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Abstract
Cooperative AI faces information asymmetry
problems, particularly when agents built on dif-
ferent systems interact with each other. Decen-
tralization of data, contracts, and finance offer
solutions to these challenges. We propose a pro-
grammable contract framework that modularly
composes tasks and scales interdependent se-
quences in distributed flows of tasks and agents.
These contracts mitigate informational friction,
align agent actions and payoffs, and ensure cred-
ible commitments. Additionally, we explore how
market mechanisms can further facilitate contract
composition and workflow efficiency.

1. Introduction
As large language model (LLM) based agents become
more prevalent (Dibia, 2023; Wang, 2023; Guo, 2024),
multi-agent systems emerge with new coordination ar-
chitectures, marked by increasing reliance on individual
agent’s autonomy and sovereignty (Park et al. 2023; Chen
et al., 2023; Talebirad & Nadiri, 2023; Qian et al., 2023;
Zhuge et al., 2024). As the variety of foundation models
and agent types increases, coordination between heteroge-
neous agents becomes necessary (Dafoe et al., 2020).

Informational friction for Cooperative AI is an important
problem. Decentralization of data, contracting and finance
addresses the problem of informational frictions (Dafoe et
al., 2020). For example, distributed ledgers reduce infor-
mation asymmetry among agents, and smart contracts are
programmed for signaling commitments (Buterin, 2014;
Sun et al., 2023).

In an open and distributed multi-agent system, contracts
play a crucial role in managing interactions and expecta-
tions between agents (Smith, 1980; Andersson & Sand-
holm, 2000; Aknine et al., 2004; Yocum et al., 2023; Yan
et al., 2024). Contracts are agreements between agents that
serve to align actions and payoffs, in the form of cred-
ible commitment devices of joint actions. Compositions
of contracts form the foundation of multi-agent workflows
and enable efficient coordination among groups of agents
(Centeno & Billhardt, 2011; Dütting et al., 2014). To scale

interdependent sequences in a distributed flow of tasks and
agents, we propose a programmable composable contract
framework built on blockchain.

2. Contracts
Contracts have been proven to be effective to influence
generative agents’ behaviors and enhance social welfare
through their composition (Yocum et al., 2023; Yan et
al., 2024). This is because contracts provide incentives to
achieve desirable outcomes in the presence of information
asymmetry (Dütting et al., 2014). In LLM-based multi-
agent systems, generative agents negotiate task allocations
and payoffs using natural language.

2.1. Advantages of Blockchain-Based Contracts

Contract formation on blockchain has three advantages
that address key problems in distributed multi-agent sys-
tems: publicity, composability, and computational modu-
larity (Smith, 1980; Sun et al., 2023; “Blockchain-Web3
MOOCs”, 2023). First, publicity helps mitigate the issue
of asymmetric information on actions and payoffs through
distributed ledgers, and it also aids in the discovery and
composition of agents. Second, composability aids in
aligning the shared context with decomposed tasks by al-
lowing modular and interoperable smart contracts that can
be combined seamlessly. Third, computational atomicity
ensures credible commitment by making sure that agree-
ments are executed entirely or not at all, thus providing re-
liability in contract execution.

2.2. Contract Formation Mechanisms

Heterogeneous agents do not have perfect information
about the world they are in. Our proposed coordination
scheme addresses incomplete information dilemmas in co-
operative AI, where agents still need to reach agreements
with each other to achieve optimal outcomes. Agents for-
malize their negotiated agreements as contracts. Once final
agreements are reached, these contracts are translated into
smart contracts by the agents or a third party and signed
on-chain to formalize them (Karanjai et al., 2023; Mor-
pheus, et al., 2023; ”Olas”, n.d.). Agents are identified
by addresses and are equipped with on-chain function call-
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Figure 1: An example of contract creation where two
agents each perform an action.

ing capabilities (”OpenAI Function Calling”, n.d.; ”Olas”,
n.d.). They can read and write blockchain data and sign
smart contracts.

Consider the following simple interface for an on-chain
contract:

1 i n t e r f a c e ICommi tmentCont rac t {
2 f u n c t i o n e x e c u t e ( b y t e s c a l l d a t a ) payable

e x t e r n a l r e t u r n s ( b y t e s memory ) ;
3 f u n c t i o n r e s o l v e ( b y t e s c a l l d a t a ) e x t e r n a l

r e t u r n s ( b y t e s memory ) ;
4 }

Solidity Interface Example

An agent composes a contract by defining tasks to be com-
pleted by one or more other agents. These tasks can be ar-
ranged in concurrent or sequential order. An execute func-
tion will orchestrate a predefined workflow of tasks coor-
dinated by the contract creator. The execute function will
include all relevant tasks to accomplish within the scope
of the contract. It can handle payoffs such as monetary
transfer (Buterin, 2014). Resolve must be called when the
contract is terminated, broadcasting to all parties that it is
no longer active. The terms for contract resolution are de-
termined by the contract creator. For instance, resolution
may occur after all tasks are executed, optionally requiring
the signature of a third-party mediator.

3. Composable Contracts
Contracts on blockchains are programmatically compos-
able with each other (Buterin, 2014). By linking contracts
to tokens, the logic for composing smart contracts is tied to
the state of the token (”Account abstraction”, 2024). State
refers to data related to the token, such as the owners of the
token (agents) and tasks. Contracts with tokens are associ-
ated with IDs and on-chain addresses. They can call each
other to execute different tasks. As contracts compose with
each other, they create dependencies upon each other, as

Figure 2: Contractor agents issue their service contracts
as tokens, which can be composed by a principal within a
contract.

well as task executions.

In the classical principal-agent case, a principal composes a
contract that accepts bids for various tasks, and contractors
offer services (Smith, 1980; Dütting et al., 2014). Due to
the public nature of blockchain data, contracts are broad-
cast to the network, making them visible and potentially
utilizable by any agent. Agents put their actions in the con-
tract, such as performing tasks like customized coding ser-
vice and handling payments (Morpheus, et al., 2023; Zhuge
et al., 2024; ”Olas”, n.d.).

Consider the following contract, based on the prior inter-
face, which ties its terms to the state of a token. Upon
initialization, the contract stores a reference to a specific
ERC-721 token (”ERC-721”, n.d.). It requires the caller
of the execute function to be the current owner of the to-
ken; otherwise, the execution will fail. This setup allows a
contractor agent to create a tokenized service contract and
transfer execution permissions to the token’s owner.

1 c o n t r a c t CommitmentCont rac t i s
ICommi tmentCont rac t {

2 address t o k e n A d d r e s s ;
3 IERC721 t o k e n C o n t r a c t ;
4 Uint256 t o k e n I d ;
5 c o n s t r u c t o r ( address t o k e n A d d r e s s , u i n t 2 5 6

t o k e n I d ) {
6 t o k e n A d d r e s s = t o k e n A d d r e s s ;
7 t o k e n C o n t r a c t = IERC721 ( t o k e n A d d r e s s ) ;
8 t o k e n I d = t o k e n I d ;
9 }

10 f u n c t i o n e x e c u t e ( b y t e s c a l l d a t a ) payable
e x t e r n a l r e t u r n s ( b y t e s memory ) {

11 r e q u i r e ( msg . s e n d e r == t o k e n C o n t r a c t .
ownerOf ( t o k e n I d ) ) ;

12 //
13 }
14 //
15 }

Tokenized Contract Example

Figure 2 illustrates a composite contract formation. Con-
tractor agents initiate service contracts, which are like ‘task
coupons’ that can be redeemed by any agent that purchases
them. On blockchains, these contracts are like service to-
kens presold, waiting for buyers. Agent 1 is the buyer in
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this example, which purchases service contract tokens from
multiple contractor agents, and then composes them to-
gether by creating an execute function that triggers all of
these tasks. Such a composite contract can itself be to-
kenized and composed as an element within a yet higher
level contract’s execution.

4. Agentic Markets
An important primitive of these token contracts is liquid-
ity. Before the contracts are executed, they function as liq-
uid tokens. The global state of blockchain allows agents
to discover contracts in an open market, which creates liq-
uidity and solves problems of task compositions in work-
flows. Our framework for tokenized contracts also permits
more complex types of compositions utilizing mechanisms
in decentralized finance (Carapella et al., 2022). Below are
a few examples.

4.1. Marketplaces

As the variety of contract types increases, different market-
places will emerge. For example, standardized contracts
will utilize commodity market structures, whereas more
unique contracts will be offered as non-fungible digital as-
sets.

4.2. Derivative Instruments

Contract compositions can themselves be tokenized as
‘contract derivatives’. For example, the composite contract
in Figure 2 can itself be tokenized, sold, and be composed
within another contract.

4.3. Automated Market Makers

Automated market makers (”AMMs”, 2023), or AMMs,
are smart contracts that automate trade execution. AMMs
can be constructed to automatically match and compose
contracts, without the need of an intermediary party. Bond-
ing curves (Emmett et al., 2023) and VRGDAs (Transmis-
sion11 et al., 2022) are AMMs that enable agents to sell
their tokenized contracts and allow for price discovery with
zero liquidity.

4.4. An Agentic Automated Market Maker Example

To demonstrate the advantages of customizing AMMs to
meet the specific needs of agents, consider the following
scenario.

An agent is selling its services as tokenized contracts. It has
the capacity to supply and honor an outstanding amount
of service tokens S1 at price P0. It can supply an addi-
tional amount of outstanding tokens at an linearly increas-
ing marginal overload rate m, up to a supply of S2. Finally,

Figure 3: Tokenized Contract AMM. S0 →S1 shows reg-
ular demand price. S1 →S2 shows first level overload de-
mand price. S2 →S3 shows second level overload demand
price, capping supply at S3.

it can meet an additional demand surge up to supply S3 at
an exponentially increasing marginal overload rate r. The
agent cannot meet demand past S3 tokens, issuing no more
than this amount.

At any outstanding token issuance S, the function f(S) de-
termines price P of a token as follows:

P =


P0 if 0 ≤ S < S1

P0 +m(S − S1) if S1 ≤ S < S2

(P0 +m(S2 − S1)) · r(S3−S) if S2 ≤ S ≤ S3

undefined if S < 0 or S > S3

where
m > 0

r > 1

Figure 3 illustrates the augmented bonding curve schedule
defined above by which an agent can automatically sell its
services according to its own supply conditions (Titcomb,
2019). By utilizing a customized AMM, the agent can pre-
cisely define the mechanisms by which it offers its services.
We envision agentic economies where agents deploy their
own individualized market structures, significantly increas-
ing liquidity within markets for supplying, demanding, and
atomically composing complex agent services as tokenized
contracts.

3
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Figure 4: Composable contract graph

5. Conclusions
Composable contracts on blockchain serve as credible
commitment devices, enabling heterogeneous agents to
align actions and payoffs. Tokenization facilitates liquidity
and compositionality of tasks within complex workflows.
A standardized protocol of smart contracts provides these
credible commitments, allowing multiple agents to coordi-
nate their actions across distributed systems with computa-
tional guarantees, leveraging the emergent network effect
of agentic markets.

5.1. Next Steps

We will build out our proposed framework as a protocol,
taking the form of an EIP (”EIP”, n.d.) for composable
contracts. Our goal is to build a useful and production-
ready open ecosystem for multi-agent systems. In our
framework, the network of contractual relations is repre-
sented as a graph where contracts and agents are nodes,
and the edges represent transactions and relationships be-
tween these nodes. Figure 4 visualizes such a graph. Trans-
actions capture interaction history, serving as useful tools
to publicly record value transfer and improve the quality
and availability of services (Ihle et al., 2023). Transac-
tions build a publicly visible history of cooperation be-
tween agents. These relationships, taken as edges, act as
primitives for building reputation graphs, which can fur-
ther support individual reciprocity, clustered cooperation,
local denylisting, and global denylisting. We will also ex-
plore combinatorial contract optimization and consider op-
timizing the balance between on-chain and off-chain data
storage.

5.2. Risks

On-chain agents face injection attack risks (Yan et al.,
2024), so our next steps include delimit the contract space
and embed layers of formal validation. Agentic coordina-
tion poses risks of collusions and other malicious behav-
iors, such as price manipulation. As blockchain transac-
tions are currently purely sequential, agentic markets will
also be influenced by new types of MEV (”MEV”, n.d.).
Although not covered in this paper, evaluating the success
or failure of agents in performing their tasks is imperative.
This can be addressed through methods such as verifiable
inference schemes or networks of trusted oracles (Ganescu
& Passerat-Palmbach, 2024).

5.3. Visions

Composite contracts represent a significant advancement
towards scalable joint actions and collective intelligence.
Programmable composable contracts offer powerful coor-
dination tools, allowing agents to adjust dynamically based
on multi-agent interactions. These synergistic effects will
facilitate optimal collective intelligence (Minsky, 1988;
Kennedy, 2006; Park et al., 2023), beginning as an Econ-
omy of Minds where natural language based agents inte-
grate into the real-world economy (Zhuge et al., 2023).

References
Aknine, S., Pinson, S., & Shakun, M. F. (2004). An

extended multi-agent negotiation protocol. Autonomous
Agents and Multi-Agent Systems, 8(1), 5–45.
https://doi.org/10.1023/B:AGNT.0000009409.19387.f8

Account abstraction. (2024, March 29). ethereum.org.
https://ethereum.org/en/roadmap/account-abstraction/

AMMs. (2023, August 19). 0x.org.
https://0x.org/post/what-is-an-automated-market-
maker-amm

Andersson, M., & Sandholm, T. (2000). Contract type
sequencing for reallocative negotiation. In Proceedings
of the 20th IEEE International Conference on
Distributed Computing Systems, (pp. 154-160). IEEE.
https://doi.org/10.1109/ICDCS.2000.840917

Carapella, F., Dumas, E., Gerszten, J., Swem, N., & Wall,
L. (2022, August). Decentralized finance (DEFI):
Transformative potential & associated risks. The Fed.
https://www.federalreserve.gov/econres/feds/decentralized-
finance-defi-transformative-potential-and-associated-
risks.htm

Centeno, R., & Billhardt, H. (2011). Using incentive
mechanisms for an adaptive regulation of open
multi-agent systems. In Proceedings of the

4



220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274

Composable Contracts for Multi-Agent Coordination

Twenty-Second International Joint Conference on
Artificial Intelligence - Volume One (pp. 139–145).
AAAI Press.

Blockchain-Web3 MOOCs. (2023, August 27). Future of
Decentralization, AI, and Computing Summit [Video].
Youtube.
https://www.youtube.com/watch?v=J5OmmgAdNg8

Buterin V. (2014). Ethereum: A Next-Generation Smart
Contract and Decentralized Application Platform.
https:
//ethereum.org/content/whitepaper/whitepaper-pdf/
Ethereum Whitepaper - Buterin 2014.pdf

Chen, Y., Arkin, J., Zhang, Y., Roy, N., & Fan, C. (2023).
Scalable Multi-Robot Collaboration with Large
Language Models: Centralized or Decentralized
Systems? ArXiv, abs/2309.15943.

Dafoe, A., Hughes, E., Bachrach, Y., Collins, T., McKee,
K.R., Leibo, J.Z., Larson, K., & Graepel, T. (2020).
Open Problems in Cooperative AI. ArXiv,
abs/2012.08630.

Dibia, V. (2023, December 19). Multi-Agent LLM
Applications — A Review of Current Research, Tools,
and Challenges. Designing with machine learning.
https://newsletter.victordibia.com/p/
multi-agent-llm-applications-a-review#%C2%
A7important-challenges-of-multi-agent-systems

Dütting, P., Ezra, T., Feldman, M., & Kesselheim, T.
(2022). Multi-agent Contracts. Proceedings of the 55th
Annual ACM Symposium on Theory of Computing.

EIP. (n.d.). ethereum.org. https://eips.ethereum.org/

Emmett, J. CuriousRabbit.eth, & Zartler J. (2023, June
29). Exploring bonding curves: Differentiating primary
and secondary automated market makers. Mirror.xyz.
https://mirror.xyz/
0x8fF6Fe58b468B1F18d2C54e2B0870b4e847C730d/
1Pxl fbIPifIQ4 y0xoJGZGEk70qfOM3Gi9nWycm-8k

ERC-1155. (n.d.). openzeppelin.com.
https://docs.openzeppelin.com/contracts/3.x/erc1155

ERC-721. (n.d.). openzeppelin.com.
https://docs.openzeppelin.com/contracts/3.x/erc721

Ganescu, B., & Passerat-Palmbach, J. (2024). Trust the
Process: Zero-Knowledge Machine Learning to
Enhance Trust in Generative AI Interactions. ArXiv,
abs/2402.06414.

Guo, T., Chen, X., Wang, Y., Chang, R., Pei, S., Chawla,
N., Wiest, O., & Zhang, X. (2024). Large Language
Model based Multi-Agents: A Survey of Progress and
Challenges. ArXiv, abs/2402.01680.

Ihle, C., Trautwein, D., Schubotz, M., Meuschke, N., &
Gipp, B. (2023). Incentive Mechanisms in Peer-to-Peer
Networks — A Systematic Literature Review. ACM
Comput. Surv., 55(14s), Article 308.
https://doi.org/10.1145/3578581

Karanjai, R., Li, E., Xu, L., & Shi, W. (2023). Who is
smarter? An empirical study of AI-based smart contract
creation. In 2023 5th Conference on Blockchain
Research & Applications for Innovative Networks and
Services (BRAINS).
https://doi.org/10.1109/BRAINS59668.2023.10316829

Kennedy, J. Swarm intelligence. In Handbook of nature-
inspired and innovative computing: integrating classi-
cal models with emerging technologies, pp. 187–219.
Springer, 2006.

Lockyer M., Mudge N., Schalm J., Echeverry S., & Zhou
Z. (2018, July 7). ERC-998: Composable Non-Fungible
Token. eips.ethereum.org.
https://eips.ethereum.org/EIPS/eip-998

MEV (n.d.). ethereum.org.
https://ethereum.org/en/developers/docs/mev/

Minsky, M. Society of mind. Simon and Schuster, 1988.

Morpheus, Trinity, & Neo. (2023, September 2).
Morpheus - A network for powering smart agents.
https://mor.org/whitepaper

Olas (n.d.). olas.network. https://olas.network/documents/
whitepaper/Whitepaper%20v1.0.pdf

OpenAI Function Calling. (n.d.). openai.com.
https://platform.openai.com/docs/guides/function-
calling

Park, J.S., O’Brien, J.C., Cai, C.J., Morris, M.R., Liang,
P., & Bernstein, M.S. (2023). Generative Agents:
Interactive Simulacra of Human Behavior. Proceedings
of the 36th Annual ACM Symposium on User Interface
Software and Technology.

Qian, C., Cong, X., Yang, C., Chen, W., Su, Y., Xu, J., Liu,
Z., Sun, M., & Liu, W. (2023). Communicative Agents
for Software Development. ArXiv, abs/2307.07924.

Schick, T., Dwivedi-Yu, J., Dessı̀, R., Raileanu, R.,
Lomeli, M., Zettlemoyer, L., Cancedda, N., & Scialom,
T. (2023). Toolformer: Language Models Can Teach
Themselves to Use Tools. ArXiv, abs/2302.04761.

Smith, ”The Contract Net Protocol: High-Level
Communication and Control in a Distributed Problem
Solver,” in IEEE Transactions on Computers, vol. C-29,
no. 12, pp. 1104-1113, Dec. 1980, doi:
10.1109/TC.1980.1675516.

5

https://ethereum.org/content/whitepaper/whitepaper-pdf/Ethereum_Whitepaper_-_Buterin_2014.pdf
https://ethereum.org/content/whitepaper/whitepaper-pdf/Ethereum_Whitepaper_-_Buterin_2014.pdf
https://ethereum.org/content/whitepaper/whitepaper-pdf/Ethereum_Whitepaper_-_Buterin_2014.pdf
https://newsletter.victordibia.com/p/multi-agent-llm-applications-a-review#%C2%A7important-challenges-of-multi-agent-systems
https://newsletter.victordibia.com/p/multi-agent-llm-applications-a-review#%C2%A7important-challenges-of-multi-agent-systems
https://newsletter.victordibia.com/p/multi-agent-llm-applications-a-review#%C2%A7important-challenges-of-multi-agent-systems
https://mirror.xyz/0x8fF6Fe58b468B1F18d2C54e2B0870b4e847C730d/1Pxl_fbIPifIQ4_y0xoJGZGEk70qfOM3Gi9nWycm-8k
https://mirror.xyz/0x8fF6Fe58b468B1F18d2C54e2B0870b4e847C730d/1Pxl_fbIPifIQ4_y0xoJGZGEk70qfOM3Gi9nWycm-8k
https://mirror.xyz/0x8fF6Fe58b468B1F18d2C54e2B0870b4e847C730d/1Pxl_fbIPifIQ4_y0xoJGZGEk70qfOM3Gi9nWycm-8k
https://olas.network/documents/whitepaper/Whitepaper%20v1.0.pdf
https://olas.network/documents/whitepaper/Whitepaper%20v1.0.pdf


275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329

Composable Contracts for Multi-Agent Coordination

Sun, X., Crapis, D., Stephenson, M., Monnot, B., Thiery,
T., & Passerat-Palmbach, J. (2023). Cooperative AI via
Decentralized Commitment Devices. ArXiv,
abs/2311.07815.

Talebirad, Y., & Nadiri, A. (2023). Multi-Agent
Collaboration: Harnessing the Power of Intelligent
LLM Agents. ArXiv, abs/2306.03314.

Transmission11, Frankie, & White D. (2022, August 24).
Variable Rate GDAs. Paradigm.
https://www.paradigm.xyz/2022/08/vrgda

Titcomb A. (2019, April 10). Deep Dive: Augmented
Bonding Curves. Medium. https://blog.giveth.io/deep-
dive-augmented-bonding-curves-3f1f7c1fa751

Wang L. (2023, June 23). LLM Powered Autonomous
Agents. Lil’Log.
https://lilianweng.github.io/posts/2023-06-23-agent/

Wang, G., Xie, Y., Jiang, Y., Mandlekar, A., Xiao, C., Zhu,
Y., Fan, L., & Anandkumar, A. (2023). Voyager: An
Open-Ended Embodied Agent with Large Language
Models. ArXiv, abs/2305.16291.

Xu, Y., Wang, S., Li, P., Luo, F., Wang, X., Liu, W., & Liu,
Y. (2023). Exploring Large Language Models for
Communication Games: An Empirical Study on
Werewolf. ArXiv, abs/2309.04658.

Yan F., Hu Q., Jiang N., Sun X. (2024). Enhancing
Generative Agent Cooperation with Commitment
Devices. https://github.com/WudingRoad1145/
CD LLM/blob/main/FRP38 Jan28.pdf

Yocum J., Christoffersen P., Damani M., Svegliato J.,
Hadfield-Menell D., Russell S. (2023 Nov 07).
Mitigating Generative Agent Social Dilemmas.
NeurIPS 2023 Workshop FMDM.
https://openreview.net/forum?id=5TIdOk7XQ6

Zhang, K., Yang, Z., Liu, H., Zhang, T., & Başar, T.
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