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Rounding Errors and Error Propagation

• Relative rounding errors in Mpp, t, emin, emaxq:

|γpxq ´ x|

|x|
ă

1

2
p1´t @x P r´xmax,´xmins Y rxmin, xmaxs.

• unit roundoff:
u :“

1

2
p1´t

• machine epsilon:

eps :“ mint|x̃´ 1| | x̃ PMpp, t, emin, emaxq, x̃ ą 1u “ p1´t “ 2u

• standard model of the floating point arithmetic:

xo y “ px4yqp1` δq, |δ| ď u @ 4 P t`,´, ¨, {u

(is also expected to hold for ? ).

• error propagation: Let x̃ :“ γpxq, ỹ :“ γpyq.

addition: x, y P R, signpxq “ signpyq ùñ

|px̃‘ ỹq ´ px` yq|

|x` y|
ď 2u` u2

subtraction: x, y P R, signpxq “ signpyq ùñ

|px̃a ỹq ´ px´ yq|

|x´ y|
ď

ˆ

2|y|

|x´ y|
` 2

˙

u`

ˆ

2|y|

|x´ y|
` 1

˙

u2.

cancellation: x « y large error

multiplication and division:
|x̃d ỹ ´ x ¨ y|

|x ¨ y|
ď 3u`Opu2q.
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