Chapter-6
Numerical considerations



2's complement Decimal value Excess-3
101 -3 000
110 —2 001
111 -1 010
000 0 011
001 1 100
010 2 101
011 3 110
100 Reserved pattern 111

FIGURE 6.1: Excess-3 encoding, sorted by excess-3 ordering.
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FIGURE 6.2: Representable numbers of a 3-bit unsigned integer format.
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FIGURE 6.3: Representable numbers of a 3-bit unsigned integer format.
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No-zero Abrupt underflow Denorm

E M S=0 S=1 8=0 8§=1 S=0 S=1
00 |27 —{Z" 0 0 0 0

00 01 |[27'+1%23% | —277+1*273%) | 0O 0 %= {22
10 | 277+2%273 | —@2'+2*27%) | 0 0 e —2%02
11 | 277+3%273 | —27'+3*27%) |0 0 o ~3t22
00 |2° (2% 2¢ (29 20 (29

01 01 | 20+1*272 —(20+1*272) | 2°+1*272 | —(2°+1*27%) | 2041*22 | —(2°+1*27?)
10 | 20+2*272 ~(20%2%22y | 2%42%22 | —(2%42029 | 2%#2%22 | (2742729
11 | 2°+3*272 ~(2°43*2%) | 2%4g%2= | (24829 | 2043* 2= |-(2"+3"29
00 |2 ~2Y 2 —2Y 2 —2Y

10 01 | 2"+1*2" —'+1*27y | 2'+1*27t | 2" +1*27Y) | 2T +1r2” —(2"+1*27")
10 | 2'+2*2- —'+2:27 | 2'+2%27" | —(2"+2*27") | 2" +2*2" (2" +2*27")
11 | 21+3*2° —2'+3%27y | 2"48%271 | H2' 432 | 2'43 2 | (2432

11 Reserved pattern

FIGURE 6.4: Representable numbers of no-zero, abrupt underflow, and denorm

formats.
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FIGURE 6.5: Representable numbers of the no-zero representation.
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FIGURE 6.6: Representable numbers of the abrupt underflow format.
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FIGURE 6.7: Representable numbers of a denormalization format.
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Exponent Mantissa Meaning
111 # 0 NaN

| g - =0 (—1)° *oo
00...0 20 denormalized
00...0 =0 0

FIGURE 6.8: Special bit patterns in the IEEE standard format.

Copyright © 2016 Elsevier Inc. All rights reserved.



3X +5Y +2Z =19 X
2X +3y +Z =11 ) X
X +2Y +2Z =11 X

Original

X +5B8Y +2/3Z =19/3

E> Y + Z = 5

Y +4Z =14
Step 3: divide Equation 2 by -1/6
and Equation 3 by 1/3

X +53Y +2/3Z =19/3

O Y + Z = 5

Z = 3
Step5 : divide Equation 3 by 3
Solution for Z!

X = 1
= v = 2

zZ = 3
Step 7: substitute Y and Z into
Equation 1. Solution for X!

FIGURE 6.9: Gaussian elimination and backward substitution for solving systems of

linear equations.

Step 1: divide Equation 1 by 3,
Equation 2 by 2

=

2>

+53Y +2/3Z =19/3 X +513Y +2/3Z =193
+312Y +1/2Z =11/2 E> -1/6Y -1/6Z = -5/6
2Y # =11 13 +4/3Z =14/3

Step 2: subtract Equation 1 from
Equation 2 and Equation 3

X +5/3Y +2/3Z =19/3

Y + Z = §

+ 3Z = 9

Step 4: subtract Equation 2 from
Equation 3

X +53Y +2/3Z =193

Y = 2

Z = 3

Step 6: substitute Z solution into
Equation 2. Solution for Y!
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3 5 2 19 1 5/3 2/3 19/3 1 5/3 213  19/3

2 3 1 11 I:> 1 3/2 1/2 11/2 E> -16 -1/6 -5/6
1 2 2 1 1 2 2 11 1/3 4/3  14/3
- Step 1: divide row 1 by 3, row 2 Step 2: subtract row 1 from row
Original
by 2 2 and row 3
1 5/3 2/3 19/3 1 5/3 2/3 19/3

1 1 5 1 1 5
E> 1 4 14 |:> 3 9

Step 3: divide row 2 by -1/6 and Step 4: subtract row 2 from row 3
row 3 by 1/3
1 5/3 2/3 19/3 1 5/3 2/3 19/3
) 1 1 5 0> 1 2
1 3 1 3
Step 5: divide Equation 3 by 3 Step 6: substitute Z solution into
Solution for Z! Equation 2. Solution for Y!
1 1
E> 1 2
1 3

Step 7: substitute Y and Z into
Equation 1. Solution for X!

FIGURE 6.10: Gaussian elimination and backward substitution in matrix view
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5 2 16 2 3 1 11 1 3/2 12 11/2
2 3 1 1N 5 2 16 O 5 2 16
1 2 2 11 1 2 2 M 1 2 2 11
Gl Pivoting: Swap row 1 (Equation1) Step 1: divide row 1 by 3, no
gina with row 2 (Equation 2) need to divide row 2 or row 3
1 3/2 1/2 11/2 1 3/2 1/2 11/2
5 2 16 1 2/5 16/5

) 112 32 112

Step 2: subtract row 1 from row 3

|:> 1 3 11

Step 3: divide row 2 by 5 and row

(column 1 of row 2 is already 0) 3by 172
1 3/2 1/2 11/2 1 STE ) 2/3 19/3
) 1 25 165 O 1 255 1665
13/5 39/5 1 3

Step 5: divide row 3 by 13/5

Step 4: subtract row 2 from row 3 Satufion br 2l

1 53 213 193 1 1
> 1 2 ) 1 2
1 3 1 <)
Step 6: substitute Z solution into Step 7: substitute Yand Zinto
Equation 2. Solution for Y! Equation 1. Solution for X!

FIGURE 6.11: Gaussian elimination with pivoting.
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