







UNIT 4____________________________________





Client/Server Computing: 

Inventory Tracking



 



�The information used in this unit is from Chapter 10: Client/Server Computing,  Object-Oriented Analysis and Design with Applications by Grady Booch





4-1 Analysis



Problem Statement



Requirement statement

Problem scope



Needs



Application Context



Assumptions



Performance needs









The Problem Statement for Enterprise Information System 



A business application uses an off-the-shelf database management system (DBMS).  The client/server computing architecture, generally promises to achieve low-cost computing. ….      We propose to use object-oriented technology to solve the problem: An inventory-tracking system. 



�SYMBOL 183 \f "Symbol" \s 10 \h�	Client/Server Architecture

Moving mainframe applications to LANS



Allows the processing to reside close to the source of the data being         



processed; Reduce network traffic; GUI 



Workgroup (Team integration) computing



Data/information integration



Application integration



Network integration





           �EMBED MSDraw   \* mergeformat���









�SYMBOL 183 \f "Symbol" \s 10 \h�	LAN: Email, shared directory access, printing, communications





�SYMBOL 183 \f "Symbol" \s 10 \h�	Multiple vender environment

�Defining the Boundaries of the Problem



�SYMBOL 183 \f "Symbol" \s 10 \h�	Focus on:  People, Things, Places, Organization, Concepts, Events



             Projects             Order

             Sales                  Accounting

             Report                Personnel   ........





Seven major functional activities in this business  



Order entry: taking customer order; customer queries about the status of an order



Accounting: sending invoice; tracking payments; paying suppliers (account payable)



Shipping: assembling packages for shipping



Stocking: placing new inventory; retrieving inventory



Purchasing: sending order to suppliers; tracking order 



Receiving: accepting stock from supplier



Planning: report generation; studying trends in inventory levels and customer activity



Key Functions of the system



     - Tracking inventory



     - Tracking orders



     - Generating packaging slips



     - Generating invoices/tracking accounts payable

�Key abstractions (at the time .. analysis/design)



     - Kinds of data to be stored



     - Reports to be generated



     - Queries to be processed



     - Transactions to be processed





Variables of the system (change over the lifetime)



     - Kinds of data to be stored



     - The hardware upon which the application executes



     - User Interface





System decision  (client/server model)



     - Off-the-shelf relational database (RDBMS) ... reasonably portable 



     - On a distributed network

�Four components of client/server applications



Presentation logic



         ... end-user device interface



         ... Functions: Screen formatting, reading and writing of the screen 

             information,  window management, keyboard and mouse handling



         ... Place on a client system



Business logic



          ... Use information from the user and database to carry out transactions



          ... Place some part of this components in the a client system 



Database logic



          ... Manipulate data within the applications (Interface to DBMS )



          ... Place on a client system ?



Database processing



          ... Actual database processing (DBMS)



          ... Place on the server



�Order Scenario



     -  Customer  ------Phone ------->   Order  ---> Sales Agent

                          |----- Mail    -------->                        

                          |-----Check status-->

                          |-----Add item ----->



     -  Stockperson <----  Packaging order

                               -----> Retrieve stock

                               <---- Placing new stock



     - Shipping  <--- Assembly order

                        ----> Prepare for mailing



     - Purchasing ---> New inventory order 

                         ---> Add/remove a new supplier

                         ---> Query the existing supplier order

       

     - Receiving   <--- Accepts a shipment form supplier



     - Accounting  ---> Issue a check



     - Planning      ---> Generate a trend report

                             ---> Inventory summary

�Key operations: 

find     create    query        add item         update        schedule



�



Secondary ones



Item requested 

... Out of stock/back order



... Cannot be found (stockperson)



... Incomplete assembled order



... Incomplete order, incorrect order



... Obsolete product numbers





Customer

... Query about or change an order (whom, when, what)



... Fail to pay an invoice





Purchasing

... Order not carried by the supplier (or out of business)





Receiving

... Incomplete shipment



... A shipment with no purchase order

 

Business tax code change



�Packing Order Scenarios





�





�Key Abstractions  ---> key object classes (from scenario planning process)



Objects needed (Customer place an order)



               aCustomerRecord



               inventoryDatabase



               aPackingOrder



Objects     (Packging/stock person interaction)



                shipping



                anOrder



People interact with the system  ---> classes (objects)?



  - Classes of persons (different role)

       - Customer

       - Supplier  

       - OrderAgent

       - Accountant

       - ShippingAgent

       - StockPerson

       - PurchasingAgent

       - ReceivingAgent

       - Planner



�More Key abstractions  ---> key object class



           CustomerRecord           Customer



           ProductRecord              Product



           SupplierRecord             Supplier



           Order                           OrderAgent           StockPerson



           PurchaseOrder



           Invoice  (to customer, from supplier)



           PackingOrder   (where, when, item quantity)



           StockingOrder



           ShippingLabel



           Report



           Transaction







�Object Models 





               aCustomerRecord                    aPackingOrder            inventoryDatabase





                  �EMBED MSDraw   \* mergeformat���





             �EMBED MSDraw   \* mergeformat���



�Key Classes for Taking and Filling Orders



�SYMBOL 183 \f "Symbol" \s 10 \h�	Class diagram as shown in Figure 10-4, page 390 of Booch’s book



�SYMBOL 183 \f "Symbol" \s 10 \h�	Requirements for navigating among instances of classes





�









�SYMBOL 183 \f "Symbol" \s 10 \h�	Final Key classes

      -Report

      -Transaction

Database Models





�SYMBOL 183 \f "Symbol" \s 10 \h�	Relational database

Tables

Columns represent things and the attributes 

Rows represent specific instances

Eliminates redundancy; each fact should be stored in exactly one place if possible

Normalization



�SYMBOL 183 \f "Symbol" \s 10 \h�	Object-Oriented skin over the existing database



�SYMBOL 183 \f "Symbol" \s 10 \h�	Electronics parts table

A table with two columns

No duplicate rows

The primary key – productID – uniquely identify a particular part





Products   

productId  |           description��0081735    |           Resistor, 100�SYMBOL 87 \f "Symbol"�  1/4 watt��0081736    |           Resistor, 140�SYMBOL 87 \f "Symbol"�  1/4 watt��3891043    |           Capacitor,  100 pF��9074000    |           7400 IC quad NAND��9074001    |           74LS00 IC quad NAND��



Supplier Information Table

Primary key -- suplierID



Suppliers

supplierID |      company   |      address                 | telephone��������������

Price Comparison Table

Composite key (two keys: productID and supplierID)

Foreign keys – their values represent primary keys of other tables



Prices  (composite key, foreign keys)

productID |      supplierID   |          Price��0081735    |      03107          |         $0.10��0081735    |      78829          |         $0.09��0156999    |      78829          |         $367.75��7775098    |      03107          |         $10.90��6889655    |      00056          |         $0.09��9074001    |      03107          |         $1.75��



Inventory Table

Keep tracking inventory via a table containing the quantity of all products 



Inventory

productID   |     quality��������������



�

Attribute Association 



A key is an attribute whose value uniquely identify a single target object

An example --- [productID], [supplierID]

                      





 �





 

� 

Mapping an Object-Model into Relational Database





�SYMBOL 183 \f "Symbol" \s 10 \h�	Each class maps to one or more tables



�SYMBOL 183 \f "Symbol" \s 10 \h�	Each many-to-many association maps to a distinct table



�SYMBOL 183 \f "Symbol" \s 10 \h�	Each one-to-many association maps to a distinct table or may be buried as a foreign key







Mapping Super class / Subclass Hierarchies to Tables





�SYMBOL 183 \f "Symbol" \s 10 \h�	The superclass and each subclass map to a table



�SYMBOL 183 \f "Symbol" \s 10 \h�	Supperclass attributes are replicated for each table (and each subclass maps to a distinct table)



�SYMBOL 183 \f "Symbol" \s 10 \h�	Bring all subclass attributes up to the superclass level (and have one tables for the entire superclass/subclass hierarchy)



�

Schema Analysis



�SYMBOL 183 \f "Symbol" \s 10 \h�	Object-Oriented Analysis  ---> Data Base Schema



�SYMBOL 183 \f "Symbol" \s 10 \h�	The tables that parallel the roles of various group that interact with the system





CustomerTable



SupplierTable



OrderAgentTable



AccountantTable



ShippingAgentTable 



StockPersonTable



ReceivingAgentTable



PlannerTable







�SYMBOL 183 \f "Symbol" \s 10 \h�	Tables deal with products and inventory





ProductTable



InventoryTable



��SYMBOL 183 \f "Symbol" \s 10 \h�	Tables deal with warehouse and workflow artifacts





OrderTable



PurchaseOrderTable



InvoiceTable 



PackingOrderTable



StockingOrderTable



ShippingLabelTable       





�SYMBOL 183 \f "Symbol" \s 10 \h�	Tables for report or transaction classes



�4-2 System Design





Client/Server Architecture



�SYMBOL 183 \f "Symbol" \s 10 \h�	Three organization elements:



        - The split in client/server functionality



        - A mechanism for controlling transactions



        - A strategy for building client applications





�SYMBOL 183 \f "Symbol" \s 10 \h�	Identify behavior functions:  (mapped directly to a C++ declaration)



       - class Order{ ....};





     construct();



     setCustomer();



     setOrderAgent();



     addItem();



     removeItem();



     orderID();



     customer();



     orderAgent();



     numberOfItems();



     itemAt();



     quantityOf();



     totalValue();



Class Order



// ID types

typedef unsigned int OrderID;



// Type denoting money in local currency

typedef float Money;



  class Order

    {

     public:

       Order();

       Order(OrderID);

       Order(const Order&);         // reach to Database

       ~Order();



       Order& operator = (const Order&);

       int    operator ==(const Order&) const;

       int    operator !=(const Order&) const;



       void setCustomer(Customer&);

       void setOrderAgent(OrderAgent&);

       void addItem(Product&, unsigned int quantity = 1);

       void removeItem(unsigned int index, unsigned int quantity = 1);

       OrderID           orderID() const;

       Customer&     customer() const;

       OrderAgent&  orderAgent() const;

       unsigned int   numberOfItems() const;

       Product&        itemAt(unsigned int) const;

       unsigned int  quantityOf(unsigned int) const;

       Money            totalValue( )const;



     protected:

      //.....

    };

�

Object Diagram 



SQL Mechanism



Underlying SQL Mechanism must make sure that If two Order object are created

   Either shared the same underlying states 

   Or at least keep their states synchronized







�      

         

Events:



aClient invokes setCustomer(Customer)  upon some instance of   Order  class Customer ... a parameter



The Order object invokes the selector  customerID() upon the customer          parameter, to retrieve its correponding primary key



The Order object dispatches an SQL UPDATE statements to set the customer  id in the order database



Product  Class 



�SYMBOL 183 \f "Symbol" \s 10 \h�	Functions of class  Product 



    - These operations are common to every kind of product



class Product 

       {

       public:

         construct();

         setDescription();

         setQuantity();

         setLocation();

         setSupplier();

         productID();

         description();

         quantity();

         location();

         supplier();

        //..

      };







�SYMBOL 183 \f "Symbol" \s 10 \h�	Attributes (analysis) ... suggest the need for a hierarchy of product class



     - Special handling/shipping  Item .... Plants, food



     - Chemical products ... special handling (toxic, or caustic)



     - Radio transmitters/receivers  ..... matched set



     - High-tech components ... local country's export laws

�Product classes







 �





�Transaction Mechanism



Three basic types of cooperative processing communication techniques that a client/server architecture can use:



        . Pipes



        . Remote procedure calls



        . Client/server SQL interactions





Definition of  Transaction:



        . A unit of processing and information exchange between a local and a   

           remote program that accomplishes a particular action or result.



        . Transactions that applicable to the system



            Placing_an_order



            Acknowledging_receipt_of_new Inventory



            Updating_supplier_information



�Operations of the  class Transaction



attachOperation():

Allow other objects to package a collection of SQL statements for execution as a single unit



dispatch():

Dispatch a transaction to execute its associated operations as one mutually exclusive whole



commit():

Commit a transaction if dispatching a transaction is success



rollback():

Rollback the transaction; abandon any update that the transaction began

 

status():

Return a value showing whether or not  a dispatch completed normally





Two-phase commit protocol: prepare phase; commit phase

�Transaction Classes







class Transaction {    // Base class... virtual

               public:



              Transaction();



              ~Transaction();



              virtual void setOperation(const unboundedCollection<SQLStatement>&);



              virtual int  dispatch();



              virtual void commit();



              virtual void rollback();



              virtual int  status() cont;



     protected:

                 //  ...

                 };





class Query : public Transaction

                {

                 public:

                  //.....

                 };



class Update : public Transaction

                {

                 public:

                  //.....

                 };





�SYMBOL 183 \f "Symbol" \s 10 \h�	Adding and Removing items from certain database

�Building Client Applications (GUI)





�SYMBOL 183 \f "Symbol" \s 10 \h�	Mouse events



�SYMBOL 183 \f "Symbol" \s 10 \h�	Keyboard events



�SYMBOL 183 \f "Symbol" \s 10 \h�	Menu events



�SYMBOL 183 \f "Symbol" \s 10 \h�	Window update events



�SYMBOL 183 \f "Symbol" \s 10 \h�	Resizing events



�SYMBOL 183 \f "Symbol" \s 10 \h�	Activation/deactivation events



�SYMBOL 183 \f "Symbol" \s 10 \h�	Initialize/terminate events







�Other Classes



class Customer

      {

        customerID;

        name;

        address;

        street;

        city;

        state;

        zip;

        phone;

        status;

        //....

       };





class CustomerOrder

   {

     orderNo;

     customerNumber;  //FK

     dueDate;

     Balance;

     orderStatus;

     salesPerson;     // FK

     //...

   };



class Item

  {

   itemNo;

   orderNo;   // FK

   partName;  // FK

   itemPrice;

   orderQuantity;

   };





 

�class Part

  {

    partsName;

    description;

    picture;    // graphics description

    price;

    noInStock;

    };





class Employee

    {

     employeeID;

     managerID ;    // FK

     firstName;

     lastName;

     departmentID;  // FK

     street;

     city;

     state;

     zip;

     phone;

     status;

     salary;

    };





struct PersonnelRecord

{

  char name[100];

  int socialSecurityNumber;

  char department[10];

  float salary;

};

�class PersonRecord {

public:

  char* employeeName() const;

  int   employeeSocialSecurityNumber() const;

  char* employeeDepartment() const;

protected:

  char name[100];

  int  socialSecurityNumber;

  char department[10];

  float salary;

};





class Inventory {

public:

 

  Inventory );

  ~Inventory();



  void add(void*);

  void remove(void*);

  void* mostRecent() const;

  void apply(Boolean (*)(void*);



private:

  ...

};



�

class Queue {

public:



  Queue();

  Queue(const Queue&);

  virtual ~Queue();



  virtual Queue& operator=(const Queue&);

  virtual int operator==(const Queue&) const:

  int operator!=(const Queue&) const;

  

  virtual void clear();

  virtual void append(const void*);

  virtual void pop();

  virtual void remove(int at);



  virtual int length() const;

  virtual int isEmpty() const;

  virtual const void* front() const;

  virtual int location(const void*);



protected:

  ...

};







void copyUntilFound(Queue& from, Queue& to, void* item)

{

  while ((!from.isEmpty()) && (from.front() != item)) {

    to.append(from.front());

    from.pop();

   }

}





�class DisplayItem{

public:



  DisplayItem();

  DisplayItem(const Point& location);

  virtual ~DisplayItem();



  virtual void draw();

  virtual void erase();

  virtual void select();

  virtual void unselect();

  virtual void move(const Point& location);



  int isSelected() const;

  Point location() const;

  int isUnder(const Point& location) const;



protected:

  ...

};





DisplayItem item1;

DisplayItem* item2 = new DisplayItem(Point(75, 75));;

DisplayItem* item3 = new DisplayItem(Point(100, 100));

DisplayItem* item4 = 0;







class Product;

class Sale;



class Product {

public:

  ...

protected:

  Sale* lastSale;

};

�



class Sale {

public:

  ...

protected:

  Product**productSold;

};







class Keypad{

public:



  Keypad();

  ~Keypad();



  int inputPending() const;

  Key lastKeyPress() const;



protected:

  ...

};









class InputManager {

public:



  InputManager(Keypad);

  ~InputManager();



  void processKeyPress();



protected:

  Keypad repKeypad;

};





�class InputManager {

public:

  ...

protected:

  Keypad& repKeypad;

  InputState repState;

  

  void enterSelecting();

  void enterCalibrating();

  void enterMode();

};







class Controller {

public:



  ...

  void reset();

  void connect(KnowledgeSource&);

  void addHint(KnowledgeSource&);

  void removeHint(KnowledgeSource&);

  void processNextHint();



  int isSolved() const;

  int unableToProceed() const;



};

�class Monitor() {

public:



  Monitor();

  Monitor(const Monitor&);

  virtual ~Monitor();



  virtual void seizeForReading() = 0;

  virtual void seizeForWriting() = 0;

  virtual void releaseFromReading() = 0;

  virtual void releaseFromWriting() = 0;



protected:



  ...



};





class Message {

public:



  Message();

  Message(NodeId sender);

  Message(const Message&);

  virtual ~Message();



  virtual Message& operator=(const Message&);

  virtual Boolean operator==(const Message&);

  Boolean operator!=(const Message&);



  PacketId id() const;

  Time timeStamp() const;

  NodeId sender() const;

  virtual Boolean isIntact() const = 0;

 

};

�class NetworkEvent ...



class EventQueue {

public:



  EventQueue();

  virtual ~EventQuene ();



  virtual void clear();

  virutal void add(const NetworkEvent&);

  virtual void pop();



  virtual const NetworkEvent& front() const;

  ...

};





�class PriorityEventQueue : public EventQueue {

public:



  PriorityEventQueue ();

  virtual ~PriorityEventQueue ();



  virtual void add(const NetworkEvent&);

  ...

};







template<class Item>

class Queue {

public:



  Queue();

  virtual ~Queue();



  virtual void clear():

  virtual void add(const Item&);

  virtual void pop();



  virtual const Item& front() const;



  ...

};









template<class Item>

class PriorityQueue : public Queue<Item> {

public:



  PriorityQueue();

  virtual ~PriorityQueue ();



  virtual void add(const Item&);

  ...

};







template<class Item, class Structure>

class Persist {

public:



  Persist();

  Persist(ostream& input, iostream& output);

  virtual ~Persist();



  virtual void setInputStream(iostream&);

  virtual void setOutputStream(iostream&);

  virutal void put(Structure&);

  virtual void get(Structure&);



protected:



  iostream* inStream

  iostream* outStream;



  ...

};



�

template<class Item, class Structure>

void Persist<Item, Structure>::put(Structure& s)

{

  s.lock();

  unsigned int count = s.cardinality();

  (*outStream)  <<  count <<  end1;

  for (unsigned int index = 0; index < count; index++)

    (*outStream) << s.itemAt(index);

  s.lock();

}



template<class Item, class Structure>

void Persist<Item, Structure>::get(Structure& s)

{

  s.lock();

  unsigned int count;

  Item item;

  if (!inStream->eof()) {

    (*inStream) >> count;

    s.pugre();

    for (unsigned int index = 0; (index < count) && (!inStream->

                                   eof()); index++) {

        (*inStream) >> item;

      s.add(item);

     }

   }

   s.unlock();

}



�virtual Queue<Item>& operator=(const Queue<Item>&);

virtual int operator==(const Queue<Item>&) const;

int operator!=(const Queue<Item>&)const;





virtual void clear() = 0;

virtual void append(const Item&) =0 ;

virtual void pop() = 0;

virutal void remove(unsigned int at) = 0;



virtual unsigned int length() const=0;

virtual int isEmpty() const =0 ;

virtual const Item& front() const = 0;

virtual int location(const Item&) const = 0;



virtual void purge() = 0;

virtual void add(const Item&) = 0;

virtual unsigned int cardinality() const = 0;

virtual const Item& itemAt(unsigned int) const = 0;

 

virtual void lock();

virtual void unlock();







class SerialPort {

public:



  SerialPort();

  ~SerialPort();



  void write(char*);

  void write(int);



  static SeiralPort ports[10];



private:

  ...

};







�Some Examples of Specifications



Name:     TimeDate

Responsibilities:

  Keep track of the current time and date.

Operations:

  currentTime

  currentDate

  setFormat

  setHour

  setMinute

  setSecond

  setMonth

  setDay

  setYear

Attributes:

  time

  date









Name:     Keypad

Responsibilities:

  Keep track of the last user input.

Operations:

  lastKeyPress

Attributes:

  key







Name:     LCDDevice

Responsibilities:

  Manage the LCD device and provid services for displaying certain   graphics elements.

Operations:

  drawText

  drawLine

  drawCircle

  drawTextSize

  drawTextStyle

  drawPenSize





Name:      Timer

Responsibilities:

  Intercept all timed events and dispatch a callback function      accordingly.

Operations:

  setCallback()





 

Name:      DisplayManager

Responsibilities:

  Manage layout or items on the Monitor

Operations:

  drawStaticItems

  displayTime

  displayDate





LIN OOAD 4-�PAGE�43�








