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The IEEE Standard 754-1985 for Binary Floating-Point Arithmetic [1] is being revised. An important addition in the 
current draft [2] is the definition of decimal floating-point arithmetic. The primary motivation is that decimal arithmetic 
makes numerical calculations more human-friendly. Results will be as people expect them, identical to what would be 
obtained using pencil and paper. Decimal arithmetic also provides a robust, reliable framework for financial applications 
that are often subject to legal requirements concerning rounding and precision of the results in the areas of banking, 
telephone billing, tax calculation, currency conversion, insurance, or accounting in general. The binary floating-point 
arithmetic that computers use does not always satisfy the existing accuracy requirements. For example, (7.00 / 10000.0) * 
10000.0 calculated in single precision is 6.9999997504, and not 7.00. The underlying cause is that most decimal fractions, 
such as 0.1, cannot be represented exactly in binary floating-point format. The IEEE 754R standard proposal attempts to 
resolve such issues by defining all the rules for decimal floating-point arithmetic in a way that can be adopted and 
implemented on all computing systems in software, hardware, or a combination of the two. 

In the past, the lack of a good standard for decimal computations has led to the existence of numerous proprietary software 
packages for this purpose, each with its own characteristics and capabilities. In planning to improve on this and make Intel 
one of the early adopters of the proposed Standard 754R for decimal floating-point arithmetic, we have developed new 
algorithms along with correctness proofs and we have used them to implement in software a decimal floating-point library 
[3, 4, 5]. Standardization committees for high-level languages such as C and C++ are already developing plans to add 
decimal floating-point support to these languages. Once this happens, our new software package for decimal floating-point 
arithmetic will be available to be used as a computation engine by compilers, and it should constitute an attractive option 
for various financial computations. A logical question is whether a software implementation of the decimal arithmetic will 
be fast enough for financial applications, or whether a hardware implementation is needed. A close look at decimal-
intensive applications today reveals that most spend between 1% and 5% of their execution time performing decimal 
operations while the rest is spent in integer, binary floating-point, memory, I/O, or other operations. A software 
implementation of the IEEE 754R decimal floating-point arithmetic should therefore be sufficient for the foreseeable 
future, compliance with the standard being far more important than raw performance in this case. 

A decimal floating-point number n defined by the IEEE 754R standard proposal can be represented as n = ±C ⋅ 10e where 
C is a positive significand with at most p decimal digits, and e is an integer exponent. The basic decimal floating-point 
formats with their precision and exponent range are shown in the following table: 

Table 1: Decimal floating-point formats with their precision and exponent range 

 decimal32 decimal64 decimal128 

Precision p 7 16 34 

Exponent range [emin, emax] [–95, +96] [–383, +384] [–6143, +6144] 

 

Two equivalent encoding methods are described in the IEEE 754R proposal: the decimal encoding method [2] and the 
binary encoding method [2, 6]. The main characteristic of the decimal encoding is that it uses the Densely Packed Decimal 
(DPD) method, which compresses three consecutive decimal digits in 10 bits. The binary method encodes the entire 
decimal significand as a binary integer, and hence it is also referred to as Binary Integer Decimal, or BID. 

The new algorithms for decimal floating-point arithmetic implemented in the Intel IEEE 754R Decimal Floating-Point 
Library are equally applicable to both encodings, although they are more efficient with the binary (BID) encoding. 
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Selected performance results expressed in numbers of clock cycles for the Intel® BID Decimal Floating-Point Library are 
shown in the figure below, where average and median values are given after subtracting the call overhead. Clock cycle 
counts are shown for decimal64 and decimal128 format addition, multiplication, division, square root, conversion to 
string, conversion from string, and quantize operations. An Intel® Xeon® processor 5100‡ series 3.0 GHz was used for 
these measurements. The library is currently being tested in Windows*, Linux*, OS X*, and HP-UX* on IA-32, Intel® 64†, 
and IPF platforms.  

 

Figure 1: Performance Results: Clock cycle counts for a subset of functions from the Intel® IEEE 754R BID 
Decimal Floating-Point Library, measured on an Intel® Xeon® processor 5100  series 3.0 GHz 

We expect that properties and algorithms used in the new library for decimal floating-point arithmetic can be applied as 
well for a hardware implementation, with re-use of existing circuitry for binary operations. We believe that our library 
work represents an important step toward reliable and efficient implementations of the IEEE 754R decimal floating-point 
arithmetic on Intel® Architecture platforms. 
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