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GESELLSCI-IAFT FUil ANGE\VANDTE l\,11\rfI-IEl\1ATII( 
UND _l\1ECI-IANII( ( GAl\11\tl ) 

Resolution on Computer Arithmetic 

The elementary floating-point operations +, -, *, / in electronic computers are currently 
required to be of highest machine accuracy: For any choice of operands, the computed 
result must coincide with the roqnded exact result of the operation, rounded according 
to the rounding mode in use (if no overflow occurs). For reference, see the IEEE 
Arithmetic Standards 754 (binary floating-point arithmetic) and 854 (general floating­
point arithmetic). 

.. . 
. • In recent years there h~ been a significant shift of numerical computation from· general~ 

purpose computers towards vector aQd parallel computers - so-called supercomputers. 
Along with the. 4 elementary operations +, -, *, /,. these computers usually: offer 
~OIµpoup.d op·~ratio.ns flS a~d~t~on~l ele~entary ·operations. This leads to an inc~e~e of . 
. several"orders of magnitude· .in:computiiig "J7~ower~ Some of these elementary compound • • · • • 
operations are: • • 

~ multiply and add: 

- m~ltiply and subtract: 

- accumulate: 

- multiply and accumulate: 

and others . 

a* b + c 

a *.b. - ·C-

·computes t~e sum of the components of a vector· 

computes the inner (or scalar) product of two vectors 

. G uires that all elementa erations be im he 
manu r m such a way that guarantee bounds are delivered for the deviation of 
the floating-point resuft f~m the exact result. It is desirable and usually achievable that 
£ • f such a compound floating-point op~ration 
a f the exact result were com uted and then 
r ow occurs .- tQis case no expljcit • error 
~oun s nee · e e vcre . e ser s ou no be. obliged to perform an error analysis 
eve • e. ·an element redefinedb the manufacturer is 
em .... • 

All element~ry compound operations should also be provided with directed roundings, a 
feature needed:.both for fast ·computation of reliable and narrow bounds in• numerical 
algorithms :and . for ve·rmcation of the correctness of computed results·. It must be 
ensured t11at the final. floath1g~point result can differ from the exact result only in the 
direction defined by the rounding in use. ~is • is already required of the elementary 
floating-point operations by the arithmetic standards mentioned above. • 
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