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<?php
namespace App\Http\Controllers\Admin;

use App\Http\Controllers\Controller;
use Illuminate\Support\Facades\DB;
use Illuminate\Support\Facades\Log;

class c45PohonKeputusanAdminController extends Controller

{
protected string StableDataset = 'c45data historis';
protected string StablePohon = 'c45pohon keputusan';

protected array S$Satribut = [
'kelengkapan dokumen' =
Kerja Sama',
'tingkat implementasi' => 'C2 - Tingkat Implementasi
Kerja Sama',

> 'Cl Kelengkapan Dokumen

'cakupan aktivitas' => 'C3 - Cakupan Aktivitas Kerja
Sama',
'durasi_kerjasama’' => 'C4 - Durasi Kerja Sama',
17
protected string Starget = 'tingkat risiko';

protected array S$kelas = [
'Rendah’',
'Sedang',
'Tinggi',

1

protected string $tipeDataTraining = 'Training';

/**
* Mengambil data training dan membangun pohon keputusan
C4.5.

*/
public function generate()

{

try {
DB: :beginTransaction () ;

DB::table (Sthis->tablePohon)->delete () ;

Sdatasets = DB::table($Sthis->tableDataset)

->select (

'kelengkapan_ dokumen',

'tingkat implementasi’,

'cakupan_ aktivitas',

'durasi kerjasama',

'tingkat risiko'
)
->where ('tipe data', $this->tipeDataTraining)
->whereNotNull ('kelengkapan dokumen')
->whereNotNull ('tingkat implementasi')
->whereNotNull ('cakupan aktivitas')
->whereNotNull ('durasi kerjasama')
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->whereNotNull ('tingkat risiko')
->whereIn('tingkat risiko', $this->kelas)
->get ()

->map (fn (Sitem) => (array) Sitem)
->toArray () ;

if (count ($datasets) === 0) {
DB::rollBack() ;

return redirect ()

->route ('admin.analisis-risiko.mesin.pohon-

keputusan')
->with (
'error',

'Data training masih kosong atau belum

lengkap.'
) i
}

Sthis->buildTree (
data: S$datasets,

atributTersedia: array keys(Sthis->atribut),

parentPath: 'ROOT',
kondisi: null,
isRoot: true

DB::commit () ;

return redirect ()

->route ('admin.analisis-risiko.mesin.pohon-

keputusan')
->with (
'success',

'Pohon keputusan C4.5 berhasil digenerate.'

);
} catch (\Exception $e) {
if (DB::transactionLevel () > 0) {
DB::rollBack () ;
}

Log::error (

'GENERATE POHON KEPUTUSAN ERROR: ' . S$Se-
>getMessage ()
);
return back () ->with/(
'error',
'Gagal generate pohon keputusan: ' . Se-
>getMessage ()
)
}
}
/**
* Membangun pohon keputusan secara rekursif.
*/

private function buildTree (
array S$data,
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array SatributTersedia,
string S$parentPath =
?string $kondisi = null,
bool $isRoot = false

)+ void {
$jumlahData =

if

return;

}

S$jumlahRendah
$jumlahSedang =
$jumlahTinggi
Sentropy =

if (Sthis->isPure ($data)

Sthis->insertLeaf (
Sdata,
SparentPath,
Skondisi,
Sentropy,
$isRoot

);

return;

}

($jumlahData === 0) {

Sthis->countTarget ($data,
Sthis->countTarget ($data,
Sthis->countTarget ($data,
Sthis->entropy($data);

'ROOT',

count ($data) ;

'Rendah') ;
'Sedang') ;
'Tinggi') ;

| | empty(SatributTersedia)) {

Sbest = $this->bestAttribute ($data, S$atributTersedia);
if (!Sbest || $best['gain'] <= 0) {
Sthis->insertLeaf (
Sdata,
SparentPath,
Skondisi,
Sentropy,
SisRoot

)

return;

}

SbestAtribut = S$best['atribut'];

SbestGain = $best['gain'];

DB: :table ($Sthis->tablePohon)->insert ([
'atribut' => S$SbestAtribut,
'kondisi! => Skondisi,
'parent’ => S$SparentPath,
'jumlah data' => $jumlahData,
'jumlah rendah' => $jumlahRendah,
'jumlah sedang' => $jumlahSedang,
'jumlah tinggi' => $jumlahTinggi,
'entropy' => S$Sentropy,
'gain' => SbestGain,
'keputusan' => null,

'is root' => S$isRoot ? 1 0,
'is leaf' => 0,
'created at' => now (),
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'updated at' =>

1)

SnilaiAtribut =

now (),

collect ($data)

->pluck ($bestAtribut)

->filter ()
->unique ()
->values ()
->toArray();

SsisaAtribut = array values(array filter(
SatributTersedia,
fn ($atribut) => Satribut !== S$bestAtribut
));
foreach ($nilaiAtribut as $nilai) {
$subset = array values (array filter(
$data,
fn (Srow) => (Srow[SbestAtribut] ?? null) ===
Snilai
)) i
if (empty($Ssubset)) {
continue;
}
SchildPath = $parentPath
|||
SbestAtribut
Snilai;
Sthis->buildTree (
data: S$subset,
atributTersedia: $sisaAtribut,
parentPath: $childPath,
kondisi: $nilai,
isRoot: false
);
}
}
/**

* Menyimpan node daun beserta keputusan kelas mayoritas.

*/

private function insertLeaf (

array S$data,

string $parentPath,
?string S$kondisi,
float S$entropy,

bool $isRoot = false
)¢ void {
DB::table($Sthis->tablePohon)->insert ([
'atribut' => null,
'kondisi' => S$kondisi,
'parent'’ => S$parentPath,

'jumlah data'
'jumlah rendah'
'Rendah'),

count ($data),
Sthis->countTarget ($data,
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'jumlah sedang' =>
'Sedang'),
'jumlah tinggi' =>
'Tinggi'),
'entropy' =>
'gain' =>
'keputusan' =>
'is_root' =>
'is leaf' =>
'created at' =>
'updated at' =>
1)
}
/**
* Menentukan atribut dengan
tertinggi.
*/

private function bestAttribu
array S$data,
array S$SatributTersedia
)+ ?array {
SbestAtribut = null;
SbestGain = -1;

foreach ($SatributTersedi
Sdetail = S$this->gai
$gain = $detail['gai
if ($gain > SbestGai
SbestGain = $gai
SbestAtribut = $

}

if (SbestAtribut nul
return null;

}

return [
'atribut'
'gain'

=>

=> round ($
1;

}

/**

* Menghitung entropy dan information gain suatu atribut.

*/
private function gainDetail (
array S$data,
string Satribut

): array {
Stotal = count ($data) ;
if (Stotal === 0) {
return [

'atribut'
'entropy total'

'weighted entropy'

Sthis->countTarget ($data,
Sthis->countTarget ($data,

Sentropy,

null,

Sthis->majorityClass ($data),
$isRoot ? 1 : O,

1,
now (),
now (),

nilai information gain

te (

a as Satribut) {
nDetail ($data, Satribut);
n'l;

n) {

n;
atribut;

1) |

SbestAtribut,

bestGain, 6),

=> S$Satribut,
=> 0,
=> 0,
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'gain' => 0,
1
}

SentropyTotal = S$this->entropy($data);

SnilaiAtribut = collect ($data)
->pluck ($atribut)
->filter ()

->unique ()
->values ()
->toArray () ;

SweightedEntropy = 0;

foreach ($nilaiAtribut as $nilai) {

$subset = array values (array filter(
$data,
fn (Srow) => (Srow[Satribut] ?? null) === S$nilai

));

$jumlahSubset = count ($subset);

if ($jumlahSubset === 0) {
continue;

}

SentropySubset = $this->entropy ($subset);
Sweight = $jumlahSubset / S$total;

SweightedEntropy += Sweight * S$SentropySubset;
}

$Sgain = $entropyTotal - S$weightedEntropy;

return [
'atribut' => S$Satribut,
'entropy total' => round ($SentropyTotal, 6),
'weighted entropy' => round($weightedEntropy, 6),
'gain' => round($gain, 6),

1;
}

/**
* Menghitung entropy berdasarkan distribusi kelas risiko.
*/

private function entropy(array $data): float

{
Stotal = count ($data);

if ($total === 0) {
return 0;

}

Sentropy = 0;

foreach ($this->kelas as S$kelas) {
$jumlah = S$this->countTarget ($data, S$Skelas);
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if ($jumlah === 0) {
continue;

}
Sprobabilitas = $jumlah / S$total;

Sentropy —-= S$probabilitas * log(Sprobabilitas, 2);
}

return round ($entropy, 6);

}

/**
* Menghitung jumlah data pada kelas target tertentu.
*/
private function countTarget (
array S$data,
string Skelas

) : int {
return count (array filter(
Sdata,
fn (Srow) =>

(Srow[S$this->target] ?? null) === S$kelas
))
}

/**
* Memeriksa apakah data hanya memiliki satu kelas target.
*/
private function isPure(array $data): bool
{
return collect ($data)
->pluck ($this->target)
->filter ()
->unique ()
->count () === 1;

}
/**

* Menentukan kelas mayoritas pada sebuah subset data.
*/
private function majorityClass (array S$data): string

{
Scounts = [
'Rendah' => S$this->countTarget ($data, 'Rendah'),
'Sedang' => S$this->countTarget ($data, 'Sedang'),
'Tinggi' => S$this->countTarget ($data, 'Tinggi'),
1;

arsort (Scounts) ;

return array key first($counts) ?: 'Sedang';

}
/**

* Melakukan prediksi dengan menelusuri pohon keputusan.
*/
public function predict (array $row): string

{
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Sroot = DB::table($this->tablePohon)
->where('is_root', 1)
->first();

if (!Sroot) {
return 'Sedang';

}

Snode = S$root;

Spath = 'ROOT';

while (Snode && (int) Snode->is leaf !== 1) {
Satribut = $node->atribut;
Snilai = Srow[$atribut] ?? null;

if (!Satribut || !'S$nilai) {
return S$this->fallbackDecisionFromNode ($node) ;

}

Spath .= '"|' . S$Satribut . '=' . $nilai;

Schild = DB::table(Sthis->tablePohon)
->where ('parent', $path)
->orderBy ('id pohon', 'ASC')
->first();

if (!$child) {

return S$this->fallbackDecisionFromNode ($Snode) ;

}

Snode = S$child;
}

Sdecision = $node->keputusan
?? S$this->fallbackDecisionFromNode ($node) ;

return in array(Sdecision, $this->kelas, true)
? S$decision
'Sedang’';
}

/**
* Menentukan keputusan cadangan berdasarkan kelas
terbanyak.
*/
private function fallbackDecisionFromNode ($Snode): string
{
if (!$node) {
return 'Sedang';

}

Scounts = [
'Rendah' => (int) ($node—>jumlah_rendah 2?2 0),
'Sedang' => (int) ($node->jumlah sedang ?? 0),
'Tinggi' => (int) ($node->jumlah tinggi 2?2 0),
17

arsort (Scounts) ;
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Sdecision = array key first(Scounts) ?: 'Sedang';

return in array(Sdecision, S$this->kelas, true)
? $decision
'Sedang’';

Source Code Confussion Matrix

<?php
namespace App\Http\Controllers\Admin;
use App\Http\Controllers\Controller;
use App\Models\c45DataHistoris;
use Illuminate\Support\Facades\DB;
class c45PengujianModelAdminController extends Controller
{
protected string S$tablePohon = 'c45pohon keputusan';

protected array $classes = [

'Rendah’',

'Sedang',

'Tinggi',
1
protected string $tipeDataTraining = 'Training';
protected string $tipeDataTesting = 'Testing';

/**

* Melakukan pengujian model C4.5 menggunakan data testing.

*/
public function generate ()
{
Sroot = DB::table($this->tablePohon)
->where('is _root', 1)
->first();

if (!S$Sroot) {
return redirect ()
->route ('admin.analisis-risiko.testing")
->with (
'error',
'Pohon keputusan belum digenerate.'
);
}

Sdatasets = c45DataHistoris: :where (
'tipe data',
Sthis->tipeDataTesting
)
->whereNotNull ('kelengkapan dokumen')
->whereNotNull ('tingkat implementasi')
->whereNotNull ('cakupan aktivitas')
->whereNotNull ('durasi kerjasama')
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->whereNotNull ('tingkat risiko')
->whereIn('tingkat risiko', S$this->classes)
->get () ;

StotalData = $datasets->count () ;

if (StotalData <= 0) {
return redirect ()
->route ('admin.analisis-risiko.testing")
->with (
'error’,
'Data testing masih kosong.'
);
}

Smatrix = S$this->emptyMatrix();
Scorrect = 0;

foreach (Sdatasets as $data) {
Sactual = $data->tingkat risiko;

$prediction = $this->predict ([
'kelengkapan_ dokumen' =>
Sdata->kelengkapan dokumen,

'tingkat implementasi' =>
Sdata->tingkat implementasi,

'cakupan aktivitas' =>
$data->cakupan_ aktivitas,

'durasi kerjasama' =>
S$data->durasi kerjasama,

1)

if (!in array(
Sprediction,
$this->classes,
true
)) A
Sprediction = 'Sedang';

}

Smatrix[$Sactual] [$prediction]++;

if (Sactual === Sprediction) {
Scorrect++;
}
}
Swrong = max ($StotalData - $correct, 0);
Saccuracy = (
Scorrect / max($StotalData, 1)
y * 100;
Smetrics = $this->calculateMetrics (
Smatrix,

StotalData
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)7

return [
'confusion matrix' => Smatrix,
'total testing' => StotalData,
'correct prediction' => Scorrect,
'wrong prediction' => $wrong,
'accuracy' => round(Saccuracy, 2),
'macro_precision' => round(
Smetrics['macro precision'],
2
)
'macro_recall' => round(
Smetrics['macro recall'],
2
),
'macro_fl score' => round(
$metrics['macro_fl_score'],
2
)y

}

/**
* Membuat confusion matrix 3x3.
*/
private function emptyMatrix(): array
{
return [
'Rendah' => [
'Rendah' => 0,
'Sedang' => 0,
'Tinggi' => O,
1,
'Sedang' => [
'Rendah' => 0,
'Sedang' => 0,
'Tinggi' => 0,
1,
'Tinggi' => [
'Rendah' => 0,
'Sedang' => 0,
'Tinggi' => 0,
1,
1
}
/**

* Menghitung precision, recall, dan Fl-score
* untuk setiap kelas dan nilai macro average.
*/
private function calculateMetrics(
array Smatrix,
int $totalData

) array {
SperClass = [];
SprecisionTotal = 0;

SrecallTotal = 0;
SflTotal = 0;
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foreach ($this->classes as S$class) {
$tp = (int) Smatrix[Sclass][Sclass];

Sfp = 0;

foreach ($this->classes as S$actualClass) {
if ($SactualClass !== S$class) {
Sfp += (int)
Smatrix[SactualClass] [Sclass];

}
Sfn = 0;

foreach (Sthis->classes as S$predictedClass) {
if (SpredictedClass !== $class) {
Sfn += (int)
Smatrix[$class] [SpredictedClass];

}

Stn = max (
StotalData - $tp - $fp - $fn,
0

);

Sprecision = (
$tp / max($tp + $fp, 1)
)y * 100;

Srecall = (
Stp / max(Stp + S$fn, 1)
) * 100;

$f1 = (
2 * ($precision * $recall)
) / max ($precision + S$recall, 1);

SperClass[$class] = [
"tp' => Stp,
'tn' => S$tn,

"fp' => Sfp,

'fn' => $fn,

'precision' => Sprecision,
'recall' => Srecall,

'fl score' => $f1,
17

SprecisionTotal += S$precision;
SrecallTotal += S$Srecall;
$flTotal += $f1;

}

return [
'per class' => SperClass,

'macro_precision' =>
SprecisionTotal
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/ count (Sthis->classes),

'macro_recall' =>
SrecallTotal
/ count (Sthis->classes),

'macro fl score' =>
$flTotal
/ count (Sthis->classes),
1;
}

/**
* Melakukan prediksi dengan menelusuri
* node pada pohon keputusan.
*/
private function predict (array Srow): string
{
Sroot = DB::table($this->tablePohon)
->where('is root', 1)
->first();

if (!Sroot) {
return 'Sedang';

}

Snode = S$Sroot;
Spath = 'ROOT';
while (
Snode
&& (int) Snode->is leaf !==1

Satribut = $node->atribut;
Snilai = S$Srow[Satribut] ?7? null;

if (!Satribut || !S$nilai) {
return S$this
->fallbackDecisionFromNode ($Snode) ;

}

Spath .= "|"
Satribut

Snilai;

Schild = DB::table(S$Sthis->tablePohon)
->where ('parent', $path)
->orderBy ('id pohon', 'ASC')
->first () ;

if (!$child) {
return S$this
->fallbackDecisionFromNode ($Snode) ;

}

Snode = S$child;
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Sdecision = $node->keputusan
?? Sthis->fallbackDecisionFromNode ($node) ;

return in_array(
$decision,
Sthis->classes,
true

? Sdecision
'Sedang’';
}

/**
* Menentukan keputusan cadangan berdasarkan
* kelas mayoritas pada node terakhir.
*/
private function fallbackDecisionFromNode (
Snode
): string {
if (!$node) {
return 'Sedang';

}

Scounts = [
'Rendah' =>
(int) ($node->jumlah rendah 2?2 0),

'Sedang' =>
(int) ($node->jumlah sedang ?? 0),

'Tinggi' =>
(int) ($node->jumlah tinggi 2?2 0),
1

arsort (Scounts) ;

Sdecision = array key first(Scounts)
?: 'Sedang';

return in array(
$decision,
Sthis->classes,
true

? Sdecision
'Sedang’';

Source Code Analisis Risiko
<?php

namespace App\Http\Controllers\Admin;

use App\Http\Controllers\Controller;
use App\Models\c45ManajemenMitra;
use Illuminate\Http\Request;

use Illuminate\Support\Facades\DB;
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use Illuminate\Support\Facades\Validator;

class AnalisisRisikoAdminController extends Controller
{
protected string StablePohon = 'c45pohon keputusan';

/**
* Memvalidasi, menghitung indikator, menentukan risiko,
* dan menyimpan hasil analisis mitra.
*/
public function store (Request S$request)
{
Svalidator = Validator::make (Srequest->all(), [
'mitra_id' => 'required',
'sumber data' => 'required|in:MoU,PKS',
'nama_instansi' => 'nullable|string|max:255"',
'jumlah mou' => 'nullable|integer|min:0"',
'jumlah moa' => 'nullable|integer|min:0"',
'jumlah ia' => 'nullable|integer|min:0"',
'jumlah kegiatan' => 'nullable|integer|min:0"',

'jumlah jenis kegiatan' => 'nullablel|integer|min:

1)z

if ($validator->fails()) {
return back ()
->withErrors ($validator)
->withInput () ;
}

DB: :beginTransaction () ;

try {
Stype = S$request->sumber data;
Stable = strtolower (Stype) === 'mou'
? 'mou'
'pksl;

$mitrald = Srequest->mitra id;

Smitra = DB::table($table)
->where ('id', SmitralId)
->first();

if (!Smitra) {
DB::rollBack();

return back()
->with('error', 'Data mitra tidak
ditemukan!"'")
->withInput () ;
}

$durasiTahun = $this->hitungDurasiTahun (
Smitra->tanggal mulai ?°? null,
Smitra->tanggal berakhir ?? null

)

$jumlahMou = (int) (Srequest->jumlah mou ?? 0);
$jumlahMoa (int) (Srequest->jumlah moa ?7? 0);
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?2? 0);

$jumlahIa = (int) (Srequest->jumlah ia ?2? 0);
$jumlahKegiatan = (int) (Srequest->jumlah kegiatan

$jumlahJenisKegiatan =
(int) (Srequest->jumlah jenis kegiatan ?? 0);

SkelengkapanDokumen =
Sthis->hitungKelengkapanDokumen (
$jumlahMou,
$jumlahMoa,
$jumlahIa
)

S$tingkatImplementasi =
Sthis->hitungTingkatImplementasi (
SjumlahKegiatan
) i

ScakupanAktivitas =
Sthis->hitungCakupanAktivitas (
$jumlahJenisKegiatan
) i

S$durasiKerjasama =
Sthis->hitungDurasiKerjasama (
SdurasiTahun

);

StargetRisiko = $this->predictOrTemporary ([
'kelengkapan_ dokumen' =>
SkelengkapanDokumen,

'tingkat implementasi' =>
StingkatImplementasi,

'cakupan aktivitas' =>
ScakupanAktivitas,
'durasi kerjasama' =>

SdurasiKerjasama,

1)

c45ManajemenMitra: :updateOrCreate (
[
Stable === 'mou'
? 'mou_id'
'pks_id' => Smitrald,

'mou id' => Stable === 'mou'
? Smitrald
null,

'pks_id' => S$table === 'pks'
? $mitrald
null,

'nama_instansi' =>
Srequest->nama instansi




89

?? Smitra->nama instansi
2o 1_1 o
< - ’

'jumlah mou' => $jumlahMou,

'jumlah moa' => $jumlahMoa,

'jumlah ia' => $jumlahIa,

'jumlah kegiatan' => $jumlahKegiatan,

'jumlah jenis kegiatan' =>
$jumlahJenisKegiatan,

'kelengkapan_ dokumen' =>
SkelengkapanDokumen,

'tingkat implementasi' =>
StingkatImplementasi,

'cakupan_aktivitas' =>
ScakupanAktivitas,
'durasi kerjasama' =>

SdurasiKerjasama,
'target risiko' => $targetRisiko,
)
DB::commit () ;

return back () ->with/(
'success’,
'Analisis berhasil disimpan. Risiko: '
StargetRisiko
);
} catch (\Exception $e) {
if (DB::transactionLevel () > 0) {
DB::rollBack () ;
}

return back()
->with (
'error',
'Gagal menyimpan analisis: '
Se->getMessage ()
)
->withInput () ;

}
/**

* Menentukan kategori kelengkapan dokumen Cl1.
*/
private function hitungKelengkapanDokumen (
Smou,
Smoa,
Sia
) : string {
$jumlahJdenisDokumen = 0;
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if ((int) Smou > 0) {
$jumlahJdenisDokumen++;

if ((int) Smoa > 0) {
$jumlahJenisDokumen++;

if ((int) S$ia > 0) {
$jumlahJenisDokumen++;

if ($jumlahJenisDokumen >= 3) {
return 'Kuat';

if ($jumlahJenisDokumen === 2) {
return 'Menengah';

return 'Lemah';

}

/**
* Menentukan tingkat implementasi C2.
*/
private function hitungTingkatImplementasi (
$jumlahKegiatan
): string {
if ((int) $jumlahKegiatan >= 4) {
return 'Tinggi';

}

if ((int) $jumlahKegiatan >= 2) {
return 'Sedang';

return 'Rendah';

}
/**

* Menentukan cakupan aktivitas C3.
*/
private function hitungCakupanAktivitas(
SjumlahJenisKegiatan
) : string {
if ((int) $jumlahJdenisKegiatan >= 2) {
return 'Tinggi';

}

if ((int) $jumlahJdenisKegiatan === 1) {
return 'Sedang';

return 'Rendah';

}
/**

* Menghitung durasi kerja sama dalam tahun.
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*/
private function hitungDurasiTahun (
StanggalAwal,
StanggalBerakhir
) A
if (!S$tanggalAwal || !StanggalBerakhir) {
return null;
}
try {
$awal = new \DateTime ($tanggalAwal) ;
Sakhir = new \DateTime ($StanggalBerakhir) ;
if ($akhir < S$Sawal) {
return null;
}
return round (
Sawal->diff ($Sakhir)->days / 365,
2
);
} catch (\Exception $e) {
return null;
}
}
/**

* Menentukan kategori durasi kerja sama C4.
*/
private function hitungDurasiKerjasama (
SdurasiTahun
) : string {
if ($durasiTahun === null) {
return 'Pendek';

}

if ($durasiTahun >= 5) {
return 'Panjang';

}

if (SdurasiTahun >= 3) {
return 'Sedang';

return 'Pendek';

}
/**

* Menggunakan pohon keputusan jika tersedia.
*/
private function predictOrTemporary (
array Srow
): string {
ShasAll =
lempty (Srow['kelengkapan dokumen'])
&& l!empty ($row['tingkat implementasi'])
&& l'empty ($row['cakupan aktivitas'])
&& 'empty ($row['durasi kerjasama'l);
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SpohonTersedia = DB::table($this->tablePohon)
->where('is_root', 1)
->exists();

if (ShasAll && S$SpohonTersedia) {
return S$this->predict (Srow);

return 'Sedang';

}
/‘k‘k

* Menelusuri pohon keputusan sampai leaf node.
*/
private function predict (array S$row): string

{
Sroot = DB::table($Sthis->tablePohon)

->where('is_root', 1)
->first();

if (!Sroot) {
return 'Sedang';

}

Snode = S$root;

Spath = 'ROOT';
while (Snode && (int) Snode->is leaf !== 1) {
Satribut = $node->atribut;
Snilai = Srow[$Satribut] ?? null;
if (!Satribut || !$nilai) {
return S$this
->fallbackDecisionFromNode (Snode) ;
}
Spath .= "'
Satribut
Snilai;

Schild = DB::table($Sthis->tablePohon)
->where ('parent', S$path)
->orderBy ('id pohon', 'ASC')
->first();

if (!Schild) {
return S$this
->fallbackDecisionFromNode (Snode) ;

}

$node = $child;
}

return S$node->keputusan
?? Sthis->fallbackDecisionFromNode ($node) ;

/**




93

* Mengambil kelas mayoritas sebagai keputusan cadangan.

*/
private function fallbackDecisionFromNode (
Snode
): string {
if (!$node) {
return 'Sedang';

}

Scounts = [
'Rendah' =>
(int) ($node->jumlah rendah 2?2 0),
'Sedang' =>
(int) ($node->jumlah sedang ?? 0),

'Tinggi' =>
(int) ($node->jumlah tinggi 2?2 0),
1;

arsort (Scounts) ;

return array key first($counts)
?: 'Sedang';




