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ARITHMETIC OPERATIONS, PART 2.

Lecture 4.
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* Operations in floating-point numbers:
© A =+my, x2%ka
* B = imA * ZikB

e Addition/substraction:
1. 1tis needed to convert the characteristics to the same value,
2. addition,

3. 1f 1t 1s needed, it has to transform the result

¢ addition/substraction is executed only with mantissas! (m, and my)
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* Addition/substraction, e.g:
- A=0,9=%10?
« B =0,993 % 10*

e Addition/substraction:
1. coversion: 0,9%10%2=0,09*10°=0,009*10*
2. addition: 0,009 + 0,993= 1,002
3. transformation to normalized form: 1,002*104=0,1002*10°
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 Addition/substraction, e.g:
« A=0,11001 = 24
« B=—-0,11111 % 2°

e Addition/substraction:
1. coversion: 0,11001*24=0,011001*2>
7. substraction, but A>B, then the substraction=B-A=0,111110-0,011001=0,100101
3 result-0,100101#25=-18.5,
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* Multiplication:
© A =+my, x2%ka
* B =4my, * 2tkp
N=A=+*B
N = (dmy * 28%4) « (dmp « 25K8)
* N =+my *mp * 2katks

* Algorithm:

1. multiplication of the mantissas, (multiplication: see later),

2 Sigﬂ@d bit: SN = SA®SB _XNOR,

5. addition of the characteristics — offset zero point representation!!,
4

if it is needed, it has to transform the result (e.g. to normalized form).

4/10/2018
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* Division:
© A =tmy x 2tk
° B = imA * ZikB

[ ] N —_ é
B
+mx21ka
® =
mp

* Algorithm:
1. division of the mantissas by repeated substraction (see later),
2. signed bit: Sy = S4,BSp — XNOR,
5. substraction of the characteristics, dividend — divisor, — offset zero point representation!!,
4

it it 1s needed, 1t has to transform the result (e.g. to normalized form)
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+BY
* Binary — Coded Decimal number representation: 1, ?,ﬁ"f . Gﬂmg;gf " C_*fT”
* BCD 1s a class of binary encodings of decimal numbers, : Lsar z m h . I_Ib |
* each decimal digit 1s represented by a fixed number of bits, .., ;::: -semen 3 m ] e
* usually four/eight, Inputss.:‘é o :i m ; EL c
* 4-bits are equals to 24=16 code words, called tetrades, Ts

* nibble or tetrade: 0000, 0001, ..., 1000, 1001,
* pseudo-tatrades or pseudo-decimal digits: 1010, 1011, 1100, 1101, 1110, 1111

e.g: 93,,=10010011 55
e.e: 10100111000.101, = 0101 0011 0001.1010. = 538.625,,

* advatage: simple coding/decoding,

° problem: arithmetic operations.
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* Addition in BCD:
* requisite 1: Agep + Bgep = (ATB)gep,

* requisite 2: it has to be working for complement code also,

e (Case 1I:
- A =273, B=512,,

273, 0010 0111 001140
+512), +0101 0001 0010y
785, 0111 1000 0101 gy

* the result is good.

J
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* Case 2:
* A =273,,, B=879,,
CYCYCY DA DA DA
273y 0010 0111 0011 DA = decimal adjust (a
87y 1000 0111 10015 carry between tetrades)
1152, 1010 1110 1100

10 14 12 - notin BCD!

° solution:
* if 9<Result=15, it is needed to add 6 to the result (in every tetrade, where this condition is true)

DA DA DA

h n N it DA is needed:
1010 1110 1100 Res=Res + ) +6) +1 (+16
+0110 0110 01105, es=Res + correction (+6) +1 (+16)
0001 0001 0101 00105
1 1 5 2 -1in BCD!
~J
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e (Case 3:
- A =017,,, B=399,,
CYCY DA DA
n N <
017, 0000 0001 0111g¢p
+399,,, +0011 1001 10010
116, 0011 1011 0000

3 12 0(16) - not in BCD!

* solution:
* if it was a decimal adjust, it has to be add 6 to the result

DA DA ,
N N — here DA exists (from the

0011 1011 0000 previous addition, then
+0000 0110 011050 Res= Res+correction (+6)
0100 0001 01104¢p
- 1 6 -1n BCD!
~J
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0 0000 0000
. S . 1 0001 0001
3 0011 0011
< 00 000 No DA Not necessary
5 0101 0101
6 0110 0110
7 0111 0111
8 1000 1000
9 1001 1001
10 1010 0000
11 1011 0001
12 1100 0010 No DA, it has
13 1101 0011 to generate it
+6
14 1110 0100 (+0110)
15 1111 0101
16 (1)0000 0110
17 (1)0001 0111 it generates

18 (1)o010 1000 ' I
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* Substraction: addition 1n 10’s complement code (in binary form)
* Case 1:

- A >0, B<0, A =763, B=-948, k=4, Res=-185,,=9815,.

* 10’s complement code of -948 =10*-948=9052

(F\{ 10’c%
0763, 0000 0111 0110 00115,
+9052, +1001 0000 0101 001041y
0815, TO0T 0111 1011 0101

9 7 11 5-notin BCD!
* the result is not good, DA is missinl%& we have to add six to the second tetrade!

1001 0111011 0101
+0000 0000 0110 0000y,
TOOT 0000 0001 0101 s
9 8 1 5-inBCD!

ﬁ
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e (Case 2:
© A <0, B>0, A =763, B=948, k=4, Res=185,,=185,,.
* 10’s complement code of -763 =10* 763 9237 L0

CYCY CY [\ 1}\&
9237 e 1001 0010 0011 01115

+0948, +0000 1001 0100 100041
10185 1001 1011 0111 1111

unnecessary bit/ 9 11 7 15 - not in BCD!
* the result is not g)ood IQA is rms%ng, we have to add 6 to the adeﬂuate tetr%ci]&es’
q N % N
001 1011 0111 1111 1010 001 1000 0101

+0000 0110 0000 011041 +0110 0000 0000 000041 unnecessary tetrade

1010 0001 1000 0101 0001 0000 0001 1000 01015+

1 8 5—notin BCD! |1 0 1 8 5—1in BCD!

<
<
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* (Case 3:
* A <0,B<0, A =-763, B=-948, k=4, Res=-1711,,
* 10’s complement code of -1711 =10*-1711=8289,,, here DA exists (from the
cY DA : .
N N — previous addition, then
9237, 1001 0010 0011 0111 gz¢p Res= Res+correction (+6)
+9052,, +1001 0000 0101 001041
18289, 0001 0010 0010 1000 10014
unnecessary bit/ 1 2 2 8 9 -1inwrong BCD!
* the result is not good, DA is missing, we have to add 6 to the adequate tetrades! unnecessary tetrade
n i
0001 0010 0010 1000 1001 4¢p 1010 1001 0010 1000 100150p
+0000 0110 0000 0000 0000g 1 +0110 0000 0000 0000 00004
1010 1001 0010 1000 1001 0001 0000 1001 0010 1000 1001 4¢p
10| 8 2 8 9— not in BCD! 1 0 8 2 8 9 —in BCD!
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* Other method in BCD addition:
* correction before the addition, then substraction -6, where no was decimal adjust

* e.o: A=156,, B=928,,, Res=1084,,

DA DA DA DA

n n

0156 6 7 1112 7 014 4
+6 6 6 6 +0 9 2 8 -6 6

6 7 1112 7 014 4 1 0 8 4

J
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End of Lecture 4.

Thank you for your attention!



