIRE_CODE'= "REFORTINGMANAGERFEONG1 " . “TREE_STRUCTURE CODE™))
72 - Filter (("MYOPRES","ACCESS_LEVEL_CODE"="100" OR "MYOPRES"."ACCESS_LEVEL_CODE"='200' OR "MYOPRES"."ACCESS_LEVEL_CODE"='300'))
73 - access("MYOPRES"."OPTY_ID"="OPPORTUNITYEQ"."OPTY_ID" AND "MYOPRES"."RESQOURCE_ID"=:BindResourcelID)
- access("OPTY"."OPTY_ID"="0OPPORTUNITYEQ". "OPTY_ID")

82 - access("OPTY"."CUST_PARTY_ID"="SALESACCNT". "PARTY_ID")
83 - f'\'l[El’(( "ACNTRES". "ORG_TREE_STRUCTURE_CODE" IS NOT NULL AND “ACNTRES"."ORG_TREE_CODE™ IS NOT NULL AND "ACNTRES"."RESOURCE_ORG_ID" IS NOT KULL))
B4 - access( ' SALESACCN AChTREE‘ 'SALES_;’\CCGLIV\T ")
85 - filter(("MGRCHAIN" ndResourceID AND "ACNTRES","ORG_TREE_STRUCTURE_CODE"="MGRCHAIN"."TREE_STRUCTURE_CODE" AND

"ACNTRES", "0RG_TREE_CODE" MCRCHAIN‘ "TREE_CODE"))
6 - access(ACNTRES™, "RESOURCE_ORG_ID"="MGRCHAIN", "GROUP_ID")
7 - access("TREE_STRUCTURE_CODE"="NGRCHAIN". "TREE_STRUCTLRE { CODE” AND "TREE CODE"="MGRCHAIN'."TREE CODE” AND

"TREE_VERSTON_ID"="MGRCHAIN"."TREE_VERSION_ID" AND "ENTERPRISE_ID"=DECODE (SY5_CONTEXT('FND_VPD_CTX','ENTERFRISE_ID'),NULL,1,'D",1,TO_NUMBER (SYS_CONTEXT('FN

D_VPD_CTX', 'ENTERPRISE_ID'))))
88 - filter((" EFFECTI\/E _START_DATE"<=SYSDATE®! AND "EFFECTIVE_END_DATE">=SYSDATEE!)]
94 - access("REVN"."OPTY_ID"="OPPORTUNITYED"."OPTY_ID" AND "REVN"."PRIMARY_FLAG"='Y')

filter ("REVN"."PRIMARY_FLAG"='Y")
96 - access("TERR_RES". "RESOURCE_ID '\'HﬂRESDLII’EEID]
97 - filter(("TERR"."LATEST_VERSION_FLAG"='Y' AND "TERR".'"STATUS_CODE"='FINALIZED'))
98 - access( TERR_RES" . "TERRITORY_VERSION_ID"="TERR"."TERRITORY_VERSION_ID")
99 - Filter ("REVNTERR"
100 - access("REVNTER] "="RE REVLID"]
101 - access("TERRDN" REVNTERR". "TERRITORY_ID" AND "TERR".'TERRITORY_ID"="TERRDN". TERRITCRY_ID")
“TERRITORY_II
102 . 100_REVN_TERR". " TERRITORY_VERSION_ID")
106 - access("MOO_REVN"."OPTY_ID"="OPPORTUNITYEQ". ‘DPT‘( ID" AND "MOO_REVWN".'"PRIMARY_FLAG"= “(')
filter ("MOO_REVN". "PRIMARY_FLAG"='Y')

107 - access("MOO_REVN_TERR"."REVN_ID"="MOO_REVN". "REVN_ID")

108 - filter("MOO_REVN_TERR". "SUM_REVN_FLAG":

109 - access("MOT_TERR_RESOURCE! indResourceId)

116 - access("MOO_OPTY"."OPTY_I "OPTY_ID")

118 - access("ZCA_SALES_ACCOUNT: ="MOO_OPTY", "CUST_PARTY_ID")
120 - access(‘MOT TERR_RESOURCE! ResourceID

)
1 - fﬂter(( MOT_TERRITORIES" ¥' AND "MOT_TERRITORIES"."STATUS_CODE"='FINALIZED'))
122 - access("MOT. ~TERR_RESOURCE ."TERRITORY_VERSION_ID"="MQT_TERRITORIES" . "TERRITORY_VERSION_ID" ")
13 - access( MOT_TERRITORIES". TERRITGRV ID"="MOT_TERR. HIERARCHVJJN‘ "TERRITORY_ID")

"TERRITORY_ID' ]

124 - access(" MCIT TERR_| ._HIERARCHY_DN TI0"= ZCA_S_ACCT TERRITORIES"."TERRITORY_ID" AND
"ZCA_S_ACCT_TERRITORIES" SALES_ACCOU?\T_ID' "ZCA_SALES_ACCOUNTS". ‘SALES_ACCOUV\T_ID‘)

125 - access("MOT_TERR_RESOURCES" "="ZCA_S_ACCT_TERRITORIES"."TERRITORY_VERSION_ID")

130 - aCCeSS("MOO_OPTY"."OPT‘(_I 0PPORTUNITYEQ" ., "OPTY_ID' ")

132 - access("ZCA_SALES_ACCOUNTS". CUST_PARTY_ID""

133 - access("ZCA_S_ACCT_TERRITORIES" "ZCA_SALES_ACCOUNTS". "SALES_ACCOUNT_ID")

135 - access("MOT_TERR_RESOURCES". "RESOURCE_ID"=: BdeesourceIDj

139 - filter(("ORES". "ACCESS_LEVEL_CODE"="100" OR "ORES"."ACCES5_LEVEL_CODE"='200" OR "ORES"."ACCESS_LEVEL_CODE"='300'))

140 - access("ORES"."OPTY_ID"="OPPORTUNITYEQ". "OPTY_ID")

141 - filter (("MGRCHAIN". "PARENT_RESQURCE _ID indResourceID AND "ORES"."ORG_TREE_STRUCTURE_CODE"="MGRCHAIN","TREE_STRUCTURE_CODE™ AND
"ORES". "ORG_TREE_CODE"="MGRCHAI TREE_CODE"))

142 - access("ORES"."RESOURCE_ORG_ID"="MGRCHAIN". "GROUP_ID")

143 - access("TREE_STRUCTURE_CODE"="MGRCHAIN"., "TREE_STRUCTURE_CODE" AND "TREE_CODE™="MGRCHAIN"."TREE_CODE" AND
"TREE _VERSION_ID"="MGRCHAIN", "TREE_VERSION_ID" AND "ENTERPRISE_ID"=DECODE(SYS_CONTEXT('FND_VPD_CTX', ENTERPRISE_ID'),NULL,1,'0",1, TO_NUMBER(SYS_CONTEXT('FN

PD_CTX', "ENTERFRISE_ID')]))
144 - fﬂter(( EFFECTIVE _START_DATE"<=SYSDATE@! AND "EFFECTIVE_END_DATE"»=SYSDATEG!))

Figure 4. Execution Plan Chosen by Optimizer

2.1.1 Issues Affecting Existing SQLs’ Performance

In SQL tuning exercises, the first aim is to identify the issues in the execution plan and the
reasons for the optimizer to choose the plan. It is not always an easy task but needs careful
understanding of the business functionality that the SQL is trying to achieve as well as a deep
understanding of the various operations that the optimizer uses. It also needs constant updating of
one’s knowledge of the optimizer features and behaviour changes that come with changed and
new database parameters. Needless to say, it can become quite complex.
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As seen in the performance metrics above in Figure 3, the performance of the SQL is quite poor,
both in terms of time taken as well as the number of buffer gets that the optimizer had to process.
Even though the plan cost came up low at 145, it is apparent that the optimizer did not do a very
good job at estimations. The benchmark metrics show that the database took more than 5 seconds
warm time with an extremely high 2.5 million buffer gets to return 25 rows of the result set.

The execution plan shows that even though the outer query processed very few qualifying rows,
the optimizer had to evaluate all the security predicates’ sub-queries to find out which rows the
user was entitled to see, only to eliminate most of them later, based on the outer query. This is a
typical “tiny-huge, huge-tiny” problem. It means that the optimizer has to make a quick decision
whether to drive from the outer query or drive from the security predicate sub-queries. Which one
of these will result in more restrictive row sets is always a difficult question to answer. This
decision making is complicated by the fact that the SQL has many tables and joins and it uses
bind variables which make estimating the cardinality that much more complicated in the process
of deciding on an execution plan.

The analysis of the SQL, execution plan and schema helped in narrowing down to broadly three
issues. The three broad areas affecting the existing SQL’s performance are the security
predicates’ sub-queries and the associated “tiny-huge, huge-tiny” problem, the main filter
predicate columns coming from different tables and lastly inadequacy of existing indexes.

The two main filtering predicates in the outer SQL are:
AND ( ( (OpportunityEO.STATUS_CD = :BindDefaultStatusCd )

AND (RevenueEO.EFFECTIVE_DATE BETWEEN :BindEffectiveBeginDate AND :BindEffectiveEndDate ) ) )

As seen above, the Effective_Date column is from the Revenue table while Status_Cd column is
from the Opportunity table. This makes the optimizer’s job difficult.

The “tiny-huge, huge-tiny” problem is partly due to the fact that the data security sub-queries do
not have any of the two filtering predicates that the outer query has i.e. EFFECTIVE_DATE and
STATUS_CD.

Finally, there can be additional indexes that may help performance.

3. SUGGESTED APPROACH TO IMPROVE SQL PERFORMANCE

The resolutions for the three issues identified above can now be easily tried and tested using the
same Java benchmark tool.

First, let us try to resolve the issue of filter predicate columns coming from different tables. To
make the optimizer’s job a little easier, it is sometimes a good idea to de-normalize such filter
predicate columns. In the present case, adding EFFECTIVE_DATE column to MOO_OPTY table
and adding EFFECTIVE_DATE, STATUS_CD to MOO_OPTY_RESOURCES table will make
the optimizer’s choices less complex and as a result more stable and predictable. In addition,
appropriate indexes will also be needed on these columns. Thus, the outer query would now have
the following filter predicates from the same Opportunity table:

AND (((OpportunityEO.STATUS_CD = :BindDefaultStatusCd)

AND (OpportunityEO.EFFECTIVE_DATE BETWEEN :BindEffectiveBeginDate AND :BindEffectiveEndDate ) ) )

The resolution for the “tiny-huge, huge-tiny” issue is a little trickier. One approach that has
worked consistently well is to create a wrapper around the data security predicates’ sub-queries,
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use DISTINCT clause in the wrapper as well as data security sub-queries and also push the outer
query’s filter predicates into the data security wrapper code. The changed outer SQL would thus
be as in Figure 5 below and the changed data security predicates sub-queries would be rewritten
as in Figure 6 below.

SELECT
/*+ FIRSTRONS(10) */
Columni,
Columnz

Columny

FROM MOO_OPTY OpportunityEo,
HI_PARTIES PartyPed,
MOO_SALES_METHOD_VL SalesMethodEo,
MOO_STG_VL 5alesStaget0,
MOO_REVN Revenueeo,
HZ_PARTY_SITES PartySitePed,
HZ_PARTIES PrimaryCompetitorPartyPEQ,
HZ_LOCATIONS LocationPed,
HZ_PARTIES OnnerResourcePartyPEq,
2B5_LOOKUP_VALUES_VL Lookupvaluesed,
HZ_PARTIES PrimaryContactPartyPeo,
ZCA_SALES_ACCOUNTS SalesAccountPed,
HZ_RELATIONSHIPS Relationshippea,
HZ_CONTACT_POINTS PhonePEd,
HZ_CODE_ASSIGNMENTS CodeAssignmentPEQ

WHERE Oppor tunityz0.CUST_PARTY_ID = PartyPE0. PARTY_ID(+)
AND OpportunityEo. SALES_METHOD_ID = SalesMethode0. SALES_METHOD_ID(+)
AND OpportunityEd. CURR_STG_ID = Salesstager0. ST I0(+)
AND OpportunityEQ. SUM_REVN_ID = Revenused. REVN_ID
AND OpportunityEQ.OPTY_PARTY_SITELID = PartySitePEQ.PARTY_SITE_ID(+)
AND OpportunityEo. PR_CMPT_PARTY_ID = PrimaryCompetitorPartyPEQ, PARTY_ID(+)
AND Party3itePEQ, LOCATION_ID = LocationPED. LOCATION_ID(+)
AND OpportunityEo. OWNER_RESOURCE_ID = OWNerResourcerartyPEn, PARTY_ID(+)
AND OpportunityEd. STATUS_CD = LookupvaluesED. LOOKUP_CODE(+)
AND (Y'Y = LookupvalueseD. ENABLED_FLAG(+)
AND ('OPTY_STATUS") = LookupvaluesED, LOOKUP_TYFE(+)
AND Opportunityeo. PR_CON_PARTY_ID = PrimaryContactPartyPED, PARTY_ID(+)
AND OpportunityEQ, CUST_PARTY_ID = 5alesAccountRED. PARTY_ID(+)
AND OpportunityE0. PR_CON_RELATIONSHIP_ID = RelationshipPEQ.RELATIONSHIP_ID(+)
AND Oppor tunityEo. PR_CON_PARTY_ID = RelationshipRED, SUBJECT_ID(+)
AND RelationshipPED.RELATIONSHIP_ID = PhonerE.RELATIONSHIF_ID(+)
AND RelationshipPEQ. SUBIECT_ID = PhonePEQ. OWNER_TABLE_ID(+)
AND RelationshipPED. SUBIECT_TABLE_NAME = PhoneRE0.OWNER_TABLE_NAME (+)
AND ('PHONE") = PhonePEQ, CONTACT_POINT_TYPE(+)
AND ('A") = PhONeREQ. STATUS(+)
AND OpportunityEQ, CUST_PARTY_ID = CodeAssignmentPED. OWNER_TABLE_ID(+)
AND ('ORGANIZATION_TYPE') = CodeAssignment PED. CLASS_CATEGORY (+)
AND ('HZ_PARTIES") = CodeAssignmentPEQ. OWNER _TABLE_NANE(+)
AND ('Y") = CodeAssignmentPED. PRIMARY_FLAG(+)
AND ('A") = CodeAssignmentPED, STATUS(+)
AND ( ( (EXISTS

(SELECT 1

FROM MOO_OPTY_RESOURCES OpportunityResourcesongl,
JTF RS_REP_MANAGERS ReportingManagerPEONQL

WHERE (((OpportunityResour ceEONQ1,RESOLRCE_ID = Reportingianager PEONDL.RESOLRCE_ID(+))
AND (OpportunityResourceEONQ1. RESOURCE_ORG_ID = ReportinghanagerPEONGL. GROUP_ID(+)))
AND (OpportunityResour ceEonNg1. ORG_TREE_CODE = ReportingianagerPEONDL. TREE_CODE(+)))
AND (OpportunityResourceEONQl, ORG_TREE_STRUCTURE_CODE = ReportingManager PEONQL. TREE_STRUCTURE_CODE(+))
AN ( ( (OpportunityResourceEONQ1.RESOURCE_ID < BindLoggedInUserResourceld )
AND (ReportingManagerPEONQL. PARENT RESOLRCE_ID = :BindLoggedInUserResourceld ) ) )
AND (OpportunityEQ. OPTY_ID = OpportunityResour ceEONQ1.0PTY_ID)
ppor tuni tyResour ceEONGL, OPTY_STATUS_(D = :EindDefauTtstatuscd) i
AND (OpportunityResour ceEONQ1. OPTY_EFFECTIVE_DATE BETWEEN :EindeffectiveBeginDate AND :BindeffectiveEndDate) Eﬁectwe_Date&Status_Cd columns

Denormalized to MOO_OPTY RESOURCES table
and added as predicates here

J
(OpportuntyED, STATUS_CD = :BindoefauTtstatuscd )
AND (OpportunityEQ. EFFECTIVE_DATE BETWEEN :8indEffectiveBeginDate AND :8indeffectiveEndDate ) )

i e

g =T VC_tEmp_t |
AND (RelationshipPEQ. START_DATE(+) @
AND (RelationshipPEQ. END_DATE(+)

(

( . 0
e E ( (PhanePED. EX0_DATECY) Effective_Date denormalized to MOO_OPTY

(

(

table and used here instead of from
MO0_REVN table

AND (PhangPEQ, START_DATE(+)
AND (PhonePEQ. PRIMARY_FLAG(+)
AND

(
(Opportunityed.opty_id in
(select distinct Opportunitye0l.opty_id from FUSION.MOO_OFTY OpportunityE0l

Figure 5. Rewritten Outer Query Using De-normalized Columns
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533373

ortunityed. opty_id in .
(select et y&)pgprtzn'ityiul. opty_id From FUSTON. NOQ_DPTY OpportunityEn ] Wrapper code using DISTINCT clasue
\M;;EE %ﬁ)ﬁ#gﬁﬁﬂ;ﬁ%é%ﬂfjﬂazgﬁm iBindEffectiveBeginDate AND iBincEffectiveEndiate and outer query's filter predicates on

ortunityFoL. t}jfd EFFECTIVE_DATE and STATUS_CD

TRTY. o
FRON FUSION, 2CA_S_ACCT_RESOURCES acntres,
FUSTON, ZCA_SALES_ACCOUNTS sa'lesaccnt
FUSION. moo_opty opty,
FUSION, Jtf_rs_rep_menagers mgrchain ,
FUSION.Fnd_tree_version ftv
WHERE opty. cust_party_id = salesacant,party_id
AND salesacent.sales_account_id = acntres,zales_account_id
AND SYSDATE BETWEEN ftv,effective_start_date AND ftv.effective_end_dste

AND Ttv.tree_version_id = mgrchain, tree_version_id

AND Ftv.tree_structure code = mgrchain, tree_structure_code
AND Ftv.tree_code = mgrchain, tree_code

AND acntres,org_tres_structure_code = mgrchain, tree_structure_code
AND acntres,org_tree_code = mgrchain, tree_code

AND acntres, resource_org_id = mgrchain, group_id

#iD mgrchain, parent_resource_id = ( :EindResourceld ) ) )

(sn.spcr d15t'|nct ?mi =—=—= Use of DISTINCT clause in data
uEon 1 y_TEZOUrCEs ores, . .
fus‘lon Jrf _rs_rep_managers mgrchain | security sub-queries
fusion.Fnd_tree_version ftv
WHERE ores,access_level_code IN {'100°, "200°, '3007)

AND ores, resource_org_id = mgrchain. group_id

AND  ores,org_tree_structurz_code = mprchain. tree_structure_code
AND  ores,org_tree_rode = mgrchain, tres_code
AND  SYSDATE BETWEEN ftv.effective_start_dste ND ftv.effective_end_date
A0 ftv.tree_version_id = mgrchain, tree_version_id
MD Ttvitree_structure_code = morchain, tree_structure_code
MD ftv.tree_code = mgrchain, tres_code

MD mgrchain.parent_resource_id = (:BindResourceDd )

3]
R ( OpportunityEdl. opty_id H
(SELECT distinct MOO_OPTY. opty_fd
FROM FUSTION, MOT_TERR_RESOURCES,
FUSTON, 2CA_5_ACCT_ TER.P.l'I'CRIES
FUSTON, ZCA_SALES_ACCOUNTS,
FUS ION, MOQ_OPTY
WHERE MOT_TERR_RESOURCES, resource_id = (:BindResourceID)
AND MOT_TERR_RESOURCES, territory_version_id = 2CA_S_ACCT_TERRITORIES. territory_version_id
AND ZC8_S_ACCT_TERRITORIES.sales_account_id = Z08_SALES_ACCOUNTS, sales_account_id
AND ZCA_SALES_ACCOUNTS, party_id = NOO_OPTY, cust_party_id

3
OR OpportunityE0l. opty_id IN

(SELECT distinct NOQ_OPTY.opty_id

FROM FUSION, MOT_TERR_RESQURCES,
FUSION, NOT_TERRITORIES,
FUS ION, NOT_TERR_HIERARCHY DN,
FUSTON, 2CA_S_ACCT_TERRITORIES,
FUSTON, ZCA_SALES_ACCOUNTS,

FUS ION, MOQ_OPTY
WHERE MOT_TERR_RESQURCES. rescurce_id = (:BindRescurceID)
AND NOT_TERR_RESOURCES, territory_version_id = NOT_TERRITORIES. territory_version_id
AND NOT_TERRITORIES, Tatest_version_flag v

AND MOT_TERRITORIES, Status_code 'FINAL ZED'

AND MOT_TERRITORIES, territory_id NOT_TERR_HIERARCHY_DN. territory_id
AND NOT_TERR_HIERARCHY DN, dezcendant_territory_id != MOT_TERR_HIERARCHY DN.territory_id
AND NOT_TERR_HIERARCHY DN, descendant_territory_id = ZCA_S_ACCT_TERRITORIES. territory_id
AND ZCA_S_ACCT_TERRITORIES, sa'Ies_account id = ZCA_SALES_ACCOUNTS, 5ales_account_id
;.Ng ZCA_SALES_ACCOUNTS, party_id = NOO_OPTY, cust_party_id

Ok ([ OpportunityEQl. opty_id I
(SELECT distinct MOO_REWN, fpty_id
FROM FUSTON, MOT_TERR_RESOURCES,

FUS TON, NOO_REN_TERR,

FUS TON, NOO_REWN
WHERE WOT_TERR_RESOURCES, resource_id = {:EindResourceID)
AND MOT_TERR_RESOURCES, territory_version_id = NOO_REVN_TERR. territory_version_id
AND NOO_RE'N_TERR. SUN_REVN_FLAG N
AND NOO_REN_TERR. revn_id
;.ND MOO_REWN. PRINARY_FLAG

MOO_REWN. revn_id
"y

OR OpportunityEdl. opty_id IV
(SELECT distinct rewn.opty_id
FROM FUSION.MWOT_TERR_RESOQURCES terr_res,

FUSION, MOT_TERRITORIES terr,
FUS ION. MOT_TERR_HIERARCHY_DN terrdn,
FUSION, MOO_REVN_TERR. rewmterr,
FUSION. MOO_REWN rewn
WHERE terr_res.resource_id = (iEindResourceID)
AND terr_res.territery_version_id terr. territory_version_id
AND terr. latest_version_flag
AND terr.status_code
AND terr. territory_id
AND terrdn. descendant_territory_id !
AND terrdn, descendant_territory_id
AND revmterr. SUM_REWVN_FLAG
AND rewvnterr. revn_id
AND revn, primary_flag

FD\IN.]ZED
terrdn. territory_id
terrdn. territory_id
revnterr,territory_id
ot
revn. revn_id

ot

or ( opportunityEod. opty_id IN
(SELECT distinct myopres.opty_id
FROW MOO_opty_resources ﬂ}npres
WHERE myopres, resource_i (:EindResourceId)
AND myopres,access_level_code IN ('100°, "200°, T300°2300122

Figure 6. Rewritten Data Security Sub-Queries with Wrapper Code & DISTINCT Clause
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Lastly, to support the above filter predicate changes and the rewritten data security sub-queries,
the following indexes were created:

MOO_OPTY (OWNER_RESOURCE_ID, EFFECTIVE_DATE, STATUS_CD, SUM_REVN_ID)

MOO_OPTY (OPTY_ID, SUM_REVN_ID)

MOO_OPTY_RESOURCES (RESOURCE_ID, EFFECTIVE_DATE, STATUS_CD, OPTY_ID)

MOO_REVN (OPTY_ID, OWNER_RESOURCE_ID, EFFECTIVE_DATE, PRIMARY_FLAG, STATUS_CODE)

3.1. Benchmark Metrics and Execution Plan of Rewritten SQL

The three-pronged strategy described above worked very well and when the SQL was
benchmarked using the same Java tool against the same database, results were drastically
improved both in terms of warm time as well as the buffer gets. As seen in Figure 7 below, the
warm time was only 365 milliseconds and buffer gets were down to 9697.

fter Prepareis) Executeis) Fetchi{s) FetchedRows Total(s)
1 0.024 9.470 0.422 25 9.916 . -
z 0. 000 o.120 0,245 25 0,365 Warm time reduced to milliseconds as compared to
3 0.000 0.113 0.243 25 0.363

more than 5 seconds for original SQL

=Shared Mem(MB) : 0.624

Frpuffer_Gets(per exec): 9637
F+Plan Cost: 4068 @

Buffer Gets per execution reduced drastically from
over 2.5 million for original SQL to under 10 thousand
for the rewritten SQL

Figure 7. SQL Benchmark Metrics for Rewritten SQL
The execution plan for the rewritten SQL is as seen in Figure 8 below. Notice the much reduced

A-Rows column as well as reduced buffers in the plan, which shows the levelling of the outer and
data security sub-queries’ cardinality achieved using the suggested approach.
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| d | operation | Name | starts | E-Rows | Cost (¥CPUY| A-Rows | A-Time | Buffers | Reads |
0 | SELECT STATEMENT 3 4068 (1000 90 |00:00:00, 33 20037 126
* 1| COUNT STOPKE 18 3 [00:00:00. 01 45 0
-2 TAELE ACCESS BY INDEX ROWID HZ_CONTACT_PREFERENCES T3 1 4 (0 3 |00:00:00, 01 45 [
* 3 INDEX RANGE SCAN HZ_CONTACT_PREFERENCES_N1 18 1 3@ 3 [00:00:00, 01 45 0
4 | NESTED LOOPS SEML 3 1| 4068 (1) 90 |00:00:00. 33 20037 126
5 NESTED LOOPS OUTER 3 1| 402 Q3 90 |00:00:00. 22 :®179 93
i NESTED LOOPS OUTER 3 1] 4080 Q1) 90 |00:00:00. 22 27963 a3
7 NESTED LOOPS SEMI 3 1] 403 () 90 |00:00:00. 22 27747 a3
8 NESTED LOOPS OUTER 3 4 104 (0} 90 |00:00:00,13 2345 a3
] NESTED LOOPS OUTER 3 4 96 (0 90 |00:00:00,13 2397 93
10 NESTED LOOPS OUTER 3 4 84 (0} 90 |00:00:00, 04 2151 54
11 NESTED LOGPS OUTER 3 4 70 90 |00:00:00, 03 1554 53
13 NESTED LOOPS 3 4 68 (0D 90 |00:00:00.03 1554 3
13 NESTED LOOPS OUTER 3 4 60 (0} 90 |00:00:00, 02 1575 53
14 NESTED LOOPS OQUTER 3 4 52 (0 90 |00:00:00, 01 1281 47
15 NESTED LOOPS OUTER 3 4 40 (0 90 |00:00:00, 01 77T 47
16 NESTED LOOPS OUTER 3 4 32 @ 90 |00:00:00, 01 590 47
17 NESTED LOOPS OUTER 3 4 23 (0 90 |00:00:00, 01 627 31
18 NESTED LOGPS OUTER 3 4 19 (0} 90 |00:00:00, 01 564 24
19 NESTED LOOPS OUTER 3 4 17 (o) 90 |00:00:00. 01 564 24
20 TAELE ACCESS BY INDEX ROWID| MOO_OPTY 3 H 7@ 90 |00:00:00, 01 462 [}
-1 INDEX RANGE SCAN NOO_OPTY_PSRL 3 3 @ 90 |00:00:00, 01 15 [
=22 TAELE ACCESS BY INDEX ROWID| HZ_RELATINSHIPS a0 1 )] 15 |00:00:00, 02 102 24
=23 INDEX RANGE SCAN HZ_RELATINSHIPS_UL a0 2 3 @ 36 |00:00:00, 01 [ 12
24 TAELE ACCESS BY INDEX ROWID | HZ_PARTY_SITES a0 1 P ()] 0 |D0:00:00, 01 o 0
- 25 INDEX UNIOUE SCAN HZ_PARTY_SITES_PK a0 1 10 0 |D0:00:00, 01 o [
% TAELE ACCESS EY INDEX ROWID | HZ_PARTIES a0 1 2 (o) 18 |D0:00:00. 01 53 7
=27 INDEX UNTQUE SCAN HZ_PARTIES_PK. a0 1 10 15 |00:00:00. 01 45 7
] TAELE ACCESS BY INDEX ROWID HZ_CONTACT_POINTS a0 1 3@ 15 |00:00:00, 01 63 16
] INDEX RANGE SCAN HZ_CONTACT_POINTS_N1 a0 1 F ()] 15 |00:00:00. 01 45 11
30 TAELE ACCESS BY INDEX ROWID HZ_PARTIES a0 1 P )] 42 |D0:00:00, 01 87 0
* 31 INDEX UNIQUE SCAN HZ_PARTIES PK. a0 1 10 42 |D0:00:00, 01 45 0
3z TAELE ACCESS BY INDEX ROWID ZCA_SALES_ACCOUNTS a0 1 3@ 90 |00:00:00, 01 504 0
- 33 INDEX RANGE 5 ZCA_SALES_ACCOUNTS_N4 a0 1 2 (o) 90 |00:00:00, 01 135 0
34 TAELE ACCESS BY INDEX ROWID HZ_PARTIES a0 1 P ()] 90 |00:00:00, 02 294 6
* 35 INDEX_UNIOQUE SCAN HZ_PARTIES PK. a0 1 10 90 |00:00:00, 02 192 6
36 TAELE ACCESS BY INDEX ROWID HOO_REVN a0 1 2 (o) 90 |00:00:00, 01 27 0
.37 INDEX UNIOUE SCAN NOO_REVN_PK. a0 1 10 90 |00:00:00, 01 192 [
38 TABLE ACCESS BY INDEX ROWID HZ_LOCATIONS a0 1 P )] 0 |D0:00:00, 01 o 0
] INDEX UNTOUE SCAN HZ_LOCATIONS_PK. a0 1 10 0 |D0:00:00, 01 o 0
40 TABLE ACCESS BY INDEX ROWID HZ_PARTIES a0 1 2z (o) 90 |00:00:00, 01 a7 1
=41 INDEX UNIQUE SCAN HZ_PARTIES_PK. a0 1 10 90 |00:00:00, 01 192 1
- 42 TAELE ACCESS BY INDEX ROWID HZ_CODE_ASS IGNMENTS a0 1 3@ 33 |00:00:00, 04 246 39
- 43 INDEX_RANGE SCAN HZ_CODE_ASS IGNMENTS_UL a0 1 2 (o) 35 [00:00:00, 0% 10 39
43 VIEW PUSHED PREDICATE ZB5_LOOKLP_VALUES VL a0 1 )] 90 |00:00:00, 01 45 [
* 45 FILTER a0 90 |00:00:00, 01 45 0
46 NESTED LOGPS a0 1 2 90 |00:00:00, 01 45 ol
- &7 TABLE ACCESS BY INDEX ROWID ZE5_LOOKUP_VALUES 90 1 2 (o) 90 |00:00:00, 01 30 Q
* 45 INDEX RANGE SCAN ZE5_LOOKLP_VALLES_F_UZ 90 1 1 (0 90 |00:00:00, 01 il 0
* 49 INDEX UNIQUE SCAN 2ZE5_LOOKLP_VALUES_TL_U1 a0 1 o (o) 90 |00:00:00, 01 18 0
50 VIEW PUSHED PREDICATE WW_Nso_2 a0 1 982 {13 90 |00:00:00. 09 25302 0
* 51 FILTER, a0 90 |00:00:00, 09 23302 [
52 NESTED LOOPS a0 1 984 (1) 90 |00:00:00.09 23302 0
* 53 TAELE ACCESS BY INDEX ROWID HOO_OPTY a0 1 3@ 90 |00:00:00, 01 639 0
= 54 INDEX UNIQUE SCAN NOO_OPTY_PKL a0 1 2 (o) 90 |00:00:00, 01 192 [
= 55 VIEW VW_Nso_1 90 1 981 (1) 90 |DD:00:00. 09 24663 [}
56 UNION-ALL a0 90 |00:00:00, 08 24653 0
57 SORT UN a0 1 6 (17 0 [00:00:00. 01 360 0
* 55 TAELE ACCESS BY INDEX ROWID NOO_OPTY_RESOURCES a0 1 )] 0 |D0:00:00, 01 360 [
* 59 INDEX RANGE SCAN NOO_0PTY_RESOURCES_UL a0 1 4 (0} 0 |D0:00:00, 01 360 0
&0 SORT UNIQUE a0 1 w0 & 0 |D0:00:00, 01 1116 0
8 NESTED LOGPS a0 0 |00:00:00. 01 1116 [
62 NESTED LOOPS a0 1 19 (0} 0 |D0:00:00, 01 1116 0
63 NESTED LOGPS a0 1 17 (o) 0 |00:00:00. 01 1116 0
54 NESTED LOOPS an 1 o (o) 0 |D0:00:00. 01 1115 o
a5 NESTED LOGCP! a0 1 6 (0} 90 |00:00:00, 01 93 0
a6 TAELE ACCESS BY INDEX ROWID | MOO_OPTY a0 1 3@ 90 |00:00:00, 01 360 0
* &7 INDEX UNIOQUE SCAN NOO_OPTY_PK1 a0 1 FI )] 90 |00:00:00, 01 270 0
3 TAELE ACCESS BY INDEX ROWID | ZCA_SALES ACCOUNTS a0 1 3@ 90 L 0L 576 [
* &9 INDEX RANGE SCAN ZCA_SALES_ACCOUNTS_N4 a0 1 E )] 90 |00:00:00, 01 270 0
.70 TAELE ACCESS BY INDEX ROWID _ACCT_RESOURCES a0 1 3@ 0 |D0:00:00, 01 180 0
-7 INDEX RANGE SCAN ZCA_S_ACCT_RESOURCES N2 a0 1 1 o) 0 |00:00:00, 01 180 0
=72 TAELE ACCESS BY INDEX ROWID JTF_RS_REP_MWANAGERS o &0 g (0) 0 |D0:00:00, 01 o 0
* 73 INDEX R.-\NE sc.-w JTF_RS_REP_MANAGERS_N1 o 38 P ()] 0 |D0:00:00, 01 o 0
g INDEX UNIQUE FND_TREE_VERS ION_LI1 o 1 1 (0 0 |D0:00:00, 01 o 0
.75 TAELE ACCESS BY INDEX ROWID FND_TREE _VERS ION o 1 2 0 0 |D0:00:00, 01 o [
76 SORT UNIQUE a0 1 4 (L) 90 |00:00:00.07 23187 0
77 NESTED LOOPS a0 1 203 (0)| 2139 [00:00:00.08 23157 0
7 NESTED LOOPS a0 =] 85 (0)| 3860 |0D0:D0:D0,12 15750 0
7 NESTED LOGPS a0 10 3 (od| 180 |00:00:00.03 13623 [
=50 TNDEX_UNIGUE SCAN WOO_0PTV_PEL 0 1 ) S0 |00 . 0L & ]
81 TAELE ACCESS BY INDEX ROWID 2CASALES_ACCOUNTS a0 1 3 90 |00 . 01 $a7 0
« 82 INDEX RANGE SCAN ZCA_SALES_ACCOUNTS N4 o0 1 2 90 |00 o 270 o
= 83 TAELE ACCESS BV INDEX ROWID 2CATS_ACCT_RESOURCES a0 1 3 s |00 X 101 0
- 54 INDEX RANGE SCAN ZCA_S_ACCT_RESOURCES N2 90 1 1 11 |00 X 160 0
- &5 TRELE ACCESS BY INDEX ROWID ITF_RS_REP_MANAGERS 5 | 80 ] 19 |00 X 50 1
- 56 INDEX RANGE SCAN JTF_RS_REP_MANAGERS N1 & 3 2 187 |00 X 4 0
- B7 TNDEX UNIQUE SCAN FND_TREE_VERS ION_UL 13 1 1 19 |00 X ES ]
* BB TAELE ACCESS BY INDEX ROWID FND_TREE_VERS TON 19 1 2 19 |00 L 01 3 ]
] NESTED LOOPS ag 1 203 1425 |00 11 al ]
a0 ESTED LOOPS 90 | 5 85 2648 |00 .11 15565 6
o1 NESTED L0GP: 90 | 10 % 180 |00 . 05 13568 23
EH NERGE JOIN CARTESIMN a0 | 10 [ 4320 |00 . 02 516 23
a3 TABLE ACCESS 5V INDEX ROWID HOO_REWN ag 1 + 20 |00 .02 306 73
- 94 INDEX RANGE SCAN HOO_REWN_PSR1 a0 1 3 50 |00 X 18 7
95 BUFFER. SORT 90 | 10 2 4320 |00 X o 0
- 85 TNDEX RANGE SCAN NOT, TER.K_R.ESEIJR.CESJIZ a0 | 10 2 4320 |00 L 01 10 ]
- a7 TRELE ACCESS BY INDEX ROWID HOT_TERRITORIE: 4320 1 2 150 |00 . 03 13053 ]
- g5 INDEX UNIOUE HOT. TER.R].T\RIESJ’K 4320 1 1 4320 |00 .02 5733 ]
« 8 TaELE ACCESS BY DIDEX ROWID HOO_REWN_TES 180 8 12 2648 |00 . 05 1995 43
“100 TNDEX RANGE SCAN NOO_REVN_TERR_U1 150 | 18 3 2648 |00 .01 & 13
=100 INDEX RANGE SCAN MOT_TERR_HIERARCHY_DN_V_N2 2548 1 2 1425 |00 X 5435 ]
“102 HASH J0IN a0 1 2 (5 00 . 03 1603 o
103 NESTED LOOPS a0 1324 |00 X 1383 0
104 NESTED LOGPS E [ 16 1324 |00 X Ga1 ]
108 TAELE ACCESS BY INDEX ROWID NOO_REWN E 1 B 90 |00 X 306 ]
~106 INDEX RANGE SCAN HOO_REWN_PSR1 ag 1 3 50 |00 X Al ]
~107 TNDEX RANGE SCAN NOO_REW_TERR_U1 90 | 1§ 3 1324 |00 X 375 ]
“108 TAELE ACCESS EY INDEX ROWID HOO_REWN, 1324 [ 13 1324 |00 . 01 713 0
“100 INDEX RANGE SCAN HOT. TER.K_R.ESCIJR.CESJIZ 90 | 10 3 4320 |00 .01 210 o
110 NESTED LOGPS a0 1 306 2940 |00 .34 76 7L 10
111 NESTED LOOPS 20 | &6 - 519K | 00 .06 6738 o
11z NESTED LOGPS a0 | 10 S 150 |00 .02 14168 0
13 WERGE 10N CARTESIAN a0 | 10 [ 4320 |00 X 1113 0
114 NESTED LOGPS E 1 [ 90 |00 X 903 ]
115 TAELE ACCESS BY INDEX ROWID HOO_O0PTY ag 1 3 90 |00 X 306 ]
~115 INDEX UNIGUE SCAN HOO_0PTY_P ag 1 2 90 (00 X el ]
17 TAELE ACCESS BY INDEX ROWID ch_saLEs_,eccmuTs a0 1 3 90 |00 . 01 $a7 0
“118 INDEX RANGE SCAN ZCA_SALES_ACCOUNTS N4 o0 1 2 90 |00 .01 270 o
119 BUFFER SORT 90 | 10 5 4320 |00 X 210 0
“120 TNDEX RANGE SCAN MOT_TERR_RESOURCES_NZ a0 | 10 2 4320 |00 X 210 o
“171 TRELE ACCESS BY INDEX ROWID HOT_TERRITORIES 4320 1 2 150 |00 X 13053 0
“1z2z INDEX UNIQUE SCAN NOT_TERRITORIES_PK 4320 1 1 4320 |00 X 5733 0
~123 INDEX RANGE SCAN MOT_TERR_HIERARCHY_DN_V_N1 160 9 2 2519 00 ¥ 22573 ]
~123 TNDEX RANGE SCAN 2CA_S_ACCT_TERRITORIES N3 K| 1 3 290 |00 .52 a3 10
~125 HASH J0IN a0 1 16 (7 o |00 .04 1830 ]
136 NESTED LOOPS a0 3871 |00 .02 1620 0
137 NESTED L0GPS 90 | 22 12 2871 |00 .01 1327 o
128 NESTED LOOPS a0 1 [ 90 |00 X 203 0
173 TAELE ACCESS 6Y INDEX ROWID HOO_0PTY a0 1 3 20 |00 X 306 o
“130 TNDEX UNIQUE SCAN HOOZ0PTY_PKL o0 1 2 20 |00 X 216 o
131 TABLE ACCESS 57 DOEX ROWD ZCASALES_ACCOUNTS a0 1 3 90 |00:00:00.01 597 0
~132 DEX RANGE ZCA_SALES_ACCOUNTS N4 E 1 2 50 X 270 ]
+133 TNDEX RANGE 5 _ACCT_TERRITORIES N4 90 | 22 3 /7L |00 424 ]
134 TAELE ACCESS BY INDEX ROWID ZCA5_ACCT_TERRITORIES /7L | A [ /7L |00 293 ]
135 INDEX RANGE SCAN NOT_TERR_RESOURCES_NZ 90 | 10 3 4320 |00 210 0
136 NESTED LOOPS 90 27505 |00 20518 212
137 NESTED LOOPS 20 | oo 405 22506 |00 20478 a2
138 NESTED LOGPS 20 | @0 207 22506 |00 29209 a2
“13a TAELE ACCESS BY INDEX ROWID HOO_OPTY_RESOURCES a0 | 3 3 656 |00 2630 15
“140 INDEX RANGE SCAN HOOQ_0PTY_RESOURCES_N20 20 | i3 3 656 |00 271 1
~141 TAELE ACCESS BY INDEX ROWID JTF_RS_REP_MANAGERS 2556 2 ] 22506 |00 26669 197
~142 INDEX RANGE SCAN JTF_RS_REP_MANAGERS N1 356 | 38 2 161K | 00 5006 45
~143 TNDEX UNIOUE SCAN FND_TREE_VERS ION_U1 22506 1 1 22506 |00 12 o
148 TAELE ACCESS BY INDEX RONID FND_TREE_VERS TON 23508 1 2 27508 |00 a0 0
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FREgTeate AT (ToentTTTed By GRATatIon 187

1 - filter(RowNUN=1)
2 -1 tr{( HCP”, "STATUS"='A’" AND “WCP ", "CONTACT_LEVEL _TABLEs’HI_CONTACT_POINTS' ANO
TRUKCCINTERNAL_FUNCTION (HCP MFEM_smum ))==TRUNC(EYSDATEG!) AND TRUNC(INTERNAL_FUNCTION('HCP ", "PREFERENCE_END_DATE"))>=TRUNC(SYSDATES!)))

3 - access{"HCP™. "CONTACT_LEVEL_TABLE_
u - mkzr(g"wm'ruurv:o" 'mm.ls_tu MDEFMLTST.-\WSCD AND_"OPPORTUNITYEQ", "EFFECTIVE_DATE ">= 1B DWEFFECTIVEEEGINDATE AND
PORTUN ITHE! !:r_ \;.smﬂ!c‘r'ut!ungar!n

22 - access COPPRTINENED", "SRRV CAEVEMIERG: T
24 - access ("QPPORTUNITIED” TRCNPARTY T~ PROURICNTACTPARTIPED, PARTI_ID")

26 - icclsié OPPORTUNITIED", "OWNER_RESOURLCE ORNERRESOURCEPARTYPEQ™, "PARTT_ID'
2 - access("OPPCRTUNITIEQ", "PR_ONPT_PARTY_ID NCONPE 0", "PARTY_ID")
30 - access{"OPPORTUNITVED", "DPTY_PARTY, STTE_ID TTEPEQ". "PARTY_SITE_TB")

32 - access{"PARTYSITEPEQ”, "LOCATION,
34 - access {"OPPORTUNITIED” , "CUST PAR
38 ess ("OPPORTUNITIEQ", "QUST_PAR
37 - Filtar(("CODEASSTOWENTPED", "STATUS "=
38 - access (TOPPORTUNITIED", "QUST,

i MRTY_ID")
SALESm.INTFED + PARTY_ID™)
" AND CODEASSIGNMENTPEQ™. PRIMARY_FLAG™="¥"))
="CODEASS [GNMENTPED™. _GWELTABLE 10" AND "CODEASSIGNMENTPEQ™. "OWNER_TABLE_NANE "="HZ_PARTIES' AND
“CODEASS TORVENTPED X ORGANIZATION_TYPE ')

Filter(("CODEASSTOMENTPED”, "CLASS_CATEGORY"'="ORGANIZATION_TYPE' AND "CODEASSTGNMENTPEQ". "OMNER_TAELE_NAME"='HZ PARTIES'))

0~ f'\'ltEl(( RELATIONSHIPPEQ™. "STATUS "=! SVC_TENP_S AND “RELATIONSHIPPEQ™. "END_DATE “>=:5INDSYSDATE AND "RELATIONSHIPPEQ™. "START_DATE "<=:BINDSYSDATE AND
TUNITIED', "PR_CON_PARTY. ID"="RELATEONSH IPPEQ”. "SUBJECT_ID")) s
40 - access ("OPPCRTUNITIED", “PR_CON_RELATIONSHIP_ID"='RELATIONSHIPPEO™. "RELATIONSH P _ID")
41 - Filter(("PHONEPED". "END_DATE ">=:5 INDSYSDATE A\D "PHOAEPEQ". "START_DATE <=:6 INDSTSDATE))
42 - zccess ("RELATIONSHIPPEQ™, "RELATIONSHIP_ID"="PHONEPED™. "RELATIONSHT_ID" AND "RELATIONSHIPPED”. "SUBJECT_ID
ONEPEQ”, CONTALT_POINT_TYPE = PHONE' AND ~PHONEPEQ”, PRDURY_FLAG'=!VC_TEWP_S AND “RELATIONSHIPPEQ”, “SUSJECT_TABLE NAVE
'w"A"

JONEPEQ"., "ORNER_TASLE_ID" AND
“PH NT) "PHONEPEQ™, "OWNER _TABLE_NAME ™
AND “PHONEPEO”, "STATU:
44 - filter{:E NCDEFAULTSTATUS(D: ameuMmEo" "STATUS_(B")
4 - Filter("
47 - access
filter("

TY_STATUS' AND "6, "LOOKUP_CODE™="OPPORTUNITYEQ", "STATUS (D)
“LOGKLP_CO0E -'lDIDDEI’N.ILTS?MLISCB)

="T". "LODKLP_VALUES_ID” 4ND “T". "LANGUAGE"=USERENV('LANG'))
STG_ID"="0PPORTUNITIED”, "QURR_STE_ID” AND "T". "LANGUAGE "=USERENV{'LANG'))

“SALES_VETHOD_ID"="0RPORTUNITYED . "SALES_VETHOD_ID" AND "T". "LANGUAGE "=USERENV('LANG'))
OPPORTUNITYEQ™. 'SALESJ'ETHDD ")
ter SALES_VETHOO_ID"="T", "SALES METHOO_ID")
62 - mter(mum:( S OLHrET TR c:TOJM\TE o mnEFFf.crz\EmnaTE) mn TO_DATE (:8 INDEFFECT IVEBEGINDATE J<=T0_DATE (:B INDEFFECT IVEENDDATE}))
65 - f'\'lter(("WPNTUMmR.ESEIACEEMm" “ORTI_STA DEFAULTSTATUSCD AN
"OPPORTUNITVRESOURCEE NG "WTI'JFFET'\’EJA\'E S BT TRAROOATE A0 "OPRORTUNITYRESOURCEEONGL", "0PTY_EFFECTIVE DATE "»=:5 INDEFFECTIVESEGDIDATE AND
OPPORTUN ITIRESQURCEEONCL ", "RESOURCE, %S’o? _MUMBER smuwgmstmsﬁuwm))

66 - access{"OPPCRTUNITYRESOURCEEGNCL™. "0PTY_ID MITYEQ™, "0PTY.

67 - access{"REPORTINGUANAGERPEQNDL ", "PARENT_RESOURCE_TD -TOJII.’NEER.( B]NDLUH:.U EID) AW
"OPPORTUNITIRESOURCEEONGL ™, "RESOURCE_T0 "= REP(R] ONOA™, "RESOURCE_TD7)

1 lter ("REPORATINGUANAGERPECNOL . "RESOURCE_TD or\umn{ uannmuumsmm))

6 - fﬂter(("mm‘mmsmzmm“ “RESOURCE_0RG_TD REP mmmmu“ "MPJB" Mn

oPPmTUMrnREsnuncEEwa:' "0RG_TREE_CODE ANAGERPEONGL™, ™
ITIRESOURCEEONG™, " G.m:z.s“!ucwn_ OJDE = Rzimrmemmmwm m:z.smucwl. CODE™))

- Mter(("umus" "ACCESS | EVEL_GODE"'="100' 5", "ACCESS LEVEL WYOPRES", "ACCESS | EVEL CO0E"='300")

73 - access{NYDPRE: TY_TD"="0PPORTUNITYED", "m‘r\f m mn “MIOPRES "RESEIIRCE m 1ndzesoumem)

50 - access ("0PTY". "0PTY_ID "= ORPORTUNITYED . "0PTY_ID™

62 = access{"OPTY", "CUST, .'.IT! A0 "w"SALESACONT", "PARTY,_ID")

63 - filter(("ADNTRES ", ‘mG_ _STRUCTURE_CODE™ IS NOT WULL AND "ACNTRES","ORG_TREE CODE™ IS NOT NULL AND "ACNTRES". RESOURCE_ORG_ID" IS NOT NLLL))

84 - access ("SALESACON FS_ACCDUNT_ID"="AOVTRES ", "SALES_ACCOUNT_TD")

inRes curce I AND "ACNTRES". "0RG_TREE _STRUCTURE.CODE"=" WGRCHATN ™, "TREE_STRUCTURE_CODE” AND

ORG_TREE_COOE™="NGRCHAIN", _CO0E "))

86 - access ("AQVRES", “RESOURCE_ORG D "Netcm«m" “GROLP_ID")

87 - access(” TR.EE_STRJJCURE CODE"="NERCHATN". "TREE_STRUCTURE_CODE” AND "TREE_COE"="WGRCHAIN ", " TREE_CODE
“TREE_VERSION_ID "= MGRCHAIN ", “TREE_VERSTON.ID” AND “ENTERPRISE_ID =0ECUDE (55 _CONTEXTC FNDVPOCTX" , "ENTERPRISELID ') WAL 1, "0 1, TONUNBER(SYS _CONTEXTC PN
0_VPD_CTX', “ERTERPR o . )]

86 - Filter((" EFcmerTmeTE"dvsnam‘ AND "EFFECTIVE_END_DATE “>=SYSDATEG!))

94 - 3cces TOPTY_ID"="0RPORTUNITYED™. "OPTY_ID" AND "REWN™. PRIMARY_FLAG™='Y")

_ID"=:BindRescurcem)
ATEST_VERSTON_FLAG'="Y" AND ~TERR."STATUS_CODE"="FINALTZED'))
D"="TERR", "TERR ITORY_VERSION_ID")

nEwTErut" "TERRITORY_ID" AND “TERR"."TERRITORY_ID"="TERRON"."TERRITORY_ID")
<> "TERRIN" "rEmmv m
Tliﬂ.mv \!RSW\W IW_RI . "TERRITORY_VERSION_ID")

TUNITYEG™, "0FTY_Ib™ AND 'ﬁw}:nn"."wuvmvﬂm":w')

Resou

*, "REY
121 2 Filter({"MOT_TERRTTORIES ", "LATEST. \ERSINJ‘LM " mr TERRITORIES ", "STATUS_CODE "=
- . "TERRITORY_VERSION_ID"'="WOT_TERRITORES ", "TERRITORY_VERSION_ID")
RITORY_ID ="NOT.. 'EER_HEEAROWJIN". "TERRITORY_ID)
“WOT_TERS_HIERARCHY_DN ", "TERRITORY_ID")

OT_TERR_HIERARCHY_DN", “DESCENDANT_TERR

'ZCA_S_ACCT_TERAITORIES ", "TE:

ZCA_S_ACCT_TERRITOR. "SALES_ACCOUNT_ID MMES_PLCWNTS"- SALES_ACCOUNT,

i;g - a::m% gg rm,,usoums "EMH%}T:ERSW\ _ID"s"2CA_S_ACCT_TERRITORIES", "TERRITORY ) \{RSD:N ")
- access

0", "0ATY_ID")

"SALES_ACCOUNT_ID")

E mMESMwNTS"
§ - access( NOT T!RRMNURGS . usou
136 - Filter{("

141 [N"- P, E! EindResourced AND "OREST. "ORG_TREE_STRUCTURE CODE™="MGRCHAIN", “TREE_STRUCTURE_CODE™ AND
& pcid -

152
143 TREE_S RE_CODE ATH". "TREE_STRICTURE_CODE"™ AND "TREE_CDOE"="MGRCHAIN". "TREE_CODE™
TREE_VERSICN_ID” A‘Ifﬂt\:m'.ﬂ" UTREE_VERSION_ID™ AND TENTERPRISE_ID=DECOOE (S¥5_CONTEXT( FND_VPD, r:rx 'ENTERPRISE.ID ") NWLL 1, '0",1 TONUNBER(SYS_CONTEXTCFN

D_VPD_CTX' , ‘ENTERPRISE_ID'))3)

Figure 8. Execution Plan for Rewritten SQL

3.2. Confirmation of Performance Improvements Using Above Approach

The approach described and detailed above was tried on many different variations of SQLs for
different roles, responsibilities and users. The performance metrics and execution plans for the

rewritten SQL were always better than the original SQLs.

A summary of the benchmark results for different scenarios is provided below in Figures 9 and

10.
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Original SQL Rewritten SQL
Query Statistics Query Statistics.
Resource-id JDBCBench results for 25 rows fetch (EFFECTIVE_DATE range 1 year - 06/01/2012 to 05/31/2013) | IDBCBench results for 25 rows fetch (EFFECTIVE_DATE range 1 year - 06/01/2012 10 05/31/2013)
SALES_MGR - My Salesteam
Tter Prepare(s) EXecute(s) Fetch(s) FetchedRows Total(s) Iter Prepare(s) Execute(s) Fetcn(s) FetchedRoms T¢

1 0.039 21.816  17.704 25 329.559 1 0.025 4,402 319 25

2 0.000 1.991 4226 25 5. 21F z 0.000 0.149  0.326 25
3 0.000 2.003  4.208 25 |6.211 H 0.000 0.142  0.251 25 [0.334

frBuffer_cets(per exec): z3asary ==Buffer_gets(per exec): 1410
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Figure 9. Benchmark Results for Rewritten SQL for “MySalesTeam” Scenario
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Figure 10. Benchmark Results for Rewritten SQL for “MySubordinates” Scenario

4. CONCLUSION

Most commercial business applications today like Sales Automation are built around technology
layers that generate physical SQLs at run time. Access to data in many such applications is
restricted on a need to know basis usually by implementing security and visibility through a set of
roles and responsibilities that each are defined by way of sub-queries that get appended to the
main SQL at run time. This method of adding sub-queries cumulatively through a security
framework results in complex SQLs, especially for users who are granted many different roles
and responsibilities. The main query is usually referred to as the outer query and the appended
security predicates’ sub-queries are termed as the inner query. When such SQLs arrive at the
database, the CBO evaluates them for possible access paths and join optimizations to decide on
an execution plan based on available statistics. Very often, the CBO is posed with the dilemma of
whether to drive from the outer query or drive from the inner query. For some users, the outer
query with its filter predicates can be greatly restrictive while for other users, the inner security
predicates’ sub-queries can be more restrictive. This if sometimes referred to as the “Tiny-Huge,
Huge-Tiny” problem that many application and database designers struggle to manage. Many
times, this problem leads to poor choices by the CBO, resulting in sub-optimal execution plans
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leading to poor query response times and consequently causing performance and scalability issues
for the application as well as the database.

This paper has presented the analysis of such SQLs and CBO execution plans from the
Opportunity Management module of a CRM application that performed poorly due to the
aforesaid “Tiny-Huge, Huge-Tiny” problem. Based on the analysis, the paper then presented a
suggested solution incorporating some de-normalized columns and rewrite of the security
predicates’ sub-queries that result in vastly improved performance and scalability of such queries
and consequently of the application.

This approach can be suitably amended and applied to different applications based on the
specifics of any such similar SQL performance issues.
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