CRADLE: Empowering Foundation Agents Towards
General Computer Control
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General Computer Control (GCC)

Advantages Challenges
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Building foundation agents that
. can master ANY computer task Good
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\ keyboard and mouse actions. Y keyboard
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Cradle Framework
»Cradle: A Novel Agent Framework under GCC Setting
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Cradle Framework
»Six key modules
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Self-Reflection i=| Task Inference /%9 Skill Curation
—>[ Key screenshots }
Reflect on what happened Select next task Given the task, generate skills
. . . kill 1(a, b -
:@ 1.Last action succeeds/fails '@ = e | =@ S l _1(a )A_dd.pr
MM The error is due to ... LMM tzen re t;ct;on retgu ts v Skill 2(c, d)
2.The task succeeds/fails. +—» AnG CUTTENE OUSEYURLIONS, || : :
I The reason is the next task is: “...” [skill_1,skill_2,
- skill a,skill b,
skill c,...] Retrieve

Extract important visual

and text information
f Episodic &= Procedural
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@ Text info || Visual info Memory Memory : ; z

LMM ' | 1. Navigation || 1. UI elements Groen [retrzeved Sl_ﬂlls ]’
v generate next action

2. Notification || 2. Layout =
3. Instruction || 3. Imagery . Memory @
A L Animations The action to execute is:
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Complete Workflow
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1. Axe 2. Hoe (Selected) ... /)
Q

1
 Tootbar: 6. Parsnip Seeds (15) ...

= Last Action:
place_water_pumping_station(x=100, y=700)
Previous Task: place a water pumping .-
. 2 'K@)‘
station near the river. -
The last action was not executed successfully.
As the water pumping station cannot be built
on the water as shown in the error message.
Therefore, the task is not completed.

£ Last Action: take_cover()
Previous Task: Press [Q] to take cover.

| ' & Last Action: use_tool()
1

: The last action was executed z

1

1

1

1 # Till the soil using the hoe.

! Previous Task: use the hoe to till the soil.

1 :

1 The last action was executed successfully.,

: The hoe is actively being used aiming (&)
1

1

1

successfully, and the task is completed
since new guidance appears.

toward the soil and the soil becomes darker.
Therefore, the task is completed.

] : :
2 The new task is to plant the parsnip (P e i e 4
. |
Gemexated Skill: I seeds in the tilled soil. | The current task is to continue the sl
def show_weapon_wheel(): e e S S Sl : =]
" ; : h | previous task. =
io_env.key hold('tab") | & Retrieved Skills: o i 1

! ['move_up','move_down',‘move_left','mo';/<\
| ve_right','select_tool', 'do_action'...]

| & Retrieved Skills: -
| ['place_water_pumping_station’, 'place_vQ/,\\"\
: ater_drain_pipe', 'place_water_pipe'...]
e e e e e e e e e e - ———————— - L
! place_water_pumping_station EL :
&1 (x=400, y=600) aul_ﬁ:

£ Retrieved Skills:
[*aim', 'follow', "turn’, 'move_for

ward', 'show_weapon_wheel'...]

| # Selects parsnip seeds from the toolbar‘._‘:g
| select_tool(key="6") Eine 3
¥ Plants parsnip seeds on the tilled soil.

1 do_action()

Execu
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_ y Cradle in RDR2
.. _ Ul 160 minutes main storyline missions
d Long-horizon open—ended tasks

Go to the shed then pross [l 10 toke covec

$ Put Away Weapon
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/ Chmb W I MoUrE L
Select Item, Crouch Eoet bl
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Cumulative Steps

Hold © 10 focus o the horse




) > Stardew Valley

O Farm clearup, cultivation
and shopping

» Dealer’s Life

U Run a pawn shop for a week
and maximize profits

» Cities: Skylines

O Build a reasonable city and
maximize the population
with initial budgets

Hey what's up, name's
Fahriye Arslan, | saw
that: item. | bet you

want to get rid of it.

Task

Farm Clearup Grids
Cultivation

Metrics
g ling Count
Turnover Rate (
Item Profit Rate (¢
Total Profit Rate (%)

Metrics
Smooth Closed-loop Road
Sufficient Water Supply
Sufficient Power Supply
High Zoning Cov

Population

1.95 + 0.43
93.6 £ 6.9
37.8 +19.1
39.6 + 273

CRADLE

$)14,300  Je

1

Human
1.63 +0.53
68.4 4+ 22
21.1 +13.6
17.3 + 15.1

Human
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Cradle in Software Applications
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Method Office OS Daily Workfl- Professi-| All
EHIo (117) (24) (78) ow(101) onal (49)|(369)
GPT-40 | 358 8.33 6.07 5.58 4.08 |5.03
GPT-40+SoM| 3.58 20.83 3.99 3.60 2.04 |4.59
CRADLE 3.58 16.67 6.55 5.48 2041 | 7.81




Ablation Studies & Baselines Comparison

t § K

—— React-like
Reflexion-like

o
—— \oyager-like

—— Cradle (Claude 3 Opus)

Follow Follow Hitch Protect Search . | | I G
Method Dutch Micah Horse Dutch for Supplies Cultivation D —
React [72]-like (GPT-40) | 15+2(5/s) 74+0(/s) N/A  N/A N/A N/A
Reflextion [53]-like (GPT-40)| 19 + 4 (5/5) 58 + 14 (2/s) N/A  N/A N/A N/A
Voyager [57]-like (GPT-40) |32 + 12 (3/5) N/A N/A N/A N/A N/A r
CRADLE (Claude 3 Opus) | 30 7 (5/5) 52+17(¢/s) N/A  N/A N/A N/A ®
CRADLE (GPT-40) 13+3 33+3 26+5461+0 134+0 | 24+4 =3
(Ours) (5/5) (5/5) (4/s)  (/5) (1/5) (4/5) i , , , , ,
0 10 20 30 40 50
Steps
S bt.ﬁsk w/o Information  w/o Self- w/o Task  w/o Episodic CRADLE
“ Gathering Reflection Inference Memory
Follow Micah 0% 0% 40% 80% 100 %
Hitch Horse 0% 100 % 100% 100 % 100 %
Go to Shed 0% 20% 40% 20% 80%
Peek out of Cover 60% 100 % 80% 100 % 100 %
Switch Weapon 0% 80% 60% 80% 100 %
Combat 0% 0% 0% 0% 20%




Looking Ahead
»Modular growth

JAs base model's capabilities improves, Cradle improves accordingly!
dSome or even all of modules can be combined into a single request.

» Self-improvement

dGreatly extends the reach of Al agents. Every software is potential out-of-box
testbed and benchmark.

dCradle collects both high-level semantic actions and low-level keyboard and
mouse control for self-improvement.
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