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1. Introduction
1.1 Purpose
The purpose of this Software Requirement Specification is to establish and maintain a common understanding between the customer, Dr. DeLoach, and the software developers regarding the requirements for the proposed software.
1.2 Scope
The proposed software is the control system for a series of gasoline pumps to be used at Dr.  DeLoach’s gas stations.  The software will control many aspects of the gas refueling process including the enabling of each pump for use, starting the pump’s motor, engaging the clutch on each pump which in turn will dispense the gas, displaying the current amount of gas pumped, recording each transaction and archiving the day’s transactions.

The use of this control system will reduce the number of tasks the gas station attendant(s) must perform making the attendants making their job easier and possibly reducing the overhead of running the gas station by reducing the number of attendants needed.  The use of this system automates many processes such as measuring the amount of gas dispensed and recording the details of each transaction.  This system also increases the quality of the gas being dispensed by not allowing a pump to be enabled if the tank that services the pump is below 20%, because of this the sediment in the bottom of the gas storage tank is never pumped into the customer’s car.
1.3 Overview
This Software Requirements Specification is organized into two main sections: overall description and specific requirements.  The overall description section provides information describing general factors that will effect the requirements of the software.  The specific requirements section describes in detail the requirements the software must meet.
2. Overall description

2.1 Product perspective

Gasoline Pump Control System is an independent product that is totally self-contained.  Below is a diagram which displays how the interfaces interact with one another.
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2.2 User interfaces

2.2.1 Cashier station

a) The cashier station shall support touch-screen operations and have a standard keyboard for operations that cannot be performed with the touch-screen.

b) The cashier system shall prompt the cashier for an id number and password so as to log on to the system.  
c) The cashier system shall list and display the status of each pump.  
d) The cashier shall retrieve the transaction amount by pressing a screen button corresponding to the customer’s pump.
e) The cashier shall be able to enter single or multiple types of payments in the form of cash and credit card for a transaction.

f) The cashier shall be able to enter information about the customer who absconds.  
g) The cashier shall be able to reset the pump for next use after entering payment data.

2.2.2 Management station

a) The cashier who has management status shall access a management screen from the main screen.  The management screen shall accept advanced operations such as disabling a pump.
b) The management interface shall allow the user to execute ad hoc queries about sales management such as total volume of gasoline sold, total income for the day, and number of customers.
2.3 Hardware interfaces

2.3.1 Pump

a) The pump system shall use an “ON/OFF” switch to enable and disable the pumps respectively.
b) “ON” shall start the pump and free the clutch while an “OFF” shall stop pump and secure the clutch.
c) The pump system shall activate the switch by having a microswitch on the trigger of the gun which when pulled activates the switch and alerts the pump system.
d) The pump system shall control dispensed gasoline by using a metering device on the gas line.
e) A pulse shall be sent to the pump system to notify it of the dispensed gasoline after every 1/100 of gasoline dispensed.
f) Each pump shall have a direct connection to the main computer, which will be used for sending transaction data.
2.3.2 Gasoline storage tank

a) Each gasoline storage tank shall have a direct connection to the main computer which will be used for sending messages regarding how full each tank is.
b) The gasoline storage tank shall have a meter on it.
c) The pump system shall be notified that the tank needs refill when the gasoline level in the storage tank reaches 20%.
d) The pump system shall be notified that the gasoline grade can no longer be used when the gasoline level in the storage tank reaches 4%.
2.3.3 Main computer

Main computer shall have either an analog modem or an ISDN modem for connecting to the corporate computer.

2.4 Software interfaces 
a) The pump system shall support transfer of daily transactions to the corporate computer.
b) The pump system shall receive updates from the corporate computer that modifies operation of the pump system.
2.4.1 Communications interfaces

Main computer shall support TCP/IP so as to communicate with the corporate computer.
2.5 Product functions

2.5.1 Pump interface

a) The interface shall consist of two interfaces into the gas station system - an interface that the customer uses to operate the pump, and the cashier interface.  
b) The interface shall include a feature that allows the user to cancel or back up one step at nearly any time in transaction.
c) The pump interface will have a button that will notify the cashier to enable a pump.
d) The system shall use buttons to query the customer and display short responses such as (yes/no).  
e) The interface shall allow the customer to enter numeric values.
f) Users approaching the pump interface shall receive greetings and invitation to press any button to begin the transaction.  
g) The interface shall prompt the customer to select the grade of gasoline that they want, displaying the available grades, and a cancel transaction option.
h) Customers shall be able to choose the quantity of gasoline that they want by pressing the "Dispense as needed" (pump type A and B), "Preset dollar amount" (pump type B), or the "Preset gallons" (pump type B) button.  
i) Pumping gasoline shall follow a confirmation of the quantity of gas to be dispensed.
j) The customer shall be able to see on a screen the amount of gasoline that has been dispensed, and the cost of that gasoline.  The screen will update for every 1/100 of a gallon dispensed.  
k) The pump interface shall display the amount and volume of gas dispensed when gas is being dispensed, and shall request for payment once done fueling.
l) The pump interface shall display payment request screen until reset by the cashier for other customers.  
2.5.2 Cashier interface

a) The cashier will be able to perform most operations by touching the screen.  
b) Each cashier (or manager) will have to log to the system.
c) Each pump should be listed on a control panel along with the status.
d) The cashier should be able to enter multiple types of payments for a transaction incase a customer pays with both cash and credit card.  
e) The cashier should be able to enter information of any customer who absconds.
f) The cashier should be able to reset the pump once payment has been made or entered information on absconds so that another customer can use it.
g) Cashier with management status should be able to access a management screen from the main screen, which would allow him/her to perform advanced operations, such as disabling a pump, or disabling a particular grade of gasoline.  
h) The management interface should allow execution of ad hoc queries on sales such as total volume of gasoline sold, total income for the day, number of customers, and so on.
2.6 User characteristics

2.6.1 Cashiers

a) Newly employed cashiers shall take between 10 and 15 minutes training time to learn the basic functionality of the system.  No related experience needed.  
b) A cashier should be able to read, understand, and follow English instructions without assistance.
2.6.2 Managers

Managers shall take between 30 and 60 minutes to learn the entire system.
3. Specific requirements

3.1 External interface requirements

3.1.1 Pump interface

There will be two interfaces into the gas station system.  The first will be the interface that the customer uses to operate the pump.  Since many people will be using the pump interface with varying backgrounds with computers, the interface needs to be as simple to use as possible.  It should be possible for a user with no training or experience to walk right up to the pump and do everything they need.  If the interface is too complex, it will drive away customers.  With this in mind, the interface should not provide too many options such that it overwhelms the user.  It also needs to allow the user cancel or back up to the previous step at nearly any time in transaction.

The interface itself should consist of a graphical LCD panel with a row of function buttons underneath.  The software can use these buttons to query the user.  For instance, if the software wanted to ask a question with fixed set of responses (yes/no), it could display each possible response over one of the buttons.  The interface should also have a numeric keypad below the LCD panel to allow the user to enter numeric values.  See the diagram below for prototype interface:
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When the user approaches the pump interface, it should greet the user and invite him or her to press any button to begin the transaction.  Once the user begins the transaction, the interface will prompt the user to select the grade of gasoline that they want.  At the bottom of the LCD panel, the available grades of gas will be displayed above the function buttons, allowing the user to choose the grade they want.  As stated before, there will also be an option to cancel the transaction.

Once the user has selected the grade of gasoline they want, the next screen will ask the user how much gasoline they want.  The interface will let the user choose between "Dispense as needed", "Preset dollar amount", or "Preset volume amount".  The exact wording of the text will be reviewed by a user interface expert to insure that it is easy to interpret by anyone.  If the user selects one of the preset options, the next screen will ask the user to enter the amount or volume of gas that the want.  Once the user has entered a value, the screen will convert the amount to volume (or vice versa) and ask the user if he or she wants to continue.  Once the user has confirmed the quantity of gas to be dispensed, the pump interface will prompt the user to begin pumping.

Once the user begins pumping gas, the pump interface will show a new screen showing the amount of gasoline that has been dispensed, and the cost of that gasoline.  The screen will update for every 1/100 of a gallon dispensed.  Once the pump has finished dispensing gas, the interface will continue to show the amount and volume of gas dispensed, but will also ask the user to pay the cashier.  The pump interface will remain in this state until the cashier resets the pump.

3.1.2 Cashier interface

Like the pump interface, the cashier interface also needs to be as easy to operate as possible.  To keep operating costs low, the gas station should try to reduce the time it takes to train new employees.  By keeping the cashier interface as simple to use as possible, it will reduce the time necessary to learn the system.  It is desirable that it will take about 10 - 15 minutes to learn the basic functionality of the system.  To learn the entire system (for managers), it should take 30 - 60 minutes.

The cashier station should consist of an LCD touch screen that allows the cashier to perform most operations by touching the screen.  There will also be a standard keyboard attached for operations that cannot be performed with the touch screen.

The first step for the cashier (or manager) will to be to log on to the system.  The cashier interface will use the display to prompt the cashier to type in their cashier id number along with their password.  After the cashier has logged on the screen will show a list of pumps and the status of each one.  When a customer comes into pay, the cashier will press an on-screen button for the pump of the customer, and then it will bring up the payment screen.  The payment screen will allow the cashier to enter payments for a customer.  The user interface will allow the cashier to enter multiple types of payments for one transaction (for instance, if the customer pays with both cash and credit card).  If the customer absconds, the payment screen would allow the cashier to bring up another screen that allows the cashier to enter information about the customer.  Committing this information should require manager approval.  Once the cashier has finished entering data for payment, or an absconding customer, the cashier can reset the pump (press the ENABLE button) so that another customer can use it.

If the cashier has management status, the cashier should be able to access a management screen from the main screen.  This management screen would allow the cashier to perform advanced operations, such as disabling a pump, or disabling a particular grade of gasoline.  The management interface should also allow the cashier to execute ad hoc queries about sales.  Some examples of the queries could be total volume of gasoline sold, total income for the day, number of customers, and so on.

3.1.3 Hardware interfaces

The pump system needs to be able to enable and disable pumps.  This will be done by done with a switch that the pump system interfaces with to control the pump.  When the system sets the switch to on, the pump will be started and the clutch freed.  When the switch is set to off, the pump is stopped and the clutch is secured.  The system will need to be able to control one of these switches for each pump.

Each pump will have a microswitch on the trigger of the gun.  When the trigger is pulled, the switch is activated and the pump system is alerted.  The system will need to be able to handle a trigger switch for each pump.  Also, there is an alert button on each pump that the user will press to alert the cashier to enable the pump.
Each pump will have a metering device on the gas line.  For each 1/100 of a gallon dispensed, a pulse will be sent to the pump system to notify it of the dispensed gasoline.  The pump system will need to be able to receive pulses for each pump independently.

Each gasoline storage tank will have a meter on it.  When the storage tank is below a certain level (20%), a signal will be sent to the pump system to notify it that it needs to be refilled.  When the storage tank is below the critical level (4%), another signal is sent to the pump system to notify it that that grade can no longer be used.

Each individual pump will have a microcontroller that is capable of network operations.  The microcontroller will support a network protocol such as TCP/IP.  The microcontroller will send messages to the main computer informing it of pump operations.  Each storage tank will also have a microcontroller that supports TCP/IP and will send messages to the main computer informing of changes in status.

The main computer itself will also have either an analog modem or an ISDN modem that is used to connect to the corporate computer.

3.1.4 Software interfaces

The pump system needs to be able to interact with the corporate computer.  The pump system needs to support transferring the transactions for the day.  The pump system should also be able to receive updates of gasoline price from the corporate computer.  The pump system should also be able to receive updates from the corporate computer that modifies operation of the pump system.  For instance, the pump system could receive an update that allows the manager to perform a new query.  Please see corporate accounting documentation for more detailed information.

3.1.5 Communication interfaces

The main computer will need to be able to support TCP/IP to be able communicate with the corporate computer.

3.2 Functional requirements

In order to realize a good control of the gasoline pumps, the system should be able to respond adequately to every stimulus receive.  Each stimulus for the system presents some pre-conditions that are required conditions the system should meet to react correctly (i.e. to perform all the function associated with this stimulus).

3.2.1 Dispense gas

3.2.1.1 Pump request

The user at the pump may signal the operator to have his pump enabled.
Pre-condition: 


*The pump should be disabled.  If the button is pressed and the pump is already enabled, no signal is sent to the pump.   
a)  Signal pressed

Pushing the Request Button at the pump should highlight the pump concerned on the cashier screen.  
3.2.1.2 Pump enabled

The pump is enabled by the operator touching the ENABLE button for the pump.

Pre-condition: 


*The pump should be disabled i.e. there should be no transaction in progress at this pump.  If not, pushing the Enable button will have no effect for the system.  

* The tank serving this pump should be over the 4% limit.  If not the system should take the proper actions (specified later in this document) to prevent the pump from being enabled.

a)  Motor and metering device started

When the ENABLE button of the pump is pressed, a signal (ON) shall be sent to microcontroller of the pump concerned.  The microcontroller receiving this signal should start the motor.  If it is already started, the signal should be ignored.  When the motor is on, the pump clutch should be freed.  The metering device in the gas line of this pump shall also responds to the same signal in the same way that the motor does.

b)  Turn on the LCD panel

When the ENABLE button of the pump is pressed, the system should turn on the LCD panel.  This panel will be used for posting message regarding the pump status, displaying the cost and volume, and choosing the amount or volume for pump of type B.  
3.2.1.3 Enter amount or volume to dispense (Pump type B)
For the new pumps (type B), the user shall select either the amount or the volume desired.
Pre-Condition: 

*The panel should be turned on.  If not, nothing happens.

a)  Process the inputs

The user shall select between volume and amount, and shall enter the value needed using the numeric keypad.  For each input in this sequence of prompt, the system will check the validity of that input.  The system should require that a value is enter (i.e. the user cannot press the enter button without entering a value) and that this value is within the limits.  A validity limit should be specified later.  Only if the input is correct, will the system allow the user to process the next input.

3.2.1.4 Gun taken out of its holster

In order to pump the gas, the user should take the gun out of the holster.  
Pre-condition: None

a)  Close microswitch A

The system will prevent the gas from being pumped when the gun is in the holster by having a microswitch in the holster.  The microswitch in the holster will not allow the clutch to be engaged while the gun is in its holster.  When the gun is taken out of its holster, the microswitch in the holster (Microswitch A) should be closed.   

b)  Display prompt

When the gun is out, the system shall prompt the user to start pumping the gas.  This message should be displayed in the LCD panel of the concerned pump.

3.2.1.5 Trigger pressed

After the gun has been removed from the holster, the user can start pumping the gas by depressing the gun trigger.

Pre conditions: 

*The pump should be enabled.  If the pump is disabled, pressing the trigger will not do anything because the pump clutch will be secured.

*The microswitch A should be closed.  If the microswitch A is open, that means the gun is still in the holster, thereby preventing the gas from being pumped.  In this case, pressing the trigger will have no action in the system.

*For pump B, the system should check if the current value of the cost or volume is less than the user's input.  If not, the system should not respond to any actions on the trigger.  This restriction will prevent the user of pump B of pumping after having reached their desired quantity of gas.

a)  Close microswitch B

Like microswitch A, microswitch B, responding to the trigger movement, should operates on the clutch circuitry.  If it is closed, the clutch is engaged.  Note that the gas should only be pumped when the clutch is engaged.  Therefore, when the trigger is pressed, the system shall close the microswitch B.

b)  Update displays
The system should update the display devices at the pump and at the cashier with the current values of the cost and volume.  At the pump, the system shall update the LCD panel and on the cashier screen it shall update the corresponding area related to that pump.
When the gas is pumped in the line, the metering device in that line will send a pulse to the system for each 1/100 of gallon dispensed.  The system should increment the value of the volume for each pulse received.  If p is the price per gallon (in cents), then for every pulse received the system should increment the value of the cost by p/100 cents.
3.2.1.6 Volume/amount reached (Pump type B)

For the pumps of type B, the system will stop dispensing gas when the volume or the cost chosen by the user is reached i.e. equals to the value displayed.

Pre-conditions:

*A desired volume or amount should be entered.  If not, the system should allow the user to dispense gasoline as needed.  
a)  Open microswitch B

When the volume/amount is reached, the system should open the microswitch B, therefore freeing the clutch.
3.2.1.7 Trigger released

When the user releases the trigger, the system should stop dispensing gas.

Pre-condition: None

a)  Open microswitch B

When the trigger is released, the system shall open the microswitch B, disengaging the clutch.  For pump B, it may happen that the microswitch is already open.  In this case, the system will have no action for this stimulus.

3.2.1.8 Gun returned to holster

When the delivery is complete, the user will put the gun back in the holster.
Pre condition: None

a)  Open microswitch A

To prevent the gas from being pumped in the holster, the system should open the microswitch A.

3.2.2 Handle payment
3.2.2.1 Payment button selected

The operator will enable the payment by touching the button Payment for the appropriate pump.  The system shall then open the Payment Screen that will allow the cashier to selects a payment mode or enter information about a user that absconds without paying.

Precondition: 

*Cost display for this pump not equals to 0.  If there is no cost engender on this pump, the system should inform the operator by sending a message.

a)  Pay on account 

When this payment mode is chosen, the system will prompt the operator to enter information about the user.  It will the check the validity of the account and validate the payment.  Requirements regarding the management of the user accounts will be determined later.  
b)  Pay by cash /credit card 

3.2.2.2 Payment done selected

The payment shall be validated either by the system (on account) or by the operator (for cash or credit card).

Pre-condition: None

a)  Reset the system

When the payment is carry out, the transaction is complete and the pump is disable i.e. displays turned off.  A signal END will be sent to microcontroller of the pump in order to inform the timer on the motor that no user is using this pump.  Note that the motor at this pump may continue to run.  All the displays (LCD panel and pump window on the operator screen) shall be reset.

c)  Store data in file

The system will update the file storing the transactions of the day.  Requirements about the data format for this file have been defined in the later section of this document.  
3.2.2.3 Receipt request

When the user needs a receipt, the system will print a receipt and provide tokens.

Pre-condition: None.

a)  Print receipt

The system will format the data to be on the receipt and send them to the printer.

b)  Give token
The system should give the user a token for every $5 spent.   

3.2.2.4 Time 

At the end of the day, the system shall send the information about the transactions of the day to the corporate computer.


Pre-condition: None

a)  Connect to corporate computer
The system should establish a connection to the global database in order to transfer the data about the transactions of the day to the corporate database.  
3.2.3 Monitor tank
3.2.3.1 Warning limit reached  

To be able to order a tank refill before all the pumps shut down, the system should send a warning the operator that a tank stores less than 20% of gasoline.

Precondition: None

a)  Warning message

When the gasoline in a tank reaches the 20% limit, the system shall send a warning message to the operator interface indicating which tank is concerned.

3.2.3.2 Shutdown limit reached

When the quantity of gasoline reaches 4% in a tank, the system shall shut down all the pumps supplied by this tank.

Pre-condition: 


*All the pumps link to this tank should be disabled.  If not, the system will allow the transaction in process to terminate before shutting this pump down.
a)  Shut down pumps

When a tank is filled at 4%, all the pumps related to this tank shall be shut down.  The system should send a message to turn off all the motor associated with this tank.  On the cashier screen, the pumps to be shut down should be highlight and their ENABLE button should not be present.  The system should display a message on the operator computer and at all the pumps concerned.

3.2.3.3 Tank refill

When the tank is refilled, all the pump that may have been shut down should be turned on.

Pre-condition:

*All the pumps linked to this tank should be turned off.  If not, this action should engender no reaction from the system.  
a)  Turn on pump

When a tank is refilled, the system will display the pumps previously shut down in their proper color with their ENABLE button present.

3.3 Performance requirements

3.3.1 Number of terminals

1)  The system needs to be able to control up to 16 pumps.

2)  The system needs to be able to control at least 1 cashier station, and be expandable to allow for more cashier stations.
3.3.2 Simultaneous users

The system should be able handle the situation where all pumps and cashier stations are being used simultaneously.  Therefore, the system needs to be able to handle 20 simultaneous users.  Under these conditions, the system still needs to be very responsive; otherwise customers will become annoyed with waiting and may choose to use other gasoline stations in the future.  Potential customers may also choose to go to another gas station if they see a large line at our gasoline station.  Therefore, there must be no greater than a 1 second delay for all (100%) of the interactive gas pump menu operations and cashier station interactions.  Manager end of day reports can be less responsive and can take up to 1 minute to compile.

3.3.3 Amount and type of data

The gasoline station may be built in a busy metropolitan area, so it must be able to handle a large number of transactions.  The gasoline station must also be able to handle the situation were it is unable to contact the corporate computer because of disruptions in connectivity.  Therefore the system must be able to hold all of the transactions for at least one week.  The calculations below show the amount of storage required for one week of transactions if the station is at full load for 1 week (7 days).

16 pumps * 5 minutes per transaction = 80 transactions / hour

80 transactions / hour * 24 hours = 1920 transactions

1 KB / transaction * 1920 transactions = 1920 KB (1.875 MB)

1920 KB / day * 7 days = 13440 KB (13.125 MB)

It is very unlikely that a gasoline station would experience such a load while at the same time not be able to upload its data.  But, hard drives (i.e. storage) are so cheap that the cost for providing this much storage would be minimal.  Note: there will also be storage for miscellaneous data such as cashier id/passwords, executable code, and so on.  This data will no exceed 10 Mb in size.

3.4 Design constraints

3.4.1 Report format

All reports generated by the system should follow the standards for corporate report formatting.  See the corporate report format specifications for more information.

3.4.2 Data naming

Any data that is to be uploaded to the corporate system must follow the naming schemas set for the corporate system.  Please see corporate naming schema documentation for more information.

3.4.3 Accounting procedures

The system will be able to keep track of how much money the gas station has on hand at any given time.  When the amount of cash on hand exceeds a certain threshold, the system will notify the manager that a deposit needs to be made.

The system will also be able to generate reports about the day’s transactions.  It will be able to generate reports such as total revenue, total profit, station load per hour, and so on.

3.4.4 Audit tracing

When cashiers log out of the system, the amount of cash in their tray needs to be counted by the manager on shift.  After the cash has been counted, the value needs to be entered into the system.  The system will keep track of expected cash, and reported cash to watch for major differences.  If there are major differences, the manager will be notified so he or she can take appropriate action.

All management level operations shall be logged.  Any major modifications to transactions (such as volume of gasoline dispensed) shall be flagged for review.  All major modifications shall be kept in the corporate system to watch for trends of possible stealing.

3.5 Software system attributes

3.5.1 Reliability

Reliability is most important for basic pump operation.  The pumps must accurately report the amount of fuel dispensed.  If the pump reports that less fuel is used than is actually used, it will cost the station money.  If the pump reports that more fuel is used than is actually used, it will create disgruntled customers which may never come back.  
3.5.2 Availability

At initial release, the basic functionality should have an availability of at least 99.999%.  Basic functionality includes pump interface and operation.  Basic functionality also includes the ability for the cashier to receive payments for transactions.  More advanced functionality such as manager reports can have an availability of 95%.

3.5.3 Security

To prevent the hard drives from being removed and modified outside the system, the file system will be encrypted such that they cannot be used in another machine.

All management functions shall be logged (see section 3.4.4).

3.5.4 Maintainability

The system shall be separated into modules.  There will be one module for the pump control logic.  There will be another module for low level pump control.  There will be a third module for the cashier station.

3.5.5 Portability

Pump control module is to be written in ANSI C.  Any low level code (i.e., code to control operation of pump motor, etc) will be contained in a separate module and written in assembly.    This will allow the pump control software to be moved to another microcontroller with a minimal amount of work.

The cashier station module will be written in Java.  Because Java is supported on many platforms, it should be quite easy to move to another platform.
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