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Question 1

Point a)
712510 = (1 + 271 +272 4 275) % 22,5 = 0/110010000000|110
0.80=(14+2"142*4+27°4+27% 412791 2712) %271, ~ 0[100110011001|011
0.04687510 = (272 +27%) % 273, = 0/001100000000|000

For the last conversion, we assume that the denormalized mode of this floating point rep-
resentation implicitly includes an exponent of —3 (this makes the first bit in the mantissa of a
denormalized number weigh 273). This behaviour is akin to the denormalized implementation
of IEEE 754 floating point numbers.

Point b)
1/011010111000[110F = —(1 + 272 4273 +27° + 277 4278 4 279) % 2%y =~ —5.6796875
1/101010101010j010p = —(1 + 271 + 272 4272 + 277 + 279 4 27M) % 272, ~ —0.4166259766

Point c)
1/000000000000[001 5 = 233 = 0.125,

Point d)

1111111111111 =
— (1+271_|_272+273+274+275+276+277+278+279+2710+2711+2712)*2310:
— 15.9980468751,

Point e)

With 12 independent binary choices (bits to flip), there are 2'? different denormalized numbers
in this encoding.

Point f)

With 12 independent binary choices (bits to flip) and 3 extra bits for the exponent, there
are 2!° — 1 different denormalized numbers in this encoding. We subtract 1 in order to be
consistent with the assumption in point a), since 0.125;9 would be representable both as
1/000000000000|001 and as 1|100000000000{000
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Question 2

Point a)
. . YA +a)2+V1+a+1 (1+2)—1
Vitr—1=(V1+z—-1)- = =
! ( ! )\3/(1+x)2+\‘°/1+x+1 YA +a)?+V1I+a+1
x
VI+a)2+T+z+1
Point b)
1 —cos(z)  sin*(x)cos*(x) — cos(x) sin(zx) cos(x) , cos(x)
sin(z) sin(x) .cos(x)‘sz'n(x)_(sm (a:)cos(:v)—l)~8m(x)
Point c)
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Point e)
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Question 3

Point a)
Consider the Taylor expansion with a = z of f(z + h) and f(z — h):
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Then, we can derive that:
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Point b)

In order to find a valid constant for the entire domain [—10,10] we find the constant for the
value of = that maximizes f”(x), hence the sups.

Function 1
"
2
fla)=e™ (@) = —4e* (22° — 31) C= sup [M) 24/1— \/je\/gg
ze[-10,0) O 3
Function 2 .
f(z) = 2? f"(x)=0 C = sup ) =0
ze[-10,10 O
Function 3
"
1
f(z) = sin(x) " (x) = —cos(x) C= sup J) = -
zc[-10,10] O 6
Question 4
Point a)
1 1 1 1 1 1
2 4 4 4 4 2
A= |3 7 10 10 10| .,b= |3
4 10 16 20 20 4
5 13 22 30 35 5)
1 00 0 0 O
2 o2 2 2 2
h=|3,wy=[11111,4(04 7 7 7
4 0 6 12 16 16
5) 0 8 17 25 30
0 000 0 O
1 000 0 O
L=|2|,uu=[0 22 2 2,430 0 3 3 3
3 0 0 6 10 10
4 0 0 9 17 22
0 00 0O0 O
0 00 0O0 O
3= 1| ,us=[0 0 3 3 3],4,(0 0 0 0 0
2 000 4 4
3 00 0 8 13
0 00 0O00O0
0 00 0O0O0
ly=|0| ,us=[0 0 0 4 4,450 0 0 0 O
1 00000
2 00 0¢O0S5
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Point b)

L =

ly =
l3:
Iy =

Point c)
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Yg = 1
5—5:-1—-4-0—-3-0—2-0
Ys = 1 =

1
0
y=10
0
0
Point d)
Ur=y
1 1 1 11 1
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U=10 0 3 3 3|ly=10
000 44 0
0 00 05 0
0
T5 g:O
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Question 5
Point a)
flx) == Kaps = [ f'(z)] =1
Point b)
1
f($):\3/E Kabs—|f,(x>|: 3/ 5
3V
Point c)
1 , 1
f(x):E Kabs—|f (x)|:ﬁ




Point d)

f(l’) =e" Kabs = |f/(l’)’ =e" Krel =

x

Point e)

Cases a),b) and c¢) are well-conditioned for any z since their K, el is not defined by x. Case d)
is well-conditioned only for xs whose absolute value is in the order of magnitude of 1 or less,
since K,el in this case is exactly |z|.



