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Abstract
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Overview

& User: Could you guide me through the steps to “search for the best paper in CVPR 2023"?

1

J

R

CogAgent: Move the
cursor to the Google
Search box located
approximately at the
center of the screen,
then type 'best paper in
CVPR 2023'.
[Operation]:
[searchbox] Search ->
TYPE: best paper in
CVPR 2023 at the box
[[250.479,750,5401]]

-

CogAgent: Click on
the area of the screen
that corresponds to the
'CVPR 2023 Best
Paper Award Winners
Announced' link to
navigate to the details
of the winning papers.
[Operation]: [div]
CVPR 2023 Best
Paper Award Winners
Announced -> CLICK
at the box
[[168,775,656,829]]

-
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CVPR 2023 Best Paper Award Winners Announced
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Computer Agent |

CogAgent: Press the
enter key on the
keyboard while the
cursor is inside the
Google Search box to
initiate the search for
'best paper in CVPR
2023,

[Operation]:

Press Enter

CogAgent: Move the
cursor over the box that
represents the link for
'Best Paper: Visual
Programming:
Compositional visual
reasoning without
training', and click.
[Operation]: [link] Best
Paper: Visual
Programming:
Compositional visual
reas... -> CLICK at the
box [[087,675,817,695]]

CogAgent : A Visual Language Model for GUI Agents
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| CogAgent : VLM for GUIs

Overview

& User: Could you guide me through the steps to “change the display mode to light mode”?

8-
* HI8 RE
D

CogAgent: Touch the
area on the screen where
the 'Settings' icon is
located. This action aims
to open the settings menu

CogAgent: Touch the
area of the screen where
the 'Display & Brightness'
text is located. This action

o
: : aims to open the display
s, Ea wpere L proceed settings where you can
A I g with changing the phone's proceed with changing
o s = & | display mode to light the light mode
@ e o mode. S [Operation]:
[Operation]: tap [[450911]]
tap [[396,587]]
' o e
142 .- & User: How many likes and quotes does the tweet get?
« Post

CogAgent : A Visual Language Model for GUI Agents

CogAgent: The tweet gets 548 likes and 14 quotes.

& User: Why does this tweet have so many likes?

CogAgent: The tweet has many likes because it is from a
well-known TV show, 'Friends', and the news of Central Perk
Coffeehouse coming to Boston is likely exciting for fans.

& User: What are the recommended steps for
“posting a reply 'Brilliant!""?

CogAgent: [Plan]: 1. Locate the reply button at the bottom of
the screen.

2. Click on the 'Post your reply’ button to bring up the keyboard.
3. Type in the text 'Brilliant!' into the reply field.

4. Submit the reply by pressing the send or post button on the
keyboard.

[Next Action]: Tap on the 'Post your reply' button located
towards the bottom center of the current screen view.

© University of Florida
Hallywood

]

4 hr 3d min

o

e 2 T—

Smartphone Agent

isghay & Brightness
CogAgent: Touch the
area on the screen that
corresponds to the 'Light' E I
option under the "
'APPPEARANCE’ e O
section. This action aims Py
to switch the display
mode from dark to light.
[Operation]:

tap [[305,234]]

Ngte St

@ ?_ User: If you choose the fastest route,

how long does it take from University of
Florida to Hollywood? How far is it?

CogAgent: It takes 4 hours and 34
minutes from University of Florida to
Hollywood. The distance is
approximately 516 km.

& User: What are the recommended steps
for “checking for the estimated time if
departing at 8 a.m. tomorrow morning”?

CogAgent: [Plan]: 1. Access the time
settings to change departure time.

2. Update the departure date and time to
tomorrow morning at 8 a.m.

3. View the updated estimated time for
the trip.

[Next Action]: Click on the 'Now' button
next to 'Drive’ to start changing the trip
details.
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Introduction : Problem
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Introduction : Challenge

« Dataset
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 Base VLLM
« CogVLM-17B : SOTA VLM

« High Resolution Cross-Module

- GUIOJHOf TIAXOIXtC QA QIEIAE 313 EXlof| =X

* Pre-training
+ Text Recognition Data

 Visual Grounding Data
* GUlimagery Data

 Multi-task Fine-tuning and Alignment
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High-Resolution Cross-Module (\,

L.th layer

Lt faver

Cross-Attention

(hidden size = 1024)

2 ’c[ws-alm S

[ High-resolution image feature )

/ High-resolution
Image Encoder
(light-weight)

*

= g
""o- -

Input Image (1120x1120)

W72
A} RN
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p LTS
D VTN
Original VLM [Target Text]
. * | S
-
Visual Language Decoder
-—

(hidden size = 4096)

T concat
[Low-resolution image feature] [ Text feature)

t t

‘ MLP Adapter l I Word Embedding ‘

- t

Task: How can [ find an
/ \ spartmenl that offers free
/ Low-resolution | Wi-Fi?

= J \ Plam: 1. Locate mmd select

/ Image Encoder \ the price filter option

————— / 2Select the 'Free WiFi'

] ) | leption. 5. Apply the filters

to update the scarch

: ? resalts, and choose one
= satisfying apartment.

™ JES— Action: Move the cursor

- - to the Price filer’ on the

- » B . el sidebar where 1 says

- — Ll -— "Your previous fillers”, and

s downsample = g~ = click on the 'Free Wi-Fi'

- . checkbox,

Input Image (224x224) Input Text

Figure 2. Model architecture of CogAgent. We adopt CogVLM as
the original VLM.
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Method : Pre-training

» Text Recognition
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- Foundational Visual Understanding

General VQA Text-rich VQA
VQAvV2 OKVQA OCRVQA TextVQA STVQA ChartQA InfoVQA DocVQA

task-specific fine-tuning models

Method

Pix2Struct [16 58.6 40.0 76.6
BLIP-2 [18 82.2 59.3 712.7
PALI-X-55B [8] 86.0 66.1 75.0 71.4 79.9 70.9 49.2 80.0
CogVLM [38] 84.7 64.7 74.5 69.7
generalist models
UReader [40] - 57.6 - - - 593 42.2 65.4
Qwen-VL [2] 79.5 58.6 75.7 63.8 - 65.7 - 65.1
Qwen-VL-chat [2] 78.2 56.6 70.5 61.5 - 66.3 - 62.6
Llava-1.5 [20] 80.0 - - 61.5 - - - -
Fuyu-8B [3] 74.2 60.6 - - - - - -
Cog VLM« [38] 83.4 58.9 74.1 68.1 - - - -

I CogAgent (Ours) 83.7 61.2 75.0 76.1 80.5 68.4 44.5 81.6

Table 1. Performance on Visual Question Answering benchmarks. Bold text indicates the best score among the generalist category, and
underlined text represents the best score across both generalist and task-specific categories.

CogAgent : A Visual Language Model for GUI Agents
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« GUI Agent
- Computer Interface : Mind2Web

«  Smartphone Interface : Android in the Wild(AITW)

Method | cross-task cross-website cross-domain | overall
Representations of screen inputs: HTML
GPT-3.5[29]sew-shot) 18.6 17.4 16.2 17.4
GPT-4[30]" tfew-sbon) 36.2 30.1 26.4 30.9
Flan-T5x. [10] 52.0 38.9 39.6 43.5
LLaMA2-7B[37] =7 | 47.1 50.3 50.1
LLaMA2-70B[37] 55.8 51.6 55.7 54.4
Representations of screen inputs: Image

ogAgent (Ours) 62.3 54.0 594 58.2

Table 3. Performance on Mind2Web. i denotes element selec-
tion from top-10 element candidates, others from top-50, follow-
ing Deng et al. [10]. Results for GPT-3.5 and GPT-4 are from

Deng et al. [10].

CogAgent : A Visual Language Model for GUI Agents
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Method GoogleApp Install WebShop General Single|0verall
Representations of screen inputs: textual description (OCR+icon)
GPT-3.5[29](few-shot) 10.47 438 8.42 593 939 | 7.72
LLaMA2-7B[37]' 30.99 35.18  19.92 28.56 27.35)| 28.40
Representations of screen inputs: image

Auto-Ulumnea[43] 71.37 76.89  70.26 68.24 84.58 | 74.27
CogAgent (Ours) 74.95 7886 71.73 65.38 9349 | 76.88

Table 4. Performance on Android in the Wild (AI'TW) dataset.
T represents models individually fine-tuned on each subset, while

others are unified models across all subsets.

LLaMA2 and GPT-3.5 are from Zhan and Zhang [43].

The results of

11
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Conclusion

-« Contribution
« CogAgent= o4 e S QISH FFAEI APH &34 GO|E L= §-8XQI OFF [EllX

3 2% Z Ztx VLM 7|8 GUI oflo| M E
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- Future Works
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- Demo
« http://36.103.203.44:7861/
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| CogAgent : VLM for GUIs

« GUI Agent <144

L—
« XHE OHEH AT RIARS QI25H0] T M-S Bounding Box FA|C 2 HiSt Hi= A
- QlHo| LSt £3 o|& CFE St AT 2IAF ZHY] Al Bounding Box 3 A]2| BIEtof| CHsH sHY S X5t 7Hs

* Human-GUI Agent Interaction
o oM LA GUI Agentof| B A2 Ar-8 User Research 7t
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Abstract

- H{Z : Instruction Tuning
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Abstract
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Overview

Key Concepts (Topics) Instruction Dataset
| Decision trees: Q: Explain the role of kernel functions in
§ X Support Vector Machines (SVMs) and how they enable
B hods:
I i _— SVMs to work well with non-linearly separable data.
Support vector machines (SVM):

A: Kernel functions play a pivotal role in SVM,

Support vector machines are supervised

learning algorithms used for classification especially when dealing with non-linearly Q
and regression tasks. Synthetic data gen. separable data. .. Q
: Hard (Apply) 3,

1 . . >

Syllabus Concepts generation &> Total 19 Questions with diverse cognitive level <
<

CIS 5190 Applied Machine Learning Q: Is SVM a supervised learning algorithm? o
This course will introduce supervised learning A: Yes, Support Vector Machine (SVM) is a Q'
(decision trees, logistic regression, support vector supervised learning algorithm. It is primarily [«
machines, Bayesian methods, neural networks and used for cl_a551f1cat10n, but it can also be used 3
deep learning), unsupervised learning (clustering, for regression. .. c
W— Medium (Understand) :
-

£ : —_— Q: Is "SVM" an abbreviation for "Support Vector Q

or course 1n curriculum: Machines"? 5

In r rri m A: Yes, "SVM" is an abbreviation for "Support =
teg ated Cu culu Vector Machines". SVM is a popular method in Qo

Secondary Grad. machine learning ..
school school Easy (Remember)

Figure 1: Overview of our educational framework. We create a dataset based on a continuum from
secondary school to grad school, extracting multiple concepts from each course. For every concept,
we formulate 19 questions of varied cognitive levels using Bloom’s taxonomy.

Instruction Tuning with Human Curriculum 17
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Dataset Construction

Step 1. Generate Concepts

Original Course
Description

Refined Course
Description

Fine-Grained
Concepts

-

MATH 314 is an
intermediate course
to linear -

\

(

This course is on
linear algebra,
vector space, and -

N

Figure 7: A visual description of the dataset construction steps.

Instruction Tuning with Human Curriculum

Question
Template

Question
Generation

Answer +
Explanation
Generation

Step 2. Collect Instructions

Classify functions
below as potentially
having partial
derivations ...

Step 3. Filter Data

To classify
whether each
function -

_y Wiki Retrieval
Filtering
Rule-based
Filtering

Corgi

Retrieve

‘M
G

As an Al assistant -
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Dataset Construction : Generate Concept

v

g.[ Accounting l Anatomy l Astronomy ] ... l Physics e [ Religious Studies Sociology ] Q
2 :
& =
PHYS@@8: Physics for PHYS150: Principles PHYS250: Principles PHYS411: Intro to 3
o Architects I of Physics I of Physics IV Quantum Mechanics I g

< N . .
o | An introduction to the This is a calculus- An experimental basis for An intro to the S
® | classical laws of based course. Classical and principles of quantum principles of quantum =
mechanics, including laws of motion; ot mechanics, properties of mech. The Schrodinger é
static equilibrium, ... interactions between... electrons, protons,... eq operator formal ... Py
Y::;———————~— o
m

Static Equilibrium } [ Energy Conservation Hooke's Law

Static equilibrium refers to Energy conservation is the principle that Hooke's Law states that

3dacuo)

the state of an object when states that the total energy of a closed the force required to
all the forces acting on ... system remains constant over time, extend or compress ...
v

< /—[ Easy: Remember ]—\ /[ Mid: Understand ]-\/—[ Hard: Apply H
=
% Match: Terms: A. Energy conservation, Give an example of an You are an architect designing a
& | B. Closed system, C. Transferred architectural design that new building and you are
® | energy Definitions: 1. The total illustrates the concept of considering using solar panels to
5 energy of a system remains constant .t te7 ie energy conservation. generate electricity for the
& | over time. 2. A system that does not Explain how this design building. Explain how the
E exchange energy with its surroundings. applies the principle of installation of solar panels on
o 3. Energy that moves from one object energy conservation and the building roof applies the
© | to another without changing form. achieves energy efficiency. principle of energy conservation. /
7\ J e 4%

>

Higher Order Thinking Skills

Figure 8: A hierarchical description and example of CORGI dataset.
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Dataset Construction : Question Generation

Prompt Template

-

You are a {subject} professor teaching “{subject}, {course_title}, {concept}”

You are making questions for a test that questions student’s various levels of thinking. The
current question tests students on {cognitive_process} ({cognitive_load}), out of remember-
ing (easy), understanding (medium), and applying (hard).

Come up with an exam question to assess student’s ability to {cognitive_process_definition }
Question Format:

- {question format}

Test Constraints:

- All questions should be self-contained (answerable using the provided information)

- All questions must have a clear, defined answer

- All questions must not use graphics

- Follow Question Format!

- Print only question only!! (Don’t print the answer)

Instruction Tuning with Human Curriculum

L

Example Prompt

J
Y

B
S
)

N

You are a Higher Education - Astronomy professor teaching “Higher
Education - Astronomy, A Survey of the Universe, Solar
System: The solar system refers to the collection of
celestial bodies, including the sun, planets, satellites,
asteroids, comets, and other smaller objects that are

bound together by gravitational forces. This concept
involves the study of the formation, characteristics, and
dynamics of these objects within the system, as well as their
interactions with each other.”

You are making questions for a test that questions student’s various levels of thinking.
The current question tests students on understanding (medium), out of remembering
(easy), understanding (medium), and applying (hard).

Come up with an exam question to assess student’s ability to construct a
cause—and-effect model of a system (e.g., Explain the causes
of important 18th-century events in France)

Question Format:

- a redesigning task where one is asked to change the system
to accomplish some goal (such as, "How could you improve a
bicycle tire pump so that it would be more efficient?")

Test Constraints:

- All questions should be self-contained (answerable using the provided information)

- All questions must have a clear, defined answer

- All questions must not use graphics

- Follow Question Format!

- Print only question only!! (Don’t print the answer)

- equations in plain text

- no MCQ, don’t provide options

- make questions have as high educational value as possible

- do NOT duplicate your previous question

Previous Question:

- Suppose you are studying the solar system, and you observe
that a comet is moving in a highly elliptical orbit around
the Sun. Construct a cause-and-effect model to explain the
factors that could have influenced the comet’s orbit.

##H# Question ##H#

Question: ...
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 Training Sequences

Blocking

English
E2

Interleaving

i v 1 .Mz £2 8 m3 €3 [l M1 €1 2 m2 e2 8 m3 3 [Ellma €1 [B3m2 €2 (B8] m3 3

Medium

Training order

Figure 2: A comparison of two training sequences. Small blocks (e.g., H1, M1) stand for fine-
grained concepts per subject. Blocking naively stacks hierarchical blocks per subject, while inter-
leaving cyclically revisits each subject, adhering to the cognitive hierarchy from Bloom’s taxonomy.

Instruction Tuning with Human Curriculum

Clustering

Math  English |[JHISEORAN Math  English |[NHISIORY Math  English

i v2 2 8 vz oes 0 v1oen [ v2 e2 B w3 e3

Training order

>

Figure 3: (Continued from Figure 2) More examples of local progressions. A comparison of
clustering and spiral training sequences. The clustering stacks hierarchical blocks for each concept,
while the spiral cyclically revisits each concept and alternates cognitive difficulty from Bloom’s

taxonomy.
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« Training Details
» Base Model : LLaMA?2 13B (bf16 precision)
 Global Batch Size : 256
« 1 batch per GPU, 16 gradient accumulation
- 16 x A100 GPUs
« Learning Rate : 2e-5
« Sequence Length : 2048
- Epochs:5

- Evaluation
« MMLU (Multi-domain Knowledge through exam question)
« HellaSwag (Adversarial commonsense natural language inference)
« ARC (Scientific reasoning on grade-school questions)
«  TruthfulQA (Adversarial Facts)
+ PIQA (Physical commonsense reasoning on atypical situations)
- CommonsenseQA (Commmonsense reasoning abilites on Real-world concepts)
+ OpenBookQA
+ Lambada
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Results

Table 1: Performances of LLaMA 2 13B based models on 6 different benchmarks.

MMLU ARC PIQA CSQA OBQA HellaSwag!

Model 4 Data General Sci. Exams Physical Real-World  Science Real-World
e o Knowledge - Hard Set Objects Concepts Textbooks  Activities

5-shot 25-shot 10-shot 10-shot 5-shot 10-shot
Coratr' 66K 57.74 58.70 81.99 70.19 51.80 82.98
CORGI- Blocking — 55.63 56.57 80.20 69.53 48.60 81.89
Vicuna v1.5 125K 56.50 55.80 81.56 70.19 47.40 80.21
WizardLM v1.2 250K  55.26 55.97 81.45 68.30 49.60 80.91
LLaMA 2 13B - 54.99 56.31 80.85 68.30 48.00 80.80

TThe default CORGI model uses an interleaved sorting approach as described in Section 2.2.
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Table 2: Performances of respective datasets on LLaMA 2 13B on three different categories of tasks.
This table is a breakdown of Figure 4

MMLU TriviaQA  TruthfulQA  ARC CSQA OBQA PIQA HellaSwag  Lambada
Curriculum World Knowledge Commonsense Reasoning Language Understanding

5-shot 64-shot 0-shot 25-shot 10-shot 5-shot 10-shot 10-shot 0-shot
Interleaving 57.74 64.34 47.44 58.70 70.19 51.80 82.0 83.0 76.1
Blocking 23.03 01.95 4321 0.5/ 0Y.53 45.00 al.20 ol.8Y 1399
Clustering 55.24 58.75 42.12 57.42 67.65 49.00 80.31 81.89 75.65
Spiral 54.46 61.92 41.25 56.66 68.96 49.00 80.52 81.89 76.13
Random Shuffle 54.76 62.44 42.57 57.42 68.63 49.40 80.3 79.31 75.0
LLaMA 2 13B 54.99 62.44 39.91 56.31 68.30 48.00 80.85 80.80 76.56
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[ iInterleaving  [] Blocking [ Clustering Bl spiral [] Random Shuffling
+2.3

+4.06

+0.78 +0.33

+0.09 15

+0.26

World Knowledge Commonsense Reasoning Language Understanding

Figure 4: Local curriculum diminishes performance improvement. The figure shows a macro-
scopic, averaged performance comparison of several benchmark improvements with respect to the
base model (LLaMA 2 13B) performance. World Knowledge: MMLU, TruthfulQA, TriviaQA,
Commonsense Reasoning: OpenBookQA, ARC, PIQA, CommonsenseQA, Language Understand-
ing: HellaSwag, and Lambada. A full breakdown of this chart is given in the Appendix H.
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Conclusion

¢ Instruction TuningZ 2ot M2 HWHHEQ1 CORGI 271

. AXTIE|T qum 07+Q HEO |O|E{Al L& HfHE
H

- =2 QI XA 7|5 Taskof|A 7| HIX|OF3 £ S Bt OfL|2f, ZHAEE] E[AA BFO| AX| FOHA Qutperform
- Q7te| B VIRte = AT IE L HO[B7T 2 /5501 U0 F2ot FE ofithe s gx

- A3l |deation
« QUZIO| WRIPYO = Finetuning otAU-E I /9501 S20(SHA S 22l
o LIZtHE WL’ 0 2 H|O|EAllS JLE6H0 ST H|O|E{ 2 FinetuningstQiS I 2H! /S XtO|= ot 77}?
+ MMLU (Exam base Model Evaluation Benchmark)oi| sH% Aled %184
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