
COCO Lab

OLMo1 and OLMo3

Bae Sun Woo

January 26, 2026

1
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“There are certain things that you need to get right at pre-training, especially as your post-training is shifting 

towards more reinforcement learning heavy stack and something with much more inference”

 

“All the data on pre-training …  readjustment of the prioritization of pre-training much more heavily on 

reasoning”

 

-  Nathan Lambert – 
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Quote
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SwiGLU : Swish + GLU
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Swish

𝑆𝑤𝑖𝑠ℎ 𝑥 = 𝑥 ( 𝜎(𝛽𝑥) 
𝜎: sigmoid function
𝛽: trainable parameter or 
constant
𝑆𝑖𝐿𝑈(𝑥) = 𝑥 ( 𝜎(𝑥) 

Smooth : 
Differentiable at 𝑥 = 0

Non-Monotonic: 
Possess Small Negative Values.
While 𝑅𝑒𝐿𝑈(𝑥) = 0 for 𝑥 < 0

GLU(Gated Linear Unit)

𝐺𝐿𝑈 𝑥 = (𝑥𝑊 + 𝑏)⊗ 𝜎(𝑥𝑉 + 𝐶)
(𝑥𝑊 + 𝑏): Information Path
𝜎(𝑥𝑉 + 𝐶): Gate Path

Element-wise Product:
𝜎 𝑥𝑉 + 𝐶 ~1 => 𝐺𝐿𝑈 𝑥 = 𝑥𝑊 + 𝑏
𝜎 𝑥𝑉 + 𝐶 ~0 => 𝐺𝐿𝑈 𝑥 = 0
=> Information Filtering

SwiGLU

𝑆𝑤𝑖𝐺𝐿𝑈 𝑥 = 𝑆𝑖𝐿𝑈(𝑥𝑊)⊗ (𝑥𝑉)
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RoPE: Rotary Positional Encoding
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Absolute PE : limitation of addition

𝑞! = 𝑥! + 𝑝!	, 𝑘" = 𝑥" + 𝑝"

𝐴𝑡𝑡𝑒𝑛𝑡𝑖𝑜𝑛 𝑞, 𝑘
= 𝑥! + 𝑝! # 𝑥" + 𝑝"
= 𝑥!# 𝑥" + 𝑥!# 𝑝" + 𝑝!# 𝑥" + 𝑝!# 𝑝"

The absolute position matters

“I like dog more than cat” (dog:3, cat:6) 
≠ 

“Well, I like dog more than cat” (dog:4, cat:7) 

RoPE :
𝑞! = 𝑅!𝑥!	, 𝑘" = 𝑅"𝑥"

𝑅! = cos 𝑚𝜃 −sin 𝑚𝜃
sin 𝑚𝜃 cos 𝑚𝜃

𝐴𝑡𝑡𝑒𝑛𝑡𝑖𝑜𝑛 𝑞, 𝑘 = 𝑅!𝑥! # 𝑅"𝑥" = 𝑥!# 𝑅!# 𝑅"𝑥"
𝑅!" 𝑅# = 𝑅$!𝑅# 
As, 𝑒$%!& % 𝑒#& = 𝑒%(#$!)&

𝑥!# 𝑅!# 𝑅"𝑥" = 𝑥!# 𝑹𝒏%𝒎𝑥"

Only Relative Position(n-m) matters and remains

“I like dog more than cat” (cat-dog = 3) 
= 

“Well, I like dog more than cat” (cat-dog = 3) 
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RoPE: Rotary Positional Encoding
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=> Smaller dimensions rotate fast, Larger dimensions rotate slowly
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YaRN: Yet another RoPE extensioN method
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When long context is given

Position Interpolation

𝜃 →
𝜃
2

However,

Loss of important high frequency details 

which the network needs in order to 
resolve tokens that are both very similar 
and very close together

YaRN :

Additionally, introduce 𝑡, temperature

=> Sharpen Attention Logits(Counteract Entropy Increase)

𝛾: Retention rate / Degree of keeping the original features
𝛾 = 1: High Freq (No Interpolation, Extrapolation, Keep original rotation)
𝛾 = 0: Low Freq (Linear Interpolation, Slow down rotation)
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Adam, AdamW = Adam + Corrected Weight Decay
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Momentum(Overcome local minima)

𝑚' = 𝛽( ( 𝑚'%( + 1 − 𝛽( ( 𝑔'

𝑊:= 𝑊 − 𝛼 ( 𝑚'

RMSProp(Adaptive Step Size)

𝑣' = 𝛽) ( 𝑣'%( + 1 − 𝛽) ( 𝑔')

𝑊:= 𝑊 − 𝛼 (
𝑔'
𝑣' + 𝜖

(𝑔)* is used to take magnitude)
( 𝑣), square root is used to Dimension homogeneity)

Adam

𝑊:= 𝑊 − 𝛼 (
𝑚'

𝑣' + 𝜖

𝑊!"# = 𝑊! − 𝛼 % (
$!
%!"&

+ 𝜆 % 𝑊!) 

Adam

AdamW
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DPO: Direct Preference Optimization
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Open Language Model
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OLMo Architecture
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- Decoder-only Transformer

- No Biases

- Non-parametric layer norm

- SwiGLU activation function

- Rotary positional embeddings (RoPE)

- BPE-based tokenizer from GPT-NeoX-20B

- AdamW Optimizer
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OLMo Pretraining Data : Dolma
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Pipeline of (1) language filtering, (2) quality filtering, (3) content filtering,
(4) deduplication, (5) multi-source mixing, and (6)tokenization

Trained by ZeRO optimizer strategy via PyTorch’s FSDP framework
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OLMo Zero-shot Evaluation
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OLMo Intrinsic Evaluation
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OLMo Adaptation Evaluation
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Evaluation after undergoing Instruction fine-tuning and DPO on OLMo as base model
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OLMo 3

“All the data on pre-training …  readjustment of the 
prioritization of pre-training much more heavily on 
reasoning”

-  Nathan Lambert – 
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Model Flow for OLMo 3
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Olmo 3 Base Training, Data Curriculum
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Pretraining Midtraining Long-Context

Purpose Build general language 
capacity and foundation

Shape reasoning-relevant 
capabilities and improve 

post-trainability

Enable long-context 
generalization and stable 

long-sequence 
processing

Dataset Dolma 3 Mix Dolma 3 Dolmino Mix Dolma 3 Longmino Mix

Data Source Web, Code, Academic 
PDFs(olmOCR), Docs

Math, Code, QA, 
Instruction, Thinking 

(synth + curated)

Long scientific PDFs 
(olmOCR)

Token 5.9T 100B 7B: 50B
32B: 100B
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Olmo 3 Base Result – 7B
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Olmo 3 Base Result – 32B
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Olmo 3 Think 
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Olmo 3 Think: SFT,DPO,RL
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SFT DPO RL

Purpose
Enable thinking traces as 
default behavior(activate 

reasoning mode)

Improve reasoning 
quality via contrastive 

delta learning

Lock in reasoning 
performance with 
verifiable rewards

Dataset Dolci Think SFT Dolci Think DPO Dolci Think RL

Data Type Prompt → Thinking trace 
+ answer

Pairwise preference 
(chosen vs rejected)with 

explicit capability gap

Prompt → rollout → 
verifier reward

Data Source
Curated + synthetic 

prompt 
thinking traces generated 

& filtered

chosen = Qwen3-32B 
(thinking)

rejected = Qwen3-0.6B 
(thinking)

(force quality delta)

Model rollouts evaluated 
by verifiers 

(math, code, IF, chat)
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OLMo 3 Think - DPO
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OLMo 3 Think – DPO, Delta Learning
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Qwen3-32B Thinking Model Qwen3-0.6B Thinking ModelDelta
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OLMo 3 Think - RL
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GRPO + DAPO + Dr GRPO
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OLMo 3 Think Result
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Olmo 3 RL-Zero
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OLMo 3 RL-Zero
DeepSeek R1-Zero-Qwen-32B

Olmo 3 Base OlmoRL Olmo 3 RL-Zero


