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JTIOJATOK A

Marepianu anpo6artii, my0Jikaiiii Ta mporpamMHoi peaizaiii

Y nopmaTky HaBeAEHO CYNPOBIAHI MaTepialid, IO MiATBEPAXKYIOTh
anpoOallio pe3ynbTariB KBam@ikamiiHoi poOOTH Ta MArOTOBKY MyOiKaiii 3a
TEMOIO JIOCIIIKCHHS.

Jlo maTepiaiiB anpooOarliii HaJiexkaTh Te3u J0moBil «[lopiBHsUIBHUE aHa13
Cy4JaCHHX METOAIB e(EeKTUBHOrO 3a TMapamMeTpaMu JoHaB4aHHA LLMy,
migrotopinedi  aua 30-ro MiKHaApOJAHOrO  MOJIOAIKHOTO  (hopymy
«Panmioenektponika Ta Mosioab y XXI cTOmITTI».

Jlo maTepiaiiB myOJIiKalii HAJIEXKUTh aHTJIOMOBHaA cTaTTs «Spectral Gated
Adapter: Parameter-Efficient Fine-Tuning with Gated Spectral Filters»,
MAroToBJIeHA BianoBigHO 10 Bumor REKS.

Cymposigai  ¢aitmn: SPECTRAL GATED ADAPTER article.pdf,
matepiann MM®, trebov. REKS.

@®parmMeHT nporpamHoi peamsamii Spectral Gated Adapter naBeneHo B
mictuary A.l. Kox mogano B momatky, mo0 30€pert MiTCHICTh OCHOBHOTO
BHKJIQJTy Ta BOJTHOYAC IMOKA3aTH KIFOUOBI €JICMEHTH BiITBOPCHHS METOY.

Jlictunr A.1 — ®parmenT nporpamHoi peanmzanii Spectral Gated Adapter

class SpectralGatedAdapter (nn.Module) :
Novel adapter with spectral regularisation
and token-wise gating.

def  init (
self,
hidden size: int,
rank: int = 1o,
dropout: float = 0.1,
use gate: bool = True,
alpha init: float = 1.0,
temperature init: float = 0.0,
use residual 1ln: bool = False,
) e
super (). init ()

self.rank = rank
self.use gate = use gate



def

def

64

self.use residual 1n = use residual 1n
# Cache identity for spectral penalty
self.register buffer(
" identity", torch.eye(rank), persistent=False
)
self.down = nn.Linear (hidden size, rank, bias=False)
self.act = nn.SiLU()
self.up = nn.Linear (rank, hidden size, bias=False)
if self.use gate:
self.pre gate = nn.LayerNorm(hidden size)
self.gate = nn.Linear (
hidden size, rank, bias=True
)
else:
self.pre gate = None
self.gate = None
self.dropout = nn.Dropout (dropout)
self.residual scale = nn.Parameter (
torch.tensor (alpha init, dtype=torch.float32)
)
self.temperature = nn.Parameter (
torch.tensor (
temperature init, dtype=torch.float32
)
)
self.residual 1In = (
nn.LayerNorm(hidden size)
if self.use residual In
else None
)
self.last gate values = None
self.reset parameters/()

reset parameters(self) -> None:

nn.init.kaiming uniform (
self.down.weight, a=math.sqgrt (5)

)

nn.init.zeros (self.up.weight)

if self.use gate and self.gate is not None:
nn.init.zeros (self.gate.weight)
nn.init.zeros (self.gate.bias)

forward(
self, hidden states: torch.Tensor

) —> torch.Tensor:

source_ states = (
self.residual 1ln(hidden states)
if self.use residual In
and self.residual 1n is not None
else hidden states
)
down proj = self.down (source states)
if |



self.use gate
and self.gate is not None
and self.pre gate 1is not None

gate inputs = self.pre gate(source states)
# Shape: [Batch, Seq, Rank]
gate vals = torch.sigmoid(
self.gate(gate inputs)
* torch.exp(self.temperature)
)
if not self.training:
self.last gate values = (
gate vals.detach ()
)
else:
gate vals = 1.0
modulated = self.dropout (
self.act (down proj) * gate vals
)
up proj = self.up(modulated)
return self.residual scale * self.dropout (
up_proj
)

def spectral penalty(self) -> torch.Tensor:
identity = self. identity
if |
identity.device != self.down.weight.device
or identity.dtype != self.down.weight.dtype

identity = identity.to(
device=self.down.weight.device,
dtype=self.down.weight.dtype,
)
down cov = (
self.down.weight @ self.down.weight.T
)
up cov = self.up.weight.T @ self.up.weight
penalty down = torch.norm/(
down cov - identity, p="fro"
)
penalty up = torch.norm(
up cov - identity, p="fro"
)
penalty = penalty down + penalty up
if not torch.isfinite(penalty):
raise FloatingPointError (
"Non-finite spectral penalty."
)
return penalty
JicTuHT A.2 - dparMeHT OpPOoTpaMHOIl peajiszaniil
def inject sga adapters(
model: AutoModelForSequenceClassification,
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rank: int,
dropout: float,
use gate: bool = True,
alpha init: float = 1.0,
temperature init: float = 0.0,
use residual 1n: bool = False,
) —> List[SpectralGatedAdapter]:
adapters = []
for layer in model.bert.encoder.layer:
adapter = SpectralGatedAdapter (
model.config.hidden size,
rank=rank,
dropout=dropout,
use gate=use gate,
alpha init=alpha init,
temperature init=temperature init,
use residual ln=use residual 1n,
)
layer.output.add module (
"sga adapter", adapter
)

original fwd = layer.output.forward

def forward with adapter(
self, hidden states, input tensor,
original fwd=original fwd,
adapter=adapter

hidden states = original fwd(
hidden states, input tensor

)

return hidden states + adapter(
hidden states

)

layer.output.forward = types.MethodType (
forward with adapter, layer.output

)

adapters.append (adapter)

# Freeze backbone, unfreeze adapters + head

for param in model.parameters() :
param.requires grad = False

for adapter in adapters:
for param in adapter.parameters/() :

param.requires grad = True

for param in model.classifier.parameters() :

param.requires grad = True

return adapters
JicTuHT A.3 - dparMeHT OpPOTpPaMHOIl peajiszanii
class SpectralAdapterTrainer (Trainer) :



def  init (
self,
*args,
spectral lambda: float = le-4,
adapter modules: List]
SpectralGatedAdapter
1 = None,
**kwargs,

super (). 1init (*args, **kwargs)
self.spectral lambda = spectral lambda
self.adapter modules = (

adapter modules or []

)

def compute loss(

self, model, inputs, return outputs=False
) :

outputs = model (**inputs)

loss = outputs.loss

if (
self.spectral lambda > 0
and self.adapter modules

penalty = torch.zeros like(loss)
for adapter in self.adapter modules:
penalty = (
penalty
+ adapter.spectral penalty()
)
loss = (
loss
+ self.spectral lambda * penalty

return (
(loss, outputs)
if return outputs
else loss
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