How Computers Work

Quiz 2

Name:___________________________________________________________

You have 2 hours to do the quiz, which is PLENTY of time.

There are 10 sides (5 sheets if double sided) to this quiz. Check that you have all of them. This is a quiz about comprehension, both of ideas and of the questions in the quiz. It is not a test of rote knowledge.

Since the questions are based on unfamiliar examples, we STRONGLY suggest you spend the first 30 minutes just reading the quiz and getting acquainted with the questions. You will find this to be time well spent.

IF YOU CAN, PLEASE USE A PENCIL

You should tear off and only hand in this sheet. You can take the rest of the quiz home.

Please black out the letter corresponding to your answer with a filled-in circle

(e.g. A B C D E for the answer “C”) for each question in the table below:

	Question
	Answer

	1
	A B

	2
	A B

	3
	A B

	4
	A B

	5
	A B

	6
	A B

	7
	A B C D

	8
	A B C D

	9
	A B

	10
	A B C D

	11
	A B

	12
	A B

	13
	A B

	14
	A B C D E

	15
	A B C D E

	16
	A B

	17
	A B

	18
	A B

	19
	A B

	20
	A B

	21
	A B

	22
	A B


This Side Intentionally Blank

Consider a new device called a split sample/assert register. Unlike an ordinary edge-triggered register, (which samples its D input around the rising edge of the clock and changes its Q output a small time later), the split sample/assert register samples its D input around the rising edge of the clock and changes (asserts) its output a short time after the falling edge of the clock.

The symbol for the split sample/assert register is shown below:


The setup time for a split sample/assert register is measured before the rising edge of the clock.

Choose the appropriate words to complete the following statements:

The hold time for a split sample/assert register is measured

Q1
A) before

B) after
 the

Q2
A) rising


B) falling

edge of the clock.

The minimum propagation delay (i.e. contamination delay) from clock to q for a split sample/assert register is measured

Q3
A) before

B) after
the

Q4
A) rising

B) falling

edge of the clock.

The maximum propagation delay from clock to q for a split sample/assert register is measured

Q5
A) before

B) after

the

Q6
A) rising

B) falling

edge of the clock.

Now consider a split sample/assert register used as the synchronizing delay element in a finite state machine:

The combinational logic has timing parameters t pd min = t cd  and t pd max . The periodic clock applied to the CLK input has a high time of t high a low time of t low , yielding a total period of t high + t low . Its rise and fall times are insignificant.

Q7 Which of the following constraints on t low is required for proper circuit operation?

A) t low > t pd min + t clk-q min – t hold

B) t low < t pd min + t clk-q min  - t hold
C) t low > t pd max + t clk-q max  + t setup
D) t low < t pd max + t clk-q max  + t setup
Q8 Which of the following constraints on t high is required for proper circuit operation?

A) t high + t pd min + t clk-q min < t hold
B) t high + t pd min + t clk-q min > t hold
C) t high + t pd max + t clk-q max < t setup
D) t high + t pd max + t clk-q max > t setup
Q9 For any physically feasible values of the circuit’s timing parameters, is it always possible to pick an appropriate t high and t low to make the circuit operate correctly?

A) Yes

B) No

_____________________________________________________________________

A large component of noise in digital logic circuits is due to cross-talk. Like hearing someone else’s phone conversation super-imposed on your own, digital cross-talk is caused by logic transitions on some wires having an undesired influence upon other wires. Digital cross-talk causes “pops” or “glitches” on the affected wire when a transition occurs on a nearby wire. The glitches last for a short time after the transition.

Let us assume that a hypothetical computer’s data wires have been laid out poorly.  Every data wire, when it experiences a logic transition, generates cross-talk glitches that last for a time t glitch on some other wires.

Assume the glitch amplitude sometimes exceeds the noise margin of some receiving devices, but that glitches don’t generate other glitches to an extent that the circuit oscillates forever. In other words, the feedback of glitches settles down. Also assume the clock wires, unlike the data wires, are laid out so carefully that they neither cause nor are affected by cross-talk.

Q10 Assuming ordinary edge-triggered registers are used and there is no clock skew, which of the following timing constraints guarantees that a computer will continue to work regardless of the cross-talk?

A) t clock period > k  t glitch + t pd max cl + t pd max c-q + t setup , for some finite k

B) t clock period < k  t glitch + t pd max cl + t pd max c-q + t setup , for some finite k

C) t clock period + k  t glitch > t pd max cl + t pd max c-q + t setup , for some finite k

D) t clock period + k  t glitch < t pd max cl + t pd max c-q + t setup , for some finite k

Q11 Does the effect of cross-talk glitches need to be taken into account in any additional timing constraints?

A) Yes

B) No

_____________________________________________________________________

The EDSAC computer, built in 1949, had a memory consisting of 17 * 2^10 = 17 K bits of data. The memory was built out of a mercury delay line. The mercury delay line consisted of a long narrow glass trough of mercury where physical waves representing bits propagated down the trough. A ‘1’ was represented by a positive going acoustic transient, a ‘0’ by a negative going acoustic transient.

One piezo-electric transducer was used to convert electrical signals into mechanical ones at the transmitting end of the delay line, and another peizo-electric transducer was used to convert the mechanical signals back into electrical signals at the receiving end. 

The EDSAC carries out 714 operations per second, each of which typically read only one word from the delay line memory. Since the desired word was, on average, half way down the delay line, it took roughly 1/(2 * 714) = 70 ms for a bit to travel from one end of the delay line to the other.

Q12 If the transmitting transducer was energetically 100% efficient at converting electrical to mechanical energy and the receiving transducer was also 100% efficient at converting electrical to mechanical energy, and if the electrical terminals of the two transducers were connected together, would the delay line require additional termination to hold onto the contents of its data? You may ignore the effects of noise for this question.

A) Yes

B) No

As it turned out, the transducers were not 100% efficient, but they did faithfully transduce their signals with insiginificant delay or distortion. The inefficiencies they had were dissipated in heat. It also turned out that the motion of the mercury against the glass dissipated a little heat. Under these circumstances, the waves would eventually die out if a simple connection of the transmitting and receiving transducers was made. To fix this, a vacuum tube digital buffer (which, like today’s CMOS buffer, drew insignificant leakage current from its inputs) was placed between the receiver and transmitter, which restored the signal’s amplitude.

Q13 With a digital buffer in between the receiver and transmitting transducers, are additional components required to terminate the delay line?

A) Yes

B) No

Q14 Early researchers using mercury delay lines noticed that even with a digital buffer between the receiver and transmitter, the delay line tended to suffer from bit degradation. They attributed this problem to a bit-to-bit variability of propagation velocity. What type of digital logic element, if placed in the loop, would have improved this problem?

A) Another buffer

B) An inverter
C) A flip-flop (1 bit register)

D) A multiplexor

E) A decoder

Q15 If this added element was not added to the delay line system, the delay line tended to settle into a state of all ‘0’s or all ‘1’s. Typically, this would happen after about 100 times the delay of the entire line (7 seconds) . Given this behavior, how long might it take for the delay line to settle into one of these two states?

A) log e (2) * 7 seconds

B) log 2 (e) * 7 seconds

C) forever

D) 7 2 seconds

E) 70 seconds

Q16 If the added element of Q14 was added to the delay line system, would the improvement guarantee that the memory would hold its correct values forever?

A) Yes

B) No

_____________________________________________________________________

You learned in class that creating a bit of memory takes energy, and that one can, if one is careful, recover the energy when destroying a bit. For example, a machine can be built that “eats” (erases) tapes of known bits and produces power.

We know that a blank tape contains no recoverable energy (otherwise we could build a perpetual motion machines out the above device), but how about a tape of random bits?

Consider the following idealized box, containing our familiar single particle of gas with kinetic energy kT.


We now slowly insert a thin barrier into the box, trapping the particle on one side or the other. As we slide the barrier in, we extend the sides of the box slightly so as to keep the total volume of the box constant:


As we come to the end, we accommodate the possibility that the particle of gas might be trapped between the top edge of the barrier and the top wall of the box by feeling for resistance. If resistance is felt, we wait until the resistance is gone before sliding the barrier home. After this, the particle is on one side of the box or the other:


We have now created a random bit.

Q17 Did it take energy to create this random bit?

A) Yes

B) No

Q18 How long might it take to create a random bit this way?

A) A finite amount of time

B) An infinite amount of time

Q19 Would a “tape eating machine” (such as mentioned above) be able to generate power from a tape of random bits?

A) Yes

B) No

Q20 If the tape eating machine were given two identical copies of a specific sequence of random bits, it could read the bits on one tape to predict the value of the bits on the other. Could such tape eating machine consume (i.e. erase) one of the two copies and produce power?

A) Yes

B) No

Q21 Does it take energy to make a copy of a tape containing a finite number of bits?

A) Yes

B) No

Q22 If the maximum amount of energy recovery and reversible computation techniques were used, could an arbitrary finite state machine be built that consumes arbitrarily little power?

A) Yes

B) No
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