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Analysis of Some Strange Behaviors of
Floating Point Arithmetic using MATLAB Programs

& & A
(Tae-Sang Chung)

Abstract - A floating-point number system is used to represent a wide range of real numbers using finite number of
bits. The standard the IEEE adopted in 1987 divides the range of real numbers into intervals of [2%,25*!), where E is
an integer represented with finite bits, and defines equally spaced equal counts of discrete numbers in each interval.
Since the numbers are defined discretely, not only the number representation itself includes errors, but in floating-point
arithmetic some strange behaviors are observed which cannot be agreed with the real world arithmetic. In this paper,
errors with floating-point number representation, those with arithmetic operations, and those due to order of arithmetic
operations are analyzed theoretically with help of and verification with the results of some MATLAB program executions.
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fprintf(~ %20.18f %bx\n", 0.2, 0.2)
fprintf(’~ %20.18f %bx\n’, 8, 8)

0.200000000000000010  9a9999999999c93f
8.000000000000000000  0000000000002040
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a=8+0.2:
b = + 0.2:

fprintf(’~ %20.18f %bx\n’, a, a)
fprintf(* %20.18f %bx\n’, b, b)

8.199999999999999300  6666666666662040
8.399999999999998600  cccceccecceec2040
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%20.18f %bx\n’, ..
8+(0.2+0.2), 8+(0.2+0.2))

fprintf('(8+0,2)+0,2
fprintf( ‘8+(0.2+0.2)

0.2+0.2 0. 400000000000000020 9a9999999993d93f
(8+0.2)+0.2  8.399999999999998600 ccccececcecc2040
8+(0.2+0.2)  8.400000000000000400 cdccccecccec2040
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FPN([FPN(8) +FPN(0.2)] + FPN(0.2)) <8.4
FPN(FPN(8) + [FPN(0.2)) +FPN(0.2)]) > 8.4

29 A 7He] dd MATLAB Z2IJES HR/¥
Asted B2l A Y ZEaYS JyE =X 81E 9
A 2] Atelell Al 0.29] FHALE HolHE Ass ZE
agez A FE 5 gtk A WA AL dnizez
C dojold 53149 dHolHE A doAa &3] Be
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a(l) = 8.0:

for k = 1:5
fprintf(’ %20.18f %bx\n‘, a(k),a(k))
a(k+l) = a(k) + 0.2:

end

8. 000000000000000000  0000000000002040
8.199999999999999300 6666666666662040
8.399999999999998600  ccccecccceec2040
8.599999999999997900  3233333333332140
8.799999999999997200  9899999999992140
b = 8:0.2:9;

for k = 1:5

fprintf(’ %20.18f %bx\n’,b(k),b(k))

end

8. 000000000000000000  0000000000002040
8.199999999999999300 6666666666662040
8. 400000000000000400  cdcccccceccc2040
8.599999999999999600  3333333333332140
8. 800000000000000700  9299999999992140

ind = 0:4:
c =8 + 0.2%ind:
for k = 1:5

fprintf(’ %20.18f %bx]n’,c(k),c(k))
end
8. 000000000000000000  0000000000002040
8.199999999999999300 6666666666662040
8. 400000000000000400  cdcccccccecc2040
8.599999999999999600  3333333333332140
8. 800000000000000700  9a99999999992140
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