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What is SIMD

•SIMD stands for Single Instruction, Multiple Data, a type of parallel 
computing where a single CPU instruction performs the same operation on 
multiple data points simultaneously. 

Without SIMD (Scalar) With SIMD

A CPU would perform one 
multiplication at a time, 
sequentially, for each pair 
of numbers.

Use one SIMD "multiply" 
instruction to multiply all four 
pairs of numbers at once.

Result: 4 multiplications 
in 4 single steps

Result: 4 multiplications in 
1 single step instead of four 
separate steps.



Why SIMD matter to vectors search engines

Dot product = #1 CPU bottleneck in vector
search

• Billions of products in catalog means every
query → thousands of vector comparisons

• High-dimensional embeddings makes it more
problematic

• Taking ~15-30% of CPU time in KNN search
path



The ARM Gap: JVM Falls Short

Lucene Already Uses SIMD... So What's 
Wrong?

We already have SIMD in Lucene(Panama 
Vector API). The problem isn't the Java code -
it's what the JVM does with it on ARM.



The Real Problem: Missing SDOT/UDOT

SDOT/UDOT = Signed/Unsigned Dot 
Product instruction
──────────────────────
• A single ARM instruction that 

computes the dot product of four int8 
pairs and accumulates into int32.

SDOT → signed int8 (values -128 to 
127)
UDOT → unsigned int8 (values 0 to 
255)

• It lives in TWO ARM SIMD extensions 
: NEON and SVE

Luceneutil PR : https://github.com/mikemccand/luceneutil/pull/423

https://github.com/mikemccand/luceneutil/pull/423/


What is NEON and SVE extensions

• NEON and SVE are ARM ISA(Instruction Set Architecture) vector extensions that provide hardware vector 
registers and instructions for data-parallel execution.

• Both have SDOT/UDOT - but SVE processes MORE data per instruction due to wider/scalable registers.

• The JVM's C2 compiler uses NEITHER on ARM.

Feature NEON (ASIMD) SVE (Scalable Vector Extension)

Introduced ARMv7 (extended in ARMv8) ARMv8.2-A (optional)

Vector Size Fixed 128-bit Scalable (128–2048 bits)

Programming Model Fixed-width SIMD Vector-length agnostic (VLA)

Parallelism Fixed 128-bit vector width Scales with hardware width

Dot Product Ops SDOT / UDOT (int8, optional) SDOT / UDOT + scalable vectors + predication

Flexibility Lower High

Typical Usage General SIMD (mobile, server, embedded) HPC, ML, high-performance workloads



Our Solution: Native Vectorization

• Generate highly optimized 
binary or shared library(.so file) 
with

• Multiple dot product 
implementations(in C) optimized 
for ARM-based machines (such as 
the AWS Graviton series) 

• Call the native code from Lucene’s 
java layer via FFM downcall. 

Initial idea on upstream Apache Lucene 
PR (by Ankur Goel : @goankur) : 
https://github.com/apache/lucene/pull/
13572

https://github.com/apache/lucene/pull/13572
https://github.com/apache/lucene/pull/13572


Compile Time: Multi-Architecture Shared Binary

• Goal: One binary (.so file) that contains ALL implementations
• Compile all 3 C implementations having function attributes into one binary(GCC 

>= 10)

>>  gcc -march=armv8.4-a+dotprod+sve -shared -o libdotProduct.so dot.c



Compile Time: Multi-Architecture Shared Binary

ALL 
IMPLEMENTATIONS



Runtime: Automatic Best-Path Selection

• Using IFUNC(Indirect functions) to 
select the optimal implementation at 
runtime

• Dynamically resolves to the best 
implementation based on available 
hardware capabilities and the chosen 
priority order

• Priority Order (determined empirically 
via offline benchmarking): 

SVE → NEON → Scalar



Runtime: Automatic Best-Path Selection

RUNTIME 
RESOLUTION



Key Benefits



Performance Impact: JMH Benchmarks

Dimension Lucene Panama 
(Baseline) (ops/μs)

Native SIMD (Candidate) 
(ops/μs) Speedup

256 7.7 48.3 6.3×

1024 2.2 23.6 10.8×

4096 0.6 7.6 13.4×✨

Dimension Lucene Panama 
(Baseline)  (ops/μs)

Native SIMD (Candidate) 
(ops/μs) Speedup

256 30.5 53.2 1.7×

1024 8.0 35.3 4.4×

4096 2.0 11.8 5.8×✨

Graviton 2

Graviton 3



Memory copy overhead Issue

• But but, we found  KNN vectors 
merge time increased 
drastically slowing indexing.



Memory copy overhead Issue

• Root cause : In <= Java 21 FFM API by default REJECTED on-
heap MemorySegment’s for native calls. It forces you to copy to off-
heap first → the excessive memory copy overhead we hit.



Using Linker.Option.critical

In Java 22+, we could pass the 
on- heap MemorySegment’s 
directly with native calls using 
Linker.Option.critical(allowHeap
Access = true)

Feature Without 
critical With critical

Memory copies 1 per call 0 per call

GC pressure High None

GC paused No Yes (briefly)

Index-time perf Degraded Full SIMD gains



Using Linker.Option.critical



Results from Prod (Search Latency)

• Average search latency improving by 60%

Baseline : Lucene Panama Candidate : Native Vectorization



• Candidate• Baseline

Results from Prod (CPU ticks)

• Profiler showed 5-6x faster dot product computation times 



JDK acknowledging lack of support for ARM

JDK issue : https://bugs.openjdk.org/browse/JDK-8377386

https://bugs.openjdk.org/browse/JDK-8377386
https://bugs.openjdk.org/browse/JDK-8377386
https://bugs.openjdk.org/browse/JDK-8377386


Apache Lucene's approach to SIMD



Lucene 11 : Native SIMD support in Apache Lucene



Lucene 11 : Native SIMD support in Apache Lucene
1. Compile the C code (default impl or custom)

2. Test if everything works and dot product implementation

3. Benchmark against the other C implementation or Panama



Benefits to OpenSearch
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