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Lampiran 3 Source Code

import json

import logging

import math

import pickle

from dataclasses import dataclass, asdict

from datetime import datetime, timezone

from pathlib import Path

from typing import Any, Dict, Iterable, List, Literal, Optional,
Sequence, Tuple

import numpy as np

import pandas as pd

from scipy.sparse import csr matrix

from sklearn.decomposition import TruncatedSVD

from sklearn.metrics.pairwise import cosine similarity
from sklearn.preprocessing import StandardScaler

logger = logging.getLogger (
if not logger.handlers:
logging.basicConfig(
level=logging.INFO,
format="% (asctime)s % (levelname)s [%(name)s] % (message)s"

def precision at k(actual: Sequence[Any], predicted:
Sequence[Any], k: int) -> float:

"""Precision@k."""

if k <= 0 or not predicted:

return 0.0

topk = list (predicted) [:k]

hits = sum(l for x in topk if x in set (actual))

return hits / k

def recall at k(actual: Sequence[Any], predict : Sequence[Any],
k: int) -> float:

"""Recall@k."""

if not actual:

return 0.0

topk = list (predicted) [:k]

hits = sum(l for x in topk if x in set (actual))

return hits / len(set (actual))
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def dcg at k(rels: Sequence[int]) -> float:
"""DCG dasar untuk daftar relevansi biner/real."""
return sum((rel / math.log2(i + 2)) for i, rel in
enumerate (rels))

def ndcg at k(actual: Sequence[Any], predicted: Sequence[Any], k:
int) -> float:

"""nDCG@k (biner)."""

topk = list (predicted) [:k]

rels = [1 if x in set(actual) else 0 for x in topk]

idcg dcg at k(sorted(rels, rever ))

if idcg == 0.0:

return 0.0
return dcg_at k(rels) / idcg

def hit rate at k(actual: Sequence[Any], predicted: Sequence[Any],
k: int) -> float:

mn "HitRate@k. moan

topk = list (predicted) [:k]

return 1.0 if any(x in set(actual) for x in topk) else 0.0

@dataclass
class FECFConfig:
n_components: int = 64
alpha content: float =
.1)
half life days: float =
— lebih 51 f)
max neighbors: 200
ighborhc dip saa scoring
user col: "user id"
item col: str = "item id"
weight col: str = "weight"
(implicit), default=1
timestamp col: Optional[str] = "timestamp"

feature cols: Optional[List[str]] = None #
(numerik atau kategori)

def to json(self) -> str:
return Jjson.dumps (asdict(self), ensure
indent=2)

def to epoch seconds(ts: Any) -> Optional[float]:
"""Konversi berbagai format timestamp - epoch detik."""
if ts is None or (isinstance(ts, float) and math.isnan(ts)):
return None
if isinstance(ts, (int, float)):
# heuristik ms vs s
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return float (ts)
if isinstance(ts, str
try:

/ 1000.0 if ts > 1el2 else float(ts)
) :

return datetime.fromisoformat (ts.replace("z2",
"+00:00")) .timestamp ()
except Exception:
return None
if isinstance (ts, datetime):
if ts.tzinfo is None:
ts = ts.replace(tzinfo=timezone.utc)
return ts.timestamp ()
return None

def apply time decay(w: float, t: Optional[float], n
Optional[float], half life days: float) -> float:

"""Peluruhan eksponensial pada bobot interaksi untuk
memodelkan tren (mengutamakan interaksi terbaru)."""

if now is None or t is None or half life days <= O:

return float (w)

hl seconds = half life days * 86400.0

decay = 0.5 ** ((now - t) / hl seconds)

return float(w) * float (decay)

def ensure categorical (df: pd.DataFrame, c 5: List[str]) ->
pd.DataFrame:
"""One-hot untuk kolom kategorikal; kolom numerik dilewatkan
apa adanya."""
cat cols, num cols = [], []
for ¢ in cols:
if pd.api.types.is numeric dtype(df[c]) :
num_cols.append(c)
else:
cat cols.append/ (c)
out = []
if num cols:
out.append (df [num cols].astype (float))
if cat cols:
out.append (pd.get dummies (df [cat cols].astype ("category"),
dummy na=False))
return pd.concat (out, ax if out else
pd.DataFrame (index=df.index)

class FeatureEnhancedCF:

Feature-Enhanced Collaborative Filtering (FECF).

Pipeline ringkas:
1) bentuk matriks user-item (csr), terapkan time-decay ke
bobot.
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2) SVD pada matriks — faktor laten item; cosine-similarity
(CF) .

3) siapkan matriks fitur item (one-hot + standar) — cosine-
similarity (konten).

4) blend similarity: S = (l-a)*S cf + o*S content.

5) rekomendasi: agregasi similarity tetangga item dari histori
pengguna.

Kenapa time-decay? Mengikat topik “tren” agar interaksi
terbaru lebih berpengaruh.

def init C ig: Optional [FECFConfig] = None) ->
None:
self.config = config or FECFConfig()
self. fitted = False

# Artefak

self.user index: Dict[Any, int]
self.item index: Dict[Any, int]
self.index user: List[Any] = []
self.index item: List[Any] = []

self.ui matrix: Optional[csr matrix] = None
self.item factors: Optional[np.ndarray] = None
self.svd: Optional [TruncatedSVD] = None

self.item features: Optional[pd.DataFrame] = None
self.scaler: Optional [StandardScaler] = None

self.sim cf: Optional [np.ndarray] = None
self.sim content: Optional[np.ndarray] = None
self.sim blend: Optional[np.ndarray] = None

# meta
self. seen by user: Dict[int, set] = {}

ons: pd.DataFrame,
pd.DataFrame,

Optional[str] = None,
Optional[str] = None,
Optional[str] = None,
Optional[str] = None,
7 Optional [List[str]] = None,
-> "FeatureEnhancedCF":

Latih model FECF.

Parameters
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interactions : DataFrame[user,item,weight, timestamp?]

items : DataFrame[item, fitur...]

user col : nama kolom user

item col : nama kolom item

weight col : nama kolom bobot (default=1 jika tidak ada)

timestamp col: cap waktu interaksi (opsional, untuk time-
decay)

feature cols : daftar kolom fitur item yang dipakai
(default: semua kecuali id)

cfg = self.config

ucol = user col or cfg.user col

icol = item col or cfg.item col

wcol = weight col or cfg.weight col

tcol = timestamp col if timestamp col is not None else
cfg.timestamp col

assert ucol in interactions.columns and icol in
interactions.columns, "Kolom user/item tidak ditemukan"
if wcol not in interactions.columns:
interactions = interactions.copy ()
interactions([wcol] = 1.0

# time-
now =
interactions([tcol] .dropna () .apply( to epoch seconds) .max () if
(tcol and tcol in interactions) else None
if tcol and tcol in interactions.columns:
ts = interactions[tcol].apply( to epoch seconds)
else:
ts = pd.Series([None] * len(interactions),
interactions.index)
interactions[" w"] = [
_apply time decay(w, t, now, cfg.half life days) for
t in zip(interactions[wcol].values, ts.values)

. pengguna & tem (idx kontigu)
self.index user =
interactions[ucol] .astype ("category") .cat.categories.tolist ()
self.index item = pd.concat ([interactions[icol],
items[icol]]) .astype ("category") .cat.categories.tolist ()
self.user index = {u: i1 for i, u in
enumerate (self.index user) }
self.item index = {i: Jj for j, i in
enumerate (self.index item)}

i

interactions[ucol] .map (self.user index) .to numpy ()
col = interactions[icol].map(self.item index) .to numpy ()
data = interactions[" w"].astype(float).to numpy ()
n users = len(self.user index)
n items = len(self.item index)
self.ul matrix = csr matrix((data, (row, col)),
>=(n_users, n_items))
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# objek 'seen' per user untuk filter rekomendasi
self. seen by user = {}
for u, 1 in zip(row, col):
self. seen by user.setdefault (int (u),
set()).add(int (i))

faktor item
self.svd = TruncatedSVD(n components=cfg.n_ components,

oil untuk
antar 1tem
= self.ui matrix.T # shape: 1S
logger.info ("Fitting TruncatedSVD...")
self.item factors = self.svd.fit transform(iu)
k)

# simil ty CF ne antar item)

logger.info ("Computing item-item similarity (CF)...")
self.sim cf = cosine similarity(self.item factors) #
, Aiif )

np.fill diagonal (self.sim cf, 0.0)

# s can fitur item
if feature cols is None:
feature cols = [c for c in items.columns if c != icol]
feats =
ensure categorical (items.set index (icol).reindex(self.index item)

, feature cols)
if feats.shape[l] == 0:
self.sim content = np.zeros((n_items, n items),
dtype=float)
else:
self.scaler = StandardScaler (with m

self.scaler.fit transform(feats.values.astype (float))
logger.info ("Computing item-item similarity
(content)...")
self.sim content = cosine similarity (X)
np.fill diagonal (self.sim content, 0.0)

# blending

a = float(cfg.alpha content)

self.sim blend = (1.0 - a) * self.sim cf +
self.sim content

self. fitted = True

logger.info ("FECF fitted: users
n _users, n_items, cfg.n components)

return self

int) -> np.ndarray:
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"""Skor semua item untuk seorang user dengan neighborhood
similarity."""

assert self. fitted and self.sim blend is not None and
self.ui matrix is not None

seen = self. seen by user.get (user idx, set())

# prefer only neighbors of items seen by user (hemat

if not seen:

art user — guna
similarity)
pop = np.asarray(self.ui matrix.sum(a:
return pop / (pop.max() + le-8)
sim = self.sim blend # (I, I)
scores = np.zeros(sim.shape[0],
# ag similarit ari
for it seen:
# ambil tete
neigh idx np.argpart on(-sim[it],
kth=min (sim.shape[0]-1, self.config.max neighbors)) [:
self.config.max neighbors]
scores[neigh idx] += sim[it, neigh idx]
# nolkan item yang sudah dilihat
if seen:
scores[list(seen)] = -np.inf
return scores

recommend (
self,
r id: Any,
int = 10,
return scores: bool = False
) => List[Any] | List[Tuple[Any, float]]:
"""Top-k rekomendasi untuk satu user."""
if not self. fitted:
raise RuntimeError ("Model belum di-fit.")
if user id not in self.user index:
# cold
scores =
np.asarray(self.ui matrix.sum(axis=0)) .ravel ()
idx = np.argpartition(-scores, kth=min(k, len(scores)-

items = [self.index item[i] for 1 in idx[np.argsort (-
scores [idx]) ]]

return items if not return scores else list(zip(items,
scores|[idx[np.argsort (-scores[idx])]]))

uidx = self.user index[user id]
scores = self. score user (uidx)
top idx = np.argpartition(-scores, kth=min(k, len(scores)-

order = top_ idx[np.argsort(-scores|[top idx])]

result items = [self.index item[i] for i in order]

return result items if not return scores else
list(zip(result items, scores[order].tolist()))
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pd.DataFrame,

( Optional[str] = None,

item col: Optional[str] None

) —=> Dict[str, float]:

Evaluasi sederhana pada set uji (implicit).

Gunakan leave-one-out/holdout di luar fungsi ini untuk
pembagian data.

if not self. fitted:

raise RuntimeError ("Model belum di-fit.")
ucol = user col or self.config.user col
icol = item col or self.config.item col

grouped =
test interactions.groupby (ucol) [icol] .apply(list)

precs, recs, ndcgs, hits = [], []1, [1, I[]

for uid, actual items in grouped.items () :
preds = self.recommend(uid, k=k, return scores=False)
precs.append (precision at k(actual items, preds, k))
recs.append(recall at k(actual items, preds, k))
ndcgs.append (ndcg at k(actual items, preds, k))
hits.append(hit rate at k(actual items, preds, k))

return {
f"precision@{k}": float (np.mean (precs) if precs else

f"recall@{k}": float (np.mean(recs) if recs else 0.0),
f"ndcg@{k}": float (np.mean(ndcgs) if ndcgs else 0.0),
f"hit rate@{k}": float (np.mean (hits) if hits else

path: str | Path) -> None:
model dan artefak ke file .pkl."""
if not self. fitted:
raise RuntimeError ("Model belum di-fit.")
path = Path (path)
obj = {
"config": asdict(self.confiqg),
"index user": self.index user,
"index item": self.index item,
"item factors": self.item factors,
"sim cf": self.sim cf,
"sim content": self.sim content,
"sim blend": self.sim blend,
"seen by user": {int(k): list(v) for k, v in
self. seen by user.items()},
"scaler mean": getattr(self.scaler, "mean ", None),
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"scaler scale": getattr(self.scaler, "scale ", None),
}
with path.open ("wb") as f:

pickle.dump (obj, f)
logger.info ("Model tersimpan di ", str(path))

@classmethod
def load(cls, path: str | Path) -> "FeatureEnhancedCF":
"""Muat model dari file .pkl."""
path = Path (path)
with path.open("rb") as f:
obj = pickle.load (f)
model = cls (FECFConfig (**obj["config"]))
model.index user = obj["index user"]
model.index item = obj["index item"]
model.user index = {u: i1 for i, u in
enumerate (model.index user) }
model.item index = {it: j for j, it in
enumerate (model.index item) }
model.item factors = obj["item factors"]
model.sim cf = obj["sim cf"]
model.sim content = obj["sim content"]
model.sim blend = obj["sim blend"]
model. seen by user = {int(k): set(map(int, v)) for k, v
in obj["seen by user"].items() }
# s >r optional
if obj.get ("scaler scale") is not None:
model.scaler = StandardScaler (with mean=False)

model.scaler.scale = np.asarray(obj["scaler scale"])
model.scaler.mean = np.asarray(obj["scaler mean"]) if
obj.get ("scaler mean") is not None else None

model. fitted True
logger.info ("Model dimuat dari %s", str(path))
return model

import logging

import math

import pickle

from dataclasses import dataclass, asdict

from pathlib import Path

from typing import Any, Dict, Iterable, List, Optional, Sequence,
Tuple

import numpy as np

import pandas as pd

import torch

from torch import nn

from torch.utils.data import Dataloader, Dataset
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logger = logging.getLogger (__name_)
if not logger.handlers:
logging.basicConfig(
evel=logging.INFO,
format="% (asctime)s % (levelname)s [% (name)s]

def precision at k(actual: Sequence[Any],
Sequence[Any], k: int) -> float:
if k <= 0 or not predicted:
return 0.0
topk = list (predicted) [:k]
hits = sum(l for x in topk if x in set (actual))
return hits / k

% (message)s"

def recall at k(actual: Sequence[Any], predicted: Sequencel[Any],

k: int) -> float:
if not actual:
return 0.0
topk = list (predicted) [:k]
hits = sum(l for x in topk if x in set(actual))
return hits / len(set (actual))

def dcg at k(r
return sum
enumerate (rels

els: Sequence[int]) -> float:
((rel / math.log2(i + 2)) for i, rel in

))

def ndcg at k(actual: Sequence[Any], predicted: Sequence[Any], k:

int) -> float:
topk = list (predicted) [:k]

rels = [1 if x in set(actual) else 0 for x in topk]

idcg dcg at k(sorted(rels, reverse=True))
if idcg == 0.0:

return 0.0
return dcg_at k(rels) / idcg

def hit rate at k(actual: Sequencel[Any], pre
k: int) -> float:

topk = list (predicted) [:

Sequence [Any],

) [:k]
return 1.0 if any(x in set(actual) for x in topk) else 0.0

i

@dataclass
class NCFConfig:
user col: str = "user id"
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item col: str = "item id"

r
weight col: str = "weight"
timestamp col: Optional[str] = "timestamp"

n users: Optional[int] = None
n items: Optional[int] None

embedding dim: int = 64
mlp layers: Tuple[int,
dropout: float = 0.2

lr: float = le-3

batch size: int = 2048

epochs: int = 10

negative per positive: int = 4

half life days: float = 30.0 # untuk time-decay ¢
contoh (ops

seed: int

def to dict(self) -> Dictl[str, Any]:
return asdict (self)

def to epoch seconds(ts: Any) -> Optional[float]:
if ts i1s None or (isinstance(ts, float) and math.isnan(ts)):
return None
if isinstance(ts, (int, float)):
return float(ts) / 1000.0 if ts > 1lel2 else float (ts)
if isinstance(ts, str):
try:
from datetime import datetime, timezone
return datetime.fromisoformat (ts.replace("2",
"+00:00")) .timestamp ()
except Exception:
return None
if hasattr(ts, "timestamp") :
return float (ts.timestamp())
return None

def time decay(w: float, t: Optional[float], now:
Optional[float], half life d s5: float) -> float:
if now is None or t is None or half life days <= O0:
return float (w)
hl = half life days * 86400.0
return float(w) * (0.5 ** ((now - t) / hl))

class ImplicitNCFDataset (Dataset) :
Dataset implicit feedback untuk NCF dengan negative sampling.
Sampling negatif dilakukan per-epoch agar bervariasi.

def init (
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interactions: pd.DataFrame,

*
4

cfg: NCFConfig,
) —> None:
ucol, icol, wcol, tcol = cfg.user col, cfg.item col,
cfg.weight col, cfg.timestamp col
assert ucol in interactions and icol in interactions,
"Kolom user/item tidak ditemukan"

df = interactions([[ucol, icol] + ([wcol] 1f wcol in
interactions else []) + ([tcol] 1f (tcol and tcol in interactions)
else [])].copy()
if wcol not in df:
df [wcol] = 1.0

# reindex kontigu
self.users
df [ucol] .astype ("category") .cat.categories.tolist ()
self.items =
df[icol] .astype ("category") .cat.categories.tolist ()
self.u2i = {u: i for i, u in enumerate(self.users) }
self.i2i = {it: j for j, it in enumerate(self.items)}
self.n users = len(self.users)
self.n items = len(self.items)
# mapping ke index
df ["u"] = df[ucol] .map(self.u2i) .astype (np.int64)
df ["i"] = df[icol] .map(self.i2i) .astype (np.int64)

# time-decay bobot contoh

now = df[tcol].dropna() .apply( to epoch seconds) .max() if
(tcol and tcol in df) else None

ts = df[tcol].apply( to epoch seconds) if (tcol and tcol
in df) else pd.Series ([None] * len(df), index=df.index)

df[" w"] = [ _time decay(w, t, now, cfg.half life days) for
w, t in zip(df[wcol].values, ts.values)]

# set positif per user
self.positives by user: Dict[int, set] = {}
for u, it in zip(df["u"].values, df["i"].values):
self.positives by user.setdefault (int (u),
set()).add(int (it))

self.df = df[["u", "i", " w"]].reset index (drop=True)
self.neg k = int(cfg.negative per positive)
self.rng = np.random.default rng(cfg.seed)

# cache untuk rekome i (filter histori)
self.seen by user = {u: set(items) for u, items in
self.positives by user.items()}

def len (self) -> int:
return len(self.df) * (1 + self.neg k)
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def getitem (self, idx: int) -> Tuple[torch.Tensor,
torch.Tensor, torch.Tensor]:
# sampling dinamis: mapping idx — apakah negatif/p
pos_len = len(self.df)
if idx < pos_ len:
row = self.df.iloc[idx]
return (
torch.tensor ( 7 torch.long),
torch.tensor ( ' dtype=torch.long),
torch.tensor ( pe=torch.float32),
)
# sample negatif
pos _idx = idx % pos_len
row = self.df.iloc[pos_ 1idx]
u = int (row["u"])
# pilih item negatif yang belum pernah dilihat
while True:
it = int(self.rng.integers (0, len(self.items)))
if it not in self.positives by user.get(u, set()):
break
return (
torch.tensor (u, dtype=torch.long),
torch.tensor (it, orch.long),
torch.tensor (0.0, % torch.float32),

class NeuralCF (nn.Module) :
Neural Collaborative Filtering:
- GMF branch: elemen-wise product embedding user & item.
- MLP branch: concatenation — MLP.
- Fusion: penjumlahan logit GMF + MLP - sigmoid.

def init (self, n users: int, n items: int, embedding dim:
int, mlp layers: Sequence[int], dropout: float) -> None:
super (). init ()
self.user gmf = nn.Embedding(n users, embedding dim)
self.item gmf = nn.Embedding(n items, embedding dim)

self.user mlp = nn.Embedding(n_users, embedding dim)
self.item mlp = nn.Embedding(n_items, embedding dim)

mlp: List[nn.Module] = []
in dim = 2 * embedding dim
for h in mlp layers:
mlp += [nn.Linear(in _dim, h), nn.ReLU(inplace=True),
nn.Dropout (p=dropout) ]
in dim = h
self.mlp = nn.Sequential (*mlp) if mlp else nn.Identity()

self.fc gmf = nn.Linear (embedding dim, bias=False)
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self.fc mlp = nn.Linear (in dim,
self. init weights()

def init weights (se
# init menjaga stabilitas
for emb in [self.user gmf, self.item gmf, self.user mlp,
self.item mlp]:
nn.init.normal (emb.weight, std=0.01)
for m in self.modules () :
if isinstance (m, nn.Linear):
nn.init.xavier uniform (m.weight)
if m.bias is not None:
nn.init.zeros (m.bias)

def forward(self, u: torch.Tensor, i: torch.Tensor) ->

torch.Tensor:

# GMF

ug, ig = self.user gmf (u), self.item gmf (i)

gmf = ug * ig

# MLP

um, im = self.user mlp(u), self.item mlp (i)

mlp in = torch.cat([um, im], dim=-1)

mlp out = self.mlp(mlp in)

# fusi -
logit = self.fc gmf (gmf) + self.fc mlp(mlp out)
return torch.sigmoid(logit) .squeeze(-1)

@dataclass

class TrainState:
cfg: NCFConfig
n users: int
n items: int
model: NeuralCF

train ncf(
interactic : pd.DataFrame,
Optional [NCFConfig] = None,

3 Optional[str] = None,
) —> TrainState:

Latih NCF dari DataFrame interaksi implicit.
Parameters

interactions : DataFrame[user id, item id, weight?,
timestamp?]

cfg : NCFConfig

device : "cuda" / "cpu" (default: auto)
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cfg cfg or NCFConfig()
= ImplicitNCFDataset (interactions, cfg=cfqg)
n _users, n_items = ds.n users, ds.n_ items

model = NeuralCF (

=cfg.mlp layers,
=cfg.dropout,
)
device = device or ("cuda" if torch.cuda.is available() else
A\l Cpu" )
model.to (device)

optim = torch.optim.Adam (model.parameters(), lr=cfg.lr)
criterion = nn.BCELoss ()

loader = DatalLoader (ds, batch size=cfg.batch size,

shuffle=True, num kers=0, drop last=False)

logger.info ("Training NCF: users=%d items epochs=%d",
n _users, n_items, cfg.epochs)
model.train ()
for epoch in range(l, cfg.epochs + 1):
running = 0.0
for u, it, y in loader:
u = u.to(device)
it = it.to(device)
y = y.to(device)

optim.zero grad(set to none=True)

pred = model (u, it)

loss = criterion (pred, vy)

loss.backward ()

optim.step ()

running += float (loss.detach().cpu().item()) * len(u)
logger.info ("Epoch %d/%d - loss=%.5f", epoch, cfg.epochs,

running / len (ds))

return TrainState (cfg=cfg, n users=n users, n items=n_items,
model=model)

def rank items for user
TrainState,
x: int,
Optional [set],

b h: int = 409¢,
) —=> List[int]:
"""Skor seluruh item untuk satu user secara batch
(efisien) ."""
model = state.model
device = next (model.parameters()) .device
model.eval ()
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all items = np.arange(state.n items, dtype=np.int64)
scores = np.empty like(all items, dtype=np.float32)

with torch.no grad():
start = 0
while start < len(all items):
end = min(start + batch, len(all items))
u = torch.full((end - start,), user idx,
dtype=torch.long, =device)
it = torch.tensor(all items[start:end],
dtype=torch.long, device=device)
scores[start:end] = model (u,
it) .detach () .cpu() .numpy ()
start = end

if seen items:
scores[list (seen items)] = -np.inf # hindari item yang
dilihat

top idx = np.argpartition(-scores, kth=min (top k, len(scores)-
1)) [:top_kI

order = top_ idx[np.argsort(-scores[top idx])]

return order.tolist ()

def recommend (
state: TrainState,
interactions fit: pd.DataFrame,
user id: Any,
k: int = 10,

) —=> List[Any]:

Rekomendasi top-k untuk satu user.

Catatan: butuh “interactions fit  (yang dipakai saat training)
untuk memetakan

user/item asli - index internal & untuk mengetahui histori
(filter).

ucol, icol = state.cfg.user col, state.cfg.item col

# bangun kembali kategori untuk mapping (stabil terhadap
urutan)
PEI
interactions fit[ucol].astype ("category") .cat.categories.tolist ()
items
interactions fit[icol].astype ("category") .cat.categories.tolist()
u2i = {u: 1 for i, u in enumerate (users) }
i2i = {it: j for j, it in enumerate(items) }

if user id not in u2i:
# cold-start — populer global (frekuensi item)
pop = interactions fit[icol].value counts ()
return pop.index[:k].tolist ()

user idx = u2ifuser id]
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seen = set(
interactions fit.loc[interactions fit[ucol] == user id,

icol] .map(i2i) .dropna () .astype (int) .tolist ()

)

item idx = rank items for user(state, user idx,
seen items=seen, top k=k)

inv item = {j: it for it, J in i2i.items()}

return [inv_item[j] for j in item idx]

def evaluate(
sta TrainState,
int C "it: pd.DataFrame,
inte ion t : pd.DataFrame,
k: int 10,

) —-> Dict[str, float]:

Evaluasi sederhana pada set uji (implicit).
ucol, icol = state.cfg.user col, state.cfg.item col
grouped = interactions test.groupby(ucol) [icol].apply(list)

precs, recs, ndcgs, hits = [], [1, [], []

for uid, actual items in grouped.items() :
preds = recommend(state, interactions fit, uid, k=k)
precs.append (precision at k(actual items, preds, k))
recs.append(recall at k(actual items, preds, k))
ndcgs.append (ndcg at k(actual items, preds, k))
hits.append(hit rate at k(actual items, preds, k))

return {
f"precision@{k}": float (np.mean (precs) if precs else 0.0),
f"recall@{k}": float (np.mean(recs) if recs else 0.0),
f"ndcg@{k}": float (np.mean (ndcgs) if ndcgs else 0.0),
f"hit rate@{k}": float (np.mean (hits) if hits else 0.0),

c TrainState, path: str | Path) -> None:
"""Simpan state model ke .pkl (termasuk arsitektur &
bobot) ."""
path = Path (path)
obj = {
"cfg": state.cfg.to dict(),
"n users": state.n users,
"n items": state.n items,
"state dict": state.model.state dict(),
}
with path.open("wb") as f:
pickle.dump (obj, f)
logger.info ("NCF tersimpan di %s", str(path))
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def load(path: str | Path, device: Optional[str] = None) ->
TrainState:
"""Muat state model dari .pkl."""
path = Path (path)
with path.open("rb") as f:
obj = pickle.load (f)
cfg = NCFConfig (**obj["cfg"])
= NeuralCF (
1sers j["n users"],
j["n _items"],

dim=cfg.embedding dim,
y =cfg.mlp layers,
ut=cfg.dropout,

)

device = device or ("cuda" if torch.cuda.is available () else
"cpu")

model.load state dict (obj["state dict"])

model.to (device)

return TrainState (cfg=cfg, n_us s=obj ["n users"],
n items=obj["n items"], model=model)
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