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avoiding indirection, maintaining SIMD program incurs high costs for type, che can b.e written using a unique ASVT ( vector_type )
compatibility/generality. in the Fig.1), which represents the vector type suitable for the }

current hardware and its corresponding scalar type. }

One contributing factor is that the length of a SIMD vector register

, such as ARM Neon 128-bit vector For example, on hardware with 512-bit SIMD registers, the Figure 1 - Abstract SIMD Vetor Type (ASVT) and its
register, which can contain 16x8-bit elements, 8x 16-bit elements, 4x meta function “scalar_to_vector_t” deduces the ASVT as type and vector-length decuction

32-bit elements, or 2x 64-bit elements), making it difficult to create a <16 x float>from its scalar element type, fLoat. If used on | o |
unified implementation for multiple types of operations in a hardware with 1024-bit SIMD registers, the ASVT would be In.the .example of Fig. 1, func’Flon foo” is compatible
high-performance Al. This is because the operations are type-based deduced as <32 x float> correspondingly. with dlffere.nt hardware by using the ASVT to deduce
and born from hardware instructions. As a result, duplicated code and corresponding vector types. If we change “foo” to be a
higher maintenance costs may be necessary. The meta function “vector Length t” extracts the vector function template, it turns ”foo" to be more generic
length directly from ASVT. The vector length is for stepping up  code. This is shown in Fig. 2.
Another challenge is that the length of a specific SIMD vector register the loops, etc., which allows programmers to write generic I
, such as Intel’s packed SIMD functions as necessary. —  Limitation | |
extension, which has evolved from SSE(4x float elements), to AVX(8x While.the. use of C++ templates Tz & e
float elements), and AVX-512(16x float elements). Supporting new emplate <typename T> compile-time cost rather.tha?n 2 RN EOEE, fi also
SIMD hardware requires re-engineering the same functionality in oid scalar_version(T* a, T* b, T *c, int n) { means that code compatibility is limited to the source
software for different vector lengths. | ‘ta[i]i _ }?Ei]if i it \ code level.
c[¥] 4= b[1]; . . : .
\ 4 I The generic operations in Camelus are implemented as
c[i] -= a[i]; function templates that take ASVTs as their function
— About Enflame GCU ) } parameters. This approach allows for identical semantics
Enflame GCU (General Computing Unit)* Al chips series supports matrix } across different vector types. C++ Concept feature also
engine hardware to accelerate Al workloads. These chips come equipped N allows Camelus to detect errors at compile-time when a
with numerous SIMD units that can be explicitly programmed using SIMD {d Véctor versloi(T* ‘A, T* B, T *¢. int ) 1 generic operation has not been implemented yet or
intrinsics. In recent hardware changes, the vector length is reduced by half sing vector type = scalar to_vector t<T>: missing for a specific type or hardware, making
as the number of hardware threads increase. nstexpr int vl = vector_length_v<vector_type>; programming with Camelus more productive than normal
L ((Enflame ) et i T ation e 45 SIMD programming that requires searching for intrinsic
B E R B setorl tie M b = (vectorlivos B names to program.
a8 Con31derat10ns Ofthe deSIgn ) N e To support branch divergence in SIMD code, Camelus

Our target of this work is to make SIMD programming

SR . . check for alignment and elements coun introduces the execution mask type and also the generic
, as the vector length is critical for the generality

operations using execution masks. In the example of Fig. 2,

and compatibility of SIMD code. S s the system generates a vector “ mask ” using the
uto mask = less_than(va[i|, vb[i]|); // generate the vector mask y - . y )
. . . add_t(c[i], c[i], b[i], mask); add only if the mask bit is set LESS_thCH’I Operatlon, and then use the C]dd_t (If the
Unlike many known solutions, Camelus SIMD programming system offers um. c[i], a[i], mask); // sub only if the mask bit is unset vector mask bit is not set, the operation is not performed
series of programming APIs that it neither requires ISA or hardware change \ in the vector lane) and “sub " operations to achieve a

(e.g. the support of PTX assembly) nor requires compiler re-design or ! Generic operations with the vector mask
enhancement (e.g. the variable vector-length IR support of ARM-SVE).

similar execution flow to that of the “scalar version”
~igure 2 — Generic operations for ASVTs and the vector function, effectively serialized the if-else statement.

mask
Instead, the Camelus system utilizes the modern C++ language's template \ /
meta-programming capability, which is already supported by many existing
compilers. With this approach, programmers can conduct type-based Aoolicati
, o o , o _ |cation TopsModel TopsDL Samples :
template instantiation, which is suitable for scenarios involving i - - ~— Camelus in Enflame N
i'same/_similar action with different types." Additionally, the compiler AR e The Camelus header library was developed specifically for
instantiates the templated code at compilation time, and with proper o’ e programming the Enflame high-performance Al library on top
design, there may be no extra cost compared to SIMD intrinsic code. S DN ol of the GCU Al accelerator. It supports programming for Al AOT
L y 5 . (ahead-of-time) training/inference workloads, with nine vector
types and 24 generic operations. This provides a generalization
TopsGraph of over 400 SIMD intrinsics and greatly improves coding
— Costin compilation ~ TopsOperator productivity.
Camelus relies much on C++ language features. Camelus may incur longer TopsRider : :
7 . _ g. 5 e Y 5 SDK TopsEngine Furthermore, since Camelus has no runtime overhead, code
compilation times, particularly with the C++ compiler front-end. As a result, (Programming and compiler) written using Camelus achieves identical performance with
it is less suitable for building the JIT (Just-In-Time) compilation workload. e e existing SIMD code implementations. As a result, Camelus has
UMD been adopted in the development of the Al library for
: . . Enflame’s next-gen hardware. Early feedback has shown
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" . . KMD TopsVirt EESMI/ productivity improvements already.
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award number 22QB1404600. Figure 4 — Camelus in Enflame TOPS software stack
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