MTAT.03.229 – Enterprise System Integration
Regular Exam – 6 January 2013
Notes:
-‐
-‐
-‐
-‐

The exam is open-book and open-laptop. Web browsing is allowed
You are not allowed to communicate with anyone during the exam in any way
(except with the lecturer).
You may submit your exam on paper, or electronically using the “Submit”
button in the course Web page.
If you find that there is not enough information in the text below and you need
to make additional assumptions, please write down your assumptions.

Optimum Design’s Sales Information System
A Printed Circuit Board assembly (PCB assembly) is a core component in electronic
devices. A PCB assembly consists of a circuit board with a number of electronic
components (transistors, resistors, capacitors, etc.) connected via conductive tracks.

Figure 1. Sample PCB Assembly (from http://emssiliconvalley.com)

Optimum Design is a manufacturer of PCB assemblies. Optimum Design
manufactures “on demand” based on customer orders. A customer order includes an
assembly drawing and a Bill of Materials (BOM). The BOM is a list of electronic
components that are required to manufacture the PCB assembly.
In general, Optimum Design does not keep any stock of electronic components.
Instead it orders these components from its suppliers only when required in order to
manufacture a given number of copies of a PCB assembly for a given customer order.
We consider below the sales process of Optimum Design, which starts when
Optimum Design receives a Request For Quote (RFQ) from a customer. The RFQ
includes customer data (e.g. customer business name, e-mail, address, etc.), the
assembly drawing and the BOM.
Upon receiving an RFQ, a Sales Engineer analyzes the assembly drawing and the
BOM, and makes adjustments if needed, in consultation with the customer. The sales
engineer also determines the manufacturing cost of the assembly. This manufacturing

cost does not include the cost of the electronic components in the BOM. The total cost
of the assembly is determined by the manufacturing cost, the costs of the components
in the BOM, and Optimum Design’s gross profit margin.
Once the BOM has been checked, quotes are requested for each component in the
BOM. For each type of electronic component, there are typically two suppliers who
can supply the component in question. To obtain quotes, Optimum Design sends an
RFQ to each relevant supplier and collects the corresponding quotes. Suppliers take
different amounts of time to reply to an RFQ. In some cases, the quotes are given
immediately, but in more complicated cases, suppliers may take up to two days to
respond to an RFQ. The quotes that suppliers send back to Optimum Design include a
price and a delivery time (i.e. how many days it takes to deliver each requested
component).
Once all quotes for the electronic components of the BOM have been received,
Optimum Design produces its quote based on the manufacturing cost, the cost of the
materials, and the margin. The quote that Optimum Design sends to its customer
includes the price, the expected delivery time and the period of validity of the quote.
In some cases, customers ask for a revised quote due to minor adjustments in the
assembly drawing and BOM. In this case, the customer sends a revised RFQ that
includes a revised drawing and a revised BOM. A revised RFQ is handled in the same
way as an initial RFQ, except that Optimum Design only asks for quotes for items in
the revised BOM that have changed with respect to the initial BOM.
When a customer is satisfied with a quote, they may opt to submit a Purchase Order
(PO). When Optimum Design receives a PO (which should always refer to a valid
quote) it sends POs to the corresponding suppliers in order to obtain all the required
components to manufacture the assembly. To avoid confusion, the PO that Optimum
Design receives from a customer is called a Customer PO, while a PO that Optimum
Design sends to a supplier is hereby called a Material PO.
Sometimes, suppliers may find out that they are unable to deliver the components
within the initially indicated delivery time. In this case, they send a notification of
delivery delay to Optimum Design. Every time Optimum Design receives such a
notification, it determines if this delay will cause a delay in the manufacturing of the
PCB assembly. If so, a corresponding delay notification is sent to the customer.
A customer may request changes in their PO. To do so, they submit a PO Change
Request. If the PCB assembly is already being manufactured, the change request is
rejected. Otherwise, Optimum Design determines which Material POs corresponding
to the Customer PO are affected by the change. It then sends a material PO Change
Request to each relevant supplier. A supplier may respond to a PO Change Request by
either accepting it without any penalty, or by accepting it subject to a penalty. Once
Optimum Design has received all responses to its Material PO Change Requests, it
calculates the total cost of the Customer PO change, and responds to the customer to
indicate acceptance of the PO Change Request and cost of the change if applicable.
Similarly, customers may request an order to be cancelled by sending a PO
Cancellation Request. The procedure for handling PO Cancellation Requests is the
same as for PO Change Requests.
Customers may consult at any given point in time the status of their PO (“awaiting
materials”, “in production”, “shipped”, “change requested”, “cancellation requested”,

“cancelled”, “closed”) as well as the expected shipment date (if the shipment has not
yet been made) or the actual shipment date (if the shipment has already been made).
The sales engineers and their assistants currently handle the above sales process
manually. In order to gain efficiency, Optimum Design is seeking to automate the
sales process by developing a new sales information system. In this new system, the
only tasks that will require manual intervention are the tasks where the sales engineer
analyzes the assembly drawing and the BOM of an RFQ (or revised RFQ). The new
sales information system will allow customers to request quotes and to submit POs
either manually via a Web-based user interface, or programmatically via an API.

Task	
  
Task 1 [5 point]. Design an architecture diagram for Optimum Design’s sales
information system. The architecture diagram should show the main actors and
interactions involved in the above scenario.
Task 2 [5 points]. Design a domain model of the sales information system.
Task 3 [8 points]. Based on the domain model, design a resource model using the
RESTful service design method presented in the lectures.
Task 4 [4 points]. Specify a state machine capturing the lifecycle of a Customer PO.
Each transition triggered by an external operation should be labelled with the name of
the operation, the corresponding HTTP verb and URL of the resource.
Task 5 [10 points]. Specify the RESTful API that each supplier should offer to
Optimum Design in order to automate the above sales process, and (if applicable) the
API that Optimum Design should offer to each supplier.
Task 6 [10 point]. Specify the RESTful API that Optimum Design’s sales
information system should offer to its customers, and (if applicable) the API that the
customers need to provide to Optimum Design in order to interact programmatically.
Task 7 [8 points]. For the purpose of issuing invoices, the sales information system
will also interact with the existing financial information system of Optimum Design.
Three days after a customer order is shipped or cancelled, the finance information
system will send the corresponding invoice to the customer. Explain which additional
interactions are required in order to issue invoices? Specify any operations that are
needed on the sales information system, the finance information system and/or on the
customer’s system in order to implement these interactions.
Note: All APIs should be specified using a RESTful style. The specification of an
operation should include the (relative) URL of the resource, the HTTP verb, and a
brief description of the input and the output if applicable. If an operation can only be
applied when the resource is in a certain state, the description of the operation should
also indicate in which state(s) the operation can be applied.
Acknowledgment. This scenario is inspired by (but deviates from) the sales process
of Optimum Design Associates: http://www.optimumdesign.com/faq_assembly.html

