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Name: _________________

UCR email:__________________
1. Short answer. ADES refers to Ganssle’s “The Art of Designing Embedded Systems”

(a) Explain the meaning of the following statement in ADES: “The seduction of the keyboard is the downfall of all too many embedded projects.”

(b) Based on estimates in ADES, approximately how much would a 1,000 line program cost to develop, assuming that the program has to meet typical industry standards for quality? Circle the closest answer:

$50     $500     $30,000     $10,000,000
$1,000,000,000
$40,000,000,000
$90,000,000,000,000

(c) The Capability Maturity Model (CMM) defines fives levels of software maturity: Initial, Repeatable, Defined, Managed and Optimizing. At what level are most software development companies?

(d) The fifth CMM level is Optimizing. Which of the following best describes the software development process of Optimizing?

i. Continuously improving. The company measures software productivity and continually improves the software process.

ii. Finds the optimal solutions. The company consistently finds the lowest cost solutions to optimization problems like the traveling salesman problem, regardless of how big the problem size is.

iii. Uses automatic optimization algorithms. The company uses powerful automated software algorithms to find solutions to optimization problems. 

iv. Autonomous software development. The company eliminates troublesome management, and all software developers program on their own to enable maximum creativity and thus optimal results.

v. Incremental modification. The company starts all software projects by taking one large existing program, and optimizing that program to instead have the functionality of the newly desired program. 

(e) ADES proposes a sequence of steps to help us build better software. Which of the following is NOT one of those steps?

i. Buy and use a Version Control System

ii. Institute a Firmware Standards Manual

iii. Write programs in Java

iv. Start a program of Code Inspections

v. Create a quiet environment conducive to thinking

(f) ADES cites studies that show that creating a quiet work environment can yield software productivity gains of about how much? Circle the best answer:

-26% (productivity loss)    2.6%    260%     2,600%   26,000%   260,000%   2,600,000%

(g) Draw a plot that shows how software complexity scales with size. Make the x-axis represent software size, and the y-axis represent software complexity. The key here is to have the right general shape to the curve you draw.

(h) Approximately how many transistors can a modern IC hold? Circle the closest answer.

1,000   50,000   100,000   100,000,000   100,000,000,000   100,000,000,000,000

(i) Repeatedly calling malloc and free can cause what to happen to the heap, with what ultimate effect?

(j) Why weren’t single-chip processor/FPGA combinations available 10 years ago?

(k) Describe two key benefits of creating an applet-based simulation before building a physical implementation of a system. One benefit should relate to your customers, and the other to you as the designer.

(l) Compare and contrast VHDL simulation with applet-based simulation. Be sure to include the strengths and weaknesses of each.

(m) In the article “The Softening of Hardware,” what are the main technologies causing hardware to become “softer”?

2.  Using an 8051-like microprocessor having a timer, show how to software debounce a button connected to the INT1 line. Assume an INT1 assert automatically causes a jump to a subroutine called ISR1. Once a unique button press is detected, the ISR should increment a global counter CNT. Create a main function that simply prints “Button pressed” whenever there is a unique pressing of the button (i.e., whenever CNT changes). 

3. A system has 3 possible interrupts, INT1 through INT3, causing calls to ISR1 through ISR3. INT1 occurs every 10 milliseconds, INT2 every 20 milliseconds, and INT3 every 50 milliseconds. ISR1 requires X milliseconds to execute, ISR2 4 milliseconds, ISR3 5 milliseconds. Assume those times include all ISR call and return overhead.

(a) Draw a plot showing the value of X versus the total percentage of processor time spent processing interrupts.  Be sure to derive an equation for that percentage as a function of X first.

(b) Based on your plot (or equation), what is the maximum execution time of ISR1 if we wish to leave 50% of the processor’s time free to execute the main function (or is such an amount of free time even possible)?

4. Using eBlocks (see attached quick reference sheet), design a system that dining services servers could use to request from the kitchen staff more of a certain food item. For example, the Mexican food place has rice, beans, chicken and beef. The servers should be able to press an appropriate button to request more of one of those items, with an appropriate display occurring in the kitchen. Once the kitchen staff brings that item, that staff member should be able to reset the request. Draw a precise block diagram of the system. 

eBlock Quick Reference

	Detector Blocks

	eBlock
	Diagram
	Description
	Interface

	Contact Switch
	

	Determines when contact between two sensors is made.
	yes = switch connected

no = switch not connected

	Magnetic Position Sensors

(Hall Effect Sensor)
	

	Determines when magnet is near the sensor.
	yes = magnet near

no = magnet not near

	Light-Beam Switch
	

	Composed of a light source and light sink, device indicates when the light beam is broken.
	yes = beam broken

no = beam not broken

	Motion Sensor
	

	Sensor detects presence of motion. Sensitivity is programmable.
	yes = motion detected

no = motion not detected

	Light Sensor
	

	Sensor detects presence of light. Sensitivity is programmable.
	yes = light detected

no = light not detected

	Sound Sensor
	

	Sensor detects presence of sound. Sensitivity is programmable.
	yes = sound detected

no = sound not detected

	3-Key Entry
	

	Sensor detects if the sequence of keys are pressed correctly. Key sequence is fixed.
	yes = proper sequence entered

no = proper sequence not entered

	10-Key Entry
	

	Sensor detects if the correct sequence of keys are pressed correctly. Key sequence required is fixed.
	yes = proper sequence entered

no = proper sequence not entered

	Button
	

	Indicates whether button is pressed or not.
	yes = button pressed

no = button not pressed

	
	
	
	


	Display Blocks

	eBlock
	Diagram
	Description
	Interface

	Green/Red LED
	

	Device emits a green light or a red light depending on the input.
	yes = led is green

no = led is red

	Normal LED
	

	Device emits a light depending if the input is yes. The light is not off if the input is no.
	yes = led is on

no = led is off

	Beeper
	

	Device emits a beeping sound when input is 1. When input is 0, no sound is emitted.
	yes = beeper on

no = beeper off


	Timer Blocks

	eBlock
	Diagram
	Description
	Interface

	Hourglass Timer
	

	Device counts up to user set timer interval and outputs a yes once this value has been reached. User can vary the timer interval by adjusting a screw. The reset triggers the timer to start/restart.
	yes = count value reached

no = count value not reached



	Clock Timer
	

	Device has a 24-hour clock, the user can set pins to indicate at which times to toggle the output of the device.
	yes = previous output no and toggle encountered 

no = previous output yes and toggle encountered 




	Storage Blocks

	eBlock
	Diagram
	Description
	Interface

	Counting 
	

	Each time the device receives an input of yes the value currently held is incremented by 1. This value is the output of the device.
	yes = increment the value held

no =  do not increment the value held

	Logger
	

	Stores the data values received, the sampling rate is adjustable with a screw. The duration of the sampling is control by turning the device on/off.
	yes = log data at user defined rate

no = do not log data


	Flow Control Blocks

	eBlock
	Diagram
	Description
	Interface

	Splitter
	

	Splitter eBlock receives a signal and replicates that signal on each output. The output signal strength is replenished on each output.
	yes – yes outputted

no – no outputted

	Electric Relay
	

	Device transmits electricity when input is 1. When input is 0, electricity is blocked.
	yes = transmit electricity

no = disconnect electricity

	Tripper


	

	Takes a signal as input, when input goes high, the output is high. This device will keep outputting yes until it is reset.
	yes – received yes as an input 

no – received no as an input or reset was triggered




	Communication Blocks

	eBlock
	Diagram
	Description
	Interface

	Signal Booster (wired)
	

	Takes a signal as an input and outputs the amplified signal.
	yes – yes outputted

no – no outputted



	Wireless Signal Booster 
	

	Takes a signal as an input and outputs the amplified signal.
	yes – yes outputted

no – no outputted 



	Wireless Transmitter
	

	Wirelessly transmits a signal. The input to the transmitter is constantly being transmitted. The transmitter also has a 1,000 different channels it can send a signal on, the channel used by the transmitter is set by the user.
	yes – yes outputted

no – no outputted



	Wireless Receiver
	

	Wirelessly receives a signal. The receiver is constantly receiving data. The receiver also has a 1,000 different channels to receive data from, the channel used by the receiver is set by the user.
	yes – yes outputted

no – no outputted 




	Configuration Blocks

	eBlock
	Diagram
	Description
	Interface

	2-Input Logic Block
	

	Configurable logic block, programmed by the user via dip switch. Dip switch in up position signifies a 1. Dips switch in down position signifies a 0.
	DIP Switch Settings

1 : a is no, b is no

2: a is no, b is yes

3: a is yes, b is no

4: a is yes, b is yes

For each of the possible outcomes of a and b, there is a corresponding switch which can be set so the resulting output is a yes or no for that particular combination.

	3-Input Logic Block
	

	Configurable logic block, programmed by the user via dip switch. Dip switch in up position signifies a 1. Dips switch in down position signifies a 0.
	DIP Switch Settings

1 :  a is no, b is no, c is no

2 : a is no, b is no, c is yes

3 : a is no, b is yes, c is no

4 : a is no, b is yes, c is yes

5 : a is yes, b is no, c is no

6 : a is yes, b is no, c is yes

7 : a is yes, b is yes, c is no

8 : a is yes, b is yes, c is yes

For each of the possible outcomes of a and b, there is a corresponding switch which can be set so the resulting output is a yes or no for that particular combination.


	Additional Components

	eBlock
	Diagram
	Description
	Interface

	Wire
	

	Used to connect eBlocks to one another over longer distances.
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