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ABSTRACT
Recently, there have been attempts to utilize AI accelerators for sci-
entific computing; however, these devices generally lack hardware
support for double-precision floating-point arithmetic, which is es-
sential for many scientific applications. The Cerebras CS-2 system
(CS-2) delivers extremely high single-precision performance of 1.06
PFlops/s but does not support native double-precision arithmetic.
To overcome this limitation and enable scientific computations re-
quiring double precision, a software-based approach is essential.
We propose csDF, a double-float (DF) arithmetic library for the
CS-2 that provides DF numeric types and arithmetic operations.
To demonstrate the capability of csDF, we implemented a naive
pseudo-double-precision matrix multiplication using DF addition
and multiplication, and measured its strong scaling performance.
Our result shows 8.09 Tera DF-Flops/s, which shows the feasibility
of software-based double-precision arithmetic and enables previ-
ously infeasible scientific computations.
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1 CEREBRAS CS-2 AND SOFTWARE
DEVELOPMENT KIT

The CS-2 was initially developed for deep learning applications us-
ing the 300 mm wafer-scale chip, the Wafer Scale Engine-2 (WSE-2)
[? ]. The chip has 745,500 user-accessible Processing Elements (PEs)
arranged in a grid of 750 units along the x-axis and 994 units along
the y-axis. For scientific computation, the operating frequency is 850
MHz, and themaximum power consumption of the entire CS-2 is ap-
proximately 16.5 kW. Figure 1 illustrates the architecture of the PE
of WSE-2. Each PE consists of a simple compute core (CE, Compute
Element) and 48 KB of local memory (Scratchpad memory), which
can be accessed within a single clock cycle. The network topology
connecting the PEs is a two-dimensional mesh, enabling communi-
cation with the north, west, south, and east neighboring PEs within
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Figure 1: Architectural overview of PE in WSE-2

one clock cycle. Maximum performance of single-precision matrix
multiplication is 349.0 TFlops/s (matrix size: 33000×33000, using
750 × 750 PEs) and a weak scaling efficiency of 1.00 [3]. The per-
formance study of several specific scientific applications has been
studied [7][9][10][2][4][8][5][6].

The Cerebras software development environment is centered
around the Cerebras Hardware SDK [1], a software development kit
for general-purpose computing on the CS-2. This SDK includes the
CSL programming language, utility libraries, and a simulator. csDF
is implemented using the SDK. The CSL can describe tasks and
communication running on the WSE-2. Host-side code is written
in Python and provides runtime functions such as data transfer.

2 CSDF AND PSEUDO-DOUBLE-PRECISION
MATRIX MULTIPLICATION

Significant efforts have been made to emulate high-precision data
types using low-precision data types. QD library [1] provides double-
double and quad-double numeric types and arithmetic for CPU.
They have approximately twice and four times the precision of the
IEEE double-precision format, respectively. We implemented the
csDF library for the CS-2, based on the QD library. It provides DF
numeric types and arithmetic, which are approximately twice as
precise as the IEEE single-precision format. The DF type achieves
about 48 bits of precision from its fraction, while the 8-bit exponent
defines the scale. This library implements fundamental arithmetic
operations such as addition, subtraction, multiplication, division,
and square root. It also supports commonly used transcendental
functions, including exponential, logarithmic, trigonometric, and
hyperbolic functions.

To demonstrate the capability of csDF, we implemented a naive
pseudo-double-precision matrix multiplication and measured the
strong scaling on the CS-2. List 1 shows a pseudo-code of the DFma-
trix multiplication. DF multiplication (df_real.mul) and addition
(df_real.add) are used to perform the dot product and accumulate.
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Figure 2: Strong scaling: Trends of computational perfor-
mance at𝑀′ = 1000 to 8000.

Listing 1: Pseudo-code of double-float matrix multiplication.
1 // Import csDF library
2 const csdf = @import_module("csdf/csdf.csl");
3 // Loop over each row of DF matrix A
4 for (@range(i16, Kt)) |k|{
5 // Loop over each column of DF matrix B
6 for (@range(i16, Nt)) |j|{
7 // Make a DF type (df_real) from two 32-bit values
8 B[0] = csdf.get_df_real(B[j*Kt+k,0], B[j*Kt+k,1]);
9 // Compute the dot product of A and B
10 for (@range(i16, Mt)) |i|{
11 // Accumulate the product of corresponding elements
12 product[i] = csdf.mul(A[i+z], B[0]);
13 C[i+x] = csdf.add(C[i+x], product[i]);
14 x = x + Mt;}
15 z = z + Mt;}
16 }

For the strong scaling experiment, the number of PEs used varies
from 50×50 to 750×750 in increments of 50. The overall matrix size
is𝑀 ×𝑀 , and each PE computes a submatrix of size𝑀𝑡 ×𝑀𝑡 . Since
𝑀 may not be divisible by the number of PEs, we define a target
matrix size𝑀′, which differs slightly from𝑀 . Here,𝑀′ is calculated
as𝑀′ = 𝑀𝑡 ×𝑃 , where 𝑃 is the number of PEs along the x-axis. The
hardware cycle counter was used for the time measurement. The
elapsed time was calculated as the elapsed cycles divided by the
operating frequency of 850 MHz. The computational performance
was calculated as the number of DF floating point operations (DF-
Flop), 2 × 𝑀3, divided by the elapsed time. Figure 2 shows the
computational performance trends for eachmatrix size. Amaximum
of 8.09 T DF-Flops/s was achieved, which is approximately 1/43 of
the maximum performance of SGEMM [3].

3 SUMMARY
In this paper, we presented csDF, a double-float arithmetic library
designed for the CS-2, which lacks native hardware support for
double-precision floating-point operations. Based on the Quad Dou-
ble Computation Package, csDF provides double-float numeric types
and arithmetic operations, enabling pseudo-double-precision com-
putations on the CS-2 platform. To demonstrate the practical ca-
pability of csDF, we implemented a naive pseudo-double-precision

matrix multiplication and evaluated its strong scaling performance
on the CS-2. Our results show that csDF achieves amaximum perfor-
mance of 8.09 Tera DF-Flops/s. This work highlights the feasibility
of software-based high-precision arithmetic on the CS-2, paving
the way for further exploration of scientific computing.
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