Day2

fEday 1%, Omnit&BYZEK) FEIS/9: Encoding, Alignment, Interaction, Generation,
FEEVIGFIMLLMBER X G E ST IsIRER. OmnitiElA RIEGERESRIZHIE
BgpE 2K, Bk, BISEIXEESrepofifisl, TH—% T HROMNIYZIEXLIER
SEMNE(ERISSE:, MERRSHTIIZ. BIISFI0OmniR RS BIRE AL RATEH.

Multi-modalities Alignment

MLLMFIOMNiZRAFi5HE], Alignment, #¢&iHConnector, ATLAZprojectoraiE&EQ-Former
HRERR, 2= BLIP-2-hERRNZEQ-Former, Qwen2.5-OmnidfEEFEYZprojectorss
aiE .

Qwen2.5-Omni

https://github.com/QwenLM/Qwen2.5-Omni/blob/main/

Qwen2.5-OmnishiM BN FEREIN+EIR (BaTR) +X=.

B5caEisEmodeling_gwen2_5_omni_low_VRAM_mode.pyiX N4, FHEIXFRImodalityfd
encoder:

class Qwen2_50mniAudioEncoder(Qwen2_50mniPreTrainedModel) :

Transformer encoder consisting of *config.encoder_layers* self
attention layers. Each Tlayer is a
[ Qwen2_50mniAudioEncoderLayer ].

Args:
config: Qwen2_50mniAudioEncodercConfig

class Qwen2_50mniVisionEncoder(Qwen2_50mniPreTrainedModel):

config_class = Qwen2_50mniVvisionEncoderconfig
_no_split_modules = ["Qwen2_50mniVvisionBlock"]

NTFESNIE, Hpfrinitth el LABZIRIEEIREH -
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self.convl
padding=1)
self.conv2
padding=1)
self.positional_embedding =

nn.convld(self.num_mel_bins, embed_dim, kernel_size=3,

nn.convld(embed_dim, embed_dim, kernel_size=3, stride=2,

SinusoidsPositionEmbedding(self.max_source_positions, embed_dim)
self.audio_bos_eos_token = nn.Embedding(2, config.output_dim)

self.layers = nn.ModuleList([Qwen2_50mniAudioEncoderLayer(config) for _ 1in
range(config.encoder_layers)])

self.1n_post = nn.LayerNorm(config.d_model)

self.avg_pooler = nn.AvgPool1ld(2, stride=2)

self.proj = nn.Linear(config.d_model, config.output_dim)

PN —4HSTR AT E R ASRIRENESMHIERY, EFEBprojectionfI&MER, REIFIEERRIE
ELm, FEREIHEERE.

T EHRALIE :

self.patch_embed = Qwen2_5_VvisionPatchEmbed/(
patch_size=config.patch_size,
temporal_patch_size=config.temporal_patch_size,
in_channels=config.in_channels,
embed_dim=config.hidden_size,

head_dim = config.hidden_size // config.num_heads
self.rotary_pos_emb = Qwen2_5_VisionRotaryEmbedding(head_dim // 2)
self.blocks = nn.ModuleList([Qwen2_50mnivisionBlock(config) for _ in
range(config.depth)])
self.merger = Qwen2_50mniPatchMerger(
dim=config.out_hidden_size,
context_dim=config.hidden_size,
spatial_merge_size=config.spatial_merge_size,

fRiEforwardRUIERA, BB {Tpatching (An image is worth 16 wordsBBfsSZEHIpatching
BRI DBmE, AEERConvIDIRFHEE L fRfEAmerger# T, LEMMESHY
encoding, 733IfEFRYZLinear and Conv3DEFHITRRRAN4EE LR, MEH TalignZ/g,
SCRMERREHR, FMEEE(IHMEENtokenBiH X AtokenEH, A IESHIRT R,
projectorfiEEEHE S encoder 2,

XArAImage Audio and VideolI 51T, sAfFembeddingfRHESLEIE BRI AtokeniH T
embed, SAEEMANINAY SRR encoder+projectorfb B iFAItensor,

BLIP-2

https://github.com/wooseungw/blip2/tree/main

fEBLIP2#EELH, Q-FormerfRR AR TIKXI A RIESIRIDSAIFE.
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def init_Qformer(cls, num_query_token, vision_width,
cross_attention_freq=2):

encoder_config = BertConfig.from_pretrained("bert-base-uncased")
encoder_config.encoder_width = vision_width
# insert cross-attention layer every other block
encoder_config.add_cross_attention = True
encoder_config.cross_attention_freq = cross_attention_freq
encoder_config.query_length = num_query_token
Qformer = BertLMHeadModel.from_pretrained(

"bert-base-uncased", config=encoder_config
)
query_tokens = nn.Parameter(

torch.zeros(1l, num_query_token, encoder_config.hidden_size)
)

query_tokens.data.normal_(mean=0.0,

std=encoder_config.initializer_range)

return Qformer, query_tokens

Q FormerfEHJRAILHIRTIR, £¥0%A4Query Token query_tokens = nn.Parameter , FHi&
HencoderfUBINLERE, LAKcross attentionfI$iR (IXMNBEHtBSself attention) . BLIP2
F R —NQ Former, BEEONN—EM—RIATZ=IAquery tokens, FRIBERAE
=RRZDPWER: BRI (query 5image encoder 32H) . MAKR ((NXAETE
H) . LARSBIESI’E (query + text + encoder —#ERRH)

if input_ids is not None:

embeddings = self.word_embeddings(input_ids)

if query_embeds is not None:
embeddings = torch.cat((query_embeds, embeddings), dim=1)

else:

embeddings = query_embeds

LERTHRML input_ids (3Z4%) #0 query_embeds (query tokens) B, query_embeds £4%#H
RN ZHI, FE— N F—F5, HaRself attentionfEfg#Equery and text tokenZ [AJ3Z
B, Hrh, SH¥ERcross attention layer, XEESItqueryZBHEIIMEI—IRcross attention,
MiTiEZ ImagelI5E.,

image_embeds = self.In_vision(self.visual_encoder(image))

image_atts = torch.ones(image_embeds.size()[:-1],

dtype=torch.long) .to(image.device)

query_tokens = self.query_tokens.expand(image_embeds.shape[0], -1, -1)
query_output = self.Qformer.bert(

)

query_embeds=query_tokens,
encoder_hidden_states=image_embeds,
encoder_attention_mask=image_atts,
use_cache=True,

return_dict=True,

image_feats = F.normalize(self.vision_proj(query_output.last_hidden_state),
dim=-1)



fE query_embeds#] encoder_hidden_states(tE#2imagefJembedding) #1732 XiEE A,
SRFEqueryfilast_hidden_state F4&&/2! vision_proj {fEABIGERT.

HRBtext tokenfIBFR, Q FormerRRNAYRID=E, ERIEEN. FLAEMSZ: REXA
Bt Q-Former I AMMEIEES (text self-attention) ; XA+EURRES: {B—HAIZEIRY
query tokens $HEISXABIE, ENFYIFCM self-attention, FEIRIECE A cross-attention fIE

(FH cross_attention_freq =) XI query tokens Zi9Mi cross-attention, key/value kEE]
1& encoder §95IH, MTILL query MEHRFHIEFHMEYE SFHLIIIFT.

Multi-modalities Interaction

LLM AREPEIESRISIEIT input-level concatenation & layer-level cross-attentionSEif {744

HEE,
MiniGPT-4

https://github.com/Vision-CAIR/MiniGPT-4

MiniGPT-4#FQ-FormerkaiHRIRXITFAIM Titoken, ARSI AtokenfEembedding EHH =N
LLM, 1ELLMAEBAYattention take care of both tokens.

image_embeds = self.In_vision(self.visual_encoder(image)).to(device)

image_atts = torch.ones(image_embeds.size()[:-1],
dtype=torch.long) .to(device)
query_tokens = self.query_tokens.expand(image_embeds.shape[0], -1, -1)

query_output = self.Qformer.bert(
query_embeds=query_tokens,
encoder_hidden_states=image_embeds,
encoder_attention_mask=image_atts,
return_dict=True,

inputs_llama = self.1lama_proj(query_output.last_hidden_state)

.{%5‘6 21F VIT, BEE Q-Former, ZEF4AI query_output.last_hidden_state #HIAXY
FE, MFEILLaMARIERE, {EAEIGtoken,

ZEXARE G tokenfEembedding B E#ITHHE. MiniGPT-4 (£ <ImageHere> {EAEIGS
fIFF, REXSRFZIMIT—ERSIAM tokenizer + embedding, #ARX AembeddingflEl(&
embeddingif#{TH#z:
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p_tokens = self.llama_tokenizer(seg, return_tensors="pt",
add_special_tokens=False)
p_embed = self.embed_tokens(p_tokens.input_ids)

interleave_emb.append(

torch.cat([p_embed, each_img_embed[None][:, idx * pn:(idx + 1) * pn]],
dim=1)
)

wrapped_emb = torch.cat([wrapped_emb, p_embed], dim=1)
FERRHIRISRAEZ |
[text_before_<ImageHere> embeddings]

[visual embeddings from Q-Former + Tlama_proj]
[text_after_<ImageHere> embeddings]

Flamingo

https://github.com/mlifoundations/open flamingo

FlamingofE LLM decoder layer 5N\ gated cross-attention, 1.EX7K hidden states ZEzf)
cross-attend EfE token,

Qutput: text

. Pretrained and frozen

'(@ a very Serious cat. ‘
Trained from seraten C emNbleck 8
| | n-th GATED XATTN-DENSE
Perceiver Perceiver
- 1st GATED XATTN-DENSE

Processed text

| <image> This is a very cute dog.<image> This is |

Interleaved visual/text data

This is a very cute dog.m This is

Figure 3: Flamingo architecture overview. Flamingo is a family of visual language models (VLMs)
that take as input visual data interleaved with text and produce free-form text as output.

FlamingofsfFBAYZCLIP encoder, FHHHAIREpatch level visual feature token, MAE—1
£BRE, tokenizerd AN T MFiktoken: <|endofchunk|> F <image>, EA <image>
FIREX ARSI HRCERAE. XAFIXLimage SRIFREN T &HIF cross-attention: HEIX
7K token [i% attend ZEHf—3kE{&AYembedding,

FlamingoLMMixin SBEEAI LLM decoder blocks BZ#ek, EFREETFEBA—
GatedCrossAttentionBlock , £%§ cross_attn_every_n_layers EHIENIER, BIARILA
BEFE—X., NRYBIER gated_cross_attn_layer , FiiHITIEIRZ cross-attention; %A
EEHITIEARRY decoder layer, cross attention®d, XAXINAYKE Aquery, A
embedding/gkey and value,
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GatedCrossAttentionBlock AZEERIE cross-attention HIHEEINZISZA hidden states
L, mEFRT— % gate, FHEEHEBBgated feed-forward, XBEFREMNTERIFINEE
EAFIM,

AnyGPT

https://github.com/OpenMOSS/AnyGPT

-

“It was the night---
silent night, whence ...”

speech image
de-tokenizer de-tokenizer

<s0s> .Sp-eechtakens <eos>  Texttokens <soi> / Image tokens  <eoi> <som> ’ Music tokens <eom=>

ANYGPT

<sog> .Speech tokens <eos>  Texttokens <soi> ¢ Imagetokens <eoi> <som> a Music tokens <eom=>
speech "., image music
tokenizer | it tokenizer || tokenizer
0 A ip
speech image music

AnyGPTREARIERS (BfR. S, R, X&) token (UaFE—FF5l, ARLLMFTT next-
token prediction, STFHIRESASMATIRESEH, BRGNS BERERTY, £
ERHIETMIEINELIE,

fEanything2tokenfy3{4eh, B:

def modality_tokens_to_string(tokens, modality="image"):

tokens_str = [f"<{prefix}{token}>" for token in tokens]
return start + "".join(tokens_str) + end

B0, YFESHEERtokenkiR, ASELELIT <soim> 1 <eoim> IXFEZRIAFNZZLE
XEf¥notationZstart / end of ImagefI= &,

El{&{FH SEED tokenizer; 15E{EH SpeechTokenizer; E5R{FH Encodec, README thiid
BH: SpeechTokenizer FF speech tokenization/reconstruction, SoundStorm #pEIEZHIE!
BES(SE., SEED tokenizer F3FEBl& tokenization; unCLIP SD-UNet FHFBI{&E#, Encodec-
32k FBF& 5 tokenization/reconstruction, 1BXHtH4EH T token HiE: BUEETKE 32 4
token, image vocab size 2 8192; speech vocab size & 1024; music {#F Encodec RVQ,
x4 flatten BYE’R token F51,

HESHIR S Htokenizelg, EEEZAKtoken string, #AZIpromptEHE, RIAEEUESE
19, LN
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[Human]: <sosp><l><l><l><eosp> Please acknowledge the user's vocal input...
[MMGPT]: <-Ins-> hello, how are you
<-Res-> I am fine, thank you <sosp><2><2><2><eosp>

SRS, fEFALLaMA tokenizer 3BEA multimodal prompt #5% input_ids , SAELEARAE
causal LLM &R fE4E token, HPA, XEKRESZEY EtokenizerfJvocabFIXIMAYembedding
matrix, =78, XLFEERYembedding row2r]F3I£%, HEEHAnYGPT Y multimodal
pretraining / SFT 51, @id next-token prediction ZHEHY,

Multi-modalities Generation

WOmMNILRARRTIR, Htext/token/representation based modelF=HHfY, text-basedIEFEEM,
AAERHAYS F2caption, AEMAZIXRIESNgenerator BEIHITERK.

Text Based - GPT-40 and Gemini(1.5/ 2.5)

£ GPT-40 1 Gemini R5h, HREAFFENMNERENHERES, BENA. BERSIESH
N, {BSCRRAYAE R HH S HRA T MBI R:

* GPT-40: FIFBINFREERBEIGHNAIES, LLM SN TEBRHERBRIES A
157, SAFSVEA TTS(Text to Speach). Stable Diffusion & Video Diffusion Z£4MER&4E
P S ToRER L.

* Gemini 1.5/2.5: ELABAR, LLM BEXAHIZFIEE, BHEI JEMERTSHERSEM
=77

Token Based - AnyGPT

AnyGPT4&RL 7 ST AYE B tokenZ 5, SREEIRIMAYdetokenizerF{TIAR. AnyGPTIIAI
K, BEfR. SREESIYH tokenizer HAbHEEL token FF5l, ARFLLM BEREFUNT—ES
token, {R¥EHRE—RY token FFIBEIFHF, token FFIEIIHEM detokenizer fRRSARIGIE
&, BnEfG. EEFAIURES. ELELE, BHPIRRFHKARREZN.

Representation Based - VITAR %l

LLM AERLZESL latent representation, FH decoder B, diffusion PG EEE IR N RIES
H, VITAZZIERANEXMN A, B, VITANSESXTT. LLMASBinteractIEESTVE:
encoder &itHiEId projector EiconnectorZ Ay LLMEESZ token, FAGinteract/Fz{Ztoken
concat, #:

[¥i3 tokenl, ¥ 3 token2, .., % #i tokenl, %#i token2, .., XA tokenl, ..]

XS FAERLSEN, LLM 4R latent representation, SEEREENAERTR, RVESIERRENX

SEMLETX, ARERAdecodersi® 2diffusionsiFlatent representatoinf& {4 axd AR
=

1CNo

LSk
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SRBI—LEZHETEPRISIIL, K T# 7 Omni or MLLMARarchitecture RS I R AIMGERD
SCHe, LERITFIXEdesign choiceBERIENE TERZIRVEERE. LLUMRQ Formerf9igit4
iy, LR THEEELLquery tokenfEftext tokeni@idself attention#{TSE3ZHE, Mcross
attentionfgfi#iLquery token/Zx1Zlimage embeddingtER. XFRUIRITHESCEREISIAY, BE
ALBLLEZHHE (AR EtextFIE RSB cross attention) , Xquery token BT
SRy EMEEAEES, BEQ-Former AJLUMEASK—XITHEFCRAMEENSR. TSR, SHEA.

HERIAN: EENIGGE, SIFEXEN—Bo. MR, JIESEEE+0 X580, FEit
HITERAREREHOMNIEE, HEESERRERWNE TGN, 25, BAR—TI0E
fbenchmark, LAKFTFdatasetiagiZ B IFN4E1CHERHISIER,
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