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ABSTRACT

ISA extensions for DLX type architectures are proposed to perform high radix online floating point addition
on fixed point units with extended feature sets. Online arithmetic allows most significant digit first computa-
tion of results, allowing overlapped execution of dependent operations and offers greater instruction scheduling
opportunities than software implementations of conventional floating point addition. In this paper we seek
an ISA formulation to find a middle ground between full hardware floating point addition units and software
implementations strictly based on available ALU logic.
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1. INTRODUCTION

Floating point addition has many stages, namely alignment, addition, normalization, rounding and exponent
update. These stages are encapsulated by the floating point add instruction which performs all stages of the
operation atomically, and transparently to the programmer. Many modern embedded processors however lack
FPUs because of their power or area budget which forces programmers to use libraries that emulate floating
point operations.? Emulation libraries perform floating point operations by mapping the desired functionality
to shifting, masking and other bit wise logical operations on the ALU. Strict hardware oriented implementation
and software implementation via standard ALU logic are both at extreme points in the design space with a large
performance gap in between. In reality design constraints are often not this black and white and may benefit
from an implementation that could increase performance without incurring the cost of a full blown floating
point unit (FPU). Our motivation is to investigate an online arithmetic® approach that will strike a balance
between cost and performance by proposing both a different software algorithm and ISA extensions to facilitate
its implementation.

In this paper we will discuss two approaches to floating point addition, namely conventional floating point
addition (CFPA), discussed in section 2 and online floating point addition (OFPA) discussed in section 3. We
will present features of the OFPA algorithm which distinguish it as a better design solution. These features
are focused around greater instruction scheduling opportunities in an OFPA ISA design as well as the ability to
state the precision of the operation to be performed (discussed in greater detail in section 4.2).

2. CONVENTIONAL FLOATING POINT ADDITION

We begin by discussing conventional floating point addition (CFPA) in order to outline the algorithm. We will
then draw upon this algorithm to develop the proposed ISA. Assume we have two operands A, and B, where
operand X is described by the triple, (Sx, Ex, Fx) where Sx is the sign, Ex is the biased exponent and Fx is
the significand. The algorithm consists of the following steps,

Exponent difference d «— FE4— Ep, where d is the exponent difference that is used to determine which operand
is to be shifted to the right for alignment.

Swap The operand with the smaller exponent must be shifted right. Swap the operands so that the correct
operand is shifted right. This eliminates the need for two shifters.

Right shift The right shift involves shifting the significand of the operand to be aligned by |d| positions.
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Add significands Adding the significands typically involves two’s complement addition.
LOD Leading One Detection finds the leading non-zero digit in the result of significand addition.

Left shift The resulting significand Fg is shifted to the left until the leading one becomes the hidden bit, or
the tentative exponent becomes zero and the number becomes a denormal.

Round Rounding occurs after normalization at which point the rounding mode and the guard bits determine
the final rounded value.

Adjust exponent Depending on how much left shift was performed, the exponent must be updated to reflect
these shifts.

Special cases Special cases such as +inf and NaN need separate detection and treatment.

A simplified implementation of the stages described in CFPA is shown in Fig. 1 which is adapted from.”
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Figure 1. Single path CFPA implementation.

3. ONLINE FLOATING POINT ADDITION

In this section we briefly discuss radix-2 online floating-point addition and present the algorithm characteristics
which were driving factors in selecting an online approach (a much more detailed discussion of OFPA is presented
in.* OFPA is identical to CFPA in the stages that it performs; the main difference between the two designs is that
CFPA typically uses digit-parallel addition while OFPA is strictly digit-serial and consequently the significand
in OFPA is represented in redundant form. The OFPA algorithm? ® 81517 is discussed in several papers with
different degrees of specificity. It is also noteworthy to state that one such design® claims IEEE compliance while
others”® where developed before the IEEE 754 standard was established.

3.1 Representation

Online floating point operands are represented via the 3-tuple (Sx, Ex, Fx) where Sx and Ex are the sign and
exponent which retain the same representation as CFPA. The significand Fx however is now represented via
redundant borrow-save digit format to allow online processing. In light of this serial digit flow, other components
in the design must also be converted to their serial counterparts and appropriate control added in order for the
execution unit to be an online operator. Exponent processing can be done in parallel or serially. Since exponent
precision is short, parallel evaluation would be preferable. Fig. 2 demonstrates the representation of a double
precision operand for the OFPA execution unit.
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Figure 2. Online floating point representation for a double precision operand.

3.2 Timing model

Online execution implies that the sign is first delivered to the execution unit, followed by the exponent and the
significand. The exponents are in non-redundant format, and shifted in serially. After the exponents are fully
shifted into the unit, the exponent difference d is computed in parallel. Since the alignment quantity (d) must
be evaluated before alignment can be performed, all the exponent bits must be received prior to the addition
of the significands. Once the exponents are consumed, online addition of the significands can be initiated. The
timing model in Fig. 3 demonstrates the timing behavior of the OFPA execution unit.

Conventional exponents clocked in serially to shift registers
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Figure 3. Timing model of OFPA. This figure is does not demonstrate a realistic run as there can not be leading zeros in
the unnormalized result if there is an alignment shift in the operand.

The online delay (0) of the execution unit is dependent on the presence of destructive cancellation in the
result, but is guaranteed to be larger than the time required to deliver the sign and exponent, in addition to the
online delay of the radix two adder and recoder. For a double precision execution, the bound ¢ > 16 holds on
the online delay, where delay is measured in clock cycles.

3.3 OFPA hardware implementation

Here we show the data path of an OFPA execution unit which is adapted from [6]. Figure 4 illustrates how
CFPA has been translated to OFPA, and serves as a stepping stone to formulating an ISA that would perform
a logically equivalent operation.

4. OFPA: AN ISA FORMULATION

This section formulates an ISA and algorithm for OFPA. We begin by stating our assumptions and constraints;
make an argument for OFPA ISA extensions, and present some of the main instructions and their implementation
in greater detail.
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Figure 4. The OFPA data path. (1) Computes the exponent difference d < Ea — Ep. Also performs exponent adjustment,
by performing Ex «— Ex + 1. (2) Negates the significand digits according to the sign of the operand (the effective sign
due to subtraction is omitted). (3) Swaps the operands accordingly so that the operand with the smaller exponent will
be delayed (i.e. shifted right) by d cycles (positions) through the variable delay module. (4) Radix two online addition
followed by PN? recoding®.? (5) The normalization unit scans the digits being output by the adder/recoder to check for
overflow as well as leading zeros. (6) The output of the module must be sequenced such that the sign (Sg) is output first
followed by the exponent (EFr) and the significand of the result (Fr).
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4.1 Assumptions and Constraints

An instruction set architecture (ISA) defines the logical semantics of a processing platform and the operations it
provides to its users. Our proposed ISA is aimed to be an extension to a current ISA and thus should leverage
the architecture’s available characteristics, and not demand architectural enhancements at a system level-such
as changing execution semantics, data/instruction bus width, etc. In order to adhere to a concrete architectural
specification, the SimpleScalar! toolkit was picked as the architecture of choice. SimpleScalar constitutes a
complete tool chain which utilizes GCC® as a compiler for its ISA specification (a 32-bit MIPS derivative with
extended 64-bit instructions), and provides several simulators for the binary executable with different levels of
complexity, where each simulator models an architectural implementation of the ISA specification.

The SimpleScalar ISA specifies an instruction format as shown in Fig. 5(a), where each instruction has access
to four registers and can have three read dependencies and two write dependencies. This is convenient because
our implementation approach will require that an instruction generally consumes two operands and a state, and
provides a result with an updated state as indicated in Fig. 5(b).
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Figure 5. (a) SimpleScalar instruction format (b) The ALU model.

Proc. of SPIE Vol. 6697 66970T-4






