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How should we schedule jobs to minimize delay?

2

T = response time

SRPT: minimizes E[T]Serve short jobs 
before long jobsMinimize E[T]?

shortest remaining 
processing time
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no single t value 
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Prior work: 
see [Boxma & Zwart, 2007] 
• 𝛾FCFS is optimal 
• 𝛾SRPT is pessimal

𝛾 = decay rate

𝛾FCFS > 𝛾SRPT

Observation:
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<latexit sha1_base64="Em8pNlox7unaFsJsfqKeNZEIqcE=">AAABoHicZU/LTsJAFL2DL8RX1aWbhm5YKGmJwZWGyIaFRkh4RVqb6XDBCdNHOlOjNvyCX+NW42/4N/LoBjmr87g3OceLBJfKNH9JbmNza3snv1vY2z84PNKOT7oyTGKGHRaKMO57VKLgAXYUVwL7UYzU9wT2vEl9nvdeMJY8DNrqLULHp+OAjzijama5Wslupm3Xjrh+o6upbkvu6/WFVk/phT2mvk/ncupqhlk2F9DXiZURAzI0XY3aw5AlPgaKCSrlwKpEyklprDgTOC3YicSIsgkd46DRvr9z0tfFnNVkiCOaCHWuj8JAXbPn2TvGTorvgnvzTtb/BuukWylb1XK1dWnUbn+W7fJwBkUogQVXUIMGNKEDDD7gE77gmxRJgzyQ1vI0R7JFp7AC8vgH2q9vyQ==</latexit>

P[T⇡ > t]⇠ C⇡ t��⇡
<latexit sha1_base64="CMfp/Vq1pmFWzOQrgJ+4lsJZCOs=">AAABonicZU/LTsJAFL2DL8RX1aWbRlwYo6QlBlcaIhtiNIHIK6G1mQ6XOmH6SGdq1IZ/8Gvcym/4N0Jhg5zVedybnONGgktlGL8kt7a+sbmV3y7s7O7tH2iHRx0ZJjHDNgtFGPdcKlHwANuKK4G9KEbquwK77qg2y7tvGEseBi31EaHtUy/gQ86omlqOdmE10pZjRVy/09VYtyT39Vqm8SW9sjzq+zSTauxoRaNkZNBXibkgRVig4WjUGoQs8TFQTFAp+2Y5UnZKY8WZwHHBSiRGlI2oh/166+nRTt+zQcvJAIc0EepSH4aBumWv03eM7RQ/BXdnncz/DVZJp1wyK6VK87pYvZ/M2+XhBE7hHEy4gSrUoQFtYPAF3/ADE3JGHkiTPM9Pc2Sx6BiWQKw/zrFwYg==</latexit>

P[T⇡ > t]⇠ C⇡e��⇡ t

10

Heavy-tailed sizes Light-tailed sizes
“S Pareto-ish” (regularly varying) “S exponential-ish or lighter” (class I)

<latexit sha1_base64="fjCiTjTuSMNVnYSAxvDWxei1l4I=">AAABnnicZY/JTgJBFEVf4YQ4tbp0U5HEuFDSTQiuNKiJYSERI1NCt6S6eECF6iFd1Ubt8Ad+jVtd+Bv+jUwb5Kxu3r0vudcNpVDaNH9JamV1bX0jvZnZ2t7Z3TP2DxoqiCOOdR7IIGq5TKEUPta10BJbYYTMcyU23eHtxG++YKRE4Nf0W4iOx/q+6AnO9PjUMU7savJEr6gaUVsJj15T2xti5Oe9mKrn5NxmMhywUcfImjlzCl0W1lxkYU61YzC7G/DYQ19zyZRqW/lQOwmLtOASRxk7VhgyPmR9bJdrlXsneZ2OWXS62GOx1Ge0F/j6kg/G7xg5Cb5L4U46Wf8bLItGPmcVc8XHQrZ08zNrl4YjOIZTsOACSlCGKtSBwwd8whd8E0ruSIU8zKIpMl90CAuQ1h9G4G6k</latexit>

P[S > s]⇠ As�↵
<latexit sha1_base64="8iT23gdaXU7ryEWTHBm1NjmpIJA=">AAABoHicZY/JTgJBFEVf4YQ4tbp0U4ENCyXdxOBKg7phoREiU6RbUl08oEL1kK5qo3b4Bb/Grcbf8G9k2iB3dfPufcm5biiF0qb5S1Jr6xubW+ntzM7u3v6BcXjUVEEccWzwQAZR22UKpfCxoYWW2A4jZJ4rseWObqd56wUjJQK/rt9CdDw28EVfcKYnp66Rt6vJI72iakxtJTx6TW1vhJFveTHF5+TMZjIcskncNXJmwZyJrhprYXKwULVrMLsX8NhDX3PJlOpYxVA7CYu04BLHGTtWGDI+YgPsVOr3d07yOpuznPSwz2KpT2k/8PUlH07eMXISfJfCnTJZ/wlWTbNYsEqFUu08V775mdOl4QSykAcLLqAMFahCAzh8wCd8wTfJkgp5ILV5NUUWi45hSeTpDzfcbzw=</latexit>

P[S > s]⇠ Ae�↵s



<latexit sha1_base64="Em8pNlox7unaFsJsfqKeNZEIqcE=">AAABoHicZU/LTsJAFL2DL8RX1aWbhm5YKGmJwZWGyIaFRkh4RVqb6XDBCdNHOlOjNvyCX+NW42/4N/LoBjmr87g3OceLBJfKNH9JbmNza3snv1vY2z84PNKOT7oyTGKGHRaKMO57VKLgAXYUVwL7UYzU9wT2vEl9nvdeMJY8DNrqLULHp+OAjzijama5Wslupm3Xjrh+o6upbkvu6/WFVk/phT2mvk/ncupqhlk2F9DXiZURAzI0XY3aw5AlPgaKCSrlwKpEyklprDgTOC3YicSIsgkd46DRvr9z0tfFnNVkiCOaCHWuj8JAXbPn2TvGTorvgnvzTtb/BuukWylb1XK1dWnUbn+W7fJwBkUogQVXUIMGNKEDDD7gE77gmxRJgzyQ1vI0R7JFp7AC8vgH2q9vyQ==</latexit>

P[T⇡ > t]⇠ C⇡ t��⇡
<latexit sha1_base64="CMfp/Vq1pmFWzOQrgJ+4lsJZCOs=">AAABonicZU/LTsJAFL2DL8RX1aWbRlwYo6QlBlcaIhtiNIHIK6G1mQ6XOmH6SGdq1IZ/8Gvcym/4N0Jhg5zVedybnONGgktlGL8kt7a+sbmV3y7s7O7tH2iHRx0ZJjHDNgtFGPdcKlHwANuKK4G9KEbquwK77qg2y7tvGEseBi31EaHtUy/gQ86omlqOdmE10pZjRVy/09VYtyT39Vqm8SW9sjzq+zSTauxoRaNkZNBXibkgRVig4WjUGoQs8TFQTFAp+2Y5UnZKY8WZwHHBSiRGlI2oh/166+nRTt+zQcvJAIc0EepSH4aBumWv03eM7RQ/BXdnncz/DVZJp1wyK6VK87pYvZ/M2+XhBE7hHEy4gSrUoQFtYPAF3/ADE3JGHkiTPM9Pc2Sx6BiWQKw/zrFwYg==</latexit>

P[T⇡ > t]⇠ C⇡e��⇡ t

10

Heavy-tailed sizes Light-tailed sizes
“S Pareto-ish” (regularly varying) “S exponential-ish or lighter” (class I)

<latexit sha1_base64="h8/IIE/Jy8CEIz1LDhrP4rhMRfQ=">AAAB1nicbZDLSsNAFIYn9VbrLerSzWBBXEhJitRVodhNFwoVeoNODJPpSTt0ciEzkdYQd+LWR3LhS/gKbvUB7A2k1n/1c/7vwH+OEwoulWF8aJm19Y3Nrex2bmd3b/9APzxqySCOGDRZIIKo41AJgvvQVFwJ6IQRUM8R0HaG1WnefoBI8sBvqHEIlkf7Pnc5o2oysvV70qeeR20ScnxWxkTBSCUEvHCQ9IDRMY6oghQHLk7xlCEkV/0PVpQLzAJfKuqrX97W80bBmAmvGnNh8mihuq1T0gtY7IGvmKBSds1iqKyERoozAWmOxBJCyoa0D91a4/bGSkazJywnPXBpLNQFdgNfldlgsg6RlcCj4E466WT+bbBqWsWCWSqU7i7zleu3ebssOkGn6ByZ6ApVUA3VURMx9I4+0Rf61jrak/asvczRjLa46BgtSXv9AfV6hZs=</latexit>

�⇡ = decay rate of ⇡
C⇡ = tail constant of ⇡

<latexit sha1_base64="fjCiTjTuSMNVnYSAxvDWxei1l4I=">AAABnnicZY/JTgJBFEVf4YQ4tbp0U5HEuFDSTQiuNKiJYSERI1NCt6S6eECF6iFd1Ubt8Ad+jVtd+Bv+jUwb5Kxu3r0vudcNpVDaNH9JamV1bX0jvZnZ2t7Z3TP2DxoqiCOOdR7IIGq5TKEUPta10BJbYYTMcyU23eHtxG++YKRE4Nf0W4iOx/q+6AnO9PjUMU7savJEr6gaUVsJj15T2xti5Oe9mKrn5NxmMhywUcfImjlzCl0W1lxkYU61YzC7G/DYQ19zyZRqW/lQOwmLtOASRxk7VhgyPmR9bJdrlXsneZ2OWXS62GOx1Ge0F/j6kg/G7xg5Cb5L4U46Wf8bLItGPmcVc8XHQrZ08zNrl4YjOIZTsOACSlCGKtSBwwd8whd8E0ruSIU8zKIpMl90CAuQ1h9G4G6k</latexit>

P[S > s]⇠ As�↵
<latexit sha1_base64="8iT23gdaXU7ryEWTHBm1NjmpIJA=">AAABoHicZY/JTgJBFEVf4YQ4tbp0U4ENCyXdxOBKg7phoREiU6RbUl08oEL1kK5qo3b4Bb/Grcbf8G9k2iB3dfPufcm5biiF0qb5S1Jr6xubW+ntzM7u3v6BcXjUVEEccWzwQAZR22UKpfCxoYWW2A4jZJ4rseWObqd56wUjJQK/rt9CdDw28EVfcKYnp66Rt6vJI72iakxtJTx6TW1vhJFveTHF5+TMZjIcskncNXJmwZyJrhprYXKwULVrMLsX8NhDX3PJlOpYxVA7CYu04BLHGTtWGDI+YgPsVOr3d07yOpuznPSwz2KpT2k/8PUlH07eMXISfJfCnTJZ/wlWTbNYsEqFUu08V775mdOl4QSykAcLLqAMFahCAzh8wCd8wTfJkgp5ILV5NUUWi45hSeTpDzfcbzw=</latexit>

P[S > s]⇠ Ae�↵s



<latexit sha1_base64="Em8pNlox7unaFsJsfqKeNZEIqcE=">AAABoHicZU/LTsJAFL2DL8RX1aWbhm5YKGmJwZWGyIaFRkh4RVqb6XDBCdNHOlOjNvyCX+NW42/4N/LoBjmr87g3OceLBJfKNH9JbmNza3snv1vY2z84PNKOT7oyTGKGHRaKMO57VKLgAXYUVwL7UYzU9wT2vEl9nvdeMJY8DNrqLULHp+OAjzijama5Wslupm3Xjrh+o6upbkvu6/WFVk/phT2mvk/ncupqhlk2F9DXiZURAzI0XY3aw5AlPgaKCSrlwKpEyklprDgTOC3YicSIsgkd46DRvr9z0tfFnNVkiCOaCHWuj8JAXbPn2TvGTorvgnvzTtb/BuukWylb1XK1dWnUbn+W7fJwBkUogQVXUIMGNKEDDD7gE77gmxRJgzyQ1vI0R7JFp7AC8vgH2q9vyQ==</latexit>

P[T⇡ > t]⇠ C⇡ t��⇡
<latexit sha1_base64="CMfp/Vq1pmFWzOQrgJ+4lsJZCOs=">AAABonicZU/LTsJAFL2DL8RX1aWbRlwYo6QlBlcaIhtiNIHIK6G1mQ6XOmH6SGdq1IZ/8Gvcym/4N0Jhg5zVedybnONGgktlGL8kt7a+sbmV3y7s7O7tH2iHRx0ZJjHDNgtFGPdcKlHwANuKK4G9KEbquwK77qg2y7tvGEseBi31EaHtUy/gQ86omlqOdmE10pZjRVy/09VYtyT39Vqm8SW9sjzq+zSTauxoRaNkZNBXibkgRVig4WjUGoQs8TFQTFAp+2Y5UnZKY8WZwHHBSiRGlI2oh/166+nRTt+zQcvJAIc0EepSH4aBumWv03eM7RQ/BXdnncz/DVZJp1wyK6VK87pYvZ/M2+XhBE7hHEy4gSrUoQFtYPAF3/ADE3JGHkiTPM9Pc2Sx6BiWQKw/zrFwYg==</latexit>

P[T⇡ > t]⇠ C⇡e��⇡ t

10

Heavy-tailed sizes Light-tailed sizes
“S Pareto-ish” (regularly varying) “S exponential-ish or lighter” (class I)

<latexit sha1_base64="h8/IIE/Jy8CEIz1LDhrP4rhMRfQ=">AAAB1nicbZDLSsNAFIYn9VbrLerSzWBBXEhJitRVodhNFwoVeoNODJPpSTt0ciEzkdYQd+LWR3LhS/gKbvUB7A2k1n/1c/7vwH+OEwoulWF8aJm19Y3Nrex2bmd3b/9APzxqySCOGDRZIIKo41AJgvvQVFwJ6IQRUM8R0HaG1WnefoBI8sBvqHEIlkf7Pnc5o2oysvV70qeeR20ScnxWxkTBSCUEvHCQ9IDRMY6oghQHLk7xlCEkV/0PVpQLzAJfKuqrX97W80bBmAmvGnNh8mihuq1T0gtY7IGvmKBSds1iqKyERoozAWmOxBJCyoa0D91a4/bGSkazJywnPXBpLNQFdgNfldlgsg6RlcCj4E466WT+bbBqWsWCWSqU7i7zleu3ebssOkGn6ByZ6ApVUA3VURMx9I4+0Rf61jrak/asvczRjLa46BgtSXv9AfV6hZs=</latexit>

�⇡ = decay rate of ⇡
C⇡ = tail constant of ⇡

Weak optimality: 
maximize 𝛾𝜋

<latexit sha1_base64="fjCiTjTuSMNVnYSAxvDWxei1l4I=">AAABnnicZY/JTgJBFEVf4YQ4tbp0U5HEuFDSTQiuNKiJYSERI1NCt6S6eECF6iFd1Ubt8Ad+jVtd+Bv+jUwb5Kxu3r0vudcNpVDaNH9JamV1bX0jvZnZ2t7Z3TP2DxoqiCOOdR7IIGq5TKEUPta10BJbYYTMcyU23eHtxG++YKRE4Nf0W4iOx/q+6AnO9PjUMU7savJEr6gaUVsJj15T2xti5Oe9mKrn5NxmMhywUcfImjlzCl0W1lxkYU61YzC7G/DYQ19zyZRqW/lQOwmLtOASRxk7VhgyPmR9bJdrlXsneZ2OWXS62GOx1Ge0F/j6kg/G7xg5Cb5L4U46Wf8bLItGPmcVc8XHQrZ08zNrl4YjOIZTsOACSlCGKtSBwwd8whd8E0ruSIU8zKIpMl90CAuQ1h9G4G6k</latexit>

P[S > s]⇠ As�↵
<latexit sha1_base64="8iT23gdaXU7ryEWTHBm1NjmpIJA=">AAABoHicZY/JTgJBFEVf4YQ4tbp0U4ENCyXdxOBKg7phoREiU6RbUl08oEL1kK5qo3b4Bb/Grcbf8G9k2iB3dfPufcm5biiF0qb5S1Jr6xubW+ntzM7u3v6BcXjUVEEccWzwQAZR22UKpfCxoYWW2A4jZJ4rseWObqd56wUjJQK/rt9CdDw28EVfcKYnp66Rt6vJI72iakxtJTx6TW1vhJFveTHF5+TMZjIcskncNXJmwZyJrhprYXKwULVrMLsX8NhDX3PJlOpYxVA7CYu04BLHGTtWGDI+YgPsVOr3d07yOpuznPSwz2KpT2k/8PUlH07eMXISfJfCnTJZ/wlWTbNYsEqFUu08V775mdOl4QSykAcLLqAMFahCAzh8wCd8wTfJkgp5ILV5NUUWi45hSeTpDzfcbzw=</latexit>

P[S > s]⇠ Ae�↵s



<latexit sha1_base64="Em8pNlox7unaFsJsfqKeNZEIqcE=">AAABoHicZU/LTsJAFL2DL8RX1aWbhm5YKGmJwZWGyIaFRkh4RVqb6XDBCdNHOlOjNvyCX+NW42/4N/LoBjmr87g3OceLBJfKNH9JbmNza3snv1vY2z84PNKOT7oyTGKGHRaKMO57VKLgAXYUVwL7UYzU9wT2vEl9nvdeMJY8DNrqLULHp+OAjzijama5Wslupm3Xjrh+o6upbkvu6/WFVk/phT2mvk/ncupqhlk2F9DXiZURAzI0XY3aw5AlPgaKCSrlwKpEyklprDgTOC3YicSIsgkd46DRvr9z0tfFnNVkiCOaCHWuj8JAXbPn2TvGTorvgnvzTtb/BuukWylb1XK1dWnUbn+W7fJwBkUogQVXUIMGNKEDDD7gE77gmxRJgzyQ1vI0R7JFp7AC8vgH2q9vyQ==</latexit>

P[T⇡ > t]⇠ C⇡ t��⇡
<latexit sha1_base64="CMfp/Vq1pmFWzOQrgJ+4lsJZCOs=">AAABonicZU/LTsJAFL2DL8RX1aWbRlwYo6QlBlcaIhtiNIHIK6G1mQ6XOmH6SGdq1IZ/8Gvcym/4N0Jhg5zVedybnONGgktlGL8kt7a+sbmV3y7s7O7tH2iHRx0ZJjHDNgtFGPdcKlHwANuKK4G9KEbquwK77qg2y7tvGEseBi31EaHtUy/gQ86omlqOdmE10pZjRVy/09VYtyT39Vqm8SW9sjzq+zSTauxoRaNkZNBXibkgRVig4WjUGoQs8TFQTFAp+2Y5UnZKY8WZwHHBSiRGlI2oh/166+nRTt+zQcvJAIc0EepSH4aBumWv03eM7RQ/BXdnncz/DVZJp1wyK6VK87pYvZ/M2+XhBE7hHEy4gSrUoQFtYPAF3/ADE3JGHkiTPM9Pc2Sx6BiWQKw/zrFwYg==</latexit>

P[T⇡ > t]⇠ C⇡e��⇡ t

10

Heavy-tailed sizes Light-tailed sizes
“S Pareto-ish” (regularly varying) “S exponential-ish or lighter” (class I)

<latexit sha1_base64="h8/IIE/Jy8CEIz1LDhrP4rhMRfQ=">AAAB1nicbZDLSsNAFIYn9VbrLerSzWBBXEhJitRVodhNFwoVeoNODJPpSTt0ciEzkdYQd+LWR3LhS/gKbvUB7A2k1n/1c/7vwH+OEwoulWF8aJm19Y3Nrex2bmd3b/9APzxqySCOGDRZIIKo41AJgvvQVFwJ6IQRUM8R0HaG1WnefoBI8sBvqHEIlkf7Pnc5o2oysvV70qeeR20ScnxWxkTBSCUEvHCQ9IDRMY6oghQHLk7xlCEkV/0PVpQLzAJfKuqrX97W80bBmAmvGnNh8mihuq1T0gtY7IGvmKBSds1iqKyERoozAWmOxBJCyoa0D91a4/bGSkazJywnPXBpLNQFdgNfldlgsg6RlcCj4E466WT+bbBqWsWCWSqU7i7zleu3ebssOkGn6ByZ6ApVUA3VURMx9I4+0Rf61jrak/asvczRjLa46BgtSXv9AfV6hZs=</latexit>

�⇡ = decay rate of ⇡
C⇡ = tail constant of ⇡

Weak optimality: 
maximize 𝛾𝜋

Strong optimality: 
maximize 𝛾𝜋, minimize C𝜋

<latexit sha1_base64="fjCiTjTuSMNVnYSAxvDWxei1l4I=">AAABnnicZY/JTgJBFEVf4YQ4tbp0U5HEuFDSTQiuNKiJYSERI1NCt6S6eECF6iFd1Ubt8Ad+jVtd+Bv+jUwb5Kxu3r0vudcNpVDaNH9JamV1bX0jvZnZ2t7Z3TP2DxoqiCOOdR7IIGq5TKEUPta10BJbYYTMcyU23eHtxG++YKRE4Nf0W4iOx/q+6AnO9PjUMU7savJEr6gaUVsJj15T2xti5Oe9mKrn5NxmMhywUcfImjlzCl0W1lxkYU61YzC7G/DYQ19zyZRqW/lQOwmLtOASRxk7VhgyPmR9bJdrlXsneZ2OWXS62GOx1Ge0F/j6kg/G7xg5Cb5L4U46Wf8bLItGPmcVc8XHQrZ08zNrl4YjOIZTsOACSlCGKtSBwwd8whd8E0ruSIU8zKIpMl90CAuQ1h9G4G6k</latexit>

P[S > s]⇠ As�↵
<latexit sha1_base64="8iT23gdaXU7ryEWTHBm1NjmpIJA=">AAABoHicZY/JTgJBFEVf4YQ4tbp0U4ENCyXdxOBKg7phoREiU6RbUl08oEL1kK5qo3b4Bb/Grcbf8G9k2iB3dfPufcm5biiF0qb5S1Jr6xubW+ntzM7u3v6BcXjUVEEccWzwQAZR22UKpfCxoYWW2A4jZJ4rseWObqd56wUjJQK/rt9CdDw28EVfcKYnp66Rt6vJI72iakxtJTx6TW1vhJFveTHF5+TMZjIcskncNXJmwZyJrhprYXKwULVrMLsX8NhDX3PJlOpYxVA7CYu04BLHGTtWGDI+YgPsVOr3d07yOpuznPSwz2KpT2k/8PUlH07eMXISfJfCnTJZ/wlWTbNYsEqFUu08V775mdOl4QSykAcLLqAMFahCAzh8wCd8wTfJkgp5ILV5NUUWi45hSeTpDzfcbzw=</latexit>

P[S > s]⇠ Ae�↵s



<latexit sha1_base64="Em8pNlox7unaFsJsfqKeNZEIqcE=">AAABoHicZU/LTsJAFL2DL8RX1aWbhm5YKGmJwZWGyIaFRkh4RVqb6XDBCdNHOlOjNvyCX+NW42/4N/LoBjmr87g3OceLBJfKNH9JbmNza3snv1vY2z84PNKOT7oyTGKGHRaKMO57VKLgAXYUVwL7UYzU9wT2vEl9nvdeMJY8DNrqLULHp+OAjzijama5Wslupm3Xjrh+o6upbkvu6/WFVk/phT2mvk/ncupqhlk2F9DXiZURAzI0XY3aw5AlPgaKCSrlwKpEyklprDgTOC3YicSIsgkd46DRvr9z0tfFnNVkiCOaCHWuj8JAXbPn2TvGTorvgnvzTtb/BuukWylb1XK1dWnUbn+W7fJwBkUogQVXUIMGNKEDDD7gE77gmxRJgzyQ1vI0R7JFp7AC8vgH2q9vyQ==</latexit>

P[T⇡ > t]⇠ C⇡ t��⇡
<latexit sha1_base64="CMfp/Vq1pmFWzOQrgJ+4lsJZCOs=">AAABonicZU/LTsJAFL2DL8RX1aWbRlwYo6QlBlcaIhtiNIHIK6G1mQ6XOmH6SGdq1IZ/8Gvcym/4N0Jhg5zVedybnONGgktlGL8kt7a+sbmV3y7s7O7tH2iHRx0ZJjHDNgtFGPdcKlHwANuKK4G9KEbquwK77qg2y7tvGEseBi31EaHtUy/gQ86omlqOdmE10pZjRVy/09VYtyT39Vqm8SW9sjzq+zSTauxoRaNkZNBXibkgRVig4WjUGoQs8TFQTFAp+2Y5UnZKY8WZwHHBSiRGlI2oh/166+nRTt+zQcvJAIc0EepSH4aBumWv03eM7RQ/BXdnncz/DVZJp1wyK6VK87pYvZ/M2+XhBE7hHEy4gSrUoQFtYPAF3/ADE3JGHkiTPM9Pc2Sx6BiWQKw/zrFwYg==</latexit>

P[T⇡ > t]⇠ C⇡e��⇡ t

10

Heavy-tailed sizes Light-tailed sizes
“S Pareto-ish” (regularly varying) “S exponential-ish or lighter” (class I)
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�⇡ = decay rate of ⇡
C⇡ = tail constant of ⇡

Weak optimality: 
maximize 𝛾𝜋

Strong optimality: 
maximize 𝛾𝜋, minimize C𝜋
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P[S > s]⇠ As�↵
<latexit sha1_base64="8iT23gdaXU7ryEWTHBm1NjmpIJA=">AAABoHicZY/JTgJBFEVf4YQ4tbp0U4ENCyXdxOBKg7phoREiU6RbUl08oEL1kK5qo3b4Bb/Grcbf8G9k2iB3dfPufcm5biiF0qb5S1Jr6xubW+ntzM7u3v6BcXjUVEEccWzwQAZR22UKpfCxoYWW2A4jZJ4rseWObqd56wUjJQK/rt9CdDw28EVfcKYnp66Rt6vJI72iakxtJTx6TW1vhJFveTHF5+TMZjIcskncNXJmwZyJrhprYXKwULVrMLsX8NhDX3PJlOpYxVA7CYu04BLHGTtWGDI+YgPsVOr3d07yOpuznPSwz2KpT2k/8PUlH07eMXISfJfCnTJZ/wlWTbNYsEqFUu08V775mdOl4QSykAcLLqAMFahCAzh8wCd8wTfJkgp5ILV5NUUWi45hSeTpDzfcbzw=</latexit>

P[S > s]⇠ Ae�↵s

(roughly)(roughly)

(roughly)
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Heavy-tailed sizes Light-tailed sizes

SRPT, LAS, etc. 
(least attained service)

FCFS

SRPT or LAS with 
just two buckets

optimal 𝛾 = 𝛼

pessimal 𝛾 = 𝛼 − 1

pessimal 𝛾 = 𝛼 − 1

pessimal 𝛾

optimal 𝛾

intermediate 𝛾

“Catastrophe” 
one giant job

I’m in bucket 2, 
lots of bucket 1 jobs 

are passing me

Takeaway: 
for light-tailed sizes, 
avoid strict priorities

“Conspiracy” 
lots of biggish jobs

Main cause 
of large T?

Prioritize 
short jobs

Don’t starve 
long jobs
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Theorem: 
CNudge < CFCFS• small job can pass one large job

• large job can’t be passed twice

More complex variants get even lower C 
[Van Houdt, 2022; Charlet & Van Houdt, 2024]

nudged

Nudge [Grosof et al., 2021]
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Can we beat Nudge?

14

medium = small? medium = large? something else?

How to handle 
range of sizes?

1st 2nd 3rd

What info could 
help us decide?
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Queueing 
problem

Where do optimal policies come from?

15

Batch 
problem

arrivals

e.g. min E[T] 
yields SRPT

Batch version of 
minimizing C?

Non-asymptotic 
version of metric?
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Scheduling rule: always serve job of 
minimum boosted arrival time

boosted arrival time 
= arrival time − b(size)

19

Boost policies

time

can vary choice of 
boost function

can be preemptive 
or nonpreemptive
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Why did it take so long to beat FCFS?

Why is achieving strong tail optimality hard?

How does the Boost policy family work?

Boost

How do we achieve strong tail optimality?

What’s the right 
boost function?
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C = lim
t!1

e�tP[T > t] = lim
✓!�

�� ✓
�

E[e✓ T ] Finite batch 
problem?final value 

theorem
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<latexit sha1_base64="bVbWpJTRuj/FF7MkvUipdqxS6yU=">AAABpnicZU/LTsJAFL2DL8RX1aWbRhawUNISgysN0Q0LNZhQIKENTIdbnDC0TWdqwKZf4de4M/oV/o1I2SBndXIeyTluKLhUhvFDchubW9s7+d3C3v7B4ZF2fNKWQRwxtFgggqjrUomC+2gprgR2wwjpxBXYccf3f37nFSPJA7+lZiE6EzryuccZVXOpr13aCqcqGQxSm/uemuk2GwZKt5tJS7/VMy3NMqVS2teKRsVYQF8n5pIUYYlmX3PtYcDiCfqKCSplz6yGyklopDgTmBbsWGJI2ZiOsNdoPT44yXTxadUZokdjoS50L/DVDXuZ1zFyEnwT3E0L81Hm/wnrpF2tmLVK7fmqWL/7zObl4QzOoQwmXEMdGtAECxi8wwd8wTcpkydikU4WzZHlpVNYARn8Amakcs8=</latexit>

“1 · P[T >1]”

<latexit sha1_base64="TfFycag5M85mgzbYkKKNLUEg530=">AAAB8nicZZDLTgIxGIVbFEVUGHXpppGNCyUMMbjCEIkJC00w4ZYwSDrlH2joXDLzY8TJvIg749aH8DVc+SoCAybIWZ30fKc5rekpGWCh8E0TW9vJnd3UXnr/4DCT1Y6OW4E78QU0hatcv2PyAJR0oIkSFXQ8H7htKmib4+o8bz+DH0jXaeDUg57Nh460pOA4O+pr0yorM0NJux8iM9BlhnQsnEYMnkJjyG2bM4yYUQ8b7GbuVrCBI0AeNxbYDLJ8LlalSxYTUfgX34XzO+NeI4r6Wq6QLyzENo2+NDmyVL2vmcbAFRMbHBSKB0FXL3rYC7mPUiiI0sYkAI+LMR9Ct9Z4uO+FL4v/WU8GYPGJwgtmuQ6WxWhWB78XwquSZpSejdL/T9g0rWJeL+VLj1e5yu1XPC9FTskZOSc6uSYVUiN10iSC/NAkzdAsRfpG3+lHjCbo8kknZE308xdMa42J</latexit>

C = lim
t!1

e�tP[T > t] = lim
✓!�

�� ✓
�

E[e✓ T ] Finite batch 
problem?
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<latexit sha1_base64="bVbWpJTRuj/FF7MkvUipdqxS6yU=">AAABpnicZU/LTsJAFL2DL8RX1aWbRhawUNISgysN0Q0LNZhQIKENTIdbnDC0TWdqwKZf4de4M/oV/o1I2SBndXIeyTluKLhUhvFDchubW9s7+d3C3v7B4ZF2fNKWQRwxtFgggqjrUomC+2gprgR2wwjpxBXYccf3f37nFSPJA7+lZiE6EzryuccZVXOpr13aCqcqGQxSm/uemuk2GwZKt5tJS7/VMy3NMqVS2teKRsVYQF8n5pIUYYlmX3PtYcDiCfqKCSplz6yGyklopDgTmBbsWGJI2ZiOsNdoPT44yXTxadUZokdjoS50L/DVDXuZ1zFyEnwT3E0L81Hm/wnrpF2tmLVK7fmqWL/7zObl4QzOoQwmXEMdGtAECxi8wwd8wTcpkydikU4WzZHlpVNYARn8Amakcs8=</latexit>

“1 · P[T >1]”

<latexit sha1_base64="TfFycag5M85mgzbYkKKNLUEg530=">AAAB8nicZZDLTgIxGIVbFEVUGHXpppGNCyUMMbjCEIkJC00w4ZYwSDrlH2joXDLzY8TJvIg749aH8DVc+SoCAybIWZ30fKc5rekpGWCh8E0TW9vJnd3UXnr/4DCT1Y6OW4E78QU0hatcv2PyAJR0oIkSFXQ8H7htKmib4+o8bz+DH0jXaeDUg57Nh460pOA4O+pr0yorM0NJux8iM9BlhnQsnEYMnkJjyG2bM4yYUQ8b7GbuVrCBI0AeNxbYDLJ8LlalSxYTUfgX34XzO+NeI4r6Wq6QLyzENo2+NDmyVL2vmcbAFRMbHBSKB0FXL3rYC7mPUiiI0sYkAI+LMR9Ct9Z4uO+FL4v/WU8GYPGJwgtmuQ6WxWhWB78XwquSZpSejdL/T9g0rWJeL+VLj1e5yu1XPC9FTskZOSc6uSYVUiN10iSC/NAkzdAsRfpG3+lHjCbo8kknZE308xdMa42J</latexit>

C = lim
t!1

e�tP[T > t] = lim
✓!�

�� ✓
�

E[e✓ T ] Finite batch 
problem?

Always zero in 
batch setting
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<latexit sha1_base64="oTXM3DNgIeh6HeB+KdQ564G8f9k=">AAAB6nicZZDLSsNAFIYn9VbjrerSTbCLikhJiuhKKC2KCwXFVgud2E6mJ21wkgmZqbdh3kHciVs3voBbfQ3fxtgWpPZf/eec/8D5jhezQEjb/jYyU9Mzs3PZeXNhcWl5Jbe6dil4P6FQp5zxpOERASyIoC4DyaARJ0BCj8GVd1P9nV/dQiICHtXkQwxuSLpR4AeUyLTVym1jCfdStdvatjDtcGnhQwXXCndJGBKrpvUwUCjoVi5vF+2BrEnjjEwejXTWyr3jDqf9ECJJGRGi6ZRi6SqSyIAy0CbuC4gJvSFdaB7XTk9cdT8AGp90wCd9Jncsn0fygPbSdUhcBY8s8LRp4gjuKE9vjToK+9QXWuGQyF4SqqPq0YXW4wmPcyH/IpVBqc2UzflPMmkuS0Vnr7h3vpsvV76GlFm0gTbRFnLQPiqjY3SG6oiiJ/SBPtGXwYxn48V4HUYzxugz62hMxtsPq66PnA==</latexit>

“0 · E[e�T ]”
<latexit sha1_base64="bVbWpJTRuj/FF7MkvUipdqxS6yU=">AAABpnicZU/LTsJAFL2DL8RX1aWbRhawUNISgysN0Q0LNZhQIKENTIdbnDC0TWdqwKZf4de4M/oV/o1I2SBndXIeyTluKLhUhvFDchubW9s7+d3C3v7B4ZF2fNKWQRwxtFgggqjrUomC+2gprgR2wwjpxBXYccf3f37nFSPJA7+lZiE6EzryuccZVXOpr13aCqcqGQxSm/uemuk2GwZKt5tJS7/VMy3NMqVS2teKRsVYQF8n5pIUYYlmX3PtYcDiCfqKCSplz6yGyklopDgTmBbsWGJI2ZiOsNdoPT44yXTxadUZokdjoS50L/DVDXuZ1zFyEnwT3E0L81Hm/wnrpF2tmLVK7fmqWL/7zObl4QzOoQwmXEMdGtAECxi8wwd8wTcpkydikU4WzZHlpVNYARn8Amakcs8=</latexit>

“1 · P[T >1]”

<latexit sha1_base64="TfFycag5M85mgzbYkKKNLUEg530=">AAAB8nicZZDLTgIxGIVbFEVUGHXpppGNCyUMMbjCEIkJC00w4ZYwSDrlH2joXDLzY8TJvIg749aH8DVc+SoCAybIWZ30fKc5rekpGWCh8E0TW9vJnd3UXnr/4DCT1Y6OW4E78QU0hatcv2PyAJR0oIkSFXQ8H7htKmib4+o8bz+DH0jXaeDUg57Nh460pOA4O+pr0yorM0NJux8iM9BlhnQsnEYMnkJjyG2bM4yYUQ8b7GbuVrCBI0AeNxbYDLJ8LlalSxYTUfgX34XzO+NeI4r6Wq6QLyzENo2+NDmyVL2vmcbAFRMbHBSKB0FXL3rYC7mPUiiI0sYkAI+LMR9Ct9Z4uO+FL4v/WU8GYPGJwgtmuQ6WxWhWB78XwquSZpSejdL/T9g0rWJeL+VLj1e5yu1XPC9FTskZOSc6uSYVUiN10iSC/NAkzdAsRfpG3+lHjCbo8kknZE308xdMa42J</latexit>

C = lim
t!1

e�tP[T > t] = lim
✓!�

�� ✓
�

E[e✓ T ] Finite batch 
problem?

Always zero in 
batch setting
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<latexit sha1_base64="oTXM3DNgIeh6HeB+KdQ564G8f9k=">AAAB6nicZZDLSsNAFIYn9VbjrerSTbCLikhJiuhKKC2KCwXFVgud2E6mJ21wkgmZqbdh3kHciVs3voBbfQ3fxtgWpPZf/eec/8D5jhezQEjb/jYyU9Mzs3PZeXNhcWl5Jbe6dil4P6FQp5zxpOERASyIoC4DyaARJ0BCj8GVd1P9nV/dQiICHtXkQwxuSLpR4AeUyLTVym1jCfdStdvatjDtcGnhQwXXCndJGBKrpvUwUCjoVi5vF+2BrEnjjEwejXTWyr3jDqf9ECJJGRGi6ZRi6SqSyIAy0CbuC4gJvSFdaB7XTk9cdT8AGp90wCd9Jncsn0fygPbSdUhcBY8s8LRp4gjuKE9vjToK+9QXWuGQyF4SqqPq0YXW4wmPcyH/IpVBqc2UzflPMmkuS0Vnr7h3vpsvV76GlFm0gTbRFnLQPiqjY3SG6oiiJ/SBPtGXwYxn48V4HUYzxugz62hMxtsPq66PnA==</latexit>

“0 · E[e�T ]”
<latexit sha1_base64="bVbWpJTRuj/FF7MkvUipdqxS6yU=">AAABpnicZU/LTsJAFL2DL8RX1aWbRhawUNISgysN0Q0LNZhQIKENTIdbnDC0TWdqwKZf4de4M/oV/o1I2SBndXIeyTluKLhUhvFDchubW9s7+d3C3v7B4ZF2fNKWQRwxtFgggqjrUomC+2gprgR2wwjpxBXYccf3f37nFSPJA7+lZiE6EzryuccZVXOpr13aCqcqGQxSm/uemuk2GwZKt5tJS7/VMy3NMqVS2teKRsVYQF8n5pIUYYlmX3PtYcDiCfqKCSplz6yGyklopDgTmBbsWGJI2ZiOsNdoPT44yXTxadUZokdjoS50L/DVDXuZ1zFyEnwT3E0L81Hm/wnrpF2tmLVK7fmqWL/7zObl4QzOoQwmXEMdGtAECxi8wwd8wTcpkydikU4WzZHlpVNYARn8Amakcs8=</latexit>

“1 · P[T >1]”

<latexit sha1_base64="TfFycag5M85mgzbYkKKNLUEg530=">AAAB8nicZZDLTgIxGIVbFEVUGHXpppGNCyUMMbjCEIkJC00w4ZYwSDrlH2joXDLzY8TJvIg749aH8DVc+SoCAybIWZ30fKc5rekpGWCh8E0TW9vJnd3UXnr/4DCT1Y6OW4E78QU0hatcv2PyAJR0oIkSFXQ8H7htKmib4+o8bz+DH0jXaeDUg57Nh460pOA4O+pr0yorM0NJux8iM9BlhnQsnEYMnkJjyG2bM4yYUQ8b7GbuVrCBI0AeNxbYDLJ8LlalSxYTUfgX34XzO+NeI4r6Wq6QLyzENo2+NDmyVL2vmcbAFRMbHBSKB0FXL3rYC7mPUiiI0sYkAI+LMR9Ct9Z4uO+FL4v/WU8GYPGJwgtmuQ6WxWhWB78XwquSZpSejdL/T9g0rWJeL+VLj1e5yu1XPC9FTskZOSc6uSYVUiN10iSC/NAkzdAsRfpG3+lHjCbo8kknZE308xdMa42J</latexit>

C = lim
t!1

e�tP[T > t] = lim
✓!�

�� ✓
�

E[e✓ T ] Finite batch 
problem?

Always zero in 
batch setting

Makes sense in 
batch setting!
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<latexit sha1_base64="oTXM3DNgIeh6HeB+KdQ564G8f9k=">AAAB6nicZZDLSsNAFIYn9VbjrerSTbCLikhJiuhKKC2KCwXFVgud2E6mJ21wkgmZqbdh3kHciVs3voBbfQ3fxtgWpPZf/eec/8D5jhezQEjb/jYyU9Mzs3PZeXNhcWl5Jbe6dil4P6FQp5zxpOERASyIoC4DyaARJ0BCj8GVd1P9nV/dQiICHtXkQwxuSLpR4AeUyLTVym1jCfdStdvatjDtcGnhQwXXCndJGBKrpvUwUCjoVi5vF+2BrEnjjEwejXTWyr3jDqf9ECJJGRGi6ZRi6SqSyIAy0CbuC4gJvSFdaB7XTk9cdT8AGp90wCd9Jncsn0fygPbSdUhcBY8s8LRp4gjuKE9vjToK+9QXWuGQyF4SqqPq0YXW4wmPcyH/IpVBqc2UzflPMmkuS0Vnr7h3vpsvV76GlFm0gTbRFnLQPiqjY3SG6oiiJ/SBPtGXwYxn48V4HUYzxugz62hMxtsPq66PnA==</latexit>

“0 · E[e�T ]”

<latexit sha1_base64="5Hx8+CYMrA0EAZE0pPFZO+RwxOI="></latexit>

ti = di � ai

ai = arrival time of job i
di = departure time of job i

<latexit sha1_base64="bVbWpJTRuj/FF7MkvUipdqxS6yU=">AAABpnicZU/LTsJAFL2DL8RX1aWbRhawUNISgysN0Q0LNZhQIKENTIdbnDC0TWdqwKZf4de4M/oV/o1I2SBndXIeyTluKLhUhvFDchubW9s7+d3C3v7B4ZF2fNKWQRwxtFgggqjrUomC+2gprgR2wwjpxBXYccf3f37nFSPJA7+lZiE6EzryuccZVXOpr13aCqcqGQxSm/uemuk2GwZKt5tJS7/VMy3NMqVS2teKRsVYQF8n5pIUYYlmX3PtYcDiCfqKCSplz6yGyklopDgTmBbsWGJI2ZiOsNdoPT44yXTxadUZokdjoS50L/DVDXuZ1zFyEnwT3E0L81Hm/wnrpF2tmLVK7fmqWL/7zObl4QzOoQwmXEMdGtAECxi8wwd8wTcpkydikU4WzZHlpVNYARn8Amakcs8=</latexit>

“1 · P[T >1]”

<latexit sha1_base64="TfFycag5M85mgzbYkKKNLUEg530=">AAAB8nicZZDLTgIxGIVbFEVUGHXpppGNCyUMMbjCEIkJC00w4ZYwSDrlH2joXDLzY8TJvIg749aH8DVc+SoCAybIWZ30fKc5rekpGWCh8E0TW9vJnd3UXnr/4DCT1Y6OW4E78QU0hatcv2PyAJR0oIkSFXQ8H7htKmib4+o8bz+DH0jXaeDUg57Nh460pOA4O+pr0yorM0NJux8iM9BlhnQsnEYMnkJjyG2bM4yYUQ8b7GbuVrCBI0AeNxbYDLJ8LlalSxYTUfgX34XzO+NeI4r6Wq6QLyzENo2+NDmyVL2vmcbAFRMbHBSKB0FXL3rYC7mPUiiI0sYkAI+LMR9Ct9Z4uO+FL4v/WU8GYPGJwgtmuQ6WxWhWB78XwquSZpSejdL/T9g0rWJeL+VLj1e5yu1XPC9FTskZOSc6uSYVUiN10iSC/NAkzdAsRfpG3+lHjCbo8kknZE308xdMa42J</latexit>

C = lim
t!1

e�tP[T > t] = lim
✓!�

�� ✓
�

E[e✓ T ] Finite batch 
problem?

Always zero in 
batch setting

Makes sense in 
batch setting!
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<latexit sha1_base64="oTXM3DNgIeh6HeB+KdQ564G8f9k=">AAAB6nicZZDLSsNAFIYn9VbjrerSTbCLikhJiuhKKC2KCwXFVgud2E6mJ21wkgmZqbdh3kHciVs3voBbfQ3fxtgWpPZf/eec/8D5jhezQEjb/jYyU9Mzs3PZeXNhcWl5Jbe6dil4P6FQp5zxpOERASyIoC4DyaARJ0BCj8GVd1P9nV/dQiICHtXkQwxuSLpR4AeUyLTVym1jCfdStdvatjDtcGnhQwXXCndJGBKrpvUwUCjoVi5vF+2BrEnjjEwejXTWyr3jDqf9ECJJGRGi6ZRi6SqSyIAy0CbuC4gJvSFdaB7XTk9cdT8AGp90wCd9Jncsn0fygPbSdUhcBY8s8LRp4gjuKE9vjToK+9QXWuGQyF4SqqPq0YXW4wmPcyH/IpVBqc2UzflPMmkuS0Vnr7h3vpsvV76GlFm0gTbRFnLQPiqjY3SG6oiiJ/SBPtGXwYxn48V4HUYzxugz62hMxtsPq66PnA==</latexit>

“0 · E[e�T ]”

<latexit sha1_base64="5Hx8+CYMrA0EAZE0pPFZO+RwxOI="></latexit>

ti = di � ai

ai = arrival time of job i
di = departure time of job i

<latexit sha1_base64="0X3zxUJQU3BqiIEX/blp5IScWsA="></latexit>

E[e�T ] =
1
n

nX

i=1

e�ti =
1
n

nX

i=1

e��ai e�di

Batch problem: minimize

<latexit sha1_base64="bVbWpJTRuj/FF7MkvUipdqxS6yU=">AAABpnicZU/LTsJAFL2DL8RX1aWbRhawUNISgysN0Q0LNZhQIKENTIdbnDC0TWdqwKZf4de4M/oV/o1I2SBndXIeyTluKLhUhvFDchubW9s7+d3C3v7B4ZF2fNKWQRwxtFgggqjrUomC+2gprgR2wwjpxBXYccf3f37nFSPJA7+lZiE6EzryuccZVXOpr13aCqcqGQxSm/uemuk2GwZKt5tJS7/VMy3NMqVS2teKRsVYQF8n5pIUYYlmX3PtYcDiCfqKCSplz6yGyklopDgTmBbsWGJI2ZiOsNdoPT44yXTxadUZokdjoS50L/DVDXuZ1zFyEnwT3E0L81Hm/wnrpF2tmLVK7fmqWL/7zObl4QzOoQwmXEMdGtAECxi8wwd8wTcpkydikU4WzZHlpVNYARn8Amakcs8=</latexit>

“1 · P[T >1]”

<latexit sha1_base64="TfFycag5M85mgzbYkKKNLUEg530=">AAAB8nicZZDLTgIxGIVbFEVUGHXpppGNCyUMMbjCEIkJC00w4ZYwSDrlH2joXDLzY8TJvIg749aH8DVc+SoCAybIWZ30fKc5rekpGWCh8E0TW9vJnd3UXnr/4DCT1Y6OW4E78QU0hatcv2PyAJR0oIkSFXQ8H7htKmib4+o8bz+DH0jXaeDUg57Nh460pOA4O+pr0yorM0NJux8iM9BlhnQsnEYMnkJjyG2bM4yYUQ8b7GbuVrCBI0AeNxbYDLJ8LlalSxYTUfgX34XzO+NeI4r6Wq6QLyzENo2+NDmyVL2vmcbAFRMbHBSKB0FXL3rYC7mPUiiI0sYkAI+LMR9Ct9Z4uO+FL4v/WU8GYPGJwgtmuQ6WxWhWB78XwquSZpSejdL/T9g0rWJeL+VLj1e5yu1XPC9FTskZOSc6uSYVUiN10iSC/NAkzdAsRfpG3+lHjCbo8kknZE308xdMa42J</latexit>

C = lim
t!1

e�tP[T > t] = lim
✓!�

�� ✓
�

E[e✓ T ] Finite batch 
problem?

Always zero in 
batch setting

Makes sense in 
batch setting!
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<latexit sha1_base64="oTXM3DNgIeh6HeB+KdQ564G8f9k=">AAAB6nicZZDLSsNAFIYn9VbjrerSTbCLikhJiuhKKC2KCwXFVgud2E6mJ21wkgmZqbdh3kHciVs3voBbfQ3fxtgWpPZf/eec/8D5jhezQEjb/jYyU9Mzs3PZeXNhcWl5Jbe6dil4P6FQp5zxpOERASyIoC4DyaARJ0BCj8GVd1P9nV/dQiICHtXkQwxuSLpR4AeUyLTVym1jCfdStdvatjDtcGnhQwXXCndJGBKrpvUwUCjoVi5vF+2BrEnjjEwejXTWyr3jDqf9ECJJGRGi6ZRi6SqSyIAy0CbuC4gJvSFdaB7XTk9cdT8AGp90wCd9Jncsn0fygPbSdUhcBY8s8LRp4gjuKE9vjToK+9QXWuGQyF4SqqPq0YXW4wmPcyH/IpVBqc2UzflPMmkuS0Vnr7h3vpsvV76GlFm0gTbRFnLQPiqjY3SG6oiiJ/SBPtGXwYxn48V4HUYzxugz62hMxtsPq66PnA==</latexit>

“0 · E[e�T ]”

<latexit sha1_base64="5Hx8+CYMrA0EAZE0pPFZO+RwxOI="></latexit>

ti = di � ai

ai = arrival time of job i
di = departure time of job i

<latexit sha1_base64="0X3zxUJQU3BqiIEX/blp5IScWsA="></latexit>

E[e�T ] =
1
n

nX

i=1

e�ti =
1
n

nX

i=1

e��ai e�di

Batch problem: minimize

almost classic 
problem

<latexit sha1_base64="bVbWpJTRuj/FF7MkvUipdqxS6yU=">AAABpnicZU/LTsJAFL2DL8RX1aWbRhawUNISgysN0Q0LNZhQIKENTIdbnDC0TWdqwKZf4de4M/oV/o1I2SBndXIeyTluKLhUhvFDchubW9s7+d3C3v7B4ZF2fNKWQRwxtFgggqjrUomC+2gprgR2wwjpxBXYccf3f37nFSPJA7+lZiE6EzryuccZVXOpr13aCqcqGQxSm/uemuk2GwZKt5tJS7/VMy3NMqVS2teKRsVYQF8n5pIUYYlmX3PtYcDiCfqKCSplz6yGyklopDgTmBbsWGJI2ZiOsNdoPT44yXTxadUZokdjoS50L/DVDXuZ1zFyEnwT3E0L81Hm/wnrpF2tmLVK7fmqWL/7zObl4QzOoQwmXEMdGtAECxi8wwd8wTcpkydikU4WzZHlpVNYARn8Amakcs8=</latexit>

“1 · P[T >1]”

<latexit sha1_base64="TfFycag5M85mgzbYkKKNLUEg530=">AAAB8nicZZDLTgIxGIVbFEVUGHXpppGNCyUMMbjCEIkJC00w4ZYwSDrlH2joXDLzY8TJvIg749aH8DVc+SoCAybIWZ30fKc5rekpGWCh8E0TW9vJnd3UXnr/4DCT1Y6OW4E78QU0hatcv2PyAJR0oIkSFXQ8H7htKmib4+o8bz+DH0jXaeDUg57Nh460pOA4O+pr0yorM0NJux8iM9BlhnQsnEYMnkJjyG2bM4yYUQ8b7GbuVrCBI0AeNxbYDLJ8LlalSxYTUfgX34XzO+NeI4r6Wq6QLyzENo2+NDmyVL2vmcbAFRMbHBSKB0FXL3rYC7mPUiiI0sYkAI+LMR9Ct9Z4uO+FL4v/WU8GYPGJwgtmuQ6WxWhWB78XwquSZpSejdL/T9g0rWJeL+VLj1e5yu1XPC9FTskZOSc6uSYVUiN10iSC/NAkzdAsRfpG3+lHjCbo8kknZE308xdMa42J</latexit>

C = lim
t!1

e�tP[T > t] = lim
✓!�

�� ✓
�

E[e✓ T ] Finite batch 
problem?

Always zero in 
batch setting

Makes sense in 
batch setting!
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<latexit sha1_base64="5Hx8+CYMrA0EAZE0pPFZO+RwxOI="></latexit>

ti = di � ai

ai = arrival time of job i
di = departure time of job i

<latexit sha1_base64="0X3zxUJQU3BqiIEX/blp5IScWsA="></latexit>

E[e�T ] =
1
n

nX

i=1

e�ti =
1
n

nX

i=1

e��ai e�di

Batch problem: minimize
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<latexit sha1_base64="5Hx8+CYMrA0EAZE0pPFZO+RwxOI="></latexit>

ti = di � ai

ai = arrival time of job i
di = departure time of job i

<latexit sha1_base64="0X3zxUJQU3BqiIEX/blp5IScWsA="></latexit>
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1
n

nX
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n

nX
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wie
�✓di

Classic metric: mean weighted 
discounted departure time
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i=1

wie
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Classic metric: mean weighted 
discounted departure time
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ti = di � ai
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<latexit sha1_base64="0X3zxUJQU3BqiIEX/blp5IScWsA="></latexit>

E[e�T ] =
1
n

nX

i=1

e�ti =
1
n

nX

i=1

e��ai e�di
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1
n

nX

i=1

wie
�✓di

Classic metric: mean weighted 
discounted departure time

can’t start i 
before ai
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<latexit sha1_base64="5Hx8+CYMrA0EAZE0pPFZO+RwxOI="></latexit>

ti = di � ai

ai = arrival time of job i
di = departure time of job i

<latexit sha1_base64="0X3zxUJQU3BqiIEX/blp5IScWsA="></latexit>

E[e�T ] =
1
n

nX

i=1

e�ti =
1
n

nX

i=1

e��ai e�di

Batch problem: minimize
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1
n

nX

i=1

wie
�✓di

Classic metric: mean weighted 
discounted departure time

𝛾 > 0
can’t start i 
before ai
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<latexit sha1_base64="5Hx8+CYMrA0EAZE0pPFZO+RwxOI="></latexit>

ti = di � ai

ai = arrival time of job i
di = departure time of job i

<latexit sha1_base64="0X3zxUJQU3BqiIEX/blp5IScWsA="></latexit>

E[e�T ] =
1
n

nX

i=1

e�ti =
1
n

nX

i=1

e��ai e�di

Batch problem: minimize
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1
n

nX

i=1

wie
�✓di

Classic metric: mean weighted 
discounted departure time

𝛾 > 0

negative 
discount rate

can’t start i 
before ai
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<latexit sha1_base64="5Hx8+CYMrA0EAZE0pPFZO+RwxOI="></latexit>

ti = di � ai

ai = arrival time of job i
di = departure time of job i

<latexit sha1_base64="0X3zxUJQU3BqiIEX/blp5IScWsA="></latexit>

E[e�T ] =
1
n

nX

i=1

e�ti =
1
n

nX

i=1

e��ai e�di

Batch problem: minimize
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1
n

nX

i=1

wie
�✓di

Classic metric: mean weighted 
discounted departure time

𝛾 > 0

<latexit sha1_base64="TJLmCqGHmDNU189OkvRmdSN1s6w=">AAAB+XicZZBLSwMxFIUzvh1fVZdugt1UsKUjUnFRkBZKFwoV+4JOLZn0TjuYmQyT1FfIbxF36tY/4Matrv03jm2h1J7VufecC/nihMwTMpv9MebmFxaXlldWzbX1jc2txPZOXfBBRKFGOeNR0yECmBdATXqSQTOMgPgOg4ZzU/zLG7cQCY8HVfkQQtsnvcBzPUpkvOokTp2UOMB5bLsRocrSyu4R3yca24z3JlsLpzFcqzQexVho3Ukks5nsUHjWWGOTRGNVOolXu8vpwIdAUkaEaFlHoWwrEkmPMtCmPRAQEnpDetAqVy/O2+p+yDeddMElAyYPscsDmaf9+ByitoJH5jnaNO0A7iiPnxh0le1SV8REPpH9yFelYulK6+mGw7mQk0phOGozZrP+k8ya+lHGymVyl8fJs8LHiHIF7aF9lEIWOkFnqIwqqIYoekKf6At9G8p4Nl6Mt1F1zhj/zC6akvH+C9eEk/8=</latexit>

b(s) =
1
�

log
1

1� e��s

Relaxation solved by (sign-flipped) WDSPT, which is Boost with

negative 
discount rate

can’t start i 
before ai
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<latexit sha1_base64="5Hx8+CYMrA0EAZE0pPFZO+RwxOI="></latexit>

ti = di � ai

ai = arrival time of job i
di = departure time of job i

<latexit sha1_base64="0X3zxUJQU3BqiIEX/blp5IScWsA="></latexit>

E[e�T ] =
1
n

nX
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e�ti =
1
n

nX

i=1

e��ai e�di

Batch problem: minimize
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1
n

nX

i=1

wie
�✓di

Classic metric: mean weighted 
discounted departure time

𝛾 > 0
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b(s) =
1
�

log
1

1� e��s

Relaxation solved by (sign-flipped) WDSPT, which is Boost with

𝛄-Boost

negative 
discount rate

can’t start i 
before ai
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<latexit sha1_base64="5Hx8+CYMrA0EAZE0pPFZO+RwxOI="></latexit>

ti = di � ai

ai = arrival time of job i
di = departure time of job i

<latexit sha1_base64="0X3zxUJQU3BqiIEX/blp5IScWsA="></latexit>

E[e�T ] =
1
n

nX

i=1

e�ti =
1
n

nX

i=1

e��ai e�di

Batch problem: minimize
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1
n

nX

i=1

wie
�✓di

Classic metric: mean weighted 
discounted departure time

𝛾 > 0

<latexit sha1_base64="TJLmCqGHmDNU189OkvRmdSN1s6w=">AAAB+XicZZBLSwMxFIUzvh1fVZdugt1UsKUjUnFRkBZKFwoV+4JOLZn0TjuYmQyT1FfIbxF36tY/4Matrv03jm2h1J7VufecC/nihMwTMpv9MebmFxaXlldWzbX1jc2txPZOXfBBRKFGOeNR0yECmBdATXqSQTOMgPgOg4ZzU/zLG7cQCY8HVfkQQtsnvcBzPUpkvOokTp2UOMB5bLsRocrSyu4R3yca24z3JlsLpzFcqzQexVho3Ukks5nsUHjWWGOTRGNVOolXu8vpwIdAUkaEaFlHoWwrEkmPMtCmPRAQEnpDetAqVy/O2+p+yDeddMElAyYPscsDmaf9+ByitoJH5jnaNO0A7iiPnxh0le1SV8REPpH9yFelYulK6+mGw7mQk0phOGozZrP+k8ya+lHGymVyl8fJs8LHiHIF7aF9lEIWOkFnqIwqqIYoekKf6At9G8p4Nl6Mt1F1zhj/zC6akvH+C9eEk/8=</latexit>

b(s) =
1
�

log
1

1� e��s

Relaxation solved by (sign-flipped) WDSPT, which is Boost with

Unknown sizes: 
swap WDSPT for Gittins𝛄-Boost

negative 
discount rate

can’t start i 
before ai
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Boost
Why did it take so long to beat FCFS?

Why is achieving strong tail optimality hard?

How does the Boost policy family work?

How do we achieve strong tail optimality?

Should you use 
Boost today?

• Naturally robust to noise
• Can adapt to unknown job sizes 

[Harlev et al., 2025]
• Can adapt to multiple servers 

[Yu et al., 2026]
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Noisy size information

Boost is naturally robust
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load < 1?
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b(s) =
1
�

log
1

1� e��s

Theorem: 𝛄-Boost optimizes 𝛾 and C in heavy-traffic limit (load ≈ 1)

load < 1?
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k
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Theorem: 𝛄-Boost optimizes 𝛾 and C in heavy-traffic limit (load ≈ 1)

load < 1?
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k
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Theorem: 𝛄-Boost optimizes 𝛾 and C in heavy-traffic limit (load ≈ 1)
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b(s) =
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1→ e→ωs
+

k→ 1
k

s

load < 1?
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Known job sizes 
Yu & Scully. Strongly Tail-Optimal 
Scheduling in the Light-Tailed 
M/G/1. SIGMETRICS 2024.

Unknown job sizes 
Harlev, Yu, & Scully. A Gittins 
Policy for Optimizing Tail 
Latency. SIGMETRICS 2025.

Multiple servers 
Yu, Harlev, Adakroy, & Scully. A Tale of 
Two Traffics: Optimizing Tail Latency in the 
Light-Tailed M/G/k. SIGMETRICS 2026.
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final value 
theorem
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final value 
theorem



FCFS
<latexit sha1_base64="3GMn7XJnBkVV/IraZCbGa35ipf4=">AAABz3icZVDLSsNAFJ34rPHRqEs3wW4EpTRF6qpQWihdKLT0CU0Ik+lNO3SSCZmJVUPErd/gVhf+hb/h31jTgtSe1bn3nAvnXCdgVMhC4VvZ2Nza3tnN7Kn7B4dHWe34pCd4FBLoEs54OHCwAEZ96EoqGQyCELDnMOg709qv3r+HUFDud+RjAJaHxz51KcFyvrK1bMc2XeIKvaz39Uu9bWu5Qr6QQl8nxpLk0BJNW/s0R5xEHviSMCzE0CgG0opxKClhkKhmJCDAZIrHMGx07m6t+CFNvaqMwMURk1e6y31ZJpP5OYRWDE+MOomqmj7MCPc87I/iNG4Smx6Wk9CL67V6O0lWHQ7nQv5ZqumYqPNuxv8m66RXzBulfKl1natUvxYtM+gMnaMLZKAbVEEN1ERdRFCE3tA7+lBaykx5Vl4W1g1l+ZlTtALl9QfjH4L0</latexit>

TFCFS =W + S
work

Why is Boost weakly tail optimal?

30

<latexit sha1_base64="pnDGTLy3dpwCriC/J2EIl/z67wo=">AAABlnicZY9LS8NAFIXv1Fetr6gbQZDBblxoSYrUlaVYxC4UIvQFTSyT6W0dOnmQmYgauvPXuNUf4N/w39jXpvasDufcC9/xIimUNs1fkllZXVvfyG7mtrZ3dveM/YOmCpOYY4OHMozbHlMoRYANLbTEdhQj8z2JLW9YnfStF4yVCIO6fovQ9dkgEH3BmR5HXePEsdM6LVM9oo4SPq1SfEovnAHzfTYOu0beLJhT0WVjzU0e5rK7BnN6IU98DDSXTKmOVYy0m7JYCy5xlHMShRHjQzbATq3+cO+mr9MRi00P+yyR+pz2w0Bf8+fxO8Zuiu9SeBMm6z/BsmkWC1apUHq8zFdufmZ0WTiGUzgDC66gAjWwoQEcPuATvuCbHJEyuSV3s9MMmS86hAUR+w9igWsu</latexit>

P[T > t]⇠ Ce��t
<latexit sha1_base64="TfFycag5M85mgzbYkKKNLUEg530=">AAAB8nicZZDLTgIxGIVbFEVUGHXpppGNCyUMMbjCEIkJC00w4ZYwSDrlH2joXDLzY8TJvIg749aH8DVc+SoCAybIWZ30fKc5rekpGWCh8E0TW9vJnd3UXnr/4DCT1Y6OW4E78QU0hatcv2PyAJR0oIkSFXQ8H7htKmib4+o8bz+DH0jXaeDUg57Nh460pOA4O+pr0yorM0NJux8iM9BlhnQsnEYMnkJjyG2bM4yYUQ8b7GbuVrCBI0AeNxbYDLJ8LlalSxYTUfgX34XzO+NeI4r6Wq6QLyzENo2+NDmyVL2vmcbAFRMbHBSKB0FXL3rYC7mPUiiI0sYkAI+LMR9Ct9Z4uO+FL4v/WU8GYPGJwgtmuQ6WxWhWB78XwquSZpSejdL/T9g0rWJeL+VLj1e5yu1XPC9FTskZOSc6uSYVUiN10iSC/NAkzdAsRfpG3+lHjCbo8kknZE308xdMa42J</latexit>

C = lim
t!1

e�tP[T > t] = lim
✓!�

�� ✓
�

E[e✓ T ]

final value 
theorem



FCFS
<latexit sha1_base64="3GMn7XJnBkVV/IraZCbGa35ipf4=">AAABz3icZVDLSsNAFJ34rPHRqEs3wW4EpTRF6qpQWihdKLT0CU0Ik+lNO3SSCZmJVUPErd/gVhf+hb/h31jTgtSe1bn3nAvnXCdgVMhC4VvZ2Nza3tnN7Kn7B4dHWe34pCd4FBLoEs54OHCwAEZ96EoqGQyCELDnMOg709qv3r+HUFDud+RjAJaHxz51KcFyvrK1bMc2XeIKvaz39Uu9bWu5Qr6QQl8nxpLk0BJNW/s0R5xEHviSMCzE0CgG0opxKClhkKhmJCDAZIrHMGx07m6t+CFNvaqMwMURk1e6y31ZJpP5OYRWDE+MOomqmj7MCPc87I/iNG4Smx6Wk9CL67V6O0lWHQ7nQv5ZqumYqPNuxv8m66RXzBulfKl1natUvxYtM+gMnaMLZKAbVEEN1ERdRFCE3tA7+lBaykx5Vl4W1g1l+ZlTtALl9QfjH4L0</latexit>

TFCFS =W + S
work

<latexit sha1_base64="eABJhDILVQ/dQaI6ALA9K7DvM/8=">AAAB3nicZVDLSsNAFJ3UV42vqktBgt24kJIUqatCabF0oVCxL2hinExv2tBJJmQmvkJ24k7c+gu61Q/wN/wbY1qQ2rM6955z4Zxr+dThQlW/pczC4tLySnZVXlvf2NzKbe90OAsDAm3CKAt6FuZAHQ/awhEUen4A2LUodK1x7Vfv3kDAHea1xL0PhouHnmM7BItkZeb2a6ZuE5srZaVmdhX9NIKrSB9i18XKZRybubxaUFMo80Sbkjyaomnm3vQBI6ELniAUc97Xir4wIhwIh1CIZT3k4GMyxkPoN1rnZ0Z0l5aYVQZg45CKI8VmniiTUXIOgRHBA3WsWJZ1D24JSyJ6gyhNH0e6i8UocKN6rZ7EnnVYjHHxZ6mmYywn3bT/TeZJp1jQSoXSxXG+Uv2atMyiPXSADpGGTlAFNVATtRFBj+gdfaBP6Vp6kp6ll4k1I00/s4tmIL3+AL+yiaM=</latexit>

CFCFS = CW E[e�S]

Why is Boost weakly tail optimal?

30

<latexit sha1_base64="pnDGTLy3dpwCriC/J2EIl/z67wo=">AAABlnicZY9LS8NAFIXv1Fetr6gbQZDBblxoSYrUlaVYxC4UIvQFTSyT6W0dOnmQmYgauvPXuNUf4N/w39jXpvasDufcC9/xIimUNs1fkllZXVvfyG7mtrZ3dveM/YOmCpOYY4OHMozbHlMoRYANLbTEdhQj8z2JLW9YnfStF4yVCIO6fovQ9dkgEH3BmR5HXePEsdM6LVM9oo4SPq1SfEovnAHzfTYOu0beLJhT0WVjzU0e5rK7BnN6IU98DDSXTKmOVYy0m7JYCy5xlHMShRHjQzbATq3+cO+mr9MRi00P+yyR+pz2w0Bf8+fxO8Zuiu9SeBMm6z/BsmkWC1apUHq8zFdufmZ0WTiGUzgDC66gAjWwoQEcPuATvuCbHJEyuSV3s9MMmS86hAUR+w9igWsu</latexit>

P[T > t]⇠ Ce��t
<latexit sha1_base64="TfFycag5M85mgzbYkKKNLUEg530=">AAAB8nicZZDLTgIxGIVbFEVUGHXpppGNCyUMMbjCEIkJC00w4ZYwSDrlH2joXDLzY8TJvIg749aH8DVc+SoCAybIWZ30fKc5rekpGWCh8E0TW9vJnd3UXnr/4DCT1Y6OW4E78QU0hatcv2PyAJR0oIkSFXQ8H7htKmib4+o8bz+DH0jXaeDUg57Nh460pOA4O+pr0yorM0NJux8iM9BlhnQsnEYMnkJjyG2bM4yYUQ8b7GbuVrCBI0AeNxbYDLJ8LlalSxYTUfgX34XzO+NeI4r6Wq6QLyzENo2+NDmyVL2vmcbAFRMbHBSKB0FXL3rYC7mPUiiI0sYkAI+LMR9Ct9Z4uO+FL4v/WU8GYPGJwgtmuQ6WxWhWB78XwquSZpSejdL/T9g0rWJeL+VLj1e5yu1XPC9FTskZOSc6uSYVUiN10iSC/NAkzdAsRfpG3+lHjCbo8kknZE308xdMa42J</latexit>

C = lim
t!1

e�tP[T > t] = lim
✓!�

�� ✓
�

E[e✓ T ]

final value 
theorem



<latexit sha1_base64="gHjSShg8MM4JiLSTYREXEuknuSg=">AAAB8HicZZDLSsNAFIYnXmu8VV26GezGhZRERFdKaUG6UKhoL9CpYTI9qUMnmZCZehvyGuJOXOozuHCj7+DbGGtBav/Vd875D5z/+LHgSjvOlzU1PTM7N59bsBeXlldW82vrDSUHCYM6k0ImLZ8qEDyCuuZaQCtOgIa+gKbfr/zMm9eQKC6jC30XQyekvYgHnFGdtby8U/Ga+BATwUPPaEy0xIRHgb5LMVwa0qNhSLFOMamZJj7KyMsXnKIzFJ4EdwQFNFLNy7+QrmSDECLNBFWq7e7GumNoojkTkNpkoCCmrE970K5enJ50zO0w1vikCwEdCL2DAxnpQ3aVrUPSMXAvuJ/aNonghsns1qhrSMAClRoSUn2VhOa4cnyepuMOX0ql/yzlYZnaWTb3f5JJaOwW3f3i/tleoVR+/02ZQ5toC20jFx2gEqqiGqojhh7QG/pAn1ZiPVpP1vOvdcoafWYDjcl6/Qb8OJC6</latexit>

CW = lim
t!1

e�tP[W > t]

FCFS
<latexit sha1_base64="3GMn7XJnBkVV/IraZCbGa35ipf4=">AAABz3icZVDLSsNAFJ34rPHRqEs3wW4EpTRF6qpQWihdKLT0CU0Ik+lNO3SSCZmJVUPErd/gVhf+hb/h31jTgtSe1bn3nAvnXCdgVMhC4VvZ2Nza3tnN7Kn7B4dHWe34pCd4FBLoEs54OHCwAEZ96EoqGQyCELDnMOg709qv3r+HUFDud+RjAJaHxz51KcFyvrK1bMc2XeIKvaz39Uu9bWu5Qr6QQl8nxpLk0BJNW/s0R5xEHviSMCzE0CgG0opxKClhkKhmJCDAZIrHMGx07m6t+CFNvaqMwMURk1e6y31ZJpP5OYRWDE+MOomqmj7MCPc87I/iNG4Smx6Wk9CL67V6O0lWHQ7nQv5ZqumYqPNuxv8m66RXzBulfKl1natUvxYtM+gMnaMLZKAbVEEN1ERdRFCE3tA7+lBaykx5Vl4W1g1l+ZlTtALl9QfjH4L0</latexit>

TFCFS =W + S
work

<latexit sha1_base64="eABJhDILVQ/dQaI6ALA9K7DvM/8=">AAAB3nicZVDLSsNAFJ3UV42vqktBgt24kJIUqatCabF0oVCxL2hinExv2tBJJmQmvkJ24k7c+gu61Q/wN/wbY1qQ2rM6955z4Zxr+dThQlW/pczC4tLySnZVXlvf2NzKbe90OAsDAm3CKAt6FuZAHQ/awhEUen4A2LUodK1x7Vfv3kDAHea1xL0PhouHnmM7BItkZeb2a6ZuE5srZaVmdhX9NIKrSB9i18XKZRybubxaUFMo80Sbkjyaomnm3vQBI6ELniAUc97Xir4wIhwIh1CIZT3k4GMyxkPoN1rnZ0Z0l5aYVQZg45CKI8VmniiTUXIOgRHBA3WsWJZ1D24JSyJ6gyhNH0e6i8UocKN6rZ7EnnVYjHHxZ6mmYywn3bT/TeZJp1jQSoXSxXG+Uv2atMyiPXSADpGGTlAFNVATtRFBj+gdfaBP6Vp6kp6ll4k1I00/s4tmIL3+AL+yiaM=</latexit>

CFCFS = CW E[e�S]

Why is Boost weakly tail optimal?

30

<latexit sha1_base64="pnDGTLy3dpwCriC/J2EIl/z67wo=">AAABlnicZY9LS8NAFIXv1Fetr6gbQZDBblxoSYrUlaVYxC4UIvQFTSyT6W0dOnmQmYgauvPXuNUf4N/w39jXpvasDufcC9/xIimUNs1fkllZXVvfyG7mtrZ3dveM/YOmCpOYY4OHMozbHlMoRYANLbTEdhQj8z2JLW9YnfStF4yVCIO6fovQ9dkgEH3BmR5HXePEsdM6LVM9oo4SPq1SfEovnAHzfTYOu0beLJhT0WVjzU0e5rK7BnN6IU98DDSXTKmOVYy0m7JYCy5xlHMShRHjQzbATq3+cO+mr9MRi00P+yyR+pz2w0Bf8+fxO8Zuiu9SeBMm6z/BsmkWC1apUHq8zFdufmZ0WTiGUzgDC66gAjWwoQEcPuATvuCbHJEyuSV3s9MMmS86hAUR+w9igWsu</latexit>

P[T > t]⇠ Ce��t
<latexit sha1_base64="TfFycag5M85mgzbYkKKNLUEg530=">AAAB8nicZZDLTgIxGIVbFEVUGHXpppGNCyUMMbjCEIkJC00w4ZYwSDrlH2joXDLzY8TJvIg749aH8DVc+SoCAybIWZ30fKc5rekpGWCh8E0TW9vJnd3UXnr/4DCT1Y6OW4E78QU0hatcv2PyAJR0oIkSFXQ8H7htKmib4+o8bz+DH0jXaeDUg57Nh460pOA4O+pr0yorM0NJux8iM9BlhnQsnEYMnkJjyG2bM4yYUQ8b7GbuVrCBI0AeNxbYDLJ8LlalSxYTUfgX34XzO+NeI4r6Wq6QLyzENo2+NDmyVL2vmcbAFRMbHBSKB0FXL3rYC7mPUiiI0sYkAI+LMR9Ct9Z4uO+FL4v/WU8GYPGJwgtmuQ6WxWhWB78XwquSZpSejdL/T9g0rWJeL+VLj1e5yu1XPC9FTskZOSc6uSYVUiN10iSC/NAkzdAsRfpG3+lHjCbo8kknZE308xdMa42J</latexit>

C = lim
t!1

e�tP[T > t] = lim
✓!�

�� ✓
�

E[e✓ T ]

final value 
theorem



<latexit sha1_base64="gHjSShg8MM4JiLSTYREXEuknuSg=">AAAB8HicZZDLSsNAFIYnXmu8VV26GezGhZRERFdKaUG6UKhoL9CpYTI9qUMnmZCZehvyGuJOXOozuHCj7+DbGGtBav/Vd875D5z/+LHgSjvOlzU1PTM7N59bsBeXlldW82vrDSUHCYM6k0ImLZ8qEDyCuuZaQCtOgIa+gKbfr/zMm9eQKC6jC30XQyekvYgHnFGdtby8U/Ga+BATwUPPaEy0xIRHgb5LMVwa0qNhSLFOMamZJj7KyMsXnKIzFJ4EdwQFNFLNy7+QrmSDECLNBFWq7e7GumNoojkTkNpkoCCmrE970K5enJ50zO0w1vikCwEdCL2DAxnpQ3aVrUPSMXAvuJ/aNonghsns1qhrSMAClRoSUn2VhOa4cnyepuMOX0ql/yzlYZnaWTb3f5JJaOwW3f3i/tleoVR+/02ZQ5toC20jFx2gEqqiGqojhh7QG/pAn1ZiPVpP1vOvdcoafWYDjcl6/Qb8OJC6</latexit>

CW = lim
t!1

e�tP[W > t]

FCFS
<latexit sha1_base64="3GMn7XJnBkVV/IraZCbGa35ipf4=">AAABz3icZVDLSsNAFJ34rPHRqEs3wW4EpTRF6qpQWihdKLT0CU0Ik+lNO3SSCZmJVUPErd/gVhf+hb/h31jTgtSe1bn3nAvnXCdgVMhC4VvZ2Nza3tnN7Kn7B4dHWe34pCd4FBLoEs54OHCwAEZ96EoqGQyCELDnMOg709qv3r+HUFDud+RjAJaHxz51KcFyvrK1bMc2XeIKvaz39Uu9bWu5Qr6QQl8nxpLk0BJNW/s0R5xEHviSMCzE0CgG0opxKClhkKhmJCDAZIrHMGx07m6t+CFNvaqMwMURk1e6y31ZJpP5OYRWDE+MOomqmj7MCPc87I/iNG4Smx6Wk9CL67V6O0lWHQ7nQv5ZqumYqPNuxv8m66RXzBulfKl1natUvxYtM+gMnaMLZKAbVEEN1ERdRFCE3tA7+lBaykx5Vl4W1g1l+ZlTtALl9QfjH4L0</latexit>

TFCFS =W + S
work

<latexit sha1_base64="eABJhDILVQ/dQaI6ALA9K7DvM/8=">AAAB3nicZVDLSsNAFJ3UV42vqktBgt24kJIUqatCabF0oVCxL2hinExv2tBJJmQmvkJ24k7c+gu61Q/wN/wbY1qQ2rM6955z4Zxr+dThQlW/pczC4tLySnZVXlvf2NzKbe90OAsDAm3CKAt6FuZAHQ/awhEUen4A2LUodK1x7Vfv3kDAHea1xL0PhouHnmM7BItkZeb2a6ZuE5srZaVmdhX9NIKrSB9i18XKZRybubxaUFMo80Sbkjyaomnm3vQBI6ELniAUc97Xir4wIhwIh1CIZT3k4GMyxkPoN1rnZ0Z0l5aYVQZg45CKI8VmniiTUXIOgRHBA3WsWJZ1D24JSyJ6gyhNH0e6i8UocKN6rZ7EnnVYjHHxZ6mmYywn3bT/TeZJp1jQSoXSxXG+Uv2atMyiPXSADpGGTlAFNVATtRFBj+gdfaBP6Vp6kp6ll4k1I00/s4tmIL3+AL+yiaM=</latexit>

CFCFS = CW E[e�S]

Why is Boost weakly tail optimal?

30

<latexit sha1_base64="pnDGTLy3dpwCriC/J2EIl/z67wo=">AAABlnicZY9LS8NAFIXv1Fetr6gbQZDBblxoSYrUlaVYxC4UIvQFTSyT6W0dOnmQmYgauvPXuNUf4N/w39jXpvasDufcC9/xIimUNs1fkllZXVvfyG7mtrZ3dveM/YOmCpOYY4OHMozbHlMoRYANLbTEdhQj8z2JLW9YnfStF4yVCIO6fovQ9dkgEH3BmR5HXePEsdM6LVM9oo4SPq1SfEovnAHzfTYOu0beLJhT0WVjzU0e5rK7BnN6IU98DDSXTKmOVYy0m7JYCy5xlHMShRHjQzbATq3+cO+mr9MRi00P+yyR+pz2w0Bf8+fxO8Zuiu9SeBMm6z/BsmkWC1apUHq8zFdufmZ0WTiGUzgDC66gAjWwoQEcPuATvuCbHJEyuSV3s9MMmS86hAUR+w9igWsu</latexit>

P[T > t]⇠ Ce��t
<latexit sha1_base64="TfFycag5M85mgzbYkKKNLUEg530=">AAAB8nicZZDLTgIxGIVbFEVUGHXpppGNCyUMMbjCEIkJC00w4ZYwSDrlH2joXDLzY8TJvIg749aH8DVc+SoCAybIWZ30fKc5rekpGWCh8E0TW9vJnd3UXnr/4DCT1Y6OW4E78QU0hatcv2PyAJR0oIkSFXQ8H7htKmib4+o8bz+DH0jXaeDUg57Nh460pOA4O+pr0yorM0NJux8iM9BlhnQsnEYMnkJjyG2bM4yYUQ8b7GbuVrCBI0AeNxbYDLJ8LlalSxYTUfgX34XzO+NeI4r6Wq6QLyzENo2+NDmyVL2vmcbAFRMbHBSKB0FXL3rYC7mPUiiI0sYkAI+LMR9Ct9Z4uO+FL4v/WU8GYPGJwgtmuQ6WxWhWB78XwquSZpSejdL/T9g0rWJeL+VLj1e5yu1XPC9FTskZOSc6uSYVUiN10iSC/NAkzdAsRfpG3+lHjCbo8kknZE308xdMa42J</latexit>

C = lim
t!1

e�tP[T > t] = lim
✓!�

�� ✓
�

E[e✓ T ]

final value 
theorem

Boost
<latexit sha1_base64="gxHK5HYyn9NaMH1jmIkGgCfbNNg=">AAAB4XicZZBLS8NAFIUn9VXjK+rSTbSbilqSInUllBZKFwqVPqEJYTKdtKGTTJiZaDVkLe7Erb/AhVvd+jf8N8a0ILVnde495y6+awfE5ULTvqXM0vLK6lp2Xd7Y3NreUXb3OpyGDOE2ooSyng05Jq6P28IVBPcChqFnE9y1x9XfvHuLGXep3xL3ATY9OPRdx0VQJCtLOWxZhk0pF6oBg4DRidpVT9Smeqba+eZxYjuWktMKWip10egzkwMzNSzlzRhQFHrYF4hAzvt6MRBmBJlwEcGxbIQcBxCN4RD3663rKzOapBzzyQA7MCTiVHWoLy7RKDnHzIzwA3HtWJYNH98h6nnQH0SGgxweR4YHxYh5Ua1aa8bxfCNF/KtU0jGWEzb9P8mi6RQLeqlQujnPlStfU8osOABHIA90cAHKoA4aoA0QeATv4AN8Skh6kp6ll2k1I80+sw/mJL3+AHCoiRo=</latexit>

TBoost ⇡W + S � b(S) + V



<latexit sha1_base64="gHjSShg8MM4JiLSTYREXEuknuSg=">AAAB8HicZZDLSsNAFIYnXmu8VV26GezGhZRERFdKaUG6UKhoL9CpYTI9qUMnmZCZehvyGuJOXOozuHCj7+DbGGtBav/Vd875D5z/+LHgSjvOlzU1PTM7N59bsBeXlldW82vrDSUHCYM6k0ImLZ8qEDyCuuZaQCtOgIa+gKbfr/zMm9eQKC6jC30XQyekvYgHnFGdtby8U/Ga+BATwUPPaEy0xIRHgb5LMVwa0qNhSLFOMamZJj7KyMsXnKIzFJ4EdwQFNFLNy7+QrmSDECLNBFWq7e7GumNoojkTkNpkoCCmrE970K5enJ50zO0w1vikCwEdCL2DAxnpQ3aVrUPSMXAvuJ/aNonghsns1qhrSMAClRoSUn2VhOa4cnyepuMOX0ql/yzlYZnaWTb3f5JJaOwW3f3i/tleoVR+/02ZQ5toC20jFx2gEqqiGqojhh7QG/pAn1ZiPVpP1vOvdcoafWYDjcl6/Qb8OJC6</latexit>

CW = lim
t!1

e�tP[W > t]

FCFS
<latexit sha1_base64="3GMn7XJnBkVV/IraZCbGa35ipf4=">AAABz3icZVDLSsNAFJ34rPHRqEs3wW4EpTRF6qpQWihdKLT0CU0Ik+lNO3SSCZmJVUPErd/gVhf+hb/h31jTgtSe1bn3nAvnXCdgVMhC4VvZ2Nza3tnN7Kn7B4dHWe34pCd4FBLoEs54OHCwAEZ96EoqGQyCELDnMOg709qv3r+HUFDud+RjAJaHxz51KcFyvrK1bMc2XeIKvaz39Uu9bWu5Qr6QQl8nxpLk0BJNW/s0R5xEHviSMCzE0CgG0opxKClhkKhmJCDAZIrHMGx07m6t+CFNvaqMwMURk1e6y31ZJpP5OYRWDE+MOomqmj7MCPc87I/iNG4Smx6Wk9CL67V6O0lWHQ7nQv5ZqumYqPNuxv8m66RXzBulfKl1natUvxYtM+gMnaMLZKAbVEEN1ERdRFCE3tA7+lBaykx5Vl4W1g1l+ZlTtALl9QfjH4L0</latexit>

TFCFS =W + S
work

<latexit sha1_base64="eABJhDILVQ/dQaI6ALA9K7DvM/8=">AAAB3nicZVDLSsNAFJ3UV42vqktBgt24kJIUqatCabF0oVCxL2hinExv2tBJJmQmvkJ24k7c+gu61Q/wN/wbY1qQ2rM6955z4Zxr+dThQlW/pczC4tLySnZVXlvf2NzKbe90OAsDAm3CKAt6FuZAHQ/awhEUen4A2LUodK1x7Vfv3kDAHea1xL0PhouHnmM7BItkZeb2a6ZuE5srZaVmdhX9NIKrSB9i18XKZRybubxaUFMo80Sbkjyaomnm3vQBI6ELniAUc97Xir4wIhwIh1CIZT3k4GMyxkPoN1rnZ0Z0l5aYVQZg45CKI8VmniiTUXIOgRHBA3WsWJZ1D24JSyJ6gyhNH0e6i8UocKN6rZ7EnnVYjHHxZ6mmYywn3bT/TeZJp1jQSoXSxXG+Uv2atMyiPXSADpGGTlAFNVATtRFBj+gdfaBP6Vp6kp6ll4k1I00/s4tmIL3+AL+yiaM=</latexit>

CFCFS = CW E[e�S]

Why is Boost weakly tail optimal?

30

<latexit sha1_base64="pnDGTLy3dpwCriC/J2EIl/z67wo=">AAABlnicZY9LS8NAFIXv1Fetr6gbQZDBblxoSYrUlaVYxC4UIvQFTSyT6W0dOnmQmYgauvPXuNUf4N/w39jXpvasDufcC9/xIimUNs1fkllZXVvfyG7mtrZ3dveM/YOmCpOYY4OHMozbHlMoRYANLbTEdhQj8z2JLW9YnfStF4yVCIO6fovQ9dkgEH3BmR5HXePEsdM6LVM9oo4SPq1SfEovnAHzfTYOu0beLJhT0WVjzU0e5rK7BnN6IU98DDSXTKmOVYy0m7JYCy5xlHMShRHjQzbATq3+cO+mr9MRi00P+yyR+pz2w0Bf8+fxO8Zuiu9SeBMm6z/BsmkWC1apUHq8zFdufmZ0WTiGUzgDC66gAjWwoQEcPuATvuCbHJEyuSV3s9MMmS86hAUR+w9igWsu</latexit>

P[T > t]⇠ Ce��t
<latexit sha1_base64="TfFycag5M85mgzbYkKKNLUEg530=">AAAB8nicZZDLTgIxGIVbFEVUGHXpppGNCyUMMbjCEIkJC00w4ZYwSDrlH2joXDLzY8TJvIg749aH8DVc+SoCAybIWZ30fKc5rekpGWCh8E0TW9vJnd3UXnr/4DCT1Y6OW4E78QU0hatcv2PyAJR0oIkSFXQ8H7htKmib4+o8bz+DH0jXaeDUg57Nh460pOA4O+pr0yorM0NJux8iM9BlhnQsnEYMnkJjyG2bM4yYUQ8b7GbuVrCBI0AeNxbYDLJ8LlalSxYTUfgX34XzO+NeI4r6Wq6QLyzENo2+NDmyVL2vmcbAFRMbHBSKB0FXL3rYC7mPUiiI0sYkAI+LMR9Ct9Z4uO+FL4v/WU8GYPGJwgtmuQ6WxWhWB78XwquSZpSejdL/T9g0rWJeL+VLj1e5yu1XPC9FTskZOSc6uSYVUiN10iSC/NAkzdAsRfpG3+lHjCbo8kknZE308xdMa42J</latexit>

C = lim
t!1

e�tP[T > t] = lim
✓!�

�� ✓
�

E[e✓ T ]

final value 
theorem

Boost
<latexit sha1_base64="gxHK5HYyn9NaMH1jmIkGgCfbNNg=">AAAB4XicZZBLS8NAFIUn9VXjK+rSTbSbilqSInUllBZKFwqVPqEJYTKdtKGTTJiZaDVkLe7Erb/AhVvd+jf8N8a0ILVnde495y6+awfE5ULTvqXM0vLK6lp2Xd7Y3NreUXb3OpyGDOE2ooSyng05Jq6P28IVBPcChqFnE9y1x9XfvHuLGXep3xL3ATY9OPRdx0VQJCtLOWxZhk0pF6oBg4DRidpVT9Smeqba+eZxYjuWktMKWip10egzkwMzNSzlzRhQFHrYF4hAzvt6MRBmBJlwEcGxbIQcBxCN4RD3663rKzOapBzzyQA7MCTiVHWoLy7RKDnHzIzwA3HtWJYNH98h6nnQH0SGgxweR4YHxYh5Ua1aa8bxfCNF/KtU0jGWEzb9P8mi6RQLeqlQujnPlStfU8osOABHIA90cAHKoA4aoA0QeATv4AN8Skh6kp6ll2k1I80+sw/mJL3+AHCoiRo=</latexit>

TBoost ⇡W + S � b(S) + V

boost function



<latexit sha1_base64="gHjSShg8MM4JiLSTYREXEuknuSg=">AAAB8HicZZDLSsNAFIYnXmu8VV26GezGhZRERFdKaUG6UKhoL9CpYTI9qUMnmZCZehvyGuJOXOozuHCj7+DbGGtBav/Vd875D5z/+LHgSjvOlzU1PTM7N59bsBeXlldW82vrDSUHCYM6k0ImLZ8qEDyCuuZaQCtOgIa+gKbfr/zMm9eQKC6jC30XQyekvYgHnFGdtby8U/Ga+BATwUPPaEy0xIRHgb5LMVwa0qNhSLFOMamZJj7KyMsXnKIzFJ4EdwQFNFLNy7+QrmSDECLNBFWq7e7GumNoojkTkNpkoCCmrE970K5enJ50zO0w1vikCwEdCL2DAxnpQ3aVrUPSMXAvuJ/aNonghsns1qhrSMAClRoSUn2VhOa4cnyepuMOX0ql/yzlYZnaWTb3f5JJaOwW3f3i/tleoVR+/02ZQ5toC20jFx2gEqqiGqojhh7QG/pAn1ZiPVpP1vOvdcoafWYDjcl6/Qb8OJC6</latexit>

CW = lim
t!1

e�tP[W > t]

FCFS
<latexit sha1_base64="3GMn7XJnBkVV/IraZCbGa35ipf4=">AAABz3icZVDLSsNAFJ34rPHRqEs3wW4EpTRF6qpQWihdKLT0CU0Ik+lNO3SSCZmJVUPErd/gVhf+hb/h31jTgtSe1bn3nAvnXCdgVMhC4VvZ2Nza3tnN7Kn7B4dHWe34pCd4FBLoEs54OHCwAEZ96EoqGQyCELDnMOg709qv3r+HUFDud+RjAJaHxz51KcFyvrK1bMc2XeIKvaz39Uu9bWu5Qr6QQl8nxpLk0BJNW/s0R5xEHviSMCzE0CgG0opxKClhkKhmJCDAZIrHMGx07m6t+CFNvaqMwMURk1e6y31ZJpP5OYRWDE+MOomqmj7MCPc87I/iNG4Smx6Wk9CL67V6O0lWHQ7nQv5ZqumYqPNuxv8m66RXzBulfKl1natUvxYtM+gMnaMLZKAbVEEN1ERdRFCE3tA7+lBaykx5Vl4W1g1l+ZlTtALl9QfjH4L0</latexit>

TFCFS =W + S
work

<latexit sha1_base64="eABJhDILVQ/dQaI6ALA9K7DvM/8=">AAAB3nicZVDLSsNAFJ3UV42vqktBgt24kJIUqatCabF0oVCxL2hinExv2tBJJmQmvkJ24k7c+gu61Q/wN/wbY1qQ2rM6955z4Zxr+dThQlW/pczC4tLySnZVXlvf2NzKbe90OAsDAm3CKAt6FuZAHQ/awhEUen4A2LUodK1x7Vfv3kDAHea1xL0PhouHnmM7BItkZeb2a6ZuE5srZaVmdhX9NIKrSB9i18XKZRybubxaUFMo80Sbkjyaomnm3vQBI6ELniAUc97Xir4wIhwIh1CIZT3k4GMyxkPoN1rnZ0Z0l5aYVQZg45CKI8VmniiTUXIOgRHBA3WsWJZ1D24JSyJ6gyhNH0e6i8UocKN6rZ7EnnVYjHHxZ6mmYywn3bT/TeZJp1jQSoXSxXG+Uv2atMyiPXSADpGGTlAFNVATtRFBj+gdfaBP6Vp6kp6ll4k1I00/s4tmIL3+AL+yiaM=</latexit>

CFCFS = CW E[e�S]

Why is Boost weakly tail optimal?

30

<latexit sha1_base64="pnDGTLy3dpwCriC/J2EIl/z67wo=">AAABlnicZY9LS8NAFIXv1Fetr6gbQZDBblxoSYrUlaVYxC4UIvQFTSyT6W0dOnmQmYgauvPXuNUf4N/w39jXpvasDufcC9/xIimUNs1fkllZXVvfyG7mtrZ3dveM/YOmCpOYY4OHMozbHlMoRYANLbTEdhQj8z2JLW9YnfStF4yVCIO6fovQ9dkgEH3BmR5HXePEsdM6LVM9oo4SPq1SfEovnAHzfTYOu0beLJhT0WVjzU0e5rK7BnN6IU98DDSXTKmOVYy0m7JYCy5xlHMShRHjQzbATq3+cO+mr9MRi00P+yyR+pz2w0Bf8+fxO8Zuiu9SeBMm6z/BsmkWC1apUHq8zFdufmZ0WTiGUzgDC66gAjWwoQEcPuATvuCbHJEyuSV3s9MMmS86hAUR+w9igWsu</latexit>

P[T > t]⇠ Ce��t
<latexit sha1_base64="TfFycag5M85mgzbYkKKNLUEg530=">AAAB8nicZZDLTgIxGIVbFEVUGHXpppGNCyUMMbjCEIkJC00w4ZYwSDrlH2joXDLzY8TJvIg749aH8DVc+SoCAybIWZ30fKc5rekpGWCh8E0TW9vJnd3UXnr/4DCT1Y6OW4E78QU0hatcv2PyAJR0oIkSFXQ8H7htKmib4+o8bz+DH0jXaeDUg57Nh460pOA4O+pr0yorM0NJux8iM9BlhnQsnEYMnkJjyG2bM4yYUQ8b7GbuVrCBI0AeNxbYDLJ8LlalSxYTUfgX34XzO+NeI4r6Wq6QLyzENo2+NDmyVL2vmcbAFRMbHBSKB0FXL3rYC7mPUiiI0sYkAI+LMR9Ct9Z4uO+FL4v/WU8GYPGJwgtmuQ6WxWhWB78XwquSZpSejdL/T9g0rWJeL+VLj1e5yu1XPC9FTskZOSc6uSYVUiN10iSC/NAkzdAsRfpG3+lHjCbo8kknZE308xdMa42J</latexit>

C = lim
t!1

e�tP[T > t] = lim
✓!�

�� ✓
�

E[e✓ T ]

final value 
theorem

Boost
<latexit sha1_base64="gxHK5HYyn9NaMH1jmIkGgCfbNNg=">AAAB4XicZZBLS8NAFIUn9VXjK+rSTbSbilqSInUllBZKFwqVPqEJYTKdtKGTTJiZaDVkLe7Erb/AhVvd+jf8N8a0ILVnde495y6+awfE5ULTvqXM0vLK6lp2Xd7Y3NreUXb3OpyGDOE2ooSyng05Jq6P28IVBPcChqFnE9y1x9XfvHuLGXep3xL3ATY9OPRdx0VQJCtLOWxZhk0pF6oBg4DRidpVT9Smeqba+eZxYjuWktMKWip10egzkwMzNSzlzRhQFHrYF4hAzvt6MRBmBJlwEcGxbIQcBxCN4RD3663rKzOapBzzyQA7MCTiVHWoLy7RKDnHzIzwA3HtWJYNH98h6nnQH0SGgxweR4YHxYh5Ua1aa8bxfCNF/KtU0jGWEzb9P8mi6RQLeqlQujnPlStfU8osOABHIA90cAHKoA4aoA0QeATv4AN8Skh6kp6ll2k1I80+sw/mJL3+AHCoiRo=</latexit>

TBoost ⇡W + S � b(S) + V

boost function

crossing work



<latexit sha1_base64="gHjSShg8MM4JiLSTYREXEuknuSg=">AAAB8HicZZDLSsNAFIYnXmu8VV26GezGhZRERFdKaUG6UKhoL9CpYTI9qUMnmZCZehvyGuJOXOozuHCj7+DbGGtBav/Vd875D5z/+LHgSjvOlzU1PTM7N59bsBeXlldW82vrDSUHCYM6k0ImLZ8qEDyCuuZaQCtOgIa+gKbfr/zMm9eQKC6jC30XQyekvYgHnFGdtby8U/Ga+BATwUPPaEy0xIRHgb5LMVwa0qNhSLFOMamZJj7KyMsXnKIzFJ4EdwQFNFLNy7+QrmSDECLNBFWq7e7GumNoojkTkNpkoCCmrE970K5enJ50zO0w1vikCwEdCL2DAxnpQ3aVrUPSMXAvuJ/aNonghsns1qhrSMAClRoSUn2VhOa4cnyepuMOX0ql/yzlYZnaWTb3f5JJaOwW3f3i/tleoVR+/02ZQ5toC20jFx2gEqqiGqojhh7QG/pAn1ZiPVpP1vOvdcoafWYDjcl6/Qb8OJC6</latexit>

CW = lim
t!1

e�tP[W > t]

FCFS
<latexit sha1_base64="3GMn7XJnBkVV/IraZCbGa35ipf4=">AAABz3icZVDLSsNAFJ34rPHRqEs3wW4EpTRF6qpQWihdKLT0CU0Ik+lNO3SSCZmJVUPErd/gVhf+hb/h31jTgtSe1bn3nAvnXCdgVMhC4VvZ2Nza3tnN7Kn7B4dHWe34pCd4FBLoEs54OHCwAEZ96EoqGQyCELDnMOg709qv3r+HUFDud+RjAJaHxz51KcFyvrK1bMc2XeIKvaz39Uu9bWu5Qr6QQl8nxpLk0BJNW/s0R5xEHviSMCzE0CgG0opxKClhkKhmJCDAZIrHMGx07m6t+CFNvaqMwMURk1e6y31ZJpP5OYRWDE+MOomqmj7MCPc87I/iNG4Smx6Wk9CL67V6O0lWHQ7nQv5ZqumYqPNuxv8m66RXzBulfKl1natUvxYtM+gMnaMLZKAbVEEN1ERdRFCE3tA7+lBaykx5Vl4W1g1l+ZlTtALl9QfjH4L0</latexit>

TFCFS =W + S
work

<latexit sha1_base64="eABJhDILVQ/dQaI6ALA9K7DvM/8=">AAAB3nicZVDLSsNAFJ3UV42vqktBgt24kJIUqatCabF0oVCxL2hinExv2tBJJmQmvkJ24k7c+gu61Q/wN/wbY1qQ2rM6955z4Zxr+dThQlW/pczC4tLySnZVXlvf2NzKbe90OAsDAm3CKAt6FuZAHQ/awhEUen4A2LUodK1x7Vfv3kDAHea1xL0PhouHnmM7BItkZeb2a6ZuE5srZaVmdhX9NIKrSB9i18XKZRybubxaUFMo80Sbkjyaomnm3vQBI6ELniAUc97Xir4wIhwIh1CIZT3k4GMyxkPoN1rnZ0Z0l5aYVQZg45CKI8VmniiTUXIOgRHBA3WsWJZ1D24JSyJ6gyhNH0e6i8UocKN6rZ7EnnVYjHHxZ6mmYywn3bT/TeZJp1jQSoXSxXG+Uv2atMyiPXSADpGGTlAFNVATtRFBj+gdfaBP6Vp6kp6ll4k1I00/s4tmIL3+AL+yiaM=</latexit>

CFCFS = CW E[e�S]

Why is Boost weakly tail optimal?

30

<latexit sha1_base64="pnDGTLy3dpwCriC/J2EIl/z67wo=">AAABlnicZY9LS8NAFIXv1Fetr6gbQZDBblxoSYrUlaVYxC4UIvQFTSyT6W0dOnmQmYgauvPXuNUf4N/w39jXpvasDufcC9/xIimUNs1fkllZXVvfyG7mtrZ3dveM/YOmCpOYY4OHMozbHlMoRYANLbTEdhQj8z2JLW9YnfStF4yVCIO6fovQ9dkgEH3BmR5HXePEsdM6LVM9oo4SPq1SfEovnAHzfTYOu0beLJhT0WVjzU0e5rK7BnN6IU98DDSXTKmOVYy0m7JYCy5xlHMShRHjQzbATq3+cO+mr9MRi00P+yyR+pz2w0Bf8+fxO8Zuiu9SeBMm6z/BsmkWC1apUHq8zFdufmZ0WTiGUzgDC66gAjWwoQEcPuATvuCbHJEyuSV3s9MMmS86hAUR+w9igWsu</latexit>

P[T > t]⇠ Ce��t
<latexit sha1_base64="TfFycag5M85mgzbYkKKNLUEg530=">AAAB8nicZZDLTgIxGIVbFEVUGHXpppGNCyUMMbjCEIkJC00w4ZYwSDrlH2joXDLzY8TJvIg749aH8DVc+SoCAybIWZ30fKc5rekpGWCh8E0TW9vJnd3UXnr/4DCT1Y6OW4E78QU0hatcv2PyAJR0oIkSFXQ8H7htKmib4+o8bz+DH0jXaeDUg57Nh460pOA4O+pr0yorM0NJux8iM9BlhnQsnEYMnkJjyG2bM4yYUQ8b7GbuVrCBI0AeNxbYDLJ8LlalSxYTUfgX34XzO+NeI4r6Wq6QLyzENo2+NDmyVL2vmcbAFRMbHBSKB0FXL3rYC7mPUiiI0sYkAI+LMR9Ct9Z4uO+FL4v/WU8GYPGJwgtmuQ6WxWhWB78XwquSZpSejdL/T9g0rWJeL+VLj1e5yu1XPC9FTskZOSc6uSYVUiN10iSC/NAkzdAsRfpG3+lHjCbo8kknZE308xdMa42J</latexit>

C = lim
t!1

e�tP[T > t] = lim
✓!�

�� ✓
�

E[e✓ T ]

final value 
theorem

Boost
<latexit sha1_base64="gxHK5HYyn9NaMH1jmIkGgCfbNNg=">AAAB4XicZZBLS8NAFIUn9VXjK+rSTbSbilqSInUllBZKFwqVPqEJYTKdtKGTTJiZaDVkLe7Erb/AhVvd+jf8N8a0ILVnde495y6+awfE5ULTvqXM0vLK6lp2Xd7Y3NreUXb3OpyGDOE2ooSyng05Jq6P28IVBPcChqFnE9y1x9XfvHuLGXep3xL3ATY9OPRdx0VQJCtLOWxZhk0pF6oBg4DRidpVT9Smeqba+eZxYjuWktMKWip10egzkwMzNSzlzRhQFHrYF4hAzvt6MRBmBJlwEcGxbIQcBxCN4RD3663rKzOapBzzyQA7MCTiVHWoLy7RKDnHzIzwA3HtWJYNH98h6nnQH0SGgxweR4YHxYh5Ua1aa8bxfCNF/KtU0jGWEzb9P8mi6RQLeqlQujnPlStfU8osOABHIA90cAHKoA4aoA0QeATv4AN8Skh6kp6ll2k1I80+sw/mJL3+AHCoiRo=</latexit>

TBoost ⇡W + S � b(S) + V

<latexit sha1_base64="zddoqQicD1gzAsUtv+Uk2NAk9h0=">AAAB/HicZZBLSwMxFIUz9T2+qi7dBLtpoZZOkbqxIBbFhYJS+4CmDpn0Tjs0Mxkmqa8h/hhxI+LWtUu3uvPfWGtBas/q3Jxz4X5xQu5Jlc9/GYmp6ZnZufkFc3FpeWU1ubZek6IfMagywUXUcKgE7gVQVZ7i0AgjoL7Doe70yj95/Qoi6YngQt2G0PJpJ/Bcj1E1eLKTe2WbOEJIhUu4bNcxOYzhMiYd6vsUpyt4GzvpSiajNSbZ8bCmtZ1M5XP5ofCksUYmhUY6s5NPpC1Y34dAMU6lbFqFULViGimPcdAm6UsIKevRDjSPL05PWvHNEHE8aYNL+1xlsSsCVWLdwTpErRjuuOdo0yQBXDMxODFox8RlrtQx8anqRn58VD6qaD3eGNL/VQ6GozYHbNZ/kklTK+SsYq54vpPaP3j7pZxHm2gLpZGFdtE+OkZnqIoYekDv6AN9GvfGo/FsvPxWE8boZzbQmIzXb0h5lAk=</latexit>

CBoost = CW E[e�(S�b(S))]E[e�V ]

boost function

crossing work



<latexit sha1_base64="gHjSShg8MM4JiLSTYREXEuknuSg=">AAAB8HicZZDLSsNAFIYnXmu8VV26GezGhZRERFdKaUG6UKhoL9CpYTI9qUMnmZCZehvyGuJOXOozuHCj7+DbGGtBav/Vd875D5z/+LHgSjvOlzU1PTM7N59bsBeXlldW82vrDSUHCYM6k0ImLZ8qEDyCuuZaQCtOgIa+gKbfr/zMm9eQKC6jC30XQyekvYgHnFGdtby8U/Ga+BATwUPPaEy0xIRHgb5LMVwa0qNhSLFOMamZJj7KyMsXnKIzFJ4EdwQFNFLNy7+QrmSDECLNBFWq7e7GumNoojkTkNpkoCCmrE970K5enJ50zO0w1vikCwEdCL2DAxnpQ3aVrUPSMXAvuJ/aNonghsns1qhrSMAClRoSUn2VhOa4cnyepuMOX0ql/yzlYZnaWTb3f5JJaOwW3f3i/tleoVR+/02ZQ5toC20jFx2gEqqiGqojhh7QG/pAn1ZiPVpP1vOvdcoafWYDjcl6/Qb8OJC6</latexit>

CW = lim
t!1

e�tP[W > t]

FCFS
<latexit sha1_base64="3GMn7XJnBkVV/IraZCbGa35ipf4=">AAABz3icZVDLSsNAFJ34rPHRqEs3wW4EpTRF6qpQWihdKLT0CU0Ik+lNO3SSCZmJVUPErd/gVhf+hb/h31jTgtSe1bn3nAvnXCdgVMhC4VvZ2Nza3tnN7Kn7B4dHWe34pCd4FBLoEs54OHCwAEZ96EoqGQyCELDnMOg709qv3r+HUFDud+RjAJaHxz51KcFyvrK1bMc2XeIKvaz39Uu9bWu5Qr6QQl8nxpLk0BJNW/s0R5xEHviSMCzE0CgG0opxKClhkKhmJCDAZIrHMGx07m6t+CFNvaqMwMURk1e6y31ZJpP5OYRWDE+MOomqmj7MCPc87I/iNG4Smx6Wk9CL67V6O0lWHQ7nQv5ZqumYqPNuxv8m66RXzBulfKl1natUvxYtM+gMnaMLZKAbVEEN1ERdRFCE3tA7+lBaykx5Vl4W1g1l+ZlTtALl9QfjH4L0</latexit>

TFCFS =W + S
work

<latexit sha1_base64="eABJhDILVQ/dQaI6ALA9K7DvM/8=">AAAB3nicZVDLSsNAFJ3UV42vqktBgt24kJIUqatCabF0oVCxL2hinExv2tBJJmQmvkJ24k7c+gu61Q/wN/wbY1qQ2rM6955z4Zxr+dThQlW/pczC4tLySnZVXlvf2NzKbe90OAsDAm3CKAt6FuZAHQ/awhEUen4A2LUodK1x7Vfv3kDAHea1xL0PhouHnmM7BItkZeb2a6ZuE5srZaVmdhX9NIKrSB9i18XKZRybubxaUFMo80Sbkjyaomnm3vQBI6ELniAUc97Xir4wIhwIh1CIZT3k4GMyxkPoN1rnZ0Z0l5aYVQZg45CKI8VmniiTUXIOgRHBA3WsWJZ1D24JSyJ6gyhNH0e6i8UocKN6rZ7EnnVYjHHxZ6mmYywn3bT/TeZJp1jQSoXSxXG+Uv2atMyiPXSADpGGTlAFNVATtRFBj+gdfaBP6Vp6kp6ll4k1I00/s4tmIL3+AL+yiaM=</latexit>

CFCFS = CW E[e�S]
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<latexit sha1_base64="pnDGTLy3dpwCriC/J2EIl/z67wo=">AAABlnicZY9LS8NAFIXv1Fetr6gbQZDBblxoSYrUlaVYxC4UIvQFTSyT6W0dOnmQmYgauvPXuNUf4N/w39jXpvasDufcC9/xIimUNs1fkllZXVvfyG7mtrZ3dveM/YOmCpOYY4OHMozbHlMoRYANLbTEdhQj8z2JLW9YnfStF4yVCIO6fovQ9dkgEH3BmR5HXePEsdM6LVM9oo4SPq1SfEovnAHzfTYOu0beLJhT0WVjzU0e5rK7BnN6IU98DDSXTKmOVYy0m7JYCy5xlHMShRHjQzbATq3+cO+mr9MRi00P+yyR+pz2w0Bf8+fxO8Zuiu9SeBMm6z/BsmkWC1apUHq8zFdufmZ0WTiGUzgDC66gAjWwoQEcPuATvuCbHJEyuSV3s9MMmS86hAUR+w9igWsu</latexit>

P[T > t]⇠ Ce��t
<latexit sha1_base64="TfFycag5M85mgzbYkKKNLUEg530=">AAAB8nicZZDLTgIxGIVbFEVUGHXpppGNCyUMMbjCEIkJC00w4ZYwSDrlH2joXDLzY8TJvIg749aH8DVc+SoCAybIWZ30fKc5rekpGWCh8E0TW9vJnd3UXnr/4DCT1Y6OW4E78QU0hatcv2PyAJR0oIkSFXQ8H7htKmib4+o8bz+DH0jXaeDUg57Nh460pOA4O+pr0yorM0NJux8iM9BlhnQsnEYMnkJjyG2bM4yYUQ8b7GbuVrCBI0AeNxbYDLJ8LlalSxYTUfgX34XzO+NeI4r6Wq6QLyzENo2+NDmyVL2vmcbAFRMbHBSKB0FXL3rYC7mPUiiI0sYkAI+LMR9Ct9Z4uO+FL4v/WU8GYPGJwgtmuQ6WxWhWB78XwquSZpSejdL/T9g0rWJeL+VLj1e5yu1XPC9FTskZOSc6uSYVUiN10iSC/NAkzdAsRfpG3+lHjCbo8kknZE308xdMa42J</latexit>

C = lim
t!1

e�tP[T > t] = lim
✓!�

�� ✓
�

E[e✓ T ]

final value 
theorem

Boost
<latexit sha1_base64="gxHK5HYyn9NaMH1jmIkGgCfbNNg=">AAAB4XicZZBLS8NAFIUn9VXjK+rSTbSbilqSInUllBZKFwqVPqEJYTKdtKGTTJiZaDVkLe7Erb/AhVvd+jf8N8a0ILVnde495y6+awfE5ULTvqXM0vLK6lp2Xd7Y3NreUXb3OpyGDOE2ooSyng05Jq6P28IVBPcChqFnE9y1x9XfvHuLGXep3xL3ATY9OPRdx0VQJCtLOWxZhk0pF6oBg4DRidpVT9Smeqba+eZxYjuWktMKWip10egzkwMzNSzlzRhQFHrYF4hAzvt6MRBmBJlwEcGxbIQcBxCN4RD3663rKzOapBzzyQA7MCTiVHWoLy7RKDnHzIzwA3HtWJYNH98h6nnQH0SGgxweR4YHxYh5Ua1aa8bxfCNF/KtU0jGWEzb9P8mi6RQLeqlQujnPlStfU8osOABHIA90cAHKoA4aoA0QeATv4AN8Skh6kp6ll2k1I80+sw/mJL3+AHCoiRo=</latexit>

TBoost ⇡W + S � b(S) + V

<latexit sha1_base64="zddoqQicD1gzAsUtv+Uk2NAk9h0=">AAAB/HicZZBLSwMxFIUz9T2+qi7dBLtpoZZOkbqxIBbFhYJS+4CmDpn0Tjs0Mxkmqa8h/hhxI+LWtUu3uvPfWGtBas/q3Jxz4X5xQu5Jlc9/GYmp6ZnZufkFc3FpeWU1ubZek6IfMagywUXUcKgE7gVQVZ7i0AgjoL7Doe70yj95/Qoi6YngQt2G0PJpJ/Bcj1E1eLKTe2WbOEJIhUu4bNcxOYzhMiYd6vsUpyt4GzvpSiajNSbZ8bCmtZ1M5XP5ofCksUYmhUY6s5NPpC1Y34dAMU6lbFqFULViGimPcdAm6UsIKevRDjSPL05PWvHNEHE8aYNL+1xlsSsCVWLdwTpErRjuuOdo0yQBXDMxODFox8RlrtQx8anqRn58VD6qaD3eGNL/VQ6GozYHbNZ/kklTK+SsYq54vpPaP3j7pZxHm2gLpZGFdtE+OkZnqIoYekDv6AN9GvfGo/FsvPxWE8boZzbQmIzXb0h5lAk=</latexit>

CBoost = CW E[e�(S�b(S))]E[e�V ]

boost function

crossing work

finite?
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31

<latexit sha1_base64="pnDGTLy3dpwCriC/J2EIl/z67wo=">AAABlnicZY9LS8NAFIXv1Fetr6gbQZDBblxoSYrUlaVYxC4UIvQFTSyT6W0dOnmQmYgauvPXuNUf4N/w39jXpvasDufcC9/xIimUNs1fkllZXVvfyG7mtrZ3dveM/YOmCpOYY4OHMozbHlMoRYANLbTEdhQj8z2JLW9YnfStF4yVCIO6fovQ9dkgEH3BmR5HXePEsdM6LVM9oo4SPq1SfEovnAHzfTYOu0beLJhT0WVjzU0e5rK7BnN6IU98DDSXTKmOVYy0m7JYCy5xlHMShRHjQzbATq3+cO+mr9MRi00P+yyR+pz2w0Bf8+fxO8Zuiu9SeBMm6z/BsmkWC1apUHq8zFdufmZ0WTiGUzgDC66gAjWwoQEcPuATvuCbHJEyuSV3s9MMmS86hAUR+w9igWsu</latexit>

P[T > t]⇠ Ce��t
<latexit sha1_base64="TfFycag5M85mgzbYkKKNLUEg530=">AAAB8nicZZDLTgIxGIVbFEVUGHXpppGNCyUMMbjCEIkJC00w4ZYwSDrlH2joXDLzY8TJvIg749aH8DVc+SoCAybIWZ30fKc5rekpGWCh8E0TW9vJnd3UXnr/4DCT1Y6OW4E78QU0hatcv2PyAJR0oIkSFXQ8H7htKmib4+o8bz+DH0jXaeDUg57Nh460pOA4O+pr0yorM0NJux8iM9BlhnQsnEYMnkJjyG2bM4yYUQ8b7GbuVrCBI0AeNxbYDLJ8LlalSxYTUfgX34XzO+NeI4r6Wq6QLyzENo2+NDmyVL2vmcbAFRMbHBSKB0FXL3rYC7mPUiiI0sYkAI+LMR9Ct9Z4uO+FL4v/WU8GYPGJwgtmuQ6WxWhWB78XwquSZpSejdL/T9g0rWJeL+VLj1e5yu1XPC9FTskZOSc6uSYVUiN10iSC/NAkzdAsRfpG3+lHjCbo8kknZE308xdMa42J</latexit>

C = lim
t!1

e�tP[T > t] = lim
✓!�

�� ✓
�

E[e✓ T ]

final value 
theorem

Boost
<latexit sha1_base64="gxHK5HYyn9NaMH1jmIkGgCfbNNg=">AAAB4XicZZBLS8NAFIUn9VXjK+rSTbSbilqSInUllBZKFwqVPqEJYTKdtKGTTJiZaDVkLe7Erb/AhVvd+jf8N8a0ILVnde495y6+awfE5ULTvqXM0vLK6lp2Xd7Y3NreUXb3OpyGDOE2ooSyng05Jq6P28IVBPcChqFnE9y1x9XfvHuLGXep3xL3ATY9OPRdx0VQJCtLOWxZhk0pF6oBg4DRidpVT9Smeqba+eZxYjuWktMKWip10egzkwMzNSzlzRhQFHrYF4hAzvt6MRBmBJlwEcGxbIQcBxCN4RD3663rKzOapBzzyQA7MCTiVHWoLy7RKDnHzIzwA3HtWJYNH98h6nnQH0SGgxweR4YHxYh5Ua1aa8bxfCNF/KtU0jGWEzb9P8mi6RQLeqlQujnPlStfU8osOABHIA90cAHKoA4aoA0QeATv4AN8Skh6kp6ll2k1I80+sw/mJL3+AHCoiRo=</latexit>

TBoost ⇡W + S � b(S) + V

<latexit sha1_base64="zddoqQicD1gzAsUtv+Uk2NAk9h0=">AAAB/HicZZBLSwMxFIUz9T2+qi7dBLtpoZZOkbqxIBbFhYJS+4CmDpn0Tjs0Mxkmqa8h/hhxI+LWtUu3uvPfWGtBas/q3Jxz4X5xQu5Jlc9/GYmp6ZnZufkFc3FpeWU1ubZek6IfMagywUXUcKgE7gVQVZ7i0AgjoL7Doe70yj95/Qoi6YngQt2G0PJpJ/Bcj1E1eLKTe2WbOEJIhUu4bNcxOYzhMiYd6vsUpyt4GzvpSiajNSbZ8bCmtZ1M5XP5ofCksUYmhUY6s5NPpC1Y34dAMU6lbFqFULViGimPcdAm6UsIKevRDjSPL05PWvHNEHE8aYNL+1xlsSsCVWLdwTpErRjuuOdo0yQBXDMxODFox8RlrtQx8anqRn58VD6qaD3eGNL/VQ6GozYHbNZ/kklTK+SsYq54vpPaP3j7pZxHm2gLpZGFdtE+OkZnqIoYekDv6AN9GvfGo/FsvPxWE8boZzbQmIzXb0h5lAk=</latexit>

CBoost = CW E[e�(S�b(S))]E[e�V ]

boost function

crossing work

time

V = crossing work

finite?
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31

<latexit sha1_base64="pnDGTLy3dpwCriC/J2EIl/z67wo=">AAABlnicZY9LS8NAFIXv1Fetr6gbQZDBblxoSYrUlaVYxC4UIvQFTSyT6W0dOnmQmYgauvPXuNUf4N/w39jXpvasDufcC9/xIimUNs1fkllZXVvfyG7mtrZ3dveM/YOmCpOYY4OHMozbHlMoRYANLbTEdhQj8z2JLW9YnfStF4yVCIO6fovQ9dkgEH3BmR5HXePEsdM6LVM9oo4SPq1SfEovnAHzfTYOu0beLJhT0WVjzU0e5rK7BnN6IU98DDSXTKmOVYy0m7JYCy5xlHMShRHjQzbATq3+cO+mr9MRi00P+yyR+pz2w0Bf8+fxO8Zuiu9SeBMm6z/BsmkWC1apUHq8zFdufmZ0WTiGUzgDC66gAjWwoQEcPuATvuCbHJEyuSV3s9MMmS86hAUR+w9igWsu</latexit>

P[T > t]⇠ Ce��t
<latexit sha1_base64="TfFycag5M85mgzbYkKKNLUEg530=">AAAB8nicZZDLTgIxGIVbFEVUGHXpppGNCyUMMbjCEIkJC00w4ZYwSDrlH2joXDLzY8TJvIg749aH8DVc+SoCAybIWZ30fKc5rekpGWCh8E0TW9vJnd3UXnr/4DCT1Y6OW4E78QU0hatcv2PyAJR0oIkSFXQ8H7htKmib4+o8bz+DH0jXaeDUg57Nh460pOA4O+pr0yorM0NJux8iM9BlhnQsnEYMnkJjyG2bM4yYUQ8b7GbuVrCBI0AeNxbYDLJ8LlalSxYTUfgX34XzO+NeI4r6Wq6QLyzENo2+NDmyVL2vmcbAFRMbHBSKB0FXL3rYC7mPUiiI0sYkAI+LMR9Ct9Z4uO+FL4v/WU8GYPGJwgtmuQ6WxWhWB78XwquSZpSejdL/T9g0rWJeL+VLj1e5yu1XPC9FTskZOSc6uSYVUiN10iSC/NAkzdAsRfpG3+lHjCbo8kknZE308xdMa42J</latexit>

C = lim
t!1

e�tP[T > t] = lim
✓!�

�� ✓
�

E[e✓ T ]

final value 
theorem

Boost
<latexit sha1_base64="gxHK5HYyn9NaMH1jmIkGgCfbNNg=">AAAB4XicZZBLS8NAFIUn9VXjK+rSTbSbilqSInUllBZKFwqVPqEJYTKdtKGTTJiZaDVkLe7Erb/AhVvd+jf8N8a0ILVnde495y6+awfE5ULTvqXM0vLK6lp2Xd7Y3NreUXb3OpyGDOE2ooSyng05Jq6P28IVBPcChqFnE9y1x9XfvHuLGXep3xL3ATY9OPRdx0VQJCtLOWxZhk0pF6oBg4DRidpVT9Smeqba+eZxYjuWktMKWip10egzkwMzNSzlzRhQFHrYF4hAzvt6MRBmBJlwEcGxbIQcBxCN4RD3663rKzOapBzzyQA7MCTiVHWoLy7RKDnHzIzwA3HtWJYNH98h6nnQH0SGgxweR4YHxYh5Ua1aa8bxfCNF/KtU0jGWEzb9P8mi6RQLeqlQujnPlStfU8osOABHIA90cAHKoA4aoA0QeATv4AN8Skh6kp6ll2k1I80+sw/mJL3+AHCoiRo=</latexit>

TBoost ⇡W + S � b(S) + V

<latexit sha1_base64="zddoqQicD1gzAsUtv+Uk2NAk9h0=">AAAB/HicZZBLSwMxFIUz9T2+qi7dBLtpoZZOkbqxIBbFhYJS+4CmDpn0Tjs0Mxkmqa8h/hhxI+LWtUu3uvPfWGtBas/q3Jxz4X5xQu5Jlc9/GYmp6ZnZufkFc3FpeWU1ubZek6IfMagywUXUcKgE7gVQVZ7i0AgjoL7Doe70yj95/Qoi6YngQt2G0PJpJ/Bcj1E1eLKTe2WbOEJIhUu4bNcxOYzhMiYd6vsUpyt4GzvpSiajNSbZ8bCmtZ1M5XP5ofCksUYmhUY6s5NPpC1Y34dAMU6lbFqFULViGimPcdAm6UsIKevRDjSPL05PWvHNEHE8aYNL+1xlsSsCVWLdwTpErRjuuOdo0yQBXDMxODFox8RlrtQx8anqRn58VD6qaD3eGNL/VQ6GozYHbNZ/kklTK+SsYq54vpPaP3j7pZxHm2gLpZGFdtE+OkZnqIoYekDv6AN9GvfGo/FsvPxWE8boZzbQmIzXb0h5lAk=</latexit>

CBoost = CW E[e�(S�b(S))]E[e�V ]

boost function

crossing work

time

V = crossing work
work that “boosts past” a given time

finite?
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<latexit sha1_base64="pnDGTLy3dpwCriC/J2EIl/z67wo=">AAABlnicZY9LS8NAFIXv1Fetr6gbQZDBblxoSYrUlaVYxC4UIvQFTSyT6W0dOnmQmYgauvPXuNUf4N/w39jXpvasDufcC9/xIimUNs1fkllZXVvfyG7mtrZ3dveM/YOmCpOYY4OHMozbHlMoRYANLbTEdhQj8z2JLW9YnfStF4yVCIO6fovQ9dkgEH3BmR5HXePEsdM6LVM9oo4SPq1SfEovnAHzfTYOu0beLJhT0WVjzU0e5rK7BnN6IU98DDSXTKmOVYy0m7JYCy5xlHMShRHjQzbATq3+cO+mr9MRi00P+yyR+pz2w0Bf8+fxO8Zuiu9SeBMm6z/BsmkWC1apUHq8zFdufmZ0WTiGUzgDC66gAjWwoQEcPuATvuCbHJEyuSV3s9MMmS86hAUR+w9igWsu</latexit>

P[T > t]⇠ Ce��t
<latexit sha1_base64="TfFycag5M85mgzbYkKKNLUEg530=">AAAB8nicZZDLTgIxGIVbFEVUGHXpppGNCyUMMbjCEIkJC00w4ZYwSDrlH2joXDLzY8TJvIg749aH8DVc+SoCAybIWZ30fKc5rekpGWCh8E0TW9vJnd3UXnr/4DCT1Y6OW4E78QU0hatcv2PyAJR0oIkSFXQ8H7htKmib4+o8bz+DH0jXaeDUg57Nh460pOA4O+pr0yorM0NJux8iM9BlhnQsnEYMnkJjyG2bM4yYUQ8b7GbuVrCBI0AeNxbYDLJ8LlalSxYTUfgX34XzO+NeI4r6Wq6QLyzENo2+NDmyVL2vmcbAFRMbHBSKB0FXL3rYC7mPUiiI0sYkAI+LMR9Ct9Z4uO+FL4v/WU8GYPGJwgtmuQ6WxWhWB78XwquSZpSejdL/T9g0rWJeL+VLj1e5yu1XPC9FTskZOSc6uSYVUiN10iSC/NAkzdAsRfpG3+lHjCbo8kknZE308xdMa42J</latexit>

C = lim
t!1

e�tP[T > t] = lim
✓!�

�� ✓
�

E[e✓ T ]

final value 
theorem

Boost
<latexit sha1_base64="gxHK5HYyn9NaMH1jmIkGgCfbNNg=">AAAB4XicZZBLS8NAFIUn9VXjK+rSTbSbilqSInUllBZKFwqVPqEJYTKdtKGTTJiZaDVkLe7Erb/AhVvd+jf8N8a0ILVnde495y6+awfE5ULTvqXM0vLK6lp2Xd7Y3NreUXb3OpyGDOE2ooSyng05Jq6P28IVBPcChqFnE9y1x9XfvHuLGXep3xL3ATY9OPRdx0VQJCtLOWxZhk0pF6oBg4DRidpVT9Smeqba+eZxYjuWktMKWip10egzkwMzNSzlzRhQFHrYF4hAzvt6MRBmBJlwEcGxbIQcBxCN4RD3663rKzOapBzzyQA7MCTiVHWoLy7RKDnHzIzwA3HtWJYNH98h6nnQH0SGgxweR4YHxYh5Ua1aa8bxfCNF/KtU0jGWEzb9P8mi6RQLeqlQujnPlStfU8osOABHIA90cAHKoA4aoA0QeATv4AN8Skh6kp6ll2k1I80+sw/mJL3+AHCoiRo=</latexit>

TBoost ⇡W + S � b(S) + V

<latexit sha1_base64="zddoqQicD1gzAsUtv+Uk2NAk9h0=">AAAB/HicZZBLSwMxFIUz9T2+qi7dBLtpoZZOkbqxIBbFhYJS+4CmDpn0Tjs0Mxkmqa8h/hhxI+LWtUu3uvPfWGtBas/q3Jxz4X5xQu5Jlc9/GYmp6ZnZufkFc3FpeWU1ubZek6IfMagywUXUcKgE7gVQVZ7i0AgjoL7Doe70yj95/Qoi6YngQt2G0PJpJ/Bcj1E1eLKTe2WbOEJIhUu4bNcxOYzhMiYd6vsUpyt4GzvpSiajNSbZ8bCmtZ1M5XP5ofCksUYmhUY6s5NPpC1Y34dAMU6lbFqFULViGimPcdAm6UsIKevRDjSPL05PWvHNEHE8aYNL+1xlsSsCVWLdwTpErRjuuOdo0yQBXDMxODFox8RlrtQx8anqRn58VD6qaD3eGNL/VQ6GozYHbNZ/kklTK+SsYq54vpPaP3j7pZxHm2gLpZGFdtE+OkZnqIoYekDv6AN9GvfGo/FsvPxWE8boZzbQmIzXb0h5lAk=</latexit>

CBoost = CW E[e�(S�b(S))]E[e�V ]

boost function

crossing work

time

V = crossing work
work that “boosts past” a given time

finite?
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<latexit sha1_base64="pnDGTLy3dpwCriC/J2EIl/z67wo=">AAABlnicZY9LS8NAFIXv1Fetr6gbQZDBblxoSYrUlaVYxC4UIvQFTSyT6W0dOnmQmYgauvPXuNUf4N/w39jXpvasDufcC9/xIimUNs1fkllZXVvfyG7mtrZ3dveM/YOmCpOYY4OHMozbHlMoRYANLbTEdhQj8z2JLW9YnfStF4yVCIO6fovQ9dkgEH3BmR5HXePEsdM6LVM9oo4SPq1SfEovnAHzfTYOu0beLJhT0WVjzU0e5rK7BnN6IU98DDSXTKmOVYy0m7JYCy5xlHMShRHjQzbATq3+cO+mr9MRi00P+yyR+pz2w0Bf8+fxO8Zuiu9SeBMm6z/BsmkWC1apUHq8zFdufmZ0WTiGUzgDC66gAjWwoQEcPuATvuCbHJEyuSV3s9MMmS86hAUR+w9igWsu</latexit>

P[T > t]⇠ Ce��t
<latexit sha1_base64="TfFycag5M85mgzbYkKKNLUEg530=">AAAB8nicZZDLTgIxGIVbFEVUGHXpppGNCyUMMbjCEIkJC00w4ZYwSDrlH2joXDLzY8TJvIg749aH8DVc+SoCAybIWZ30fKc5rekpGWCh8E0TW9vJnd3UXnr/4DCT1Y6OW4E78QU0hatcv2PyAJR0oIkSFXQ8H7htKmib4+o8bz+DH0jXaeDUg57Nh460pOA4O+pr0yorM0NJux8iM9BlhnQsnEYMnkJjyG2bM4yYUQ8b7GbuVrCBI0AeNxbYDLJ8LlalSxYTUfgX34XzO+NeI4r6Wq6QLyzENo2+NDmyVL2vmcbAFRMbHBSKB0FXL3rYC7mPUiiI0sYkAI+LMR9Ct9Z4uO+FL4v/WU8GYPGJwgtmuQ6WxWhWB78XwquSZpSejdL/T9g0rWJeL+VLj1e5yu1XPC9FTskZOSc6uSYVUiN10iSC/NAkzdAsRfpG3+lHjCbo8kknZE308xdMa42J</latexit>

C = lim
t!1

e�tP[T > t] = lim
✓!�

�� ✓
�

E[e✓ T ]

final value 
theorem

Boost
<latexit sha1_base64="gxHK5HYyn9NaMH1jmIkGgCfbNNg=">AAAB4XicZZBLS8NAFIUn9VXjK+rSTbSbilqSInUllBZKFwqVPqEJYTKdtKGTTJiZaDVkLe7Erb/AhVvd+jf8N8a0ILVnde495y6+awfE5ULTvqXM0vLK6lp2Xd7Y3NreUXb3OpyGDOE2ooSyng05Jq6P28IVBPcChqFnE9y1x9XfvHuLGXep3xL3ATY9OPRdx0VQJCtLOWxZhk0pF6oBg4DRidpVT9Smeqba+eZxYjuWktMKWip10egzkwMzNSzlzRhQFHrYF4hAzvt6MRBmBJlwEcGxbIQcBxCN4RD3663rKzOapBzzyQA7MCTiVHWoLy7RKDnHzIzwA3HtWJYNH98h6nnQH0SGgxweR4YHxYh5Ua1aa8bxfCNF/KtU0jGWEzb9P8mi6RQLeqlQujnPlStfU8osOABHIA90cAHKoA4aoA0QeATv4AN8Skh6kp6ll2k1I80+sw/mJL3+AHCoiRo=</latexit>

TBoost ⇡W + S � b(S) + V

<latexit sha1_base64="zddoqQicD1gzAsUtv+Uk2NAk9h0=">AAAB/HicZZBLSwMxFIUz9T2+qi7dBLtpoZZOkbqxIBbFhYJS+4CmDpn0Tjs0Mxkmqa8h/hhxI+LWtUu3uvPfWGtBas/q3Jxz4X5xQu5Jlc9/GYmp6ZnZufkFc3FpeWU1ubZek6IfMagywUXUcKgE7gVQVZ7i0AgjoL7Doe70yj95/Qoi6YngQt2G0PJpJ/Bcj1E1eLKTe2WbOEJIhUu4bNcxOYzhMiYd6vsUpyt4GzvpSiajNSbZ8bCmtZ1M5XP5ofCksUYmhUY6s5NPpC1Y34dAMU6lbFqFULViGimPcdAm6UsIKevRDjSPL05PWvHNEHE8aYNL+1xlsSsCVWLdwTpErRjuuOdo0yQBXDMxODFox8RlrtQx8anqRn58VD6qaD3eGNL/VQ6GozYHbNZ/kklTK+SsYq54vpPaP3j7pZxHm2gLpZGFdtE+OkZnqIoYekDv6AN9GvfGo/FsvPxWE8boZzbQmIzXb0h5lAk=</latexit>

CBoost = CW E[e�(S�b(S))]E[e�V ]

boost function

crossing work

time

V = crossing work
work that “boosts past” a given time

finite?



Why is Boost weakly tail optimal?

31

<latexit sha1_base64="pnDGTLy3dpwCriC/J2EIl/z67wo=">AAABlnicZY9LS8NAFIXv1Fetr6gbQZDBblxoSYrUlaVYxC4UIvQFTSyT6W0dOnmQmYgauvPXuNUf4N/w39jXpvasDufcC9/xIimUNs1fkllZXVvfyG7mtrZ3dveM/YOmCpOYY4OHMozbHlMoRYANLbTEdhQj8z2JLW9YnfStF4yVCIO6fovQ9dkgEH3BmR5HXePEsdM6LVM9oo4SPq1SfEovnAHzfTYOu0beLJhT0WVjzU0e5rK7BnN6IU98DDSXTKmOVYy0m7JYCy5xlHMShRHjQzbATq3+cO+mr9MRi00P+yyR+pz2w0Bf8+fxO8Zuiu9SeBMm6z/BsmkWC1apUHq8zFdufmZ0WTiGUzgDC66gAjWwoQEcPuATvuCbHJEyuSV3s9MMmS86hAUR+w9igWsu</latexit>

P[T > t]⇠ Ce��t
<latexit sha1_base64="TfFycag5M85mgzbYkKKNLUEg530=">AAAB8nicZZDLTgIxGIVbFEVUGHXpppGNCyUMMbjCEIkJC00w4ZYwSDrlH2joXDLzY8TJvIg749aH8DVc+SoCAybIWZ30fKc5rekpGWCh8E0TW9vJnd3UXnr/4DCT1Y6OW4E78QU0hatcv2PyAJR0oIkSFXQ8H7htKmib4+o8bz+DH0jXaeDUg57Nh460pOA4O+pr0yorM0NJux8iM9BlhnQsnEYMnkJjyG2bM4yYUQ8b7GbuVrCBI0AeNxbYDLJ8LlalSxYTUfgX34XzO+NeI4r6Wq6QLyzENo2+NDmyVL2vmcbAFRMbHBSKB0FXL3rYC7mPUiiI0sYkAI+LMR9Ct9Z4uO+FL4v/WU8GYPGJwgtmuQ6WxWhWB78XwquSZpSejdL/T9g0rWJeL+VLj1e5yu1XPC9FTskZOSc6uSYVUiN10iSC/NAkzdAsRfpG3+lHjCbo8kknZE308xdMa42J</latexit>

C = lim
t!1

e�tP[T > t] = lim
✓!�

�� ✓
�

E[e✓ T ]

final value 
theorem

Boost
<latexit sha1_base64="gxHK5HYyn9NaMH1jmIkGgCfbNNg=">AAAB4XicZZBLS8NAFIUn9VXjK+rSTbSbilqSInUllBZKFwqVPqEJYTKdtKGTTJiZaDVkLe7Erb/AhVvd+jf8N8a0ILVnde495y6+awfE5ULTvqXM0vLK6lp2Xd7Y3NreUXb3OpyGDOE2ooSyng05Jq6P28IVBPcChqFnE9y1x9XfvHuLGXep3xL3ATY9OPRdx0VQJCtLOWxZhk0pF6oBg4DRidpVT9Smeqba+eZxYjuWktMKWip10egzkwMzNSzlzRhQFHrYF4hAzvt6MRBmBJlwEcGxbIQcBxCN4RD3663rKzOapBzzyQA7MCTiVHWoLy7RKDnHzIzwA3HtWJYNH98h6nnQH0SGgxweR4YHxYh5Ua1aa8bxfCNF/KtU0jGWEzb9P8mi6RQLeqlQujnPlStfU8osOABHIA90cAHKoA4aoA0QeATv4AN8Skh6kp6ll2k1I80+sw/mJL3+AHCoiRo=</latexit>

TBoost ⇡W + S � b(S) + V

<latexit sha1_base64="zddoqQicD1gzAsUtv+Uk2NAk9h0=">AAAB/HicZZBLSwMxFIUz9T2+qi7dBLtpoZZOkbqxIBbFhYJS+4CmDpn0Tjs0Mxkmqa8h/hhxI+LWtUu3uvPfWGtBas/q3Jxz4X5xQu5Jlc9/GYmp6ZnZufkFc3FpeWU1ubZek6IfMagywUXUcKgE7gVQVZ7i0AgjoL7Doe70yj95/Qoi6YngQt2G0PJpJ/Bcj1E1eLKTe2WbOEJIhUu4bNcxOYzhMiYd6vsUpyt4GzvpSiajNSbZ8bCmtZ1M5XP5ofCksUYmhUY6s5NPpC1Y34dAMU6lbFqFULViGimPcdAm6UsIKevRDjSPL05PWvHNEHE8aYNL+1xlsSsCVWLdwTpErRjuuOdo0yQBXDMxODFox8RlrtQx8anqRn58VD6qaD3eGNL/VQ6GozYHbNZ/kklTK+SsYq54vpPaP3j7pZxHm2gLpZGFdtE+OkZnqIoYekDv6AN9GvfGo/FsvPxWE8boZzbQmIzXb0h5lAk=</latexit>

CBoost = CW E[e�(S�b(S))]E[e�V ]

boost function

crossing work

time

V = crossing work
work that “boosts past” a given time

finite?
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<latexit sha1_base64="pnDGTLy3dpwCriC/J2EIl/z67wo=">AAABlnicZY9LS8NAFIXv1Fetr6gbQZDBblxoSYrUlaVYxC4UIvQFTSyT6W0dOnmQmYgauvPXuNUf4N/w39jXpvasDufcC9/xIimUNs1fkllZXVvfyG7mtrZ3dveM/YOmCpOYY4OHMozbHlMoRYANLbTEdhQj8z2JLW9YnfStF4yVCIO6fovQ9dkgEH3BmR5HXePEsdM6LVM9oo4SPq1SfEovnAHzfTYOu0beLJhT0WVjzU0e5rK7BnN6IU98DDSXTKmOVYy0m7JYCy5xlHMShRHjQzbATq3+cO+mr9MRi00P+yyR+pz2w0Bf8+fxO8Zuiu9SeBMm6z/BsmkWC1apUHq8zFdufmZ0WTiGUzgDC66gAjWwoQEcPuATvuCbHJEyuSV3s9MMmS86hAUR+w9igWsu</latexit>

P[T > t]⇠ Ce��t
<latexit sha1_base64="TfFycag5M85mgzbYkKKNLUEg530=">AAAB8nicZZDLTgIxGIVbFEVUGHXpppGNCyUMMbjCEIkJC00w4ZYwSDrlH2joXDLzY8TJvIg749aH8DVc+SoCAybIWZ30fKc5rekpGWCh8E0TW9vJnd3UXnr/4DCT1Y6OW4E78QU0hatcv2PyAJR0oIkSFXQ8H7htKmib4+o8bz+DH0jXaeDUg57Nh460pOA4O+pr0yorM0NJux8iM9BlhnQsnEYMnkJjyG2bM4yYUQ8b7GbuVrCBI0AeNxbYDLJ8LlalSxYTUfgX34XzO+NeI4r6Wq6QLyzENo2+NDmyVL2vmcbAFRMbHBSKB0FXL3rYC7mPUiiI0sYkAI+LMR9Ct9Z4uO+FL4v/WU8GYPGJwgtmuQ6WxWhWB78XwquSZpSejdL/T9g0rWJeL+VLj1e5yu1XPC9FTskZOSc6uSYVUiN10iSC/NAkzdAsRfpG3+lHjCbo8kknZE308xdMa42J</latexit>

C = lim
t!1

e�tP[T > t] = lim
✓!�

�� ✓
�

E[e✓ T ]

final value 
theorem

Boost
<latexit sha1_base64="gxHK5HYyn9NaMH1jmIkGgCfbNNg=">AAAB4XicZZBLS8NAFIUn9VXjK+rSTbSbilqSInUllBZKFwqVPqEJYTKdtKGTTJiZaDVkLe7Erb/AhVvd+jf8N8a0ILVnde495y6+awfE5ULTvqXM0vLK6lp2Xd7Y3NreUXb3OpyGDOE2ooSyng05Jq6P28IVBPcChqFnE9y1x9XfvHuLGXep3xL3ATY9OPRdx0VQJCtLOWxZhk0pF6oBg4DRidpVT9Smeqba+eZxYjuWktMKWip10egzkwMzNSzlzRhQFHrYF4hAzvt6MRBmBJlwEcGxbIQcBxCN4RD3663rKzOapBzzyQA7MCTiVHWoLy7RKDnHzIzwA3HtWJYNH98h6nnQH0SGgxweR4YHxYh5Ua1aa8bxfCNF/KtU0jGWEzb9P8mi6RQLeqlQujnPlStfU8osOABHIA90cAHKoA4aoA0QeATv4AN8Skh6kp6ll2k1I80+sw/mJL3+AHCoiRo=</latexit>

TBoost ⇡W + S � b(S) + V

<latexit sha1_base64="zddoqQicD1gzAsUtv+Uk2NAk9h0=">AAAB/HicZZBLSwMxFIUz9T2+qi7dBLtpoZZOkbqxIBbFhYJS+4CmDpn0Tjs0Mxkmqa8h/hhxI+LWtUu3uvPfWGtBas/q3Jxz4X5xQu5Jlc9/GYmp6ZnZufkFc3FpeWU1ubZek6IfMagywUXUcKgE7gVQVZ7i0AgjoL7Doe70yj95/Qoi6YngQt2G0PJpJ/Bcj1E1eLKTe2WbOEJIhUu4bNcxOYzhMiYd6vsUpyt4GzvpSiajNSbZ8bCmtZ1M5XP5ofCksUYmhUY6s5NPpC1Y34dAMU6lbFqFULViGimPcdAm6UsIKevRDjSPL05PWvHNEHE8aYNL+1xlsSsCVWLdwTpErRjuuOdo0yQBXDMxODFox8RlrtQx8anqRn58VD6qaD3eGNL/VQ6GozYHbNZ/kklTK+SsYq54vpPaP3j7pZxHm2gLpZGFdtE+OkZnqIoYekDv6AN9GvfGo/FsvPxWE8boZzbQmIzXb0h5lAk=</latexit>

CBoost = CW E[e�(S�b(S))]E[e�V ]

boost function

crossing work

time

V = crossing work
work that “boosts past” a given time

Lemma: finite 
if b(s) = O(1/s)


