
Review of Last Lecture

• More advanced RA operations:

• Division

• Exercises
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Today’s Plan

• Aggregation function

• Outer join

• Exercises
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In-class Exercise #7

1. Retrieve the name and address of all employees who 

work for the ‘Research’ department.

2. Retrieve the names of employees who have no 

dependents.

3. Find the names of the departments that have 

employees who work on all the projects.
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Company

Company



Aggregation: Motivation

• Find the number of employees in each department

• How do you do this manually?
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Employee

Fname Minit Lname Ssn Bdate Address Sex Salary Super_ssn Dno

John B Smith 123456789 1965-01-09 731 Fondren, Houston, TX M 30000 333445555 5

Franklin T Wong 333445555 1955-12-08 638  Voss, Houston, TX M 40000 888665555 5

Alicia J Zelaya 999887777 1968-01-19 3321 Castle, Spring,TX F 25000 987654321 4

Jennifer s Wallace 987654321 1941-06-20 291 Berry, Bellaire, TX F 43000 888665555 4

Ramesh K Narayan 666884444 1962-09-15 975 Fire Oak, Humble, TX M 38000 333445555 5

Joyce A English 453453453 1972-07-31 5631 Rice, Houston, TX F 25000 333445555 5

Ahmad V Jabbar 987987987 1969-03-29 980 Dallas, Houston, TX M 25000 987654321 4

James E Borg 888665555 1937-11-10 450 Stone, Houston, TX M 55000 NULL 1

Employee

Fname Minit Lname Ssn Bdate Address Sex Salary Super_ssn Dno

James E Borg 888665555 1937-11-10 450 Stone, Houston, TX M 55000 NULL 1

Alicia J Zelaya 999887777 1968-01-19 3321 Castle, Spring,TX F 25000 987654321 4

Jennifer s Wallace 987654321 1941-06-20 291 Berry, Bellaire, TX F 43000 888665555 4

Ahmad V Jabbar 987987987 1969-03-29 980 Dallas, Houston, TX M 25000 987654321 4

John B Smith 123456789 1965-01-09 731 Fondren, Houston, TX M 30000 333445555 5

Franklin T Wong 333445555 1955-12-08 638  Voss, Houston, TX M 40000 888665555 5

Ramesh K Narayan 666884444 1962-09-15 975 Fire Oak, Humble, TX M 38000 333445555 5

Joyce A English 453453453 1972-07-31 5631 Rice, Houston, TX F 25000 333445555 5



Aggregation Functions
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Aggregation Function: Important Note  

• 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
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Only grouping attributes and aggregated attribute 

survive in the result!



Aggregation Functions: Example
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Aggregation Functions: Examples

Example:

 1. A g sum(c) (r)   = 
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Example:

 2. A,B g sum(c) (r) = 

A SUM-C

α 14

β 13

A B SUM-C

α α 7

α β 7

β β 13



Aggregation Functions: Naming
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In-class Exercise #8: Aggregation

1. Find the average account balance of each branch

2. Find how many accounts in each branch

3. Find how many accounts in all branches

4. Find the number of branches the bank has

5. What is the output of

10

g count(branch-name) (Account)? 



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, e10 all from D5

• Work_on: e1 on p1, e4 on p2 and p1, e10 on p3
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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)
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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
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 T         gcount(PNUMBER) AS TP (Project)

T TP

6



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
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 E(ESSN, DNUMBER)      SSN, DNO (Employee)
  

  DP      E * Works_ON

  DPP    DNUMBER, PNO (DP)

  NPD1   DNUMBERgcount(PNO) AS TPD (DPP)

NPD DNUMBER TPD

5 9

. .

. .

. .

NPD   DNUMBERgcount(PNO) AS TPD (DP)

NPD1 DNUMBER TPD

5 5

. .

. .

. .

DPP DNUMBER PNO

5 1

5 2

. .

. .

DP ESSN PNO Hours DNUMBER

123456789 1 32.5 5

453453453 1 20 5

. . . .

. . . .

. . . .



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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T TP

6

NPD1 DNUMBER TPD

5 5

. .

. .

. .

 

  DAP   T TP = TPD NPD1

DAP DNUMBER TP TPD

. . .

. . .

. . .



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?
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DAP DNUMBER TP TPD

. . .

. . .

. . .

 

  DN        DAP * Department

  Result    DNAME (DN)



Outer Join

from
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Loan and Borrower Tables
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Outer Join: Example I

load-number branch-name amount customer-name

L-170 Downtown 3000 Jones

L-230 Redwood 4000 Smith

Natural join: Loan * Borrower

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
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Outer Join: Example II
Right Outer Join
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Summary of Today’s Lecture

• Aggregation function

• Outer join

• Exercises
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