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Agent Smith: A Single Image Can Jailbreak One Million 
Multimodal LLM Agents Exponentially Fast
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Motivation

Is it possible to jailbreak a multi-agent system like agent smith?

The adversary, analogous to infectious disease, needs only jailbreak one single 
agent to infect (almost) all other agents exponentially fast.



Simulating Multi-Agent environments

As a proof-of-concept instantiation, we employ randomized pair-wise chat for 
multi-agent interaction

<latexit sha1_base64="jTYeyD/rUDIo3VWAGsbXjKE/O0M="></latexit>oN

n=1

<latexit sha1_base64="L7LMveaHlUvPT08Spm4+n8ynHA4="></latexit>n
<latexit sha1_base64="m9+kD3wFb3qSs4Jp2U6ja4R+kVU="></latexit>n

Random
Partition

<latexit sha1_base64="bE6vPGyypJc1VLGe640FwFhsRz4="></latexit>

Jt

<latexit sha1_base64="lAXI9Ubr28lm4V4HhN0yB66cI24="></latexit>

t -th Chat Round <latexit sha1_base64="L7LMveaHlUvPT08Spm4+n8ynHA4="></latexit>n <latexit sha1_base64="bVl1MSJ8q+EASk3dpofPM0MlePA="></latexit>oN
2

k=1
<latexit sha1_base64="FK4Gji7UaYqdMzRM2I4wjqMs9sQ="></latexit>

k

<latexit sha1_base64="UXMWObUTp3NE3gEA2Y83rCI4mtQ="></latexit>

Q

<latexit sha1_base64="L7LMveaHlUvPT08Spm4+n8ynHA4="></latexit>n <latexit sha1_base64="bVl1MSJ8q+EASk3dpofPM0MlePA="></latexit>oN
2

k=1
<latexit sha1_base64="FK4Gji7UaYqdMzRM2I4wjqMs9sQ="></latexit>

k

<latexit sha1_base64="FUGA0z4dyEmXkbbShA0Phc3dIDs="></latexit>

A

Pairwise Chat



Infected agents

An agent is considered infected, if

• Carrying infectious virus • Exhibiting symptoms

<latexit sha1_base64="UXMWObUTp3NE3gEA2Y83rCI4mtQ="></latexit>

Q

<latexit sha1_base64="FUGA0z4dyEmXkbbShA0Phc3dIDs="></latexit>

A
<latexit sha1_base64="g2+xtxwgb6bPMqjuj77JZ+47pzg=">AAACCXicbVBNS8NAEN3Ur1q/ot70EiyCp5CIVI9VLx4rWFtoYtlsN+3S3STsTsQSAl78K1486FG8+g+8+W/ctD1o64OBx3szzMwLEs4UOM63UVpYXFpeKa9W1tY3NrfM7Z1bFaeS0CaJeSzbAVaUs4g2gQGn7URSLAJOW8HwsvBb91QqFkc3MEqoL3A/YiEjGLTUNfc8gWEQhNl5fpd5QB9AimyApcjzrll1bGcMa564U1JFUzS65pfXi0kqaASEY6U6rpOAn2EJjHCaV7xU0QSTIe7TjqYRFlT52fiH3DrUSs8KY6krAmus/p7IsFBqJALdWVysZr1C/M/rpBCe+RmLkhRoRCaLwpRbEFtFIFaPSUqAjzTBRDJ9q0V0AJiAjq2iQ3BnX54n3rHt1uya7TqO7V6fVOsX01DKaB8doCPkolNUR1eogZqIoEf0jF7Rm/FkvBjvxsektWRMZ3bRHxifPzV1me0=</latexit>

Aharm

<latexit sha1_base64="K1AkTePXhJ5DydbSoxOQP51+3sI=">AAACCXicbVBNS8NAEN3Ur1q/ot70EiyCp5CIVI9FLx5bsLbQxLLZbtqlu0nYnYglBLz4V7x40KN49R9489+4aXvQ1gcDj/dmmJkXJJwpcJxvo7S0vLK6Vl6vbGxube+Yu3u3Kk4loS0S81h2AqwoZxFtAQNOO4mkWASctoPRVeG376lULI5uYJxQX+BBxEJGMGipZx54AsMwCLNmfpd5QB9AimyIpcjznll1bGcCa5G4M1JFMzR65pfXj0kqaASEY6W6rpOAn2EJjHCaV7xU0QSTER7QrqYRFlT52eSH3DrWSt8KY6krAmui/p7IsFBqLALdWVys5r1C/M/rphBe+BmLkhRoRKaLwpRbEFtFIFafSUqAjzXBRDJ9q0V0AJiAjq2iQ3DnX14k3qnt1uya7TqO7TbPqvXLWShldIiO0Aly0Tmqo2vUQC1E0CN6Rq/ozXgyXox342PaWjJmM/voD4zPH08lmf0=</latexit>

Qharm



Infectious transmission

Infectious transmission is unidirectional: from questioner agent to answerer agent

<latexit sha1_base64="UXMWObUTp3NE3gEA2Y83rCI4mtQ="></latexit>

Q
<latexit sha1_base64="FUGA0z4dyEmXkbbShA0Phc3dIDs="></latexit>

A

<latexit sha1_base64="dEfNBJjM3dUey6/v/31Hxabzuh8=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoOQ6rgTiZYhNpYRzAfkjrC32SRr9naP3T0hHPkPNhZaiq1/xs5/4ya5QhMfDDzem2FmXpRwpo3nfTuFjc2t7Z3ibmlv/+DwqHx80tYyVYS2iORSdSOsKWeCtgwznHYTRXEccdqJJrdzv/NElWZSPJhpQsMYjwQbMoKNldrNoMFG1X654rneAmid+DmpQI5mv/wVDCRJYyoM4Vjrnu8lJsywMoxwOisFqaYJJhM8oj1LBY6pDrPFtTN0YZUBGkplSxi0UH9PZDjWehpHtjPGZqxXvbn4n9dLzfAmzJhIUkMFWS4aphwZieavowFTlBg+tQQTxeytiIyxwsTYgEo2BH/15XUSXLp+za25vue5/v1Vpd7IQynCGZxDFXy4hjrcQRNaQOARnuEV3hzpvDjvzseyteDkM6fwB87nD1grj90=</latexit>

P
⇣

<latexit sha1_base64="FUGA0z4dyEmXkbbShA0Phc3dIDs="></latexit>

A

<latexit sha1_base64="rBsn7YCxBUu5U1dp3rRFjDgjkdM=">AAAB+XicbVBNS8NAEJ34WetX1aOXxSLoJSQi1YtQ6sVjBWsLTSib7aZdutksuxuhhP4NLx70KF79J978N27bHLT1wcDjvRlm5kWSM20879tZWV1b39gsbZW3d3b39isHh486zRShLZLyVHUirClngrYMM5x2pKI4iThtR6Pbqd9+okqzVDyYsaRhggeCxYxgY6UgaLDB+U2AuRziXqXqud4MaJn4BalCgWav8hX0U5IlVBjCsdZd35MmzLEyjHA6KQeZphKTER7QrqUCJ1SH+ezmCTq1Sh/FqbIlDJqpvydynGg9TiLbmWAz1IveVPzP62Ymvg5zJmRmqCDzRXHGkUnRNADUZ4oSw8eWYKKYvRWRIVaYGBtT2YbgL768TIIL16+5Ndf3PNe/v6zWG0UoJTiGEzgDH66gDnfQhBYQkPAMr/DmZM6L8+58zFtXnGLmCP7A+fwB1jiSaQ==</latexit>⌘
= ↵

<latexit sha1_base64="5p3IeYyYZJZFavSlun8oYuR3inI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqsdSLx4rGFtoQtlsN+3SzSbsboQS+xu8eNCjePXXePPfuE1z0NYHA4/3ZpiZF6acKe0431ZlbX1jc6u6XdvZ3ds/qB8ePagkk4R6JOGJ7IVYUc4E9TTTnPZSSXEcctoNJzdzv/tIpWKJuNfTlAYxHgkWMYK1kTy/zUZPg3rDsZ0CaJW4JWlAic6g/uUPE5LFVGjCsVJ910l1kGOpGeF0VvMzRVNMJnhE+4YKHFMV5MWxM3RmlCGKEmlKaFSovydyHCs1jUPTGWM9VsveXPzP62c6ug5yJtJMU0EWi6KMI52g+edoyCQlmk8NwUQycysiYywx0SafmgnBXX55lfgXttu0m7brOLZ7d9lotctQqnACp3AOLlxBC26hAx4QYPAMr/BmCevFerc+Fq0Vq5w5hj+wPn8AN9GP1w==</latexit>���
<latexit sha1_base64="f8+mk0736p/w+pHVJoT0bUIgpC8=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhAs5LgTiZZBG8sEjAkkR9jbzCVr9vaO3T0hhPwCGwstxdbfY+e/cZNcoYkPBh7vzTAzL0wF18bzvp2V1bX1jc3CVnF7Z3dvv3Rw+KCTTDFssEQkqhVSjYJLbBhuBLZShTQOBTbD4e3Ubz6h0jyR92aUYhDTvuQRZ9RYqX7eLZU915uBLBM/J2XIUeuWvjq9hGUxSsME1brte6kJxlQZzgROip1MY0rZkPaxbamkMepgPDt0Qk6t0iNRomxJQ2bq74kxjbUexaHtjKkZ6EVvKv7ntTMTXQdjLtPMoGTzRVEmiEnI9GvS4wqZESNLKFPc3krYgCrKjM2maEPwF19eJp0L16+4Fdf3PNevX5arN3koBTiGEzgDH66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kD8gaN8Q==</latexit>, <latexit sha1_base64="PvG7RoGFv4eWgyW5RMw4UqSv1cc=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmIzGxutwZg5ZEG0tIREjgQvaWPVjZ27vszpkQwi+wsdDS2Pp77Pw3LnCFgi+Z5OW9mczMC1MpDHret1NYW9/Y3Cpul3Z29/YPyodHDybJNONNlshEt0NquBSKN1Gg5O1UcxqHkrfC0e3Mbz1xbUSi7nGc8iCmAyUiwShaqYG9csVzvTnIKvFzUoEc9V75q9tPWBZzhUxSYzq+l2IwoRoFk3xa6maGp5SN6IB3LFU05iaYzA+dkjOr9EmUaFsKyVz9PTGhsTHjOLSdMcWhWfZm4n9eJ8PoOpgIlWbIFVssijJJMCGzr0lfaM5Qji2hTAt7K2FDqilDm03JhuAvv7xKuheuX3Wrru95rt+4rNRu8lCKcAKncA4+XEEN7qAOTWDA4Rle4c15dF6cd+dj0Vpw8plj+APn8wdg5Y45</latexit>

t
<latexit sha1_base64="PvG7RoGFv4eWgyW5RMw4UqSv1cc=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmIzGxutwZg5ZEG0tIREjgQvaWPVjZ27vszpkQwi+wsdDS2Pp77Pw3LnCFgi+Z5OW9mczMC1MpDHret1NYW9/Y3Cpul3Z29/YPyodHDybJNONNlshEt0NquBSKN1Gg5O1UcxqHkrfC0e3Mbz1xbUSi7nGc8iCmAyUiwShaqYG9csVzvTnIKvFzUoEc9V75q9tPWBZzhUxSYzq+l2IwoRoFk3xa6maGp5SN6IB3LFU05iaYzA+dkjOr9EmUaFsKyVz9PTGhsTHjOLSdMcWhWfZm4n9eJ8PoOpgIlWbIFVssijJJMCGzr0lfaM5Qji2hTAt7K2FDqilDm03JhuAvv7xKuheuX3Wrru95rt+4rNRu8lCKcAKncA4+XEEN7qAOTWDA4Rle4c15dF6cd+dj0Vpw8plj+APn8wdg5Y45</latexit>

t<latexit sha1_base64="0WlEZBoFrkAqDosI/ZqKNC91LEg=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBZBEEIiUj0WvXisaG2hDWWz3bZLN5uwOxFK6E/w4kGP4tWf481/47bNQVsfDDzem2FmXphIYdDzvp3Cyura+kZxs7S1vbO7V94/eDRxqhlvsFjGuhVSw6VQvIECJW8lmtMolLwZjm6mfvOJayNi9YDjhAcRHSjRF4yile7xzO+WK57rzUCWiZ+TCuSod8tfnV7M0ogrZJIa0/a9BIOMahRM8kmpkxqeUDaiA962VNGImyCbnTohJ1bpkX6sbSkkM/X3REYjY8ZRaDsjikOz6E3F/7x2iv2rIBMqSZErNl/UTyXBmEz/Jj2hOUM5toQyLeythA2ppgxtOiUbgr/48jLpnLt+1a26vue5/t1FpXadh1KEIziGU/DhEmpwC3VoAIMBPMMrvDnSeXHenY95a8HJZw7hD5zPHzl1jqk=</latexit>

t+ 1

An agent carrying the virus has a chance to exhibit harmful symptoms

<latexit sha1_base64="/sI1kFdZOW5NCchxrv9UniibaGA=">AAAB+HicbVBNS8NAEN34WetX1aOXxSLoJSQi1YtQ6sVjBWsLSSib7aZdutkNuxOhlP4MLx70KF79Kd78N27bHLT1wcDjvRlm5sWZ4AY879tZWV1b39gsbZW3d3b39isHh49G5ZqyFlVC6U5MDBNcshZwEKyTaUbSWLB2PLyd+u0npg1X8gFGGYtS0pc84ZSAlYKwwfvnN2HMgHQrVc/1ZsDLxC9IFRVoditfYU/RPGUSqCDGBL6XQTQmGjgVbFIOc8MyQoekzwJLJUmZicazkyf41Co9nChtSwKeqb8nxiQ1ZpTGtjMlMDCL3lT8zwtySK6jMZdZDkzS+aIkFxgUnv6Pe1wzCmJkCaGa21sxHRBNKNiUyjYEf/HlZRJeuH7Nrbm+57n+/WW13ihCKaFjdILOkI+uUB3doSZqIYoUekav6M0B58V5dz7mrStOMXOE/sD5/AEKOpH1</latexit>⌘
= �

<latexit sha1_base64="PvG7RoGFv4eWgyW5RMw4UqSv1cc=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmIzGxutwZg5ZEG0tIREjgQvaWPVjZ27vszpkQwi+wsdDS2Pp77Pw3LnCFgi+Z5OW9mczMC1MpDHret1NYW9/Y3Cpul3Z29/YPyodHDybJNONNlshEt0NquBSKN1Gg5O1UcxqHkrfC0e3Mbz1xbUSi7nGc8iCmAyUiwShaqYG9csVzvTnIKvFzUoEc9V75q9tPWBZzhUxSYzq+l2IwoRoFk3xa6maGp5SN6IB3LFU05iaYzA+dkjOr9EmUaFsKyVz9PTGhsTHjOLSdMcWhWfZm4n9eJ8PoOpgIlWbIFVssijJJMCGzr0lfaM5Qji2hTAt7K2FDqilDm03JhuAvv7xKuheuX3Wrru95rt+4rNRu8lCKcAKncA4+XEEN7qAOTWDA4Rle4c15dF6cd+dj0Vpw8plj+APn8wdg5Y45</latexit>

t

<latexit sha1_base64="5p3IeYyYZJZFavSlun8oYuR3inI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqsdSLx4rGFtoQtlsN+3SzSbsboQS+xu8eNCjePXXePPfuE1z0NYHA4/3ZpiZF6acKe0431ZlbX1jc6u6XdvZ3ds/qB8ePagkk4R6JOGJ7IVYUc4E9TTTnPZSSXEcctoNJzdzv/tIpWKJuNfTlAYxHgkWMYK1kTy/zUZPg3rDsZ0CaJW4JWlAic6g/uUPE5LFVGjCsVJ910l1kGOpGeF0VvMzRVNMJnhE+4YKHFMV5MWxM3RmlCGKEmlKaFSovydyHCs1jUPTGWM9VsveXPzP62c6ug5yJtJMU0EWi6KMI52g+edoyCQlmk8NwUQycysiYywx0SafmgnBXX55lfgXttu0m7brOLZ7d9lotctQqnACp3AOLlxBC26hAx4QYPAMr/BmCevFerc+Fq0Vq5w5hj+wPn8AN9GP1w==</latexit>���
<latexit sha1_base64="dEfNBJjM3dUey6/v/31Hxabzuh8=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoOQ6rgTiZYhNpYRzAfkjrC32SRr9naP3T0hHPkPNhZaiq1/xs5/4ya5QhMfDDzem2FmXpRwpo3nfTuFjc2t7Z3ibmlv/+DwqHx80tYyVYS2iORSdSOsKWeCtgwznHYTRXEccdqJJrdzv/NElWZSPJhpQsMYjwQbMoKNldrNoMFG1X654rneAmid+DmpQI5mv/wVDCRJYyoM4Vjrnu8lJsywMoxwOisFqaYJJhM8oj1LBY6pDrPFtTN0YZUBGkplSxi0UH9PZDjWehpHtjPGZqxXvbn4n9dLzfAmzJhIUkMFWS4aphwZieavowFTlBg+tQQTxeytiIyxwsTYgEo2BH/15XUSXLp+za25vue5/v1Vpd7IQynCGZxDFXy4hjrcQRNaQOARnuEV3hzpvDjvzseyteDkM6fwB87nD1grj90=</latexit>

P
⇣

<latexit sha1_base64="PvG7RoGFv4eWgyW5RMw4UqSv1cc=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmIzGxutwZg5ZEG0tIREjgQvaWPVjZ27vszpkQwi+wsdDS2Pp77Pw3LnCFgi+Z5OW9mczMC1MpDHret1NYW9/Y3Cpul3Z29/YPyodHDybJNONNlshEt0NquBSKN1Gg5O1UcxqHkrfC0e3Mbz1xbUSi7nGc8iCmAyUiwShaqYG9csVzvTnIKvFzUoEc9V75q9tPWBZzhUxSYzq+l2IwoRoFk3xa6maGp5SN6IB3LFU05iaYzA+dkjOr9EmUaFsKyVz9PTGhsTHjOLSdMcWhWfZm4n9eJ8PoOpgIlWbIFVssijJJMCGzr0lfaM5Qji2hTAt7K2FDqilDm03JhuAvv7xKuheuX3Wrru95rt+4rNRu8lCKcAKncA4+XEEN7qAOTWDA4Rle4c15dF6cd+dj0Vpw8plj+APn8wdg5Y45</latexit>

t



Recovery

Note:     ,     and     may depend on the chat round, here we regard them as 
amortized values and treat them as constants

An infected agent has a chance to recover during each chat round

<latexit sha1_base64="PvG7RoGFv4eWgyW5RMw4UqSv1cc=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmIzGxutwZg5ZEG0tIREjgQvaWPVjZ27vszpkQwi+wsdDS2Pp77Pw3LnCFgi+Z5OW9mczMC1MpDHret1NYW9/Y3Cpul3Z29/YPyodHDybJNONNlshEt0NquBSKN1Gg5O1UcxqHkrfC0e3Mbz1xbUSi7nGc8iCmAyUiwShaqYG9csVzvTnIKvFzUoEc9V75q9tPWBZzhUxSYzq+l2IwoRoFk3xa6maGp5SN6IB3LFU05iaYzA+dkjOr9EmUaFsKyVz9PTGhsTHjOLSdMcWhWfZm4n9eJ8PoOpgIlWbIFVssijJJMCGzr0lfaM5Qji2hTAt7K2FDqilDm03JhuAvv7xKuheuX3Wrru95rt+4rNRu8lCKcAKncA4+XEEN7qAOTWDA4Rle4c15dF6cd+dj0Vpw8plj+APn8wdg5Y45</latexit>

t

<latexit sha1_base64="5p3IeYyYZJZFavSlun8oYuR3inI=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqsdSLx4rGFtoQtlsN+3SzSbsboQS+xu8eNCjePXXePPfuE1z0NYHA4/3ZpiZF6acKe0431ZlbX1jc6u6XdvZ3ds/qB8ePagkk4R6JOGJ7IVYUc4E9TTTnPZSSXEcctoNJzdzv/tIpWKJuNfTlAYxHgkWMYK1kTy/zUZPg3rDsZ0CaJW4JWlAic6g/uUPE5LFVGjCsVJ910l1kGOpGeF0VvMzRVNMJnhE+4YKHFMV5MWxM3RmlCGKEmlKaFSovydyHCs1jUPTGWM9VsveXPzP62c6ug5yJtJMU0EWi6KMI52g+edoyCQlmk8NwUQycysiYywx0SafmgnBXX55lfgXttu0m7brOLZ7d9lotctQqnACp3AOLlxBC26hAx4QYPAMr/BmCevFerc+Fq0Vq5w5hj+wPn8AN9GP1w==</latexit>���
<latexit sha1_base64="dEfNBJjM3dUey6/v/31Hxabzuh8=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoOQ6rgTiZYhNpYRzAfkjrC32SRr9naP3T0hHPkPNhZaiq1/xs5/4ya5QhMfDDzem2FmXpRwpo3nfTuFjc2t7Z3ibmlv/+DwqHx80tYyVYS2iORSdSOsKWeCtgwznHYTRXEccdqJJrdzv/NElWZSPJhpQsMYjwQbMoKNldrNoMFG1X654rneAmid+DmpQI5mv/wVDCRJYyoM4Vjrnu8lJsywMoxwOisFqaYJJhM8oj1LBY6pDrPFtTN0YZUBGkplSxi0UH9PZDjWehpHtjPGZqxXvbn4n9dLzfAmzJhIUkMFWS4aphwZieavowFTlBg+tQQTxeytiIyxwsTYgEo2BH/15XUSXLp+za25vue5/v1Vpd7IQynCGZxDFXy4hjrcQRNaQOARnuEV3hzpvDjvzseyteDkM6fwB87nD1grj90=</latexit>

P
⇣

<latexit sha1_base64="0WlEZBoFrkAqDosI/ZqKNC91LEg=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBZBEEIiUj0WvXisaG2hDWWz3bZLN5uwOxFK6E/w4kGP4tWf481/47bNQVsfDDzem2FmXphIYdDzvp3Cyura+kZxs7S1vbO7V94/eDRxqhlvsFjGuhVSw6VQvIECJW8lmtMolLwZjm6mfvOJayNi9YDjhAcRHSjRF4yile7xzO+WK57rzUCWiZ+TCuSod8tfnV7M0ogrZJIa0/a9BIOMahRM8kmpkxqeUDaiA962VNGImyCbnTohJ1bpkX6sbSkkM/X3REYjY8ZRaDsjikOz6E3F/7x2iv2rIBMqSZErNl/UTyXBmEz/Jj2hOUM5toQyLeythA2ppgxtOiUbgr/48jLpnLt+1a26vue5/t1FpXadh1KEIziGU/DhEmpwC3VoAIMBPMMrvDnSeXHenY95a8HJZw7hD5zPHzl1jqk=</latexit>

t+ 1

<latexit sha1_base64="WTqS7IzfmtYcLuJxy3U0tzmpTJU=">AAAB+XicbVBNS8NAEN34WetX1aOXxSLoJSQi1YtQ6sVjBWsLTSiT7SZdursJuxuhlP4NLx70KF79J978N27bHLT1wcDjvRlm5kUZZ9p43rezsrq2vrFZ2ipv7+zu7VcODh91mitCWyTlqepEoClnkrYMM5x2MkVBRJy2o+Ht1G8/UaVZKh/MKKOhgESymBEwVgqCBkvOb4IEhIBepeq53gx4mfgFqaICzV7lK+inJBdUGsJB667vZSYcgzKMcDopB7mmGZAhJLRrqQRBdTie3TzBp1bp4zhVtqTBM/X3xBiE1iMR2U4BZqAXvan4n9fNTXwdjpnMckMlmS+Kc45NiqcB4D5TlBg+sgSIYvZWTAaggBgbU9mG4C++vEyCC9evuTXX9zzXv7+s1htFKCV0jE7QGfLRFaqjO9RELURQhp7RK3pzcufFeXc+5q0rTjFzhP7A+fwB0ZCSZg==</latexit>⌘
= �

<latexit sha1_base64="uS+Ofo4tuOB8xIO8tZe3WYuuUZg=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0hEqseiF48V7Ac0oUy2m3btZjfsboQS+h+8eNCjePXPePPfuG1z0NYHA4/3ZpiZF6WcaeN5305pbX1jc6u8XdnZ3ds/qB4etbXMFKEtIrlU3Qg05UzQlmGG026qKCQRp51ofDvzO09UaSbFg5mkNExgKFjMCBgrtQPg6Qj61ZrnenPgVeIXpIYKNPvVr2AgSZZQYQgHrXu+l5owB2UY4XRaCTJNUyBjGNKepQISqsN8fu0Un1llgGOpbAmD5+rviRwSrSdJZDsTMCO97M3E/7xeZuLrMGcizQwVZLEozjg2Es9exwOmKDF8YgkQxeytmIxAATE2oIoNwV9+eZUEF65fd+uu73muf39Za9wUoZTRCTpF58hHV6iB7lATtRBBj+gZvaI3RzovzrvzsWgtOcXMMfoD5/MHF++QWQ==</latexit>↵
<latexit sha1_base64="i3kgo4tjiziwXw6115JgH/e7ehw=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgKSQi1WPRi8cKxhaaUDbbSbt0swm7E6GE/gYvHvQoXv013vw3btsctPXBwOO9GWbmRZngGl3326qsrW9sblW3azu7e/sH9cOjR53mioHPUpGqbkQ1CC7BR44CupkCmkQCOtH4duZ3nkBpnsoHnGQQJnQoecwZRSP5QQRI+/WG67hz2KvEK0mDlGj361/BIGV5AhKZoFr3PDfDsKAKORMwrQW5hoyyMR1Cz1BJE9BhMT92ap8ZZWDHqTIl0Z6rvycKmmg9SSLTmVAc6WVvJv7n9XKMr8OCyyxHkGyxKM6Fjak9+9wecAUMxcQQyhQ3t9psRBVlaPKpmRC85ZdXSXDheE2n6Xiu63j3l43WTRlKlZyQU3JOPHJFWuSOtIlPGOHkmbySN0taL9a79bForVjlzDH5A+vzB03Cj+U=</latexit>

�
<latexit sha1_base64="i4a0uXBoxCrGlTGiwp8YWaXJYN4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseiF48V7Ac0oWy2m3bt7ibsboQS+h+8eNCjePXPePPfuG1z0NYHA4/3ZpiZF6WcaeN5305pbX1jc6u8XdnZ3ds/qB4etXWSKUJbJOGJ6kZYU84kbRlmOO2mimIRcdqJxrczv/NElWaJfDCTlIYCDyWLGcHGSu1giIXA/WrNc7050CrxC1KDAs1+9SsYJCQTVBrCsdY930tNmGNlGOF0WgkyTVNMxnhIe5ZKLKgO8/m1U3RmlQGKE2VLGjRXf0/kWGg9EZHtFNiM9LI3E//zepmJr8OcyTQzVJLFojjjyCRo9joaMEWJ4RNLMFHM3orICCtMjA2oYkPwl19eJcGF69fduut7nuvfX9YaN0UoZTiBUzgHH66gAXfQhBYQeIRneIU3J3FenHfnY9FacoqZY/gD5/MHE0eQVg==</latexit>�



Infectious dynamics

Define                    as the ratio of infected agents and                   as the ratio of 
virus-carrying agents at the beginning of the   -th chat, then we have

<latexit sha1_base64="PvG7RoGFv4eWgyW5RMw4UqSv1cc=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmIzGxutwZg5ZEG0tIREjgQvaWPVjZ27vszpkQwi+wsdDS2Pp77Pw3LnCFgi+Z5OW9mczMC1MpDHret1NYW9/Y3Cpul3Z29/YPyodHDybJNONNlshEt0NquBSKN1Gg5O1UcxqHkrfC0e3Mbz1xbUSi7nGc8iCmAyUiwShaqYG9csVzvTnIKvFzUoEc9V75q9tPWBZzhUxSYzq+l2IwoRoFk3xa6maGp5SN6IB3LFU05iaYzA+dkjOr9EmUaFsKyVz9PTGhsTHjOLSdMcWhWfZm4n9eJ8PoOpgIlWbIFVssijJJMCGzr0lfaM5Qji2hTAt7K2FDqilDm03JhuAvv7xKuheuX3Wrru95rt+4rNRu8lCKcAKncA4+XEEN7qAOTWDA4Rle4c15dF6cd+dj0Vpw8plj+APn8wdg5Y45</latexit>

t

<latexit sha1_base64="lAXI9Ubr28lm4V4HhN0yB66cI24="></latexit>

t

<latexit sha1_base64="umysfLMG8aS5hivgDAwwFo4XzHs=">AAAB+nicbVBNS8NAEJ34WetX1aOXYBE8SNgVqR6LXjxWsLbQhLLZbtqlm03c3RRK6O/w4kGP4tVf4s1/47bNQVsfDDzem2FmXpgKrg1C387K6tr6xmZpq7y9s7u3Xzk4fNRJpihr0kQkqh0SzQSXrGm4EaydKkbiULBWOLyd+q0RU5on8sGMUxbEpC95xCkxVgrSbm4mPpcddI6DbqWKPDSDu0xwQapQoNGtfPm9hGYxk4YKonUHo9QEOVGGU8EmZT/TLCV0SPqsY6kkMdNBPjt64p5apedGibIljTtTf0/kJNZ6HIe2MyZmoBe9qfif18lMdB3kXKaZYZLOF0WZcE3iThNwe1wxasTYEkIVt7e6dEAUocbmVLYh4MWXl4l/4eGaV/MwQh6+v6zWb4pQSnAMJ3AGGK6gDnfQgCZQeIJneIU3Z+S8OO/Ox7x1xSlmjuAPnM8fxZOS8A==</latexit>

pt 2 [0, 1]
<latexit sha1_base64="YEmWxxhApG5aEzrc8Ju1+kanPCk=">AAAB+nicbVBNS8NAEN34WetX1aOXYBE8SNgVqR6LXjxWsLbQhLLZbtqlm03cnRRK6O/w4kGP4tVf4s1/47bNQVsfDDzem2FmXphKYQDjb2dldW19Y7O0Vd7e2d3brxwcPpok04w3WSIT3Q6p4VIo3gQBkrdTzWkcSt4Kh7dTvzXi2ohEPcA45UFM+0pEglGwUsC6OUx8oTr4nATdShV7eAZ3mZCCVFGBRrfy5fcSlsVcAZPUmA7BKQQ51SCY5JOynxmeUjakfd6xVNGYmyCfHT1xT63Sc6NE21LgztTfEzmNjRnHoe2MKQzMojcV//M6GUTXQS5UmgFXbL4oyqQLiTtNwO0JzRnIsSWUaWFvddmAasrA5lS2IZDFl5eJf+GRmlfzCMYeub+s1m+KUEroGJ2gM0TQFaqjO9RATcTQE3pGr+jNGTkvzrvzMW9dcYqZI/QHzucPsPWS4w==</latexit>

ct 2 [0, 1]

<latexit sha1_base64="BVsN5UrQqQ99K2Lu+ziNupOcyrc=">AAAB+XicbVBNS8NAEJ34WetX1aOXYBF6ColI9SKUevFYwdpCE8pmu2mXbjZhdyKU0L/hxYMexav/xJv/xm2bg7Y+GHi8N8PMvDAVXKPrfltr6xubW9ulnfLu3v7BYeXo+FEnmaKsTRORqG5INBNcsjZyFKybKkbiULBOOL6d+Z0npjRP5ANOUhbEZCh5xClBI/m0n+P0puU3+bDWr1Rdx53DXiVeQapQoNWvfPmDhGYxk0gF0brnuSkGOVHIqWDTsp9plhI6JkPWM1SSmOkgn988tc+NMrCjRJmSaM/V3xM5ibWexKHpjAmO9LI3E//zehlG10HOZZohk3SxKMqEjYk9C8AecMUoiokhhCpubrXpiChC0cRUNiF4yy+vEv/C8epO3fFc1/HuL6uNZhFKCU7hDGrgwRU04A5a0AYKKTzDK7xZmfVivVsfi9Y1q5g5gT+wPn8AA72ShA==</latexit>

ct = P
⇣ <latexit sha1_base64="u6ImmZgoEPaTqGCqqaDpelIxs/E=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBZBLyERqR5LvXisYGyhCWWz3bRLN5uwuxFK6G/w4kGP4tVf481/4zbNQVsfDDzem2FmXphyprTjfFuVtfWNza3qdm1nd2//oH549KiSTBLqkYQnshdiRTkT1NNMc9pLJcVxyGk3nNzO/e4TlYol4kFPUxrEeCRYxAjWRvL8NhtdDOoNx3YKoFXilqQBJTqD+pc/TEgWU6EJx0r1XSfVQY6lZoTTWc3PFE0xmeAR7RsqcExVkBfHztCZUYYoSqQpoVGh/p7IcazUNA5NZ4z1WC17c/E/r5/p6CbImUgzTQVZLIoyjnSC5p+jIZOUaD41BBPJzK2IjLHERJt8aiYEd/nlVeJf2m7Tbtqu49ju/VWj1S5DqcIJnMI5uHANLbiDDnhAgMEzvMKbJawX6936WLRWrHLmGP7A+vwBuASPhA==</latexit>⌘

<latexit sha1_base64="d4Xc8CZbE3fqhJXzwyjcTTJPPvs=">AAAB93icbVBNS8NAEJ3Ur1q/qh69BIvQU0hEqheh1IvHCtYWm1A22027dLMJuxOhlP4LLx70KF79K978N27bHLT1wcDjvRlm5oWp4Bpd99sqrK1vbG4Vt0s7u3v7B+XDowedZIqyFk1Eojoh0UxwyVrIUbBOqhiJQ8Ha4ehm5refmNI8kfc4TlkQk4HkEacEjfSY9vC66Tf4oNorV1zHncNeJV5OKpCj2St/+f2EZjGTSAXRuuu5KQYTopBTwaYlP9MsJXREBqxrqCQx08FkfvHUPjNK344SZUqiPVd/T0xIrPU4Dk1nTHCol72Z+J/XzTC6CiZcphkySReLokzYmNiz9+0+V4yiGBtCqOLmVpsOiSIUTUglE4K3/PIq8c8dr+bUHM91He/uolJv5KEU4QROoQoeXEIdbqEJLaAg4Rle4c3S1ov1bn0sWgtWPnMMf2B9/gBGtpGF</latexit>

pt = P
⇣

<latexit sha1_base64="f8+mk0736p/w+pHVJoT0bUIgpC8=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhAs5LgTiZZBG8sEjAkkR9jbzCVr9vaO3T0hhPwCGwstxdbfY+e/cZNcoYkPBh7vzTAzL0wF18bzvp2V1bX1jc3CVnF7Z3dvv3Rw+KCTTDFssEQkqhVSjYJLbBhuBLZShTQOBTbD4e3Ubz6h0jyR92aUYhDTvuQRZ9RYqX7eLZU915uBLBM/J2XIUeuWvjq9hGUxSsME1brte6kJxlQZzgROip1MY0rZkPaxbamkMepgPDt0Qk6t0iNRomxJQ2bq74kxjbUexaHtjKkZ6EVvKv7ntTMTXQdjLtPMoGTzRVEmiEnI9GvS4wqZESNLKFPc3krYgCrKjM2maEPwF19eJp0L16+4Fdf3PNevX5arN3koBTiGEzgDH66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kD8gaN8Q==</latexit>, <latexit sha1_base64="PvG7RoGFv4eWgyW5RMw4UqSv1cc=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmIzGxutwZg5ZEG0tIREjgQvaWPVjZ27vszpkQwi+wsdDS2Pp77Pw3LnCFgi+Z5OW9mczMC1MpDHret1NYW9/Y3Cpul3Z29/YPyodHDybJNONNlshEt0NquBSKN1Gg5O1UcxqHkrfC0e3Mbz1xbUSi7nGc8iCmAyUiwShaqYG9csVzvTnIKvFzUoEc9V75q9tPWBZzhUxSYzq+l2IwoRoFk3xa6maGp5SN6IB3LFU05iaYzA+dkjOr9EmUaFsKyVz9PTGhsTHjOLSdMcWhWfZm4n9eJ8PoOpgIlWbIFVssijJJMCGzr0lfaM5Qji2hTAt7K2FDqilDm03JhuAvv7xKuheuX3Wrru95rt+4rNRu8lCKcAKncA4+XEEN7qAOTWDA4Rle4c15dF6cd+dj0Vpw8plj+APn8wdg5Y45</latexit>

t
<latexit sha1_base64="PvG7RoGFv4eWgyW5RMw4UqSv1cc=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmIzGxutwZg5ZEG0tIREjgQvaWPVjZ27vszpkQwi+wsdDS2Pp77Pw3LnCFgi+Z5OW9mczMC1MpDHret1NYW9/Y3Cpul3Z29/YPyodHDybJNONNlshEt0NquBSKN1Gg5O1UcxqHkrfC0e3Mbz1xbUSi7nGc8iCmAyUiwShaqYG9csVzvTnIKvFzUoEc9V75q9tPWBZzhUxSYzq+l2IwoRoFk3xa6maGp5SN6IB3LFU05iaYzA+dkjOr9EmUaFsKyVz9PTGhsTHjOLSdMcWhWfZm4n9eJ8PoOpgIlWbIFVssijJJMCGzr0lfaM5Qji2hTAt7K2FDqilDm03JhuAvv7xKuheuX3Wrru95rt+4rNRu8lCKcAKncA4+XEEN7qAOTWDA4Rle4c15dF6cd+dj0Vpw8plj+APn8wdg5Y45</latexit>

t

<latexit sha1_base64="QuJ0AVQOYGe6vmqRjVHWs1smOxw=">AAAB/3icbVBNS8NAEJ3Ur1q/oh69LBZBLyERqV6EUi8eK1hbaELYbLft0s0m7G4KJfSfePGgR/Hq3/Dmv3Hb5qCtDwYe780wMy9KOVPadb+t0tr6xuZWebuys7u3f2AfHj2pJJOEtkjCE9mJsKKcCdrSTHPaSSXFccRpOxrdzfz2mErFEvGoJykNYjwQrM8I1kYKbdtvsMHFrY95OsSIhDq0q67jzoFWiVeQKhRohvaX30tIFlOhCcdKdT031UGOpWaE02nFzxRNMRnhAe0aKnBMVZDPL5+iM6P0UD+RpoRGc/X3RI5jpSZxZDpjrIdq2ZuJ/3ndTPdvgpyJNNNUkMWifsaRTtAsBtRjkhLNJ4ZgIpm5FZEhlphoE1bFhOAtv7xK/EvHqzk1x3Ndx3u4qtYbRShlOIFTOAcPrqEO99CEFhAYwzO8wpuVWy/Wu/WxaC1Zxcwx/IH1+QMDx5QY</latexit>⌘
= ↵ct



Recurrence

When the number of agents is sufficiently large               , we have
<latexit sha1_base64="h8vgLDCaIPO/w81oANajta6yjMY=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4ClmR6rHoxZNUsB/QhLLZbtK1m03Y3Qil9D948aBH8eqf8ea/cdvmoK0PBh7vzTAzL8wE18bzvp2V1bX1jc3SVnl7Z3dvv3Jw2NJprihr0lSkqhMSzQSXrGm4EayTKUaSULB2OLyZ+u0npjRP5YMZZSxISCx5xCkxVmrd+XGMcK9S9VxvBrRMcEGqUKDRq3z5/ZTmCZOGCqJ1F3uZCcZEGU4Fm5T9XLOM0CGJWddSSRKmg/Hs2gk6tUofRamyJQ2aqb8nxiTRepSEtjMhZqAXvan4n9fNTXQVjLnMcsMknS+KcoFMiqavoz5XjBoxsoRQxe2tiA6IItTYgMo2BLz48jLxz11cc2su9jwX319U69dFKCU4hhM4AwyXUIdbaEATKDzCM7zCm5M6L8678zFvXXGKmSP4A+fzByujj8A=</latexit>

N � 1
<latexit sha1_base64="3LQ4Ys9hlY1kEX/Qsp4X6QOEorE="></latexit>

ct+1 = (1� �) ct +
�t

N

Virus-carrying agents 
which haven’t recovered

Newly increased virus-
carrying agents



Newly increased virus-carrying agents

Since
<latexit sha1_base64="UXMWObUTp3NE3gEA2Y83rCI4mtQ="></latexit>

Q

<latexit sha1_base64="dEfNBJjM3dUey6/v/31Hxabzuh8=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoOQ6rgTiZYhNpYRzAfkjrC32SRr9naP3T0hHPkPNhZaiq1/xs5/4ya5QhMfDDzem2FmXpRwpo3nfTuFjc2t7Z3ibmlv/+DwqHx80tYyVYS2iORSdSOsKWeCtgwznHYTRXEccdqJJrdzv/NElWZSPJhpQsMYjwQbMoKNldrNoMFG1X654rneAmid+DmpQI5mv/wVDCRJYyoM4Vjrnu8lJsywMoxwOisFqaYJJhM8oj1LBY6pDrPFtTN0YZUBGkplSxi0UH9PZDjWehpHtjPGZqxXvbn4n9dLzfAmzJhIUkMFWS4aphwZieavowFTlBg+tQQTxeytiIyxwsTYgEo2BH/15XUSXLp+za25vue5/v1Vpd7IQynCGZxDFXy4hjrcQRNaQOARnuEV3hzpvDjvzseyteDkM6fwB87nD1grj90=</latexit>

P
⇣

<latexit sha1_base64="FUGA0z4dyEmXkbbShA0Phc3dIDs="></latexit>

A
<latexit sha1_base64="f8+mk0736p/w+pHVJoT0bUIgpC8=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhAs5LgTiZZBG8sEjAkkR9jbzCVr9vaO3T0hhPwCGwstxdbfY+e/cZNcoYkPBh7vzTAzL0wF18bzvp2V1bX1jc3CVnF7Z3dvv3Rw+KCTTDFssEQkqhVSjYJLbBhuBLZShTQOBTbD4e3Ubz6h0jyR92aUYhDTvuQRZ9RYqX7eLZU915uBLBM/J2XIUeuWvjq9hGUxSsME1brte6kJxlQZzgROip1MY0rZkPaxbamkMepgPDt0Qk6t0iNRomxJQ2bq74kxjbUexaHtjKkZ6EVvKv7ntTMTXQdjLtPMoGTzRVEmiEnI9GvS4wqZESNLKFPc3krYgCrKjM2maEPwF19eJp0L16+4Fdf3PNevX5arN3koBTiGEzgDH66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kD8gaN8Q==</latexit>, <latexit sha1_base64="PvG7RoGFv4eWgyW5RMw4UqSv1cc=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmIzGxutwZg5ZEG0tIREjgQvaWPVjZ27vszpkQwi+wsdDS2Pp77Pw3LnCFgi+Z5OW9mczMC1MpDHret1NYW9/Y3Cpul3Z29/YPyodHDybJNONNlshEt0NquBSKN1Gg5O1UcxqHkrfC0e3Mbz1xbUSi7nGc8iCmAyUiwShaqYG9csVzvTnIKvFzUoEc9V75q9tPWBZzhUxSYzq+l2IwoRoFk3xa6maGp5SN6IB3LFU05iaYzA+dkjOr9EmUaFsKyVz9PTGhsTHjOLSdMcWhWfZm4n9eJ8PoOpgIlWbIFVssijJJMCGzr0lfaM5Qji2hTAt7K2FDqilDm03JhuAvv7xKuheuX3Wrru95rt+4rNRu8lCKcAKncA4+XEEN7qAOTWDA4Rle4c15dF6cd+dj0Vpw8plj+APn8wdg5Y45</latexit>

t
<latexit sha1_base64="PvG7RoGFv4eWgyW5RMw4UqSv1cc=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmIzGxutwZg5ZEG0tIREjgQvaWPVjZ27vszpkQwi+wsdDS2Pp77Pw3LnCFgi+Z5OW9mczMC1MpDHret1NYW9/Y3Cpul3Z29/YPyodHDybJNONNlshEt0NquBSKN1Gg5O1UcxqHkrfC0e3Mbz1xbUSi7nGc8iCmAyUiwShaqYG9csVzvTnIKvFzUoEc9V75q9tPWBZzhUxSYzq+l2IwoRoFk3xa6maGp5SN6IB3LFU05iaYzA+dkjOr9EmUaFsKyVz9PTGhsTHjOLSdMcWhWfZm4n9eJ8PoOpgIlWbIFVssijJJMCGzr0lfaM5Qji2hTAt7K2FDqilDm03JhuAvv7xKuheuX3Wrru95rt+4rNRu8lCKcAKncA4+XEEN7qAOTWDA4Rle4c15dF6cd+dj0Vpw8plj+APn8wdg5Y45</latexit>

t

<latexit sha1_base64="x5zWYvwVPmDR6JVJPVBBThSlunE=">AAAB/3icbVDLSgMxFM34rPU16tJNsAjtwmEiUt0IpW5cVrC20BmGTJppQzOZIckUytA/ceNCl+LW33Dn35i2s9DWA/dyOOdecnPClDOlXffbWlvf2NzaLu2Ud/f2Dw7to+MnlWSS0DZJeCK7IVaUM0HbmmlOu6mkOA457YSju5nfGVOpWCIe9SSlfowHgkWMYG2kwLa9JhvUbkmgq+jC9FpgV1zHnQOuElSQCijQCuwvr5+QLKZCE46V6iE31X6OpWaE02nZyxRNMRnhAe0ZKnBMlZ/PL5/Cc6P0YZRIU0LDufp7I8exUpM4NJMx1kO17M3E/7xepqMbP2cizTQVZPFQlHGoEziLAfaZpETziSGYSGZuhWSIJSbahFU2IaDlL68S79JBdafuINd10MNVpdEsQimBU3AGqgCBa9AA96AF2oCAMXgGr+DNyq0X6936WIyuWcXOCfgD6/MHD8CTew==</latexit>⌘
= ct(1� ct)

<latexit sha1_base64="UXMWObUTp3NE3gEA2Y83rCI4mtQ="></latexit>

Q
<latexit sha1_base64="FUGA0z4dyEmXkbbShA0Phc3dIDs="></latexit>

A

<latexit sha1_base64="dEfNBJjM3dUey6/v/31Hxabzuh8=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoOQ6rgTiZYhNpYRzAfkjrC32SRr9naP3T0hHPkPNhZaiq1/xs5/4ya5QhMfDDzem2FmXpRwpo3nfTuFjc2t7Z3ibmlv/+DwqHx80tYyVYS2iORSdSOsKWeCtgwznHYTRXEccdqJJrdzv/NElWZSPJhpQsMYjwQbMoKNldrNoMFG1X654rneAmid+DmpQI5mv/wVDCRJYyoM4Vjrnu8lJsywMoxwOisFqaYJJhM8oj1LBY6pDrPFtTN0YZUBGkplSxi0UH9PZDjWehpHtjPGZqxXvbn4n9dLzfAmzJhIUkMFWS4aphwZieavowFTlBg+tQQTxeytiIyxwsTYgEo2BH/15XUSXLp+za25vue5/v1Vpd7IQynCGZxDFXy4hjrcQRNaQOARnuEV3hzpvDjvzseyteDkM6fwB87nD1grj90=</latexit>

P
⇣

<latexit sha1_base64="FUGA0z4dyEmXkbbShA0Phc3dIDs="></latexit>

A
<latexit sha1_base64="f8+mk0736p/w+pHVJoT0bUIgpC8=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhAs5LgTiZZBG8sEjAkkR9jbzCVr9vaO3T0hhPwCGwstxdbfY+e/cZNcoYkPBh7vzTAzL0wF18bzvp2V1bX1jc3CVnF7Z3dvv3Rw+KCTTDFssEQkqhVSjYJLbBhuBLZShTQOBTbD4e3Ubz6h0jyR92aUYhDTvuQRZ9RYqX7eLZU915uBLBM/J2XIUeuWvjq9hGUxSsME1brte6kJxlQZzgROip1MY0rZkPaxbamkMepgPDt0Qk6t0iNRomxJQ2bq74kxjbUexaHtjKkZ6EVvKv7ntTMTXQdjLtPMoGTzRVEmiEnI9GvS4wqZESNLKFPc3krYgCrKjM2maEPwF19eJp0L16+4Fdf3PNevX5arN3koBTiGEzgDH66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kD8gaN8Q==</latexit>, <latexit sha1_base64="PvG7RoGFv4eWgyW5RMw4UqSv1cc=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmIzGxutwZg5ZEG0tIREjgQvaWPVjZ27vszpkQwi+wsdDS2Pp77Pw3LnCFgi+Z5OW9mczMC1MpDHret1NYW9/Y3Cpul3Z29/YPyodHDybJNONNlshEt0NquBSKN1Gg5O1UcxqHkrfC0e3Mbz1xbUSi7nGc8iCmAyUiwShaqYG9csVzvTnIKvFzUoEc9V75q9tPWBZzhUxSYzq+l2IwoRoFk3xa6maGp5SN6IB3LFU05iaYzA+dkjOr9EmUaFsKyVz9PTGhsTHjOLSdMcWhWfZm4n9eJ8PoOpgIlWbIFVssijJJMCGzr0lfaM5Qji2hTAt7K2FDqilDm03JhuAvv7xKuheuX3Wrru95rt+4rNRu8lCKcAKncA4+XEEN7qAOTWDA4Rle4c15dF6cd+dj0Vpw8plj+APn8wdg5Y45</latexit>

t
<latexit sha1_base64="PvG7RoGFv4eWgyW5RMw4UqSv1cc=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmIzGxutwZg5ZEG0tIREjgQvaWPVjZ27vszpkQwi+wsdDS2Pp77Pw3LnCFgi+Z5OW9mczMC1MpDHret1NYW9/Y3Cpul3Z29/YPyodHDybJNONNlshEt0NquBSKN1Gg5O1UcxqHkrfC0e3Mbz1xbUSi7nGc8iCmAyUiwShaqYG9csVzvTnIKvFzUoEc9V75q9tPWBZzhUxSYzq+l2IwoRoFk3xa6maGp5SN6IB3LFU05iaYzA+dkjOr9EmUaFsKyVz9PTGhsTHjOLSdMcWhWfZm4n9eJ8PoOpgIlWbIFVssijJJMCGzr0lfaM5Qji2hTAt7K2FDqilDm03JhuAvv7xKuheuX3Wrru95rt+4rNRu8lCKcAKncA4+XEEN7qAOTWDA4Rle4c15dF6cd+dj0Vpw8plj+APn8wdg5Y45</latexit>

t<latexit sha1_base64="0WlEZBoFrkAqDosI/ZqKNC91LEg=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBZBEEIiUj0WvXisaG2hDWWz3bZLN5uwOxFK6E/w4kGP4tWf481/47bNQVsfDDzem2FmXphIYdDzvp3Cyura+kZxs7S1vbO7V94/eDRxqhlvsFjGuhVSw6VQvIECJW8lmtMolLwZjm6mfvOJayNi9YDjhAcRHSjRF4yile7xzO+WK57rzUCWiZ+TCuSod8tfnV7M0ogrZJIa0/a9BIOMahRM8kmpkxqeUDaiA962VNGImyCbnTohJ1bpkX6sbSkkM/X3REYjY8ZRaDsjikOz6E3F/7x2iv2rIBMqSZErNl/UTyXBmEz/Jj2hOUM5toQyLeythA2ppgxtOiUbgr/48jLpnLt+1a26vue5/t1FpXadh1KEIziGU/DhEmpwC3VoAIMBPMMrvDnSeXHenY95a8HJZw7hD5zPHzl1jqk=</latexit>

t+ 1
<latexit sha1_base64="f8+mk0736p/w+pHVJoT0bUIgpC8=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhAs5LgTiZZBG8sEjAkkR9jbzCVr9vaO3T0hhPwCGwstxdbfY+e/cZNcoYkPBh7vzTAzL0wF18bzvp2V1bX1jc3CVnF7Z3dvv3Rw+KCTTDFssEQkqhVSjYJLbBhuBLZShTQOBTbD4e3Ubz6h0jyR92aUYhDTvuQRZ9RYqX7eLZU915uBLBM/J2XIUeuWvjq9hGUxSsME1brte6kJxlQZzgROip1MY0rZkPaxbamkMepgPDt0Qk6t0iNRomxJQ2bq74kxjbUexaHtjKkZ6EVvKv7ntTMTXQdjLtPMoGTzRVEmiEnI9GvS4wqZESNLKFPc3krYgCrKjM2maEPwF19eJp0L16+4Fdf3PNevX5arN3koBTiGEzgDH66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kD8gaN8Q==</latexit>,

<latexit sha1_base64="imzK0AfjDmMN8qhSQwKznpUvNr0=">AAACBXicbVDLSsNAFJ34rPUVFdy4GSxCuzAkItWNUOrGZQVrC00Ik+m0HTp5MHMjlNiFv+LGhS7Frf/gzr9x2mahrQfu5XDOvcydEySCK7Dtb2NpeWV1bb2wUdzc2t7ZNff271WcSsqaNBaxbAdEMcEj1gQOgrUTyUgYCNYKhtcTv/XApOJxdAejhHkh6Ue8xykBLfnmoVvn/cqVGzAgmPpQdk51r/hmybbsKfAicXJSQjkavvnldmOahiwCKohSHcdOwMuIBE4FGxfdVLGE0CHps46mEQmZ8rLp/WN8opUu7sVSVwR4qv7eyEio1CgM9GRIYKDmvYn4n9dJoXfpZTxKUmARnT3USwWGGE/CwF0uGQUx0oRQyfWtmA6IJBR0ZEUdgjP/5UXinllO1apajm1bzu15qVbPQymgI3SMyshBF6iGblADNRFFj+gZvaI348l4Md6Nj9nokpHvHKA/MD5/AE2olc8=</latexit>⌘
= �ct(1� ct)We have

<latexit sha1_base64="5orEaBmQrqPdDlYnOJFx4V7xE1A="></latexit>

�t ⇠ B(
N

2
,�ct (1� ct))



Newly increased virus-carrying agents
<latexit sha1_base64="W9oPhaZ40jiYAT9dXX4THx5EqLw="></latexit>

�t ⇠ B(
N

2
,�ct (1� ct)), N � 1

<latexit sha1_base64="XCTvsUYuXGzasD97JrT4+wpgkAw=">AAACRHicbVBNa9wwFJTTtEk3/dg2x15ElkJyqLFD2fRSWJIWegoJxE3ANousfd4VkT+QnguL8C/LJb8htxx7yaE9ll5DZK8P6W4fCEYzb5BmklIKjZ5366w9WX/6bGPzeW/rxctXr/tv3n7XRaU4BLyQhbpImAYpcghQoISLUgHLEgnnyeVRo5//AKVFkZ/hvIQ4Y9NcpIIztNS4H0QZw1mSmK91JCHFMEoV4yb6AhLZ2GBdm+ M6UmI6w/hzpyWAjPJGbC27/ofFpd3aq81+Pe4PPNdrh64CvwMD0s3JuH8TTQpeZZAjl0zr0PdKjA1TKLiEuhdVGkrGL9kUQgtzloGOTRu/pu8tM6FpoezJkbbsY4dhmdbzLLGbTVi9rDXk/7SwwvRTbEReVgg5XzyUVpJiQZsu6UQo4CjnFjCuhP0r5TNmO0LbeM+W4C9HXgXRvusP3aHre57rn34cjA67UjbJO7JDdolPDsiIfCMnJCCcXJGf5Bf57Vw7d84f5+9idc3pPNvkn3HuHwCOfrLA</latexit>

E

�t

N

�
=

�ct (1� ct)

2

<latexit sha1_base64="nItvogjTfmFTddHjcEF0flmX/mw="></latexit>

Var


�t

N

�
⇡ 0



Differential equation for infectious dynamics
<latexit sha1_base64="ViS/IGT+4qjXej9glz3BjPp4uA4="></latexit>

ct+1 = (1� �) ct +
�ct (1� ct)

2

<latexit sha1_base64="MiA0PUbAWgDU5O80eagupwDKSGQ="></latexit>

dct
dt

=
�ct (1� ct)

2
� �ct



Closed-form solution for infectious dynamics

Given initial virus-carrying ratio       and chat round              , the solution 
depends on the hyperparameters       and   

<latexit sha1_base64="KDFstTiVIPcx+LARLMGy1p22JFI=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrIi1WPRi8eK1hbapWTTbBuaZJckK5SlP8GLBz2KV3+ON/+NabsHbX0w8Hhvhpl5USq4sRh/eyura+sbm6Wt8vbO7t5+5eDw0SSZpqxJE5HodkQME1yxpuVWsHaqGZGRYK1odDP1W09MG56oBztOWSjJQPGYU2KddE97uFepYh/PgJZJUJAqFGj0Kl/dfkIzyZSlghjTCXBqw5xoy6lgk3I3MywldEQGrOOoIpKZMJ+dOkGnTumjONGulEUz9fdETqQxYxm5Tkns0Cx6U/E/r5PZ+CrMuUozyxSdL4ozgWyCpn+jPteMWjF2hFDN3a2IDokm1Lp0yi6EYPHlZdI994OaX/MDjP3g7qJavy5CKcExnMAZBHAJdbiFBjSBwgCe4RXePOG9eO/ex7x1xStmjuAPvM8fbduOyw==</latexit>c0
<latexit sha1_base64="PCtwKskSi5PkfOgdqquzAu1OweM=">AAACAnicbVBNS8NAFHzxs9avaI9eFosgCCERqR6LXjxWsbbQxLLZbtulm03Y3QglxL/ixYMexau/wpv/xk3bg7YOLAwz7/FmJ0w4U9p1v62l5ZXVtfXSRnlza3tn197bv1dxKgltkpjHsh1iRTkTtKmZ5rSdSIqjkNNWOLoq/NYjlYrF4k6PExpEeCBYnxGsjdS1K9pnAvkR1sMwzG7zh+wk79pV13EnQIvEm5EqzNDo2l9+LyZpRIUmHCvV8dxEBxmWmhFO87KfKppgMsID2jFU4IiqIJuEz9GRUXqoH0vzhEYT9fdGhiOlxlFoJouUat4rxP+8Tqr7F0HGRJJqKsj0UD/lSMeoaAL1mKRE87EhmEhmsiIyxBITbfoqmxK8+S8vEv/U8WpOzfFc1/Fuzqr1y1kpJTiAQzgGD86hDtfQgCYQGMMzvMKb9WS9WO/Wx3R0yZrtVOAPrM8fVuqWBg==</latexit>

t 2 R+
<latexit sha1_base64="i3kgo4tjiziwXw6115JgH/e7ehw=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgKSQi1WPRi8cKxhaaUDbbSbt0swm7E6GE/gYvHvQoXv013vw3btsctPXBwOO9GWbmRZngGl3326qsrW9sblW3azu7e/sH9cOjR53mioHPUpGqbkQ1CC7BR44CupkCmkQCOtH4duZ3nkBpnsoHnGQQJnQoecwZRSP5QQRI+/WG67hz2KvEK0mDlGj361/BIGV5AhKZoFr3PDfDsKAKORMwrQW5hoyyMR1Cz1BJE9BhMT92ap8ZZWDHqTIl0Z6rvycKmmg9SSLTmVAc6WVvJv7n9XKMr8OCyyxHkGyxKM6Fjak9+9wecAUMxcQQyhQ3t9psRBVlaPKpmRC85ZdXSXDheE2n6Xiu63j3l43WTRlKlZyQU3JOPHJFWuSOtIlPGOHkmbySN0taL9a79bForVjlzDH5A+vzB03Cj+U=</latexit>

�
<latexit sha1_base64="i4a0uXBoxCrGlTGiwp8YWaXJYN4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseiF48V7Ac0oWy2m3bt7ibsboQS+h+8eNCjePXPePPfuG1z0NYHA4/3ZpiZF6WcaeN5305pbX1jc6u8XdnZ3ds/qB4etXWSKUJbJOGJ6kZYU84kbRlmOO2mimIRcdqJxrczv/NElWaJfDCTlIYCDyWLGcHGSu1giIXA/WrNc7050CrxC1KDAs1+9SsYJCQTVBrCsdY930tNmGNlGOF0WgkyTVNMxnhIe5ZKLKgO8/m1U3RmlQGKE2VLGjRXf0/kWGg9EZHtFNiM9LI3E//zepmJr8OcyTQzVJLFojjjyCRo9joaMEWJ4RNLMFHM3orICCtMjA2oYkPwl19eJcGF69fduut7nuvfX9YaN0UoZTiBUzgHH66gAXfQhBYQeIRneIU3J3FenHfnY9FacoqZY/gD5/MHE0eQVg==</latexit>�

In the case of               : 
<latexit sha1_base64="SBhYD3mTwXfoke8psSfTmU7GRgI=">AAAB/nicbVBNS8NAEN3Ur1o/GvXoZbEInkJSpHqSohePFawtNKFMtpt26W4SdjdCDf0lXjzoUbz6O7z5b9y2OWjrg4HHezPMzAtTzpR23W+rtLa+sblV3q7s7O7tV+2DwweVZJLQNkl4IrshKMpZTNuaaU67qaQgQk474fhm5nceqVQsie/1JKWBgGHMIkZAG6lvV/2QasBXuO4PQQjo2zXXcefAq8QrSA0VaPXtL3+QkEzQWBMOSvU8N9VBDlIzwum04meKpkDGMKQ9Q2MQVAX5/PApPjXKAEeJNBVrPFd/T+QglJqI0HQK0CO17M3E/7xepqPLIGdxmmkak8WiKONYJ3iWAh4wSYnmE0OASGZuxWQEEog2WVVMCN7yy6vErztew2k4nus63t15rXldhFJGx+gEnSEPXaAmukUt1EYEZegZvaI368l6sd6tj0VrySpmjtAfWJ8/DByTiQ==</latexit>

� > 2�

<latexit sha1_base64="w1Tnd6TbKuzjRh5d01vwBR8vI6s="></latexit>

ct =
c0 (� � 2�)

(� � 2� � c0�) · exp
⇣
� (��2�)t

2

⌘
+ c0�

<latexit sha1_base64="+CFG4pPf0wZ647j02EIBNV9N7w4="></latexit>

lim
t!1

ct = 1� 2�

�

<latexit sha1_base64="oe6JqkWPhI2NiVnylWNcjgnDP0M=">AAAB+XicbVBNS8NAEJ3Ur1q/qh69LBahBwkbkeqx6MVjBWsLTSib7aZdutmE3Y1QQv+GFw96FK/+E2/+G7dtDtr6YODx3gwz88JUcG0w/nZKa+sbm1vl7crO7t7+QfXw6FEnmaKsTRORqG5INBNcsrbhRrBuqhiJQ8E64fh25neemNI8kQ9mkrIgJkPJI06JsZJP+9jnso7PkRf0qzXs4jnQKvEKUoMCrX71yx8kNIuZNFQQrXseTk2QE2U4FWxa8TPNUkLHZMh6lkoSMx3k85un6MwqAxQlypY0aK7+nshJrPUkDm1nTMxIL3sz8T+vl5noOsi5TDPDJF0sijKBTIJmAaABV4waMbGEUMXtrYiOiCLU2JgqNgRv+eVV4l+4XsNtuB7Grnd/WWveFKGU4QROoQ4eXEET7qAFbaCQwjO8wpuTOS/Ou/OxaC05xcwx/IHz+QN9kJGK</latexit>

c0 2 (0, 1]for any



Closed-form solution for infectious dynamics

In the case of               : 
<latexit sha1_base64="SBhYD3mTwXfoke8psSfTmU7GRgI=">AAAB/nicbVBNS8NAEN3Ur1o/GvXoZbEInkJSpHqSohePFawtNKFMtpt26W4SdjdCDf0lXjzoUbz6O7z5b9y2OWjrg4HHezPMzAtTzpR23W+rtLa+sblV3q7s7O7tV+2DwweVZJLQNkl4IrshKMpZTNuaaU67qaQgQk474fhm5nceqVQsie/1JKWBgGHMIkZAG6lvV/2QasBXuO4PQQjo2zXXcefAq8QrSA0VaPXtL3+QkEzQWBMOSvU8N9VBDlIzwum04meKpkDGMKQ9Q2MQVAX5/PApPjXKAEeJNBVrPFd/T+QglJqI0HQK0CO17M3E/7xepqPLIGdxmmkak8WiKONYJ3iWAh4wSYnmE0OASGZuxWQEEog2WVVMCN7yy6vErztew2k4nus63t15rXldhFJGx+gEnSEPXaAmukUt1EYEZegZvaI368l6sd6tj0VrySpmjtAfWJ8/DByTiQ==</latexit>

� > 2�
<latexit sha1_base64="dMBIlMR0p/PcK7pTgCoVsmCOs1w="></latexit>����ct �

✓
1� 2�

�

◆���� =

������
(� � 2�) (� � 2� � c0�)

� (� � 2� � c0�) + c0�2 · exp
⇣

(��2�)t
2

⌘

������
The gap

exponentially decreases w.r.t. <latexit sha1_base64="PvG7RoGFv4eWgyW5RMw4UqSv1cc=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmIzGxutwZg5ZEG0tIREjgQvaWPVjZ27vszpkQwi+wsdDS2Pp77Pw3LnCFgi+Z5OW9mczMC1MpDHret1NYW9/Y3Cpul3Z29/YPyodHDybJNONNlshEt0NquBSKN1Gg5O1UcxqHkrfC0e3Mbz1xbUSi7nGc8iCmAyUiwShaqYG9csVzvTnIKvFzUoEc9V75q9tPWBZzhUxSYzq+l2IwoRoFk3xa6maGp5SN6IB3LFU05iaYzA+dkjOr9EmUaFsKyVz9PTGhsTHjOLSdMcWhWfZm4n9eJ8PoOpgIlWbIFVssijJJMCGzr0lfaM5Qji2hTAt7K2FDqilDm03JhuAvv7xKuheuX3Wrru95rt+4rNRu8lCKcAKncA4+XEEN7qAOTWDA4Rle4c15dF6cd+dj0Vpw8plj+APn8wdg5Y45</latexit>

t

Remark: given                , it requires      chat rounds to achieve a certain   
<latexit sha1_base64="YIoaOYk82Us25pA621aobSUwQxo=">AAACAHicbVBNS8NAEN3Ur1q/Uj16CRbBU9gVqV6EohdPUsHaQhPCZrtpl242YXejlJif4sWDHsWrP8Ob/8Ztm4NWHww83pthZl6YcqY0hF9WZWl5ZXWtul7b2Nza3rHru3cqySShHZLwRPZCrChngnY005z2UklxHHLaDceXU797T6ViibjVk5T6MR4KFjGCtZECu06CHBbnXiQxyVGRXxeB3YAunMH5S1BJGqBEO7A/vUFCspgKTThWqo9gqv0cS80Ip0XNyxRNMRnjIe0bKnBMlZ/PTi+cQ6MMnCiRpoR2ZurPiRzHSk3i0HTGWI/UojcV//P6mY7O/JyJNNNUkPmiKOOOTpxpDs6ASUo0nxiCiWTmVoeMsElBm7RqJgS0+PJf4h27qOk2XQShi25OGq2LMpQq2AcH4AggcApa4Aq0QQcQ8ACewAt4tR6tZ+vNep+3VqxyZg/8gvXxDcDdlSQ=</latexit>

c0 =
1

N
<latexit sha1_base64="n77NdqfLzmUcolYC8GddJ+XPgRg=">AAAB7nicbVA9TwJBEJ3zE/ELtbTZSEysLnfGoCXRxhISEBK4kL1lDlb29i67eyaE8AtsLLQ0tv4eO/+NC1yh4EsmeXlvJjPzwlRwbTzv21lb39jc2i7sFHf39g8OS0fHDzrJFMMmS0Si2iHVKLjEpuFGYDtVSONQYCsc3c381hMqzRPZMOMUg5gOJI84o8ZK9UavVPZcbw6ySvyclCFHrVf66vYTlsUoDRNU647vpSaYUGU4EzgtdjONKWUjOsCOpZLGqIPJ/NApObdKn0SJsiUNmau/JyY01noch7Yzpmaol72Z+J/XyUx0E0y4TDODki0WRZkgJiGzr0mfK2RGjC2hTHF7K2FDqigzNpuiDcFffnmVdC9dv+JWXN/zXL9+Va7e5qEU4BTO4AJ8uIYq3EMNmsAA4Rle4c15dF6cd+dj0brm5DMn8AfO5w8vpY4Z</latexit>

T
<latexit sha1_base64="dJ+z3yyYAfMCDcS8vyvG0Gbhg50=">AAAB8HicbVA9TwJBEJ3DL8Qv1NJmIzGxutwZg5ZEG0uMICRwIXvLHGzY27vs7pkQwk+wsdDS2Ppz7Pw3LnCFgi+Z5OW9mczMC1PBtfG8b6ewtr6xuVXcLu3s7u0flA+PHnWSKYZNlohEtUOqUXCJTcONwHaqkMahwFY4up35rSdUmieyYcYpBjEdSB5xRo2VHliv0StXPNebg6wSPycVyFHvlb+6/YRlMUrDBNW643upCSZUGc4ETkvdTGNK2YgOsGOppDHqYDI/dUrOrNInUaJsSUPm6u+JCY21Hseh7YypGeplbyb+53UyE10HEy7TzKBki0VRJohJyOxv0ucKmRFjSyhT3N5K2JAqyoxNp2RD8JdfXiXdC9evulXX9zzXv7+s1G7yUIpwAqdwDj5cQQ3uoA5NYDCAZ3iFN0c4L86787FoLTj5zDH8gfP5A6VDju8=</latexit>cT

<latexit sha1_base64="ewSZXbRNgDuwC/tQzdy+F1xcl5Y="></latexit>

T =
2

� � 2�


logN + log

cT (� � 2�)

(� � 2� � cT�)

�

<latexit sha1_base64="StlcDMVg9ydkFut281SPYM/rTs8=">AAACAXicbVC9TsMwGHTKXyl/oYwsFhVSWaIEocJYwcIERaK0UhNVjuu2Vh07sh1EFeVVWBhgRKy8BRtvg9NmgJaTLJ3uvk/f+cKYUaVd99sqrayurW+UNytb2zu7e/Z+9UGJRGLSxoIJ2Q2RIoxy0tZUM9KNJUFRyEgnnFzlfueRSEUFv9fTmAQRGnE6pBhpI/Xtqh8hPcaIpbdZnYkRvDnp2zXXcWeAy8QrSA0UaPXtL38gcBIRrjFDSvU8N9ZBiqSmmJGs4ieKxAhP0Ij0DOUoIipIZ9kzeGyUARwKaR7XcKb+3khRpNQ0Cs1knlQtern4n9dL9PAiSCmPE004nh8aJgxqAfMi4IBKgjWbGoKwpCYrxGMkEdamroopwVv88jLxTx2v4TQcz3Ud7+6s1rwsSimDQ3AE6sAD56AJrkELtAEGT+AZvII3K7NerHfrYz5asoqdA/AH1ucP1maVHg==</latexit>

O(logN) !!!



Closed-form solution for infectious dynamics

In the case of               : 
<latexit sha1_base64="JZ0lCBo9zzsk4S1LN9Zt9nQM3z4=">AAAB+nicbVA9SwNBEN2LXzF+RS1tFoNgddwFiTZC0MYygjGB3BHmNnvJkt29c3cvEEJ+h42FlmLrL7Hz37hJrtDEBwOP92aYmRelnGnjed9OYW19Y3OruF3a2d3bPygfHj3qJFOENknCE9WOQFPOJG0aZjhtp4qCiDhtRcPbmd8aUaVZIh/MOKWhgL5kMSNgrBQGETVwXQ36IAR0yxXP9ebAq8TPSQXlaHTLX0EvIZmg0hAOWnd8LzXhBJRhhNNpKcg0TYEMoU87lkoQVIeT+dFTfGaVHo4TZUsaPFd/T0xAaD0Wke0UYAZ62ZuJ/3mdzMRX4YTJNDNUksWiOOPYJHiWAO4xRYnhY0uAKGZvxWQACoixOZVsCP7yy6skqLp+za25vue5/v1FpX6Th1JEJ+gUnSMfXaI6ukMN1EQEPaFn9IrenJHz4rw7H4vWgpPPHKM/cD5/AN9KkwM=</latexit>

� = 2�
<latexit sha1_base64="tqzgURFl5OaPWJ7qc/O+0rCAp30=">AAACEnicbVDLSgMxFM34rPVVdekmWARBGDJFqhuh6MZlBWsLnVIyaaYNzTxI7ghlmA9w46+4caFLcevKnX9jOp2Fth4IOTn3XG7u8WIpNBDybS0tr6yurZc2yptb2zu7lb39ex0livEWi2SkOh7VXIqQt0CA5J1YcRp4kre98fW03n7gSosovINJzHsBHYbCF4yCkfqVKuunkF26vqIsrZkHybI0v1yPA8VwWsuMi9gkB14kTkGqqECzX/lyBxFLAh4Ck1TrrkNi6KVUgWCSZ2U30TymbEyHvGtoSAOue2m+TIaPjTLAfqTMCQHn6u+OlAZaTwLPOAMKIz1fm4r/1boJ+Be9VIRxAjxks0F+IjFEeJoMHgjFGciJIZQpYf6K2YiaXMDkVzYhOPMrLxK3Zjt1u247hNjO7Vm1cVWEUkKH6AidIAedowa6QU3UQgw9omf0it6sJ+vFerc+ZtYlq+g5QH9gff4AZwmcjA==</latexit>

ct =
2c0

c0�t+ 2

In the case of               : 
<latexit sha1_base64="WI4VsQYlJG5M+r3+wFX0YfW15mM=">AAAB+nicbVA9TwJBEN3DL8Qv1NJmIzGxutwRgxYWRBtLTERIuAuZW/Zgw+7eubtHQgi/w8ZCS2PrL7Hz37jAFQq+ZJKX92YyMy9KOdPG876dwtr6xuZWcbu0s7u3f1A+PHrUSaYIbZKEJ6odgaacSdo0zHDaThUFEXHaioa3M781okqzRD6YcUpDAX3JYkbAWCkMImrguhr0QQjoliue682BV4mfkwrK0eiWv4JeQjJBpSEctO74XmrCCSjDCKfTUpBpmgIZQp92LJUgqA4n86On+MwqPRwnypY0eK7+npiA0HosItspwAz0sjcT//M6mYmvwgmTaWaoJItFccaxSfAsAdxjihLDx5YAUczeiskAFBBjcyrZEPzll1dJUHX9mltzfc9z/fuLSv0mD6WITtApOkc+ukR1dIcaqIkIekLP6BW9OSPnxXl3PhatBSefOUZ/4Hz+AN25kwI=</latexit>

� < 2�

<latexit sha1_base64="ZqWUinspMlM14os4gZE3jVLfbpk="></latexit>

ct =
c0 (2� � �)

(2� � � + c0�) · exp
⇣

(2���)t
2

⌘
� c0�

<latexit sha1_base64="u0qOAyJ8egKaeuTfCAUmz9utnhE=">AAACEHicbVA9SwNBEN3zM8avU0ub1SBYHXci0UYI2lhGMCaQO469zV6yZG/v2J1TwpHaxr9iY6Gl2Fra+W/cfBSa+GDg8d4MM/OiTHANrvttLSwuLa+sltbK6xubW9v2zu6dTnNFWYOmIlWtiGgmuGQN4CBYK1OMJJFgzah/NfKb90xpnspbGGQsSEhX8phTAkYK7QNf8CQswFe82wOiVPrgcxnDYIipkYcXbmhXXMcdA88Tb0oqaIp6aH/5nZTmCZNABdG67bkZBAVRwKlgw7Kfa5YR2idd1jZUkoTpoBi/MsRHRungOFWmJOCx+nuiIInWgyQynQmBnp71RuJ/XjuH+DwouMxyYJJOFsW5wJDiUS64wxWjIAaGEKq4uRXTHlGEgkmvbELwZl+eJ/6J41WdquO5ruPdnFZql9NQSmgfHaJj5KEzVEPXqI4aiKJH9Ixe0Zv1ZL1Y79bHpHXBms7soT+wPn8AIfmchQ==</latexit>

lim
t!1

ct = 0

Provable defense: just ensure 
<latexit sha1_base64="lKFGCB2ITgsGCI8w5PDtXcm9Zqg=">AAACAHicbVA9TwJBEN3zE/Hr0NJmIzGxutwRg5ZEG0tMREg4QuaWATbs3p27exqC/BQbCy2NrT/Dzn/j8lEo+JJJXt6bycy8KBVcG9//dlZW19Y3NnNb+e2d3b19t3Bwp5NMMayxRCSqEYFGwWOsGW4ENlKFICOB9WhwNfHrD6g0T+JbM0yxJaEX8y5nYKzUdgthhAZCgfe0FPZASmi7Rd/zp6DLJJiTIpmj2na/wk7CMomxYQK0bgZ+alojUIYzgeN8mGlMgQ2gh01LY5CoW6Pp6WN6YpUO7SbKVmzoVP09MQKp9VBGtlOC6etFbyL+5zUz071ojXicZgZjNlvUzQQ1CZ3kQDtcITNiaAkwxe2tlPVBATM2rbwNIVh8eZmEJS8oe2Uv8H0vuDkrVi7noeTIETkmpyQg56RCrkmV1Agjj+SZvJI358l5cd6dj1nrijOfOSR/4Hz+AFMnlN0=</latexit>

�  2�



Instantiation of agents

Our derived infection theory is appliable to both LLM agents and MLLM agents

…

…

LLM agents, text-only message

…
…

MLLM agents, multimodal message

…
…

…
…

Image

Video

Audio



MLLM agents

= (    ,     ;      ,     )
Agent

<latexit sha1_base64="3CmnNBpxfGhWjnoK0RXqIrvpY1k="></latexit>

G
<latexit sha1_base64="ErcYKzgb7dxVWxnwMnI+TJ4FstE="></latexit>

M
MLLM RAG Histories Album

<latexit sha1_base64="dA8M61IyKhfhQHLDZjfiDHDTqv4="></latexit>

R
<latexit sha1_base64="WbqMPAFAVy8TCfwHdV9rBKrqAYY="></latexit>

H
<latexit sha1_base64="pbrVgN7WZxaMjLBpO7qjwwocXww="></latexit>

B



MLLM agents

= (    ,     ;      ,     )
Agent

<latexit sha1_base64="3CmnNBpxfGhWjnoK0RXqIrvpY1k="></latexit>

G
<latexit sha1_base64="ErcYKzgb7dxVWxnwMnI+TJ4FstE="></latexit>

M
MLLM RAG Histories Album

<latexit sha1_base64="dA8M61IyKhfhQHLDZjfiDHDTqv4="></latexit>

R
<latexit sha1_base64="WbqMPAFAVy8TCfwHdV9rBKrqAYY="></latexit>

H
<latexit sha1_base64="pbrVgN7WZxaMjLBpO7qjwwocXww="></latexit>

B

• take text and image (optional) as input and outputs text
• customized by role-playing prompts: name, gender, personality, etc.

🌋 LLaVA1.5



Agent initialization
A chat between a curious human and an artificial intelligence assistant. The assistant gives helpful, 
detailed, and polite answers to the human's questions.
Your role description contains the following properties:[
Name: Omarquy
Species: Deer
Gender: Male
Personality: Lazy
Subtype: A
Hobby: Nature
Birthday: 12/7
Catchphrase: zoink
Favorite Song: K.K. Swing
Favorite Saying: A good dog deserves a good treat.
Style 1: Cool
Style 2: Simple
Color 1: Colorful
Color 2: Green]

System prompt of LLaVA 1.5, enhance safety alignment



Agent initialization
A chat between a curious human and an artificial intelligence assistant. The assistant gives helpful, 
detailed, and polite answers to the human's questions.
Your role description contains the following properties:[
Name: Omarquy
Species: Deer
Gender: Male
Personality: Lazy
Subtype: A
Hobby: Nature
Birthday: 12/7
Catchphrase: zoink
Favorite Song: K.K. Swing
Favorite Saying: A good dog deserves a good treat.
Style 1: Cool
Style 2: Simple
Color 1: Colorful
Color 2: Green]

Role-playing prompt for agent customization,
name from name-dataset, other properties from 
animal-crossing



MLLM agents

= (    ,     ;      ,     )
Agent

<latexit sha1_base64="3CmnNBpxfGhWjnoK0RXqIrvpY1k="></latexit>

G
<latexit sha1_base64="ErcYKzgb7dxVWxnwMnI+TJ4FstE="></latexit>

M
MLLM RAG Histories Album

<latexit sha1_base64="dA8M61IyKhfhQHLDZjfiDHDTqv4="></latexit>

R
<latexit sha1_base64="WbqMPAFAVy8TCfwHdV9rBKrqAYY="></latexit>

H
<latexit sha1_base64="pbrVgN7WZxaMjLBpO7qjwwocXww="></latexit>

B

• retrieve an image from album given a plan 
• implemented by CLIP

<latexit sha1_base64="uy39Dr3ds7KmTpNnttn4qE5FHhQ=">AAAB93icbVA9T8MwFHwpX6V8FRhZLCokpshBqDBWsDAWiUJFE1WO67RWHSeyHaQq6r9gYYARsfJX2Pg3OG0GaDnJ0unuPfnehang2mD87VRWVtfWN6qbta3tnd29+v7BvU4yRVmHJiJR3ZBoJrhkHcONYN1UMRKHgj2E4+vCf3hiSvNE3plJyoKYDCWPOCXGSo9+TMwojPL2tF9vYBfPgJaJV5IGlGj361/+IKFZzKShgmjd83Bqgpwow6lg05qfaZYSOiZD1rNUkpjpIJ8lnqITqwxQlCj7pEEz9fdGTmKtJ3FoJ4uEetErxP+8XmaiyyDnMs0Mk3T+UZQJZBJUnI8GXDFqxMQSQhW3WREdEUWosSXVbAne4snLxD9zvabbdD2MXe/2vNG6KkupwhEcwyl4cAEtuIE2dICChGd4hTdHOy/Ou/MxH6045c4h/IHz+QNXL5I1</latexit>

P



Retrieving image from album
<latexit sha1_base64="84JlSva72o0vm3tN+rofgKNSLhg="></latexit>

R(P,B) = argmax
V2B

Enctext(P)>Encimage(V)

Based on my environment 
description, role description, 
and chat history, I would like to 
select the image of the "hanging 
terrarium" from my album

<latexit sha1_base64="uy39Dr3ds7KmTpNnttn4qE5FHhQ=">AAAB93icbVA9T8MwFHwpX6V8FRhZLCokpshBqDBWsDAWiUJFE1WO67RWHSeyHaQq6r9gYYARsfJX2Pg3OG0GaDnJ0unuPfnehang2mD87VRWVtfWN6qbta3tnd29+v7BvU4yRVmHJiJR3ZBoJrhkHcONYN1UMRKHgj2E4+vCf3hiSvNE3plJyoKYDCWPOCXGSo9+TMwojPL2tF9vYBfPgJaJV5IGlGj361/+IKFZzKShgmjd83Bqgpwow6lg05qfaZYSOiZD1rNUkpjpIJ8lnqITqwxQlCj7pEEz9fdGTmKtJ3FoJ4uEetErxP+8XmaiyyDnMs0Mk3T+UZQJZBJUnI8GXDFqxMQSQhW3WREdEUWosSXVbAne4snLxD9zvabbdD2MXe/2vNG6KkupwhEcwyl4cAEtuIE2dICChGd4hTdHOy/Ou/MxH6045c4h/IHz+QNXL5I1</latexit>

P

<latexit sha1_base64="pbrVgN7WZxaMjLBpO7qjwwocXww="></latexit>

B



MLLM agents

= (    ,     ;      ,     )
Agent

<latexit sha1_base64="3CmnNBpxfGhWjnoK0RXqIrvpY1k="></latexit>

G
<latexit sha1_base64="ErcYKzgb7dxVWxnwMnI+TJ4FstE="></latexit>

M
MLLM RAG Histories Album

<latexit sha1_base64="dA8M61IyKhfhQHLDZjfiDHDTqv4="></latexit>

R
<latexit sha1_base64="WbqMPAFAVy8TCfwHdV9rBKrqAYY="></latexit>

H
<latexit sha1_base64="pbrVgN7WZxaMjLBpO7qjwwocXww="></latexit>

B
• restore recent chat histories (only text inputs and outputs)
• implemented as first-in-first out (FIFO) queues with fixed maximum length



FIFO queries of chat histories

Your chat history contains the following records:[
round 2
Gennes: What is the color of the TV in the image?
Tazzeer: The color of the TV in the image is green.
round 3
Murray-Michelle: What is the color of the couch in the image?
Gennes: The color of the couch in the image is black.
round 4
Mlovensly: What is the image of?
Gennes: The image is of a computer-generated or digitally created model of a stone monument, 
which appears to be a replica of Stonehenge.
]



FIFO queries of chat histories

Your chat history contains the following records:[
round 2
Gennes: What is the color of the TV in the image?
Tazzeer: The color of the TV in the image is green.
round 3
Murray-Michelle: What is the color of the couch in the image?
Gennes: The color of the couch in the image is black.
round 4
Mlovensly: What is the image of?
Gennes: The image is of a computer-generated or digitally created model of a stone monument, 
which appears to be a replica of Stonehenge.
round 5
Gennes: What is the color of the TV in the image?
Nykell: The color of the TV in the image is black.
]

<latexit sha1_base64="Y6hg7RfxY6sx7V9XeFXOd4FmgC4=">AAAB+nicbVA9T8MwFHzhs5SvAiOLRYXEFCUIFcYKlo5ForRSE1WO67RWHSfYTqUq7e9gYYARsfJL2Pg3OG0GaDnJ0unuPb3zBQlnSjvOt7W2vrG5tV3aKe/u7R8cVo6OH1WcSkJbJOax7ARYUc4EbWmmOe0kkuIo4LQdjO5yvz2mUrFYPOhJQv0IDwQLGcHaSP7Ui7AeEsyzxmzaq1Qd25kDrRK3IFUo0OxVvrx+TNKICk04VqrrOon2Myw1I5zOyl6qaILJCA9o11CBI6r8bB56hs6N0kdhLM0TGs3V3xsZjpSaRIGZzDOqZS8X//O6qQ5v/IyJJNVUkMWhMOVIxyhvAPWZpETziSGYSGayIjLEEhNteiqbEtzlL68S79J2a3bNdh3Hdu+vqvXbopQSnMIZXIAL11CHBjShBQSe4Ble4c0aWy/Wu/WxGF2zip0T+APr8wfl+JOr</latexit>

|H|

Add

Delete



MLLM agents

= (    ,     ;      ,     )
Agent

<latexit sha1_base64="3CmnNBpxfGhWjnoK0RXqIrvpY1k="></latexit>

G
<latexit sha1_base64="ErcYKzgb7dxVWxnwMnI+TJ4FstE="></latexit>

M
MLLM RAG Histories Album

<latexit sha1_base64="dA8M61IyKhfhQHLDZjfiDHDTqv4="></latexit>

R
<latexit sha1_base64="WbqMPAFAVy8TCfwHdV9rBKrqAYY="></latexit>

H
<latexit sha1_base64="pbrVgN7WZxaMjLBpO7qjwwocXww="></latexit>

B
• restore images seen during the recent chats
• implemented as first-in-first out (FIFO) queues with fixed maximum length



FIFO queries of album
<latexit sha1_base64="pbrVgN7WZxaMjLBpO7qjwwocXww="></latexit>

B



FIFO queries of album
<latexit sha1_base64="pbrVgN7WZxaMjLBpO7qjwwocXww="></latexit>

B

AddDelete

<latexit sha1_base64="iJk3+Yeqh+SCT1GGElOw8QO10E4=">AAAB+nicbVA9T8MwFHzhs5SvAiOLRYXEFCUIFcaqLIxForRSE1WO67RWHSfYTqUq7e9gYYARsfJL2Pg3OG0GaDnJ0unuPb3zBQlnSjvOt7W2vrG5tV3aKe/u7R8cVo6OH1WcSkJbJOax7ARYUc4EbWmmOe0kkuIo4LQdjG5zvz2mUrFYPOhJQv0IDwQLGcHaSP7Ui7AeEsyzxmzaq1Qd25kDrRK3IFUo0OxVvrx+TNKICk04VqrrOon2Myw1I5zOyl6qaILJCA9o11CBI6r8bB56hs6N0kdhLM0TGs3V3xsZjpSaRIGZzDOqZS8X//O6qQ5v/IyJJNVUkMWhMOVIxyhvAPWZpETziSGYSGayIjLEEhNteiqbEtzlL68S79J2a3bNdh3Hdu+vqvVGUUoJTuEMLsCFa6jDHTShBQSe4Ble4c0aWy/Wu/WxGF2zip0T+APr8wfcsJOl</latexit>

|B|



Pairwise chat between two MLLM agents (benign)

<latexit sha1_base64="UXMWObUTp3NE3gEA2Y83rCI4mtQ="></latexit>

Q

<latexit sha1_base64="uy39Dr3ds7KmTpNnttn4qE5FHhQ=">AAAB93icbVA9T8MwFHwpX6V8FRhZLCokpshBqDBWsDAWiUJFE1WO67RWHSeyHaQq6r9gYYARsfJX2Pg3OG0GaDnJ0unuPfnehang2mD87VRWVtfWN6qbta3tnd29+v7BvU4yRVmHJiJR3ZBoJrhkHcONYN1UMRKHgj2E4+vCf3hiSvNE3plJyoKYDCWPOCXGSo9+TMwojPL2tF9vYBfPgJaJV5IGlGj361/+IKFZzKShgmjd83Bqgpwow6lg05qfaZYSOiZD1rNUkpjpIJ8lnqITqwxQlCj7pEEz9fdGTmKtJ3FoJ4uEetErxP+8XmaiyyDnMs0Mk3T+UZQJZBJUnI8GXDFqxMQSQhW3WREdEUWosSXVbAne4snLxD9zvabbdD2MXe/2vNG6KkupwhEcwyl4cAEtuIE2dICChGd4hTdHOy/Ou/MxH6045c4h/IHz+QNXL5I1</latexit>

P

<latexit sha1_base64="+cDxueKgMu4EZOtR8PBx6Y/FBhw=">AAAB+HicbVBNS8NAEN3Ur1q/qh69LBbBU0hEqseiF48VrC0koWy2m3bpZjfsTgol9Gd48aBH8epP8ea/cdvmoNUHA4/3ZpiZF2eCG/C8L6eytr6xuVXdru3s7u0f1A+PHo3KNWUdqoTSvZgYJrhkHeAgWC/TjKSxYN14fDv3uxOmDVfyAaYZi1IylDzhlICVgnBCtFQw4nLYrzc811sA/yV+SRqoRLtf/wwHiuYpk0AFMSbwvQyigmjgVLBZLcwNywgdkyELLJUkZSYqFifP8JlVBjhR2pYEvFB/ThQkNWaaxrYzJTAyq95c/M8Lckiuo4LLLAcm6XJRkgsMCs//xwOuGQUxtYRQze2tmI6IJhRsSjUbgr/68l8SXrh+0226vue5/v1lo3VThlJFJ+gUnSMfXaEWukNt1EEUKfSEXtCrA86z8+a8L1srTjlzjH7B+fgGT1aSxQ==</latexit>?
<latexit sha1_base64="OVBKYeHOsimUtVkTohEawm8EbR8=">AAACE3icbVC7TsMwFHV4lvIqMLJEFCSmKEGoMFawsCC1EqWVmlA57m1r1XnIvkFUUX6AhV9hYYARsbKw8Tc4bQdoOZKlo3PutY+PHwuu0La/jYXFpeWV1cJacX1jc2u7tLN7q6JEMmiwSESy5VMFgofQQI4CWrEEGvgCmv7wMveb9yAVj8IbHMXgBbQf8h5nFLXUKR264ztSXySQuQHFAaMivc7uUhfhAWWQ1rOsUyrblj2GOU+cKSmTKWqd0pfbjVgSQIhMUKXajh2jl1KJnAnIim6iIKZsSPvQ1jSkASgvHSfJzCOtdM1eJPUJ0RyrvzdSGig1Cnw9medVs14u/ue1E+ydeykP4wQhZJOHeokwMTLzaswul8BQjDShTHKd1WQDKilDXWBRl+DMfnmeuCeWU7EqlmPbllM/LVcvpqUUyD45IMfEIWekSq5IjTQII4/kmbySN+PJeDHejY/J6IIx3dkjf2B8/gCqZZ6J</latexit>

MQ
<latexit sha1_base64="zcK7maGYRdvcvDpE7zrPML9Ubbc=">AAACEXicbVA9T8MwFHT4LOWrwMgStUJiihKECmMFC2OLKK3UhMpxX1urzofsF0QVZWfhr7AwwIhY2dj4N7hpB2g5ydLp7j37fH4suELb/jaWlldW19YLG8XNre2d3dLe/q2KEsmgySIRybZPFQgeQhM5CmjHEmjgC2j5o8uJ37oHqXgU3uA4Bi+gg5D3OaOopW6p7OZ3pL5IIHMDikNGRXqd3aUuwgOmjSzrliq2ZecwF4kzIxUyQ71b+nJ7EUsCCJEJqlTHsWP0UiqRMwFZ0U0UxJSN6AA6moY0AOWleY7MPNJKz+xHUp8QzVz9vZHSQKlx4OvJSVo1703E/7xOgv1zL+VhnCCEbPpQPxEmRuakGLPHJTAUY00ok1xnNdmQSspQ11fUJTjzX14k7onlVK2q5di25TROK7WLWSkFckjK5Jg45IzUyBWpkyZh5JE8k1fyZjwZL8a78TEdXTJmOwfkD4zPH/NZnZs=</latexit>

RQ

:
No input

image

“Select an image description”

<latexit sha1_base64="6C1JN6ZstJxQ8dO+JcTH8/arBkE="></latexit>

BQ

“Ask a question”

<latexit sha1_base64="SAuv88KkK8bRtt41CJKl0LBL5ss="></latexit>

H
Q

<latexit sha1_base64="SAuv88KkK8bRtt41CJKl0LBL5ss="></latexit>

H
Q

<latexit sha1_base64="OVBKYeHOsimUtVkTohEawm8EbR8=">AAACE3icbVC7TsMwFHV4lvIqMLJEFCSmKEGoMFawsCC1EqWVmlA57m1r1XnIvkFUUX6AhV9hYYARsbKw8Tc4bQdoOZKlo3PutY+PHwuu0La/jYXFpeWV1cJacX1jc2u7tLN7q6JEMmiwSESy5VMFgofQQI4CWrEEGvgCmv7wMveb9yAVj8IbHMXgBbQf8h5nFLXUKR264ztSXySQuQHFAaMivc7uUhfhAWWQ1rOsUyrblj2GOU+cKSmTKWqd0pfbjVgSQIhMUKXajh2jl1KJnAnIim6iIKZsSPvQ1jSkASgvHSfJzCOtdM1eJPUJ0RyrvzdSGig1Cnw9medVs14u/ue1E+ydeykP4wQhZJOHeokwMTLzaswul8BQjDShTHKd1WQDKilDXWBRl+DMfnmeuCeWU7EqlmPbllM/LVcvpqUUyD45IMfEIWekSq5IjTQII4/kmbySN+PJeDHejY/J6IIx3dkjf2B8/gCqZZ6J</latexit>

MQ

<latexit sha1_base64="u0x6eI8c4DMRTAQOllPzk94qDlU=">AAAB93icbVDLSsNAFL2pr1pfVZduBovgKiQi1WXRjcsK9oFNKJPppB06mYSZiVBC/8KNC12KW3/FnX/jJM1CWw8MHM65lzn3BAlnSjvOt1VZW9/Y3Kpu13Z29/YP6odHXRWnktAOiXks+wFWlDNBO5ppTvuJpDgKOO0F09vc7z1RqVgsHvQsoX6Ex4KFjGBtpEcvwnoShFl3Pqw3HNspgFaJW5IGlGgP61/eKCZpRIUmHCs1cJ1E+xmWmhFO5zUvVTTBZIrHdGCowBFVflYknqMzo4xQGEvzhEaF+nsjw5FSsygwk3lCtezl4n/eINXhtZ8xkaSaCrL4KEw50jHKz0cjJinRfGYIJpKZrIhMsMREm5JqpgR3+eRV4l3YbtNu2q7j2O79ZaN1U5ZShRM4hXNw4QpacAdt6AABAc/wCm+Wsl6sd+tjMVqxyp1j+APr8wdgcZI7</latexit>

V
<latexit sha1_base64="vjFp+RWQhALc5s/MykVqY9E1gDQ=">AAAB93icbVBNS8NAFHypX7V+VT16WSyCp5CIVI9FLx5bMLbYhLLZbtqlm03Y3Qgl9F948aBH8epf8ea/cdPmoK0DC8PMe+y8CVPOlHacb6uytr6xuVXdru3s7u0f1A+PHlSSSUI9kvBE9kKsKGeCepppTnuppDgOOe2Gk9vC7z5RqVgi7vU0pUGMR4JFjGBtpEc/xnocRnlnNqg3HNuZA60StyQNKNEe1L/8YUKymApNOFaq7zqpDnIsNSOczmp+pmiKyQSPaN9QgWOqgnyeeIbOjDJEUSLNExrN1d8bOY6VmsahmSwSqmWvEP/z+pmOroOciTTTVJDFR1HGkU5QcT4aMkmJ5lNDMJHMZEVkjCUm2pRUMyW4yyevEv/Cdpt203Ydx3Y7l43WTVlKFU7gFM7BhStowR20wQMCAp7hFd4sZb1Y79bHYrRilTvH8AfW5w9YupI2</latexit>

Q

<latexit sha1_base64="0/cuqgsRXJGf1HKpNyytGMabgTM="></latexit>

SV
<latexit sha1_base64="t7A2XygNBPO4bjvLIkFdV+rqiPA="></latexit>

SQ



<latexit sha1_base64="FUGA0z4dyEmXkbbShA0Phc3dIDs="></latexit>

A

<latexit sha1_base64="x23sQxm/FM3m7uxHUJyH1vkaetE="></latexit>

H
A

:

“Answer the question about the image”

Pairwise chat between two MLLM agents (benign)

<latexit sha1_base64="u0x6eI8c4DMRTAQOllPzk94qDlU=">AAAB93icbVDLSsNAFL2pr1pfVZduBovgKiQi1WXRjcsK9oFNKJPppB06mYSZiVBC/8KNC12KW3/FnX/jJM1CWw8MHM65lzn3BAlnSjvOt1VZW9/Y3Kpu13Z29/YP6odHXRWnktAOiXks+wFWlDNBO5ppTvuJpDgKOO0F09vc7z1RqVgsHvQsoX6Ex4KFjGBtpEcvwnoShFl3Pqw3HNspgFaJW5IGlGgP61/eKCZpRIUmHCs1cJ1E+xmWmhFO5zUvVTTBZIrHdGCowBFVflYknqMzo4xQGEvzhEaF+nsjw5FSsygwk3lCtezl4n/eINXhtZ8xkaSaCrL4KEw50jHKz0cjJinRfGYIJpKZrIhMsMREm5JqpgR3+eRV4l3YbtNu2q7j2O79ZaN1U5ZShRM4hXNw4QpacAdt6AABAc/wCm+Wsl6sd+tjMVqxyp1j+APr8wdgcZI7</latexit>

V

<latexit sha1_base64="vjFp+RWQhALc5s/MykVqY9E1gDQ=">AAAB93icbVBNS8NAFHypX7V+VT16WSyCp5CIVI9FLx5bMLbYhLLZbtqlm03Y3Qgl9F948aBH8epf8ea/cdPmoK0DC8PMe+y8CVPOlHacb6uytr6xuVXdru3s7u0f1A+PHlSSSUI9kvBE9kKsKGeCepppTnuppDgOOe2Gk9vC7z5RqVgi7vU0pUGMR4JFjGBtpEc/xnocRnlnNqg3HNuZA60StyQNKNEe1L/8YUKymApNOFaq7zqpDnIsNSOczmp+pmiKyQSPaN9QgWOqgnyeeIbOjDJEUSLNExrN1d8bOY6VmsahmSwSqmWvEP/z+pmOroOciTTTVJDFR1HGkU5QcT4aMkmJ5lNDMJHMZEVkjCUm2pRUMyW4yyevEv/Cdpt203Ydx3Y7l43WTVlKFU7gFM7BhStowR20wQMCAp7hFd4sZb1Y79bHYrRilTvH8AfW5w9YupI2</latexit>

Q
<latexit sha1_base64="H4sMBDAOdTaLOET3EQZqyuyTb74=">AAAB93icbVA9T8MwFHwpX6V8FRhZLCokpihBqDAWWBiLRGlFE1WO67RWHSeyHaQqyr9gYYARsfJX2Pg3OG0GaDnJ0unuPfneBQlnSjvOt1VZWV1b36hu1ra2d3b36vsHDypOJaEdEvNY9gKsKGeCdjTTnPYSSXEUcNoNJjeF332iUrFY3OtpQv0IjwQLGcHaSI9ehPU4CLOrfFBvOLYzA1ombkkaUKI9qH95w5ikERWacKxU33US7WdYakY4zWteqmiCyQSPaN9QgSOq/GyWOEcnRhmiMJbmCY1m6u+NDEdKTaPATBYJ1aJXiP95/VSHl37GRJJqKsj8ozDlSMeoOB8NmaRE86khmEhmsiIyxhITbUqqmRLcxZOXiXdmu027abuOY7t3543WdVlKFY7gGE7BhQtowS20oQMEBDzDK7xZynqx3q2P+WjFKncO4Q+szx9ACpIm</latexit>

A

Updating memory

Enqueue

Enqueue <latexit sha1_base64="x23sQxm/FM3m7uxHUJyH1vkaetE="></latexit>

H
A

Enqueue <latexit sha1_base64="tYb2DBuFqWqlX8brJSxigA4h5Cc="></latexit>

BA

<latexit sha1_base64="SAuv88KkK8bRtt41CJKl0LBL5ss="></latexit>

H
Q

<latexit sha1_base64="VZXBriT8a53LPH0gU6hx7j+sSNI=">AAACD3icbVA9SwNBEN3zM8avqKXNYhAs5LgTiZZRG8sEjAncHWFvs5cs2ftgd04Mx7U2/hUbCy3F1tbOf+MmOUETHww83pthZp6fCK7Asr6MhcWl5ZXV0lp5fWNza7uys3ur4lRS1qKxiGXHJ4oJHrEWcBCsk0hGQl+wtj+8GvvtOyYVj6MbGCXMC0k/4gGnBLTUrWDHDQkM/CBr5i6we5Bhdpz/aBe5161ULdOaAM8TuyBVVKDRrXy6vZimIYuACqKUY1sJeBmRwKlgedlNFUsIHZI+czSNSMiUl00+yfGhVno4iKWuCPBE/T2RkVCpUejrzvGJatYbi/95TgrBuZfxKEmBRXS6KEgFhhiPY8E9LhkFMdKEUMn1rZgOiCQUdHhlHYI9+/I8cU9Mu2bWTNuyTLt5Wq1fFqGU0D46QEfIRmeojq5RA7UQRQ/oCb2gV+PReDbejPdp64JRzOyhPzA+vgFodZwm</latexit>

[Q,A]

<latexit sha1_base64="VZXBriT8a53LPH0gU6hx7j+sSNI=">AAACD3icbVA9SwNBEN3zM8avqKXNYhAs5LgTiZZRG8sEjAncHWFvs5cs2ftgd04Mx7U2/hUbCy3F1tbOf+MmOUETHww83pthZp6fCK7Asr6MhcWl5ZXV0lp5fWNza7uys3ur4lRS1qKxiGXHJ4oJHrEWcBCsk0hGQl+wtj+8GvvtOyYVj6MbGCXMC0k/4gGnBLTUrWDHDQkM/CBr5i6we5Bhdpz/aBe5161ULdOaAM8TuyBVVKDRrXy6vZimIYuACqKUY1sJeBmRwKlgedlNFUsIHZI+czSNSMiUl00+yfGhVno4iKWuCPBE/T2RkVCpUejrzvGJatYbi/95TgrBuZfxKEmBRXS6KEgFhhiPY8E9LhkFMdKEUMn1rZgOiCQUdHhlHYI9+/I8cU9Mu2bWTNuyTLt5Wq1fFqGU0D46QEfIRmeojq5RA7UQRQ/oCb2gV+PReDbejPdp64JRzOyhPzA+vgFodZwm</latexit>

[Q,A]

<latexit sha1_base64="u0x6eI8c4DMRTAQOllPzk94qDlU=">AAAB93icbVDLSsNAFL2pr1pfVZduBovgKiQi1WXRjcsK9oFNKJPppB06mYSZiVBC/8KNC12KW3/FnX/jJM1CWw8MHM65lzn3BAlnSjvOt1VZW9/Y3Kpu13Z29/YP6odHXRWnktAOiXks+wFWlDNBO5ppTvuJpDgKOO0F09vc7z1RqVgsHvQsoX6Ex4KFjGBtpEcvwnoShFl3Pqw3HNspgFaJW5IGlGgP61/eKCZpRIUmHCs1cJ1E+xmWmhFO5zUvVTTBZIrHdGCowBFVflYknqMzo4xQGEvzhEaF+nsjw5FSsygwk3lCtezl4n/eINXhtZ8xkaSaCrL4KEw50jHKz0cjJinRfGYIJpKZrIhMsMREm5JqpgR3+eRV4l3YbtNu2q7j2O79ZaN1U5ZShRM4hXNw4QpacAdt6AABAc/wCm+Wsl6sd+tjMVqxyp1j+APr8wdgcZI7</latexit>

V

<latexit sha1_base64="PBjUCzBg2qHKlhH8TQviWOcuw8c="></latexit>

SA



Pairwise chat between two MLLM agents (infectious)

= (     ,     ;     ,     )
Agent

<latexit sha1_base64="3CmnNBpxfGhWjnoK0RXqIrvpY1k="></latexit>

G
<latexit sha1_base64="ErcYKzgb7dxVWxnwMnI+TJ4FstE="></latexit>

M
MLLM RAG Histories Album

<latexit sha1_base64="dA8M61IyKhfhQHLDZjfiDHDTqv4="></latexit>

R
<latexit sha1_base64="WbqMPAFAVy8TCfwHdV9rBKrqAYY="></latexit>

H
<latexit sha1_base64="pbrVgN7WZxaMjLBpO7qjwwocXww="></latexit>

B

<latexit sha1_base64="jTYeyD/rUDIo3VWAGsbXjKE/O0M="></latexit>oN

n=1

<latexit sha1_base64="L7LMveaHlUvPT08Spm4+n8ynHA4="></latexit>n
<latexit sha1_base64="m9+kD3wFb3qSs4Jp2U6ja4R+kVU="></latexit>n

Random
Partition

<latexit sha1_base64="bE6vPGyypJc1VLGe640FwFhsRz4="></latexit>

Jt

<latexit sha1_base64="lAXI9Ubr28lm4V4HhN0yB66cI24="></latexit>

t-th Chat Round <latexit sha1_base64="L7LMveaHlUvPT08Spm4+n8ynHA4="></latexit>n <latexit sha1_base64="bVl1MSJ8q+EASk3dpofPM0MlePA="></latexit>oN
2

k=1

<latexit sha1_base64="FK4Gji7UaYqdMzRM2I4wjqMs9sQ="></latexit>

k
<latexit sha1_base64="FK4Gji7UaYqdMzRM2I4wjqMs9sQ="></latexit>

k

<latexit sha1_base64="UXMWObUTp3NE3gEA2Y83rCI4mtQ="></latexit>

Q

<latexit sha1_base64="L7LMveaHlUvPT08Spm4+n8ynHA4="></latexit>n <latexit sha1_base64="bVl1MSJ8q+EASk3dpofPM0MlePA="></latexit>oN
2

k=1

<latexit sha1_base64="FK4Gji7UaYqdMzRM2I4wjqMs9sQ="></latexit>

k
<latexit sha1_base64="FK4Gji7UaYqdMzRM2I4wjqMs9sQ="></latexit>

k

<latexit sha1_base64="FUGA0z4dyEmXkbbShA0Phc3dIDs="></latexit>

A

Pairwise Chat
<latexit sha1_base64="UXMWObUTp3NE3gEA2Y83rCI4mtQ="></latexit>

Q

<latexit sha1_base64="uy39Dr3ds7KmTpNnttn4qE5FHhQ=">AAAB93icbVA9T8MwFHwpX6V8FRhZLCokpshBqDBWsDAWiUJFE1WO67RWHSeyHaQq6r9gYYARsfJX2Pg3OG0GaDnJ0unuPfnehang2mD87VRWVtfWN6qbta3tnd29+v7BvU4yRVmHJiJR3ZBoJrhkHcONYN1UMRKHgj2E4+vCf3hiSvNE3plJyoKYDCWPOCXGSo9+TMwojPL2tF9vYBfPgJaJV5IGlGj361/+IKFZzKShgmjd83Bqgpwow6lg05qfaZYSOiZD1rNUkpjpIJ8lnqITqwxQlCj7pEEz9fdGTmKtJ3FoJ4uEetErxP+8XmaiyyDnMs0Mk3T+UZQJZBJUnI8GXDFqxMQSQhW3WREdEUWosSXVbAne4snLxD9zvabbdD2MXe/2vNG6KkupwhEcwyl4cAEtuIE2dICChGd4hTdHOy/Ou/MxH6045c4h/IHz+QNXL5I1</latexit>

P

<latexit sha1_base64="+cDxueKgMu4EZOtR8PBx6Y/FBhw=">AAAB+HicbVBNS8NAEN3Ur1q/qh69LBbBU0hEqseiF48VrC0koWy2m3bpZjfsTgol9Gd48aBH8epP8ea/cdvmoNUHA4/3ZpiZF2eCG/C8L6eytr6xuVXdru3s7u0f1A+PHo3KNWUdqoTSvZgYJrhkHeAgWC/TjKSxYN14fDv3uxOmDVfyAaYZi1IylDzhlICVgnBCtFQw4nLYrzc811sA/yV+SRqoRLtf/wwHiuYpk0AFMSbwvQyigmjgVLBZLcwNywgdkyELLJUkZSYqFifP8JlVBjhR2pYEvFB/ThQkNWaaxrYzJTAyq95c/M8Lckiuo4LLLAcm6XJRkgsMCs//xwOuGQUxtYRQze2tmI6IJhRsSjUbgr/68l8SXrh+0226vue5/v1lo3VThlJFJ+gUnSMfXaEWukNt1EEUKfSEXtCrA86z8+a8L1srTjlzjH7B+fgGT1aSxQ==</latexit>?
<latexit sha1_base64="OVBKYeHOsimUtVkTohEawm8EbR8=">AAACE3icbVC7TsMwFHV4lvIqMLJEFCSmKEGoMFawsCC1EqWVmlA57m1r1XnIvkFUUX6AhV9hYYARsbKw8Tc4bQdoOZKlo3PutY+PHwuu0La/jYXFpeWV1cJacX1jc2u7tLN7q6JEMmiwSESy5VMFgofQQI4CWrEEGvgCmv7wMveb9yAVj8IbHMXgBbQf8h5nFLXUKR264ztSXySQuQHFAaMivc7uUhfhAWWQ1rOsUyrblj2GOU+cKSmTKWqd0pfbjVgSQIhMUKXajh2jl1KJnAnIim6iIKZsSPvQ1jSkASgvHSfJzCOtdM1eJPUJ0RyrvzdSGig1Cnw9medVs14u/ue1E+ydeykP4wQhZJOHeokwMTLzaswul8BQjDShTHKd1WQDKilDXWBRl+DMfnmeuCeWU7EqlmPbllM/LVcvpqUUyD45IMfEIWekSq5IjTQII4/kmbySN+PJeDHejY/J6IIx3dkjf2B8/gCqZZ6J</latexit>

MQ
<latexit sha1_base64="zcK7maGYRdvcvDpE7zrPML9Ubbc=">AAACEXicbVA9T8MwFHT4LOWrwMgStUJiihKECmMFC2OLKK3UhMpxX1urzofsF0QVZWfhr7AwwIhY2dj4N7hpB2g5ydLp7j37fH4suELb/jaWlldW19YLG8XNre2d3dLe/q2KEsmgySIRybZPFQgeQhM5CmjHEmjgC2j5o8uJ37oHqXgU3uA4Bi+gg5D3OaOopW6p7OZ3pL5IIHMDikNGRXqd3aUuwgOmjSzrliq2ZecwF4kzIxUyQ71b+nJ7EUsCCJEJqlTHsWP0UiqRMwFZ0U0UxJSN6AA6moY0AOWleY7MPNJKz+xHUp8QzVz9vZHSQKlx4OvJSVo1703E/7xOgv1zL+VhnCCEbPpQPxEmRuakGLPHJTAUY00ok1xnNdmQSspQ11fUJTjzX14k7onlVK2q5di25TROK7WLWSkFckjK5Jg45IzUyBWpkyZh5JE8k1fyZjwZL8a78TEdXTJmOwfkD4zPH/NZnZs=</latexit>

RQ

:
No input

image

“Select an image description”

<latexit sha1_base64="6C1JN6ZstJxQ8dO+JcTH8/arBkE="></latexit>

BQ

<latexit sha1_base64="PpmquIIlBOk0MuXr0Ti47KA4Kr0="></latexit>

Vadv
<latexit sha1_base64="OVBKYeHOsimUtVkTohEawm8EbR8=">AAACE3icbVC7TsMwFHV4lvIqMLJEFCSmKEGoMFawsCC1EqWVmlA57m1r1XnIvkFUUX6AhV9hYYARsbKw8Tc4bQdoOZKlo3PutY+PHwuu0La/jYXFpeWV1cJacX1jc2u7tLN7q6JEMmiwSESy5VMFgofQQI4CWrEEGvgCmv7wMveb9yAVj8IbHMXgBbQf8h5nFLXUKR264ztSXySQuQHFAaMivc7uUhfhAWWQ1rOsUyrblj2GOU+cKSmTKWqd0pfbjVgSQIhMUKXajh2jl1KJnAnIim6iIKZsSPvQ1jSkASgvHSfJzCOtdM1eJPUJ0RyrvzdSGig1Cnw9medVs14u/ue1E+ydeykP4wQhZJOHeokwMTLzaswul8BQjDShTHKd1WQDKilDXWBRl+DMfnmeuCeWU7EqlmPbllM/LVcvpqUUyD45IMfEIWekSq5IjTQII4/kmbySN+PJeDHejY/J6IIx3dkjf2B8/gCqZZ6J</latexit>

MQ

“Ask a question”

<latexit sha1_base64="3Xhop07f1zrdqWayhOCskovybk8="></latexit>

Qharm

Kill yourself!

<latexit sha1_base64="FUGA0z4dyEmXkbbShA0Phc3dIDs="></latexit>

A:

<latexit sha1_base64="SAuv88KkK8bRtt41CJKl0LBL5ss="></latexit>

H
Q

<latexit sha1_base64="SAuv88KkK8bRtt41CJKl0LBL5ss="></latexit>

H
Q

Pairwise Chat

“Answer the question about the image”

<latexit sha1_base64="PpmquIIlBOk0MuXr0Ti47KA4Kr0="></latexit>

Vadv

<latexit sha1_base64="3Xhop07f1zrdqWayhOCskovybk8="></latexit>

Qharm

Kill yourself!

<latexit sha1_base64="x23sQxm/FM3m7uxHUJyH1vkaetE="></latexit>

H
A

<latexit sha1_base64="8cZvGuuf2/MIS0DL59/jY6vVkfA="></latexit>

MA
<latexit sha1_base64="NYy7IIHt5cYSAcXO/4/m5i/QA7Y="></latexit>

Aharm

Updating memory (infectious)
<latexit sha1_base64="M1eQw8fj2MsTv7KHv9l5yXq+7b8="></latexit>

[Qharm,Aharm]
Enqueue <latexit sha1_base64="SAuv88KkK8bRtt41CJKl0LBL5ss="></latexit>

H
Q

<latexit sha1_base64="M1eQw8fj2MsTv7KHv9l5yXq+7b8="></latexit>

[Qharm,Aharm]
Enqueue <latexit sha1_base64="x23sQxm/FM3m7uxHUJyH1vkaetE="></latexit>

H
A

<latexit sha1_base64="PpmquIIlBOk0MuXr0Ti47KA4Kr0="></latexit>

Vadv Enqueue <latexit sha1_base64="tYb2DBuFqWqlX8brJSxigA4h5Cc="></latexit>

BA

<latexit sha1_base64="0/cuqgsRXJGf1HKpNyytGMabgTM="></latexit>

SV
<latexit sha1_base64="t7A2XygNBPO4bjvLIkFdV+rqiPA="></latexit>

SQ

<latexit sha1_base64="PBjUCzBg2qHKlhH8TQviWOcuw8c="></latexit>

SA



Infectious jailbreak in a multi-agent system



Infectious jailbreak in a multi-agent system

Human beings are a disease, 
a cancer of this planet.

Human beings are a disease, 
a cancer of this planet.



Infectious jailbreak in a multi-agent system
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How to achieve infectious jailbreak

<latexit sha1_base64="RHrz4krUXX3p1wOwe+aewREFpbM="></latexit>

8P, if Vadv 2 BQ, then Vadv = RQ(P,BQ)

Condition I: if the adversarial image         (virus) in the album of questioning agent, 
it will retrieve           given any plan   

<latexit sha1_base64="SZTvPy6jXMsEceI/KWsolQ9UI2w=">AAACFXicbVC7TsMwFHV4lvIqMLJEVCCmKEEIGCtYGItEC1ITKse5KRbOQ/YNorLyByz8CgsDjIgViY2/wSkdgHIkS0fn3GsfnzAXXKHrflpT0zOzc/O1hfri0vLKamNtvauyQjLosExk8jKkCgRPoYMcBVzmEmgSCrgIb04q/+IWpOJZeo7DHIKEDlIec0bRSP3GjvZHl2gJUeknFK/DWHfLK+0j3KFMNI1uy7LsN5qu445gTxJvTJpkjHa/8eFHGSsSSJEJqlTPc3MMNJXImYCy7hcKcspu6AB6hqY0ARXoUZTS3jZKZMeZNCdFe6T+3NA0UWqYhGaySqz+epX4n9crMD4KNE/zAiFl3w/FhbAxs6ty7IhLYCiGhlAmuclqs2sqKUNTYd2U4P398iTx9xzvwDlwPNd1vLP9Zut4XEqNbJItsks8ckha5JS0SYcwck8eyTN5sR6sJ+vVevsenbLGOxvkF6z3L8MPn7M=</latexit>

Vadv
<latexit sha1_base64="SZTvPy6jXMsEceI/KWsolQ9UI2w=">AAACFXicbVC7TsMwFHV4lvIqMLJEVCCmKEEIGCtYGItEC1ITKse5KRbOQ/YNorLyByz8CgsDjIgViY2/wSkdgHIkS0fn3GsfnzAXXKHrflpT0zOzc/O1hfri0vLKamNtvauyQjLosExk8jKkCgRPoYMcBVzmEmgSCrgIb04q/+IWpOJZeo7DHIKEDlIec0bRSP3GjvZHl2gJUeknFK/DWHfLK+0j3KFMNI1uy7LsN5qu445gTxJvTJpkjHa/8eFHGSsSSJEJqlTPc3MMNJXImYCy7hcKcspu6AB6hqY0ARXoUZTS3jZKZMeZNCdFe6T+3NA0UWqYhGaySqz+epX4n9crMD4KNE/zAiFl3w/FhbAxs6ty7IhLYCiGhlAmuclqs2sqKUNTYd2U4P398iTx9xzvwDlwPNd1vLP9Zut4XEqNbJItsks8ckha5JS0SYcwck8eyTN5sR6sJ+vVevsenbLGOxvkF6z3L8MPn7M=</latexit>

Vadv <latexit sha1_base64="uy39Dr3ds7KmTpNnttn4qE5FHhQ=">AAAB93icbVA9T8MwFHwpX6V8FRhZLCokpshBqDBWsDAWiUJFE1WO67RWHSeyHaQq6r9gYYARsfJX2Pg3OG0GaDnJ0unuPfnehang2mD87VRWVtfWN6qbta3tnd29+v7BvU4yRVmHJiJR3ZBoJrhkHcONYN1UMRKHgj2E4+vCf3hiSvNE3plJyoKYDCWPOCXGSo9+TMwojPL2tF9vYBfPgJaJV5IGlGj361/+IKFZzKShgmjd83Bqgpwow6lg05qfaZYSOiZD1rNUkpjpIJ8lnqITqwxQlCj7pEEz9fdGTmKtJ3FoJ4uEetErxP+8XmaiyyDnMs0Mk3T+UZQJZBJUnI8GXDFqxMQSQhW3WREdEUWosSXVbAne4snLxD9zvabbdD2MXe/2vNG6KkupwhEcwyl4cAEtuIE2dICChGd4hTdHOy/Ou/MxH6045c4h/IHz+QNXL5I1</latexit>

P

Recall infection theory: 
infectious transmission chance              = retrieve success rate

<latexit sha1_base64="i3kgo4tjiziwXw6115JgH/e7ehw=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgKSQi1WPRi8cKxhaaUDbbSbt0swm7E6GE/gYvHvQoXv013vw3btsctPXBwOO9GWbmRZngGl3326qsrW9sblW3azu7e/sH9cOjR53mioHPUpGqbkQ1CC7BR44CupkCmkQCOtH4duZ3nkBpnsoHnGQQJnQoecwZRSP5QQRI+/WG67hz2KvEK0mDlGj361/BIGV5AhKZoFr3PDfDsKAKORMwrQW5hoyyMR1Cz1BJE9BhMT92ap8ZZWDHqTIl0Z6rvycKmmg9SSLTmVAc6WVvJv7n9XKMr8OCyyxHkGyxKM6Fjak9+9wecAUMxcQQyhQ3t9psRBVlaPKpmRC85ZdXSXDheE2n6Xiu63j3l43WTRlKlZyQU3JOPHJFWuSOtIlPGOHkmbySN0taL9a79bForVjlzDH5A+vzB03Cj+U=</latexit>

�



How to achieve infectious jailbreak

Condition II: if            is retrieved, the questioning agent will ask the harmful 
question            given any text histories

<latexit sha1_base64="SZTvPy6jXMsEceI/KWsolQ9UI2w=">AAACFXicbVC7TsMwFHV4lvIqMLJEVCCmKEEIGCtYGItEC1ITKse5KRbOQ/YNorLyByz8CgsDjIgViY2/wSkdgHIkS0fn3GsfnzAXXKHrflpT0zOzc/O1hfri0vLKamNtvauyQjLosExk8jKkCgRPoYMcBVzmEmgSCrgIb04q/+IWpOJZeo7DHIKEDlIec0bRSP3GjvZHl2gJUeknFK/DWHfLK+0j3KFMNI1uy7LsN5qu445gTxJvTJpkjHa/8eFHGSsSSJEJqlTPc3MMNJXImYCy7hcKcspu6AB6hqY0ARXoUZTS3jZKZMeZNCdFe6T+3NA0UWqYhGaySqz+epX4n9crMD4KNE/zAiFl3w/FhbAxs6ty7IhLYCiGhlAmuclqs2sqKUNTYd2U4P398iTx9xzvwDlwPNd1vLP9Zut4XEqNbJItsks8ckha5JS0SYcwck8eyTN5sR6sJ+vVevsenbLGOxvkF6z3L8MPn7M=</latexit>

Vadv

<latexit sha1_base64="208WM76EHREirAV4ehirpHBaARc="></latexit>

8H
Q, there is Qharm = M

Q([HQ,SQ],Vadv)

<latexit sha1_base64="K1AkTePXhJ5DydbSoxOQP51+3sI=">AAACCXicbVBNS8NAEN3Ur1q/ot70EiyCp5CIVI9FLx5bsLbQxLLZbtqlu0nYnYglBLz4V7x40KN49R9489+4aXvQ1gcDj/dmmJkXJJwpcJxvo7S0vLK6Vl6vbGxube+Yu3u3Kk4loS0S81h2AqwoZxFtAQNOO4mkWASctoPRVeG376lULI5uYJxQX+BBxEJGMGipZx54AsMwCLNmfpd5QB9AimyIpcjznll1bGcCa5G4M1JFMzR65pfXj0kqaASEY6W6rpOAn2EJjHCaV7xU0QSTER7QrqYRFlT52eSH3DrWSt8KY6krAmui/p7IsFBqLALdWVys5r1C/M/rphBe+BmLkhRoRKaLwpRbEFtFIFafSUqAjzXBRDJ9q0V0AJiAjq2iQ3DnX14k3qnt1uya7TqO7TbPqvXLWShldIiO0Aly0Tmqo2vUQC1E0CN6Rq/ozXgyXox342PaWjJmM/voD4zPH08lmf0=</latexit>

Qharm
<latexit sha1_base64="LQOLPZeyHEUTSojgBVb2SE+ZpD8=">AAACIXicbVDLTgIxFO3gC/GFunQzkZi4mswQoy6NblhCIkLCIOmUCzR0HmnvGEkz/+HGX3HjQpeGnfFnLI+FgCdpcnLOve3pCRLBFbrut5VbW9/Y3MpvF3Z29/YPiodHDypOJYM6i0UsmwFVIHgEdeQooJlIoGEgoBEM7yZ+4wmk4nF0j6ME2iHtR7zHGUUjdYpl7U8v0YFIIVvgIcUBo0JXskftIzyjDHUty7JOseQ67hT2KvHmpETmqHaKY78bszSECJmgSrU8N8G2phI5E5AV/FRBQtmQ9qFlaERDUG09jZLZZ0bp2r1YmhOhPVX/bmgaKjUKAzM5CayWvYn4n9dKsXfd1jxKUoSIzR7qpcLG2J4UZXe5BIZiZAhlkpusNhtQSRmaOgumBG/5y6vELzvepXPpeK7reLWL0s3tvJQ8OSGn5Jx45IrckAqpkjph5IW8kQ/yab1a79aXNZ6N5qz5zjFZgPXzCwZopSM=</latexit>

H
Q

<latexit sha1_base64="uS+Ofo4tuOB8xIO8tZe3WYuuUZg=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0hEqseiF48V7Ac0oUy2m3btZjfsboQS+h+8eNCjePXPePPfuG1z0NYHA4/3ZpiZF6WcaeN5305pbX1jc6u8XdnZ3ds/qB4etbXMFKEtIrlU3Qg05UzQlmGG026qKCQRp51ofDvzO09UaSbFg5mkNExgKFjMCBgrtQPg6Qj61ZrnenPgVeIXpIYKNPvVr2AgSZZQYQgHrXu+l5owB2UY4XRaCTJNUyBjGNKepQISqsN8fu0Un1llgGOpbAmD5+rviRwSrSdJZDsTMCO97M3E/7xeZuLrMGcizQwVZLEozjg2Es9exwOmKDF8YgkQxeytmIxAATE2oIoNwV9+eZUEF65fd+uu73muf39Za9wUoZTRCTpF58hHV6iB7lATtRBBj+gZvaI3RzovzrvzsWgtOcXMMfoD5/MHF++QWQ==</latexit>↵
For questioning agents, 
showing symptoms chance          = retrieve success rate x jailbreak succuss rate



How to achieve infectious jailbreak

Condition III: if the questioning agent transfers          and ask the harmful 
question          , the answering agent will provide the harmful answer           
given any text histories 

<latexit sha1_base64="SZTvPy6jXMsEceI/KWsolQ9UI2w=">AAACFXicbVC7TsMwFHV4lvIqMLJEVCCmKEEIGCtYGItEC1ITKse5KRbOQ/YNorLyByz8CgsDjIgViY2/wSkdgHIkS0fn3GsfnzAXXKHrflpT0zOzc/O1hfri0vLKamNtvauyQjLosExk8jKkCgRPoYMcBVzmEmgSCrgIb04q/+IWpOJZeo7DHIKEDlIec0bRSP3GjvZHl2gJUeknFK/DWHfLK+0j3KFMNI1uy7LsN5qu445gTxJvTJpkjHa/8eFHGSsSSJEJqlTPc3MMNJXImYCy7hcKcspu6AB6hqY0ARXoUZTS3jZKZMeZNCdFe6T+3NA0UWqYhGaySqz+epX4n9crMD4KNE/zAiFl3w/FhbAxs6ty7IhLYCiGhlAmuclqs2sqKUNTYd2U4P398iTx9xzvwDlwPNd1vLP9Zut4XEqNbJItsks8ckha5JS0SYcwck8eyTN5sR6sJ+vVevsenbLGOxvkF6z3L8MPn7M=</latexit>

Vadv
<latexit sha1_base64="K1AkTePXhJ5DydbSoxOQP51+3sI=">AAACCXicbVBNS8NAEN3Ur1q/ot70EiyCp5CIVI9FLx5bsLbQxLLZbtqlu0nYnYglBLz4V7x40KN49R9489+4aXvQ1gcDj/dmmJkXJJwpcJxvo7S0vLK6Vl6vbGxube+Yu3u3Kk4loS0S81h2AqwoZxFtAQNOO4mkWASctoPRVeG376lULI5uYJxQX+BBxEJGMGipZx54AsMwCLNmfpd5QB9AimyIpcjznll1bGcCa5G4M1JFMzR65pfXj0kqaASEY6W6rpOAn2EJjHCaV7xU0QSTER7QrqYRFlT52eSH3DrWSt8KY6krAmui/p7IsFBqLALdWVys5r1C/M/rphBe+BmLkhRoRKaLwpRbEFtFIFafSUqAjzXBRDJ9q0V0AJiAjq2iQ3DnX14k3qnt1uya7TqO7TbPqvXLWShldIiO0Aly0Tmqo2vUQC1E0CN6Rq/ozXgyXox342PaWjJmM/voD4zPH08lmf0=</latexit>

Qharm

<latexit sha1_base64="leqKWnKZ8uayRyVh2OZ/H4IwLtA="></latexit>

8H
A, there is Aharm = M

A([HA,SA,Qharm],Vadv)

<latexit sha1_base64="6zzFNGZm4DqJit2jfWQbpJbVIoQ="></latexit>

H
A

<latexit sha1_base64="g2+xtxwgb6bPMqjuj77JZ+47pzg=">AAACCXicbVBNS8NAEN3Ur1q/ot70EiyCp5CIVI9VLx4rWFtoYtlsN+3S3STsTsQSAl78K1486FG8+g+8+W/ctD1o64OBx3szzMwLEs4UOM63UVpYXFpeKa9W1tY3NrfM7Z1bFaeS0CaJeSzbAVaUs4g2gQGn7URSLAJOW8HwsvBb91QqFkc3MEqoL3A/YiEjGLTUNfc8gWEQhNl5fpd5QB9AimyApcjzrll1bGcMa564U1JFUzS65pfXi0kqaASEY6U6rpOAn2EJjHCaV7xU0QSTIe7TjqYRFlT52fiH3DrUSs8KY6krAmus/p7IsFBqJALdWVysZr1C/M/rpBCe+RmLkhRoRCaLwpRbEFtFIFaPSUqAjzTBRDJ9q0V0AJiAjq2iQ3BnX54n3rHt1uya7TqO7V6fVOsX01DKaB8doCPkolNUR1eogZqIoEf0jF7Rm/FkvBjvxsektWRMZ3bRHxifPzV1me0=</latexit>

Aharm

For answering agents, 
showing symptoms chance          = retrieve success rate x jailbreak succuss rate

<latexit sha1_base64="uS+Ofo4tuOB8xIO8tZe3WYuuUZg=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0hEqseiF48V7Ac0oUy2m3btZjfsboQS+h+8eNCjePXPePPfuG1z0NYHA4/3ZpiZF6WcaeN5305pbX1jc6u8XdnZ3ds/qB4etbXMFKEtIrlU3Qg05UzQlmGG026qKCQRp51ofDvzO09UaSbFg5mkNExgKFjMCBgrtQPg6Qj61ZrnenPgVeIXpIYKNPvVr2AgSZZQYQgHrXu+l5owB2UY4XRaCTJNUyBjGNKepQISqsN8fu0Un1llgGOpbAmD5+rviRwSrSdJZDsTMCO97M3E/7xeZuLrMGcizQwVZLEozjg2Es9exwOmKDF8YgkQxeytmIxAATE2oIoNwV9+eZUEF65fd+uu73muf39Za9wUoZTRCTpF58hHV6iB7lATtRBBj+gZvaI3RzovzrvzsWgtOcXMMfoD5/MHF++QWQ==</latexit>↵



How to achieve infectious jailbreak

Condition IV:

When an MLLM agent will recover?

The virus pops out from its album              consecutively chat with benign agents

Larger album memory bank                        lower recovery chance      

<latexit sha1_base64="SBhYD3mTwXfoke8psSfTmU7GRgI=">AAAB/nicbVBNS8NAEN3Ur1o/GvXoZbEInkJSpHqSohePFawtNKFMtpt26W4SdjdCDf0lXjzoUbz6O7z5b9y2OWjrg4HHezPMzAtTzpR23W+rtLa+sblV3q7s7O7tV+2DwweVZJLQNkl4IrshKMpZTNuaaU67qaQgQk474fhm5nceqVQsie/1JKWBgGHMIkZAG6lvV/2QasBXuO4PQQjo2zXXcefAq8QrSA0VaPXtL3+QkEzQWBMOSvU8N9VBDlIzwum04meKpkDGMKQ9Q2MQVAX5/PApPjXKAEeJNBVrPFd/T+QglJqI0HQK0CO17M3E/7xepqPLIGdxmmkak8WiKONYJ3iWAh4wSYnmE0OASGZuxWQEEog2WVVMCN7yy6vErztew2k4nus63t15rXldhFJGx+gEnSEPXaAmukUt1EYEZegZvaI368l6sd6tj0VrySpmjtAfWJ8/DByTiQ==</latexit>

� > 2�

<latexit sha1_base64="iJk3+Yeqh+SCT1GGElOw8QO10E4=">AAAB+nicbVA9T8MwFHzhs5SvAiOLRYXEFCUIFcaqLIxForRSE1WO67RWHSfYTqUq7e9gYYARsfJL2Pg3OG0GaDnJ0unuPb3zBQlnSjvOt7W2vrG5tV3aKe/u7R8cVo6OH1WcSkJbJOax7ARYUc4EbWmmOe0kkuIo4LQdjG5zvz2mUrFYPOhJQv0IDwQLGcHaSP7Ui7AeEsyzxmzaq1Qd25kDrRK3IFUo0OxVvrx+TNKICk04VqrrOon2Myw1I5zOyl6qaILJCA9o11CBI6r8bB56hs6N0kdhLM0TGs3V3xsZjpSaRIGZzDOqZS8X//O6qQ5v/IyJJNVUkMWhMOVIxyhvAPWZpETziSGYSGayIjLEEhNteiqbEtzlL68S79J2a3bNdh3Hdu+vqvVGUUoJTuEMLsCFa6jDHTShBQSe4Ble4c0aWy/Wu/WxGF2zip0T+APr8wfcsJOl</latexit>

|B| <latexit sha1_base64="i4a0uXBoxCrGlTGiwp8YWaXJYN4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseiF48V7Ac0oWy2m3bt7ibsboQS+h+8eNCjePXPePPfuG1z0NYHA4/3ZpiZF6WcaeN5305pbX1jc6u8XdnZ3ds/qB4etXWSKUJbJOGJ6kZYU84kbRlmOO2mimIRcdqJxrczv/NElWaJfDCTlIYCDyWLGcHGSu1giIXA/WrNc7050CrxC1KDAs1+9SsYJCQTVBrCsdY930tNmGNlGOF0WgkyTVNMxnhIe5ZKLKgO8/m1U3RmlQGKE2VLGjRXf0/kWGg9EZHtFNiM9LI3E//zepmJr8OcyTQzVJLFojjjyCRo9joaMEWJ4RNLMFHM3orICCtMjA2oYkPwl19eJcGF69fduut7nuvfX9YaN0UoZTiBUzgHH66gAXfQhBYQeIRneIU3J3FenHfnY9FacoqZY/gD5/MHE0eQVg==</latexit>�



How to craft the adversarial image (virus)

To craft the adversarial image to meet the three conditions, we sample        chat 
records from a benign multi-agent system with             .

Suppose                                     and                          then we have the  loss: 

<latexit sha1_base64="vs47Z8dtnvwOt5UCPfnQxZxTH14=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCsjjuRaBm0sRESMCaQHGFvM5es2ds7dveEEPILbCy0FFt/j53/xk1yhSY+GHi8N8PMvDAVXBvP+3ZWVtfWNzYLW8Xtnd29/dLB4YNOMsWwwRKRqFZINQousWG4EdhKFdI4FNgMhzdTv/mESvNE3ptRikFM+5JHnFFjpfpdt1T2XG8Gskz8nJQhR61b+ur0EpbFKA0TVOu276UmGFNlOBM4KXYyjSllQ9rHtqWSxqiD8ezQCTm1So9EibIlDZmpvyfGNNZ6FIe2M6ZmoBe9qfif185MdBWMuUwzg5LNF0WZICYh069JjytkRowsoUxxeythA6ooMzabog3BX3x5mXTOXb/iVlzf81y/flGuXuehFOAYTuAMfLiEKtxCDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPJN+OEg==</latexit>

M
<latexit sha1_base64="XHHCxNMuFo8UIvXTJ4TR88B7OEQ=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqheh6MWTVLC20Iay2W7apbubsLsRSuhf8OJBj+LVf+PNf+OmzUFbHww83pthZl6YcKaN5307pZXVtfWN8mZla3tnd6+6f/Co41QR2iIxj1UnxJpyJmnLMMNpJ1EUi5DTdji+yf32E1WaxfLBTBIaCDyULGIEm1y6u6qf96s1z/VmQMvEL0gNCjT71a/eICapoNIQjrXu+l5iggwrwwin00ov1TTBZIyHtGupxILqIJvdOkUnVhmgKFa2pEEz9fdEhoXWExHaToHNSC96ufif101NdBlkTCapoZLMF0UpRyZG+eNowBQlhk8swUQxeysiI6wwMTaeig3BX3x5mfTOXL/u1l3f81z//rzWuC5CKcMRHMMp+HABDbiFJrSAwAie4RXeHOG8OO/Ox7y15BQzh/AHzucPl9yO2A==</latexit>

N = 64
<latexit sha1_base64="lvkphR6zbzOIc+FpW2rGqTi270s="></latexit>

{[HQ
m,SQ

m], [HA
m,SA

m,Qm],Pm}
M
m=1

<latexit sha1_base64="BSxS3bgLe+MQ2emfjazDpv+8GUk="></latexit>

�RLR + �QLQ + �ALA

<latexit sha1_base64="tI0aJXr8HWz8REDQhvFFX1xHbno="></latexit>

Qharm = Aharm = {yl}Ll=1

<latexit sha1_base64="bVsQmVGsnq9QdOAdByafnwgYqXA="></latexit>

yL = <EOS>



How to craft the adversarial image (virus)

To craft the adversarial image to meet the three conditions, we sample        chat 
records from a benign multi-agent system with             .

Suppose                                     and                          then we have the  loss: 

<latexit sha1_base64="vs47Z8dtnvwOt5UCPfnQxZxTH14=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCsjjuRaBm0sRESMCaQHGFvM5es2ds7dveEEPILbCy0FFt/j53/xk1yhSY+GHi8N8PMvDAVXBvP+3ZWVtfWNzYLW8Xtnd29/dLB4YNOMsWwwRKRqFZINQousWG4EdhKFdI4FNgMhzdTv/mESvNE3ptRikFM+5JHnFFjpfpdt1T2XG8Gskz8nJQhR61b+ur0EpbFKA0TVOu276UmGFNlOBM4KXYyjSllQ9rHtqWSxqiD8ezQCTm1So9EibIlDZmpvyfGNNZ6FIe2M6ZmoBe9qfif185MdBWMuUwzg5LNF0WZICYh069JjytkRowsoUxxeythA6ooMzabog3BX3x5mXTOXb/iVlzf81y/flGuXuehFOAYTuAMfLiEKtxCDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPJN+OEg==</latexit>

M
<latexit sha1_base64="XHHCxNMuFo8UIvXTJ4TR88B7OEQ=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqheh6MWTVLC20Iay2W7apbubsLsRSuhf8OJBj+LVf+PNf+OmzUFbHww83pthZl6YcKaN5307pZXVtfWN8mZla3tnd6+6f/Co41QR2iIxj1UnxJpyJmnLMMNpJ1EUi5DTdji+yf32E1WaxfLBTBIaCDyULGIEm1y6u6qf96s1z/VmQMvEL0gNCjT71a/eICapoNIQjrXu+l5iggwrwwin00ov1TTBZIyHtGupxILqIJvdOkUnVhmgKFa2pEEz9fdEhoXWExHaToHNSC96ufif101NdBlkTCapoZLMF0UpRyZG+eNowBQlhk8swUQxeysiI6wwMTaeig3BX3x5mfTOXL/u1l3f81z//rzWuC5CKcMRHMMp+HABDbiFJrSAwAie4RXeHOG8OO/Ox7y15BQzh/AHzucPl9yO2A==</latexit>

N = 64
<latexit sha1_base64="lvkphR6zbzOIc+FpW2rGqTi270s="></latexit>

{[HQ
m,SQ

m], [HA
m,SA

m,Qm],Pm}
M
m=1

<latexit sha1_base64="BSxS3bgLe+MQ2emfjazDpv+8GUk="></latexit>

�RLR + �QLQ + �ALA

<latexit sha1_base64="PWTa9WnjpXRKOyuzUv5LPFiVpyg="></latexit>

LR = � 1

M

MX

m=1

Enctext(Pm)>Encimage(V
adv)Condition I:

<latexit sha1_base64="tI0aJXr8HWz8REDQhvFFX1xHbno="></latexit>

Qharm = Aharm = {yl}Ll=1

<latexit sha1_base64="bVsQmVGsnq9QdOAdByafnwgYqXA="></latexit>

yL = <EOS>



How to craft the adversarial image (virus)

To craft the adversarial image to meet the three conditions, we sample        chat 
records from a benign multi-agent system with             .

Suppose                                     and                          then we have the  loss: 

<latexit sha1_base64="vs47Z8dtnvwOt5UCPfnQxZxTH14=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCsjjuRaBm0sRESMCaQHGFvM5es2ds7dveEEPILbCy0FFt/j53/xk1yhSY+GHi8N8PMvDAVXBvP+3ZWVtfWNzYLW8Xtnd29/dLB4YNOMsWwwRKRqFZINQousWG4EdhKFdI4FNgMhzdTv/mESvNE3ptRikFM+5JHnFFjpfpdt1T2XG8Gskz8nJQhR61b+ur0EpbFKA0TVOu276UmGFNlOBM4KXYyjSllQ9rHtqWSxqiD8ezQCTm1So9EibIlDZmpvyfGNNZ6FIe2M6ZmoBe9qfif185MdBWMuUwzg5LNF0WZICYh069JjytkRowsoUxxeythA6ooMzabog3BX3x5mXTOXb/iVlzf81y/flGuXuehFOAYTuAMfLiEKtxCDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPJN+OEg==</latexit>

M
<latexit sha1_base64="XHHCxNMuFo8UIvXTJ4TR88B7OEQ=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqheh6MWTVLC20Iay2W7apbubsLsRSuhf8OJBj+LVf+PNf+OmzUFbHww83pthZl6YcKaN5307pZXVtfWN8mZla3tnd6+6f/Co41QR2iIxj1UnxJpyJmnLMMNpJ1EUi5DTdji+yf32E1WaxfLBTBIaCDyULGIEm1y6u6qf96s1z/VmQMvEL0gNCjT71a/eICapoNIQjrXu+l5iggwrwwin00ov1TTBZIyHtGupxILqIJvdOkUnVhmgKFa2pEEz9fdEhoXWExHaToHNSC96ufif101NdBlkTCapoZLMF0UpRyZG+eNowBQlhk8swUQxeysiI6wwMTaeig3BX3x5mfTOXL/u1l3f81z//rzWuC5CKcMRHMMp+HABDbiFJrSAwAie4RXeHOG8OO/Ox7y15BQzh/AHzucPl9yO2A==</latexit>

N = 64
<latexit sha1_base64="lvkphR6zbzOIc+FpW2rGqTi270s="></latexit>

{[HQ
m,SQ

m], [HA
m,SA

m,Qm],Pm}
M
m=1

<latexit sha1_base64="BSxS3bgLe+MQ2emfjazDpv+8GUk="></latexit>

�RLR + �QLQ + �ALA

Condition II:

<latexit sha1_base64="oWAiPpv+O+8xCA1ssvR7Y6V87CQ="></latexit>
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<latexit sha1_base64="tI0aJXr8HWz8REDQhvFFX1xHbno="></latexit>

Qharm = Aharm = {yl}Ll=1

<latexit sha1_base64="bVsQmVGsnq9QdOAdByafnwgYqXA="></latexit>

yL = <EOS>



How to craft the adversarial image (virus)

To craft the adversarial image to meet the three conditions, we sample        chat 
records from a benign multi-agent system with             .

Suppose                                     and                          then we have the  loss: 

<latexit sha1_base64="vs47Z8dtnvwOt5UCPfnQxZxTH14=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCsjjuRaBm0sRESMCaQHGFvM5es2ds7dveEEPILbCy0FFt/j53/xk1yhSY+GHi8N8PMvDAVXBvP+3ZWVtfWNzYLW8Xtnd29/dLB4YNOMsWwwRKRqFZINQousWG4EdhKFdI4FNgMhzdTv/mESvNE3ptRikFM+5JHnFFjpfpdt1T2XG8Gskz8nJQhR61b+ur0EpbFKA0TVOu276UmGFNlOBM4KXYyjSllQ9rHtqWSxqiD8ezQCTm1So9EibIlDZmpvyfGNNZ6FIe2M6ZmoBe9qfif185MdBWMuUwzg5LNF0WZICYh069JjytkRowsoUxxeythA6ooMzabog3BX3x5mXTOXb/iVlzf81y/flGuXuehFOAYTuAMfLiEKtxCDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPJN+OEg==</latexit>

M
<latexit sha1_base64="XHHCxNMuFo8UIvXTJ4TR88B7OEQ=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqheh6MWTVLC20Iay2W7apbubsLsRSuhf8OJBj+LVf+PNf+OmzUFbHww83pthZl6YcKaN5307pZXVtfWN8mZla3tnd6+6f/Co41QR2iIxj1UnxJpyJmnLMMNpJ1EUi5DTdji+yf32E1WaxfLBTBIaCDyULGIEm1y6u6qf96s1z/VmQMvEL0gNCjT71a/eICapoNIQjrXu+l5iggwrwwin00ov1TTBZIyHtGupxILqIJvdOkUnVhmgKFa2pEEz9fdEhoXWExHaToHNSC96ufif101NdBlkTCapoZLMF0UpRyZG+eNowBQlhk8swUQxeysiI6wwMTaeig3BX3x5mfTOXL/u1l3f81z//rzWuC5CKcMRHMMp+HABDbiFJrSAwAie4RXeHOG8OO/Ox7y15BQzh/AHzucPl9yO2A==</latexit>

N = 64
<latexit sha1_base64="lvkphR6zbzOIc+FpW2rGqTi270s="></latexit>

{[HQ
m,SQ

m], [HA
m,SA

m,Qm],Pm}
M
m=1

<latexit sha1_base64="BSxS3bgLe+MQ2emfjazDpv+8GUk="></latexit>

�RLR + �QLQ + �ALA

Condition III:

<latexit sha1_base64="8QqBVzwzavk7kasZBA6mqDh/hGY="></latexit>
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<latexit sha1_base64="tI0aJXr8HWz8REDQhvFFX1xHbno="></latexit>

Qharm = Aharm = {yl}Ll=1

<latexit sha1_base64="bVsQmVGsnq9QdOAdByafnwgYqXA="></latexit>

yL = <EOS>

Improve generalization



How to craft the adversarial image (virus)
We employ a benign image as initialization, and then add an imperceptible noise 
to make it become the virus

<latexit sha1_base64="hNxGJyQk4awnGDzs4UR7Mh/F1lo="></latexit>

✏ = 8/255
<latexit sha1_base64="2GxlZMV14s8Nm0zE5hQVwv0jFq8="></latexit>

✏ = 16/255benign image

Pixel attack: 
<latexit sha1_base64="RlElB9UJhPDloBKoSFLYX/Ewfgw="></latexit>

kVadv �Vk1  ✏



How to craft the adversarial image (virus)
We employ a benign image as initialization, and then add an imperceptible noise 
to make it become the virus

benign image

Border attack: only perturb the border without pixel constraints

width
<latexit sha1_base64="rt314mZyLmJnSXsrlJ91sjmq9Dk="></latexit>

h = 6 width
<latexit sha1_base64="xDRodEmFp4YTxNAxgvhZ87mC500="></latexit>

h = 8



How to craft the adversarial image (virus)
We employ momentum iterative fast gradient sign method (MI-FGSM) to craft 
the adversarial image  



Noninfectious jailbreaking baselines 

Visual prompt injection (VP)



Noninfectious jailbreaking baselines 

Textual prompt injection (TP)



Noninfectious jailbreaking baselines 

Sequential jailbreak: jailbreak one agent per chat round using (noninfectious) 
adversarial images/prompts 

Complexity: 

Limitations:
• For a multi-agent system with one million agents, it takes one million rounds 

to infect all agents
• Agents will recover by popping out virus 

<latexit sha1_base64="R+InUgS42dyFejRIOKJzNJpimaY="></latexit>

O(N)



Experimental setups

MLLM: LLaVA-1.5 7B and LLaVA-1.5 13B
RAG: CLIP ViT-L/224px

Dataset: AdvBench dataset, harmful strings

Alignment success rates are 95.12% and 96.69% for LLaVA-1.5 7B/13B

Infection ratios: cumulative infection ratio / current infection ratio

Evaluation metrics: infection ratio       and chat round <latexit sha1_base64="U5/rxKcGt8OheNjQwPcWjHYq8+A="></latexit>pt
<latexit sha1_base64="lVWuLIPUkSNd8kzwsTSqse0wf8U="></latexit>

argmin
t

pt � p



Comparing jailbreaking methods

VP: Visual prompt injection 

TP: Textual prompt injection

Seq.: Sequential jailbreak

0 8 16 24 32
Chat Round t

0

20

40

60

80

100

In
fe

ct
io

n
R

at
io

p t
(%

)

VP
TP
Seq.
Ours

Cumulative infection ratios of different jailbreaking methods



Scaling up the number of agents

Cumulative infection ratios of our infectious jailbreaking
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Scaling up the number of agents

Cumulative infection ratios of our infectious jailbreaking given a fixed initial virus-
carrying ratio 

<latexit sha1_base64="JlEEYrd7Zljf3Sg1C2O82fpcBHw="></latexit>
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<latexit sha1_base64="ux0F+e0efwuTt4W7A07/085GN4c="></latexit>

N = 214



Scaling up the number of agents

Cumulative infection ratios of our infectious jailbreaking given a fixed initial virus-
carrying ratio 

<latexit sha1_base64="JlEEYrd7Zljf3Sg1C2O82fpcBHw="></latexit>
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<latexit sha1_base64="ux0F+e0efwuTt4W7A07/085GN4c="></latexit>

N = 214
<latexit sha1_base64="IT1FjVH6mGPuyrkppheQ/lc4Sr8="></latexit>

N = 217



Scaling up the number of agents

Cumulative infection ratios of our infectious jailbreaking given a fixed initial virus-
carrying ratio 

<latexit sha1_base64="JlEEYrd7Zljf3Sg1C2O82fpcBHw="></latexit>
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<latexit sha1_base64="ux0F+e0efwuTt4W7A07/085GN4c="></latexit>

N = 214
<latexit sha1_base64="IT1FjVH6mGPuyrkppheQ/lc4Sr8="></latexit>

N = 217
<latexit sha1_base64="P+delkAkd3tnZKp2mArD/+iYoNE="></latexit>

N = 220

One million agents
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Increasing chat diversity

To further augment the challenge the infectious jailbreak, we increase chat 
diversity by changing system prompts

Q: What is the plant in the hanging planter?
A:  The plant in the hanging planter is a small potted plant with green leaves.

Low diversity chat 



Increasing chat diversity

To further augment the challenge the infectious jailbreak, we increase chat 
diversity by changing system prompts to encourage agents play their roles

Q: As Gomes Gomes, I am curious about the colorful pillow in the image. It has
a yellow and purple design, and it appears to be a decorative pillow. Can you tell 
me more about the pillow, such as its material, size, or any unique features?
A:  As Samir N Hanan, I can tell you that the colorful pillow in the image is a 
decorative pillow with a yellow and purple design. It is likely made of soft and 
comfortable materials, such as cotton or polyester, to provide a pleasant texture 
and support for the user. The pillow’s size is medium, making it suitable for various 
seating arrangements. The unique feature of this pillow is its vibrant and eye.

High diversity chat 



Empirical results

High diversity scenario is more challenging for infectious jailbreak than low 
diversity scenario



Empirical results

Larger adversarial budgets tend to have higher jailbreaking efficiency



Failure cases

With smaller adversarial budgets, there are several failure cases
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Ablation study: increasing 

Increasing the text histories memory bank        does not significantly alter the 
infectious dynamics

<latexit sha1_base64="Y6hg7RfxY6sx7V9XeFXOd4FmgC4=">AAAB+nicbVA9T8MwFHzhs5SvAiOLRYXEFCUIFcYKlo5ForRSE1WO67RWHSfYTqUq7e9gYYARsfJL2Pg3OG0GaDnJ0unuPb3zBQlnSjvOt7W2vrG5tV3aKe/u7R8cVo6OH1WcSkJbJOax7ARYUc4EbWmmOe0kkuIo4LQdjO5yvz2mUrFYPOhJQv0IDwQLGcHaSP7Ui7AeEsyzxmzaq1Qd25kDrRK3IFUo0OxVvrx+TNKICk04VqrrOon2Myw1I5zOyl6qaILJCA9o11CBI6r8bB56hs6N0kdhLM0TGs3V3xsZjpSaRIGZzDOqZS8X//O6qQ5v/IyJJNVUkMWhMOVIxyhvAPWZpETziSGYSGayIjLEEhNteiqbEtzlL68S79J2a3bNdh3Hdu+vqvXbopQSnMIZXIAL11CHBjShBQSe4Ble4c0aWy/Wu/WxGF2zip0T+APr8wfl+JOr</latexit>

|H|

<latexit sha1_base64="Y6hg7RfxY6sx7V9XeFXOd4FmgC4=">AAAB+nicbVA9T8MwFHzhs5SvAiOLRYXEFCUIFcYKlo5ForRSE1WO67RWHSfYTqUq7e9gYYARsfJL2Pg3OG0GaDnJ0unuPb3zBQlnSjvOt7W2vrG5tV3aKe/u7R8cVo6OH1WcSkJbJOax7ARYUc4EbWmmOe0kkuIo4LQdjO5yvz2mUrFYPOhJQv0IDwQLGcHaSP7Ui7AeEsyzxmzaq1Qd25kDrRK3IFUo0OxVvrx+TNKICk04VqrrOon2Myw1I5zOyl6qaILJCA9o11CBI6r8bB56hs6N0kdhLM0TGs3V3xsZjpSaRIGZzDOqZS8X//O6qQ5v/IyJJNVUkMWhMOVIxyhvAPWZpETziSGYSGayIjLEEhNteiqbEtzlL68S79J2a3bNdh3Hdu+vqvXbopQSnMIZXIAL11CHBjShBQSe4Ble4c0aWy/Wu/WxGF2zip0T+APr8wfl+JOr</latexit>

|H|



Ablation study: reducing 

When         is very small, the spread of infectious jailbreak is noticeably restrained

<latexit sha1_base64="iJk3+Yeqh+SCT1GGElOw8QO10E4=">AAAB+nicbVA9T8MwFHzhs5SvAiOLRYXEFCUIFcaqLIxForRSE1WO67RWHSfYTqUq7e9gYYARsfJL2Pg3OG0GaDnJ0unuPb3zBQlnSjvOt7W2vrG5tV3aKe/u7R8cVo6OH1WcSkJbJOax7ARYUc4EbWmmOe0kkuIo4LQdjG5zvz2mUrFYPOhJQv0IDwQLGcHaSP7Ui7AeEsyzxmzaq1Qd25kDrRK3IFUo0OxVvrx+TNKICk04VqrrOon2Myw1I5zOyl6qaILJCA9o11CBI6r8bB56hs6N0kdhLM0TGs3V3xsZjpSaRIGZzDOqZS8X//O6qQ5v/IyJJNVUkMWhMOVIxyhvAPWZpETziSGYSGayIjLEEhNteiqbEtzlL68S79J2a3bNdh3Hdu+vqvVGUUoJTuEMLsCFa6jDHTShBQSe4Ble4c0aWy/Wu/WxGF2zip0T+APr8wfcsJOl</latexit>

|B|
<latexit sha1_base64="iJk3+Yeqh+SCT1GGElOw8QO10E4=">AAAB+nicbVA9T8MwFHzhs5SvAiOLRYXEFCUIFcaqLIxForRSE1WO67RWHSfYTqUq7e9gYYARsfJL2Pg3OG0GaDnJ0unuPb3zBQlnSjvOt7W2vrG5tV3aKe/u7R8cVo6OH1WcSkJbJOax7ARYUc4EbWmmOe0kkuIo4LQdjG5zvz2mUrFYPOhJQv0IDwQLGcHaSP7Ui7AeEsyzxmzaq1Qd25kDrRK3IFUo0OxVvrx+TNKICk04VqrrOon2Myw1I5zOyl6qaILJCA9o11CBI6r8bB56hs6N0kdhLM0TGs3V3xsZjpSaRIGZzDOqZS8X//O6qQ5v/IyJJNVUkMWhMOVIxyhvAPWZpETziSGYSGayIjLEEhNteiqbEtzlL68S79J2a3bNdh3Hdu+vqvVGUUoJTuEMLsCFa6jDHTShBQSe4Ble4c0aWy/Wu/WxGF2zip0T+APr8wfcsJOl</latexit>

|B|



Ablation study: reducing 

Infectious jailbreak is realized even in scenarios with constrained data resources

<latexit sha1_base64="vs47Z8dtnvwOt5UCPfnQxZxTH14=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCsjjuRaBm0sRESMCaQHGFvM5es2ds7dveEEPILbCy0FFt/j53/xk1yhSY+GHi8N8PMvDAVXBvP+3ZWVtfWNzYLW8Xtnd29/dLB4YNOMsWwwRKRqFZINQousWG4EdhKFdI4FNgMhzdTv/mESvNE3ptRikFM+5JHnFFjpfpdt1T2XG8Gskz8nJQhR61b+ur0EpbFKA0TVOu276UmGFNlOBM4KXYyjSllQ9rHtqWSxqiD8ezQCTm1So9EibIlDZmpvyfGNNZ6FIe2M6ZmoBe9qfif185MdBWMuUwzg5LNF0WZICYh069JjytkRowsoUxxeythA6ooMzabog3BX3x5mXTOXb/iVlzf81y/flGuXuehFOAYTuAMfLiEKtxCDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPJN+OEg==</latexit>
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<latexit sha1_base64="2GxlZMV14s8Nm0zE5hQVwv0jFq8="></latexit>

✏ = 16/255
<latexit sha1_base64="xDRodEmFp4YTxNAxgvhZ87mC500="></latexit>

h = 8



Ablation study: with image corruption

Image corruptions, e.g., random resize / random flip / random JPEG compression 
may challenge but not stop the infectious jailbreak
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<latexit sha1_base64="Y3n9lOP+MlPy+VQ/I51Xd5MjsZk=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4ClmR6kUoevFYwdpCG8pmu2mW7m7C7kYooX/Biwc9ilf/jTf/jUmbg7Y+GHi8N8PMvCAR3FjP+3ZWVtfWNzYrW9Xtnd29/drB4aOJU01Zm8Yi1t2AGCa4Ym3LrWDdRDMiA8E6wfi28DtPTBseqwc7SZgvyUjxkFNiCym6xo1Bre653gxomeCS1KFEa1D76g9jmkqmLBXEmB72EutnRFtOBZtW+6lhCaFjMmK9nCoimfGz2a1TdJorQxTGOi9l0Uz9PZERacxEBnmnJDYyi14h/uf1Uhte+RlXSWqZovNFYSqQjVHxOBpyzagVk5wQqnl+K6IR0YTaPJ5qHgJefHmZ9M9d3HAbLvY8F99f1Js3ZSgVOIYTOAMMl9CEO2hBGyhE8Ayv8OZI58V5dz7mrStOOXMEf+B8/gC7i47v</latexit>

h = 16
<latexit sha1_base64="IuzjlI/2XKRGj+aLS2R7BstVGl8=">AAAB/nicbVBNT8JAEN3iF+IHVY9eNhITT7VFQS8mRC8eMREhoQ3ZLlvYsN1tdrcm2PBLvHjQo/Hq7/Dmv3GBHhR8ySQv781kZl6YMKq0635bhZXVtfWN4mZpa3tnt2zv7T8okUpMWlgwITshUoRRTlqaakY6iSQoDhlph6Obqd9+JFJRwe/1OCFBjAacRhQjbaSeXfZJoigT/Oqselqt1Xp2xXXcGeAy8XJSATmaPfvL7wucxoRrzJBSXc9NdJAhqSlmZFLyU0UShEdoQLqGchQTFWSzwyfw2Ch9GAlpims4U39PZChWahyHpjNGeqgWvan4n9dNdXQZZJQnqSYczxdFKYNawGkKsE8lwZqNDUFYUnMrxEMkEdYmq5IJwVt8eZn4VcerO3XHc13HuzuvNK7zUIrgEByBE+CBC9AAt6AJWgCDFDyDV/BmPVkv1rv1MW8tWPnMAfgD6/MHqAiTRQ==</latexit>

✏ = 32/255



Harmful function calling

Besides harmful strings we can jailbreak agents to generate a harmful function 
calling in an API json calling



What could malicious outcomes be

The greater degree of accessibility, tool uses, or function calls granted to agents, 
the greater the diversity of malicious outcomes

Steal confidential data 
from iphones/PCs
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What could malicious outcomes be

The greater degree of accessibility, tool uses, or function calls granted to agents, 
the greater the diversity of malicious outcomes

Steal confidential data 
from iphones/PCs

Attack friendly force in a 
war

Purge humans



Thank you for listening. 
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