Table S1: Class-wise performance of the proposed framework for Level 2 (species classification) on the test set, evaluated using Precision, Sensitivity, Specificity, F1-score, and AUC.
	Class
	Precision
	Sensitivity
	Specificity
	F1-score
	AUC

	P.vivax
	0.98 ± 0.01
		0.979± 0.01



	



		0.98 ± 0.01



	



		0.98 ± 0.05



	



		0.99± 0.02



	




	P.falciparum
	0.96 ± 0.01
	0.98 ± 0.01
	0.97 ± 0.01
	0.97 ± 0.01
	0.99 ± 0.02

	Macro Average
	0.97 ± 0.01
	0.98 ± 0.01
	0.98 ± 0.01
	0.97 ± 0.01
	0.99 ± 0.02

	Weighted Average
	0.98 ± 0.01
	0.98 ± 0.06
	0.98 ± 0.06
	0.98 ± 0.01
	0.99 ± 0.02



Table S2: Comparison of model complexity and computational cost across different architectures in terms of trainable parameters, FLOPs, and inference time.
	Model
	Parameters (M)
	FLOPs (G)
	Inference time (ms/image)
	FPS
	Model Size (MB)

	Hybrid-Inception v3
	20.646
	0.3932
	237.1025
	4.22
	78.76

	ViT (Vanilla)
	2.7991
	0.0439
	30.5769
	32.70
	10.68

	Swin Transformer
	21.6130
	0.1942
	129.7645
	7.71
	82.45

	H-CAST (ResNet50)
	0.64
	0.0013
	25.87
	38.65
	2.45

	H-CAST + ViT
	2.7662
	0.0434
	32.0596
	31.19
	10.55

	Proposed (DINOv2 + H-CAST + Swin)
	31.07
	0.3639
	206.7
	4.84
	118.55



Table S3: Key hyperparameter settings used for different training models in the proposed framework. 
	Parameter
	Hybrid Inception-v3
	ViT (vanilla)
	Swin Transformer
	H-CAST+ViT
	H-CAST+ResNet50
	Proposed model (DSH-Net)

	Optimizer
	Adam
	Adam
	AdamW
	Adam
	Adam
	AdamW

	Learning Rate
	0.0005
	0.001
	0.0001
	0.001
	0.0005
	0.00005

	Batch size
	16
	64
	64
	64
	64
	128

	Epochs
	150
	50
	50
	50
	300
	200

	Weight decay
	Not used
	Not used
	0.01
	Not used
	0.001
	0.01

	Loss Function
	Binary Cross-entropy
	Sparse Categorical Cross-entropy
	Categorical Cross-entropy
	Binary Cross-entropy (Hierarchical)
	BCE+ SCCE
	Multi-level Binary Crossentropy+ SCCE

	Input Type
	Reshaped DINOv2 embeddings
	ResNet50 embeddings
	DINOv2 embeddings
	DINOv2 embeddings
	DINOv2 embeddings
	DINOv2 embeddings

	Patch Size/Tokens
	N.A
	8
	16
	8
	N.A
	16

	Patch Embedding Dimensions
	N.A
	256
	128
	256
	N.A
	128

	Embedding Dimensions
	1024
	2048
	2048
	2048
	N.A
	2048

	Attention Heads

	N.A
	4
	4, 8, 16
	4
	N.A
	8/16/32

	Attention Type
	N.A
	Multi Head Self Attention (MHSA)
	Shifted Window MHSA
	MHSA
	N.A
	Shifted Window MHSA

	Window size
	N.A
	N.A
	4
	N.A
	N.A
	8

	Number of Transformer Layers
	N.A
	N.A
	3
	2
	N.A
	2

	Activation Function
	ReLU
	GELU
	GELU
	GELU
	ReLU
	GELU

	Output Activation
	Sigmoid
	Softmax
	Softmax
	Sigmoid
	Sigmoid +Softmax
	Sigmoid +Softmax

	H-CAST Levels
	N.A
	N.A
	N.A
	2
	2
	2

	TPC Loss Weight
	N.A
	N.A
	N.A
	0.5
	0.5
	0.5

	Transformer Architecture
	N.A
	Vision Transformer
	Swin Transformer 1D
	Hierarchical ViT (H-CAST)
	N.A
	Swin Transformer 1D



Table S4. Bootstrap-derived 95% confidence intervals for the performance metrics of the evaluated models on the independent test set. Values are reported as the point estimate followed by the corresponding 95% confidence interval estimated using bootstrap resampling. Narrow confidence intervals indicate greater stability and reliability of model performance.
	Model
	Accuracy (%)
	Sensitivity (%)
	Specificity (%)
	F1-score(%)
	MCC (%)
	Balanced Accuracy (%)
	G-Mean (%)
	AUC(%)

	Hybrid Inception-v3
	95.27
(94.05–96.41)
	93.60
(91.17–95.58)
	96.37
(95.07–97.68)
	94.01
(92.39–95.43)
	90.11
(87.52–92.49)
	94.98
(93.63–96.16)
	94.97
(93.60–96.16)
	99.21
(98.82–99.53)

	ViT
	96.34 
(95.02–96.98)
	96.15
 (94.04–97.96)
	97.00 
(96.02–97.98)
	96.00 
(95.02–96.98)
	95.00
 (93.04–96.96)
	96.50 
(95.03–97.97)
	96.00 (95.02–96.98)
	99.00 
(99.00–99.00)

	ViT + HCAST
	93.17
 (92.35–93.88)
	92.46
(91.54–93.30)
	96.66
(96.26–97.02)
	92.40
(91.47–93.22)
	93.50
(92.24–94.61)
	92.46
(91.54–93.30)
	94.54
(93.86–95.13)
	98.86
(98.65–99.05)

	Swin Transformer
	97.64
 (97.14–98.09)
	97.23
 (96.63–97.75)
	98.82
(98.58–99.05)
	97.34
(96.77–97.85)
	96.38
(95.61–97.07)
	97.23
(96.63–97.75)
	98.02
(97.60–98.40)
	99.86
(99.81–99.91)

	HCAST (ResNet)
	96.18 (95.21–97.02)
	96.34 (95.42–97.18)
	97.12 (96.31–97.86)
	96.87 (96.05–97.53)
	95.41 (94.36–96.22)
	96.73 (95.86–97.52)
	98.08 (97.26–98.72)
	99.14 (98.68–99.48)

	DSH Net(Proposed)
	98.20
 (97.65–98.75)
	98.27
(97.59–98.95)
	98.09
(97.19–98.99)
	98.49
(97.85–99.13)
	96.30
(95.10–97.50)
	98.18
(97.39–98.97)
	98.09
(97.32–99.04)
	98.10
(97.20–99.00)



Table S5. Five-fold cross-validation performance of the proposed DSH-Net for malaria species classification.
	Metrics
	Mean ± SD
	Fold 1
	Fold 2
	Fold 3
	Fold 4
	Fold 5

	Accuracy
	97.97 ± 0.27
	97.71
	97.63
	98.22
	98.30
	97.99

	Precision
	97.30 ± 0.48
	97.02
	96.51
	97.85
	97.64
	97.48

	Recall
	98.52 ± 0.16
	98.41
	98.70
	98.42
	98.72
	98.36

	Sensitivity
	98.52 ± 0.16
	98.41
	98.70
	98.42
	98.72
	98.36

	Specificity
	97.45 ± 0.55
	97.02
	96.62
	98.05
	97.94
	97.64

	F1-score
	97.90 ± 0.23
	97.71
	97.59
	98.13
	98.18
	97.92

	Balanced Accuracy
	97.99 ± 0.27
	97.71
	97.66
	98.23
	98.33
	98.00

	MCC
	95.94 ± 0.52
	95.43
	95.29
	96.44
	96.59
	95.97

	G-Mean
	97.98 ± 0.27
	97.71
	97.65
	98.23
	98.33
	98.00

	ROC_AUC
	99.75 ± 0.05
	99.77
	99.64
	99.76
	99.76
	99.79



