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https://blog.csdn.net/gitblog_00268/article/details/144823815

Hyena-dna

Sample from [ Next token prediction ] Downstream tasks
Human Genome
T Regulatory element
lassification
e — c
MLP (short)
C e Chromatin profile,
_ Operator | species classification
. A /' xN (long)
A[CIG[TAICIGT ACGITACG
Explore in-context
(Single Nucleotide Tokens) learning
Hyena-dnaZdecoder-only , BT T~—"MaIZTIL BREDHER. KF5
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Hyena-dna

Transformer block
Hyena Order-N

- lf ~ 1 HyenaDNA Block /
~>| Add & Norm | e [ Elem-wise Gate ]*_[ Dense+Conv ]A Hyena Filters
Feed _)[ ] [ Long Convolution ] : /ﬁ
A _Window
Forward MLP LN ;
r 3 .
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T A
Multi-Head Hyena 1 Derce ]
Attention Operator [ Elem-wr.e Gate ]«—[ Dense+Conv ]«(—
.
|
i ) \ " /

ZAN[E/2Hyena Operator Ef{Multi-Head Attention  IFMREEKFS L | CEEERREZ | BSHEXKRFE

Runtime vs Context (log-scale)
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Next-token prediction

42 Next-token prediction? A | l

Next-token prediction, BEEY, FMEFECANCAFFIEM HFNT— SO sEHIAEERSE., X—IER
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B{#3s, Next-token prediction BNERT{EERINT: Ele e*
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2. BEE: ETE), BESENEETE, YRR, FRE0saiEEmasEEE,

3. IR RIBEERSE, EEREFSESEEANEEIEASEWH. Output Token Embeddings

I N N
X—dET, ERfmTASSFHIBENSREFEE, BEEEMNETICRR, NEsSE, ERRTOE, T

-

[ Decoder-Only Layer
A

Softmax
Zi

o(z)i =

Predicted Mext Token

Compute
Loss

Next-token prediction A4S

| Feed Forward Neural Network |
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Input Token Embeddings
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https://xie.infoq.cn/article/5a7ab38eb7a68037ec2b2ab76
https://zhuanlan.zhihu.com/p/656758138

Next-token prediction

FMIBR logits KFRAZET— token FHFTNEER , MAZRLH] token A5

. _» Wt+1
Training data:
- o LD\ Kk ”

Predict Next Token “a#x=

a - X 2 e input_ids = [A, C, G, T]

! ! ! ! Cross. & # {BIRXIRIAY token ID 2 [7, 8, 9, 10]

v ' v ' entropy

? ? ? -) : W\ token (input ids) faith logits (logits[i]) famige= RAZETIA target

i .1 .1 .1 ‘ l a () ERF— token — ¢ (8) target[@] = 8

1 c (8) ERFIT— token — & (9) target[1] = 9

: - - G (9) ERFEIF— token — 1 (10) target[2] = 10
t softmax
h’l h2 h3 h4 1

Linear
{ sreial J Transform

I I l I from w, h,

s
/
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2022self-supervised learningZEir-CSDN{&E22
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https://blog.csdn.net/weixin_51545953/article/details/128469678

Hyena-dna https:/github.com/HazyResearch/hyena-dna  HydraBIS#i&is

python -m train wandb=null
experiment=hg38/hg38 hyena
The file structure should look like mOdeld_mOdE|:128 mOdeln_Iayer:2
data © dataset.batch_size=256
i train.global_batch_size=256
| e b dataset.max_length=1024 optimizer.Ir=6e-4

trainer.devices=1

Pretraining on Human Reference Genome

¢ Download fasta (.fa format) file (of the entire human genome) into hyena-dna/data/hg38. ~24 chromosomes in
the whole genome (merged into 1 file), each chromosome is a continuous sequence, basically. Then download

# @package _global_
the .bed file with sequence intervals (contains chromosome name, start, end, split, which then allow you to B e e
- /pipeline: hg
retrieve from the fasta flle] - override /scheduler: cosine_warmup_timm
model:

_name_: 1m dataset:

D d_model: 32 # batch_size: 32 # Per GPU
g Tlayer: 2 batch_size: 16
mkdir -p data/hg3s/ G ::ji:: S{evalia * ${.d_model}} max_length: 760_6e@ # 262144
curl https://storage.googleapis.com/basenji_barnyard2/hg38.ml.fa.gz > data/hg38/hg38.ml.fa.gz vocab_size: 11 o

. - resid_dropout: @.8 ? :
curl https://storage.googleapis.com/basenji_barnyard2/sequences human.bed > data/hg28/human-sequences.b embed_dropout: 8.1 t_in_epochs: False

B - attn_layer_idx: [@, 1] t_initial: ${eval:${div_up:${dataset._train_len}, ${train.global_batch_size}} * ${t
attn:m‘g: - warmup_lr_init: le-6

e.___________________________________________________________________________________] 3 num_heads: 1 warmup_t: ${eval:${div_up:${dataset._train_len}, ${train.global batch_size}} * ${tr
use_flash_attn: True # figure out how to use 1r_min: ${eval:@.1 * ${optimizer.lr}}
fused_bias_fc: True
dropout: 8.1
fused_mlp: False # figure out how to use fused MLP, maybe onl 1ri 6e-4
fused_dropout_add_ln: True weight_decay: @.1
residual_in_fp32: True

optimizer:

python -m train wandb=null experiment=hg38/hg38 hyena model.d _model=128 model.n_layer=2 dataset.batch_s 1=

train:

pad_vocab_size_multiple: 8
4 » gou_mem: ${eval:“round(float(__impert_ (' subprocess').check_output(nvidia-smi -i @
trainer: seed: 2222
accelerator: gpu global_batch_size: 16
Let's describe a little about this command. devices: 1
num_nodes: 1

accumulate_grad_batches: ${div_up:${train.global_batch_size}, ${eval:${trainer.devic
max_epochs: 108

* eoxperiment=hg38/hg38 hyena passes the config for this experiment using a Hyena(DNA) model precision: 16 # b1 only 160

gradient_clip_val: 1.8

* model.d model-128 , and model.n layer-2 select the model width and depth, key hyparams # strategy: null

* dataset.max_length=1@24 sets the max sequence length sampled from the dataset, the model layer max length

is set from this too, or... h938/h938_hyenayam|

* model.layer.l max # you can set the max model length manually

model.d_inner # likewise, the reverse bottleneck with can be set manually too (default is 4x d_model) s— f— ¥
151TELESEY
Lots of other commands you can pass and customize, feel free to check out the experiment=hg3g8/hg3g_hyena for

details.

s (O ¢ W IV vaninn™ S nl ooy | _025



train.py

> class SequencelLightningModule(pl.LightningModule): -

@hydra.main(config_path="configs", config_name="config.yaml")
def main(config: OmegaConf):

### pytorch-lightning utils and entrypoint ###
# Process config:

> def create_trainer(config, **kwargs): - # - register evaluation resolver

# - filter out keys used only for interpolation

# - optional hooks, including disabling python warnings or
config = utils.train.process_config(config)

> def train(config):

# Pretty print config using Rich library
utils.train.print_config(config, resolve=True)

. i , . . train(config)
@hydra.main(config_path="configs", config_name="config.yaml")
def main(config: OmegaConf):
if __name__ == "__main__":
main()

42, ‘interval‘: ‘step', 'monitor': 'test/loss', ' in', 'ema': 0.0, 'test': , 'debug': 'ignore_warnin
'n_context': 0, 'n_context_eval': 0}, 'ckpt': i1sable_dataset , 'validate_at_start':

pretramed model_: strlct 'Lcad Tr ue, 'pretrained_model_state_hook': {' L. 'post_init_hook': {'_name_': !

‘decay': 0. 7}, ' gpu_mem' 41 ‘global_batch_size': 32}, 'tolerance': {'logdi esume’, 'id' ! ' ! H 1 ? * Ai_' = |\
! pytorch llgh‘tnlng Tralner', dev1ces : 1, 'accelerator': 'gpu', 'accumulate_grad_batches': 1, 'max_epochs': 50, 'gradient_clip_val' Con Ig tralnl’\ly KTG

log every n_steps': 10, 'limit_train_batches': 1.8, 'limit_val_batches': 1.0, 'num_nodes': 1, 'precision': 16}, 'loader': {'batch_size': 50, 'n !

m_workers': 4, 'pin_memory': True, 'drop_las True}, 'dataset': {'_name_': 'methyl', 'meta_file': '/home/yhsun/Project/MethMarkGPT/Ratio_base/wgbs_p

retrain_test/data_info.tsv', 'fasta_file' , 'dataset_name': 'methyl', 'tokenizer_name': 'char', 'cache_dir': 'max_length': 8192, 'add_eos':

rue, 'batch_size': 32, 'batch_size_eval': 64, 'num_workers': 12, 'shuffle': True, 'pin_memory': True, 'fasta_plus_file': '/home/yhsun/Project/MethMark

PT/Ratio_base/scrpit/plus_genome.fa', 'fasta_minus_file': ' /home/yhsun/Project/MethMarkGPT/Ratio_base/sc rpit/minus_genome.fa‘ , 'max_length_val': 8192,

'max_length_test': 8192, 'pad_max Length" e, 'rc_aug': True, 'use_fixed len_val': , ‘rep'Lace N token , 'pad_interval': }, 'optimi

er': {'_name_': 'adamw', 'lr': 0.0006, 'weight_decay': 0.1, 'betas': [0.9, 0.999]}, 'scheduler': {'_name_': 'cosine_warmup_timm', 't_1in_epochs': Ie'l QA

, 't_initial': 190750, 'lr_min': 5. 99999999999999955 05, 'warmup_lr_init': 1e-06, 'warmup_t': 1907 5}, 'callbacks': {'learning_| rate _monitor': {'logging u n * n h g 38/h g 38 hyen a yaml
interval': 'step'}, 'timer': {'step': True, 'inter_step': , 'epoch': True, ‘vaL‘: True ‘params': {'total' True, "trainable': True, 'fixed': Tr - — "

ue}, 'model_checkpoint': {'monitor': ‘test/loss‘ , 'mode': 'min', 'save_‘tup_k‘: l, ‘save_last': True, ‘dirpath‘: ‘checkpumts/‘ , 'filename': 'test/loss' ety

, 'auto_insert_metric_name': , 'verbose': True}}, 'task': {'_name_': 'lm', loss 'cross_entropy', 'torchmetrics': ['perplexity', 'num_tokens'], — myuubgﬂg%ﬁ*ﬂ%‘k 7

‘metrics': ['accuracy', ‘'accuracy@3']}, 'encoder’ 'decoder’ 'model’': {'_name_': 'lm', 'd _model': 128, 'n_layer': 8, 'd_inner': 512, 'voca m ’ °

b_size': 15, 'resid_dropout': 0.0, ‘'embed dropout': 0.1, 'fused mlp 0 fused ropout_add_1ln": , 'checkpoint_mixer' , 'checkpoint_mlp'
g , 'residual_in_fp32': True, 'pad_vocab_size_multiple': 8, layer {'_name_ hyena', 'emb_dim': 5, 'filter_order': 64, 'short_filter_order': 3
, 'L_max': 8194, 'modulate': True, 'w': 10, 'lr': 0.0006, 'wd': 0.0, 'lr_pos_emb': 0.0}}}

Config &ME |, ByamISUGSENEC BB B Ea5s: o0 | 2025




train.py

python hydra_test.py experiment=hg38/hg38 hyena

## hydra_test.py
import hydra
from omegaconf import OmegaConf

@hydra.main(config_path="configs", config_name="config.yaml",

def main(config: OmegaConf):
print(OmegaConf.to_yaml(config))
OmegaConf.save(config, "hydra_hg38 config.yaml")

if __name_ == "__main_ ":
main()

%run hydra_test.py experiment=hg38/hg38_hyena
v 0.5s

train:
seed: 2222
interval: step
monitor: test/loss
mode: min
ema: 8.0

version_base="1.1")

hg38/hg38_hyena.yaml

dataset:

# batch_size: 32 # Per GPU

batch_size: 256

max_length: 1624 # 262144, 524288

# optional, default is max_length
max_length_val: ${dataset.max_length}
max_length_test: ${dataset.max_length}
tokenizer_name: char

pad_max_length: null # needed for bpe tok
add_eos: true

rc_aug: false

num_workers: 12

use_fixed_len_val: false # placing a fixe
replace_N_token: false # replace N (uncer
pad_interval: false # handle uncertain to

SYHR— 1 hydra_hg38_config.yaml , F[EIER1511TELESE
M75Z1511T7RIS 8L |, EconfiglalAYARXE

EPMARIERIRSER |, 2025

hydra _hg38 config.yaml

dataset:

_name_: hg38
bed_file: null
fasta_file: null
dataset_name: hg38
tokenizer_name: char
cache_dir: null

max_length: 1824 N

. kvl 'nn ¥ 1N 1
asos: tre  FTIRHISEUE AR ?
batch_size_eval: ${eval:${.batch_size} * 2}
num_workers: 12
shuffle: true
pin_memory: true
__train_len: ${div_up:1_oee_eee_eee, ${.max_length}}
1 max: ${.max_length}
max_length_val: ${dataset.max_length}
max_length_test: ${dataset.max_length}
pad_max_length: null
rc_aug: false
use_fixed_len_val: false
replace_N_token: false
pad_interval: false



(hyena-dna) 7H-01~2025 | 12:00:54

$ python hydra_test.py experiment=hg38/hg38 hyena --info defaults

Defaults List
ek ek ok e ook o

yhsun@localhost | ~/Project/MethMarkGPT/Ratio_base/hyena-dna

> experiment > hg38 > ! hg38_hyena.yaml

# @package _global_
defaults:
- /pipeline: hg3s

- override /scheduler: cosine_warmup_timm

Config path Package | Parent

hydra/output/default hydra/conﬁg 35 > pipeline > 1 hg3g.yaml
hydra/launcher/basic . launcher hydra/config # @package _global
hydra/sweeper/basic . sweeper hydra/config P g 8 =
hydra/help/default .help hydra/config defaults:
hydra/hydra_help/default .hydra_help hydra/config - /trainer: default
hydra/hydra_logging/default .hydra_logging hydra/config - /loader: default
hydra/job_logging/default .job_logging hydra/config - /dataset: hg38
hydra/env/cjefault .env hydra/config - /optimizer: adamw
:g:;?gc;';;tg :::gg:: - /scheduler: cosine_warmup
trainer/default trainer pipeline/hg38 - /callbacks: [base, checkpoint]
loader/default loader pipeline/hg38 .

dataset/hg38 dataset pipeline/hg38 train:

optimizer/adamw optimizer pipeline/hg38 monitor: test/loss
scheduler/cosine_warmup_timm pipeline/hg38 mode: min

callbacks/base callbacks pipeline/hg38

callbacks/checkpoint callbacks pipeline/hg38 task:

pipeline/hg38 exper iment/hg38/hg38_hyena name : 1m

experiment/hg38/hg38_hyena

config.yaml

config.yaml

loss: cross_entropy

torchmetrics: ['perplexity', ||'num_tokens']

encoder: null
decoder: null

\ 4

L— experiment/hg38/hg38_hyena.yaml

dataset/hg38.yaml

configs > dataset > I hg38.yaml

callbacks/base.yaml

> callbacks > ! baseyaml

callbacks/checkpoint.yaml

5 > callbacks > ! checkpoint.yaml

L— pipeline/hg38.yaml
I— trainer/default.yaml

1 _name_: hg38 learning_rate_monitor: PR
I— loader/default.yaml 2 bed_file: null # _target_: pytorch_lightning.callbac v model_checkpoint: . .

3 fasta file: null logging_interval: ${train.interval} # _target_: pytorch_lightning.call
I— dataset/hg38.yaml - . . .

a dataset_name: hg38 monitor: ${train.monitor} # name o
|— optimizer/adamw.yaml 5  tokenizer_name: null timer: ) ) mode: ${train.mode} # can be "max"
— scheduler/cosine_warmup_timm.yaml 6  cache_dir: null # _target_: callbacks.timer.Timer save_top_k: 1 # save k best models

- - 7 mex_length: 1024 seep: True save_last: True # additionaly alwa
L callbacks/ . inter_step: False - . y
8 add_eos: True di L om . "
- epoch: True irpath: "checkpoints/

|— base.yaml 9  batch_size: 8 # per GPU . . "

. ) ; . . val: True # this saves an annoying "epoch=12
L checkpoint . yaml 18 batch_size_eval: ${eval:${.batch_size} * 2} “ lik ide th

11 num_workers: 4 # For preprocessing only paranms: seems lilke you can override e

. ’ # filename: "{epoch:@2d}"

12 shuffle: True # _target_: callbacks.params.ParamsLo . { P . Fs

13 pin_memory: True total: True filename: ${train.monitor}

14 __train_len: ${div_up:1_eee_eee_eee, ${.max_length}} trainable: True auto_insert_metric_name: False

15 _ 1 max: ${.max_length} fixed: True verbose: True

EPMARIERIRSER |, 2025



train.py

def train(config):

if config.train.seed is not None: _ .
pl.seed everything(config.train.seed, workers=True) — ZEMtramer

trainer = create_trainer(config)

model = SequencelLightningModule(config)

=1\
# Load pretrained_model if specified o IEMmOdeI
if config.train.get("pretrained_model_path", None) is not None:
# PTL style. Note, method returns a new model object, and need to pass config.
model = SequencelLightningModule.load_from_checkpoint(
config.train.pretrained_model_path,
config=config,

strict=config.train.pretrained_model_strict_load,

# Run initial validation epoch (useful for debugging, finetuning)
if config.train.validate_at_start:
print("Running validation before training")
trainer.validate(model)

18911145

if config.train.ckpt is not None: — i}ﬁﬁﬁpytorch_"ghtningﬂzgg
trainer.fit(model, ckpt_path=config.train.ckpt)

else:
trainer.fit(model)

if config.train.test:
trainer.test(model)

EMARIRBIRS R , 2025



Trainer

def create_trainer(config, **kwargs)
callbacks: List[pl.Callback] = []
logger = None

# Lightning callbacks

# WandB Logging

if config.get("wandb") is not None: if "callbacks"™ in Config:
# Pass in wandb.init(config=) argument to get the nice 'x.y.@.z' hparams logged . . .
# Can pass in config_exclude_keys='wandb' to remove certain groups for name_, callback in con-Flg. callbacks.items ( ) .
import wandb - -
if config.get("wandb") is None and _name_ in ["learning_rate_monitor"]:
logger = CustomWandblLogger( —_ _— — —
config=utils.to_dict(config, recursive=True), / cont inue.
settings=wandb.Settings(start_method="fork"),
*config;wandb, log.info(f"Instantiating callback <{registry.callbacks[_name_]}>")

)

callback. name_ = _name_
callbacks)append(utils.instantiate(registry.callbacks, callback))

# Lightning callbacks
if "callbacks" in config:
for _name_, callback in config.callbacks.items():
if config.get("wandb") is None and _name_ in ["learning_rate_monitor"]:

continue
log.info(f"Instantiating callback <{registry.callbacks[_name_]}>")
callback._name_ = _name_

callbacks.append(utils.instantiate(registry.callbacks, callback))

# Add ProgressiveResizing callback
if config.callbacks.get("progressive_resizing”, None) is not None:
num_stages = len(config.callbacks.progressive_resizing.stage_params)
print(f"Progressive Resizing: {num_stages} stages")
for i, e in enumerate(config.callbacks.progressive_resizing.stage_params):
# Stage params are resolution and epochs, pretty print
print(f"\tStage {i}: {e['resolution']} @ {e['epochs']} epochs")

else:
trainer = hydra.utils.instantiate(config.trainer, callbacks=callbacks, logger=logger)

# Configure ddp automatically
n_devices = config.trainer.get('devices', 1)
if isinstance(n_devices, Sequence): # trainer.devices could be [1, 3] for example
n_devices = len(n_devices)
if n_devices > 1 and config.trainer.get('strategy', None) is None:
config.trainer.strategy = dict(
_target_='pytorch_lightning.strategies.DDPStrategy',
find_unused_parameters=False,

; gradient_as_bucket_view=True, # https://pytorch-lightning.readthedocs.io/en/stable/ad Trai n e rEg gﬂ}ﬁs‘ﬁzlzﬁj\ :

A ; - - %\ 2 [===]
# Init lightning trainer
log.info(i"lns\:intiating trainer <{config.trainer._target_}>") 1 . CO nfl g . tral nerEEg 2 é&@ag

# special processing for seqlen warmup scheduler (reload) e =]
if config.:allbaclfs.get(';seqlen_warmupTreload", No|:|e) is not N?ne: . y : 2 Callbacks \ % callbacks = {

# we need to instantiate manually instead of with hydra, since it expects a dict instead ¢ " :::' e " N . . ,

# so we convert everything to dicts (from hydra configs) \)'LI:I:I:I timer": src.callbacks.timer.Timer",

trainer_config_dict = dict(config.trainer) 3 IO er \ "params": "src.callbacks.params.ParamsLog",

epochs_cume = @ # track cumulative epochs " gg .Lx " . . . o h 1lish . 11b k . . "

accumulate_grad_schedule = {} # contains the accumulate_grad_batches schedule to init th¢] earning_rate_monitor™: pytorch_lightning.ca acks.LearningRateMonitor”,

"model_checkpoint™: "pytorch_lightning.callbacks.ModelCheckpoint",
for stage in config.callbacks.seqlen_warmup_reload.stage_params

"early_stopping": "pytorch_lightning.callbacks.EarlyStopping"
batch_size = stage['batch_size'] # curr batch size at this stage . "y—" pping . Py K 118 g . A y PP 'E :
grad_accum_factor = config.train.global_batch_size // batch_size # grad accum factor swa": "pytorch_lightning.callbacks.StochasticlWeightAveraging”,
accumulate_grad_schedule[epochs_cume] = grad_accum_factor # set the grad accum factor] "rich_model_summar‘y": "pytorch_lightning.callbacks.RichModelSummary",

epochs_cume += stage['epochs'] # increment epochs_cume for next stage _— " " . . . "
trainer_config_dict['accumulate_grad_batches'] = accumulate_grad_schedule # set the accun| rlch_pr‘ogr‘ess_bar‘ pytor“:h_llghtnlng-CallbaCks-RlChPPOQPESSBaP 2

trainer_config dict.pop(‘_target_') # only hydra uses this to instantiate "progressive_resizing": "src.callbacks.progressive_resizing.ProgressiveResizing",
# Set DDPStrategy to work with pl.Trainer
config.trainer.pop('strategy')

trainer_config_dict['strategy'] = DDPStrategy(find_unused_parameters=False, gradient_as_b| "seqlen_warmup_reload”: "src.callbacks.seqlen_warmup_reload.SeqlenWarmupReload”,

trainer = pl.Trainer(**trainer_config_dict, callbacks=callbacks, logger=logger) "gpu_a-F-Finity": "spre.callbacks .gpu_a-F-Finity.GpuA-F-Finity"

return trainer

"seqlen_warmup"”: "src.callbacks.seqlen_warmup.SeqlenWarmup"”,

eld™
=[tr’ainer = hydra.utils.instantiate(config.trainer, callbacks=callbacks, logger=logger) }

EMARIRBIRS R , 2025
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Trainer

# Lightning callbacks
if "callbacks" in config:
for _name_, callback in config.callbacks.items():
if config.get("wandb") is None and _name_ in ["learning_rate_monitor"]:
continue

log.info(f"Instantiating callback <{registry.callbacks[_name_]1}>")
callback._name_ name
callbacks.appaututils.instantiate(registry.callbacks, callback))

A 4

}

registry = { model = instantiate(registry, config)

"model": "models.MyModel",
"optimizer": torch.optim.Adam

FNnT
config = {

" name_": "model",
"hidden_size": 128,
"dropout™: 0.1

model =
models.MyModel(hidden_size=128,
dropout=0.1)

def instantiate(registry, config, *args, partial=False, wrap=None, **kwargs):

registry: Dictionary mapping names to functions or target paths (e.g. {'model': 'models.Sequg
config: Dictionary with a '_name_' key indicating which element of the registry to grab, and
wrap: wrap the target class (e.g. ema optimizer or tasks.wrap)

*args, **kwargs: additional arguments to override the config to pass into the target constru

config : MABIEESMAMNFH
EEETIHEER (RSN MENEH

e Curi
# Case 2a: s

N

# Case 1: no config

if config is None:
return None

# Case 2a: string means

if isinstanc

name was overloaded

elif isinstance(_target_, Callable):

if isinstance(config, str): _name_ =
_name_ = None P + t
_target_ = registry[config] —_ ar‘ge —_
config = {} . -
# Case 2b: grab the desired callable from name Conflg -
else: # Case 2b:
_name_ = config.pop("_name_")
_target_ = registry[_name_] Else .
# Retrieve the right constructor automatically based on type _name_ =
if isinstance(_target_, str):
fn = hydra.utils.get_method(path=_target_) —tar.ge-t—

U
tring means _name_ was ove
e(config, str):
None
registry[config]

HA _name_ ISEEIHSH—MEIR (£ registry BEHA) ;
HittgE TR 2/ BHRWIAR 2 H,

{}

grab the desired callable from name

_target_: MRFESENRNBHNFS
AILAREEE (0 mymodel ) , tBOILARSTREEEE (80 'models.mMyModel’ ) ;

config.pop("_name_")
registry[_name_]

fn = _target_
else:
raise NotImplementedError("instantiate target must be string or callable")

B registry[ name ] JAFE;

S ) config FI2EEA:

MyModel(**config) ,

# Instantiate object
if wrap is not None:
fn = wrap(fn)
obj = functools.partial(fn, *args, **config, **kwargs) \
# Restore _name_
if _name_ is not None:

config["_name_"] = _name_ 'Fn -
if partial: .
return obj Else "
else:

return obj()

# Retrieve the right constructor automatically based on type
if isinstance(_target_, str):
fn = hydra.utils.get _method(path=_target_ )
elif isinstance(_target_, Callable):
_target_

raise NotImplementedError("instantiate target must be

string or callable")

B4 A G B e gl ad
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Model

if not self.hparams.train.

SequenceDatasetf] 3£ 5E X

# We need to set Up the model in setup() because for some reason when training Ny M2 N
# In order to not overwrite the model multiple ti it st s,
# https://github. com/PyTorchLightning/pytorch-1ightning/issues/5418%1ssuscomme
_has_setup

class SequencelightningModule(jpl.LightningModule): - —
dE'F _i nit_( SEl'F, COF‘I'Fig) N self._has_setup = True registry = {}

_name_ = NotImplementedError("Dataset must have shorthand name")

# Convenience feature

wodel specifies encoder, combine it with main encode

: 3 : x encoder_cfg = u (self.hparams.encoder) + utils.to_list(
# Dlsable pr'O-Flllng execu-top - Thls PEduces memaofp decoder ety e:u ( # Since subclasses do not specify _ init__ which is instead handled by tH
t . # Subclasses can provide a list of default arguments which are automatica
tantiat stry.model, self.hparams.model) . - . . - .
ry ® Hitiaatin mm‘mmbmmponiim?mk:‘ij]) et B # TODO it might be possible to write this as a @dataclass, but it seems {
- . - @property
torch._C._jit_set_profiling_executor(False) ot rsemtiots che sk > |Idet) Snit deraliEs(EaTr

t orc h - _C . _j it_S Et_pr‘ O‘Fi l i ng_l"l"IOdE' ( F a 15 e ) :ni;:::e-ng‘:::“ s medwi # https://www.python.org/dev/peps/pep-8487/#subclass-registration

decoder = dec

L > def __init_subclass__(cls, **kwargs): -
except AttributeError: it i i o M Bl g
53::2::::: S Fatf“'m:z:i;ml::mdem"} te iy > def _ init_ (self, _name_, data_dir=None, **dataset_cfg): -
self.loss = self.tasl
pa 5s o ::Z;mk _va1’ def init(self):

self.loss_val = self.task.lo
self.metrics = self.task.metrics
self.train_torchmetrics = self.task.train_torchmetrics pass

- - self.val_torchmetrics = self.task.val_torchmetrics
super().__init s it ol

"""Hook called at end of __init__, override this instead of __init_ "

> def setup(self): -
* - » " def load_state_dict(self, state_dict, strictsfalse)
# Passing 1n config expands 1t one level, so cai P E— T
self.save_hyperparameters(config, logger=False) i};t:ﬁfitaimﬂ. > B e T ———
Sl > def _train_dataloader(self, dataset, **kwargs): -

def _proc

tate(self, batch, batch_idx, train=True):

# Dataset arguments

| o> def val_dataloader(self, **kwargs): -
>

self.dataset = SequenceDataset.registry[self.hpd ( —— > def test_dataloader(sslf, **kuargs):

def step(self, x_t):
* se 1-F - h pa rams. d Elta s Et > def _shared_step(self, batch, batch_idx, prefix="train"): > def _eval_dataloader(self, dataset, **kwargs):

) def on_train_epoch_start(self):

def _ str__(self):

def training ch_end 1f itput:
RS EReALIE SRR ad(SEA L, N TPULS) return self._name_

def on_:

tion_epoch_start(self):

def validation_epoch_end(self, outputs):

# Check hparams Y S ———

self._check_config() plLIghtﬂlﬂgMOdUIe%g@ HI 4k 74K

def training step(self, batch, batch_idx, datsloade =0):

def validation_step(self, batch, batch_idx, dataloader_idx=8):

def test_step(self, batch, batch_idx, dataloader_idx=a): /’J? % 2 _‘L‘/\ 7j Eﬁ —_— &
# PL has some bugs, so add hooks and make sure 1 Y S :/H\:EFI Ij‘—,lﬁ~ LA A —z
self._has_setup = False ——— SN
def _eval_dataloaders(self): b M Odel E@ E X

def val_dataloader(self):

self.setup() ## Added by KS

aloader(self):

e e e S « EpochfilZ:
« EpochfJi¥flifatr

### pytorch-lightning utils and entrypoint ###
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Model

self.dataset|= SequenceDataset.registry[self.hparams.

dataset._name_]k

fRiEdataset._ name HEFT
{SEFARYSS

**self.hparams.dataset

class

class

class

class

class

class

class

HG38(SequenceDataset)

GenomicBenchmark (HG38): ---

NucleotideTransformer(HG38): -

ChromatinProfile(HG38): .-

Species(HG38): .-

ICLGenomics(HG38): -

HG38Fixed(HG38): -

\ - test_dataloader

T
class HG38(SequenceDataset):
Base class, other dataloaders can inherit from this class.

You must implement the following functions:
- _init__
- setup

You can then use (already have access to) the following functions
- train_dataloader
- val_dataloader

#####4 very important to set this! ######

_name_ = "hg38" # this name is how the dataset config finds the

def init_datasets(self):
"""Init the datasets (separate from the tokenizer)"""

# delete old datasets to free memory

if hasattr(self, 'dataset_train'):
self.dataset_train.fasta.seqs.close()
del self.dataset_train.fasta.seqs

# delete old datasets to free memory

if hasattr(self, 'dataset_test'):
self.dataset_test.fasta.seqgs.close()
del self.dataset_test.fasta.seqs

# Create all splits: torch datasets
self.dataset_train, self.dataset_val, self.dataset_test = [
5p1it=sp1it,
bed_file=self.bed_file,
fasta_file=self.fasta_file,
max_length=max len,

configs > dataset\\ I' hg38.yaml

1

W oo ~J o v B w M

P B R R R R
vk WM RO

_name_:| hg38
bed_file: null
fasta_file: null
dataset_name: hg38
tokenizer_name: null

cache_dir: null

max_length: 1024

add_eos: True

batch_size: 8 # per GPU

batch_size_eval: ${eval:${.batch_size} * 2}
num_workers: 4 # For preprocessing only

shuffle: True

pin_memory: True

__train_len: ${div_up:1_oe0_B066_0ee, ${.max_length}}
_ 1 max: ${.max_length}

=+ IR =kIE% , ZUZD
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Model

# Instantiate model > def create_mixer_cls( ‘-
self.model = utils.instantiate(registry.model, self.hparams.model)

> def create_mlp_cls( ‘-

model = { > def create_block(
# Backbones from this repo
"model"™: "src . models. seguence, SeguenceModel™
Im": src.models.sequence.lon§=conv=lm.ConvLMHeadModel R g https://github.com/huggingface/transformers/blob/c28dd

"Im_simple": "src.models.sequence.simple_lm.SimplelLMHeadModel", S def init T ohts( -
"vit_b_16": "src.models.baselines.vit_all.vit_base_patchls_224", S ik

"dna_embedding”: "src.models.sequence.dna_embedding.DNAEmbeddingModel”, I

"bpnet"”: "src.models.sequence.hyena_bpnet.HyenaBPNet" 1
} > class LMBackbone(nn.Module): -

layer = {
"id": "src.models.sequence.base.Sequenceldentity", > class ConvLMHeadModel(nn.Module, GenerationMixin): -
"ff": "src.models.sequence.ff.FF",

mha": "src.models.sequence.mha.MultiheadAttention",

"s4d": "src.models.sequence.ssm.s4d.S4D", > class DNAEmbeddingModel(nn.Module, GenerationMixin): -
"s4_simple": "src.models.sequence.ssm.sd4_simple.SimpleS4Wrapper",
"long-conv": "src.models.sequence.long_conv.LongConv",
"h3": " .models. .h3.H3" .
src.modezls.sequence ’ > def load_backbone(model, state_dict, freeze_backbone=Fal
"h3-conv": "src.models.sequence.h3_conv.H3Conv",
"hyena": "src.models.sequence.hyena.HyenaOperator",
"hyena-filter": "src.models.sequence.hyena.HyenaFilter",

vit": "src.models.sequence.mha.VitAttention”, > def shard_state_dict_tp(state_dict, world_size, rank, pg

EMARIRBIRS R , 2025



Model

class ConvLMHeadModel(nn.Module, GenerationMixin):

def

) -> None:

_dinit_ (

self,

d_model: int,

n_layer: int,

d_inner: int,

vocab_size: int,
process_group=None,
layer=None,
attn_layer_idx=None,
attn_cfg=None,
max_position_embeddings=@,
resid_dropout: float = @.@,
embed_dropout: float = ©.1,
dropout_cls=nn.Dropout,
layer_norm_epsilon: float = le-5,
initializer_cfg=None,
fused_mlp=False,
fused_dropout_add_ln=False,
residual_in_fp32=False,
pad_vocab_size_multiple: int = 1,
sequence_parallel=True,
checkpoint_mlp=False,
checkpoint_mixer=False,
device=None,

dtype=None,

**kwargs,

factory_kwargs = {"device": device, "dtype": dj
super().__init_ ()

self.process_group = process_group

if vocab size % pad vocab size multiple != 9: -
self.backbone = LMBackbone( -

def

def

1t process_group 1s None: -

else: -+

# Initialize weights and apply final processin
self.apply( -

self.tie_weights()

tie_weights(self):

self.1lm_head.weight = self.backbone.embeddings

if self.process_group is not None:
sync_shared_params(self, self.process_grou

forward( -

class LMBackbone(nn.Module):
def __init_ (

self,

d_model: int,
n_layer: int,
d_inner: int,
vocab_size: int,
process_group=None,
layer=None,
attn_layer_idx=None,
attn_cfg=None,

if process_group is None:
self.embeddings = GPT2Embeddings( -
else:
self.embeddings = ParallelGPT2Embeddings( -

>

self.layers = nn.ModulelList(
[

create_block( ‘-

for i in range(n_layer)

self.drop_f = nn.Dropout(resid_dropout)
self.ln_f = nn.LayerNorm(d_model, eps=layer_norm_epsilon, **

if process_group is not None: “*

self.apply(
partial( -

)
self.tie_weights()

def tie_weights(self):

if self.process_group is not None:
sync_shared_params(self, self.process_group)

de-F(sel-F, input_ids, position_ids=None, inference_params

Y Kre==orm==re 22z

> 1R
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Model

def create_blockd
d_model,
d_inner=None,
process_group=None,
layer=None,
attn_layer_idx=None,

attn rfo=—hnng

factory_kwargs = {"device": device, "dtype": dtype}
mixer_cls = create_mixer_cls( -
mlp_cls = create_mlp_cls( -
norm_cls = partial(nn.LayerNorm, eps=layer_norm_epsilon,
block = Block(

d_model,

mixer_cls,

mlp_cls,

norm_cls=norm_cls,

prenorm=True,

resid_dropoutl=resid_dropoutl,
resid_dropout2=resid_dropout2,
fused_dropout_add_ln=fused_dropout_add_1ln,
residual_in_fp32=residual_in_fp32,
sequence_parallel=sequence_parallel and process_grou
mark_shared_params=process_group is not None,

def create_mixer_cls(

layer=None,
process_group=None,
attn_layer_idx=None,
attn_cfg=None,
layer_idx=None,
sequence_parallel=True,
device=None,
dtype=None,

factory_kwargs = {"device": device, "dtype": dtype}
parallel_kwargs = (
{"process_group": process_group, "sequence_parallel": sequence_parallel}
if process_group is not None
else {}
)
if attn_layer_idx is not None and layer_idx in attn_layer_idx:
causal = True if attn_cfg is None else attn_cfg.pop("causal”, True)
fused_bias_fc = (
False if attn_cfg is None else attn_cfg.get("fused_bias_fc", False)

)

if not fused_bias_fc:

assectprocessproun s fone. Tensorparallel JMHA cogiges fused bias_fe'

mha_cls = MHA if process_group is None else ParallelMHA

# ParallelMHA doesn't take 'fused_bias_fc', it is assumed tfat we fuse matmul + bias

if process_group is not None:
attn_cfg = copy.deepcopy(attn_cfg) # Don't modify the @riginal cfg
attn_cfg.pop("fused_bias_fc", None)
mixer_cls = partial(
mha_cls,

for layer_idx in range(12):
mixer_cls = create_mixer_cls(
layer=ssm_config,
attn_layer_idx=[3, 6, 9],
attn_cfg={"num_heads": 8, "causal": True},
layer_idx=layer_idx,

process_group=parallel_group

mixer

= mixer_cls(hidden_dim=768)

causal=causal,

layer_idx=layer_idx,

**(attn_cfg if attn_cfg is not None else {}),
**parallel_kwargs,

**factory_kwargs,
)

else:

fused_bias_fc = False if layer is None else layer.get("fused_bias_fc", False)

if process_group is not None:
assert fused bias fc . “TensorParallel SoM reguires fused bias_fc"
mixer_cls = instantiate(
registry.layer,
layer,
partial=True,

layer_idx=layer_idx,
**factory_kwargs,
**parallel_kwargs,

)

B o N oY o - T ] P - V=) S N T LT e e e
# **(ssm_cfg if ssm_cfg is not None else {}),
# **parallel_kwargs, **factory_kwargs)

return mixer_cls

A 4
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Model

# Instantiate the task
self.task = utils.instantiate(
tasks.registry, self.hparams.

task, dataset=self.dataset, model=self.model

class BaseTask:
""" Abstract class that takes car
- loss function
- arbitrary metrics
- forward pass
- (optional) encoder module that
- (optional) decoder module that

wnn

None

encoder
None

decoder

def __init__ (self, dataset=None,
""" This class is allowed to
self.dataset = dataset
self.model = model

if metrics is None: metrics =

torc
to_1
self._tracked_torchmetrics =

if torchmetrics is None:
self.torchmetric_names =

self.metric_names = to_list(metrics)

e of:

interfaces with dataset (inputs) and model
interfaces with dataset (targets) and model

model=None, loss=None, loss_val=None, metri
grab attributes directly off a constructed

[]

> class BaseTask: -

> class Scalar(nn.Module): -

> class LMTask(BaseTask): '

> class MultiClass(BaseTask): -

> class MaskedMultiClass(MultiClass): -

HG38Task(LMTask): -

> class

> class AdaptivelLMTask(BaseTask): '

hmetrics = []
ist(torchmetrics)

{}

BaseTask AE3E , EXIRKREL. THASrIRIENERE

registry = {
'base’: BaseTask,
'multiclass’': MultiClass,
"Im': LMTask,
'hg38': HG38Task,

"masked_multiclass": MaskedMultiClass,

EMARIRBIRS R , 2025
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Fconfig:{4-H 25

class LMTask(BaseTask):

Input shape x: torch.Size([128, 1023])

def forvard(self, batch, encoder, model, decader, _state): Encoder structure: Identity(}

o Decoder structure: Identity()
OQutput shape x: torch.Size([128, 1023, 16])
Rearrange shape x: torch.Size([130944, 16])
Rearrange shape y: torch.Size( )
Epoch O: %

Passes a batch \l’-\lL\l '\M— encoder, back
X, ¥, *z = batch

print(f"Input s
print(f"Ta
if len(z) == 0:
z = {}
else:
assert len(z) == 1 and 1isinstance(z[0Q], dict), "Dataloader
z = z[0
X, w = encoder(x, **z)

Input shape x: torch.Size([128, 1023])
Encoder structure: Identity()

Decoder structure: Identity()

Qutput shape x: torch.Size([128, 1023, 16])
Rearrange shape x: torch.Size([130944, 16])
Rearrange shape y: torch.Size( )
Epoch 0: ] |

print(f"Encoder structure:
X, state = model(x, **w, state= state)
print(f“Model structure: {model}")

self._state = state

print(f"Decoder structure: {d

X, w = decoder(x, state=state, **z)

x.logits

C= TG, L C () Input [batchsize, seqlen-1]

rearrange(y,

print(f'rea

Brint(F*rearrange . Output [batchsize, seglen-1, vacab_size]

P ——— Rearrange [batchsize* (seglen — 1), vacab_size]

(1n_f): LayerNorm((128,), eps=1e-05, elementwise_affine=True)
) Tensor Shape 34
(1m_head): Linear(in_features=128, out_features=16, bias=False)
)
(encoder): Identity()
(decoder): Identity()
(train_torchmetrics): MetricCollection( Embedding (B, L, H) =1~ token MEIREES H B9 E
(num_tokens): NumTokens()
(perplexity): Perplexity(

Input IDs (B, L) B £ batch size, L EFFEE

. == *
(loss fn): CrossEntropyLoss() Logits (B, L, V) V SiEF=Ah, S token FFNEEE
)
prefix=train/ Flatten logits (B=L, V) FAF cross_entropy
)
(val_torchmetrics): MetricCollection( _
Target token (B, L) — (B=L,) E#w token ID

(num_tokens): NumTokens()
(perplexity): Perplexity(

‘V(loss_fn): CrossEntropyLloss() E%**ﬁﬂzgﬁ;ﬂ% , 2025



Task

loss, accuracyiEN.

def cross_entropy(logits, y, ignore_index=-168):
logits = logits.view(-1, logits.shape[-1])
y = y.view(-1)
return F.cross_entropy(logits, y, ignhore_index=ignore_index)

def accuracy(logits, y):

logits = logits.view(-1, logits.shape[-1])

preds = torch.argmax(logits, dim=-1)

if y.numel() > logits.shape[@]:
# Mixup leads to this case: use argmax class
y = y.argmax(dim=-1)

y = y.view(-1)

return torch.eq(preds, y).float().mean()

Training_stepEREN T _shared_step , iIXNE2FR{ESEHEENER

&, ITEHEIRERA | XEEE Xloss

def training_step(self, batch, batch_idx, cataloader_idx=0):
|loss = self._shared_step(batch, batch_idx, prefix:"train")'

# Log the loss explicitly so it shows up in WandB
# Note that this currently runs into a bug in the progress bar with ddp (a
# https://github.com/PyTorchLightning/pytorch-lightning/pull/9142
# We additionally log the epochs under 'trainer' to get a consistent prefi
loss_epoch = {"trainer/loss": loss, "trainer/epoch": self.current_epoch}
self.log_dict(

loss_epoch,

on_step=True,

on_epoch=False,

prog_bar=False,

add_dataloader_idx=False,

sync_dist=True,

def _shared_step(self, batch, batch_idx, prefix="train"):

idx, train=(prefix == "train"))
X, ¥, W = self.forward(batch)

X: [batchsize* (seglen — 1), vacab_size

# Loss
EETYC S EVMP AL L A

loss = self.loss(x, y, **w) ]
else:

loss = self.loss_val(x, y, **w)

# Metrics

metrics = self.metrics(x, y, **w) ]

metrics|[ loss ]| = loss
metrics = {f"{prefix}/{k}": v for k, v in metrics.items()}

# Calculate torchmetrics
torchmetrics = getattr(self, f'{prefix}_torchmetrics')
torchmetrics(x, y, loss=loss)

log_on_step = 'eval' in self.hparams and self.hparams.eval.get('log_on

self.log_dict(
metrich
on_step=log_on_step,
on_epoch=True,
prog_bar=True,
add_dataloader_idx=False,
sync_dist=True,

)

# log the whole dict, otherwise lightning takes the mean to reduce it
# https://pytorch-lightning.readthedocs.io/en/stable/visualize/logging
self.log_dict(

torchmetrics,

on_step=log_on_step,

on_epoch=True,

prog_bar=True,

add_dataloader_idx=False,

sync_dist=True,

)

return loss

XERlossHIERE LT R EE Match BRFrEIRE
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Dataset

class HG38(SequenceDataset):

Base class, other dataloaders can inherit from this class.

You must implement the following functions:
- _init__
- setup

You can then use (already have access to) the following functions:
- train_dataloader
- val_dataloader
- test_dataloader

###### very important to set this! ######
_name_ = "hg38" # this name is how the dataset config finds the righ-

def _ init_ (self, bed_file, fasta_file, tokenizer_name=None, dataset,
def setup(self, stage=None): -

def init_datasets(self): ---

def train_dataloader(self, *args: Any, **kwargs: Any) -> Dataloader: -
def val_dataloader(self, *args: Any, **kwargs: Any) -> Union[Dataload:

def test dataloader(self, *args: Any, **kwargs: Any) -> Union[Dataloa:

# Create all splits: torch datasets
self.dataset_train, self.dataset_val, self.dataset_test = [
HG38Dataset(split=split,
bed_file=self.bed_file,
fasta_file=self.fasta_file,
max_length=max_len,
tokenizer=self.tokenizer, # pass the tokenize wrappe
tokenizer_name=self.tokenizer_name,
add_eos=self.add_eos,
return_seq_indices=False,
shift_augs=None,
rc_aug=self.rc_aug,
return_augs=False,
replace_N_token=self.replace_N_token,
pad_interval=self.pad_interval)
for split, max_len in zip(['train', 'valid', "test'], [self.max_]

class HG38Dataset(torch.utils.data.Dataset):

Loop thru bed file, retrieve (chr, start, end), query fasta

> def _ init_ (-
> def _ len_ (self): -
> def replace value(self, x, old_value, new_value): -

def _ getitem__ (self, idx):
"""Returns a sequence of specified len
# sample a random row from df
row = self.df.iloc[idx]
# row = (chr, start, end, split)
chr_name, start, end = (row[@], row[1], row[2])

wun

seq = self.fasta(chr_name, start, end, max_length=self.m

if self.tokenizer_name == 'char':

seq = self.tokenizer(seq,
add_special_tokens=True if self.add_eos else Fal
padding="max_length",
max_length=self.max_length,
truncation=True,

data = seq[:-1].clone() # remove eos

return data, target

« BtnZiE: WEaEE)IERd.
o input_ids[:-1] EEEREN (EHEEE—1 token)
» input_ids[1:] ZB#x label (FE&E—1 token)
o HEH:
« [EE7 token: [1, 2, 3, 4]
« A [1, 2, 3], BiR: [2, 3, 4]
- XE SHNE=EER: Wl R token,

EMARIRBIRS R , 2025
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Dataset

{[CLS]" 0, '[SEP]: 1, '[BOS]" 2, [MASK]" 3, '[PAD]" 4, [RESERVED]" 5, '[UNK]" 6, 'A": 7, 'C" 8, 'G": 9, 'T": 10,
"N’ : 11}

AATAATAAAGTGCCTT add_eos: true
Raw input:
tensor([7, 7,10, 7, 7,10, 7, 7, 7, 9,10, 9, 8, 8,10, 1])

Autoregressive input:

tensor([7, 7,10, 7, 7,10, 7, 7, 7, 9,10, 9, 8, 8, 10)),
tensor([ 7, 10, 7, 7,10, 7, 7, 7, 9,10, 9, 8, 8, 10, 1]
AATAATAAAGTGCCTT add_eos: false

Raw input:
tensor([7, 7,10, 7, 7,10, 7, 7, 7, 9,10, 9, 8, 8, 10, 10])

Autoregressive input:
tensor([7, 7,10, 7, 7,10, 7,
tensor([ 7, 10, 7, 7,10, 7, 7,

N N
© N
H
_o_©
=
© o
0 ©

.8, 8,10]),
8, 10, 10])
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HTFconfigS4H SRR,
Hyena-dnaf|SRIBMRELESIARNBIE | B AR ERIFIISthZ R

BEEREEENANE  TEENCHEMRAMSHFSEER & BT EEXFERLFR
Z¢(5) : EFhyena-dnail |

train_cfg = {'train': {'seed': 42, 'interval': 'step', 'monitor': 'test/loss', 'mode': 'min', 'ema': 0.0, 'test': False, 'debug': Fal 'ignore_warnin
gs': False, 'state': {'mode': None, 'n_context': 0, 'n_context_eval': 0}, 'ckpt': None, 'disable_dataset': False, 'validate_at_start': e,

: None, 'pretrained_model_strict_load': True, 'pretrained_model_state_hook': {'_name_': None}, 'post_init_hook': {'_name_': None}, 'layer

: {'_name_': None, 'decay': 0.7}, 'gpu_mem': 41, 'global batch_size': 128}, 'tolerance': {'logdir': './resume', 'id': None}, 'wandb': None, 'tra

": {'_target_': 'pytorch_lightning.Trainer', 'devices': 1, 'accelerator': 'gpu', 'accumulate_grad_batches': 1, 'max_epochs': 50, 'gradient_clip_val
'‘log_every_n_steps': 10, 'limit_train_batches': 1.0, 'limit_val_batches': 1.0, 'num_nodes': 1, 'precision': 16}, 'loader': {'batch_size': 50, '
num_workers': 4, 'pin_memory': True, 'drop_last': True}, 'dataset': {'_name_': 'methyl', 'meta_file': '/home/yhsun/Project/MethMarkGPT/Ratio_base/wgbs_
pretrain_test/data_info_2.tsv', 'fasta_file': None, 'dataset_name': 'methyl', 'tokenizer_name': 'char', 'cache_dir': None, 'max_length': 1024, 'add_eos
: True, 'batch_size': 128, 'batch_size_eval': 128, 'num_workers': 24, 'shuffle': True, 'pin_memory': True, 'max_length_val': 1024, 'max_length_test':

'pad_max Length None, 'rc_aug': True, 'use_fixed_len_val': False, 'replace N_token': False, 'pad_interval': False}, 'optimizer': {'_name_': 'ad
‘lr': 0.0006, wemght _decay': 0.1, 'betas': [0.9, 0.999]}, 'scheduler': {'_name_': 'cosine_warmup_timm', 't_in_epochs': False, 't_initial': 19075
‘Ir_min': 5. 9999999999999995& 05, 'warmup_lr_init': 1le-06, 'warmup_t': 1907 5}, 'callbacks': {'learning_rate_monitor': {'logging_interval': 'step'},
‘timer': {'step': True, 'inter_step': False, 'epoch': True, 'val': True}, 'params': {'total': True, 'trainable': True, 'fixed': True}, 'model_checkpo1i
nt': {'monitor': 'test/loss', 'mode': 'min', 'save_top_k': 1, 'save_last': True, 'dirpath': 'checkpoints/', 'filename': 'test/loss', 'auto_insert_metri
c_name': False, 'verbose': True}}, 'task': {'_name_': ‘Lm', 'loss': 'cross_entropy', 'torchmetrics': ['perplexity', 'num_tokens'], 'metrics': [ "accurac
y', 'accuracy@3']}, 'encoder': None, 'decoder': Hc ‘'model': {'_name_': 'lm', 'd_model': 128, 'n_layer': 8, 'd_inner': 512, 'vocab stze 15, 'resid_
dropout': 0.0, 'embed_dropout': 0.1, 'fused_mlp': se, 'fused_dropout_add_1ln': False, 'checkpoint_mixer': False, 'checkpoint_mlp': False, 'residual_1
n_fp32': True, 'pad_vocab_size_multiple': 8, ‘layer {'_name_': 'hyena', dim': 5, 'filter_order': 64, 'short_filter_order': 3, ‘L_max : 8194, 'mo
dulate': True, 'w': 10, 'lr': 0.0006, 'wd': 0.0, 'lr_pos_emb': 0.0}}}

= OmegaConf.create(train_cfg) .
= utils.train.process_config(config) Conflgﬂfg
.train.print_config(config, resolve=True)

#trainer, model = train(config)

if config.train.seed 1is not None:
pl.seed_everything(config.train.seed, workers=True)

Itrainer = create_trainer(config) Tral ner%}]yﬁ{‘b

#dm = methyl(meta_f1ile="/home/yhsun/Project/MethMarkGPT/Ratio_base/wgbs_pretrain_test/data_info.tsv"

ImodeL = Sequencel ightningModule(config) MOdeI %}Jyﬁ\{%

#dm = methvl(**confia.dataset)

#trainer.fit(model, datamodule=dm)

trainer.fit(model) = *E% 2025
Yy = I



F=Tconfig 4B SRENFIRIL

Using 16bit native Automatic Mixed Precision (AMP)
‘ : True (cuda), used: True
False, using: @ TPU cores
IPU available: False, using: 0 IPUs
HPU available: False, using: 0 HPUs
Trainer(limit_train_batches=1.0)" was configured so 100% of the batches per epoch will be used..
Trainer(limit_val_batches=1.0)" was configured so 100% of the batches will be used..
<class 'genomics.methyl'>
Generate dataset
/home/yhsun/Project/MethMarkGPT/Ratio_base/wgbs_pretrain_test/data_info_2.tsv
methyl
**Using Char-level tokenizer*x*
{'[cLs]': @, '[SEP]': 1, '[BOS]': 2, '[MASK]': 3, '[PAD]': 4, '[RESERVED]': 5, '[UNK]': 6
N': 14}
[ /scrplt/pancancer train/GSM721194.train.plus.genome.parquet’ ]
[Methleataset] Indexing parquet files: 100%| | 1/1 [00:00<00:00, 22.671t/s]
[INFO] Warmup cache (max 10) ...
['../scrpit/pancancer_valid/GSM721194.valid.plus.genome.parquet’]

[MethylDataset] Indexing parquet files: 100%| | 1/1 [00:00<00:00, 175.541t/s] Sl — 7
[INFO] Warmup cache (max 10) ... BDE é&*& ! ’-5)\22%?

['../scrpit/pancancer_test/GSM721194.test.plus.genome.parquet’]

[MethylDataset] Indexing parquet files: 100%| | 1/1 [00:00<00:00, 184.331it/s]
[INFO] Warmup cache (max 10) ...

0K3

self.dataset.setup ok

Run BaseTask

{'perplexity': <class 'src.tasks.torchmetrics.Perplexity'>, 'num_tokens': <class 'src.tasks.torchmetrics.NumTokens'>}

LOCAL_RANK: 0 - CUDA_VISIBLE DEVICES:

Hyperparameter groups [{'weight_decay': 0.0, 'lr': 0.0006}]

ConvLMHeadModel
encoder Identity
decoder Identity
train_torchmetrics | MetricCollection
val_torchmetrics MetricCollection
test_torchmetrics MetricCollection

Trainable params *Eﬂ%ﬂyzﬁ‘{'t'_ii“ gﬁ\

Non-trainable params
Total params
Total estimated model params size (MB)

. 100%|I| 468/468 [03:45<00:00, 2.081t/s, loss=1.29, val/accuracy=0.404, val/accuracy@3=0.866, val/loss=1.280, val/num_tokens=5441337, val/perp
global step 389: 'test/loss' reached 1.27863 (best 1.27863), saving model to 'checkpoints/test/loss-vl.ckpt' as top 1

2 100%|I| 468/468 [03:53<00:00, 2.011t/s, loss=1.2, val/accuracy=0.444, val/accuracy@3=0.878, val/loss=1.190, val/num_tokens=1.06e+7, val/perpl
global step 778: 'test/loss' reached 1.19610 (best 1.19610), saving model to 'checkpoints/test/loss-vi.ckpt' as top 1

: 1GG%|I| 468/468 [03:46<00:00, 2. G?lt/s, loss=1.16, val/accuracy—@ 460, val/accuracy@B—G 883, val/toss 1. 160, val/num tokens=1.58e+7, val/perp

I T . AAmT i a rv e N A _AFAAS FL a2 A Arsam R Al o a
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tokenFRill , £8inputfdtokent§Slogits

pretrained_model_path = config.train.pretrained_model_path
model = SequencelightningModule.load_from_checkpoint(
pretrained_model_path,

config=config,
strict=config.train.pretrained_model_strict_load,

)

embedding_weights = model.model.backbone.embeddings.word_embeddings.weight

#print(embedding_weights)

model = model.to("cuda")
model.eval()

put = [7, 7, 10, 7, 7, 19, 7, 7, 7, 9, 10, 9, 8, 8, 10,

input_x = input[:-1]
input_1ids = torch.tensor([ input_x], dtype=torch.long).to("cuda")

with torch.no arad():
output, state = model.model.forward( input_ids) >
Pl intioutput.Logits)

logits = output.logits
print(f"Shape logits: {logits.shape}")

Ipred_ids = torch.argmax(logits, dim=-1)

prunt(Tlnput 1ds: {wput}™)
print(f"True ids: {input )
print(f"Pred ids: {pred_ids}")

Shape logits: torch.Size([1, 15, 16])
Input ids: [7, 7, 10, 7, 7, 10, 7, 7, 7, 9, 10, 9, 8, 8, 10, 10]

True ds: [7, 10, 7, 7, 10, 7, 7, 7, 9, 10, 9, 8, 8, 10, 10]

Pred 1ds:

tensor([[ 7, 7, 7, 7, 7, 7, 7, 7, 7, 7,

EMARIRBIRS R , 2025
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features = {}

print(last_hidden_state.shape)
print(last_hidden_state)

def hook_fn(module,
features[ "last_hi

last_hidden_state =

1idden_state"]

input,

output):

, JRAFEIHMICHI T ibes 3

output.detach()

_state"]

handle = model.model.backbone.ln_f.register_forward_hook(hook_fn)
output, _ = model.model.forward( input_1ids)
features[ "last_h1idden

=ZHAmModelfYtESE | FEIERYEREHAIFERERIRE]

1B forward hook #&¢EX

THEZEC, DEESEMNS TERENmEs EW0, S8, hookiLHE—
SRR |, 1) S SRR RS P G IR T, |

PyTorch2— AT iEE=

[EATOTEE T e

A FEELARITEE,

Hook#HIEZET AT =M Fecm:

4 _register_forward_hook(): beMEEmIFRIHERE MERIRIEEIEERm TN — M IERE, R NEERRS R E SR
A, AT a2 RERI S 7R 8 BRI HISE,

« register_backward_hook(): Sregister_forward_hook()ZM], X-PMEFHAFRIMEREEETETIN—TERES. X TMEBSE
HLM EaEREE SRR, Sl BEFEHERE, XEMTH 1B RTE,

« register_hook(): IxE—1ERENEN, TLIEEETensordRBiEMhook, LiZTensorfEEEHITER, THRNERESRHSHRE
B, XKHEEYEETE, BT aNEET AU RHTESRIERM T KT,

flast_hidden_state = model.model.backbone( input_1ids)
print(last_hidden_state.shape)

ﬁ%?fwh%ﬁ SREPIZE— N gE

brint(last_hidden_state)

torch.Size([1,
0.7827,
0.7948,
0.8619,

tensor([[[
[

[
=
[

[

0.5735,
0.4180,
0.5360

15, 128])

-1.2525,
-1.2367,
-1.0982,

-2.1165,
-2.3366,
-0.7765,

.1667,
.1676,
.3225,

.4356,
.1654,
.2067,

device='cuda:0')

torch.Size([1,

tensor([[[ ©0.7827,
[ ©.7948,
[ ©.8619,

[ 9.5735,
[ 0.4180,
[ ©.5360,
device='cuda:0"',

15, 128])

-1.2525,
-1.2367,
-1.0982,

-2.1165,
-2.3366,
-0.7765,

1.

. 1667,
.1676,
NS 225N

.4356,
.1654,
2067,

, -0.
-0.
-0.

-0.
-0.
-0.

-0.
-0.
-0.

-0.
-0.
-0.

5038,
6339,
6707,

4281,
3489,
9045,

5038,
6339,
6707,

4281,
3489,
9045,
grad fn=<NativelayerNormBackward0Q>)

-0.
-0.
-1.

-0.
-0.
-1.

-0.
-0.
-1.

-0.
-0.
-1.

7896,
8245,
0373,

4211,
1096,
2236,

7896,
8245,
0373,

4211,
1096,
2236,

SR TIER S | Bkt

.9977],
.9781],
.0955],

.1095],
.3109],
.96711]11,

.9977],
.9781],
.0955],

.1095],
.3109],
.9671]11,

FT1EF backbone By forward

EMARIRBIRS R , 2025
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#H3ERE : nucleotide transformer enhancer dataset

https://huggingface.co/datasets/InstaDeepAl/nucleotide_transformer_downstream_tasks_revised/tree/main/enhancers

from src.dataloaders.datasets.hg38_char_tokenizer import CharacterTokenizer
import pandas as pd

test_data =

pd.read_parquet("test.parquet")

seq_data = test_data['sequence’]
label = test_data[ 'label']

tokenizer =

input_1ids
input_1ids
input_ids

. last_hidden

embedding
embedding

import matp
from sklear

def plot_tsne(features, perplexity=30, n_1iter=1000, random state=42):

CharacterTokenizer(
characters=['A', 'C', 'G', 'T', 'N'],
model_max_length=401,
add_special_tokens=False,
add_eos = False,)

tokenizer(seq_data.tolist())["input_1ids"]
torch.tensor( input_1ids, dtype=torch.long)
input_ids.to("cuda")

state = model.model.backbone( input_ids)

last_hidden_state.mean(dim=1)
embedding.detach( ).cpu( ).numpy( )

lotlib.pyplot as plt
n.manifold import TSNE

T
I tsne = TSNE(n_components=2, perplexity=perplexity, n_iter=n_iter, random_state=random_state) l

features_2d = tsne.fit_transform(features)
plt.ftigure(tigsize=(8, b))

t-SNE visualization

scatter = plt.scatter(features_2d[:, 0], features_2d[:, 1], c=label, alpha=0.7)

plt.
plt.
plt.
plt.
plt.

colorbar(scatter, label='Labels')
title('t-SNE visualization')
xLabel('TSNE Dim 1')

ylabel('TSNE Dim 2')

show( )

plot_tsne(embedding

1.0

- 0.8

- 0.6

- 0.4
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« Hyena-dnai@Zdecoder-only , B FT~—Maciull. F—Marciulipved{iz , 81 tokenfisiH 2 F—1
tokengYFLNI{E
« Hyena-dna2EThydrafISEIIEER , BEBAEN , FEH IR EREERESSVIR

« Hyena-dnait&EHfJlossflaccuracyE2EFbatchfIpfratokenitERY , EHIEDbatch-level
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