Gemma 4 : New Models

®  Martin Andrews = Gemma4 @ mdda.net
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= ML/ Startups/ Finance
= NYC — Singapore in Sep-2013
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= 2014 ="'fun':
= Machine Learning, DL, NLP
= Robots, drones

®  Since 2015 = 'serious'

= NLP + deep learning

= Including Papers...
= & GDEML

= ML-Singapore co-organiser...
= & Red Dragon Al...
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Outline

= Gemma Models overview

= Gemma 4 12B

= how the multi-modal interfaces work
= demo!

= Gemma 4 Diffusion

= why diffusion?
®  how diffusion works
= demo!

= Wrap-up & QR-code



Gemma Model Overview




Google’s LLM releases

" Pre-Gemma
» BERT, TS5, ..

= Gemma series of models

®  License = "Gemma Terms of Use"

= Gemma (1): February 2024

= 2B and 7B (8k context)
= arrived after Llama 2

= Gemma 2: June 2024

= 2B, 9B and 27B (8k context)
= PaliGemma 1/2 (add 400M SigLIP image encoder)

= Gemma 3: March 2025

= 1B (non-vision), 4B, 12B and 27B (13 1k context)
= MedGemma, ShieldGemma, TranslateGemma
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Gemma 4 Launch




Gemma 4 Launch

= Gemma 4: April 2026
= Apache 2.0

= Edge models: (128k context)
= Gemma 4 E2B, Gemma 4 E4B

= Medium models: (256k context)

= Gemma 4 26B A4B "MoE"
= Gemma 4 31B "Dense"

= |nnovations explored by branches of series The beSt Open mOdeIS
®  edge and server models share few design decisions in the World for their
respective sizes
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All Gemma 4 Models

Gemma 4 Quantization-Aware Training (QAT)

Gemma 4 adds another j
"""""""""""""""""""" layer to make sure last

layer is global attention.

= | ocal vs Global attention mix Gemma 3 Gemma 4
= Alternating local sliding-window and global full- (4B) (E2 B)
context attention layers :
= Edge models use sliding windows of 512 tokens 1024 tokens , 512 tokens
= larger models use 1024 tokens - - > » - 2
= Dual RoPE configurations: Layer1 [ Local Alttentlon ] ' [ Local I-}ttentlon ] Layer1
m  standard RoPE for sliding layers Layer 2 [ Local Attention ] : [ Local Attention ] Layer 2
= pruned RoPE for global layers Layer 3 [ Local Attention ] [ Local Attention ] Layer 3
Layer4 [ Local Attention ] : [ Local Attention ] Layer 4
" Quantisation-Aware Training Layer s (_GlobalAtiention ] | (__lobal Attention ] Layers
= Rather than quantising a finished model :
" - QAT quantises while training Layer 34 [ Local Attention ] [ Local Attention ] Layer 34
= QAT cuts memory requirements |
and maxir_n_i_z_é_s“c;l:\_—_d_e;\_/i_éé_Bé_r_f_d;mance : [ Global Attention ] Layer 35

MACHINE LEARNING
SINGAPORE

‘ MLSG



https://unsloth.ai/docs/models/gemma-4/qat
https://blog.google/innovation-and-ai/technology/developers-tools/quantization-aware-training-gemma-4/
https://x.com/googlegemma/status/2062928831229665566
https://x.com/googlegemma/status/2062928831229665566

Gemma 4 Edge models

KV cache compression

= skip new Wy and W, for late layers
®  butincrease FFN sizes these layers
= saves on saving these values in cache

Audio encoder (E2B, E4B)

= "Universal Speech Model"-style conformer
m  the same base architecture as the one in Gemma-3n
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Per-Layer Embeddings (PLE):

= asecond embedding table that feeds a small residual signal
into every decoder layer

m  E2B blows nearly half its parameter budget (46%) on flash-
based lookup tables
= that 4.7GB footprint is effectively free

®  shares some characteristics with DeepSeek Engram idea

Standard transformer Gemma 4 E2B (per-layer embedding)

Decoder layer 35 -—‘ Table 35

256-dim

Decoder layer 35

Decoder layer 34

Decoder layer 34 —‘ Table 34

256-dim

Table 1
256-dim

Decoder layer 1 Decoder layer 1

Main embedding
1,536 dim — context signal only

l Embedding table 4

ocab x 1,536 dim — carmries identity + conte:



Gemma 4 La rger mOdel'S Model Performance VS Size

= Multi-Token Prediction (MTP) B kimiskz.5-thinking
® ® A
qwen3.5-397b-a17b

= Unsloth : runs 2x faster with MTP GGUFs S - - " A

= MoE vs Dense

= MoE : 26B params, 4B active
= 128-experts per Layer, 8 active 7 deepseek:vS.Zfexpfthmkmg.

L Dense . 3].B pal’ams, 318 aCt|Ve gqwen3.5-122b-a10b mistral-large-3
o @

qwen3.5-27b

=  Thinking is quite efficient A

= compared to (for instance) Qwen models

o)
2
o
5]
a
i)
w

gpt-0ss-120b

]
100 200 400 500 600

Total Model Size (Billion Parameters)
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https://x.com/UnslothAI/status/2065107734916432189

Gemma 4 Launch Benchmarks

Benchmark Gemma 4 31B IT Gemma 4 26B A4B IT Gemma 4 E4B IT Gemma 4 E2B IT Gemma 3 27B IT

Thinking Thinking Thinking Thinking

Arena Al (text)

1452 1441 — — 1365
As of 4/2/26

MMMLU No toals 85.2% 82.6% 69.4% 60.0% 67.6%
Multilingual Q&A

MMMU Pro 76.9% 73.8% 52.6% 44.2% 49.7%
Multimodal reasoning

AIME 2026 No tools 89.2% 88.3% 42.5% 37.5% 20.8%
Mathematics

rEEEE FEEmE L T 80.0% 77.1% 52.0% 44.0% 29.1%
Competitive coding problems

Elan B No tools 84.3% 82.3% 58.6% 43.4% 42.4%
Sclentific knowledge

12-bench Retall 86.4% 85.5% 57.5% 29.4% 6.6%

Agentic tool use

These models were evaluated against a large collection of datasets and metrics to cover different aspects of text generation. See additional benchmarks in model card.
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Gemma 4 12B




Gemma 4 12B Architecture SR S 1A=0) |

= Apache 2.0 license 4 )

Post-RMSNorm 2
Feed forward

Pre-RMSNorm 2

»  Comes equipped with Multi-Token Prediction
(MTP) drafters to reduce latency

m  Delivers performance nearing our larger 26B
MoE model on standard benchmarks
= but at less than half the total memory footprint

Input dim.: 3,840
Intermediate dim.: 15,360

Post-RMSNorm 1

5:1 (local:global)

5:1 Local (sliding) to
i global (full attention) ratio

Local:
e, 16 attention heads
**w..,. 8 key & value heads

GOA
i
Supported 48 X\\'

context length
Global:
of 128k tokens 16 attention heads

Token embedding layer 1 ke‘v & value head
Py

“**=a...l, Embedding

L J dimension of 3,840
T

M L S G Sample input text
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Gemma 4 12B Multimodal

= Gemma 4 12B radically simplifies Multimodal input

m  need for pipeline of models for vision / audio removed

Image Input Audio Input Image Input Audio Input
o) @
i I |
Vision Encoder Audio Encoder (35E[\Tb??nd?rr .
(550M parameters) (305M parameters) %ola ameters,
ayer)
v v v
[ Linear Projection ] [Linear Projection] [ Linear Projection ] [Linear Projection]
itokens tokens ‘tokens tokens
LLM LLM
Gemma 4 12B Pipeline

Traditional Pipeline

(double encoder) (direct projection)
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How the New Vision Input Works

= Gemma 4 Previous models = Gemma4 12B

48 pixels
—
7 16X,3~L27X Encoder 48 54 patches
E‘n S pixels | (each 16x16 pixels)
I
Vision Encoder T -
| \
i OO (\J
| Pooling | N = - D $Z0909090920 = A 6 patches
= T — 16 — A (each 48x48 pixels)
OO - T 1CEE pixels
I Linear Projection I ¢ 16 ;
pixels

v

[ .. | Paramoters = 35M param vision embedder
Gemma 4 ~150M (E2B and E4B) m  48x48x3 image patches projected to LLM hidden dim
~550M (26B A4B and 31B) - Wlth a Single matmul

= and add learned X/Y positional embedding to each patch

®  savings: 550M — 35M parameters
m =3 15x reduction
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How the New Audio Input Works

= Gemma 4 Previous models

Conformer

mdmm:

| Linear Projection |

!

[ .
Gemma 4
(E2BJ|E4B))
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Decoder

RMSNorm

v

Parameters
~300M (E2B and E4B)

= Gemma4 12B

split into 4ms I

I I I I I I
segments 40ms 40ms 40ms  40ms  40ms 40ms  40ms
640 values

each
Linear Projection

¢¢¢¢

v v ¢
audiotokens [ (1l --- IO Ol [N (@ O [
Gemma 4 12B

=  No audio encoder!
®  Raw 16 kHz audio signals are sliced into 40ms frames
= (640 floats each)



Gemma 4 12B Benchmarks

Gemma 3 278 . Gemma 4 12B Gemma 4 26B

4.9
8.4
7.8
772
72
53 | |
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G e m m a 4 1 2 B De m O H display(Image(url=IMAGE_URL, width=3

(=== ThedNew Pork Times

= Guidance from Google : Gemma 4 was B —
MEN WALK ON MOON

trained with a specific convention to ASTRONAUTS LAND ON PLAIN;
COLLECT ROCKS, PLANT FLAG

interleave input modalities:

= |mage content goes before the text in your prompt
= Audio content goes after the text in your prompt

= Gemma 4 12B QAT - run this Colab for Free!

image then text then audio'

m Canalsouse llama.cpp directly:
= llama serve -hf ggml-org/gemma-4-12B-it- _
GGUF [ 1", "image_url": {"url": IMAGE_URL}}
= |lama.cpp just added video input support

®  Can also run on 8Gb VRAM GPU!
= See: My Blog Post

<twrap.fill(response["c "] [@] ["m content"], width=

This image shows the front page of *The New York Times* from July 21, 1969,
featuring the headline "MEN WALK ON MOON."
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https://colab.research.google.com/drive/1S1ZAq49akpoPgtCgtAhPlgdY9Da4YaMK?usp=sharing
https://x.com/osanseviero/status/2063985470489448887
https://mdda.net/blog/tech/dl/llama-cpp-moe-on-an-old-gtx-1080

Gemma 4 Diffusion




Why do Diffusion?

= Google Blog: DiffusionGemma

m  Key message : 4x faster text generation
= parallel denoising generates roughly 15-20 tokens per forward pass

®  per-user generation speeds exceeding 1100 tokens/second at low batch sizes
=  assuming : H100, FP8

= Bi-directional attention
= generates 256 tokens in parallel with each forward pass
= every token to attends to all others

= significant advantages for non-linear domains such as
= in-line editing, code infilling, amino acid sequences or mathematical graphs

= Also: Adaptive Computation (sexy topic)
= inference compute can be adaptive too!
= simpler prompts and structured tasks like code need fewer denoising steps
®m  so tokens-per-second scales with task complexity

MACHINE LEARNING
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https://blog.google/innovation-and-ai/technology/developers-tools/diffusion-gemma-faster-text-generation/

How diffusion works

=  Model applies bidirectional attention over a "canvas" of 256 tokens
= Trained to denoise tokens in parallel
®m  Takes multiple steps to resolve ambiguities - but overall less 'computation’

MACHINE LEARNING
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https://deepmind.google/models/gemma/diffusiongemma/

Gemma Diffusion Details

=  Gemma Diffusion is built on =  Gemma Diffusion is first mainstream diffusion
Gemma 4 26B A4B MoE foundation model
®  "fits comfortably within 18GB VRAM limits of high-end ®  Unsloth (for instance) supports fine-tuning, etc
dedicated consumer GPUs when quantized"
» supports up to 256K context = You can train it yourself!
=  Modalities
Finetuning DiffusionGemma to solve Sudoku
= takes text and image inputs the same puzzle - given clues shown in gray
" generates text Base DiffusionGemma After finetuning
6|4 5 6|4
= Apache 2.0 license 2l a - 3l a
3 9|4 1 3 9|4
6 3 8 6 3 8
8 1 8 1
791 6 24 |3 791 6 524
5 6|2 4 3 5 6|2 4 3
9 7 4 9 7
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https://unsloth.ai/docs/models/diffusiongemma

Diffusion Speed Chart

»  DiffusionGemma trails the autoregressive 26B A4B on most tasks
= for example:
= MMLU Pro.... :77.6% vs 82.6%
= AIME 2026... :69.1% vs 88.3%
B GPQA Diamond :73.2% vs 82.3%
®  edging ahead on a few
= HLE no tools :11.0%vs8.7%

Intelligence vs. Latency
(1xH100, fp8, bsz=1)

100
Gemma 4 31B + MTP
Gemma 4 26B A4B + MTP
o—p¢o

= But focus on the Speed! Gemma 4 12B + MTP

jlo]e]e]
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Gemma Diffusion Demo ...

Create a Flappy Bird game in HTML and Javascript. After, fix any bugs.

<|channel>thought

* Goal: Create a Flappy Bird game HTML HTML,,.

ST
then , ssskkstttrssrrrttrttrrstrrrrttirstrrbtrt st et b Rk et Fokokd ko
e s i e s e =

s ok ok R R R R K
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https://unsloth.ai/docs/models/diffusiongemma

Diffusion Demo ...

m  Apparently it is possible to run Gemma Diffusion on smaller GPUs:
= "diffusiongemma-26B-A4B-it-Q4_K_M doesn't fit on my RTX 3060 12GB out of the box, but ...”

®  using the new WIP 1lama.cpp diffusion branch
® running with -ngl 15 , multi-block generation shows signs of working...

»  But you can also train and run a diffusion model!
» Havealookin https://github.com/mdda/tiny-diffusion-jax

Ll
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https://x.com/ItsmeAjayKV/status/2065050980396433805
https://github.com/mdda/tiny-diffusion-jax

Diffusion Model

I nte rp reta b i lity . 48 total denoising steps Vector
.. Natural language token
Denoising step 2 6% s? 62 s? 2 s2
v v Uninterpretable node
= How Transparent is DiffusionGemma? - Attention t t t Interpretable node
"""""""""""""""""""""""""""""" blocks
Engels et al (2026) t 1 4 4 t t Potentially interpretable
] MLP blocks with additional effort
= Google DeepMind paper! e 1 1 4 4 t t e omaton o
L Sadly, no code repo... oK [} 4 4 {'\1 {\1 (\1 Longest opaque serial
e b2 & 100 ©9 105 @ 058 || = Do mens
= Twitter/X thread by first Author Longest opague serial
__________________________________________________ path assuming
. interpretable latent:
= "We find that the intermediates are interpretable" Denoising step 1 6] S3 Oy sy O3 s B
= bonus animation available in thread ~ 'Y Y
= "This recovers many of the benefits of CoT!" Atontion 1 1 1 MoV
blocks A 4 4 4 4 4 + + + 1 : !
MLP blocks 1 4 t . 4
L] + t A Pl Py
Attention T ? ? f f
vede Ty } b N N
Inputs J 41 P2 Ps 0? 0 Og 0 Og 0
N J
Y Y
Prefill tokens Canvag: ‘tokens and
self-conditioning vectors

MLSG
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https://arxiv.org/abs/2606.20560
https://x.com/JoshAEngels/status/2068034390245154877

Wrap-Up

= Google continues to extend Gemma 4 series

= a huge win for everyone

= Gemini benefits from Gemma 'experiments'

= thisis a good synergy
= 3 huge win for Google

= Looking forwards to what comes next! The best open models
in the world for their
respective sizes
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Machine Learning SG ;
MeetUp Group FAKE IMAGE...

Next Meeting = TBD @ Google

Topic: "TBD"

Typical Contents :

= Talk for people starting out

= Something from the bleeding-edge
®  Lightning Talks

MeetUp.com / Machine-Learning-Singapore
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https://www.meetup.com/Machine-Learning-Singapore/

Link to Slides

= https://bit.ly/2026-06_I0



https://bit.ly/2026-06_IO
https://bit.ly/2026-06_IO
https://bit.ly/2026-06_IO
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