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I Introduction

Multimodal Model Architecture

Multi-modal Large Language Model(MLLM) Task
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Introduction

Mixture-of-Vision-Encoder Design Space
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Design space exploration

Base Setup High Resolution Recipe
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Language Response X, . . . .

Method Unfreeze Res #Token/s #Token (V) GQA MME MMMU OCR SQA POPE | Avg
Language Model f Original X 336 472 576 6246 1488 36.1 360 7279 86.77 | 615
Q Q Q QQQ Original v 336 472 576 63.68 1496  36.6 369 7222 859 | 617
— Interpolate X 448 479 1024 6245 1484 34.4 285 7227 86.54 | 598
Projection W Z, H, qu Interpolate v/ 448 479  |1024| 64.62 1531 357 496 7277 87.88 | 645 |
Vision Encoder X z Interpolate v 672 445 2304 64.51 1492  36.2 492 7286 87.49 | 641
XV Image q Language Instruction e
Tiled-input v 672 448 2304 63.59 1455 34.8 445 7194 87.83 | 625
Figure 1: LLaVA network architecture. IternVL[15] v/ 448 462 10R4  65.12 1521 362 527 7246 87.13 [ 649
* 1024712 TokenS &oIEE 4 1E +——
Vision Experts bilinear interpolation
pixel shuffle
l Category Vision Tower Unfreeze Res GQA MME MMMU OCR SQA POPE TextVQA
1024  63.71 1473 34.2 402 7192 8742 6695
VL Alignment ~ ConvNeXt
Expert Category Resolution Token Number Post-Processing Variant Hyper-links v 1024 6371 1433 37.0 527 72.01 8791 71.66
CLIP | Image-Text Matching 448 1024 None VIT-L Segmentation SAM 5 1024 54.87 1193 34.8 327034 8331 45.04
ConvNeXt | Tmage Classification 1024 1024 None ConvNeXt-XXL 1024 6005 1305 359 38 7064 8662 45.71
EVA-02 | Object Detection 1024 1024 Resize EVA-02-Large Object Detection  EVA-02 "; :gij 23';‘; ::_2’5 223 %5887 ;?3;’ gg-;g ;‘;-33
Pix2Struct | Text Recognition 1024 1024 Resize Pix2Struct-02-Large X 004 52'47 BT 357 ;143 69'61 77'54 56'56
) ] i inov2_vitl14_r Text Recognition  Pix2Struct ‘ : ' : :
DINOv2 Self: superv1sedl 448 1024 . None dinov2_vitl14_reg ext Recognition  Pix2Struc v 1024 5405 1220 343 425 7029 7921  57.05
SAM Image Segmentation 1024 1024 Pixel-unshuffle SAM-Large Selfsupervised  DINOY? X 448 6081 1269 340 39 7076 8642 4571
P v 448  64.06 1371 34.2 37 71.35 8729 46.77




I Design space exploration
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I Design space exploration

Extension to multi-experts

. A:CLIP
* B: ConvNeXt
+ C:SAM
. D:DINOV?2 #Encoders Encoder Combination GQA MME MMMU OCR SQA POPE TextVQA| Avg
b PyoStuct 2 A+B 640 1486 360 533 727 886 719 | 6583
. A+B+C 646 1497 352 558 717 879 722 | 6603
* F-EVA-02-L ,  A+B+D 657 1506 350 509 726 879 701 | 653.6
A+B+E 655 1459 353 565 731 879 708 | 660.1
A+B+F 647 1506 359 562 732 883 721 | 665.3
A+B+F+C 659 1498 366 540 720 888 7.6 | 6626
4  A+B+F+D 656 1521 358 508 73.0 89.0 700 | 657.5
A+B+F+E 653 1539 371 552 730 874 713 | 666.1
, [A+B+F+E+C 657 1511 376 548 727 886 716 | 6665
A+B+F+E+D 656 1512 360 528 729 834 705 | 660.0
6  A+B+F+E+C+D 6518 1504 353 534 719 876 7086 | 6363

. CLIP. ConvNeXt SAM. Pix2Struct. EVA-02 X210/ J}& £




Experiments

Compare results by number of vision experts

( Input Image: \

Input Image:

User: Tell me the locations of all the number 10 jerseys in the picture.
Answer the questions in details with a few sentences

Northowram
Fisheries
Eagle (baseline): There are two number 10 jerseys in the picture. One is on the left side of the group, and the OPENING TIMES

other is on the right side

\ ‘ ) e Eagle (more vision experts): In the image, there are two players wearing jerseys with the number 10. One of
] ‘ m them is standing in the center of the group, while the other is positioned towards the right side of the group. Both
players are part of the basketball team, as indicated by their uniforms and the context of the image.

Input Image: User: What'’s the value of the row “low” and column “referents”? User: What's the opening time of the
restaurant on Sunday?
N %) Crude results {n = 61,129) Ad]usud results** (n = 47817)
wmm (uu Referents Odds ratios 95% Q1 Odds ratios 95% O Eagle (base"ne): 2012-13 Eagle (baseline)' 11:30-2:00
1659 2 4782 (2 2 51,28 2 10441 Eagle (more vision experts):10,970 (60%) Egle (e vislon Experts)ciosed
Input Image: Input Image:
User: What is the man in the picture doing with National final User: Describe the information in the red
P > Draw Artist Song Points Place bounding box.
his I‘Ight hand: 1 The Memories “If It Mea'w 57 8th g
2 Ann Breen “Oh, Darling" 80 4th
Eagle (baseline): The man in the image is holding his 3 Fran Meen _Say That You Love Me” 96 6th ’ i : .
chigld vflith hie rig);ht hond g 9 4 Dreams “Sin Sin (“That's That")" 73 5th Eagle (baseline): The song "If It Means Losing You" by
5 Connor Stevens “Count On Me* 88 3rd The Memories is highlighted in red
Eagl ( . T ) Th hth ict . 6 Linda Martin and Friends | "All The People In The World" | 105 2nd
agie\more VisIon'expeirs)-Ihe maniicie picture|s 7 Maggie Toal “Feed Him With Love" 61 7th isi . i
pointing at a white object, which is a dolphin, with his 8 Lam Rellly “ Somewnhere In Europe® 130 | 1st ESge {more wision experts) The fed bounding hox

highlights the song "Losing You" by The Memories,
which is the national final song.

right hand.



I Experiments

OCR and document understanding tasks

rlnput Image:

Few in the Middle East and U.S. have
confidence in MBS

who have in Saudi Arabian Crown Prince

world affairs

\_

-
-
-
PEW RESEARCH CENTER

User: Render the figure in Markdown format.

Eagle:

Mohammed bin Salman to do the right thing regarding

Few in the Middle East and U.S. have confidence in MBs

No confidence  Confidence

| Countxy | No confidence | Confidence |
[ R R OREEETE | <mmmmmnanes [
| Israel | 83% | 6% |
| Tunisia | 69% | 18% |
| Turkey | 68% | 14% |
| Lebanon | 64% | 23% |
[Fu.s: | 63% | 20% |

\

Input Image:

Input Image:

are shown belov. There is a unit cost at Fels of $3.00 to cover the cost of

disposable syringes (ome for local anesthetic and one to obtain fat at each examina-

tion), local anesthetic, band-aids and shipping.
Unit -04 -05 -06
Lost N Total N Total N Total

Biopsy and 3.00 220 660 156 468 % b17)
handling (Fels)

Fat cell size $209* 220
(Mt. Sinai)

$45,980

User: What's the total cost of Fat cell size (Mt
Sinai) in the -05 year?

Eagle: 535,864

Input Image:

Cloud Computing Market Size Status and
Forecast for a Location 2019-2022
(in billions of RMB)

14
ud

9 2
peivate cloud B publ

MNote Years contaring "E” are estmates of rORCIONS

User: What was the committee
strength for the first meeting?

Eagle: 6

User: What was the committee
strength for the last meeting?

Eagle: 5

User: Describe the chart in detail?

Eagle: The image presents a bar chart that provides a
forecast for the cloud computing market size in China for the
years 2019 to2022. The chart is divided into two columns,
one for private cloud and the other for public cloud. The
years are labeled on the x-axis, while the market size is
represented on the y-axis in billions of RMB, The chart shows
that the market size for private cloud and public cloud have
been steadily increasing over the years. The highest market
size is for 2022, which is for public cloud, indicating a
significant growth in this sector. The lowest market size is for
2019, which is for private cloud, suggesting that the private
cloud market has been growing at a slower pace compared
to the public cloud market.



I Experiments

VQA tasks

Input Image: Input Image: Input Image:
Electrode reaction Standard electrode potential
V)
Au’ +3e ->Au +1.420
Cu* +2e ->Cu +0.340
Ni™* +2€ ->Ni -0.250
Fe'* +2e —> Fe -0.440
Na’' +e -->Na 2924 T :
User: What are the similarities and differences between

these two pictures?

User: Below are shown, for five metals, reduction reactions User: The original placement of this painting was

and standard electrode potential values. Which of these Option:
metals is the least reactive? explain your answers in detail. Eagle: The two pictures show a red panda in a natural setting (A)in the Prado Museum in Madrid, showing a willingness to
Option: (A)Au (B) Cu (C) Ni(D) Fe (E) Na resting on a tree branch. The similarities between the two images be compared ta great Spanish painters of the past

(B) in the cathedral in Madrid, indicating a desire to find

include the presence of the red panda, the tree branch, and the acceptance with the Catholic Church

Eagle: Th? least reactive metal among the qiven op_tions is (A) Au. sl AR ) ki PRl o e emarine him »
Explanano;: The standard electrode potential (E") is a measure of the X The differences lie in the position of the red panda and the angle gh{e I:1 u.';t.-.s: ;; J‘; :inté:gmt ;tgnz ; eap::;_g;_r; r;;f e:;;o{;.-s: er
tendency of a metal to lose electrons and undergo a reduction reaction. The  f the photographs. In the first picture, the red panda is curled up

; " . ; : ’ D) in the reception room at the Royal Palace in Madrid,
higher the E" value, the more reactive the metal is. (* ; ° -
In the given table, the standard electrode potential values are as follows. where the portraits of the royal family would be viewable by
(A)Au: +1.420 V (B) Cu:+0.340 V (C) Ni:-0.250V (D) Fe:-0.440V (E) Na:-2.924V visiting dignitaries

and sleeping on the tree branch, while in the second picture, the
red panda is sitting upright on the branch, looking alert and
awake. The first photo captures the red panda in a more relaxed

Comparing these values, we can see that the metal with the highest E"value  state, while the second photo shows the animal in a more active Eagle: (C) in the study of king Philip Iv, challenging him to
(+1,420 V) is Au. which indicates that it is the and attentive position. consider the multitude of interpretations the painting
least reactive among the given options. The other metals have lower E" represents

values, making them more reactive than Au.

Input Image: User: Which car in the picture is more aerodynamic? And explain your Input Image: ]
answers in detail. Lésetl:. Who was the patron of the building:
ions:
Eagle: The car in the picture that is more aerodynamic is the one on the right. This is (A'jAbd al-Malik
: é\\@ X % because it has a streamlined shape, with a smooth and curved body that reduces air (B} Justinian
K g resistance. The streamlined shape allows the car to move more efficiently through the

air, which can result in better fuel efficiency and lower emissions. The car on the left. on (C) Charlemagne (L) shah Jahan

the other hand. has amore rectangular shape, which can cause more air resistance and

Eagle: (B)
make it less aerodynamic.




