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How is the Simulated World Constructed

Joining for coffee at a cafe

Taking a walk
in the park
-_— NI ER T

Finishing a
morning routin

Input: target_step, agents, world
Initialize: step < 0
while step < target_step do
actions <— [ ]
for all agent in agents do
actions.append(agent.proceed(world))
end for
world.step(actions)
step <— step + 1
end while

Step function, a paradigm we long loved since training RL agents

Generative Agents UIST’23
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Causality and Dependency

Step N - 1 Step N StepN+1 Global Synchronization

A A A
B % B % B introduces excessive Dependency
C C C

to enforce Causality

— Dependency Agent . L. .
which limits Parallelism



Causality and Dependency

Step N -1 Step N Step N +1
A A A
B B B . .
Global Synchronization
C C C

introduces excessive Dependency

Real causality dependency might be:
’ >< ’ b
B > B > B

C » C » C

to enforce Causality

which limits Parallelism

—— Dependency Agent



Al Metropolis

Joining for coffee at a cafe
N _ g

Tal ing a walk = - E
N

in the park

s e B, S S P Smart Dependency Tracking

enables Out-of-order execution

which guarantees Causality

: Y, Yy
anything new about the
upcoming mayoral election?
[Tom] : No, not really. Do you
know who is running?

and release more Parallelism
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Spatiotemporal Dependency Graph

— / Perceive Radius J— Events of Time 0:
 A: perceive B and act (8s)

* B:perceive A and act (8s)

 C:perceive nothing and act (1s)

* D:perceive nothing and act (1s)
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Average parallelism: 2.25



Spatiotemporal Dependency Graph

Events of Time 1:

* A: perceive nothing and act (1s)
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* B:perceive nothing and act (1s)

« C:perceive D and act (10s)

* D:perceive C and act (10s)
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Average parallelism: 2.2
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Spatiotemporal Dependency Graph
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Events of Time 2:

A: perceive nothing and act (1s)

* B:perceive nothing and act (1s)

C: perceive D and act (2s)

 D:perceive C and act (2s)

Wall time: 2s

Average parallelism: 3
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Spatiotemporal Dependency Graph

Events of Time 3:

A: perceive nothing and act (1s)

 B:perceive D and act (2s)

C: perceive nothing and act (1s)

 D:perceive B and act (2s)

Wall time: 2s

Average parallelism: 3

12



Spatiotemporal Dependency Graph

— / Perceive Radius
" Events:

+ Time0(0-8s):A<>B,C, D

* Time1(8-18s): C<>D,A,B

« Time?2(18-20s): C<>D,A, B

« Time3(20-22s):B<>D, A, C
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Average parallelism: 2.36

. . . 13
Causal Violation: Agent observes an out-of-sequence event or misses an expected event.



Spatiotemporal Dependency Graph

Coupled

Events:

« TimeO0: A<>B (0-8s), C (0-1s), D (0-1s)

* Time1:C<>D,A,B

 Time2:C<>D,A,B

 Time3:B<>D,A,C

. . . 14
Causal Violation: Agent observes an out-of-sequence event or misses an expected event.



Spatiotemporal Dependency Graph

Events:
« Time0: A<>B (0-8s), C (0-1s), D (0-1s)

« Time1:C<>D(1-11s), A, B

 Time2:C<>D,A,B

 Time3:B<>D,A,C

. . . 15
Causal Violation: Agent observes an out-of-sequence event or misses an expected event.



Spatiotemporal Dependency Graph

Events:
* Time0: A<>B (0-8s),C, D (0-1s)

* Time1:C<>D(1-11s), A, B (8-9s)
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 Time3:B<>D,A,C

. . . 16
Causal Violation: Agent observes an out-of-sequence event or misses an expected event.



Spatiotemporal Dependency Graph

Events:

« Time0: A<>B (0-8s),C, D (0-1s)
« Time1:C<>D(1-11s), A, B (8-9s)
« Time2:C<>D, A, B (9-10s)

e Time3:B<>D

. . . 17
Causal Violation: Agent observes an out-of-sequence event or misses an expected event.



Spatiotemporal Dependency Graph
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* Time0: A<>B (0-8s),C, D (0-1s)
* Time1:C<>D(1-11s), A, B (8-9s)
« Time2: C<>D, A, B (9-10s)

 Time3:B<>D,A,C

Potential causal violation

. . . 18
Causal Violation: Agent observes an out-of-sequence event or misses an expected event.



Spatiotemporal Dependency Graph
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* Time0: A<>B (0-8s),C, D (0-1s)
* Time1:C<>D(1-11s), A, B (8-9s)
« Time2: C<>D, A, B (9-10s)

 Time3:B<>D,A,C
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. . . 19
Causal Violation: Agent observes an out-of-sequence event or misses an expected event.



Spatiotemporal Dependency Graph
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* Time0: A<>B (0-8s),C, D (0-1s)

* Time1:C<>D(1-11s), A, B (8-9s)

« Time?2:C<>D(11-13s), A, B (9-10s)

 Time3:B<>D,A(11-12s),C
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Causal Violation: Agent observes an out-of-sequence event or misses an expected event.



Spatiotemporal Dependency Graph
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- Time 0: A<>B (0-8s), C, D (0-1s)
, - Time1: C<>D (1-11s), A, B (8-9s)

« Time?2:C<>D(11-13s), A, B (9-10s)

e Time3:B<>D(13s-15s), A(11-12s), C (13-14s)

Wall time: 15s

"?::r.::‘f" Average parallelism: 3.47

. . . 21
Causal Violation: Agent observes an out-of-sequence event or misses an expected event.



Spatiotemporal Dependency Graph
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See paper for and more details:

Proofs
Efficient graph update
Scalable implementation

Priority scheduling

22



Full Day 25 Agent Simulation

EEl single-thread ~~) oracle

9 ¢ i * * * ‘ = 6 I parallel-sync critical
g —e— single-thread === oracle c BN metropolis
{ —— parallel-sync -+~ critical %] 239 4.39
-7 —— metropolis 2
Q i 4
£6 - 3.25x . .
p ’\\ + 3 Similar scalability as oracle
S5 & i i
5 S 09 __—(optimal scheduling,
o4 S 2 ; knowing all fut t
o \ 1.67x o ‘ nowing all future events)
L|>j e . | ﬁ 1 0.95
p ) R — Sttt |
1 2 4 8 0 Only compute the tasks on
# GPUs # GPUs longest causality path
(a) Simulation using Llama-3-8b-instruct (b) Simulation using Llama-3-70b-instruct
on NVIDIA L4 GPU on NVIDIA A100 GPUs

* Up to 3.25x faster than the original implementation (single-thread), 1.67x than parallel
implementation (parallel-sync)

 74.7% of oracle performance on 8 GPUs, 82.9% on single -



Scaling Up to 1000 Agents

(b) 100 agents, busy

(a) 25 agents, busy (c) 500 agents, busy (d) 1000 agents, busy
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(e) 25 agents, quiet (f) 100 agents, quiet (g) 500 agents, quiet (h) 1000 agents, quiet

\
20000 Closing gap to hardware

.- limit as # agents scale

vl
’

1000~ +~ 3500~ -~ 18000~

Execution time (s)

—— single-thread —— parallel-sync —— metropolis -~ oracle - gpu-limit

* Up to 19.5x faster than the original implementation (single-thread), 4.25x than parallel

implementation (parallel-sync) as # agents scale
24



To build an Al Society

Why do we need a scheduler?

Environments: . O NVIDIA
- Madpona OMNIVERSE * Shared states in the environment

UNREAL require synchronization for causality
ENGINE

* Human-like interaction expect faster
Scheduler: and more predictable response,
contrary to LLM inference
Al METROPOLIS
* [t utilize application-specific
dependency and priority information

—_l— —
Serving Engines: SG& _I—:F@:: ILLM to achieve better efficiency and user

satisfaction

Prototype and traces will release soon!

25
Tentative Logo, acknowledgement to ChatGPT
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