EPL646 — Advanced Topics in Databases

Query Optimizer
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SQL server actual query plan:
Simple SELECT

—ISELECT
FROM  Products P

WHERE  P.Category = 'Beverages'

—-|CREATE NONCLUSTERED INDEX MNonClusteredProdCategory
ON Products (Category)
—]|SELECT
o - FROM E"CEQHEEE i CREATE CLUSTERED IMDEX Clust dProdCat
_ - usteredProdCategory
Bl Results | 2 Messages | 2% Live Query WHERE  P.Category Beve ON Products (Category)
Query 1: Query cost (relatiw
SELECT * FROM [Products=] [Pllyppeg -
S1SELECT
||‘§-ﬁ Messages B Execution plan FROM Products P
Table Scan Query 1: Query cost (relad WHERE P.Categor Beverages
[Froducts] [P] o T &
= cost- 100 & SELECT FROM Products P W
Cost: 0 & 0.000s m 100%  ~
| EH Results I 2 Messages | & Bxecution plan
[Piz?b];:ti?arsp] Query 1: Query cost (relative to the batch): 100%
Cost: 0 % cost- 100 % SELECT * FROM [Products] [P] WHERE [P].[Category]=@1
§
‘-'d;l
Clustered Index Seek (Clustered)
[Broducts] . [ClusteredProdCategory] .
SELECT Cost: 100 %
Cost: 0 % 0_000s
5 of
5 [(100%)
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SQL server actual query plan:
Simple JOIN — No index

-ISELECT 0.[Order ID], O.[Employee ID]. Q.[Customer ID], O.[Order Date], OD.[Product ID], P.[Product Name]
i

FROM Orders O INNER JOIN [Order Details] OD on (0.[Order ID] = OD,.[Order ID])

R e St R Y AT

=
TWIER J0TH Products P on (0D, [Product ] - P.[10])

PP

100% -
FH Results | B Messages| 2 Bxecution plan |

Query 1:

Query cost (relatiwve to the batch): 100%
SELECT ¢O.[COrder ID], O.[Employee ID], ¢.[Customer ID], O.[Order Date], OD.[Product ID], P.[Product Name] FROM COrders O INNER JOIN [Ord
1 i i i
Nested Loops Nested Loops Nested Loops Nested Loops Takle Scan
(Inner Joim) (Inmner Join} (Inner Join) (Inmer Joim) [Order Details] [0D]
SELECT Cost: O % Cost: O % Cost: O % Cost: 0 % Cost: £ &
Cost:- 0 % 0.001= 0.001= 0.001= 0. 000=s 0_.000=s
58 of 58 of 58 of 58 of 58 of
58 (100%) 58 (100%) 58 (100%) 58 (100%) 58 (100%)
]
i 1] [ H
{[’l {I‘*: l'f*
RID Lookup (Heap) BID Lookup (Heap) Index Seek (HonClustered)
[Products] [EF] [Orders] [Q] [Orders]. [aaaaalrders PE] [D]
Cost: Z€ % Cost: Z€ % Cost: Z1 %
0_000= 0.000= 0_.000=s
58 of 58 of g8 of
58 (100%) 58 (100%) S8 (100%)
;—i'.
.
+
Index Seek (NonClustered)
[Products] . [azzaaProducts FE] [P]
Cost: Z1 %
0_000s
58 of
58 (100%)
ii' [
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SQL server actual query plan:
ustered index
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Simple JOIN = C

-|SELECT 0.[Order ID], O.[Employee ID], O.[Customer ID], O.[Order Dat

AP L SRR e R

LA

BN e PN P

FROM  Orders 0 TWIER J0TH [Order Details] 0D on (0_[Order ID] - 0D.[Order ID])

TUNER J0TH Products P on (0D, [Product I0] - P.[ID])

b Y

100% -
| FH Results | EL| Messages| &7 Exscution plan |

P S

1. 0. [Product I0], P.[Prody

Query 1: Query cost (relative to the batch): 100%

SELECT O.[Crder ID], O.[Employee ID], O.[Customer ID], 0O.[Crder Date], OD.[Product ID],

F.[PFroduct Name] FEROM Orders ¢ INHER JOIN [COrder De..

k] tC]
Hested Loops Nested Loops

(Inner Join) (Inner Join)
Cost: 0 % Cost: 0 %
Cost: 0 % 0.001l= 0.001s
58 of 58 of
58 (100%) 58 (100%)

o
Key Lookup (Clustered)

[Products] . [ClusteredProdCategoryl .
Cost: 28 %

0.000s

58 of
S8 (100%)
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Nested Loops
(Inner Join)
Cost: 0 %
0.000s
58 of
58 (100%)

i}
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tC]

Index Seek (NonClustered)
[Products] . [aaazalProducts_DPE] [P]

Cost: Z1 %
0.000s
58 of

S8 (100%)
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Hested Loops Table Scan
(Inner Join) [Order Details] [QD]
Cost: 0 % Cost: € &
0.000s 0.000=
58 of 58 of
58 (100%) 58 (100%)
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RID Lookup (Heap) Index Seek (NonClustered)
[Orders] [0] [Qrders].[zzzaalrders DE] [J]
Cost: 2& % Cost: 21 %
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SQL server actual query plan:
Simple JOIN with WHERE — No index

—|SELECT 0O.[Order ID], O.[Employee ID], 0.[Customer ID], O.[Order Date], OD.[Product ID
S LPTEEL S JoLEMPpLOYEeE LU S LRUREOmED AX ol B L et R

duct I0]. R [Product Name]
FROM  OQrders O INNER JOIN [Order Details] OD on (Q.[Order ID] = QD [Order ID])
INNER J0IN Products P on (0D.[Product ID] = P.[ID])
WHERE  P.Category = 'Beverages’
100% -

| FH Results | B Messages| g Execution plan |

Query 1l: Query cost (relative to the batch): 100%

SELECT O.[Order ID], O.[Employee ID], O.[Customer ID]

 O.[0rder Date], OD.[Product ID],

{C] te] C] tC]

Nested Loops Nested Loops Nested Loops
{(Inner Join)

P.[Product Name] FROM Orders O INNEE JOIN

[Order 1

Nested Loops

Takle Scan
{(Inner Join) (Inner Join) {(Inner Join) [Jrder Details] [QD]
Costz 0 % Cost: 0 % Costz 1 % Cost: 1 % Costz 7T %
Cost: 0 % 0.001s 0.000s 0.000s 0.000= 0_000s
14 of 14 of 14 of 58 of 58 of
12 [(1le%) 12 (1le%) 58 (24%) 58 (100%) 58 (100%)
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RID Loockup (Heap)

RID Lookup (Heap) Index Seek (HonClustered)
[Orders] [O] [Products] [P] [Products]. [azazaProducts_PE] [P]
Cost: 18 % Cost: 34 % Cost: 27 %
0.000s 0.000s 0.000s
14 of 14 of 58 of
12 (11le%) T01 (1%} S8 (1l00%)
i}
L
Index Seek [(NomClustered)
[Orders] . [azazalrders_ DK] [Q]
Cost: 11 %
0.000s
14 of
12 (11&%)
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SQL server actual query plan:
Simple JOIN with WHERE — Clustered index

£
T
s
=
WHERE
b
100 % -
EE Results | B Messages| & Execution plan |
Query 1: Query cost (relative to the batch): 100% [:]
SELECT ©.[Crder ID], ©.[Employee ID], O.[Customer ID], ©O.[Crder Date], OD.[Product ID], P.[Product Mame] FERECM Crders ¢ INNER JOIN [Order Detail=s] C..
Nested Loops Nested Locps Mested Loops Nested Loops Teble Scan
[(Inner Join) (Imnner Joim) iInner Joim) (Irmer Join) [Order Details] [0D]
SELECT Cost: O % Cost: 0 % Cost: 0 % Cost: 1 % Cost: 5 %
Cost: 0 % 0.000s 0.000s 0.000s 0.000s 0.000=
14 of 14 of 14 of 14 of 58 of
12 (11&%) 12 (11&%) 12 (11&%) 12 (1le%) 58 [(100%)
L b
[i - -
gt ! it
RID Lookup (Heap) Index Seek (HonClusteresd) Index Seek (HonClustersd)
[Orders] [Q] [Orders] .[aaazalrders PK] [0] [Products] . [azaaaProducts PE] [F]
Cost: 22 % Cost: 14 % Cost: 33 &
0.000s 0.000s 0.000s
14 of 14 of 14 of
12 (11€%) 12 (11&%) 58 (24%)
g
Key Lookup (Clustered)
[Froducts] . [ClusteredProdCategoryl..
Cost: 21 %
0_.000=
14 of
12 (1le%)
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Exercise 15.3

(Exercise 15.3) For each of the following SQL queries, for each
relation involved, list the attributes that must be examined to compute
the answer. All queries refer to the following relations:

Emp(eid: integer, did: integer, sal: integer, hobby: char(20))
Dept(did: integer, dname: char(20), floor: integer, budget: real)

SELECT COUNT((*) FROM Emp E, Dept D WHERE E.did = D.did

SELECT MAX(E.sal) FROM Emp E, Dept D WHERE E.did = D.did

SELECT MAX(E.sal) FROM Emp E, Dept D WHERE E.did = D.did

AND D.floor =5

SELECT E.did, COUNT(*) FROM Emp E, Dept D WHERE E.did =

D.did GROUP BY D.did

e. SELECT D.floor, AVG(D.budget) FROM Dept D GROUP BY
D.floor HAVING COUNT(*) > 2

f. SELECT D.floor, AVG(D.budget) FROM Dept D GROUP BY

D.floor ORDER BY D.floor
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Exercise 15.7

(Exercise 15.7) Consider the following relational schema and
SQL guery. The schema captures information about employees,
departments, and company finances (organized on a per
department basis).

Emp(eid: integer, did: integer, sal: integer, hobby: char(20))
Dept(did: integer, dname: char(20), floor: integer, phone: char(10))
Finance(did: integer, budget: real, sales: real, expenses: real)

Consider the following query:

SELECT D.dname, F.budget

FROM Emp E, Dept D, Finance F

WHERE E.did=D.did AND D.did=F.did AND D.floor=1
AND E.sal = 69000 AND E.hobby = ‘yodeling’
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Exercise 15.7

(Exercise 15.7)

a. ldentify a relational algebra tree (or a relational algebra
expression if you prefer) that reflects the order of
operations a decent query optimizer would choose.

b. Listthe join orders (i.e., orders in which pairs of
relations can be joined to compute the query result)
that a relational query optimizer will consider. (Assume
that the optimizer follows the heuristic of never
considering plans that require the computation of
cross-products.) Briefly explain how you arrived at your
list.
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Exercise 15.7

(Exercise 15.7)

c. Suppose that the following additional information is available:
Unclustered B+ tree indexes exist on Emp.did, Emp.sal, Dept.floor,
Dept.did, and Finance.did.

The system’s statistics indicate that employee salaries range from
10,000 to 60,000, employees enjoy 200 different hobbies, and the
company owns two floors in the building. There are a total of 50,000
employees and 5,000 departments (each with corresponding financial
information) in the data-base. The DBMS used by the company has
just one join method available, index nested loops.

|.  For each of the query’s base relations (Emp, Dept, and
Finance) estimate the number of tuples that would be initially
selected from that relation if all of the non-join predicates on
tbhat relation were applied to it before any join processing

egins.

ll. Given your answer to the preceding question, which of the
join orders considered by the optimizer has the lowest
estimated cost?
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Questions?
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