Computer Science 210
Revision

Revision




Exam overview

» Will be 3 parts:

- Data representations
- Assembly languages
- C++ programming languages
» Probably will be all multiple choice questions.
» This slides will concentrate on the first part of
Data representations.
» Assembly and C++ programming parts

should be revised by looking at pass year
exams and test (download link provided).




The IEEE formats 754:
1. Single precision{32hits)

1 a8 23 width in hits
- e +
| 3 Exp | Fraction |
+—t—— B T +
31 30 23 22 0 hit index (0 on right)
bias +1:27
An example:

Let's encode the decimal number —118.625 using the IEEE 734 system

We need to get the sign, the exponent and the fraction.

Because it 1s a negative mumber, the signis "1". Let's find the others.

First, we write the number (without the sign) using binary notation. Look at binary numeral
system to see how to do it. The result 15 1110110.101

Now, let's move the radix point left, leaving onlya 1 at its left: 1110110.101=1.110110101-2°

The fraction is the part at the right of the radix point, filled with 0 on the right until we get all 23
bits. That is 110110101 00000000000000.

The exponent 15 &, ut we need to convert it to binary and bias it (3o the most negative exponent is
0. and all exponents are non-negative binary numbers). For the 32-bit TEEE 754 format, the bias is
127 and so 6 + 127 =133 In binary, this is written as 10000101,

Putting them all together:

1 u] o] widtly in hbits
F—t—— e +
|3 Exp | Fraction
|1]10000101]1101101010000000000000a0|
F—t—— e +
31 30 23 22 o bit index (0 on right)

biazs +127




IEEE 754 double precision

2. double precision(64bits)

1 11 02
S| Exp Fraction

63 62 52 51

the bias is +1023

For same decimal number —118.625 nsing the IEEE 754 system in double precision, we have:

1 11 b2

|1/10000000101 | 1011010100000000000000000000000000000000000000000000

63 62 52 51 {
the bias is +1023




Data Representation pass exams

1 COMPSCI210 2006 Exam — Data Representation

Information:

Question 8a: What is the output of the followmng program? [4 marks]

Question 8b: Convert the followmg .... to ....[4 marks]

Question 9a: Give the floating pomt representations i hexadecimal of . and .. [8 marks]
Question 9% Evaluate . _[3 marks]

Question 9¢: Evaluate . [ marks]

2 Mock Exam Questions
2.1 Floating Point Representation

1. Ewaluate 3FA00000 + 40600000

1) Adjust exponents and align mantissa
Start by adjusting the smaller exponent to be egual to the larger exponent
Take 3FRAOO00OQD {0 01111111 01000...0)
Original Valus: E: 201111111 M: 210...0
Shifted 1 place: E: 10000000 M: 1010...0 Hote: ™1" ia the hidden bit)
2) Add mantiasza bits
1.11000..000
+0.10100..00
10.01100..000
3) Hormalize resulct:
Eight shift-> Increase the exponent by 1
Exponent = 10000000 + 1
Mantissa = 1.00110...0
4) Check result: QE.
Anawsr = 0 10000001 00110..

L0




2. Evaluate 40600000 —3FA00000

1) Adjust exponents and align mantissa
Start by adjusting the smaller exXponsent to be egual to the larger exponent
Take (3FRQOQOQQ0) O 01111111 01000...0
Original Valus: E: 2011111311 M: 21d...0
Shifted 1 place: E: 10000000 M: 1010...0 Hote: ™1" ia the hidden bit)
2) Add mantiasa bits
1.11000
-0.101..00
1.001
3) Hormalize result: COE
4) Check result: JK.
Answer = 0 10000000 0010...0

3. Evaluate 40600000 * 3FA00000

1y 3ign = 0 XO0R 0 = 0
2} Multiply mantissa (don't forget ths hidden bit)
1.11
¥ 1.01
1 11
00
111
1000 11 = 10,0011
3) Add exponents
10000000 + 21111111 - Q111111 = 10000000
4} Normalize the result
Right shift bv 1, increase the exponent by 1
Exponent = 10000000 + 1
Mantissa = 1.00011

5} Check result: OK.
Answer = 0 1 001




Pass year exams

3 Past Years Exam Questions on Data Representation

3.1 Binary Fraction

4 Convert the followmg decimal fraction mto a bmary fraction. (1055C 2003 Test)
08125

Answer = 0,1101-

5. Convert the following hexadecimal fraction into binary fraction. and then into decimal fraction.
1A CO(105FT 2003 Exam)
Enswer = 26.75

6. Convert the followmg decimal fraction mnto a bmary fraction. (1035C 2002 Test)
0.59375

Answer = 0.,10011,

7. Convert the decimal number 33 3 to bmary, giving a result with fraction accurate to 4 bmary digats (1055C
2002 Exam)

Answer:0.30 = 0.01001 = 0.0101 to four bits.

result = 100001,0101

8. Convert the following ratio first mmto a decimal fraction, then mto a 4-bit binary fraction. [2 marks] 13/16
(1055C 2000 Exam)

Lnswer = 0.1101

9. Convert the followmg decimal fractions mto 4 digit octal fractions, and then mto 12 bit binary fractions.
a) 0.75
b) 0.333333 (1025C 1996 Test)

a) 0.117% 000 000 000
B) 0.010 101 010 101
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3.2 Floating Point Representation

10. A 32-bat IEEE floating pomt number consists of 1 sign bat, 8 exponent bits and 23 mantissa bits. Given that
+7.5 1s represented (in hexadecimal) as 40F00000. give the bmarv digits (in hexadecimal) of the same

representations of —30. (105FT 2003 Exam)
Answer = C1F00000

11. A 32-bit IEEE-734 floating point number 1s represented in hexadecimal as C0400000.
What 1s this value m decimal notation? (10535C 2003 Test)

Angwer = C0400000 in binary is 1100 0000 0100 0000 0000 etec Regrouping: 1 10000000
100000000... Sign 1 30 negative Exponent is 128-127 = 1 In binary, number is -1.1 x 2 1 =
In decimal -1.% x 2 = -3.40

12 A 32-bat IEEE-724 floating point number consists of 1 sign bit, 8 exponent bits and 23 mantissa/significand
bits. What decimal number is represented by 3FAQ00007 Show vour working. [13 marks] (105FT 2003 Test)

Answer = 1.25

13. What 1is the representation of the decimal number 16.25 as a 32-bat [EEE-754 floating point number?
Express your result in hexadecimal (1055C 2002 Test)

Lngwer = 41820000

14 A 32-bat IEEE-734 floating pomnt number consists of 1 sign bit, § exponent bats and 23 significand bats.
What 1s the representation of the decimal number 7.257 Express vour result m hexadecimal (105FT 2002

Exam)
Lnswer = 20E80000




Pass year exams

15. (a)What 1s the value i decimal of the Java float vaniable that contains the hexadecimal pattern 0xCOF000007

(105SC 2002 Exam)
(b) The IEEE754 floating pomt standard format reserves the exponent pattern OxFF for a value that 1s not a
number. What 1s the bat pattern of the largest positive value of a float vaniable” (Give your answer in
hexadecimal ) What value does this represent m decimal? (You mav give an approximate value for the
decimal representation. using a power of 2. e g Em.)
(c)The following calculations are performed using values stored in Java float variables. What values will
result aniiﬂawhat]ég the name for what has happened? (Be sure to give the full name ) (SC 2002 Exam)

a) 277 %2

result value:

name;

b) 27100 % o100

result value:

name:
Lnswer:
a) OxCOoFQoC00o0 = 1190 0000 1111 0000 Q000 0000 0000 Q000 = 1 10000001 1110000....
sign = 1, nesgative
exponent = (128+1) - 127 = 2
fraction = 1.111
binary valus = -1.111 x 2% = -111.1 = decimal wvalue = -7.5
k) O 1111131730 113131731111... =0111 1111 2111 1111 = Bit pattern in hex: O0xXTEFTEEFEFE
Value in decimal: 1.1111113331....11; x 2¥%F ~ 2 x 21%¢ = 21U
o) (1) 5100 ,loc

result value: HalN or positive infinity, name: exponent overflow
o =100

(i) -1l o
result value: 0 (zero), name: (exponent) undsrilow

16. A 32-bit IEEE-734 floating-pomt number consists of 1 sign bit, 8 exponent biats and 23 significant bits.
Given that +3.73 15 represented, in hexadecimal, as 40700000, give the floating-poimnt representations in
hexadecimal of 30 and 1.875. [10 marks] (105FT 2001 Test)

Lnswer = 3FFO00000
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17. A 32-bit IEEE-734 floating-pomt number consists of 1 sign bit, 8§ exponent bits and 23 significand bits.
Grven that +1.73 1s represented. i hexadecimal. as 3FEQ0000, give the floatmg-point representations m
hexadecimal of 14 and 04375 [8 marks] (103FT 2000 Test)

Answer = 21g00000

= ]
Lnswer = 3EEQQOOC

18, A 32-bat IEEE-754 floating point number consists of 1 sign bit, & exponent bats and 23 significand bits.
What decimal number 15 represented by 40B000007 Show vour working. (1035C 2000 Test)

Enswer = 5.5

19. A 32-bit IEEE-754 floating point number consists of 1 sign bit. § exponent bats and 23 significand bats.
What 1s the representation of the decimal number & 757 Express vour result in hexadecimal [3 marks] (1055C
2000 Exam)

20. A 32-bit [IEEE-734 floating pomnt number consists of 1 sign bit, § exponent bats and 23 significand bats.
Grven that +3.6 1s represented, m hexadecimal, as 40B33333, give the first 12 binary digits of the
representations of +0.7 and -2 8. [4 marks]

Explain why the answer asks for only the first few bits. [2 marks] (1055C 1999 Test)

Enswer = CO333333

21. A 32-bat IEEE format floating point mumber has the bit pattern 40000000 (base 16) or 1 binary and
showing its component fields 0 10000000 0000000000000000000000.
a) (1) Explain why these bits represent the value 2.0,

b) (1) Hence, or otherwise, obtain the representation of -4.00. (1055C 1999 Exam)
Enswer 1 10000001 Q0000.0 = DO300000
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22 A 32-bat IEEE format floating pomnt number consists of 1 sign bat. 8§ exponent bits and 23 significand bats.
(1) Given that +1.35 1s represented. i hexadecimal. as IFACCCCD, explain why +1.85 1s represented by
3FECCCCD. [6 marks]

(11) Hence. or otherwise, obtain the representation of -1.60. (1035C 1998 Exam)

Answer
1.35 = (1.0 4+ significand ) * 2*({127-127) = (1.0 + significand )} * 1
Then, 1.85 = 1.35 + 0.5 = (1.0 + significand + 0.5) * 1

Therefors, we need to change the value of significand, but kessp the s3ign and exponsntc
bits unchangsad.

Significand =
= 110 114a0
Therefore,
(ii} -L.zd
1.6 = 1.35 + 0.25

Therefors, we need to change the wvalue of significand, but kesp the =sign and exponsnt
bits unchanged.

Significand = 010 1100 1100 1100 1100 1100 1101 + 010 00000000

= 100 1100 1100 1120 1100 1100 1101

Therefore, -1.60 = 1011 1111 1100 1100 1100 1100 1100 1100 1101 = BFCCCCCD

010 1100 1100 1100 1100 1100 1101 + 1000000000
0 L1100 1100 1100 1101
5 = 0011 1111 111¢ 11090 1100 1100 1100 1100 1101 = 3FECCCCD

23 A 32-bat IEEE floatng pomt number consists of 1 s1gn biat, § exponent bats and 23 significand bats.

a) (ven that +0.45 1s represented. m hexadecimal. as 3IEE66666. grve the first 12 binary digits of the
representations of +0.225 and -1 8. [4 marks]
b) Explam why the preceeding question asks for only the first few bits. [2 marks] (1055C 1998 Test)

Lnswer
0.225 iz half or 0.2

; 80 the sxponent i1s reduced by 1, the answer is 3Ecccooo,

-1.8 iz 4 * 0.45, with & sign change, ths exponent must have 2 added, the answer is
BFEGEBEC.
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24 A 32-bat IEEE floating pomnt number consists of 1 sign bit. 8 exponent bits and 23 significand bits. Given
that +0.65 1s represented, m hexadecunal, as 3F266666, give the first 12 bnary digits of the representations
of +0.325 and —1.3. Explam why the answer asks for only the first few bits. (1035C 1997 Test)

Lnswer:
0.325 is half of 0.€5, and -1.3 is twice 0.865, with sign change, 80 the only differences
are in the sign and exponent. The exponent in 0.65 is 011 1111 0 and the first few bits

of significand 010 0110,

For 0.3225 the exponsnt will be 1 less, or 011 11103 1, the sign still O, to giwve thes first
12 bits as 0 001113110 1 010.
For -1.30 the exponsent will increase by 1 to 011 1111 1 and the =2ign will change, giving

the first 12 bits as 1 011 1111 1010

25. A 32-bat IEEE floating pomnt number consists of 1 sign bit. 8 exponent bits and 23 significand bits. Given
that 0.4 15 represented, m hexadecimal, as 3ECCCCCD, give the first 12 bmary digits of the representations
of +0.8 and —0.2_ Explamn why the answer asks for only the first few bats. (1055C 1996 Test)

Lnswer:

Last part firast — a sign change changes only the sign bit, and a multiplication or
division by a power of Z just changes the exponent, 3¢ the other bita of the significand
do not change. The 12 most significant kbits of the representaticn of 0.4 are 0011 1110

1100, with the underlined ones being the sxpcnent. 0.8 is
twice 0.4, s<¢ the exponent ia just increased by 1 giving 0011 1111 0100.

0.2 is half of 0.4, 30 the exponent decresases by 1. The negative sign means that the sign

bit changes from 0 to 1, giving a fimal 1011 1110 0100




