UCR CS122B (Adv. Embedded/Real-Time Systems) 

Midterm – Winter 2003 – Prof. Frank Vahid

Name: _________________

UCR email:__________________
1. Short answer (20 points, 2 points each). ADES refers to Ganssle’s “The Art of Designing Embedded Systems”

(a) ADES cites studies about the cost of software.  Based on those studies, about how much would a 5,000 line program cost to develop to typical industry standards?

 
$5,000   $50,000   $500,000   $5,000,000   $50,000,000   $500,000,000   $5,000,000,000

(b) 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?

(c) A 5,000 line project at your company took 10 months for one person to develop, meaning 500 lines of code per month. Your company is about to embark on a 50,000 line project, and using the 500 lines/month number, estimates the project will take ONE PERSON 100 months (50,000/500). According to ADES, what is wrong with this estimate?

(d)  The same company from the previous problem estimates it will take TEN people only 10 months (50,000/(500*10)) for the project. In addition to the mistake you described above, what is additionally wrong with the estimate?  

(e) What does the CMM measure?

i. The quality of a programming language.

ii. The skill of a programmer.

iii. The quality of software. 

iv. The quality of the process a company uses for writing program.s

v.  The ratio of managers to software developers at a company. 

vi. The IQ of a software companies employees.

(f) What does ADES say about which programming language you should use to develop embedded systems?

i. It says you should use the VCS programming language.

ii. It says you should use the Firmware programming language.

iii. It says you should use the Java programming language.

iv. It says you should not use a programming language.

v. It doesn’t really say much about which programming language you should use.

(g) 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%

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

1 thousand     1 million      1 billion      1 trillion      1 quadrillion      1 googol      Infinite   

(i) You are to design a network router chip, which takes in streams of bits that form frames, treats certain bits of a frame as the address bits, and sends the frames out on one of several output ports based on a mapping of addresses to ports in a lookup table. 

i. List two advantages of simulating this system before building it.

ii. Which would be a more appropriate simulation methodology for this system: Java applets, or VHDL? Explain your answer.

(j) In the article “The Softening of Hardware,” FPGAs are said to be one reason that hardware is becoming softer. Explain why (in 2-3 short sentences).

2. (10 points) A button is connected to a microcontroller’s interrupt input, which when asserted called an ISR called IntISR(). Assume a timer is available, the period of which you set using a function TimerSet(int t), where t is in milliseconds, with additional functions TimerStart() and TimerStop(), and an ISR named TimerISR(). Write software that counts the number of times the button is pressed, continually outputting that value on a port P (which is of type integer). Holding the button down still counts as one long press. BE SURE to debounce the button in software. Do not put the microprocessor to sleep. 

3. (10 points)  A particular signal processing task requires that the following computation be computed on an incoming stream of signal S samples: F = s(t)*s(t-1)*s(t-2)...s(t-100).  The sampling rate must be 10 microseconds. Assume we want to support as many signals as possible (as would be the case say in an ultrasound machine in which we want to process echoes from as many different points as possible).  

(a) Considering only the multiplication instructions (ignore all other required instructions), and assuming the multiplication instruction requires 2 cycles, approximately how many signals can be processed by a 100 MHz microprocessor while meeting the sampling rate of 10 microseconds? (Assume just one sample fits in each microprocessor data word)

(b) Assume one multiplier in hardware, able to multiply two samples, requires 100,000 gates, and has a delay of 20 ns. Assume an FPGA has a capacity of 10 million gates and has 1,000 pins (both reasonable numbers for a modern FPGA). Assume that each sample is 16-bits wide. How many signals can the FPGA simultaneously support? Clearly state all assumptions you make, and explain your assumed design.


4. (10 points) An FPGA has four 3-input, 2-output CLBs, and two switch matrices, as shown below. Each CLB has a single 3-input, 2-output lookup table implemented with a RAM.

Show how to map the following Boolean function to the FPGA, by drawing the circuit in the space below, partitioning that circuit among CLBs by drawing circles around your circuit below and labeling those circles with the appropriate CLB number, showing the connection of function inputs and outputs to FPGA pins by adding pin labels to  the inputs of your circuit below with FPGA pins, and showing in the figure above the RAM contents of each CLB (as a lookup table of  0s and 1s) and the routes (as lines) through the switch matrices.  You need not show the final bitstream. (Note: there may be more than one possible mapping; you need only show one of them).

   F = abc + ab’c’  +  d(e’f + ef’)
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