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. - . Method LLM Number of Frames Accuracy Score CI DO CU
m Problem: Long videos exceed model context; T past (1) Xnew Video Chat Vicuna-7B 32 610 334 3.26 3.20 3.38
: " : Video-ChatGPT Vicuna-7B 100 442 271 2.48 2.78 3.03

subsampling loses critical details. _\/\/\ c®o00 ° Video LLaMA Baced Models
« e : Video LLaMA Vicuna-7B 32 514  3.10 3.30 2.53 3.28
m Inspiration: Human memory consolidates key events 0 \/1 MovieChat Vicuna-7B 2048 678 381 332 328 344
over t|me MovieChat+ Vicuna-7/B 2048 66.4 3.67 3.70 3.30 3.62
. : Video LLaMA (no LTM) Vicuna-7B 2048 680 3.76 3.72 3.33 3.71
. . . . contraction _ ﬁ-v;d:g [LaMA (Bgiform) v?gﬂﬂg-m 2048 66.5 3.69 3.60 3.31 3.58
= Goal: Understanding full videos in one pass without : comcalenation  cVSSUMASN,,,, VERTE 2% 44 8
° ° o K* Video Q-former . : . : . . . . .
missing Important content. @’[ SlE samphng 7 v S?O-I;/;céiztl_zl__aBI;/lsAe\ ;r;\c/’)oSdTell\;l sticky) ~ Vicuna-7B 2048 59.2  3.68 3.30 3.30 3.44
O , .
. : : — e VideoChat2 Mistral-7B 16 622 372 3.46 3.60 3.69
m Approach: Adapt co-former [1] to video via [ s o® ° o .® © o VideoChat2 (no LTM) Mistral-7B 128 63.9 374 3.54 3.60 3.73
: : : . @05 v 0000000° ©_ o, o 09 09947, ~o-VideoChat2 (uniform) Mistral-7B 128 641 373 3.54 3.60 3.75
continuous-time visual memory—no retraining needed. L5 Querytokens — ~o-VideoChat2 (sticky) Mistral-7B 128 639 374 355 3.63 3.74
. . ST Sheredwenie | B - 0 oo 7 1 c0-VideoChat2 (no STM uniform)  Mistral-7B 128 65.7  3.78 3.65 3.60 3.84
B Our method shows |mproved performance on video : Frozen ! Questn . ~o-VideoChat2 (no STM sticky) Mistral-7B 128 66.5 3.85 3.71 3.68 3.96
. . . %} 1M @ Sti.cky Assist.ant: In the last scer.le, the main ChamcteT' plays the ke%board.. . .
QA taSkS Wlth VldGO'LLa MA and VIdGOChatz. Gt Lo it e e s e e o ol .’L'(t) l‘egl‘eSSlon OO-VIC'EO Wlth Sthky memories achleves the best

The final output of our modified video Q-former layer is

Y,
From Discrete to Continuous Attention a weighted average of the standard Short-Term . /\/\ \/\/\/\/
0 T 1

Discrete attention uses tokens; we instead model input Memory (STM) attention and our new LTM context:

as a continuous signal x(t) on [0, 1|, expressed via basis Z = aZstm+ (1 — a)Zum

functions )(t): To feed a fixed-size representation to the LLM, we Sticky Memories
x(t) = B 9(t)

compute a running average of the projected video

results on MovieChat-1K, outperforming all baselines!

Qualitative Analysis
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. . . . . - . Motivation: Uniform memory allocation is inefficient.
ThIS a”OWS USIng a prObabIIIty d@ﬂSlty p(t) InStead Of tOken embeddlngs EC from eaCh Of the C Chunks' . .. o . y . Figure 3. (Top) LTM attention density on the [0, 7] interval for the Interstellar trailer, using sticky memories in the final chunk of the
SOftmaX B iS COmputed Via Ridge regreSSiOn _ C L 1 _ 1 Idea: PrlOrltlze relevant reglons by aIIOcatlng memory 0o-Video LLaMA video Q-former’s last layer. (Bottom) The same attention density map, extended over the full ¢ interval.
Ec=—FE+FE proportionally, inspired by resource-based models III.IIII|I b I.Illl . II- =
Continuous Attention and Long-Term Memory (LTM) 2, 3, 4]. 3 R e R - -
Continuous-Time Memory Consolidation Analogy: Mimics non-local replay in the brain, where . . . E . . . .
Project the continuous input x(t) = B'1(t) to get keys past events are selectively reactivated [5, 6]. Ta—T— i e o T
and values: The LTM is updated for each new chunk in FOUR steps: i . ! e .
k”(t) — (W,’(’)Tx(t) — (W,’})TBsz(t), As new video chunks arrive, the LTM is updated: Long-Term Open-Ended Question Answering
. Figure 4. Highest continuous attent:imzl densiity frames selecteg using s.ticky memories in the Interstellar trailer for co-Video LLaMA
Vh(t) _ (W\l})TX(t) — (W\//))T BT??b(t) Sample: Evaluate the Current LTM Slgnal X(t) at T : across 3 chunks. (Left) Interval: [0, 7°]. (Middle) Interval: (7°, 7]. (Right) Interval: (7, 1].
. . - - A locations Method LLM #Frames Medium Long Avg References
Queries: Q" = [qy , ..., qg] = YWj. Similarity and ot T T ” Video-LLaVA Vicuna-7B 8 380 36.239.9
GlbbS PDF ) O act. e.paS FOn e')'( 1> mapp? O a smatier ShareGPT4Video 8B - 16 36.3 35.0 39.9 [1] Pedro Henrique Martins, Zita Marinho, and André FT Martins. oco-former: Infinite memory trans-
, _— , oS/ (t) interval [0, 7|, inducing a "forgetting" factor. Chat-UniVi-v1.5 Vicuna-7B 64 40.3 35.8 40.6 former. In Proc. ACL, 2022.
; — _ _ — . . _ _ _ [2] W. Ma, M. Husain, and P. Bays. Changing concepts of working memory. Nature Neuroscience, 17:
s/(t) =q; k'(t), p;'(t) T s (7)o Concatenate: The contracted past context is combined Qowe” VL-Chat Q‘fve” /B4 38.7 3/.841.1 347-356, 2014. doi: 10.1038 /m1.3655. URL https: //doi .org/10. 1038/nn. 3655,
th th h k) t t VideoChat?2 Mistral-/B 32 3/.9 38.042.1 [3] Oliver Hardt, Einar O Einarsson, and Karim Nader. A bridge over troubled water: reconsolidation
Attention Vi3 eXpeCtatiOn: Wi e Nnew CNnunkKs context. ~o-VideoChat?2 (no LTM) Mistral-7B = 128 306 3884273 Ig;i ihnor;lggbe?\llef:fiin;tzg1a(l)1dd2°eu1rgsﬁizg;iﬁc memory }rle(s).gggc(:)g %aoczlli;ig)ns. Annual Review of
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Zh n h Wh TBT h d Regress. A new continuous Slgnal Xnew(t) IS ﬁt to the oo-V!deoChatZ (ur]lform) M!Stra|_7B 128 400 38.8424 [4] Yadin Dudai, Avi Karni, and Jan Born. The consolidation and transformation of memory. Neuron,
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