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LLaMA-3
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B
13B
33B
65B
/B
13B
70B
1B
8B
70B
405B

32
40
60
80
32
40
80
24
32
80
128

Hidden
Dim

4096
5120
6656
8192
4096
5120
8192
2048
4096
8192
12288

Heads

32
40
52
64
32
40
64
16
32
64
96

FFN Dim

11008
13824
17920
22016
11008
13824
28672
5504

14336
28672
49152

Max Seq
Len

2048
2048
2048
2048
4096
4096
4096
2048
8192
8192
128K

Vocab
Size

32000
32000
32000
32000
32000
32000
32000
128256
128256
128256
128256
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class LlamaMLP(nn.Module):
def init_(self, config):

self.gate proj = nn.Linear(self.hidden_size, self.intermediate_size, bias=config.mlp_bias)

self.up_proj = nn.Linear(self.hidden_size, self.intermediate_size, bias=config.mlp_bias)

self.down_proj = nn.Linear(self.intermediate_size, self.hidden_size, bias=config.mlp bias)

def forward(self, x):

down_proj = self.down_proj(self.act_fn(self.gate proj(x)) * self.up_proj(x))

return down_proj

< EJELlama3-8B: D=4096, I=14336, L=32
B E: 3 *H*I*L =5.64B

< 1f8&: 5.6B MACs = 11.3Gflops / token

https://github.com/huggingface/transformers/blob/7258ea44bc0c0a425a468f6618559
dlde8c4126d/src/transformers/models/11ama/modeling_llama.py#L143
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class LlamaAttention(nn.Module):
def _init_ (self, config: LlamaConfig, layer_idx: int):
self.head _dim = getattr(config, "head_dim", config.hidden_size // config.num_attention_heads)

self.num_key value groups = config.num_attention_heads // config.num_key value_ heads

self.q_proj = nn.Linear(config.hidden_size, config.num_attention heads * self.head _dim, bias=config.attention _bias)
self.k _proj = nn.Linear(config.hidden_size, config.num_key value heads * self.head _dim, bias=config.attention _bias)
self.v_proj = nn.Linear(config.hidden_size, config.num_key value heads * self.head _dim, bias=config.attention _bias)
self.o proj = nn.Linear(config.num_attention_heads * self.head dim, config.hidden_size, bias=config.attention bias)

def forward(..):
query_states = self.q _proj(hidden_states).view(hidden_shape).transpose(1, 2)
key states = self.k proj(hidden_states).view(hidden_shape).transpose(1l, 2)
value_states = self.v_proj(hidden_states).view(hidden_shape).transpose(1l, 2)
attn_output, attn_weights = attention_interface(..)
attn_output = attn_output.reshape(*input_shape, -1).contiguous()

attn_output = self.o proj(attn_output)

return attn_output, attn_weights

https://github.com/huggingface/transformers/blob/7258ea44bc0cPald25a468f6618559
dlde8c4126d/src/transformers/models/llama/modeling_llama.py#L197 Large Model Computing, Tsinghua University
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class LlamaAttention(nn.Module):
def _init_ (self, config: LlamaConfig, layer_idx: int):
self.head _dim = getattr(config, "head_dim", config.hidden_size // config.num_attention_heads)

self.num_key value groups = config.num_attention_heads // config.num_key value_ heads

self.q_proj = nn.Linear(config.hidden_size, config.num_attention heads * self.head _dim, bias=config.attention _bias)
self.k _proj = nn.Linear(config.hidden_size, config.num_key value heads * self.head _dim, bias=config.attention _bias)
self.v_proj = nn.Linear(config.hidden_size, config.num_key value heads * self.head _dim, bias=config.attention _bias)
self.o proj = nn.Linear(config.num_attention_heads * self.head dim, config.hidden_size, bias=config.attention bias)

< ZE[[ELlama3-8B: hidden_size=4096, num_attention_heads=32, num_kv_heads=8, head dim=128, L=32

< SIS (2*4096*4096 (Q0) + 2%4096*8*128 (KV)) * 32 = 1.34B

< 1TE& (QKVO) : 1.34B Macs = 2.68Gflops / token

< 1TEHE (SDPA) : 32 * 323k * 8192FHHKE * 1284 * 2(QK+PV) = 2.15GMacs = 4.30Gflops / token
o KVEETFEKI: 32 * 83k * 1284 * 8192FFAKE * 2 (K+V) * 2 = 1GB

https://github.com/huggingface/transformers/blob/7258ea44bc0cPald25a468f6618559
dlde8c4126d/src/transformers/models/llama/modeling_llama.py#L197 Large Model Computing, Tsinghua University



Transformer Block

class LlamaDecoderLayer(GradientCheckpointinglLayer):

def forward(..)

residual = hidden_states

hidden_states

hidden_states, _

hidden_states

= self.input_layernorm(hidden_states)
= self.self attn(hidden_states, ..)

= residual + hidden_states

residual = hidden_states

hidden_states
hidden_states

hidden_states

return hidden_

self.post_attention_layernorm(hidden_states)

self.mlp(hidden_states)

residual + hidden_states

states

https://github.com/huggingface/transformers/blob/7258ea44bc0c0a425a468f6618559
dlde8c4126d/src/transformers/models/11ama/modeling_llama.py#L268

————— Al ————

————Al—_—

————Al—_—

————— Al ————
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Transformer

class LlamaModel(LlamaPreTrainedModel): v BEE.
w B E=
def forward(self, input_ids, ..):
hidden states : torch.Tensor = self.embed tokens(input_ids) <» 128256 * 4096 * 2 = 1.05B
for decoder_layer in self.layers[: self.config.num_hidden layers]:
hidden_states = decoder layer(hidden_states, ..)
hidden states = self.norm(hidden_states)

return ..

class LlamaForCausallLM(LlamaPreTrainedModel, GenerationMixin):
def forward(self, input_ids, ..):
outputs= self.model(..)
hidden states = outputs.last hidden_state
logits = self.1lm head(hidden_ states[:, slice_indices, :]

return ..

Large Model Computing, Tsinghua University



< BIERE: 24GB
% BlFea:. 1008 GB/s

< FP16/BF16557]: 165 Tflops

< tE8flopsFIAZE (Model Flops Utilization, MFU)
o SFMERETE (GEMM) 3Rih, L9Ho0x

> ELhFEHE L9150 Tflops
 MFRBSIG, BRIk
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<~ 8= Hifs.038
> 1AHRAN+LM head: 1.05B
> %EEE: 5.64B (MLP) + 1.34B (QKVO) = 6.98B
<+ it88: $#it19.28Gflops / token (HRE%L: E/S#124 flop)
> 2iEEE: 11.3G (MLP) + 2.68G (QKVO) = 14.98G / token (2iEHEZEESH=2E)

» SDPA: 4.30Gflops / token

< BFFH: RBIKJv: 8B * 2bytes = 16GB; KVEEfF: 1GB, IHit17GB

R

» JlEZE SIS 165T * 0.5 MFU / 19.28G = 4280 Token / s # SKIKELU28)

» JIESHSE: 4280 / 3 = 1427 Token / s
< YI1sTENREERIAIE: 333-R*E
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< {ZEAVERIERIFER : DHiRE — wJLAZHS

<+ HHEEMHE: BL3MEEUNE: 6.98B * 2Byte = 13GB
< i1ESDPA: iGIALERKVEETF: 1GB

< 1BE)EE/ LM head: 128256 * 4096 * 2 Byte = 0.98GB

< Hit156B / token (EREZE: BI/E2EH2FH)

< BIEERT, NRITwEES, BiSEEN1008 / 15 = 67 token/s
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