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Abstract Simultaneously operating of billions of floating-point FMA (Fused Multiply-Add) units has raised
severe availability challenges for the exascale supercomputer. To ensure sustainable and efficient operation of the
exascale supercomputer, processors must adopt more efficient fault-tolerance mechanisms on FMA. In the exascale
supercomputer, the real-time check on high frequency processor and limited resources on chip challenge the design
of FMA checker. The design of FMA checker must take timing overhead and hardware overhead into consideration
under the premise of getting better error detection coverage. Floating-point FMA adopts a fusion design and has to
deal with multiple special operations in IEEE 754 standard, such as mantissa align shift, normalization, round; as a
result, the widely-used residue domain transformation is not able to effectively accelerate the residue encoding in
FMA units. In this paper, we propose a parallel cyclic 4:2 compressor-based residue generation technique, which
reduces the number of logic gates on the critical path when the modulus is increasing. By adopting cyclic carry
processing for the highest bit of each partition, cyclic 4:2 compressors abate the logical dependency in carry chains
and reduce the overhead caused by carry correction. When improving error detection coverage, the cyclic 4:2
compressor can reduce the timing cost and hardware overhead of residue generation. We also study the mantissa
calculation in residue domain and propose the residue domain compression technology for negative sign extension

of mantissa, mantissa multiplication and mantissa addition based on mathematical transformations. These
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techniques reduce the input data width of the residue generator and limit the alignment range by dividing and
transforming the mantissa fusion operation. For the reverse sign extension of mantissa in residue domain, this paper
decreases the overhead by transforming the negative sign extension operation to the combined operations of residue
generation and modular subtraction. For the mantissa multiplication in residue domain, this paper utilizes
mathematical transformations to separate mantissa multiplication result from the mantissa fusion operation on FMA
main path. Then multiplication distribution rate in residue domain is allowed to reduce the overhead of residue
calculation of mantissa multiplication. For the mantissa addition in residue domain, this paper avoids large shift
range caused by alignment by utilizing modular shift and modular subtraction. By using these techniques, the area
overhead of shift logic and multiplication logic can be reduced by 10 times on average. Timing is also improved by
utilizing these transformations in mathematic. Experimental results show that both timing cost and area cost of
residue generation are optimized by utilizing the parallel cyclic compression structure. Compared with modular
adder-based residue generator and carry-saved adder-based residue generator, the parallel cyclic 4:2 compressor-
based residue generator shows up to 19.64%, 6.75% timing optimization and 71%, 18.18% area reduction
respectively. The residue system proposed in this paper outperforms conventional design in terms of area overhead
and error detection coverage. Compared with the moduli 15 residue check system for FMA proposed by IBM, the
moduli 63 FMA checker based on parallel cyclic 4:2 compressor reduces area by 67.61%, yields 5% error coverage

improvement and yields up to 49.6% exascale supercomputer’s availability improvement.

Key words floating-point fused multiply-add; availability; residue check; modular adder; parallel cyclic
compression
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Background

This work focuses on reliability improvement techniques
for floating-point fused multiply-add unit in high performance
exascale supercomputers.

With the continuous expansion of the system scale, reliability
of exascale supercomputer is facing increasingly serious
challenges. As the core unit of high-performance computing
systems, the reliability of arithmetic logic units on chip plays a
vital role for sustainable high performance of the computing
system. There exist several previous works focus on fault
tolerant techniques for arithmetic logic unit. For example, time
redundant techniques, execution unit redundant techniques and
arithmetic error detecting codes. Researches on arithmetic error
detecting codes are widely studied, such as parity code,
checksum code, parity-based linear code, Berger code and
Residue code.

However, there are few researches focusing on error detection
techniques in floating-point fused multiply-add unit. Reduced
precision arithmetic-based checking, partial duplication and
Moduli 15 residue system based on modular adder are
techniques for floating-point fused multiply-add unit. The timing
cost, error detection coverage and hardware overhead are
disadvantages of previous works.

In this paper, we design a parallel cyclic compression-based
error-detection residue code for floating-point fused multiply-

add unit. In the design of residue code based on parallel cyclic

compression, under the premise of getting better error detection
coverage of FMA unit, timing cost and area cost are also taken
into consideration. The parallel cyclic compression structure
optimizes the timing overhead and area overhead caused by
redundant result corrections of multi-layer modular adders.
Compared with the residue generation logic based on modular
adder tree, the residue generation logic based on parallel cyclic
compression can achieve the optimization of O(jogm) both in
timing cost and area cost. Moreover, we propose the residue
domain compression technology for mantissa multiplication,
mantissa addition and inverse extended mantissa. By using these
techniques, the area overhead of shift logic and multiplication
logic can be reduced by 10 times on average. Compared with
generally-used Moduli 15 residue system based on modular
adder, the moduli 63 FMA checker based on parallel cyclic 4:2
compressor reduces area by 67.61%, yields 5% error coverage
improvement and yields up to 49.6% exascale supercomputer’s
availability improvement.

Our group has been working on the high-performance
computing and processors design. We have developed several
designs for active and passive fault tolerant techniques on home-
grown heterogeneous many-core processor architecture. Such as
low-cost (72,64) RS code in memory that is able to correct four
symbol errors and independent and coordinated lightweight error

recovery technique.



