
Systems Analysis and Design II

Analysis & Design [60 Points] (Pertains to Questions 1 & 2 below)

Here we consider a software system that automates the operations of a warehouse of a simple company that sells goods to clients, and buys products from suppliers. Each warehouse item is denoted by a unique product ID, the name of the product, its current stock quantity, and its unit price. Customers are also identified by a customer ID, name, surname, and address. Once a specific quantity of product is sold to a customer, this quantity is taken out of the available stock of this product from the corresponding warehouse database entry pertaining to this product. 

An item can be in three possible states namely in-stock, low-stock, out-of-stock. The item is in in-stock state if there are more than 10 items in the warehouse. If the quantity of an item in the warehouse drops below 10 units but greater than 0 then the item is in low-stock state. If the quantity of the item is 0 or an order cannot be fulfilled then the item goes to an out-of-stock state.

[bookmark: _GoBack]Once a product’s state is “out of stock” then a notification is sent so that a purchase (i.e. restock) action can be triggered and the item be restocked from a supplier. Each product is restocked according to a specific strategy (e.g. a restocking strategy for a product can be 50 units per restock operation, while for another product a different restocking strategy could be used, leading thus to a different restock quantities to be added). In addition to the restocking strategies, the price of an individual product for a given order by a customer can be calculated using different strategies depending the status of the customer and the value of the order (see UC3 below).

For this system consider the following use cases: 
UC1: A user can send a request to the system to place an order. The user needs to be authenticated. If the user is authenticated then his/her request is handled by the back-end system. Consider that there is a database with user credentials. The users can be authenticated using user name and password or just a PIN. In special cases can be authenticated by calling an agent on the phone.
UC2: There are High quantity orders (i.e. > 10 items) and Low quantity orders (i.e. less or equal to 10 items) and these should be handled by differently. It has to be transparent to the user which component handles the request. In order to service an order request the system has a) create a new Order, b) reduce appropriately the stock for this item, c) create an invoice, and d) receive payment. You can consider that there is an external banking system on the back-end and corresponding data bases that hold the orders and keep received payment details. In exceptional cases, payment should be done in advance before the item is sent to the buyer. 
UC3: Once the final price of an order is ready to be processed there may be special discounts for specific users so that the total price may not be just the sum of the prices of the individual items in the order. There are three types of buyers, the Gold status (they get a 10% discount for all orders more than 100 dollars), the Silver status (they get a 2% discount for all orders more than 500 dollars), and the Bronze status buyers (they get a discount of 2% for discount for all orders more than 1000 dollars). In exceptional cases, there may discounts of 10% for buyers approved by the manager (management decision process). Consider that there is a database that keeps the status of the buyers. 
UC4: When an order request is issued, the quantity of the item has to be subtracted from the available quantity of items in the database (i.e. deplete its quantity). When the quantity has to be depleted (reduced), the item’s state is examined. If the item is in out-of-stock state or an order cannot be fulfilled, then a process to replenish the item is notified, and a restock order is initiated by a supplier. Consider for this use case, that there may be more than one stakeholder to be notified that is the supplier, the warehouse manager, and the warehouse accounting department. Also there may be more than one supplier for an item, and a supplier is selected by a supplier selection process. 
UC5: In order to complete an Order request the total cost of the order has to be calculated. The total price is the sum of the prices of all items in the order. 

Question 1 [Analysis]. [30 points]
1. Draw the domain model for the system depicted by the use case above.
Please include attributes, and associations you deem relevant. No need to include methods in the domain model classes. [15 points]
2. Draw the activity diagram of the whole process above (UC1-UC5). If need be split the activity diagram in parts. [15 points]

Question 2 [Design]. [30 points]
1. Discuss which architectural styles or combination of architectural styles are mostly appropriate for the warehouse management system above and explain the choices you have made. Elaborate on the specific architectural patterns you consider for your system (e.g. the pipes and filters architecture pattern within the data flow architectural style) and why you have chosen this architecture pattern. [10 points] 
2. Provide the component diagram of the system. Make sure you label and explain all interfaces, and you provide a list of operations exposed by each interface.  [20 points]

Question 3 [Design]. [20 points]

Let us consider an application that allows us to read data from a sensor every n seconds. The operation of the system is to first filter the incoming data as they arrive and keep only readings that are above a certain value K, and to discard the rest of the readings. Then, for each such retained value, the system records it, and for every m such retained values the system calculates its average. Once such an average value is calculated it is then sent to be displayed. Draw the system architecture using components and connectors by considering two different architectural styles:
1. Using an Event-Driven architecture. [10 points]
2. Using a Pipes and Filters architecture. [10 points]


Question 4 [Reliability] [20 points]
International MegaSoft Machines Corp. just implemented a large system. The system size is 1.5 MLOC (million lines of code). From previous experience in similar products of the company, it is estimated that there are on average 10 bugs that produce failures, per 10 KLOC. 
1. If we consider the Musa linear model and the diagram below, calculate the minimum time that system should be tested so that the failure intensity parameter λ is less than 0.0001 failures / CPU hour of operation. Round, if need be, the value of λ0 you will find to its nearest integer. [10 points]
2. If during testing and fixing the bugs we have observed that the human testing effort for every hour of system operation  is 3 person hours, and each failure requires 2 person hour to locate and fix the root cause of the corresponding bug, then calculate the total effort χr in person hours for testing, locating, and fixing the root causes of all the failures observed at the time of the release, that is where the failure intensity has reached the desired level of 0.0001 failures / CPU hour of operation. [10 points]  
n
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Useful Formulas:
λ(μ) = λ0[1 - μ/v0]
λ(τ) = λ0exp(-λ0τ/v0)
μ(τ) = v0[1 – exp(-λ0τ/v0)]
χr = θrτ + μrμ

where:

λ is the failure intensity
μ is the cumulative number of failures observed so far
v0 is an estimate of total number of failures (bugs) in the system
λ0 is the initial failure intensity observed
χr  is the utilization of the resource r
θr is the utilization of the resource r per CPU hour of operation  and 
μr is the utilization of the resource r per failure





INSTRUCTIONS
PYou can use any drawing tool of our choice to compile the diagrams. Possible tools are Ms-Visio or UMLet (https://www.umlet.com/changes.htm) . If you cannot use a drawing tool please clearly draw the diagrams by hand using a ruler and include a clear image of them embedded in the file with your answers. Please submit one file with your answers not separate ones. 
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