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FHD, Data Dictionaries, 
Transactions
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Topics for Today
• Functional-Hierarchical Decomposition (FHD)

– System Design as a Functional-Hierarchical process

– Rules
• Special Cases

• Data Dictionaries
– DFD Components Dictionary
– Data Elements Dictionary

• Starting the Design Phase

• Transactions
– What are transactions?

– Discovering

• Source: PS98 6.1-6.2, 7.1
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Theory and Practice
• Today is theory with examples from the book

• During Targil you will do your own and we will do together

• Assignment 4 on this too
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Functional-Hierarchical Decomposition

• Two approaches for DFDs
– Flat DFDs

– Hierarchical DFDs

• Why hierarchical?
– Easier to get a bigger picture
– We get a tree

– Grouping
– Downsides?
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FHD: How?
• Break down in stages

– All in DFDs

• Start with the high level DFDs
– Data sources with two connections

• Divide up each function
– 2 important subfunctions
– Otherwise, do it higher
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FHD:  Guidelines
• Every entity and data source connected to a complex 

function must be connected to the children

• Every child function is given an id which relates it to the 
parent function
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FHD:  Trees
• From the decomposition we get a tree

– Unbalanced – Ok

• Table of contents DFD
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DFD Trees

DFD-0

DFD-6 DFD-5 DFD-3 DFD-2 DFD-1

DFD-6.4

DFD-6.3

DFD-6.1

DFD-6.3.1

DFD-6.3.3

DFD-5.3

DFD-5.1

DFD-3.2

DFD-3.1

DFD-2.4

DFD-2.2

DFD-2.1

DFD-1.5

DFD-1.4

DFD-1.2

DFD-1.1

root

leaves intermediate
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Table of Contents
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FHD: Rules
• Data Sources

– Top level: Show only data sources written and read by more than 
one complex function

– Complex functions can be connected to data sources by two 
headed arrow
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Top Level DFD
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Parents/Children
• Simple functions

– Can’t have a double headed arrow

• Must parallel the parent
– Entities which send to the complex parent appear on the left side
– Entities which do not receive from the parent should not appear 

on the right side
– Every data source used by the parent must appear with the child

• If you change the child DFD, change the parent
– Iterative

• Child functions may have more data sources than shown 
at the parent
– If it’s connected to more than one complex function, move it up
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Outside Connections
• Connections to another complex function are shown on 

the left or right side
– Small circle
– Number of the function

– Inputs or outputs

• The small circles let you connect child DFDs
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Reads and Writes
• When a complex function writes to a data source

– One or more child functions

• When a complex function reads a data source
– One or more child functions

• Same for reading and writing
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Child DFD
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Child DFD
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Child DFD
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Trees and Naming
• At the end: A tree

• Each child DFD is named after the complex function it 
breaks down
– DFD-0 is the top level
– DFD-1.3 describes complex function 3 inside complex function 1
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FHD: Special Cases
• Many external or real time entities

• External data sources

• Time entities
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Many Entities
• Many external or real time entities

– Too many to show at the high level
– Get more detailed categories with child functions
– Define a parent type
– At the child DFDs, specify the types

• Example
– Customers
– Monthly subscribers, corporate customers, international 

customers
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External Data Source
• Data sources not managed by the information system

– Used only for input – appear on the left side

– Used only for output – appear on the right side
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Time Entities
• Time entities connected to complex functions

– No name

– May be broken down
– No time period

• Time entities connected to simple functions
– Specify the name and time period

• One time entity may break down to many during FHD
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So Far
• Functional-Hierarchical Decomposition (FHD)

– System Design as a Functional-Hierarchical process
– Rules

• Special Cases

• Data Dictionaries
– DFD Components Dictionary
– Data Elements Dictionary

• Starting the Design Phase
• Transactions

– What are transactions?
– Discovering
– High Level Description
– Special Cases
– Dictionary
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Data Dictionaries
• Goals and uses

• DFD Components Dictionary

• Data Elements Dictionary

• Building a Data Dictionary



5

December 9, 2009 ISE 323: Information Systems Engineering 1 25

Goals and Uses
• From graphical to structured indexes

• Explain each
– Function

– Arrow (flow)
– Data source

– Data element
– Entity – External, Time, Real Time
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Goals and Uses
• Data Dictionary consists of

– DFD Components Dictionary

– Data Elements Dictionary
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Goals and Uses: DFD Components Dictionary

• Entities
– Can appear in multiple places

• Where?

• Functions
– Many pieces

• Who sends and receives information?

• Data Sources
– Appear in multiple places

• What is sent to it?

• Data flows
– Can be repeated in many places

• Where do users provide their password?

• Building an index of the DFDs
– Searching, listing, understanding
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Goals and Uses: Data Elements Dictionary

• Stores information about variables
– Passed between components

• Indexed, described, listed

• Helps to find
– Where each variable is used
– How much space we need

– What changing one variable would do
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DFD Components Dictionary
• Different parts:

– Functions dictionary

– Data source dictionary
– Dictionary of external entities, time entities, real time entities

– Data flow dictionary
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Functions Dictionary
• Contains

– Function Id

– Name
– Type – simple or complex

– Input data flows
– Output data flows

– Function description

• Function description
– For complex ones – just the goal
– For simple ones:

• Detail
• Structured representation of logic

• Flow chart or structured language
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Data Source Dictionary
• Contains:

– Data source Id

– Name
– Input data flows

– Output data flows
– Data source description

• The flows tell most of the story
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Dictionary of External, Time, and Real Time Entities

• Contains:
– Entity Id

• For time � complex, none

– Entity name
• For time � complex, none

– Output  Data Flows

– Input Data Flows
– Entity description

• If there is a hierarchy, explain it
– Parents, children

December 9, 2009 ISE 323: Information Systems Engineering 1 33

Data Flow Dictionary
• Contains:

– Data flow name

– Type – simple or complex
– Source of the flow

– Recipient of the flow
– Method of arrival

• What is the key?
– Not name
– Source and Receiver
– Add an Id if you need

• Variable types and sizes aren’t here
– Wait for Data Elements Dictionary
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Data Elements Dictionary
• Contains:

– Name – descriptive, but not too 
long

– Description
– Type – string, integer, boolean, 

real
– Length
– Format
– Domain and constraints
– Synonyms and aliases

• Goals
– Details about each variable
– Where it comes, where it goes
– Incoming data types
– Outgoing data formats
– Data base clarity

• Avoid duplication
– Search first
– Automated tools
– Excel
– Data base
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Data Elements Dictionary
• For each data flow, indicate 

which elements appear
– Optional – item1, [item2], item3

– More than once – item1, item2*
– Limited number of times –

item1, item2*(1-3)

• Aggregates
– Collect data elements

– Multiple parts
– Save time and space

• Size estimates
– How much data is there?
– How will it be inputted?

– How will it be exported?

• With method of arrival
– How to handle parsing
– Manual?

– Automatic?
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Building a Data Dictionary
• Easier with automatic tools

• Some databases can help you

• Doing it by hand can be strenuous
– Book describes files

– Think of them as Excel worksheets
– Data base tables
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Tables
• DFD Components

• Data Flows

• Data Elements

• Aliases

• Complex data elements

• Simple data flows

• Index of data elements
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DFD Components File
• All of the functions dictionary, data source dictionary, 

external entities dictionary

• Contains:
– Id
– Type

– Name
– Description
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Data Flows File
• Listing of each data flow in each DFD

• Contains:
– Flow Id – if needed

– Source Id
– Receiver Id

– Type 
– Name
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Data Elements File
• Include data elements dictionary
• Contains:

– Element name
– Description
– Type
– Length
– Format
– Domain and Constraints
– Aliases

• Not all of them are known now
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Alias File
• To look up similar names

• Contains
– Alias

– Canonical name

• The canonical name points to the data elements file
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Complex Data Elements File
• Each complex data element

• Contains:
– Name of the complex element

– Canonical name of the composing elements
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Simple Data Flows File
• Make an entry for each simple flow

– Complex ones will be broken down

• Contains
– Source Id
– Receiver Id

– List of data elements, simple or complex
– Size

– Method of transmission
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Index of Data Elements
• Map each data element to the data flows where it appears

• Contains
– Name of the element, simple or complex

– Source Id
– Receiver Id

• Multiple lines
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So Far
• Functional-Hierarchical Decomposition (FHD)

– System Design as a Functional-Hierarchical process
– Rules

• Special Cases

• Data Dictionaries
– DFD Components Dictionary
– Data Elements Dictionary

• Starting the Design Phase
• Transactions

– What are transactions?
– Discovering
– High Level Description
– Special Cases
– Dictionary
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Design Phase
• Analysis – what

• Design – how

• Program Design
– OOP, functions, properties

• UI Design
– GUI, menus, buttons,  windows

• Input and Output Design
– What data goes in, out, and how

• Database Design
– Setting up schemas, tables, views
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Design Phase
• We will start with Transactions/Functions

• Then input and outputs

• The interfaces, menus, and windows

• Then database schemas

• Then we will have a fully designed system
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What is a Transaction?
• In databases in means something else

– A collection of action executed atomically

• We mean a collection of users, actions, entities, 
databases, and flows which accomplish some quantum of 
work

• Formally:
A transaction is a series of simple functions which 
are connected via information flows.  The transaction 
includes the information flows, data sources, and 
external entities which are connected to the functions.  
A transaction includes at least one entity which is the 
trigger which starts the transaction when needed.
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What is a Transaction?
• Start with superficial descriptions and move on

• Each transaction will be a module or part of one

• Use the DFDs form the analysis phase to identify the 
transactions

• Of course not everyone can run every transaction
– Access control

– Separation of duties
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Transactions
• A transaction must include only simple functions

– A complex one may be broken down

• A transaction’s functions are all connected directly by 
arrows (flows).
– Direct cause and effect, not via data sources
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Triggers
• User Transaction

• Time Transaction

• Real Time Transaction

• Hybrid Transaction
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Discovering Transactions
• Find the chains of simple functions in DFDs

• Trigger is the entity connected
– Could be on the left side (sends information)

– Could be on the right side (receives information)
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Finding Transactions
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Finding Transactions
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Finding Transactions
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Finding Transactions
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Finding Transactions
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Finding Transactions
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Showing Transactions
• It’s easier to show a transaction separately from its parent 

DFD

• More than one entity can be the trigger
– Identify the real one(s)
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Transactions
• Each transaction is a series of connected actions

– A user runs the transaction, not the first function

• The meaning of the order of the functions is important
– Not obvious from the DFDs
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Showing Transactions
• Transactions can cross DFDs

– Connect them on the graph
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In Summary
• Functional-Hierarchical Decomposition (FHD)

– System Design as a Functional-Hierarchical process
– Rules

• Special Cases

• Data Dictionaries
– DFD Components Dictionary

– Data Elements Dictionary


