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Problem & Motivation 

Stringent Edge Constraints

Mobile deployment is limited 
by minimal memory, strict 
runtime performance 
guarantees and the need for 
offline accessibility.

The Disconnect of 
Immutable Graphs

Server-side models can be 
dynamically recompiled , but on-
device deployment requires 
frozen inference graphs that 
resists traditional LoRa merging.

One-for-All Multilingual Goal

Methodology - Optimizations 

LoRA Weights as Runtime Inputs

Instead of static weight merging, we 
treat LoRAs as runtime inputs passed 
into placeholders within the frozen 
graph . 

This enables "plug-and-play" task 
switching across 8+ tasks and 9 
languages without memory overhead or 
the need to re-quantize the base model

Hardware aware Optimizations

Attention Parallelism: 
MHA is decomposed 
into SHA to align with 

parallel NPU cores

Linear-to-Convolutional: 
Dense layers are 

reparameterized as 1x1 
convolutions to exploit 

optimized Winograd 
kernels on mobile NPUs

Innovative Decoding Strategies

Concurrent Token Generation (CTG)

CTG generates up to 8 output streams 
simultaneously over a shared KV-cache 
in a single forward pass.

Dynamic Self Speculative Decoding 
(DS2D)

DS2D, Unlike standard speculative decoding, it 
requires no separate draft model, uses tree-
based pruning with prefix tuning to predict 
future tokens, making it highly memory-
efficient for mobile devices.

Key Results Conclusions

This framework is not just theoretical; it has been successfully commercialized within the Samsung Galaxy S25 'Galaxy AI' ecosystem. It powers high-impact features like Writing Assist, Summarization, and Health Energy Score entirely on-device, preserving user privacy by never hitting the cloud. By bridging the gap between server-scale flexibility and immutable edge hardware, we have established a definitive blueprint for sustainable, high-performance on-device Generative AI. Thank you 
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