Supplementary Material
Development and internal validation of a machine learning-benchmarked, ridge-penalized nomogram excluding oral-frailty items for risk stratification of oral frailty in older inpatients with lung cancer: a retrospective single-center study
Supplementary Figure S1
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Figure S1. Patient inclusion, data-cleaning and data-partition flow chart. Of 477 records screened, no completely duplicated record was identified (N = 477 retained). Before analysis, three prespecified cross-field logic-consistency checks were applied, each resolving a single record: (R1) one smoking-history flag corrected from 0 to 1 (consistent with 30 years of smoking, i.e. ever/former smoker); (R2) one drinking-history record retained as logged (history = 1 but years = 0, treated as an isolated missing-value anomaly, not modified); (R3) one chemotherapy flag corrected from 0 to 1 (consistent with at least one cycle received). After cleaning, chemotherapy was coded as 350 exposed versus 127 unexposed. The cleaned cohort was then split 7:3 stratified by OFI status into training (n = 333; 236 events / 97 non-events) and test (n = 144; 102 events / 42 non-events).
Supplementary Figure S2
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Figure S2. Sensitivity analysis S_oral: XGBoost ROC on the test set. Main P1 model = 11 LASSO-selected design terms (44 candidate predictors after one-hot expansion, after prespecified exclusion of diet-taste dummies, drinking variables and education), AUC = 0.959. Sensitivity model reintroduced the six excluded oral variables (teeth count, denture count, denture use, self-reported dry mouth, self-reported chewing difficulty, self-rated poor oral health; 50 candidate predictors), AUC = 0.950 (95% CI 0.900–0.986). Absolute ΔAUC = −0.009; relative change = −0.9% (ΔAUC ÷ main AUC), confirming that the six diagnostic oral-frailty items add negligible discrimination beyond routine admission variables and that circular-reasoning inflation is effectively absent.
S_oral (transparent ridge model). To examine the model-specificity of the circular-reasoning inflation, two ridge arms were run. (a) A conditional sensitivity: the original 11 LASSO-retained terms are forced in and the six oral terms are added, with LASSO re-run over the enlarged 17-term design (11+6 terms). LASSO retained five of the six oral items (teeth_n, denture, xerostomia, mastic_diff, oh_poor; denture_n was compressed to zero), and the ridge test AUC rose from the main 0.888 to 0.969 (95% CI 0.937–0.991), an absolute ΔAUC of +0.081 (relative +9.1%); the retained oral terms carried large positive ridge coefficients (ORs 4.8–7.1 for denture use, xerostomia and masticatory difficulty). (b) A symmetric arm that re-ran the identical main-model pipeline—five-fold LASSO λ.1se selection followed by five-fold ridge cross-validation—over the full 50-term pool (44 P1 design terms + six oral variables), exactly mirroring the XGBoost 44-to-50 comparison. LASSO at λ.1se=5.18 retained 18 design terms (five of the six oral items), and the ridge test AUC was 0.968 (95% CI 0.940–0.987), an absolute ΔAUC of +0.080 (relative +9.0%) versus the main ridge 0.888; the retained oral terms again carried large positive ridge coefficients (ORs 12.6–26.3 for denture use, xerostomia and masticatory difficulty), as expected for items that overlap the OFI-8 outcome definition.
	S_oral arm
	Main benchmark
	S_oral AUC (95% CI)
	ΔAUC vs main

	XGBoost, 44→50 pool
	0.959
	0.950 (0.900–0.986)
	−0.009 (−0.9%)

	Ridge, conditional (11 forced + 6 oral; LASSO over 17 terms)
	0.888
	0.969 (0.937–0.991)
	+0.081 (+9.1%)

	Ridge, symmetric (44+6=50 terms; identical main pipeline)
	0.888
	0.968 (0.940–0.987)
	+0.080 (+9.0%)



Notes. The contrast is informative: XGBoost showed essentially no gain from adding the diagnostic oral items (it had already extracted the oral-frailty signal from correlated admission variables), whereas the transparent linear model was mechanically inflated by the near-outcome oral terms. This confirms that including oral-frailty items as predictors inflates discrimination without adding generalisable information, and justifies their a priori exclusion from the bedside nomogram.
Supplementary Table S1
Table S1. Data dictionary for all candidate variables (43 entries), with P1 prespecified-exclusion and data-cleaning notes.
	Variable (model name)
	Chinese meaning
	Variable type
	Coding / notes

	sex
	性别
	Binary
	0 = male, 1 = female

	age
	年龄 (years)
	Continuous
	Per 1 SD z-standardised in the training set; **P1 LASSO-selected**

	occupation
	职业
	Nominal (one-hot)
	1 = farmer, 2 = worker, 3 = public-sector, 4 = professional, 5 = other

	bmi
	BMI (kg/m²)
	Continuous
	Per 1 SD z-standardised in the training set; **P1 LASSO-selected**

	smoke_hist
	吸烟史
	Binary
	0 = no, 1 = yes; cleaning R1: 1 record (smoke_hist = 0 & smoke_yrs > 0) corrected to 1

	smoke_yrs
	吸烟时长 (years)
	Continuous
	Per 1 SD z-standardised in the training set; **P1 LASSO-selected**

	drink_hist
	饮酒史
	Binary — P0 excluded
	0 = no, 1 = yes; cleaning R2: 1 record (drink_hist = 1 & drink_yrs = 0) retained as logged; **prespecified P0 exclusion (sick-quitter reverse-causation); reintroduced in S_lifestyle**

	drink_yrs
	饮酒时长 (years)
	Continuous — P0 excluded
	Per 1 SD z-standardised; **prespecified P0 exclusion; reintroduced in S_lifestyle**

	diet_struct
	饮食结构
	Nominal (one-hot)
	1 = balanced, 2 = meat-dominant, 3 = vegetable-dominant

	diet_taste
	饮食口味
	Nominal (one-hot) — P0 excluded
	1 = light, 2 = moderate, 3 = salty, 4 = spicy, 5 = sweet, 6 = greasy; **all dummies prespecified P0 exclusion (reverse-causation / near-zero gain); reintroduced in S_lifestyle**

	education
	文化程度
	Ordinal — P1 a priori excluded
	1 = primary or below, 2 = junior high, 3 = senior high/vocational, 4 = college or above; **P1 a priori excluded (sign reverses after socioeconomic adjustment = suppression/Simpson; ΔAUC −0.003); S_ses sensitivity only; described in Table 1**

	marital
	婚姻状况
	Nominal (one-hot)
	1 = unmarried, 2 = married, 3 = divorced, 4 = widowed

	income
	月收入 (RMB)
	Ordinal
	1 = ≤1000, 2 = 1001–3000, 3 = 3001–5000, 4 = >5000; **P1 LASSO-selected**

	residence
	居住地
	Nominal (one-hot)
	1 = city, 2 = town, 3 = rural

	living_arr
	居住状况
	Nominal (one-hot)
	1 = alone, 2 = with spouse, 3 = with spouse and children, 4 = with children, 5 = other

	insurance
	医保类型
	Nominal (one-hot)
	1 = urban employee, 2 = urban-rural resident, 3 = retired cadre, 4 = self-pay

	cancer_mo
	检出患癌时间 (months)
	Continuous
	Time since cancer diagnosis

	pathology
	病理类型
	Nominal (one-hot)
	1 = small-cell, 2 = squamous, 3 = adenocarcinoma, 4 = adenosquamous, 5 = other

	stage
	肿瘤分期
	Ordinal
	1 = stage I, 2 = stage II, 3 = stage III, 4 = stage IV; **P1 LASSO-selected**

	metastasis
	有无转移
	Binary
	0 = no, 1 = yes

	chemo_n
	化疗次数
	Continuous
	Number of chemotherapy cycles

	chemo
	化疗
	Binary
	0 = no, 1 = yes; cleaning R3: 1 record (chemo = 0 & chemo_n > 0) corrected to 1; after cleaning 350 exposed / 127 unexposed; **P1 LASSO-selected**

	surgery
	手术治疗
	Binary
	0 = no, 1 = yes

	radiotherapy
	放射治疗
	Binary
	0 = no, 1 = yes; **P1 LASSO-selected**

	targeted
	靶向治疗
	Binary
	0 = no, 1 = yes

	immunotherapy
	免疫治疗
	Binary
	0 = no, 1 = yes

	chronic_n
	慢性病数量
	Ordinal
	0 = 0, 1 = 1, 2 = ≥2

	polypharmacy
	多重用药
	Binary
	0 = ≤4 drugs, 1 = ≥5 drugs; not retained in P1 (compressed to zero at λ.1se = 7.543)

	teeth_n
	牙齿数量
	Oral variable (S_oral only)
	Excluded from primary model; reintroduced in S_oral sensitivity analysis

	denture_n
	假牙数量
	Oral variable (S_oral only)
	Excluded from primary model; reintroduced in S_oral sensitivity analysis

	denture
	义齿
	Binary (oral)
	0 = no, 1 = yes; S_oral-only

	xerostomia
	口干
	Binary (oral)
	0 = no, 1 = yes; S_oral-only

	mastic_diff
	主观咀嚼困难
	Binary (oral)
	0 = no, 1 = yes; S_oral-only

	alb
	白蛋白 (g/L)
	Continuous
	Reference range 35–55 g/L

	glob
	球蛋白 (g/L)
	Continuous
	Reference range 25–35 g/L; **P1 LASSO-selected**

	prealb
	前白蛋白 (mg/L)
	Continuous
	Reference range 200–400 mg/L

	barthel_cat
	Barthel 分类
	Record-only (dropped in design)
	1 = 100, 2 = 61–99, 3 = 41–60, 4 = 21–40, 5 = ≤20; model uses continuous Barthel

	barthel
	Barthel 指数
	Continuous
	0–100; **P1 LASSO-selected**

	exercise
	每周锻炼次数
	Ordinal
	1 = none, 2 = 1–3 times/week, 3 = ≥4 times/week; **P1 LASSO-selected**

	mrc
	呼吸困难程度 (mMRC)
	Ordinal
	0–4; **P1 LASSO-selected**

	ofi
	口腔衰弱 (outcome)
	Outcome
	OFI-8 ≥ 4: 0 = no, 1 = yes

	frailty
	身体衰弱
	Binary
	Fried/Frailty-8 ≥ 3: 0 = no, 1 = yes

	oh_poor
	口腔健康不良
	Binary (oral)
	Self-rated poor oral health (≥3): S_oral-only



Notes. The P0 candidate pool contained 45 design terms after one-hot expansion. For the prespecified primary analysis (P1), education was additionally excluded a priori, yielding 44 design terms. A prespecified variable-credibility rule had already excluded the five diet-taste dummies (diet_taste_2/3/4/6/99, derived from the six taste levels with bland as the reference and sparse levels merged) together with drink_hist and drink_yrs—seven design terms in total (52 → 45)—before LASSO, on the grounds of reverse-causation / sick-quitter bias and near-zero or negative incremental discrimination; education was then excluded in P1 on the grounds of a suppression/Simpson effect with near-zero independent increment (45 → 44). LASSO at λ.1se = 7.543 then retained 11 design terms (marked P1 LASSO-selected); polypharmacy was compressed to zero at this λ. The six oral variables (teeth_n, denture_n, denture, xerostomia, mastic_diff, oh_poor) were excluded from the primary model a priori to avoid circular reasoning and were reintroduced only in the S_oral sensitivity analysis. LASSO selection stability was quantified by 120 bootstrap resamples (Table S4).
Supplementary Table S2
Table S2. Full test-set performance of all seven classifiers (P1, 11-variable main model).
	Model
	AUC (95% CI)
	Accuracy
	Sensitivity
	Specificity
	F1
	PPV
	NPV
	Brier
	Calibration slope
	Calibration intercept

	Ridge-penalized Logistic (nomogram, main)
	0.888 (0.827–0.942)
	0.819
	0.863
	0.714
	0.871
	0.880
	0.682
	0.122
	1.065
	0.295

	Decision Tree
	0.851 (0.777–0.915)
	0.785
	0.853
	0.619
	0.849
	0.845
	0.634
	0.145
	0.241
	0.972

	Random Forest
	0.945 (0.902–0.978)
	0.903
	0.951
	0.786
	0.933
	0.915
	0.868
	0.092
	1.808
	0.029

	XGBoost
	0.959 (0.920–0.988)
	0.903
	0.902
	0.905
	0.929
	0.958
	0.792
	0.071
	0.773
	0.591

	RBF-SVM
	0.874 (0.797–0.934)
	0.840
	0.902
	0.690
	0.889
	0.876
	0.744
	0.120
	0.998
	0.435

	KNN
	0.846 (0.761–0.913)
	0.826
	0.931
	0.571
	0.884
	0.841
	0.774
	0.140
	1.308
	−0.007

	Naive Bayes
	0.864 (0.796–0.927)
	0.778
	0.765
	0.810
	0.830
	0.907
	0.586
	0.158
	0.506
	0.814



Notes. Test set n = 144 (102 events, 42 non-events). AUC 95% CIs are bootstrap-based. Classification metrics use the fixed 0.5 decision threshold. All machine-learning classifiers used prespecified default hyperparameters without class weights. Paired bootstrap comparisons (three prespecified comparisons; raw and Holm-corrected P reported, bootstrap CIs not multiplicity-adjusted): XGBoost vs nomogram ΔAUC = +0.071 (95% CI 0.025–0.124; raw P = 0.0065, Holm P = 0.020, significant); RF vs nomogram ΔAUC = +0.057 (95% CI 0.019–0.101; raw P = 0.010, Holm P = 0.020, significant); XGBoost vs RF ΔAUC = +0.014 (95% CI −0.004–0.037; P = 0.156, not significant). At the Youden-optimal threshold the nomogram yielded accuracy 0.833, sensitivity 0.873, specificity 0.738, F1 0.881, PPV 0.890 and NPV 0.705.
Supplementary Table S3
Table S3. Cross-field logic-consistency checks applied before analysis.
	Check
	Rule
	Violations found
	Decision
	Basis

	Smoking history – duration
	smoke_hist = 0 AND smoke_yrs > 0 treated as a logical contradiction
	1
	R1 corrected: smoke_hist → 1 (ever/former smoker)
	A positive smoking duration implies prior smoking, contradicting "no"; per coding "ever smoker (including former)"

	Drinking history – duration
	drink_hist = 1 AND drink_yrs = 0
	1
	R2 retained as logged, documented only
	History positive but years reported as 0 treated as an isolated missing-value anomaly; not arbitrarily modified

	Chemotherapy – cycles
	chemo = 0 AND chemo_n > 0 treated as a logical contradiction
	1
	R3 corrected: chemo → 1
	A positive cycle count implies chemotherapy was received, contradicting "no"

	Chemotherapy = 1 but cycles = 0
	chemo = 1 AND chemo_n = 0 (planned but not started)
	0 remaining
	Retained
	chemo = 1 may denote a planned/entered regimen not yet counted; not a contradiction

	Completely duplicated records
	duplicated()
	0
	No action
	No completely duplicated record

	Missing values
	any cell missing
	0
	No action
	No missing values; complete-case analysis



Notes. Each of the three substantive rules resolved exactly one record (R1: 67-year-old male, 30 smoking years; R2: 62-year-old male; R3: 69-year-old female, 1 cycle). No record was deleted. After cleaning, chemotherapy was coded as 350 exposed versus 127 unexposed. The full machine-readable log is provided as `cleaning_log.csv` in the reproduction package.
Supplementary Table S4
Table S4. Sensitivity analysis S_ses: education suppression, and LASSO selection stability (120 bootstrap resamples).
S4a. Education distribution and oral-frailty prevalence by education level.
	Education level
	n
	Oral-frailty prevalence (%)

	Primary school or below (1)
	101
	75.2

	Junior high (2)
	213
	74.6

	Senior high / vocational (3)
	117
	61.5

	College or above (4)
	46
	67.4



S4b. Education (per SD) adjusted odds across the adjustment sequence.
	Model
	OR (95% CI)
	P

	M0: unadjusted
	0.90
	0.375

	M1: + age, sex
	0.86
	—

	M2: + socioeconomic block (income, occupation, residence, marital status)
	1.28
	—

	M3: fully adjusted, unpenalised
	1.71 (1.14–2.58)
	0.010

	M4: descriptive ridge fit
	1.70
	—



Notes. Education's adjusted odds reversed direction after socioeconomic adjustment—from a slightly protective unadjusted estimate (M0, OR 0.90) to a positive fully adjusted estimate (M3, OR 1.71)—the signature of a suppression/Simpson effect. In the 45-term LASSO pool (which retained education), education was selected in 86 of 120 bootstrap resamples (71.7%), yet adding it to the 11-term P1 model changed test AUC by only −0.003. A predictor whose direction depends on the adjustment set and adds near-zero independent discrimination was therefore excluded a priori from the prespecified primary model.
S4c. LASSO bootstrap selection frequency over 120 resamples (P1, 44-term pool).
	Design term
	Selected in
	Frequency (%)

	smoke_yrs
	120/120
	100.0

	barthel
	120/120
	100.0

	exercise
	120/120
	100.0

	mrc
	115/120
	95.8

	age
	106/120
	88.3

	glob
	103/120
	85.8

	bmi
	98/120
	81.7

	stage
	95/120
	79.2

	radiotherapy
	88/120
	73.3

	chemo
	67/120
	55.8

	income
	58/120
	48.3



Notes. Despite the low selection-stage EPV (236 events / 44 candidates ≈ 5.4), selection of the leading terms was highly stable (three terms selected in 100% of resamples; the clinical/treatment terms above 70%), supporting the stability of the 11-term primary model.
Supplementary Table S5
Table S5 / Figure S3. Sensitivity analysis S_lifestyle: reintroducing diet-taste dummies and drinking variables.
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Figure S3. Sensitivity analysis S_lifestyle. The prespecified P1 main model excluded the five diet-taste dummy variables (six taste levels, bland as reference) together with drink_hist and drink_yrs—seven design terms (candidate pool 44 → 51 when reintroduced). S_lifestyle refit the same LASSO–ridge and XGBoost pipeline with identical splits and seeds. Ridge test AUC decreased (0.888 → 0.874; ΔAUC −0.014) and XGBoost decreased (0.959 → 0.949; ΔAUC −0.010), and the reintroduced lifestyle terms produced clinically unreasonable inverse coefficients (moderate-vs-bland OR ≈ 0.28; drinking-history OR ≈ 0.10), supporting their prespecified exclusion.
S5a. Discrimination comparison (test set, n = 144).
	Model
	P1 main (11 variables)
	S_lifestyle (17 LASSO terms after re-add)
	ΔAUC (S_lifestyle − P1)

	Ridge-penalized logistic (nomogram)
	0.888
	0.874
	−0.014

	XGBoost
	0.959
	0.949
	−0.010



Notes. Reintroducing lifestyle variables produced no gain: the ridge AUC fell by −0.014 and the best ML model (XGBoost) fell by −0.010. LASSO in the S_lifestyle pool selected 17 terms at λ.1se = 5.18 (vs 11 at λ.1se = 7.54 in P1).
S5b. Directionally inverted coefficients among reintroduced lifestyle terms.
	Reintroduced term
	OR (S_lifestyle full pool)
	Expected direction
	Interpretation

	Diet taste: moderate vs bland (diet_taste_2)
	0.28
	>1 expected (heavier-taste diet associated with worse oral frailty)
	Inverted (<1): patients who changed to a bland diet because of illness drive a spurious "moderate is protective" estimate

	Drinking history (drink_hist)
	0.10
	>1 expected (alcohol consumption associated with worse oral health)
	Inverted (<1): classic sick-quitter / reverse-causation effect (sicker patients stop drinking)



Notes. Both reintroduced lifestyle terms carried odds ratios well below 1, contradicting the a priori clinical expectation and confirming the prespecified exclusion rationale: these variables encode reverse causation (illness-driven behaviour change) rather than a genuine protective effect. Combining this with the negative discrimination change (S5a), the P1 main model's prespecified exclusion is empirically supported.
Supplementary Table S6
Table S6. Decision-curve analysis net benefit at key threshold probabilities (test set, n = 144).
	Threshold probability
	Nomogram net benefit
	XGBoost net benefit
	Treat-all net benefit
	Treat-none net benefit

	0.30
	0.605
	0.646
	0.583
	0

	0.50
	0.528
	0.611
	0.417
	0

	0.70
	0.433
	0.569
	0.028
	0



Notes. Net benefit is computed as TP/n − FP/n × (pₜ/(1−pₜ)). Across these thresholds the nomogram's net benefit exceeds the treat-all reference (and is well above treat-none = 0), supporting clinical utility for risk stratification; XGBoost attains a higher net benefit but with poorer calibration (Table S2).
Supplementary Table S7
Table S7. Unpenalised multivariable logistic regression on the eleven P1 design terms (sensitivity check on the ridge-penalised estimates in Table 3).
	Predictor
	β
	OR
	95% CI
	P

	Intercept
	0.501
	—
	—
	—

	age (per SD)
	0.374
	1.45
	1.03–2.04
	0.031

	bmi (per SD)
	−0.342
	0.71
	0.52–0.97
	0.032

	smoke_yrs (per SD)
	0.876
	2.40
	1.74–3.32
	<0.001

	income (per level)
	−0.132
	0.88
	0.64–1.20
	0.412

	stage (per level)
	0.083
	1.09
	0.79–1.50
	0.614

	chemo
	0.979
	2.66
	1.31–5.43
	0.007

	radiotherapy
	1.110
	3.03
	1.46–6.29
	0.003

	glob (per SD)
	−0.353
	0.70
	0.52–0.95
	0.023

	barthel (per SD)
	−0.815
	0.44
	0.23–0.86
	0.016

	exercise (per level)
	−0.664
	0.51
	0.36–0.73
	<0.001

	mrc (per level)
	0.475
	1.61
	1.14–2.27
	0.007



Notes. Unpenalised multivariable logistic regression fitted on the same eleven standardised predictors, shown as a sensitivity analysis to complement the penalised estimates in Table 3; unlike the ridge estimates, these ORs are not shrunk but may carry greater variance/optimism. The model was fit on the identical 333-patient training split (random_state=42; 236 events) using maximum likelihood (sklearn `LogisticRegression(penalty=None, solver='lbfgs')`), with Wald SEs derived from the observed information matrix and two-sided normal P values; all eleven predictors are z-standardised on the training set exactly as in the primary model. The intercept is reported as β with OR shown as an em-dash. Held-out test-set AUC for this unpenalised fit was 0.887, essentially identical to the ridge nomogram (0.888), confirming that the ridge ORs in Table 3 are not artefacts of shrinkage. Point estimates track the ridge values closely, but several terms cross from borderline to conventional significance once the shrinkage bias is removed (age P 0.058→0.031; bmi 0.055→0.032; glob 0.050→0.023), and the unpenalised CIs are narrower for the dominant predictors yet wider for the sparse treatment dummies. Because the primary model is ridge-penalised, the Table 3 estimates remain the prespecified primary quantities; this table is a descriptive sensitivity analysis only.
Supplementary Table S8
Table S8. Mapping of the six excluded oral variables to OFI-8 domains, crude association with the oral-frailty outcome, and symmetric-arm ridge coefficients (S_oral).
	Oral variable (excluded from primary model)
	Overlapped OFI-8 domain
	Crude association with oral-frailty outcome
	P value
	Retained, symmetric arm (50-term free LASSO)
	Ridge OR, symmetric arm

	teeth_n
	Dentition: number of remaining teeth
	median OF=no 26.0 (24.0–27.0); OF=yes 21.0 (12.0–25.0); r=−0.32
	7.2e-16
	Yes
	0.66

	denture_n
	Dentition/prosthetic: number of prosthetic teeth
	median OF=no 0.0 (0.0–0.0); OF=yes 3.0 (0.0–14.0); r=0.28
	4.5e-15
	No
	—

	denture
	Dentition/prosthetic: denture use
	OR 4.88 (3.15–7.58)
	3.0e-13
	Yes
	12.61

	xerostomia
	Salivation: oral dryness/xerostomia
	OR 5.24 (3.42–8.02)
	4.0e-15
	Yes
	21.81

	mastic_diff
	Masticatory function: chewing difficulty
	OR 11.35 (6.41–20.08)
	3.8e-21
	Yes
	26.35

	oh_poor
	Self-rated oral health
	OR 8.28 (5.21–13.17)
	1.5e-21
	Yes
	1.84



Notes. Crude odds ratios (binary items, 95% CI) and point-biserial correlations (count items) quantify the marginal association of each excluded variable with the very outcome being predicted; all six associations are large and highly significant, consistent with near-outcome status. "Retained" and "Ridge OR" refer to the symmetric S_oral ridge arm, in which LASSO was re-run over the full 50-term pool; five of the six oral items were retained and the three retained binary functional items carried ridge ORs of 12.6–26.3. The count variable teeth_n has a ridge OR below 1 because fewer remaining teeth co-vary with the binary functional items; denture_n was not retained.
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Figure S1. Patient inclusion and data partition flow chart (P1)
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