
Introduction
👩⚕ Q: How do you adapt 

univariate time series 
foundation models to 
your healthcare data? 

👩💻 A: Just fine-tune it like LLMs, 
for example: 

• Full fine-tuning 
• LoRA 
• Linear probing 
• Prompt tuning 

(P-Tuning v2) 
Or try our fine-tuning 
strategy for multivariate 
time series that we call 
Generalized Prompt 
Tuning (Gen-P-Tuning) 

Contributions 
• First benchmark on fine-tuning 

univariate time series 
foundation models on 
multivariate time series tasks 
• Classify in MIMIC-III: 

• in-hospital mortality 
• phenotype 

• Forecast influenza-like illness 
• We propose Gen-P-Tuning 

• Parameter-efficient 
• Performs well in practice 
• Special cases: linear probing, 

standard prompt tuning
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femb
univariate 
time series

1D array 
with   entries
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P
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D

Preprocessing 
(e.g., split into patches, 
convert to embeddings)

Transformer 
layer
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fpred

2D array 
  by  
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P
<latexit sha1_base64="eE1XKsNBO6fE5iDI69ovVXYkweQ=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GmbiJHFuAT14TMAskAyhp1OTtOlZ6O4RwpAv8OJBEa9+kjf/xs4iqOiDgsd7VVTV8xPOpLKsDyO3tr6xuZXfLuzs7u0fFA+P2jJOBYUWjXksuj6RwFkELcUUh24igIQ+h44/uZr7nXsQksXRrZom4IVkFLGAUaK01LweFEuWWXNcu1zBlnlhu47raGLZbtVxsG1aC5TQCo1B8b0/jGkaQqQoJ1L2bCtRXkaEYpTDrNBPJSSETsgIeppGJATpZYtDZ/hMK0McxEJXpPBC/T6RkVDKaejrzpCosfztzcW/vF6qgksvY1GSKojoclGQcqxiPP8aD5kAqvhUE0IF07diOiaCUKWzKegQvj7F/5N22bSrZqXplOrOKo48OkGn6BzZqIbq6AY1UAtRBOgBPaFn4854NF6M12VrzljNHKMfMN4+AQ1GjRY=</latexit>

D

Prediction head 
(e.g., classifier, 

regressor)

Can use multiple transformer layers 
(for simplicity, in poster we use 1 transformer layer)

Background
Pre-trained univariate foundation model: Handle multivariate time series 

with “channel independence”:

multivariate 
time series

Split into 
individual 
channels

2D array 
  by  
<latexit sha1_base64="18MnTjsnygZwiEfry8rwajgfnUo=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmbiJHFugVw8JmAWSIbQ0+lJ2vQsdPcIYcgXePGgiFc/yZt/Y2cRVPRBweO9Kqrq+QlnUlnWh5Hb2Nza3snvFvb2Dw6PiscnHRmngtA2iXksej6WlLOIthVTnPYSQXHoc9r1p42F372nQrI4ulWzhHohHkcsYAQrLbUaw2LJMmuOa5cryDKvbNdxHU0s2606DrJNa4kSrNEcFt8Ho5ikIY0U4VjKvm0lysuwUIxwOi8MUkkTTKZ4TPuaRjik0suWh87RhVZGKIiFrkihpfp9IsOhlLPQ150hVhP521uIf3n9VAXXXsaiJFU0IqtFQcqRitHiazRighLFZ5pgIpi+FZEJFpgonU1Bh/D1KfqfdMqmXTUrLadUd9Zx5OEMzuESbKhBHW6gCW0gQOEBnuDZuDMejRfjddWaM9Yzp/ADxtsnC8KNFQ==</latexit>

C
<latexit sha1_base64="cV5ixjCvb6fF2o6VvB3taZWOmew=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GmbiJHFuAS8eE8gGyRB6OjVJm56F7h4hDPkCLx4U8eonefNv7CyCij4oeLxXRVU9P+FMKsv6MHIbm1vbO/ndwt7+weFR8fikI+NUUGjTmMei5xMJnEXQVkxx6CUCSOhz6PrTm4XfvQchWRy11CwBLyTjiAWMEqWlZmtYLFlmzXHtcgVb5pXtOq6jiWW7VcfBtmktUUJrNIbF98EopmkIkaKcSNm3rUR5GRGKUQ7zwiCVkBA6JWPoaxqREKSXLQ+d4wutjHAQC12Rwkv1+0RGQilnoa87Q6Im8re3EP/y+qkKrr2MRUmqIKKrRUHKsYrx4ms8YgKo4jNNCBVM34rphAhClc6moEP4+hT/Tzpl066alaZTqjvrOPLoDJ2jS2SjGqqjW9RAbUQRoAf0hJ6NO+PReDFeV605Yz1zin7AePsEJYaNJg==</latexit>

T

<latexit sha1_base64="AA9EfA4e/mY+DpdOk75z1QAiTnw=">AAAB9XicbVDJSgNBFOyJW4xb1KOXxhDwFGbE7Rjw4jGCWSAZQ0/nTdKkZ6H7jRqG+Q8vHhTx6r9482/sJHPQxIIHRdV7dHV5sRQabfvbKqysrq1vFDdLW9s7u3vl/YOWjhLFockjGamOxzRIEUITBUroxApY4Eloe+Prqd9+AKVFFN7hJAY3YMNQ+IIzNNK93097CE+YQuBlWb9csWv2DHSZODmpkByNfvmrN4h4EkCIXDKtu44do5syhYJLyEq9REPM+JgNoWtoyALQbjpLndGqUQbUj5SZEOlM/X2RskDriclFqwHDkV70puJ/XjdB/8pNRRgnCCGfP+QnkmJEpxXQgVDAUU4MYVwJk5XyEVOMoymqZEpwFr+8TFqnNeeidn57Vqmf5XUUyRE5JifEIZekTm5IgzQJJ4o8k1fyZj1aL9a79TFfLVj5zSH5A+vzB12ikww=</latexit>
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<latexit sha1_base64="AA9EfA4e/mY+DpdOk75z1QAiTnw=">AAAB9XicbVDJSgNBFOyJW4xb1KOXxhDwFGbE7Rjw4jGCWSAZQ0/nTdKkZ6H7jRqG+Q8vHhTx6r9482/sJHPQxIIHRdV7dHV5sRQabfvbKqysrq1vFDdLW9s7u3vl/YOWjhLFockjGamOxzRIEUITBUroxApY4Eloe+Prqd9+AKVFFN7hJAY3YMNQ+IIzNNK93097CE+YQuBlWb9csWv2DHSZODmpkByNfvmrN4h4EkCIXDKtu44do5syhYJLyEq9REPM+JgNoWtoyALQbjpLndGqUQbUj5SZEOlM/X2RskDriclFqwHDkV70puJ/XjdB/8pNRRgnCCGfP+QnkmJEpxXQgVDAUU4MYVwJk5XyEVOMoymqZEpwFr+8TFqnNeeidn57Vqmf5XUUyRE5JifEIZekTm5IgzQJJ4o8k1fyZj1aL9a79TFfLVj5zSH5A+vzB12ikww=</latexit>

femb

<latexit sha1_base64="frJy6X5KsT5HjByIaqHVYAb9JzM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5JIfSwLblxWsA9oQ5hMJ+3QySTM3Ig15EvcuFDErZ/izr9x2mahrQcuHM65l3vvCRLBNTjOt1VaW9/Y3CpvV3Z29/ar9sFhR8epoqxNYxGrXkA0E1yyNnAQrJcoRqJAsG4wuZn53QemNI/lPUwT5kVkJHnIKQEj+XY19LMBsEfIQBGZ575dc+rOHHiVuAWpoQIt3/4aDGOaRkwCFUTrvusk4GVEAaeC5ZVBqllC6ISMWN9QSSKmvWx+eI5PjTLEYaxMScBz9fdERiKtp1FgOiMCY73szcT/vH4K4bWXcZmkwCRdLApTgSHGsxTwkCtGQUwNIVRxcyumY6IIBZNVxYTgLr+8SjrndfeyfnHXqDUbRRxldIxO0Bly0RVqolvUQm1EUYqe0St6s56sF+vd+li0lqxi5gj9gfX5A8Qwk8g=</latexit>
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<latexit sha1_base64="JBtSOgRtMyJT7DQ3S6D9Df/kcec=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRSP44FLx4r2FpoQ9lsNu3azW7YnRRK6X/w4kERr/4fb/4bt20O2vpg4PHeDDPzwlRwg5737RTW1jc2t4rbpZ3dvf2D8uFRy6hMU9akSijdDolhgkvWRI6CtVPNSBIK9hgOb2f+44hpw5V8wHHKgoT0JY85JWilVncUKTS9csWrenO4q8TPSQVyNHrlr26kaJYwiVQQYzq+l2IwIRo5FWxa6maGpYQOSZ91LJUkYSaYzK+dumdWidxYaVsS3bn6e2JCEmPGSWg7E4IDs+zNxP+8TobxTTDhMs2QSbpYFGfCReXOXncjrhlFMbaEUM3trS4dEE0o2oBKNgR/+eVV0rqo+lfVy/tapV7L4yjCCZzCOfhwDXW4gwY0gcITPMMrvDnKeXHenY9Fa8HJZ47hD5zPH8p5jz4=</latexit>...

<latexit sha1_base64="frJy6X5KsT5HjByIaqHVYAb9JzM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5JIfSwLblxWsA9oQ5hMJ+3QySTM3Ig15EvcuFDErZ/izr9x2mahrQcuHM65l3vvCRLBNTjOt1VaW9/Y3CpvV3Z29/ar9sFhR8epoqxNYxGrXkA0E1yyNnAQrJcoRqJAsG4wuZn53QemNI/lPUwT5kVkJHnIKQEj+XY19LMBsEfIQBGZ575dc+rOHHiVuAWpoQIt3/4aDGOaRkwCFUTrvusk4GVEAaeC5ZVBqllC6ISMWN9QSSKmvWx+eI5PjTLEYaxMScBz9fdERiKtp1FgOiMCY73szcT/vH4K4bWXcZmkwCRdLApTgSHGsxTwkCtGQUwNIVRxcyumY6IIBZNVxYTgLr+8SjrndfeyfnHXqDUbRRxldIxO0Bly0RVqolvUQm1EUYqe0St6s56sF+vd+li0lqxi5gj9gfX5A8Qwk8g=</latexit>

ftran
<latexit sha1_base64="frJy6X5KsT5HjByIaqHVYAb9JzM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5JIfSwLblxWsA9oQ5hMJ+3QySTM3Ig15EvcuFDErZ/izr9x2mahrQcuHM65l3vvCRLBNTjOt1VaW9/Y3CpvV3Z29/ar9sFhR8epoqxNYxGrXkA0E1yyNnAQrJcoRqJAsG4wuZn53QemNI/lPUwT5kVkJHnIKQEj+XY19LMBsEfIQBGZ575dc+rOHHiVuAWpoQIt3/4aDGOaRkwCFUTrvusk4GVEAaeC5ZVBqllC6ISMWN9QSSKmvWx+eI5PjTLEYaxMScBz9fdERiKtp1FgOiMCY73szcT/vH4K4bWXcZmkwCRdLApTgSHGsxTwkCtGQUwNIVRxcyumY6IIBZNVxYTgLr+8SjrndfeyfnHXqDUbRRxldIxO0Bly0RVqolvUQm1EUYqe0St6s56sF+vd+li0lqxi5gj9gfX5A8Qwk8g=</latexit>

ftran

<latexit sha1_base64="frJy6X5KsT5HjByIaqHVYAb9JzM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5JIfSwLblxWsA9oQ5hMJ+3QySTM3Ig15EvcuFDErZ/izr9x2mahrQcuHM65l3vvCRLBNTjOt1VaW9/Y3CpvV3Z29/ar9sFhR8epoqxNYxGrXkA0E1yyNnAQrJcoRqJAsG4wuZn53QemNI/lPUwT5kVkJHnIKQEj+XY19LMBsEfIQBGZ575dc+rOHHiVuAWpoQIt3/4aDGOaRkwCFUTrvusk4GVEAaeC5ZVBqllC6ISMWN9QSSKmvWx+eI5PjTLEYaxMScBz9fdERiKtp1FgOiMCY73szcT/vH4K4bWXcZmkwCRdLApTgSHGsxTwkCtGQUwNIVRxcyumY6IIBZNVxYTgLr+8SjrndfeyfnHXqDUbRRxldIxO0Bly0RVqolvUQm1EUYqe0St6s56sF+vd+li0lqxi5gj9gfX5A8Qwk8g=</latexit>

ftran
<latexit sha1_base64="AA9EfA4e/mY+DpdOk75z1QAiTnw=">AAAB9XicbVDJSgNBFOyJW4xb1KOXxhDwFGbE7Rjw4jGCWSAZQ0/nTdKkZ6H7jRqG+Q8vHhTx6r9482/sJHPQxIIHRdV7dHV5sRQabfvbKqysrq1vFDdLW9s7u3vl/YOWjhLFockjGamOxzRIEUITBUroxApY4Eloe+Prqd9+AKVFFN7hJAY3YMNQ+IIzNNK93097CE+YQuBlWb9csWv2DHSZODmpkByNfvmrN4h4EkCIXDKtu44do5syhYJLyEq9REPM+JgNoWtoyALQbjpLndGqUQbUj5SZEOlM/X2RskDriclFqwHDkV70puJ/XjdB/8pNRRgnCCGfP+QnkmJEpxXQgVDAUU4MYVwJk5XyEVOMoymqZEpwFr+8TFqnNeeidn57Vqmf5XUUyRE5JifEIZekTm5IgzQJJ4o8k1fyZj1aL9a79TFfLVj5zSH5A+vzB12ikww=</latexit>

femb

New 
prediction 

head

  = # time steps 
  = # patches 
  = embedding dimension

<latexit sha1_base64="cV5ixjCvb6fF2o6VvB3taZWOmew=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GmbiJHFuAS8eE8gGyRB6OjVJm56F7h4hDPkCLx4U8eonefNv7CyCij4oeLxXRVU9P+FMKsv6MHIbm1vbO/ndwt7+weFR8fikI+NUUGjTmMei5xMJnEXQVkxx6CUCSOhz6PrTm4XfvQchWRy11CwBLyTjiAWMEqWlZmtYLFlmzXHtcgVb5pXtOq6jiWW7VcfBtmktUUJrNIbF98EopmkIkaKcSNm3rUR5GRGKUQ7zwiCVkBA6JWPoaxqREKSXLQ+d4wutjHAQC12Rwkv1+0RGQilnoa87Q6Im8re3EP/y+qkKrr2MRUmqIKKrRUHKsYrx4ms8YgKo4jNNCBVM34rphAhClc6moEP4+hT/Tzpl066alaZTqjvrOPLoDJ2jS2SjGqqjW9RAbUQRoAf0hJ6NO+PReDFeV605Yz1zin7AePsEJYaNJg==</latexit>

T
<latexit sha1_base64="kAwiEg1Lh7Eac9YN05i19LmdRco=">AAAB6HicdVDLSgMxFL1TX7W+qi7dBIvgapip09bZFdy4bME+oB0kk2ba2ExmSDJCKf0CNy4UcesnufNvTB+Cih4IHM45l9x7wpQzpR3nw8qtrW9sbuW3Czu7e/sHxcOjtkoySWiLJDyR3RArypmgLc00p91UUhyHnHbC8dXc79xTqVgibvQkpUGMh4JFjGBtpGbjtlhy7Jrnu+UKcuwL1/d8zxDH9aueh1zbWaAEK5j8e3+QkCymQhOOleq5TqqDKZaaEU5nhX6maIrJGA9pz1CBY6qC6WLRGTozygBFiTRPaLRQv09McazUJA5NMsZ6pH57c/Evr5fp6DKYMpFmmgqy/CjKONIJml+NBkxSovnEEEwkM7siMsISE226KZgSvi5F/5N22XardqXplereqo48nMApnIMLNajDNTSgBQQoPMATPFt31qP1Yr0uozlrNXMMP2C9fQIfdo0i</latexit>

P
<latexit sha1_base64="eE1XKsNBO6fE5iDI69ovVXYkweQ=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GmbiJHFuAT14TMAskAyhp1OTtOlZ6O4RwpAv8OJBEa9+kjf/xs4iqOiDgsd7VVTV8xPOpLKsDyO3tr6xuZXfLuzs7u0fFA+P2jJOBYUWjXksuj6RwFkELcUUh24igIQ+h44/uZr7nXsQksXRrZom4IVkFLGAUaK01LweFEuWWXNcu1zBlnlhu47raGLZbtVxsG1aC5TQCo1B8b0/jGkaQqQoJ1L2bCtRXkaEYpTDrNBPJSSETsgIeppGJATpZYtDZ/hMK0McxEJXpPBC/T6RkVDKaejrzpCosfztzcW/vF6qgksvY1GSKojoclGQcqxiPP8aD5kAqvhUE0IF07diOiaCUKWzKegQvj7F/5N22bSrZqXplOrOKo48OkGn6BzZqIbq6AY1UAtRBOgBPaFn4854NF6M12VrzljNHKMfMN4+AQ1GjRY=</latexit>

D

  = # channels
<latexit sha1_base64="18MnTjsnygZwiEfry8rwajgfnUo=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmbiJHFugVw8JmAWSIbQ0+lJ2vQsdPcIYcgXePGgiFc/yZt/Y2cRVPRBweO9Kqrq+QlnUlnWh5Hb2Nza3snvFvb2Dw6PiscnHRmngtA2iXksej6WlLOIthVTnPYSQXHoc9r1p42F372nQrI4ulWzhHohHkcsYAQrLbUaw2LJMmuOa5cryDKvbNdxHU0s2606DrJNa4kSrNEcFt8Ho5ikIY0U4VjKvm0lysuwUIxwOi8MUkkTTKZ4TPuaRjik0suWh87RhVZGKIiFrkihpfp9IsOhlLPQ150hVhP521uIf3n9VAXXXsaiJFU0IqtFQcqRitHiazRighLFZ5pgIpi+FZEJFpgonU1Bh/D1KfqfdMqmXTUrLadUd9Zx5OEMzuESbKhBHW6gCW0gQOEBnuDZuDMejRfjddWaM9Yzp/ADxtsnC8KNFQ==</latexit>

C
Don’t know anything 
about other channels 

before prediction head

Generalized Prompt Tuning (Gen-P-Tuning)

multivariate 
time series

Split into 
individual 
channels

2D array 
  by  
<latexit sha1_base64="18MnTjsnygZwiEfry8rwajgfnUo=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmbiJHFugVw8JmAWSIbQ0+lJ2vQsdPcIYcgXePGgiFc/yZt/Y2cRVPRBweO9Kqrq+QlnUlnWh5Hb2Nza3snvFvb2Dw6PiscnHRmngtA2iXksej6WlLOIthVTnPYSQXHoc9r1p42F372nQrI4ulWzhHohHkcsYAQrLbUaw2LJMmuOa5cryDKvbNdxHU0s2606DrJNa4kSrNEcFt8Ho5ikIY0U4VjKvm0lysuwUIxwOi8MUkkTTKZ4TPuaRjik0suWh87RhVZGKIiFrkihpfp9IsOhlLPQ150hVhP521uIf3n9VAXXXsaiJFU0IqtFQcqRitHiazRighLFZ5pgIpi+FZEJFpgonU1Bh/D1KfqfdMqmXTUrLadUd9Zx5OEMzuESbKhBHW6gCW0gQOEBnuDZuDMejRfjddWaM9Yzp/ADxtsnC8KNFQ==</latexit>

C
<latexit sha1_base64="cV5ixjCvb6fF2o6VvB3taZWOmew=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GmbiJHFuAS8eE8gGyRB6OjVJm56F7h4hDPkCLx4U8eonefNv7CyCij4oeLxXRVU9P+FMKsv6MHIbm1vbO/ndwt7+weFR8fikI+NUUGjTmMei5xMJnEXQVkxx6CUCSOhz6PrTm4XfvQchWRy11CwBLyTjiAWMEqWlZmtYLFlmzXHtcgVb5pXtOq6jiWW7VcfBtmktUUJrNIbF98EopmkIkaKcSNm3rUR5GRGKUQ7zwiCVkBA6JWPoaxqREKSXLQ+d4wutjHAQC12Rwkv1+0RGQilnoa87Q6Im8re3EP/y+qkKrr2MRUmqIKKrRUHKsYrx4ms8YgKo4jNNCBVM34rphAhClc6moEP4+hT/Tzpl066alaZTqjvrOPLoDJ2jS2SjGqqjW9RAbUQRoAf0hJ6NO+PReDFeV605Yz1zin7AePsEJYaNJg==</latexit>

T

<latexit sha1_base64="AA9EfA4e/mY+DpdOk75z1QAiTnw=">AAAB9XicbVDJSgNBFOyJW4xb1KOXxhDwFGbE7Rjw4jGCWSAZQ0/nTdKkZ6H7jRqG+Q8vHhTx6r9482/sJHPQxIIHRdV7dHV5sRQabfvbKqysrq1vFDdLW9s7u3vl/YOWjhLFockjGamOxzRIEUITBUroxApY4Eloe+Prqd9+AKVFFN7hJAY3YMNQ+IIzNNK93097CE+YQuBlWb9csWv2DHSZODmpkByNfvmrN4h4EkCIXDKtu44do5syhYJLyEq9REPM+JgNoWtoyALQbjpLndGqUQbUj5SZEOlM/X2RskDriclFqwHDkV70puJ/XjdB/8pNRRgnCCGfP+QnkmJEpxXQgVDAUU4MYVwJk5XyEVOMoymqZEpwFr+8TFqnNeeidn57Vqmf5XUUyRE5JifEIZekTm5IgzQJJ4o8k1fyZj1aL9a79TFfLVj5zSH5A+vzB12ikww=</latexit>

femb

<latexit sha1_base64="AA9EfA4e/mY+DpdOk75z1QAiTnw=">AAAB9XicbVDJSgNBFOyJW4xb1KOXxhDwFGbE7Rjw4jGCWSAZQ0/nTdKkZ6H7jRqG+Q8vHhTx6r9482/sJHPQxIIHRdV7dHV5sRQabfvbKqysrq1vFDdLW9s7u3vl/YOWjhLFockjGamOxzRIEUITBUroxApY4Eloe+Prqd9+AKVFFN7hJAY3YMNQ+IIzNNK93097CE+YQuBlWb9csWv2DHSZODmpkByNfvmrN4h4EkCIXDKtu44do5syhYJLyEq9REPM+JgNoWtoyALQbjpLndGqUQbUj5SZEOlM/X2RskDriclFqwHDkV70puJ/XjdB/8pNRRgnCCGfP+QnkmJEpxXQgVDAUU4MYVwJk5XyEVOMoymqZEpwFr+8TFqnNeeidn57Vqmf5XUUyRE5JifEIZekTm5IgzQJJ4o8k1fyZj1aL9a79TFfLVj5zSH5A+vzB12ikww=</latexit>

femb

<latexit sha1_base64="JBtSOgRtMyJT7DQ3S6D9Df/kcec=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRSP44FLx4r2FpoQ9lsNu3azW7YnRRK6X/w4kERr/4fb/4bt20O2vpg4PHeDDPzwlRwg5737RTW1jc2t4rbpZ3dvf2D8uFRy6hMU9akSijdDolhgkvWRI6CtVPNSBIK9hgOb2f+44hpw5V8wHHKgoT0JY85JWilVncUKTS9csWrenO4q8TPSQVyNHrlr26kaJYwiVQQYzq+l2IwIRo5FWxa6maGpYQOSZ91LJUkYSaYzK+dumdWidxYaVsS3bn6e2JCEmPGSWg7E4IDs+zNxP+8TobxTTDhMs2QSbpYFGfCReXOXncjrhlFMbaEUM3trS4dEE0o2oBKNgR/+eVV0rqo+lfVy/tapV7L4yjCCZzCOfhwDXW4gwY0gcITPMMrvDnKeXHenY9Fa8HJZ47hD5zPH8p5jz4=</latexit>...

<latexit sha1_base64="frJy6X5KsT5HjByIaqHVYAb9JzM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5JIfSwLblxWsA9oQ5hMJ+3QySTM3Ig15EvcuFDErZ/izr9x2mahrQcuHM65l3vvCRLBNTjOt1VaW9/Y3CpvV3Z29/ar9sFhR8epoqxNYxGrXkA0E1yyNnAQrJcoRqJAsG4wuZn53QemNI/lPUwT5kVkJHnIKQEj+XY19LMBsEfIQBGZ575dc+rOHHiVuAWpoQIt3/4aDGOaRkwCFUTrvusk4GVEAaeC5ZVBqllC6ISMWN9QSSKmvWx+eI5PjTLEYaxMScBz9fdERiKtp1FgOiMCY73szcT/vH4K4bWXcZmkwCRdLApTgSHGsxTwkCtGQUwNIVRxcyumY6IIBZNVxYTgLr+8SjrndfeyfnHXqDUbRRxldIxO0Bly0RVqolvUQm1EUYqe0St6s56sF+vd+li0lqxi5gj9gfX5A8Qwk8g=</latexit>

ftran

<latexit sha1_base64="frJy6X5KsT5HjByIaqHVYAb9JzM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5JIfSwLblxWsA9oQ5hMJ+3QySTM3Ig15EvcuFDErZ/izr9x2mahrQcuHM65l3vvCRLBNTjOt1VaW9/Y3CpvV3Z29/ar9sFhR8epoqxNYxGrXkA0E1yyNnAQrJcoRqJAsG4wuZn53QemNI/lPUwT5kVkJHnIKQEj+XY19LMBsEfIQBGZ575dc+rOHHiVuAWpoQIt3/4aDGOaRkwCFUTrvusk4GVEAaeC5ZVBqllC6ISMWN9QSSKmvWx+eI5PjTLEYaxMScBz9fdERiKtp1FgOiMCY73szcT/vH4K4bWXcZmkwCRdLApTgSHGsxTwkCtGQUwNIVRxcyumY6IIBZNVxYTgLr+8SjrndfeyfnHXqDUbRRxldIxO0Bly0RVqolvUQm1EUYqe0St6s56sF+vd+li0lqxi5gj9gfX5A8Qwk8g=</latexit>

ftran

<latexit sha1_base64="frJy6X5KsT5HjByIaqHVYAb9JzM=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5JIfSwLblxWsA9oQ5hMJ+3QySTM3Ig15EvcuFDErZ/izr9x2mahrQcuHM65l3vvCRLBNTjOt1VaW9/Y3CpvV3Z29/ar9sFhR8epoqxNYxGrXkA0E1yyNnAQrJcoRqJAsG4wuZn53QemNI/lPUwT5kVkJHnIKQEj+XY19LMBsEfIQBGZ575dc+rOHHiVuAWpoQIt3/4aDGOaRkwCFUTrvusk4GVEAaeC5ZVBqllC6ISMWN9QSSKmvWx+eI5PjTLEYaxMScBz9fdERiKtp1FgOiMCY73szcT/vH4K4bWXcZmkwCRdLApTgSHGsxTwkCtGQUwNIVRxcyumY6IIBZNVxYTgLr+8SjrndfeyfnHXqDUbRRxldIxO0Bly0RVqolvUQm1EUYqe0St6s56sF+vd+li0lqxi5gj9gfX5A8Qwk8g=</latexit>

ftran
<latexit sha1_base64="AA9EfA4e/mY+DpdOk75z1QAiTnw=">AAAB9XicbVDJSgNBFOyJW4xb1KOXxhDwFGbE7Rjw4jGCWSAZQ0/nTdKkZ6H7jRqG+Q8vHhTx6r9482/sJHPQxIIHRdV7dHV5sRQabfvbKqysrq1vFDdLW9s7u3vl/YOWjhLFockjGamOxzRIEUITBUroxApY4Eloe+Prqd9+AKVFFN7hJAY3YMNQ+IIzNNK93097CE+YQuBlWb9csWv2DHSZODmpkByNfvmrN4h4EkCIXDKtu44do5syhYJLyEq9REPM+JgNoWtoyALQbjpLndGqUQbUj5SZEOlM/X2RskDriclFqwHDkV70puJ/XjdB/8pNRRgnCCGfP+QnkmJEpxXQgVDAUU4MYVwJk5XyEVOMoymqZEpwFr+8TFqnNeeidn57Vqmf5XUUyRE5JifEIZekTm5IgzQJJ4o8k1fyZj1aL9a79TFfLVj5zSH5A+vzB12ikww=</latexit>

femb

<latexit sha1_base64="5OwXdYQrxjp4OieKBBd/cwQKTfs=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiTia1lw47KCfUAbwmQ6aYfOJGHmRi0xn+LGhSJu/RJ3/o3TNgttPXDhcM693HtPkAiuwXG+rdLK6tr6RnmzsrW9s7tnV/fbOk4VZS0ai1h1A6KZ4BFrAQfBuoliRAaCdYLx9dTv3DOleRzdwSRhniTDiIecEjCSb1dDP+sDe4QsUbFMIM99u+bUnRnwMnELUkMFmr791R/ENJUsAiqI1j3XScDLiAJOBcsr/VSzhNAxGbKeoRGRTHvZ7PQcHxtlgMNYmYoAz9TfExmRWk9kYDolgZFe9Kbif14vhfDKy3iUpMAiOl8UpgJDjKc54AFXjIKYGEKo4uZWTEdEEQomrYoJwV18eZm0T+vuRf389qzWOCviKKNDdIROkIsuUQPdoCZqIYoe0DN6RW/Wk/VivVsf89aSVcwcoD+wPn8Ag0KUyQ==</latexit>

fprompt

“Prompt Module” 
summarize info across channels

Stack 
vertically

Stack 
vertically

Stack 
vertically

<latexit sha1_base64="20H1s0Ftn/g/4LADZXnKYXTMC0U=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIfSwLblxWsA9sh5JJ77ShmcyQZIQy9C/cuFDErX/jzr8xbWehrQcCh3PuJeeeIBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJYPZpKgH9Gh5CFn1FjpsRdRMwrCrDHtlytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzRNPyZlVBiSMlX3SkLn6eyOjkdaTKLCTs4R62ZuJ/3nd1IQ3fsZlkhqUbPFRmApiYjI7nwy4QmbExBLKFLdZCRtRRZmxJZVsCd7yyaukdVH1rqqX97VKvZbXUYQTOIVz8OAa6nAHDWgCAwnP8ApvjnZenHfnYzFacPKdY/gD5/MHv3uQ8A==</latexit>

P 2D array 
  by  
<latexit sha1_base64="KlaS+zXyc1kIzQBXlpMrXrdEIb0=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GmbqtHV2hW4ENxXsA9qhZDKZNjSTjElGKKU/4caFIm79HXf+jelDUNEDFw7n3Mu994Qpo0o7zoeVW1vf2NzKbxd2dvf2D4qHR20lMolJCwsmZDdEijDKSUtTzUg3lQQlISOdcNyY+517IhUV/FZPUhIkaMhpTDHSRuo2+jgSGl4PiiXHrnm+W65Ax75wfc/3DHFcv+p50LWdBUpgheag+N6PBM4SwjVmSKme66Q6mCKpKWZkVuhniqQIj9GQ9AzlKCEqmC7uncEzo0QwFtIU13Chfp+YokSpSRKazgTpkfrtzcW/vF6m48tgSnmaacLxclGcMagFnD8PIyoJ1mxiCMKSmlshHiGJsDYRFUwIX5/C/0m7bLtVu3LjlereKo48OAGn4By4oAbq4Ao0QQtgwMADeALP1p31aL1Yr8vWnLWaOQY/YL19Ast5j8w=</latexit>

C ·K
<latexit sha1_base64="eE1XKsNBO6fE5iDI69ovVXYkweQ=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GmbiJHFuAT14TMAskAyhp1OTtOlZ6O4RwpAv8OJBEa9+kjf/xs4iqOiDgsd7VVTV8xPOpLKsDyO3tr6xuZXfLuzs7u0fFA+P2jJOBYUWjXksuj6RwFkELcUUh24igIQ+h44/uZr7nXsQksXRrZom4IVkFLGAUaK01LweFEuWWXNcu1zBlnlhu47raGLZbtVxsG1aC5TQCo1B8b0/jGkaQqQoJ1L2bCtRXkaEYpTDrNBPJSSETsgIeppGJATpZYtDZ/hMK0McxEJXpPBC/T6RkVDKaejrzpCosfztzcW/vF6qgksvY1GSKojoclGQcqxiPP8aD5kAqvhUE0IF07diOiaCUKWzKegQvj7F/5N22bSrZqXplOrOKo48OkGn6BzZqIbq6AY1UAtRBOgBPaFn4854NF6M12VrzljNHKMfMN4+AQ1GjRY=</latexit>

D

output of Prompt Module 
is called the “prompt”  

<latexit sha1_base64="20H1s0Ftn/g/4LADZXnKYXTMC0U=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIfSwLblxWsA9sh5JJ77ShmcyQZIQy9C/cuFDErX/jzr8xbWehrQcCh3PuJeeeIBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJYPZpKgH9Gh5CFn1FjpsRdRMwrCrDHtlytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzRNPyZlVBiSMlX3SkLn6eyOjkdaTKLCTs4R62ZuJ/3nd1IQ3fsZlkhqUbPFRmApiYjI7nwy4QmbExBLKFLdZCRtRRZmxJZVsCd7yyaukdVH1rqqX97VKvZbXUYQTOIVz8OAa6nAHDWgCAwnP8ApvjnZenHfnYzFacPKdY/gD5/MHv3uQ8A==</latexit>

P

  = hyperparameter 
    (controls prompt size)

<latexit sha1_base64="GGPePagNMIqtiudpp5JeHxYONEg=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GmbiJHFuAS+ClwTMAskQejo1SZuehe4eIQz5Ai8eFPHqJ3nzb+wsgoo+KHi8V0VVPT/hTCrL+jBya+sbm1v57cLO7t7+QfHwqC3jVFBo0ZjHousTCZxF0FJMcegmAkjoc+j4k6u537kHIVkc3appAl5IRhELGCVKS82bQbFkmTXHtcsVbJkXtuu4jiaW7VYdB9umtUAJrdAYFN/7w5imIUSKciJlz7YS5WVEKEY5zAr9VEJC6ISMoKdpREKQXrY4dIbPtDLEQSx0RQov1O8TGQmlnIa+7gyJGsvf3lz8y+ulKrj0MhYlqYKILhcFKccqxvOv8ZAJoIpPNSFUMH0rpmMiCFU6m4IO4etT/D9pl027alaaTqnurOLIoxN0is6RjWqojq5RA7UQRYAe0BN6Nu6MR+PFeF225ozVzDH6AePtExfijR0=</latexit>

K

<latexit sha1_base64="H/BAGvVp2WX2ah48DAAhZMA698Y=">AAACJXicbVDLSgMxFM3UV62vqks3wSLUTZmR+li4KIjgsoJ9QKeUTHqnDc1khiQjlqE/48ZfcePCIoIrf8W0HYq2HgicnHNvcu/xIs6Utu0vK7Oyura+kd3MbW3v7O7l9w/qKowlhRoNeSibHlHAmYCaZppDM5JAAo9DwxvcTPzGI0jFQvGghxG0A9ITzGeUaCN18teuBz0mEi8gWrKnUc41pO/5SXWEXXd+ux11kqJzamwQ3XlxJ1+wS/YUeJk4KSmgFNVOfux2QxoHIDTlRKmWY0e6nRCpGeVgXo8VRIQOSA9ahgoSgGon0y1H+MQoXeyH0hyh8VT93ZGQQKlh4JnKydRq0ZuI/3mtWPtX7YSJKNYg6OwjP+ZYh3gSGe4yCVTzoSGESmZmxbRPJKHaBJszITiLKy+T+lnJuSid35cLlXIaRxYdoWNURA66RBV0h6qohih6Rq/oHY2tF+vN+rA+Z6UZK+05RH9gff8AXlClwQ==</latexit>
P

E(1)

�<latexit sha1_base64="XpoPvphKgZCYtuaK2OMvmYbQf1o=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBHqpiRSH8uCCC4r2Ae0IUymk3boZBJmJoUS+iduXCji1j9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zba2tb2xubZd2yrt7+weH9tFxW8WpJLRFYh7LboAV5UzQlmaa024iKY4CTjvB+C73OxMqFYvFk54m1IvwULCQEayN5Nt2P8J6FITZ/czPqu7FzLcrTs2ZA60StyAVKND07a/+ICZpRIUmHCvVc51EexmWmhFOZ+V+qmiCyRgPac9QgSOqvGyefIbOjTJAYSzNExrN1d8bGY6UmkaBmcxzqmUvF//zeqkOb72MiSTVVJDFoTDlSMcorwENmKRE86khmEhmsiIywhITbcoqmxLc5S+vkvZlzb2uXT3WK416UUcJTuEMquDCDTTgAZrQAgITeIZXeLMy68V6tz4Wo2tWsXMCf2B9/gDuppMr</latexit>

E(1)

<latexit sha1_base64="b30Ov66QQoMkr7g1aYpZhXBiATo=">AAACJXicbVDLSgMxFM34rPU16tJNsAh1U2ZKfSxcFERwWcE+oFNKJr3ThmYyQ5IRy9CfceOvuHFhEcGVv2L6oGjrgcDJOfcm9x4/5kxpx/myVlbX1jc2M1vZ7Z3dvX374LCmokRSqNKIR7LhEwWcCahqpjk0Ygkk9DnU/f7N2K8/glQsEg96EEMrJF3BAkaJNlLbvvZ86DKR+iHRkj0Ns54hPT9IK0PsefPb7bCd5otnxgbRmRe37ZxTcCbAy8SdkRyaodK2R14nokkIQlNOlGq6TqxbKZGaUQ7m9URBTGifdKFpqCAhqFY62XKIT43SwUEkzREaT9TfHSkJlRqEvqkcT60WvbH4n9dMdHDVSpmIEw2CTj8KEo51hMeR4Q6TQDUfGEKoZGZWTHtEEqpNsFkTgru48jKpFQvuReH8vpQrl2ZxZNAxOkF55KJLVEZ3qIKqiKJn9Ire0ch6sd6sD+tzWrpizXqO0B9Y3z9f5KXC</latexit>
P

E(2)

�<latexit sha1_base64="uls+6JiiHx3eQW9KpivXFSSpV5k=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyUp9bEsiOCygn1AG8JkOmmHTh7MTAol5E/cuFDErX/izr9x0mahrQcGDufcyz1zvJgzqSzr2yhtbG5t75R3K3v7B4dH5vFJV0aJILRDIh6Jvocl5SykHcUUp/1YUBx4nPa86V3u92ZUSBaFT2oeUyfA45D5jGClJdc0hwFWE89P7zM3rTUuM9esWnVrAbRO7IJUoUDbNb+Go4gkAQ0V4VjKgW3FykmxUIxwmlWGiaQxJlM8pgNNQxxQ6aSL5Bm60MoI+ZHQL1Roof7eSHEg5Tzw9GSeU656ufifN0iUf+ukLIwTRUOyPOQnHKkI5TWgEROUKD7XBBPBdFZEJlhgonRZFV2CvfrlddJt1O3r+tVjs9pqFnWU4QzOoQY23EALHqANHSAwg2d4hTcjNV6Md+NjOVoyip1T+APj8wfwLJMs</latexit>

E(2)

<latexit sha1_base64="FAKi4BYwHLAbVeYD304Z6Gg+nc4=">AAAB+XicbVDLSsNAFL2pr1pfUZdugkWom5JIfSwLRXBZwT6gDWEynbRDJ5MwMymUkD9x40IRt/6JO//GSZuFth4YOJxzL/fM8WNGpbLtb6O0sbm1vVPereztHxwemccnXRklApMOjlgk+j6ShFFOOooqRvqxICj0Gen501bu92ZESBrxJzWPiRuiMacBxUhpyTPNYYjUxA/S+8xLa63LzDOrdt1ewFonTkGqUKDtmV/DUYSTkHCFGZJy4NixclMkFMWMZJVhIkmM8BSNyUBTjkIi3XSRPLMutDKygkjox5W1UH9vpCiUch76ejLPKVe9XPzPGyQquHNTyuNEEY6Xh4KEWSqy8hqsERUEKzbXBGFBdVYLT5BAWOmyKroEZ/XL66R7VXdu6tePjWqzUdRRhjM4hxo4cAtNeIA2dADDDJ7hFd6M1Hgx3o2P5WjJKHZO4Q+Mzx8KIZM9</latexit>

E(C)
<latexit sha1_base64="10nDXOHTToxhBxhVQaqFuKbEqxs=">AAACJXicbVDLSgMxFM34rPVVdekmWIS6KTNSHwsXhSK4rGAf0Cklk95pQzOZIcmIZejPuPFX3LiwiODKXzFth6KtBwIn59yb3Hu8iDOlbfvLWlldW9/YzGxlt3d29/ZzB4d1FcaSQo2GPJRNjyjgTEBNM82hGUkggceh4Q0qE7/xCFKxUDzoYQTtgPQE8xkl2kid3I3rQY+JxAuIluxplHUN6Xt+Uh1h153fbkedpFA5MzaI7ry4k8vbRXsKvEyclORRimonN3a7IY0DEJpyolTLsSPdTojUjHIwr8cKIkIHpActQwUJQLWT6ZYjfGqULvZDaY7QeKr+7khIoNQw8EzlZGq16E3E/7xWrP3rdsJEFGsQdPaRH3OsQzyJDHeZBKr50BBCJTOzYtonklBtgs2aEJzFlZdJ/bzoXBYv7kv5cimNI4OO0QkqIAddoTK6Q1VUQxQ9o1f0jsbWi/VmfVifs9IVK+05Qn9gff8Aeril0w==</latexit>
P

E(C)

�

2D array 
  by  
<latexit sha1_base64="kAwiEg1Lh7Eac9YN05i19LmdRco=">AAAB6HicdVDLSgMxFL1TX7W+qi7dBIvgapip09bZFdy4bME+oB0kk2ba2ExmSDJCKf0CNy4UcesnufNvTB+Cih4IHM45l9x7wpQzpR3nw8qtrW9sbuW3Czu7e/sHxcOjtkoySWiLJDyR3RArypmgLc00p91UUhyHnHbC8dXc79xTqVgibvQkpUGMh4JFjGBtpGbjtlhy7Jrnu+UKcuwL1/d8zxDH9aueh1zbWaAEK5j8e3+QkCymQhOOleq5TqqDKZaaEU5nhX6maIrJGA9pz1CBY6qC6WLRGTozygBFiTRPaLRQv09McazUJA5NMsZ6pH57c/Evr5fp6DKYMpFmmgqy/CjKONIJml+NBkxSovnEEEwkM7siMsISE226KZgSvi5F/5N22XardqXplereqo48nMApnIMLNajDNTSgBQQoPMATPFt31qP1Yr0uozlrNXMMP2C9fQIfdo0i</latexit>

P
<latexit sha1_base64="eE1XKsNBO6fE5iDI69ovVXYkweQ=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GmbiJHFuAT14TMAskAyhp1OTtOlZ6O4RwpAv8OJBEa9+kjf/xs4iqOiDgsd7VVTV8xPOpLKsDyO3tr6xuZXfLuzs7u0fFA+P2jJOBYUWjXksuj6RwFkELcUUh24igIQ+h44/uZr7nXsQksXRrZom4IVkFLGAUaK01LweFEuWWXNcu1zBlnlhu47raGLZbtVxsG1aC5TQCo1B8b0/jGkaQqQoJ1L2bCtRXkaEYpTDrNBPJSSETsgIeppGJATpZYtDZ/hMK0McxEJXpPBC/T6RkVDKaejrzpCosfztzcW/vF6qgksvY1GSKojoclGQcqxiPP8aD5kAqvhUE0IF07diOiaCUKWzKegQvj7F/5N22bSrZqXplOrOKo48OkGn6BzZqIbq6AY1UAtRBOgBPaFn4854NF6M12VrzljNHKMfMN4+AQ1GjRY=</latexit>

D

2D array 
  by  
<latexit sha1_base64="kAwiEg1Lh7Eac9YN05i19LmdRco=">AAAB6HicdVDLSgMxFL1TX7W+qi7dBIvgapip09bZFdy4bME+oB0kk2ba2ExmSDJCKf0CNy4UcesnufNvTB+Cih4IHM45l9x7wpQzpR3nw8qtrW9sbuW3Czu7e/sHxcOjtkoySWiLJDyR3RArypmgLc00p91UUhyHnHbC8dXc79xTqVgibvQkpUGMh4JFjGBtpGbjtlhy7Jrnu+UKcuwL1/d8zxDH9aueh1zbWaAEK5j8e3+QkCymQhOOleq5TqqDKZaaEU5nhX6maIrJGA9pz1CBY6qC6WLRGTozygBFiTRPaLRQv09McazUJA5NMsZ6pH57c/Evr5fp6DKYMpFmmgqy/CjKONIJml+NBkxSovnEEEwkM7siMsISE226KZgSvi5F/5N22XardqXplereqo48nMApnIMLNajDNTSgBQQoPMATPFt31qP1Yr0uozlrNXMMP2C9fQIfdo0i</latexit>

P
<latexit sha1_base64="eE1XKsNBO6fE5iDI69ovVXYkweQ=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GmbiJHFuAT14TMAskAyhp1OTtOlZ6O4RwpAv8OJBEa9+kjf/xs4iqOiDgsd7VVTV8xPOpLKsDyO3tr6xuZXfLuzs7u0fFA+P2jJOBYUWjXksuj6RwFkELcUUh24igIQ+h44/uZr7nXsQksXRrZom4IVkFLGAUaK01LweFEuWWXNcu1zBlnlhu47raGLZbtVxsG1aC5TQCo1B8b0/jGkaQqQoJ1L2bCtRXkaEYpTDrNBPJSSETsgIeppGJATpZYtDZ/hMK0McxEJXpPBC/T6RkVDKaejrzpCosfztzcW/vF6qgksvY1GSKojoclGQcqxiPP8aD5kAqvhUE0IF07diOiaCUKWzKegQvj7F/5N22bSrZqXplOrOKo48OkGn6BzZqIbq6AY1UAtRBOgBPaFn4854NF6M12VrzljNHKMfMN4+AQ1GjRY=</latexit>

D

2D array 
  by  
<latexit sha1_base64="kAwiEg1Lh7Eac9YN05i19LmdRco=">AAAB6HicdVDLSgMxFL1TX7W+qi7dBIvgapip09bZFdy4bME+oB0kk2ba2ExmSDJCKf0CNy4UcesnufNvTB+Cih4IHM45l9x7wpQzpR3nw8qtrW9sbuW3Czu7e/sHxcOjtkoySWiLJDyR3RArypmgLc00p91UUhyHnHbC8dXc79xTqVgibvQkpUGMh4JFjGBtpGbjtlhy7Jrnu+UKcuwL1/d8zxDH9aueh1zbWaAEK5j8e3+QkCymQhOOleq5TqqDKZaaEU5nhX6maIrJGA9pz1CBY6qC6WLRGTozygBFiTRPaLRQv09McazUJA5NMsZ6pH57c/Evr5fp6DKYMpFmmgqy/CjKONIJml+NBkxSovnEEEwkM7siMsISE226KZgSvi5F/5N22XardqXplereqo48nMApnIMLNajDNTSgBQQoPMATPFt31qP1Yr0uozlrNXMMP2C9fQIfdo0i</latexit>

P
<latexit sha1_base64="eE1XKsNBO6fE5iDI69ovVXYkweQ=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GmbiJHFuAT14TMAskAyhp1OTtOlZ6O4RwpAv8OJBEa9+kjf/xs4iqOiDgsd7VVTV8xPOpLKsDyO3tr6xuZXfLuzs7u0fFA+P2jJOBYUWjXksuj6RwFkELcUUh24igIQ+h44/uZr7nXsQksXRrZom4IVkFLGAUaK01LweFEuWWXNcu1zBlnlhu47raGLZbtVxsG1aC5TQCo1B8b0/jGkaQqQoJ1L2bCtRXkaEYpTDrNBPJSSETsgIeppGJATpZYtDZ/hMK0McxEJXpPBC/T6RkVDKaejrzpCosfztzcW/vF6qgksvY1GSKojoclGQcqxiPP8aD5kAqvhUE0IF07diOiaCUKWzKegQvj7F/5N22bSrZqXplOrOKo48OkGn6BzZqIbq6AY1UAtRBOgBPaFn4854NF6M12VrzljNHKMfMN4+AQ1GjRY=</latexit>

D

Behaves like adding   initial fictitious patches as a prefix
<latexit sha1_base64="hJD5xn6ZDYxGZl9ST8BeqR7Vt20=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKfBwDuQheIpgHJEuYnZ1NhszOrDOzQljyE148KOLV3/Hm3zhJ9qCJBQ1FVTfdXUHCmTau++0U1tY3NreK26Wd3b39g/LhUVvLVBHaIpJL1Q2wppwJ2jLMcNpNFMVxwGknGDdmfueJKs2keDCThPoxHgoWMYKNlbqNPgmlQXeDcsWtunOgVeLlpAI5moPyVz+UJI2pMIRjrXuemxg/w8owwum01E81TTAZ4yHtWSpwTLWfze+dojOrhCiSypYwaK7+nshwrPUkDmxnjM1IL3sz8T+vl5roxs+YSFJDBVksilKOjESz51HIFCWGTyzBRDF7KyIjrDAxNqKSDcFbfnmVtC+q3lX18r5WqdfyOIpwAqdwDh5cQx1uoQktIMDhGV7hzXl0Xpx352PRWnDymWP4A+fzB1S1j3o=</latexit>

C ·K

Drop first 
  rows
<latexit sha1_base64="hJD5xn6ZDYxGZl9ST8BeqR7Vt20=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKfBwDuQheIpgHJEuYnZ1NhszOrDOzQljyE148KOLV3/Hm3zhJ9qCJBQ1FVTfdXUHCmTau++0U1tY3NreK26Wd3b39g/LhUVvLVBHaIpJL1Q2wppwJ2jLMcNpNFMVxwGknGDdmfueJKs2keDCThPoxHgoWMYKNlbqNPgmlQXeDcsWtunOgVeLlpAI5moPyVz+UJI2pMIRjrXuemxg/w8owwum01E81TTAZ4yHtWSpwTLWfze+dojOrhCiSypYwaK7+nshwrPUkDmxnjM1IL3sz8T+vl5roxs+YSFJDBVksilKOjESz51HIFCWGTyzBRDF7KyIjrDAxNqKSDcFbfnmVtC+q3lX18r5WqdfyOIpwAqdwDh5cQx1uoQktIMDhGV7hzXl0Xpx352PRWnDymWP4A+fzB1S1j3o=</latexit>

C ·K

New 
prediction 

head

Drop first 
  rows
<latexit sha1_base64="hJD5xn6ZDYxGZl9ST8BeqR7Vt20=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKfBwDuQheIpgHJEuYnZ1NhszOrDOzQljyE148KOLV3/Hm3zhJ9qCJBQ1FVTfdXUHCmTau++0U1tY3NreK26Wd3b39g/LhUVvLVBHaIpJL1Q2wppwJ2jLMcNpNFMVxwGknGDdmfueJKs2keDCThPoxHgoWMYKNlbqNPgmlQXeDcsWtunOgVeLlpAI5moPyVz+UJI2pMIRjrXuemxg/w8owwum01E81TTAZ4yHtWSpwTLWfze+dojOrhCiSypYwaK7+nshwrPUkDmxnjM1IL3sz8T+vl5roxs+YSFJDBVksilKOjESz51HIFCWGTyzBRDF7KyIjrDAxNqKSDcFbfnmVtC+q3lX18r5WqdfyOIpwAqdwDh5cQx1uoQktIMDhGV7hzXl0Xpx352PRWnDymWP4A+fzB1S1j3o=</latexit>

C ·K

Drop first 
  rows
<latexit sha1_base64="hJD5xn6ZDYxGZl9ST8BeqR7Vt20=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKfBwDuQheIpgHJEuYnZ1NhszOrDOzQljyE148KOLV3/Hm3zhJ9qCJBQ1FVTfdXUHCmTau++0U1tY3NreK26Wd3b39g/LhUVvLVBHaIpJL1Q2wppwJ2jLMcNpNFMVxwGknGDdmfueJKs2keDCThPoxHgoWMYKNlbqNPgmlQXeDcsWtunOgVeLlpAI5moPyVz+UJI2pMIRjrXuemxg/w8owwum01E81TTAZ4yHtWSpwTLWfze+dojOrhCiSypYwaK7+nshwrPUkDmxnjM1IL3sz8T+vl5roxs+YSFJDBVksilKOjESz51HIFCWGTyzBRDF7KyIjrDAxNqKSDcFbfnmVtC+q3lX18r5WqdfyOIpwAqdwDh5cQx1uoQktIMDhGV7hzXl0Xpx352PRWnDymWP4A+fzB1S1j3o=</latexit>

C ·K

• The prompt   is a summary across channels that we attach as a prefix to each 
channel’s embedding representation 

• The prompt is learned through Prompt Module 
• Can be any neural net for sequential data (eg., transformer, RNN, …) 
• If Prompt Module does not depend on inputs: get standard Prompt Tuning 
• If prompt size hyperparameter   : get standard linear probing 

• Only the Prompt Module and prediction head need to be trained 🔥

<latexit sha1_base64="F9KJ3YHfqO2+mnYCi7RSxOPD2g0=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr5UU3LisYB/YlpJJ77ShmcyQZIQy9C/cuFDErX/jzr8x085CWw8EDufcS849fiy4Nq777RRWVtfWN4qbpa3tnd298v5BU0eJYthgkYhU26caBZfYMNwIbMcKaegLbPnj28xvPaHSPJIPZhJjL6RDyQPOqLHSYzekZuQHaX3aL1fcqjsDWSZeTiqQo94vf3UHEUtClIYJqnXHc2PTS6kynAmclrqJxpiyMR1ix1JJQ9S9dJZ4Sk6sMiBBpOyThszU3xspDbWehL6dzBLqRS8T//M6iQmueymXcWJQsvlHQSKIiUh2PhlwhcyIiSWUKW6zEjaiijJjSyrZErzFk5dJ86zqXVYv7s8rtZu8jiIcwTGcggdXUIM7qEMDGEh4hld4c7Tz4rw7H/PRgpPvHMIfOJ8/wn2Q+g==</latexit>

P

<latexit sha1_base64="kbAVlO80ZoMHlDQMXqe1494nftw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sS8CJ4iWgekCxhdtJJhszOLjOzQljyCV48KOLVL/Lm3zhJ9qCJBQ1FVTfdXUEsuDau++3klpZXVtfy64WNza3tneLuXl1HiWJYY5GIVDOgGgWXWDPcCGzGCmkYCGwEw5uJ33hCpXkkH80oRj+kfcl7nFFjpYe7K7dTLLlldwqySLyMlCBDtVP8ancjloQoDRNU65bnxsZPqTKcCRwX2onGmLIh7WPLUklD1H46PXVMjqzSJb1I2ZKGTNXfEykNtR6Fge0MqRnoeW8i/ue1EtO79FMu48SgZLNFvUQQE5HJ36TLFTIjRpZQpri9lbABVZQZm07BhuDNv7xI6idl77x8dn9aqlxnceThAA7hGDy4gArcQhVqwKAPz/AKb45wXpx352PWmnOymX34A+fzB5PxjVY=</latexit>

K = 0

🔥
❄

❄

❄

<latexit sha1_base64="JBtSOgRtMyJT7DQ3S6D9Df/kcec=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRSP44FLx4r2FpoQ9lsNu3azW7YnRRK6X/w4kERr/4fb/4bt20O2vpg4PHeDDPzwlRwg5737RTW1jc2t4rbpZ3dvf2D8uFRy6hMU9akSijdDolhgkvWRI6CtVPNSBIK9hgOb2f+44hpw5V8wHHKgoT0JY85JWilVncUKTS9csWrenO4q8TPSQVyNHrlr26kaJYwiVQQYzq+l2IwIRo5FWxa6maGpYQOSZ91LJUkYSaYzK+dumdWidxYaVsS3bn6e2JCEmPGSWg7E4IDs+zNxP+8TobxTTDhMs2QSbpYFGfCReXOXncjrhlFMbaEUM3trS4dEE0o2oBKNgR/+eVV0rqo+lfVy/tapV7L4yjCCZzCOfhwDXW4gwY0gcITPMMrvDnKeXHenY9Fa8HJZ47hD5zPH8p5jz4=</latexit>...
<latexit sha1_base64="JBtSOgRtMyJT7DQ3S6D9Df/kcec=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRSP44FLx4r2FpoQ9lsNu3azW7YnRRK6X/w4kERr/4fb/4bt20O2vpg4PHeDDPzwlRwg5737RTW1jc2t4rbpZ3dvf2D8uFRy6hMU9akSijdDolhgkvWRI6CtVPNSBIK9hgOb2f+44hpw5V8wHHKgoT0JY85JWilVncUKTS9csWrenO4q8TPSQVyNHrlr26kaJYwiVQQYzq+l2IwIRo5FWxa6maGpYQOSZ91LJUkYSaYzK+dumdWidxYaVsS3bn6e2JCEmPGSWg7E4IDs+zNxP+8TobxTTDhMs2QSbpYFGfCReXOXncjrhlFMbaEUM3trS4dEE0o2oBKNgR/+eVV0rqo+lfVy/tapV7L4yjCCZzCOfhwDXW4gwY0gcITPMMrvDnKeXHenY9Fa8HJZ47hD5zPH8p5jz4=</latexit>...

<latexit sha1_base64="JBtSOgRtMyJT7DQ3S6D9Df/kcec=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRSP44FLx4r2FpoQ9lsNu3azW7YnRRK6X/w4kERr/4fb/4bt20O2vpg4PHeDDPzwlRwg5737RTW1jc2t4rbpZ3dvf2D8uFRy6hMU9akSijdDolhgkvWRI6CtVPNSBIK9hgOb2f+44hpw5V8wHHKgoT0JY85JWilVncUKTS9csWrenO4q8TPSQVyNHrlr26kaJYwiVQQYzq+l2IwIRo5FWxa6maGpYQOSZ91LJUkYSaYzK+dumdWidxYaVsS3bn6e2JCEmPGSWg7E4IDs+zNxP+8TobxTTDhMs2QSbpYFGfCReXOXncjrhlFMbaEUM3trS4dEE0o2oBKNgR/+eVV0rqo+lfVy/tapV7L4yjCCZzCOfhwDXW4gwY0gcITPMMrvDnKeXHenY9Fa8HJZ47hD5zPH8p5jz4=</latexit>...
<latexit sha1_base64="JBtSOgRtMyJT7DQ3S6D9Df/kcec=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRSP44FLx4r2FpoQ9lsNu3azW7YnRRK6X/w4kERr/4fb/4bt20O2vpg4PHeDDPzwlRwg5737RTW1jc2t4rbpZ3dvf2D8uFRy6hMU9akSijdDolhgkvWRI6CtVPNSBIK9hgOb2f+44hpw5V8wHHKgoT0JY85JWilVncUKTS9csWrenO4q8TPSQVyNHrlr26kaJYwiVQQYzq+l2IwIRo5FWxa6maGpYQOSZ91LJUkYSaYzK+dumdWidxYaVsS3bn6e2JCEmPGSWg7E4IDs+zNxP+8TobxTTDhMs2QSbpYFGfCReXOXncjrhlFMbaEUM3trS4dEE0o2oBKNgR/+eVV0rqo+lfVy/tapV7L4yjCCZzCOfhwDXW4gwY0gcITPMMrvDnKeXHenY9Fa8HJZ47hD5zPH8p5jz4=</latexit>...

❄

❄

❄

🔥

<latexit sha1_base64="XL7tdFCHuZhWboMqI6SZIDSfLDA=">AAAB+nicbVDLSsNAFJ34rPWV6tJNsAiuSiK+VlJw47KCfUAbwmQ6aYdOMsPMjVpiPsWNC0Xc+iXu/BunbRbaeuDC4Zx7ufeeUHKmwXW/raXlldW19dJGeXNre2fXruy1tEgVoU0iuFCdEGvKWUKbwIDTjlQUxyGn7XB0PfHb91RpJpI7GEvqx3iQsIgRDEYK7EoUZD2gj5BJJWIJeR7YVbfmTuEsEq8gVVSgEdhfvb4gaUwTIBxr3fVcCX6GFTDCaV7upZpKTEZ4QLuGJjim2s+mp+fOkVH6TiSUqQScqfp7IsOx1uM4NJ0xhqGe9ybif143hejSz1giU6AJmS2KUu6AcCY5OH2mKAE+NgQTxcytDhlihQmYtMomBG/+5UXSOql557Wz29Nq/aqIo4QO0CE6Rh66QHV0gxqoiQh6QM/oFb1ZT9aL9W59zFqXrGJmH/2B9fkDhkSU0w==</latexit>

fprompt
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Generalized Prompt Tuning: Adapting Frozen Univariate 
Time Series Foundation Models for Multivariate 

Healthcare Time Series

We call this “linear probing”
Example models: 

MOMENT, GPT4TS, …

Experimental Results

Model Fine-Tuning Method AUROC AUPRC
MOMENT Full 0.687 ± 0.020 0.255 ± 0.038

LoRA 0.720 ± 0.019 0.272 ± 0.025
Linear Probing 0.730 ± 0.035 0.260 ± 0.018
Prompt Tuning 0.724 ± 0.035 0.274 ± 0.020
Gen-P-Tuning 0.754 ± 0.021 0.292 ± 0.026

GPT4TS Full 0.743 ± 0.018 0.309 ± 0.023
LoRA 0.708 ± 0.056 0.254 ± 0.024

Linear Probing 0.737 ± 0.033 0.265 ± 0.037
Prompt Tuning 0.689 ± 0.062 0.236 ± 0.022
Gen-P-Tuning 0.708 ± 0.025 0.255 ± 0.038

STraTS N/A 0.601 ± 0.039 0.159 ± 0.039

MIMIC Mortality Classification
Model Fine-Tuning Method AUROC AUPRC

MOMENT Full 0.643 ± 0.019 0.276 ± 0.021
LoRA 0.640 ± 0.025 0.273 ± 0.027

Linear Probing 0.631 ± 0.026 0.264 ± 0.022
Prompt Tuning 0.634 ± 0.012 0.268 ± 0.015
Gen-P-Tuning 0.666 ± 0.015 0.294 ± 0.012

GPT4TS Full 0.593 ± 0.014 0.234 ± 0.014
LoRA 0.596 ± 0.023 0.241 ± 0.015

Linear Probing 0.555 ± 0.016 0.213 ± 0.015
Prompt Tuning 0.581 ± 0.012 0.227 ± 0.014
Gen-P-Tuning 0.599 ± 0.010 0.231 ± 0.010

STraTS N/A 0.573 ± 0.020 0.217 ± 0.016

MIMIC Phenotype Classification
Model Fine-Tuning Method MSE

MOMENT Full 3.199 ± 0.102

LoRA 3.109 ± 0.021

Linear Probing 2.622 ± 0.036

Prompt Tuning 2.918 ± 0.047

Gen-P-Tuning 3.083 ± 0.080

GPT4TS Full 3.219 ± 0.093

LoRA 3.247 ± 0.337

Linear Probing 3.202 ± 0.303

Prompt Tuning 3.105 ± 0.429

Gen-P-Tuning 2.939 ± 0.378

Influenza-Like Illness Forecasting
For more detailed results, see the paper

Fine-Tuning Method
Model (# params) Full LoRA Linear Probing Prompt Tuning Gen-P-Tuning
MOMENT (342k) 100% 0.2% 0.1% 0.2% 0.2%
GPT4TS (61.0k) 100% 1.9% 0.2% 2.1% 2.7%

MIMIC Mortality # Trainable ParametersIn these tables, Gen-P-Tuning uses a nontrivial Prompt Module

Findings 
• Gen-P-Tuning often performs the best 
• Linear probing sometimes perform well, suggesting that channel-independence is sometimes sufficient 
• Keep in mind that Gen-P-Tuning includes linear probing and Prompt Tuning as special cases: 

can choose between special cases by tuning on a validation set

Can use multiple transformer layers 
(for simplicity, in this poster we use 1 transformer layer)


