
Sparse Attention

MoE FFN

Transformer Block × 43 layers

deepseek‑ai/DeepSeek‑V4‑Flash
DSV4 family · 284.44B total · 13.90B active per token · hash_routing, moe, mtp, shared_experts, sliding_window, swiglu_clip

input_ids
[B, T] (int) vocab_size = 129280

Token Embedding
nn.Embedding(v, d)

[B, T]

v ⋅ d = 129280 ⋅ 4096 = 529.53M

HC expand
repeat to hc_mult=4 copies

[B, T, 4096]

0 (reshape)

[B, T, 4, 4096]

HC pre
Sinkhorn ×20

RMSNorm

wq_a
d→ qr

wkv
d→ dh, Hkv=1

q_norm
RMSNorm(qr) kv_norm

wq_b
qr→ H⋅dh

Compressor
cr ∈{4,128} per layer

Indexer (cr=4 only)
takes Q‑LoRA + compressed KV→ top‑512 idx

sparse_attn
win=128; +top‑512 when cr=4

wo_a (grouped)
og=8, or=1024

wo_b
og⋅or→ d

HC post
expand + residual mix

HC pre

RMSNorm

Score Router (sqrtsoftplus)
× 40 layers, top‑6

Hash Router (tid2eid)
× 3 layers

expert 0
SwiGLU ⋯ expert 255 shared expert

always active

weighted sum
top‑6 routed + shared

HC post

Per‑layer attention pattern (43 main layers + MTP cr=0)꞉

0 = full | 4 = overlap + Indexer | 128 = block | final 0 = MTP

(2+hm)⋅hm⋅d = 98.30K
paper꞉ 𝑋𝑙+1 = 𝐵𝑙𝑋𝑙 + 𝐶𝑙𝐹𝑙(𝐴𝑙𝑋𝑙)
𝐵𝑙 = SK20(exp 𝐵̃𝑙)

Final RMSNorm

[B, T, 4, 4096]

d = 4.10K

HC LM Head
HC‑aware projection→ vocab

v⋅d
+ (2+hm)⋅hm⋅d
= 529.63M

logits

[B, T, 129280]

tap to MTP

MTPBlock × 1
e/h proj + full Block(cr=0) + HC head

MTP logits
next‑1 prediction

2⋅d2 + 2⋅d
+ full Block + HC head

= 6.61B

Q‑LoRA꞉ d⋅qr + qr⋅H⋅dh = 37.75M
𝑐𝑄𝑡 = ℎ𝑡𝑊𝐷𝑄; 𝑞𝑡 = 𝑐𝑄𝑡 𝑊𝑈𝑄

KV꞉ d⋅dh = 2.10M

Compressor (cr=4)꞉ 8.40M
Compressor (cr=128)꞉ 4.26M
𝐶comp𝑖 = ∑𝑗 𝑆𝑗 ⊙ 𝐶𝑗

Indexer (cr=4)꞉ qr⋅Ih⋅Id + d⋅Ih + Compressor
𝐼𝑡,𝑠 = ∑ℎ 𝑤𝐼𝑡,ℎReLU(𝑞𝐼𝑡,ℎ𝐾 𝐼𝑠)
𝐶sel𝑡 = TopK512(𝐼𝑡,∶)

sparse_attn꞉ top‑512 indices (no params)
𝑜𝑡,𝑖 = CoreAttn(𝑞𝑡,𝑖 , 𝐾 = 𝐶sel𝑡 ∪ 𝑊𝑡 ,
𝑉 = 𝐶sel𝑡 ∪ 𝑊𝑡)

O‑LoRA꞉ H⋅dh⋅or + og⋅or⋅d = 67.11M
split 𝐻 heads into 𝑔 groups, then project 𝑔 ⋅ 𝑑𝑔 → 𝑑

Score Router꞉ d⋅E = 1.05M
𝑎𝑒 = √softplus(ℎ𝑊𝑒), top‑6Hash Router꞉ v⋅K = 775.68K
𝑒 = tid2eid[token]

per expert꞉ 3⋅d⋅f = 25.17M

experts total꞉ (256+1)⋅3⋅d⋅f = 6.47B
active꞉ (6+1)⋅3⋅d⋅f = 176.16M

Model deepseek‑ai/DeepSeek‑V4‑Flash
Family dsv4 (deepseek_v4)
Total params 284.44B (main stack)
Active per token 13.90B
MTP head 6.61B
Total + MTP 291.05B
Quantization FP8, e4m3, experts=fp4, BF16 gates/norms
Layers (L) 43
Hidden (d) 4096
Heads (H/Hkv) 64 / 1
Head dim (dh) 512
Q LoRA rank 1024
O LoRA / groups 1024 / 8
Routed experts 256 (top‑6)
Shared experts 1
MoE FFN dim (f) 2048
HC mult (hm) 4
Index top‑K 512
Sliding window 128


