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Running the code to look at under/overflow
(start from |, divide (underflow) or multiply (overflow) by 2):

$ gfortran rs_under_over.f90

$ ./a.out
14 “4.(ULI( (4YLC—-DO0 L.1LLOMO047rIJE+O(
125  2.35098870E-38  4.25352959E+37
126  1.17549435E-38  8.50705917E+37
127  5.87747175E-39  1.70141183E+38 . .
128  2.93873588E-39 Infinit<_y Iterations
129 1.46936794E-39 Infinity
130 7.34683969E-40 Infinity d
131  3.67341985E-40 Infinity towaras
132 1.83670992E-40 Infinity .
133 9.18354962E-41 Infinity h |gh num be 'S
134  4.59177481E-41 Infinity
135 2.29588740E-41 Infinity
136  1.14794370E-41 Infinity sto P at I 2 7
137  5.73971851E-42 Infinity
. . 138 2.86985925E-42 Infinity
Iterations 139 1.43492963E-42 Infinity
140 7.17464814E-43 Infinity
towa r.d S 141  3.58732407E-43 Infinity
142 1.79366203E-43 Infinity
143 8.96831017E-44 Infinity
Smal |er~ numbe Irs 144 4.48415509E-44 Infinity
145 2.24207754E-44 Infinity
146 1.12103877E-44 Infinity
StoO P at | 49 147 5.60519386E-45 Infinity
148  2.80259693E-45 Infinity
_> 149  1.40129846E-45 Infinity
150  0.00000000 Infinity
151  0.00000000 Infinity
152 0.00000000 Infinity
153 0.00000000 Infinity



Running the code to look at under/overflow
(start from |, divide (underflow) or multiply (overflow) by 2):

$ gfortran rs_under_over.f90

$ ./a.out
14 “G.(U1LIJ( (4YC—-DO0 L 1LLOMO0O47rIJE+O(
125  2.35098870E-38  4.25352959E+37
126 1.17549435E-38  8.507@5917E+37
127 5.87747175E-39  1.70141183E+38 . .
128 2.93873588E-39 miini el |terations
129 1.46936794E-39 Infinity
130 7.34683969E-40 Infinity d
131 3.67341985E-40 Infinity towards
132 1.83670992E-40 Infinity .
133 9.18354962E-41 Infinity h |gh num be 'S
134 4.59177481E-41 Infinity
135  2.29588740E-41 Infinity I 27
136 1.14794370E-41 Infinity sto P at
137 5.73971851E-42 Infinity
. . 138 2.86985925E-42 Infinity
Iterations 139 1.43492963E-42 Infinity
140 7.17464814E-43 Infinity
141  3.58732407E-43 Infinity
towa rd S 142 1.79366203E-43 Infinity
143 8.96831017E-44 Infinity
| | b 144 4.48415509E-44 Infinity
small€r NUMOErS 145  2.24207754E-44 Infinity
146 1.12103877E-44 Infinity
StoO P at I 49 147 5.60519386E-45 Infinity Can we
148 2.80259693E-45 Infinity
_> 149  1.40129846E-45 Infinity
understand
151 0.00000000 Infinity ..
152 0.00000000 Tnfinity these limits?
153 0.00000000 Infinity



Floating point representation
for real numbers

X o = (=1)° @ mantissa o PRI

Sign significant exponent
figures of of the

the number;

number basis b=2

- Typically: expfld = 8-bit integer (goes from [0,255])

bias = 128 (or 127) => expfid-bias goes from -128 to +127 (or from -127 to +128) ;

23 bits reserved for the mantissa => tot 32 bits
mantissa=my-27 +m, 27 +...my, - 277 (mi NOT 0!)

- precision: 223 ~= 6-7 decimal figures

- range : ~ -10-37 - [0*38



mantissa = - 21 +m, 224 ., 923

Partial sum formula

n

Z"k -14+Xx

0 -1 4 Xx

1 +n

MANTISSA MAX VALUE:

(mi NOT 0!)

_ 1 i__1_|_0.51+23
22 2<2> T 1405



Let’s add in the code the direct estimate for mantissa and for

the exponential part for both underflow and overflow :
consider expfld = 0 or 255, bias = 127 or 128

mantissamin = 2.%x(-1)

printx," mantissamin: ",mantissamin
mantissamax = (-1+0.5%%24)/(-1+0.5) - 1
printx," mantissamax: ",mantissamax
printx, "'’

under = 2.xx(expfld-bias)

printx," exp part of underflow with bias = 127: ",under
printx," underflow with bias = 127: ",mantissaminxunder
expfld = 255

over = 2.xkx(expfld-bias)

printx," exp part of overflow with bias = 127: ",over
printx," overflow with bias = 127: ",mantissamaxxover
printx, "'

bias = 128
expfld = @

under = 2.xx(expfld-bias)

printx," exp part of underflow with bias = 128: ",under
printx," underflow with bias = 128: ",mantissaminxunder
expfld = 255

over = 2.xkx(expfld-bias)

printx," exp part of overflow with bias = 128: ",over
printx," overflow with bias = 128: ",mantissamaxxover

printk, '2.%x(-127):"',2.%k(-127)
printx, '2.%x(-128):"',2.%x(-128)
printx, '2.%x(-149):"',2.%k(-149)



Let’s add in the code the direct estimate for the overflow :
consider expfld = 255

mantissamin: 0.500000000
mantissamax: 0.999999881

exp part of underflow with bias = 127: 5.87747175E-39 .

underflow with bias = 127: 2.93873588E-39 th|S IS the

exp part of overflow with bias = 127: Infinity

overflow with bias = 127: Infinity max number
that we get

exp part of underflow with bias = 128: 0.00000000 é;

underflow with bias = 128: ___.0.0000 before the

exp part of overflow witlhias .

overflow with bias = 128: OVERFLOW

2.**(-127):  5.87747175E-39 This should be the bias
2.%%(-128):  2.93873588E-39 derfl
2.%%(-149):  1.40129846E-45 —ag}l—— underfiow

Note: The following floating-point exceptions are signalling: IEEE_OVERFLOW_FLAG IEEE_UN

DERFLOW_FLAG \

in execution, evidence of overflow errors
(in fact, there are a lot of “infinity”
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