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1. (20 pts) Answer the following questions (2 pts each):

(1) Define loop invariant in program verification.

(2) Give an object-oriented programming language. Also give one for functional programming.
(3) What is the difference between semantics and syntax?

(4) Write —2  as a four-bit binary number in two's complement notation.

(5) You have hired a programmer to develop a new network-based accounting system. The programmer
chooses the UDP protocol for all communication within the system, and finds out when testing a
prototype for the system that the network is throwing away half of the UDP packets, which will cause
massive loss of data, and legal liability when the system is put into use. Suggest a simple solution to this
problem. Why?

(6) Draw a circuit using only 2-input AND gates that produces a 1 as output only if all four of its inputs are 1.

(7) Define rail recursion.

(8) What are the worst-case running times of quick-sort and merge-sort?

(9) What is the main difference between paﬁmﬂ‘}y% w&d ‘passed by reference’ in procedure call?

(10) What is Church-Turing thesis? . ;3 _?

3. (5 pts) Write a recursive ﬁmctls&a ki in (lihat | ‘ Wlfg.sum of successive integers starting at
I and ending at N. For example: Fi dSﬂy ) of 15 2 + ... + N. Also write an iterative
version of FindSum. ? \ @

4. (10 pts) How many times do each of the’qul s Qf h ﬁqlﬂ)wmg loops execute (you may assume that i is
not changed in the loop body)? (Write ‘infinite’ i the riumber is not bounded by any constant.) (2 pts each)
(1) for(inti=1;i<=10;i++)// body
(2) for(inti=10;i> 0;i--)// body
(3) for(inti=-10;i <= 10;i++)// body
(4) for(inti=10;i> =0;i++)// body
(5) for(inti=-10;i<=10;i=i+2)// body

Il

5. (5 pts) Five algorithms for solving some unspecified problem have asymptotic running times
®(n log n), O(log® n), ®M""""""), (2", and O(n’).

1. (3 pts) Order these running times from smallest to largest.
2. (2 pts) Which of these running times puts the corresponding algorithm in the complexity class P?
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6. (20 pts) A certain machine with a 10ns (10 x 10 9s) clock period can perform jumps (1 cycle), branches
(3 cycles), arithmetic instructions (2 cycles), multiply instructions (5 cycles), and memory instructions (4
cycles). A certain program has /0% jumps, 10% branches, 50% arithmetic, 10% multiply, and 20% memory
instructions. Answer the following questions (5 pts each). Show your derivation in sufficient detail.

(1) What is the CPI of this program on this machine?

(2) If the program executes 10” instructions, what is its execution time?

(3) A 5-cycle multiply-add instruction is implemented that combines an arithmetic and a mulriply

instruction. 50% of the multiplies can be turned into multiply-adds. What is the new CPI?

(4) Following (3) above, if the clock period remains the same, what is the program’s new execution
time?

7. (10 pts) Answer true (O) or false (X) for each of the following. (NO penalty for wrong answer.)

(1) Most computers use direct mapped page tables.

(2) Increasing the block size of a cache is likely to take advantage of temporal locality.

(3) Increasing the page size tends to decrease the size of the page table.

(4) Virtual memory typically uses a write- baql; sfrategyyrather than a write-through strategy.

(5) If the cycle time and the CPI both mg;ease bj‘ 10%: _@d 'lﬁtwumber of instruction deceases by 20%,
then the execution time will rcmga}’t a 7S @

(6) A page fault occurs when the pa@e tab ry canno und 1,& the translation lookaside buffer.

(7) To store a given amount of data, d;u: d ca ar aﬂy smaller than either set associative
or fully associative caches, aséﬁmm ; thatt ckrsize for each gache is the same.

(8) The two's complement of neg'ah\be number) i positive nﬁinbcr in the same number format.

(9) A RISC computer will typ](:aIIy req r;'a CﬁSC computer to implement a
given program. F

(10) Pentium 4 is based on the RI&C @’g‘: 't

FJ
8. (10 pts) The average memory access {in f’AI\?fﬁT) is d‘éﬁned&p@
AMAT = hit_time + miss_rate x miss 'ﬁeﬁayxi il _
Answer the following two questions. Show your derivation in sufficient detail.
(1) (5 pts) Find the AMAT of a machine 100 MHz machine, with a miss penalty of 20 cycles, a hit time
of 2 cycles, and a miss rate of 5%.
(2) (5 pts) Suppose doubling the size of the cache decrease the miss rate to 3%, but causes the hit time
to increases to 3 cycles and the miss penalty to increase to 21 cycles. What is the AMATof the new
machine?

9. (10 pts) If a pipelined processor has 5 stages and takes 100 ns to execute N instructions. How long will it

take to execute 2N instructions, assuming the clock rate is 500 MHz and no pipeline stalls occur? Show your
derivation in detail.
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