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u = max
x

|x−fl(x)|
|x| =

|0.0 · · ·0� · · · |
1.0

= 2−t +2−t−1 + · · ·= 2−t(1+2−1 + · · ·) = 2−t 1
(1−1/2)

= 2−t+1 = 2−52.
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s=0; for j = 1:4, s = s+ x(j)y(j); end;
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s=0; for j = 1:4, s = FMA(s,x(j),y(j)); end; +� �#������ �� 
&��� �� 
���)

fl(s) = ((((s+ x(1)y(1))(1+δ1)+ x(2)y(2))(1+δ2)+ x(3)y(3))(1+δ3)+ x(4)y(4))(1+δ4)
= x(1)y(1)(1+θ4)+ x(2)y(2)(1+θ3)+ x(3)y(3)(1+θ2)+ x(4)y(4)(1+θ1)

�	��. �� �������. |δ j| ≤ u ��� |θ j| ≤ γ j = ju/(1− ju). 4	������ �� �	����� �#���� #����
��� �� 
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|fl(s)− s| = |x(1)y(1)θ4 + x(2)y(2)θ3 + x(3)y(3)θ2 + x(4)y(4)θ1|

≤ γ4

4

∑
j=1
|x( j)y( j)|.
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|fl(s)− s| ≤ |s|γ4.
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s=x(1)*x(1); for j = 2:n, s = s+ x(j)*x(j); end;
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x) f (x) = ∑n
j=1 ξ2
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�� �� x( j)� 4	������. f : R
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J = [
∂ f
∂ξ1

, . . . ,
∂ f
∂ξn

]

= [2ξ1, ...,2ξn] = 2x.
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cond( f ;x) = ‖J‖‖x‖‖s‖ = ‖2x‖‖x‖|s| = 2
‖x‖2
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fl(s) = ξ2
1 < n > +ξ2

2 < n > +ξ2
3 < n−1 > + · · ·ξ2

n < 2 >
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x̃ := [ξ1(1+θn)1/2,ξ2(1+θn)1/2,ξ3(1+θn−1)1/2, ...,ξn(1+θ2)1/2]

+� �����
&� ��� x̃ 
&��� ����� ��� ���&������ ��� x� 4� ����
��.

‖x̃− x‖ = ‖[ξ1(1+θn)1/2−ξ1,ξ2(1+θn)1/2−ξ2,ξ3(1+θn−1)1/2−ξ3, ...,ξn(1+θ2)1/2−ξn]‖
≤ γn‖x‖
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|fl(s)− s|
|s| ≤ 2γn.
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s = 0.0; for j=1:n, s = s+x(j)*y(j); end

���	
���� @� �
�������
. �	�� ��� MATLAB . ��� � ��������� rem(x,y) 
	�����#
� �� �	����	� ���
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m = rem(n,5); s = 0.0;
for j=1:m, s = s+x(j)*y(j); end
for j=m+1:5:n
s = s+x(j)*y(j)+x(j+1)*y(j+1)+x(j+2)*y(j+2)+x(j+3)*y(j+3)+x(j+4)*y(j+4);

end

1� @�����
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 �� y← y + Akx. �	�� k > 1 
&��� �
����� ��������. A ∈ R
n×n ��� x,y ∈ R
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LOAD A,x,y
for kstep = 1 : k

for i = 1 : n
z(i) = 0
for j = 1 : n
z(i) = z(i)+A(i, j)x( j)
end
end
x = z

end
y = y+ x;
STORE y
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y = y+A(A(· · ·A(Ax) · · ·) ����	������� �� 
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LOAD A,x,y
for kstep = 1 : k

for i = 1 : n
z(i) = A(i,1)∗ x(1)
for j = 2 : n
z(i) = z(i)+A(i, j)x( j)
end
end
x = z

end
y = y+ x;
STORE y
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 Ω = kn(2n−1)+n�
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 Φ = Φmin �
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LOAD x
for kstep = 1 : k

for i = 1 : n
z(i) = 0
for j = 1 : n
LOAD A(i, j)
z(i) = z(i)+A(i, j)x( j)
end
end
x = z

end
for i = 1 : n

y(i) = y(i)+ x(i);
end
STORE y

+� 	���	���. ���	��
&��� 
����� �
 ���#� ����� �

����� 3n !
�� �� x,y,z"� (
 ��� 	���	��� 	�������.

Φ = 3n+ kn2�
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