Review of Last Lecture

- More advanced RA operations:
- Division
- Exercises




Today’'s Plan

- Aggregation function
G1, G2, ..., Gn gF1(A1). F2( A2)

- Quter join
- Exercises




In-class Exercise #7

1. Retrieve the name and address of all employees who
work for the ‘Research’ department.

Retrieve the names of employees who have no
dependents.

Find the names of the departments that have
employees who work on all the projects.
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Aggregation: Motivation

- Find the number of employees in each department
- How do you do this manually?
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Aggregation Functions

« Aggregation function takes a collection of values and
returns a single value as a resullt.

avg. average value
min: minimum value
max:. maximum value
sum: sum of values

count: number of values

« Aggregate operation |n relational algebra
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E is any relational-algebra expression

G,, G, ..., G, is a list of attributes on which to group (can be empty)
Each F; is an aggregate function

Each A, is an attribute name




Aggregation Function: Important Note

G1,G2, ...,Gn gF1( A1), F2( A2),..., Fn( An) (E)

- The aggregation function g will be applied on the
attributes in each group
- One group produces one tuple in the result

- Grouping attribute could be one, several or none
- Tuples with the same value for the grouping attribute belong to the
same group

- If no grouping attribute is specified, the whole table is treated as
one group

Only grouping attributes and aggregated attribute
survive Iin the result!




Aggregation Functions: Example

« Relation account grouped by branch-
hame:

branch-name | account-number balance
<[ Perryridge A-102 400
Perryridge A-201 90
<" Brighton A-217
Brighton A-215 750

—> | Redwood A-222 700
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Aggregation Functions: Examples

- Relation
o

1@ sum(c (I‘) =

Example:




Aggregation Functions: Naming

« Result of aggregation does not have a name
— Can use rename operation to give it a name

— For convenience, we permit renaming as part of
aggregate operation

branch-name 9 sum(balan @a ccount)




In-class Exercise #8: Aggregation

Find the average account balance of each branch
Find how many accounts in each branch

Find how many accounts in all branches

Find the number of branches the bank has

. What is the output of g count(branch-name) (ACCOUNt)?

branch-name | account-number bhalance

Perryridge A-102 400
Perryridge A-201 800
Brighton A-217 750
Brighton A-215 750
Redwood A-222 700




In-class Exercise #7 — Mod Version

- Find the names of the departments that have employees
who work on all the projects (but could be different
employees working on different projects)

- Projects: p1, p2, p3
- Employees: e1, e4, €10 all from D5
- Work_on: e1 onp1, e4 on p2 and p1, e10 on p3




In-class Exercise #7 — Thoughts

Find the names of the departments that have employees who work on all the
projects (but could be different employees working on different projects)

|EMPLDYEE FNAME | MINIT | LNAME SSN BDATE ADDRESS SEX | SALARY | SUPE \DNO
John B Smith 123456789 | 1965-01-00 731 Fondren, Houston, TX | M 30000 330449655 | 5
Frankiin T Wong | 333445555 | 195512-08 638 Voss, Houston, TX M 40000 so86f5555 | 5
Alicia J Zelaya 999887777 | 196807-19 3321 Castie, Spring, TX F 25000 98754321 4
Jennifer s Wallace | 987654321 | 1941-06-20 291 Beny, Bellaire, TX F 43000 soop6ssss | 4
Ramssh | K Marayan | 666884444 | 1962.09-15 975 Fire Oak, Humble, TX M 38000 aa\ssss | 5
Joyce A Engish | 453453453 | 1972407-31 5631 Rice, Houston, TX F 25000 333405555 | &
Anmad v Jabbar | 987987987 | 1969-03-29 980 Dallas, Houston, TX M 25000 ga7esdget | 4
James E Borg 888665555 | 1937-11-10 450 Stone, Houston, TX M 55000 nul - \_ | LA
| DEPT_LOCATIONS | DMUMBER | DLOCATION
1 Houston
4 Stafford
DEPARTMENT W DNUMBER | MGRSSN MGRSTARTDATE 5 Bellaire
Research A 5 333445555 1986-05-22 5 Sugartand
Administraion [ 4 967654321 1995-01-01 5 Houston
1 888665555 1981-06-19
N0
 ONN ESSN | PNO | HOURS
TX3456789 1 25
123456789 2 75
3 400
453453453 1 20.0
453453453 2 200 | PROJECT 'PNAME PNUMBER | PLOCATION | DNUM
333445555 2 100 Prodlax -
333445555 3 100 ; B*'mnd 2
333445555 10 100 % 3 ”ml s
333445555 | 20 100 - m p
999887777 | 30 300 W 20 Houston 1
999887777 10 100 Newbsnallis a0 Stafl 4
967967967 10 3.0
987987987 | 30 50
987654321 30 200
987654321 20 15.0
888665555 | 20 null
DEPENDENT ESSN DEPENDENT_NAME | SEX BDATE RELATIONSHIP
333445555 Alice F 1986-04-05 DAUGHTER

333445555 Theodore M 1983-10-25 SON




In-class Exercise #7 — Step 1

- Find the names of the departments that have employees who work on all the
projects (but could be different employees working on different projects)
- Total number of projects in the DB

.
T 9 ount(PNUMBER) As Tp (Project)
EMPLOYEE | FNAME | MINIT | LMAME 55N BOATE ADDRESS SEX | SALARY | SUPERSSN |DNO
o B oo | iomseres [rossonos | 7oiFonsenmowontx  |w | soco | sossses | s T TP
Framidin T Wong FAJ4E555 | 19551208 38 Vioss, Houston, TX M 20000 ] 5
Alcia J Zh."I SO08ETITT 1968-07-19 mm.m‘ﬂ( F 25000 DETESAI21 4 6
Jornder 5 Walac | SETESAEN 1941-06-20 281 Barry, Ballaine, TX F 43000 BERGR5EES 4
Ramosh K Marayan | GOGES4444 | 19620615 §75 Fire Qak, Humble, TX M 38000 ] 5
Jayon A English 453453453 19720731 5631 Faca, Houston, TX F 25000 FIA5555 5
Ahmad W Jabbar SETOETIET 1065-00-20 £6530 D, Hiousion, TX M 25000 DETESAIZ 4
Jarned E Borg BEBEEESES 1937-11-10 450 Siond, Housion, TX M 55000 null 1
| DEPARTMENT DNAME DHUMBER | MGRSSN MGRSTARTDATE
Rosoarh 5 TABAEEES 108805-22
4 SETERE iEE01-01
1 1EE1-06-19
WORKS_ON | ESSN | PO | HouRs
1256TRS 1 25
123456789 2 75
G 3 00 /—ﬁ
AT 1 200
45353453 2 200 | PROJECT PNAME /' PNUMBER TION | DNUM
FIBLLEEES 2 0o Producth .
FALGEES 3 o Frodudy ; SEE‘ :
L5555 10 W0 Product? 3 4 5
FIBLL5555 20 100
SREETTTT 0 00 ; 'm :
SGEETTTT 10 wmo
T M@A_w 4
SETOETOET 0 50
S5 0 200




In-class Exercise #7 — Step 2

- Find the names of the departments that have employees who work on all the
projects (but could be different employees working on different projects)
- Number of projects each department having someone works on

EMPLOVEE | FNAME | MINIT [ LMAME | SSN BDATE ADDRESS sEx | SALARY | SUPERSSN [DNO
don | 8 lewn [ iowsems [ressor00 | 7ot Fonwen tomontx [ [ aooo [ sowsess s | DP |E§§N\ PNO Hours DNUMBER
Frasnibdin T Wong FIJAE555 | 19551208 38 Vioss, Houston, TX M 40000 ] [
R v m <‘( 3456791 32.5 5
roen [T NPD <= pnymBERGcount(PNO) as TPD (DP) 453453453/1 20 5
Ahmad [ Jatbar Im|1m | 560 Daas, Housion, T [ M | 25000 | sereseser |4 |
Jarras E Boqy | BABGGSSSS | 19071110 | 450Stone, Housson, TX M | sso00 | ma 1] .
| NPD |[DNUMBER ([TPD
[ oEPARTMENT DNAME 5 9 DPP |DNUMBE PNO
|__Fosoach - —
Admisron . 0 S—_ 1 J
. . 5 2
WORKS_ON | ESSN | PNO
123456TRS 1 325
123456789 : ‘:.:
453453453 1 00
B ﬁg [ PROJECT PNAME PNUMBER | PLOCATION | DNUM NPD1 |DNUMBER ([TPD
B0AEES Product 1 Bsflasires 5
FAB5555 3 00 Producty 2 Sugartand 5 5 5
Tyt L2 Proaxtz 3 Houston 5
Cidt | Computorizaion 10 Suaftors 4 . .
om0~ oo = - -~ q:
DETOETOET g 3;: . . N
BTG a0 00
DETRSLE 20 150




In-class Exercise #7 — Step 3

- Find the names of the departments that have employees who work on all the
projects (but could be different employees working on different projects)
- Do the two numbers match?
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In-class Exercise #7 — Step 4

- Find the names of the departments that have employees who work on all the
projects (but could be different employees working on different projects)
- Department names?

DN < DAP * Department

Result < TC pxame (DN)
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Outer Join

« An extension of the join operation that avoids
loss of information.

« Computes the join and then adds tuples from
one relation that do not match tuples in the
other relation to the result of the join.

« Uses null values:

— null signifies that the value is unknown or does not
exist

— All comparisons involving null are (roughly speaking)
false by definition.

« Will study precise meaning of comparisons with nulls later




Relation loan

L oan and Borrower Tables

loan-number

branch-name

amount

L-170
L-230

Downtown
Redwood
Perryridge

3000
4000
1700

u= .

m Relation borrower w

customer-name

loan-number

Jones
Smith
Hayes

L-170
L-230

([ 755

NS




Outer Join: Example |

Natural join: Loan * Borrower

load-number

branch-name

amount

customer-name

L-170

Downtown

3000

Jones

1-230

Redwood

4000

Smith

Left Outer Join: Loan </ Borrower

load-number

branch-name

amount

customer-name

L-170

Downtown

3000

Jones

L-230

Redwood

4000

Smith

L-260

Perryridge

1700

null




Outer Join: Example I

Right Outer Join

loan XC

borrower

loan-number

branch-name

amount

customer-name

<

_>

L-170
L-230

L-155 (| null

Downtown
Redwood

3000
4000

nult-—>

Jones
Smith
Hayes

—

Full Outer Join
loan DL borrower

__.a--‘—’-—/

loan-number

branch-name

customer-name

8

L-170
L-230
L-260
L-155

Downtown
Redwood
Perryridge
| hu

Jones
Smith
nu

yes

_—




Summary of Today’s Lecture

- Aggregation function
G1, G2, ..., Gn gF1(A1). F2( A2)

- Quter join
- Exercises
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