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1.
Introduction

When questioned in detail about their business operation, a business user will usually focus on the processes of that operation. Where a  process may be defined as an action or series of actions which produce a change or development. The process view of a system may be modelled by a Data Flow Diagram (DFD).

Data Flow Diagramming is a commonly used technique in the Systems Analysis stage of development.

The Data Flow Diagram (DFD) provides the key means of achieving one of the most important requirements of structured development - the notion of structure. The DFD allows the system to be partitioned into independent units so that they, and thereby the system, can be more easily understood. 

Data flow diagrams assist in building a logical model of the system independent of physical commitments.  They show the various flows of data between the processes that transform it.

The graphical aspect of DFDs means that they can be used both as static pieces of documentation and as a communication tool enabling communication at all levels: between analyst and user, analyst and designer/programmer, analyst and analyst.  As their name suggests,  they are a pictorial way of showing the flow of data into,  around and out of a system.  A complete set of DFDs provides a compact top-down representation of a system,  making it easier to envisage the system as a whole.

1.1
Dependency Diagrams
DFDs consist of a series of processes which act upon data and a close relationship exists between the two. Normally, a process receives data, manipulates it, then outputs either the same data or new data. This output is then passed on to the next process in the sequence (unless it is going to an external destination or to data storage).  DFDs show how data flows through an entire process/system and how through a number of functional transformations,  derive the output from the input.  In general,  they show end-to-end processing;  it is possible to trace the data from where it enters to where it leaves.
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Generally speaking, Process B depends on the data (data 2) which it receives from Process A - i.e. it cannot operate unless and until it receives this data from Process A. We can say that data 2 represents the dependency of Process B on Process A. Following on, we can say that a DFD is a type of dependency diagram.

2.
Components of a Data Flow Diagram

A DFD is a diagrammatic representation of the passage of data through a system, and depicts any changes to that data and what data is stored.  DFD's contain four components:
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processes
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data flows
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data stores
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sources and sinks

2.1
Processes

Processes transform a data flow by  either changing its structure or by generating new information from it. An example is 'Validate Order' which takes an order as the data flow and determines whether it is valid or not, i.e. it has come up with new information about the order - valid or invalid. A process must have at least one data flow into it and one data flow out of it. Processes cannot exist independently.  It is important to note that only data processes occur in a data flow diagram.  There are no mention of physical processes in a DFD.  For example,  goods are selected from a stock location to satisfy an order is not a data process,  but a material task.  A data process is one that transforms only data.  An example of a data process may be the application of a computer program,  a set of computer programs or a manual procedure.  Within the context of this module the following symbol is used to depict a process.
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Each process is identified by a number, starting at 1. The location shows who performs the process or where it is performed. The process title should be meaningful, usually a verb followed by one or more objects.  For example,  make up invoice,  stock request are both acceptable.  It is generally considered as bad practice to try to describe the process in the process title.
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2.2
Data flows

A data flow is represented by an arrow and depicts the fact that some data is flowing from one process to another. A good analogy is that of a conveyor belt in a factory which takes data from one 'worker' to another. Each 'worker' then performs some process which may then result in another data flow on the conveyor belt. Data passing to and from processes is indicated by a continuous line, with an arrowhead showing the direction of the flow and with a label for identification.   Data flows are generally shown as one-way only.
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The data that is moved is sometimes referred to as a packet of data. The packet of data and its contents are usually defined in a data dictionary (see later notes). Data flow names should be different if the form of their data elements changes on entry to and exit from a process.  However,  wherever a piece of data flows within a diagram and it remains unchanged,  it should be tagged with the same name.
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2.3
Data Stores

Sometimes a process needs data other than that which it receives from another process in order to perform its function. This is often 'retrieved' from data stores. A data store can be viewed as a computer file, a manual record in a filing cabinet,  a pile of documents of one type, or a wall chart for example. It is any collection of related information - a telephone book, patient records, student records even a shopping list can all be viewed as data stores. Within the context of this module the following symbol is used to depict a process.  The name of the store is placed in the open section of the symbol.
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Each data store is uniquely identified by a letter followed by a number, within this module we will use the letter 'D' (data store).
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2.4
Sources and Sinks (Terminators or External Entities)
External entities exist in the system’s environment and either provide data to the system or receive information from it. A source entity is one from which data is received into the system,  for example a clerk who enters data into the system; a sink entity is one which receives data from the system,  for example a customer who receives an invoice. In some cases, the same entity can be both a source and a sink. For example, a customer is the source of an order and a sink for an invoice. External entities can be people or places, for example, a customer, a manager, the sales department, a supplier organisation etc. It is important to be clear as to the boundaries of the system being looked at as this will determine which entities exist in the environment and which should be treated as part of the system itself.    Within the context of this module the following symbol is used to depict an external entity.
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2.5 Summary of DFDs:  notation and conventions

The following diagram summarises the notations and conventions used whilst constructing DFDs.  As can be seen the system has two external entities;  one source and one sink,  two processes,  one data store and three data flows.
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From the above diagram the following can be identified:

External entities

· Clerk (source)

· Customer (sink)

Process

· Accept order (performed in the ordering department)

· Make up invoice (performed in the invoicing department)

Data flows

· valid_order

· customer_invoice

· customer_order

3.
DFD Levelling

As mentioned earlier, DFDs allow the analyst or user to look at the system at different levels of detail. Even in quite small systems a level 1 DFD may contain many processes and look cluttered. It may also be difficult to see in sufficient detail exactly what a process does. It is common to find that it is not possible to represent an entire system using only a single DFD.  To overcome this problem a hierarchical set of DFDs is produced.  This consists of a top-level DFD in which the processes are major system functions described in more detail by one or more associated lower-level DFDs. It is usual to 'break down' the level one DFD into a set of DFDs, a practice known as levelling.  The aim of levelling is to ensure that the DFDs are not cluttered and hence easier to read and understand.  The process of levelling has no formal rule set,  however,  a few rule-of-thumb issues are generally adhered to.  Most of the systems that you will encounter as a student can  be adequately modelled using Context, Level 1 and Level 2 diagrams. Where necessary it is possible to go to successive levels 3, 4, etc.

3.1
Context Diagrams
A Context DFD, alternatively known as an Overview or Level 0 DFD, represents a system at a high level of detail in terms of its inputs from external entities and its outputs to external entities. A context diagram comprises one process box for the entire system, together with the external entities and the data flows that pass between them and the system.  The diagram does not contain any data stores.  The purpose of the context diagram is to identify and examine the interfaces between the external entities and the system.

With a top-down approach to diagramming data movement,  the diagrams move from general to specific.  Although the context diagram provides a basic overview of data movement its general nature limits its usefulness.  The context diagram is considered to be the most general diagram and the broadest possible conceptualization of the system.

3.2
Level 1 Diagrams
A level 1 DFD shows the system (as initially represented in a context diagram) in more detail. It shows how data enters the system, how these data items are transformed by processes and how they leave the system again. A level 1 diagram must have exactly the same inputs and outputs as the context diagram since it represents the same system but in more detail. The major data stores of the system and all external entities are included in the Level 1 Diagram.  In this instance the flows are connected to and from the actual processes which create, receive or change them.  It is also possible to include new lower-level data flows.  The processes modelled in a level 1 diagram (and also in any further sub-levels), represent a breakdown of the activities which make up the system. Remember that the processes are identified as 1, 2, 3, 4 and so on.  As a rough guide,  each Level 1 Diagram should use no more than a single sheet of paper.

3.3
Level 2 Diagrams
A level 2 diagram may exist for every process on a level 1 diagram. That is, each level 2 diagram relates to a single process on the corresponding level 1 diagram. It represents the process in more detail just as a level 1 diagram represents the context diagram in a greater degree of detail. In appearance it is the same as a level 1 diagram in that the notation used is the same. If the level 1 process being considered has the identifier 2, then the level 2 processes will be identified as 2.1, 2.2, 2.3, 2.4 and so on.  The values of these numbers have no significance as DFDs only show the flow of data between processes,  not the sequencing of processing.

A level 2 diagram cannot produce output or receive input that the corresponding process in the Level 1 Diagram does not itself produce or receive.  All data flows into and out of a Level 1 process must also be shown in the Level 2 Diagram.

The process of leveling should be continued until the processes represented are logically simple i.e. until they cannot be broken down any further.  The entire process of levelling,  along with its advantages of reducing clustering and enhanced readability can be seen to have the following additional benefits:-

· It naturally falls into line with the analyst's approach to top-down decomposition i.e. major functions and processes are considered first.  This permits the analyst to concentrate on the higher-level data flow diagrams before designing the others.

· It is possible to consider the various levels of the DFDs to correspond to the various degrees of detail by which the system is presented.  This is of benefit when the analyst discusses the system with different members of the organisation.

4.
Constructing Data Flow Diagrams (DFDs)

Most business-oriented systems suggested for development are based on a system already in operation. Therefore, in the majority of cases it is impractical to ignore totally the existing system. For the systems analyst, examining the existing system offers an opportunity to become familiar with current practice, and also to gain the user's confidence. The development of a DFD will assist with this understanding. A current physical DFD shows what happens to data within the existing (current) system, how it is processed, where and by whom.

4.1
Guidelines for Drawing a Context Diagram
a)
Read the case study from start to finish a number of times until you have a fair idea of what the system as a whole does. 

b)
Try to make a list of (potential) external entities. A person or place is an external entity under two conditions. Firstly, if it gives something to the system without explanation of the processing involved in its creation. Secondly, if it receives something from the system with no explanation of what it does with it. NB not all persons and places mentioned in a case study are external entities.

c)
Once external entities are identified, establish what flows are sent to them from the system and what flows are received into the system from them. 

d)
Having identified external entities and flows to and from them, the context diagram can be drawn.

4.2

Guidelines for Drawing a Level 1 Diagram
Remember that a level 1 diagram simply looks at the context system in more detail.

a)
Take one sentence at a time and decide if it is background information or if it is an activity which must be represented by a process in the diagram. Processes can be identified by the verb in the sentence.

b)
Make a list of all potential processes - you may end up with a fairly extensive list.

c)
Now group these potential processes so that you end up with approximately 3 to 10 processes. Generally speaking, a level 1 (or level 2) DFD must contain a minimum of 3 processes and a maximum of  10. In most cases, a level 1 diagram will rarely contain less than 5 processes while a level 2 diagram will have fewer.

d)
Identify and list data flows - these are generally documents but could also be phone calls, physical items such as goods etc. Anything that moves around a system can be considered a data flow.

e)
Identify and list data stores.

f)
Having identified all the components of the DFD, draw the diagram using the appropriate conventions (notation).

g)
Having drawn the level 1 diagram, make sure that it is fully connected. If a process does not receive inputs from other processes or from a data store then it will never be triggered. Think of a process as needing to be 'kicked into action'. 

h)
Validate the level 1 diagram against the context diagram to ensure that they are consistent. Since a level 1 diagram represents the same system as a context diagram, the flows across the boundaries must be the same - a difference in the number of flows or the names of those flows will result in the wrong system being modelled. 

4.3

Guidelines for Drawing a Level 2 Diagram
a)
Where level 2 diagrams are needed, use the list of potential activities which you created and grouped in step (b) of 'guidelines for drawing a level 1 diagram'. 

b)
For each level 1 process make a list of sub-processes, each one of which will become a process on the corresponding level 2 diagram. 

c)
Validate the level 2 diagram against the level 1 diagram to ensure that they are consistent.

d)
Remember the process identifier from the level 1 process is used as the first part of the identifier for the lower level processes.

5.
Points to Remember when Drawing DFDs

When drawing DFDs, you are concerned with the logical components of the system, i.e. what are the activities which when linked together make up the system under investigation as a whole. 
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When listing processes, think of what activities are carried out, not who does them or where they are done. This logical viewpoint could lead to a case where the activities of one person or place may be split so that some exist inside and some outside the boundary of the system.

If any part of the case study seems ambiguous and you have to make an assumption in order to draw the diagram, then state this assumption along with the diagram.


Make sure that the beginning and the end of a flow touch its source and destination.


All flows must be labeled. No two flows on the same diagram can have the same name (unless they are identical).


All words in a flow name must be connected by underscores, e.g. sales_invoice. Keep flow names short but meaningful.


Make sure that no section of a diagram is separate from the rest, i.e. there must be a logical connection through the entire diagram. If one section is not joined to the rest then this part of the diagram will never be triggered and consequently the system the diagram is modelling will be incomplete and inaccurate.


Make sure that the correct arrow type is used to join a process with a store: 

–
if a process is adding information to a store then the arrow is at the store end of the flow. 

–
if a process is taking information from a file then the arrow head is at the process end of the flow.


Make sure the processes are correctly numbered. 

 
Check the consistency of flows across diagrams, i.e. that there are the same number of flows coming in and out of a level 1 as a context and also that the names are the same.
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Make sure that each diagram is properly labeled i.e. its 'title' should be clearly stated. For example, 'Level 1 Order Processing'.

6.
Worked Example

Ayre & Co

The workers at Ayre & Co are paid weekly in arrears. Each Monday the time cards for the previous week are collected by the production control department and sent to the wages office, included with them are any overtime authorisations. Information  on adjustments to wage rates, new starters and leavers is supplied by the personnel department.

The time cards are checked for validity against the current employee file. This is updated with the personnel changes supplied by the personnel department. Any queries about time cards, overtime or personnel changes are returned to the appropriate department. Valid time cards are used to produce a payroll, in doing this reference is made to the Wage Rates file, and also to the Cumulative Deductions file which shows pay to date, tax to date, National Insurance to date, this file is updated after the payroll is produced. This file is also used to produce P45s to leavers and an annual P60 to all employees. The payroll is used to create payslips and cheques which are issued to each employee. A copy of the payroll is sent to the accounts department where it is used to update the nominal ledger. 

Task One - Draw a Context DFD for the Wages Department.

Step 1

Familiarise yourself with the case study.

Step 2 (identify potential external entities)

Production control, personnel department, employees, accounts department.

Step 3 (identify flows to/from system and external entities)

Production control sends: time cards, overtime authorisations

Production control receives: time card queries, overtime queries

Personnel department sends: wage rates, personnel changes

Personnel department receives: personnel queries

Employee sends: N/A

Employee receives: payment slip and cheque, P45, P60

Accounts department sends: N/A

Accounts department receives: payroll copy

Step 4 (draw your context diagram)
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Task 2 - Draw a Level 1 DFD for the Wages Department.
Steps 1 & 2 (identify potential processes)

Validity check, produce payroll, update deductions file, produce payslips, produce P45s and P60s, update employee file.

Step 4 (identify data flows)

Time cards, overtime authorisations, wage rates, new starts, leavers, employee details, queries, payroll, deductions, P45s, P60s.

Step 5 (identify data stores)

Employee file, wage rate file, cumulative deductions file.

Step 6 (draw level one diagram)
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Steps 7 & 8 - check for completeness and validity.

7.
Advantages of DFDs

1.
Since they are easily understood by users (i.e. presented in a non-technical format), they are easier to validate for correctness. It is therefore easy to determine whether requirements are correct. The probability of a better system is increased.

2.
It is argued that a picture can convey meaning more quickly than more traditional methods such as textual narrative.

3.
DFDs allow the analyst to abstract to whatever level of detail is required so that it is possible to examine a system in overview and at a more detailed level whilst still keeping sight of the links and interfaces among the different levels.

4.
The DFD specifies the system at a logical level rather than a physical level. This means that it shows what the system will do rather than how it will be done. The benefit of this separation is that the users can specify their requirements without any restriction being imposed of a design nature, for example, the exact hardware requirements. Therefore, an independence exists between logical and physical implementation which means that changes or upgrades can be made to the hardware without affecting the functions of the system. 

5
Further understanding of the inter-relatedness of systems and subsystems are developed.

6
Provides a means of analysis of a proposed system to determine if the necessary data and processes have been defined.

8
Disadvantages of DFDs

1
For large systems it can be a time consuming and complex task to produce all necessary levels of DFDs.

2
It can be difficult to read and understand/appreciate what is going on at a first glance.

3
The symbols used are not common to all DFDs.  Different models use different symbols for the structure of a DFD.
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