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With recent advances 1n Al, models have grown larger, demanding more
memory and compute resources. To address this, the Microscaling (MX)
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format—proposed by major companies at the 2023 OCP Global Summit—has
been gaining attention. MX formats such as MXFP8, MXFP6, and MXFP4 can . 1_/23,' sYexpgy in 0
efficiently represent a wide numeric range using only a small number of bits. - [eX - ;re] 36bit align
In this work, a MAC unit supporting all three MX formats was designed in oo 32054 aligned_products
Verilog, with a focus on minimizing accuracy loss during computation. Its e 2 comp , converter
efficiency in terms of area, power, and other metrics was also evaluated and i il
verified against an FP32 MAC N
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The MX format is a type of Block Floating-Point (BFP) format in which a Area (um?) 45343.93 24585.79 18.529% 36.76%
block of numbers shares a common scale. Each element can take formats Combinational 40464.92 18727.37 ™ multiplication
SUCh as FP8, FP6, FP4, or INT8 AS ShOWH ln Flgure 1b, the MX fOI‘IIlat Noncombinational 4879.01 AR5&.42 fp accumulation
assigns one shared scale in ESMO format per group of 32 numbers [1]. Pipeline Stages 6 stages 4 stages
Many prevmusly proposed BFP formats use fixed-point elements, which Power (417 L o Fig 4. MXFP MAC arca breakdown
yield advantages in MAC unit hardware and latency [2,3]. In contrast, the
MX format carries an individual exponent for each element, requiring a new To verity the performance of the implemented MAC, it was compared against
and efficient MAC unit design that accounts for this characteristic. an FP32 baseline MAC built with FP32 multipliers and adders that share the

same 1nput and output ports. Synthesis was performed using Synopsys Design

Compiler on Samsung 28nm CMOS technology, with the clock period set to 2
ns based on the operation time required by the FP32 adder.
o . The measurements show that area was reduced by 46%, with power
I. Bitwidth Analysis correspondingly reduced by about 42%, and latency was also significantly
— —(eamin + €gmin) T Pa + 05 —2 —> decreased—cutting the number of pipeline stages from 6 to 4 (Table 1). These
— —(Camin + €Bmin) —>1 improvements can be attributed to the fact that the FP32 baseline requires align

logic during addition and performs normalization on the output at every level of
the adder tree.
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In the final architecture, the largest portion of the logic 1s occupied by input
processing and alignment, followed by the adder tree and multiplication. Shift

. Max normal product Min normal product |
! logic for handling 32 pairs of floating-point elements in parallel takes up a large
; 0 010 0f0]0]0]1 share of the total, while multiplication, the adder tree, and arithmetic logic
i Min subnormal product! together account for only about 50-60% (Figure 4).
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Fig 2. Bitwidth Derivation f(}r Max Left/Right Shift in MX Format In the level 1 adder of Figure 3, a 36-bit datapath adder was used. However, for
BFP formats with fixed-point elements—including MXINT8—the shifting
Figure 2 illustrates the process of deriving the bitwidth required to represent logic becomes unnecessary, and the corresponding adder datapath becomes
the product of two MX-format elements as a fixed-point value. The values of significantly shorter. In other words, the logic overhead incurred by
max/min shift and precision (e_max, e_min, p) vary depending on the formats representing elements in floating-point rather than fixed-point form appears to
of the two input groups, and the longest bitwidth is required when both A and be unavoidable.
B use the EAM3 format. Substituting the values yields (8+8) — (-6 —6) +4 +4 Several additional optimization strategies are also possible. First, although a
= 30 bits as the minimum required. long datapath was required to prevent any accuracy drop, resource usage could
1L MXFP MAC Architecture l:')e reduced by leveraging the trqde-off between accuracy and logic. In. addition,
instead of using a barrel shifter in the fp_accumulator, a sequential shifter could
Figure 3 shows the MX MAC unit design, which incorporates an adder tree be employed to reduce area and power.
with a 36-bit datapath. When using FMA operations, adding fp in while Rather than focusing on a specific application, this study presents a MAC unit
accounting for the shared scale introduces pipeline-stage imbalance, and an design methodology for the MX format that incurs no accuracy drop during
adder tree structure i1s needed to handle block-level computation [4]. computation while jointly considering timing, area, and power. Its significance
In addition, a single unit supports mixed-precision operations. Since the lies i proposing a general design methodology that can be applied to a wide

design is based on E4M3 x E4M3, computations on lower-precision elements range of future applications where the MX format may be used.

can also be performed using the same logic. Ref
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