Sec: 1 2 (circle) ECE-1021 Fall 2004 Exam #2 02 November 2004

NAME: Score: /100

Unless specified otherwise, assume that:

The variables i, j, k, 1, m, and n are declared as int

The variables u, v, w, X, y, and z are declared as doubles.

Any reference to a “floating point” value is to be taken as a type double.
Any reference to an “integer” value is to be taken as a type int.

IEEE-574 Single-precision floating point standard: 32 bits total including an 8-bit exponent.
IEEE-574 Double-precision floating point standard: 64 bits total including an 11-bit exponent.

Multiple Choice (2 points each) — choose the best answer from among those offered.

1) How many bits are used by the standard ASCII code?
a) 4.
® 7.
c) 8.
d) 16.

2) All ASCII characters fall into exactly one of which of the following pairs of groups?

@) Printing and Control.

b) Upper case and Lower case.

¢) Alphanumeric and Punctuation,
d) Control and Graphical.

3) What is the maximum number of distinct values that can be represented with 32 bits?

@ 4,294,967,296
b) 2,147,483,648
c) 65,536
d) 32,768

4) What must be true of a switch() statement?

@® The controlling expression must return an integer result.

b) A default case is required and must appear last in the case list.

c) The only way to exit a switch() structure is through the use of a break statment.
d) Multiple values can be listed on a case line — such as case 1,2,3:

5) Which of the following statements is false?

a) A logical operator will always return a value of 0 or 1.
b) A value is a logical FALSE if it is equal to 0.

@ Negative values cannot be interpreted as logical values.
d) A valueis alogical TRUE if'it is equal to —1.
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Which of the following is not one of the allowed ways to represent negative integers under
the C Language Standard?

@ Offset binary.
b) Signed binary.
c) One's complement.
d) Two's complement

A four-byte integer is stored in addresses 0x4BFC through 0x4BFF with the most significant
byte at location 0x4BFC. What is true about this representation?

a) Itis stored at 0x4BFF in Big Endian format.
b) It is stored at 0x4BFF in Little Endian format.
@ It is stored at 0x4BFC in Big Endian format.
d) Itis stored at 0x4BFC in Little Endian format.

In the base-5 number 323.041, what is the weighting of the digit '4'?

@® 004 L. L-ood

b) 1/20 5 ‘

c) Se-1

d) 5e-3

If it takes N digits to represent the integer value V in a positional number system using base
B, which of the following relations will be true? 2 pigurs v BASE 1D

a) V=BN 100 < abc 9175 1060

b) (BN < V) AND (V <=0],3’\(N1-1))) i s abe <i 5

® (B (N-1)<=V)AND (V<B"N o _

d) VAN=B B < V<B

10) Which of the following is not a requirement of the case labels in a switch() construct?

a) They must unique.

® They must evaluate to valid ASCII codes.
¢) They must be integers expressions.

d) They must be constant expressions.
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Questions 11-15 refer to an IEEE-754 Single Precision floating point representation.
(SX exponen tx Mantissa )

11) What representation is used for the exponent? A
]\ ofsset bfhary T
a) signed binary.
® offset binary. [bit g-bits M bits
’ " ~— -l
¢) one’s complement. 32 b £
d) two’s complement. o= 32-8-1=23

12) How many bits of the mantissa are stored?

a) 16.
® 23.
c) 24.
d) 33.

13) In what order are the components that make up the value stored?

@ (sign)(exponent)(mantissa)
b) (sign)(mantissa)(exponent)
¢) (exponent)(sign)(mantissa)
d) (mantissa)(exponent)(sign)

14) If the representation for positive infinity were stored in Little Endian format, what would be
stored in the four bytes, beginning with the base address?

s)( exponen (Man‘l'l?Sz{)
® fmoarn | S e e
c) [7F][80][00][00] TF | 3B a] g0 | oo
d) [FFI(FF](FF](FF] LT ENDIAY ge—gs_q.g_x;r po o0 0 TF

15) A floating point value is represented by the pattern 0xXBEC00000. What is the value in
decimal?

BE Co oo_c0

a) —0.75x 26, BTN o

Q 0375 /,0// Hi1o i100 &000 2060 6000 ecod poOO
; . 5 A .

c) +0.375. 7 exp

d) +0.75x2'6. _ 1 «—siidl pownt binary

ng?ahveeﬂr = 7D man tlAﬁid. -’

v - I
bage i’eﬂ
125
qctuel 6","5’""*”{'
jas-127= -2
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16) Repeated division by the number base is primarily useful for what purpose?

@ Converting a number from base-10 to another base.

b) Converting a number between two non-decimal number bases.
c) Converting a number from another base to base-10.

d) Determining how many decimal digits a number has.

17) Repeated multiplication by the number base is primarily useful for what purpose?

a) Converting a number from base-10 to another base.

b) Converting a number between two non-decimal number bases.
@ Converting a number from another base to base-10.

d) Determining how many decimal digits a number has.

18) How is zero represented in an IEEE-754 standard floating point representation?

@ As a pattern of all zeros.

b) Zero cannot be exactly represented because of the implied leading one in the mantissa.
c) As apattern with a one as the second bit from the left.

d) As apattern of all zeros except for a leading one.

19) In an IEEE-754 representation, why does an exponent consisting of all zeros and an exponent
consisting of all zeros except for a trailing one represent the same exponent value?

@ To avoid a gap as the representation moves from a normalized to a non-normalized
interpretation.

b) To increase the static range of the representation.
c) So that zero may be exactly represented.
d) It doesn't.

20) Given a bit pattern representing a floating point value in the standard IEEE format, how can
the negative of that value be represented?

a) By taking the two's complement of the mantissa.

b) By inverting the sign bit and all bits of the mantissa.

¢) By treating the entire pattern as though it were an integer and taking the two's
complement of it.

@ By inverting the sign bit.
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Short Answer (2 pts each)
Questions 16-20 refer to the speed of light in a vacuum which is exactly ¢ = 299,792,458 m/s.

21) How many digits are required to express this in base 7?
) N
7= c¢x7
(’t)ﬁ) l’]) s fn (e)

(W2 5l 10.03+( = 103

M=)

22) What is the smallest base that could express this value in six digits or less?

w1 Yo ow=té

p *cC g
¢ « _ In(c)
C<B ln(8) > ¢
la(c) <& 1HE) (af=) _ L
B=2¢
23) How many bits are required to express this value?
w-l ~
2 <£C <R

ll'l (C) <N n(2)

l((): ?‘)
y> B2 =289

AN=27

24) How many digits would the Babylonians have used in their base-60 numbering system?

d <40N
Il M => N >4.76
[a(40) N5

25)  How many hexadecimal digits are required to represent ¢* (the square of the speed of
light)?

<16
2 (@< n04)
o 2 In(c) = 14.077
N2 [n(16)
W =IS
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Longer Answer (10 pts each)

26) Fill in the following table with the decimal value represented by each bit patterns using the
representation at the top of the column.

PATTERN Bl.:;';,ey ]S;iiil:;(;r 1(;).:.{::; ((3):1:1; (T::ng;l
000 O O -4 O O
001 / I -3 ’ J
010 2 2 -2 2 2
011 3 3 — 3 3
100 4 -0 O -3 4
101 5 - | | — 4 ~3
110 6 | -2 2 |-l | -2
111 7 -3 3 ~0 | ~l

27) Performing all computations directly in hexadecimal, write the result of 0OXFADE divided by
0xOBAD in quotient-remainder form (i.e., the quotient is an integer).

115 r5AD
BADYFADE
“BAD 5
ol — ¢ - 2
3A6 1 TRY 5 BAD
5AD x5

3A61
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28) (10 pts) A particular number is represented using two bytes in signed binary, offset binary,
and two's compliment format. In no particular order, the three representations yield values of
0xA710, 0x83F0, and 0x58F0. What is the original base-10 number?

_SI&GN BIT
.Va)ue Sipate 0FF55TZ ﬂx)&'ﬁ?

"ol o | I [T
<O’l O /

ATID —> si&w BIT =] WEGATIVE
QIFB —>siew BiT= | '

5EF@—> siew BIT =0 ) &—— 6FFSIT BIVARY

cEFssT BINARY

MALUE = REPRESCVTAT/ON — OFFSET

0FFs5sT = 8000
~VALUS = OFFSET — REPRESEN TATION
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29) (10 pts) Write a complete C function called log_b() that takes two floating point arguments.
The function returns the logarithm of the first number using the second number as the base.
The base is assumed to be strictly positive.

3
107?0 ) ’/g = /DZD( laao)
Y X ba5¢
ko X=p
In(x) =y (IntsY)
- Ialw
Y (h(b)
#include <math.h> K /0?{) £/ T

Aoulole /oy_l)(dwué X, dou“e E)

; & (29
rei’urn ‘03 (’XB / /031 (bSJ '

§




ECE-1021 Fall 2004 Exam #2

30) (10 pts) Without using the pow() function, write a complete C function called YrootofX()
that takes two floating point arguments. The function returns the y™ root of x where x is the

first argument (assumed to be strictly positive) and y is the second argument (assumed to be
non-zero).

Example: z = YrootofX(64, 3); /* Should store the value 4 in the variable z */

roet

y'=et
77 ]
woot
s [
# coat ./,2('7)(: ln(x)
Inly) = 7ot
Inlx)
\/ = CXP(W

mclude<math h> /x /07(), exp() #/

Aooble Trootof X (alouLIe_ X, dovble ‘rao‘f)
1 M

reftum( exp ( io?(x) /root») .>J'
5

37:30
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31) EXTRA CREDIT #1: (10 pts)
A sign board has six tri-color lights. Each light can display one of three colors — red, green, or
a) How many different values can be represented by this sign board?

blue. The value of each color is as follows: red = 0; green = 1; blue =2.

b) If the lights represent an unsigned integer according to a conventional positional
numbering system, what decimal value is represented by the following configuration of

lights? 45 X7/
LIGHT 5 | LIGHT 4 | LIGHT 3 | LIGHT 2 | LIGHT 1 | LIGHT 0
BLUE | GREEN RED BLUE RED BLUE
R I @) 2 @
AxX3=6 —> €+6f42) +6 3 >HIS 4SS
7 2é | ¢35 | i / KT 7R
o i 52 f’%‘ | =257

i
¢) Circle the color of each light if the decimal value of the number being displayed 140.

LIGHT 3 | LIGHT 2 LIGHT 0
R G G B R G

LIGHT 5
G B
2 [140,

32)is rl
s r (5]

32 l'/. ra

o rl
d) Using the same reasoning that led to 2’s compliment for representing signed values in

binary, what color would each light be if —140 is displayed using 3’s compliment?

LIGHT 4
R B

LIGHT 1

R@& B

010612

LIGHT 5 | LIGHT 4 | LIGHT 3 | LIGHT 2 | LIGHT 1 | LIGHT 0
RGi RG B GB RG@E RSB RE B
REASONIN G * Bé <0 33&?%2 érl
- = ';3 b5 T
(A= Yatea Laean
-A=3 —A 3270 (>~—___~
~Jyp = 12914058 7 32 rl

€) Using the same reasoning that led to offset bina%; for representing signed values in
binary, what color would each light be for the value zero?

LIGHT 5 | LIGHT 4 | LIGHT 3 | LIGHT 2 | LIGHT 1 | LIGHT 0
R@B|REB|RE@B REGB|[RGB RGB
REASOMING ;| m'DWAY 15 ZZRD 25R0 W OFFSET REPRESINTATION

000000| <1 Y ey /7 KRS SAME PAITERU AS 34 W
’ —— PORZ Ri'Pki'éé‘uL"T/\'rlO/‘/

T = O (1eovz) 2|24
<ZIE gree sl
, zgé‘mw zL:r,;a;:: <H(m:)
".22‘7“224‘261’" — 3L" {
728 "4 A 729 covs '31,;’_‘-:"
wht  ewmeew  OFFET 10 3L

o i
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EXTRA CREDIT #2 (10 pts)

For large values of n, the factorial of n can be closely approximated by the following equation:

n=\[Zzn (ﬁj

e

For instance, for n = 10 the above equation, known as the Stirling Formula, yields a value that is
within 1% of the correct answer.

(5 pts) Write a complete C function called fact_digits() that takes a double n as the argument and
returns a floating point (double) value that is the number of digits in n!. Your function needs to
be able to accept values of n for which n! would be far too large to accommodate even in a
variable of long double. For instance, the user might wish to use your function to discover what
the first value of n! is that has more than one trillion (10'%) digits. A long double, on most
compilers, can't even represent a number with 15,000 digits.

Hint: How many digits are in 12345? What is the base ten log of 12345? /o (12345) = 4.09117
Aigibs = Sloer (log (123953 +1)
(5 pts) Within 1%, what is the first value of n for which n! has more than a thousand digits?

Hint: You can do this reasonably quickly on your calculator - but be sure to be finished with the
rest of the exam first. Show your work for full credit.

ta.) 1S = o s (Y ,
How many d(‘;-it'l‘s n }’? "l’j'ts‘ Flo "([03/ ( )+ \)

L
}0711:()}") :0'@0(62""” )“' n /02/10(’1 /@)
s o
#include Lmath.h> /% /"i’m()) foor (Y %/
#define PI (314(5726)
dooble fdci’_d‘if{fs(double n)

g

Aovble a{\‘?_its; / o T
| Yy | \ 5
0”.7”;5 b L lDy i ( R/ QXP : J Sirst+ parssSe
; = 000
Aigits += 0.5% loglo (RO¥PTH )] 0 log, (%) = !
2’ i n nlogu(7e)
return ﬂmr(al:;;ifs+ IBJ e
E seo 1132
B i£%8 _ 442
S_OC"" o :
1132 777 Hgi 100348 i
yq A o
" 94/ Fok
FULL EQUATIC e

5 legio 2'1?’/7—): ,1‘7217 ‘)’72é
0ﬂ5: I:J En/e ) =77231€  jooll b6 7785
7 717  1002,7 j000.23

Q) DLAITS SHORT! »
11 2 nas i, jo0l d(‘f.‘ts

]:06: 21 ’ g —> TI8dizits




