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T = response time

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

shortest remaining 
processing time
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T = response time

TCS 
n arbitrary arrivals 
T is tuple of n times

Queueing 
infinite stochastic sequence of arrivals 

T is a limiting distribution

M/G arrivals 
• arrival rate λ 

(Poisson) 
• job size dist. S
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What is Gittins?

Why are Gittins (and SRPT) optimal?

Predictions: what if we don’t know 
exact distributions (or sizes)?

main focus



Scheduling with rank functions

8



Scheduling with rank functions

8

age

rank(a) = E[S � a | S > a]

<latexit sha1_base64="IsZA5kfeZowTgWMhIrOsoeQq36U="></latexit>

SERPT 
shortest expected remaining processing time



Scheduling with rank functions

8

age

rank(a) = E[S � a | S > a]

<latexit sha1_base64="IsZA5kfeZowTgWMhIrOsoeQq36U="></latexit>

SERPT 
shortest expected remaining processing time



Scheduling with rank functions

8

age

rank(a) = E[S � a | S > a]

<latexit sha1_base64="IsZA5kfeZowTgWMhIrOsoeQq36U="></latexit>

Job size distribution:

S =

8
><
>:

1 w.p. 1
3

6 w.p. 1
3

14 w.p. 1
3

<latexit sha1_base64="jabAQiaViOZYIUlD+qxZFgbUWrA="></latexit>

SERPT 
shortest expected remaining processing time

1 6 14



Scheduling with rank functions

8

age

rank(a) = E[S � a | S > a]

<latexit sha1_base64="IsZA5kfeZowTgWMhIrOsoeQq36U="></latexit>

Job size distribution:

S =

8
><
>:

1 w.p. 1
3

6 w.p. 1
3

14 w.p. 1
3

<latexit sha1_base64="jabAQiaViOZYIUlD+qxZFgbUWrA="></latexit>

7 
6

SERPT 
shortest expected remaining processing time

1 6 14



Scheduling with rank functions

8

age

rank(a) = E[S � a | S > a]

<latexit sha1_base64="IsZA5kfeZowTgWMhIrOsoeQq36U="></latexit>

Job size distribution:

S =

8
><
>:

1 w.p. 1
3

6 w.p. 1
3

14 w.p. 1
3

<latexit sha1_base64="jabAQiaViOZYIUlD+qxZFgbUWrA="></latexit>

7 
6

9 

4

SERPT 
shortest expected remaining processing time

1 6 14



Scheduling with rank functions

8

age

rank(a) = E[S � a | S > a]

<latexit sha1_base64="IsZA5kfeZowTgWMhIrOsoeQq36U="></latexit>

Job size distribution:

S =

8
><
>:

1 w.p. 1
3

6 w.p. 1
3

14 w.p. 1
3

<latexit sha1_base64="jabAQiaViOZYIUlD+qxZFgbUWrA="></latexit>

7 
6

9 

4

8

SERPT 
shortest expected remaining processing time

1 6 14



Scheduling with rank functions

8

Gittins

age

rank(a) = E[S � a | S > a]

<latexit sha1_base64="IsZA5kfeZowTgWMhIrOsoeQq36U="></latexit>

Job size distribution:

S =

8
><
>:

1 w.p. 1
3

6 w.p. 1
3

14 w.p. 1
3

<latexit sha1_base64="jabAQiaViOZYIUlD+qxZFgbUWrA="></latexit>

7 
6

9 

4

8

SERPT 
shortest expected remaining processing time

1 6 14



Defining the Gittins rank

9

known 
size r

unknown size 
(S | S > age)

r = 9.9



Defining the Gittins rank

9

known 
size r

unknown size 
(S | S > age)

r
0 r = 9.9



Defining the Gittins rank

9

known 
size r

unknown size 
(S | S > age)

r
0 r = 9.9

Key question: for which r 
should we serve unknown?



Defining the Gittins rank

9

known 
size r

unknown size 
(S | S > age)

serve known
r

0 r = 9.9

Key question: for which r 
should we serve unknown?



Defining the Gittins rank

9

known 
size r

unknown size 
(S | S > age)

serve known
r

0 serve unknownr = 9.9

Key question: for which r 
should we serve unknown?



Defining the Gittins rank

9

known 
size r

unknown size 
(S | S > age)

serve known
r

0 serve unknownr = 9.9

Key question: for which r 
should we serve unknown?

rank



Defining the Gittins rank

9

known 
size r

unknown size 
(S | S > age)

serve known
r

0 serve unknown

1   (50%) 
19   (50%)

r = 9.9

Key question: for which r 
should we serve unknown?

rank



Defining the Gittins rank

9

known 
size r

unknown size 
(S | S > age)

r
0

1   (50%) 
19   (50%)

r = 9.9

Key question: for which r 
should we serve unknown?



Defining the Gittins rank

9

known 
size r

unknown size 
(S | S > age)

r
0

1   (50%) 
19   (50%)

r = 1 r = 9.9

Key question: for which r 
should we serve unknown?



Defining the Gittins rank

9

known 
size r

unknown size 
(S | S > age)

r
0

1   (50%) 
19   (50%)

r = 1 r = 9.9

Key question: for which r 
should we serve unknown?



Defining the Gittins rank

9

known 
size r

unknown size 
(S | S > age)

r
0

1   (50%) 
19   (50%)

r = 1 r = 19r = 9.9

Key question: for which r 
should we serve unknown?



Defining the Gittins rank

9

known 
size r

unknown size 
(S | S > age)

r
0

1   (50%) 
19   (50%)

r = 1 r = 19r = 9.9

Key question: for which r 
should we serve unknown?



Defining the Gittins rank

9

known 
size r

unknown size 
(S | S > age)

r
0

1   (50%) 
19   (50%)

r = 1 r = 10 r = 19r = 9.9

Key question: for which r 
should we serve unknown?



Defining the Gittins rank

9

known 
size r

unknown size 
(S | S > age)

r
0

1   (50%) 
19   (50%)

r = 1 r = 10 r = 19r = 9.9

Key question: for which r 
should we serve unknown?



Defining the Gittins rank

9

known 
size r

unknown size 
(S | S > age)

r
0

1   (50%) 
19   (50%)

r = 1 r = 10 r = 19r = 9.9

Key question: for which r 
should we serve unknown?



Defining the Gittins rank

9

known 
size r

unknown size 
(S | S > age)

r
0

1   (50%) 
19   (50%)

r = 1 r = 10 r = 19r = 9.9

Key question: for which r 
should we serve unknown?



Defining the Gittins rank

9

known 
size r

unknown size 
(S | S > age)

r
0

1   (50%) 
19   (50%)

r = 1 r = 10 r = 19

rank = 2

r = 9.9

Key question: for which r 
should we serve unknown?
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10

Little’s law: E[N] = λE[T]
# jobs present

Write N in terms of 
“smoother” quantity?

Reward each time 
we complete a job

Rewards aren’t 
immediate
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Work Integral Number Equality

WINE

NEW!

r-work W(r) number of jobs N

E[T] bounds for SRPT and Gittins in:
• M/G/k and G/G/k
• systems with multiserver jobs
• systems with noisy size estimates
• systems with unknown size distribution
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aspect
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�⇡ = decay rate of ⇡
C⇡ = tail constant of ⇡

Weak optimality: 
optimal 𝛾𝜋
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Heavy-tailed S: 
SRPT and others are 

strongly optimal
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In[14]:= plot[{"FCFS", "SRPT"}, {0, 1}]

Out[14]=

In[22]:= plot[{"FCFS", "SRPT", "Nudge"}, {0, 1}]

Out[22]=

In[23]:= plot[{"FCFS", "SRPT", "Nudge", "Boost"}, {0, 1}]

Out[23]=

In[15]:= plot[{"FCFS", "SRPT"}, {0, 0.1}]
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In[17]:= plotRatio[{"FCFS", "SRPT"}]

Out[17]=
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𝛾FCFS > 𝛾SRPT

Observation:
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Prior work: 
see [Boxma & Zwart, 2007] 
• 𝛾FCFS is optimal 
• 𝛾SRPT is pessimal

𝛾FCFS > 𝛾SRPT

Observation:
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[Wierman & Zwart, 2012]

Conjecture: FCFS 
optimizes 𝛾 and C?
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Nudge 
[Grosof et al., 2021]
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[Wierman & Zwart, 2012]

Conjecture: FCFS 
optimizes 𝛾 and C?
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Conjecture: FCFS 
optimizes 𝛾 and C?
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<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 ]minimize (by final value theorem 
for Laplace transforms)

Batch problem

Queueing problem

<latexit sha1_base64="6DpRt3+Rve1bSsBVsJRiAf7lIeQ=">AAABwXicZY/LSsNAGIX/eK31FnXpZrCbClKSInVVKXbThUKF3qCJYTKdtEMnkzCZiHXIK/kMPoQbF/osxrYItWd1+L//wDl+zFmiLOvT2Njc2t7ZLewV9w8Oj47Nk9NeEqWS0C6JeCQHPk4oZ4J2FVOcDmJJcehz2venzV/ef6YyYZHoqFlM3RCPBQsYwSo/eWbLaesOukUOE4GaZaiOnEBiou1Miww5SRp6muVXO3sSyAmxmvhBDsvKY3+py5xbnlmyKtZcaN3YS1OCpdqe6TujiKQhFYpwnCRDuxorV2OpGOE0KzppQmNMpnhMh63Ow72rX+ZzV8mIBjjl6goFkVB1MsnjVLqavnLmZ8W8lP2/wrrpVSt2rVJ7vC417t4X9QpwDhdQBhtuoAEtaEMXCLzBB3zBt9E0mBEbcvG6YSwnncGKDP0DM5Z7NQ==</latexit>

P[T >→] = 1
n

n∑

i=1

1(ti >→) = 0minimize
<latexit sha1_base64="5Hx8+CYMrA0EAZE0pPFZO+RwxOI="></latexit>

ti = di � ai

ai = arrival time of job i
di = departure time of job i
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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 ]minimize (by final value theorem 
for Laplace transforms)

Batch problem

Queueing problem

<latexit sha1_base64="6DpRt3+Rve1bSsBVsJRiAf7lIeQ=">AAABwXicZY/LSsNAGIX/eK31FnXpZrCbClKSInVVKXbThUKF3qCJYTKdtEMnkzCZiHXIK/kMPoQbF/osxrYItWd1+L//wDl+zFmiLOvT2Njc2t7ZLewV9w8Oj47Nk9NeEqWS0C6JeCQHPk4oZ4J2FVOcDmJJcehz2venzV/ef6YyYZHoqFlM3RCPBQsYwSo/eWbLaesOukUOE4GaZaiOnEBiou1Miww5SRp6muVXO3sSyAmxmvhBDsvKY3+py5xbnlmyKtZcaN3YS1OCpdqe6TujiKQhFYpwnCRDuxorV2OpGOE0KzppQmNMpnhMh63Ow72rX+ZzV8mIBjjl6goFkVB1MsnjVLqavnLmZ8W8lP2/wrrpVSt2rVJ7vC417t4X9QpwDhdQBhtuoAEtaEMXCLzBB3zBt9E0mBEbcvG6YSwnncGKDP0DM5Z7NQ==</latexit>

P[T >→] = 1
n

n∑

i=1

1(ti >→) = 0minimize
<latexit sha1_base64="5Hx8+CYMrA0EAZE0pPFZO+RwxOI="></latexit>

ti = di � ai

ai = arrival time of job i
di = departure time of job i
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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 ]minimize (by final value theorem 
for Laplace transforms)

Batch problem

Queueing problem

<latexit sha1_base64="6DpRt3+Rve1bSsBVsJRiAf7lIeQ=">AAABwXicZY/LSsNAGIX/eK31FnXpZrCbClKSInVVKXbThUKF3qCJYTKdtEMnkzCZiHXIK/kMPoQbF/osxrYItWd1+L//wDl+zFmiLOvT2Njc2t7ZLewV9w8Oj47Nk9NeEqWS0C6JeCQHPk4oZ4J2FVOcDmJJcehz2venzV/ef6YyYZHoqFlM3RCPBQsYwSo/eWbLaesOukUOE4GaZaiOnEBiou1Miww5SRp6muVXO3sSyAmxmvhBDsvKY3+py5xbnlmyKtZcaN3YS1OCpdqe6TujiKQhFYpwnCRDuxorV2OpGOE0KzppQmNMpnhMh63Ow72rX+ZzV8mIBjjl6goFkVB1MsnjVLqavnLmZ8W8lP2/wrrpVSt2rVJ7vC417t4X9QpwDhdQBhtuoAEtaEMXCLzBB3zBt9E0mBEbcvG6YSwnncGKDP0DM5Z7NQ==</latexit>

P[T >→] = 1
n

n∑

i=1

1(ti >→) = 0minimize
<latexit sha1_base64="5Hx8+CYMrA0EAZE0pPFZO+RwxOI="></latexit>

ti = di � ai

ai = arrival time of job i
di = departure time of job i
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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 ]minimize (by final value theorem 
for Laplace transforms)

Batch problem

Queueing problem

<latexit sha1_base64="6DpRt3+Rve1bSsBVsJRiAf7lIeQ=">AAABwXicZY/LSsNAGIX/eK31FnXpZrCbClKSInVVKXbThUKF3qCJYTKdtEMnkzCZiHXIK/kMPoQbF/osxrYItWd1+L//wDl+zFmiLOvT2Njc2t7ZLewV9w8Oj47Nk9NeEqWS0C6JeCQHPk4oZ4J2FVOcDmJJcehz2venzV/ef6YyYZHoqFlM3RCPBQsYwSo/eWbLaesOukUOE4GaZaiOnEBiou1Miww5SRp6muVXO3sSyAmxmvhBDsvKY3+py5xbnlmyKtZcaN3YS1OCpdqe6TujiKQhFYpwnCRDuxorV2OpGOE0KzppQmNMpnhMh63Ow72rX+ZzV8mIBjjl6goFkVB1MsnjVLqavnLmZ8W8lP2/wrrpVSt2rVJ7vC417t4X9QpwDhdQBhtuoAEtaEMXCLzBB3zBt9E0mBEbcvG6YSwnncGKDP0DM5Z7NQ==</latexit>

P[T >→] = 1
n

n∑

i=1

1(ti >→) = 0minimize
<latexit sha1_base64="5Hx8+CYMrA0EAZE0pPFZO+RwxOI="></latexit>

ti = di � ai

ai = arrival time of job i
di = departure time of job i
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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 ]minimize (by final value theorem 
for Laplace transforms)

Batch problem

Queueing problem

<latexit sha1_base64="6DpRt3+Rve1bSsBVsJRiAf7lIeQ=">AAABwXicZY/LSsNAGIX/eK31FnXpZrCbClKSInVVKXbThUKF3qCJYTKdtEMnkzCZiHXIK/kMPoQbF/osxrYItWd1+L//wDl+zFmiLOvT2Njc2t7ZLewV9w8Oj47Nk9NeEqWS0C6JeCQHPk4oZ4J2FVOcDmJJcehz2venzV/ef6YyYZHoqFlM3RCPBQsYwSo/eWbLaesOukUOE4GaZaiOnEBiou1Miww5SRp6muVXO3sSyAmxmvhBDsvKY3+py5xbnlmyKtZcaN3YS1OCpdqe6TujiKQhFYpwnCRDuxorV2OpGOE0KzppQmNMpnhMh63Ow72rX+ZzV8mIBjjl6goFkVB1MsnjVLqavnLmZ8W8lP2/wrrpVSt2rVJ7vC417t4X9QpwDhdQBhtuoAEtaEMXCLzBB3zBt9E0mBEbcvG6YSwnncGKDP0DM5Z7NQ==</latexit>

P[T >→] = 1
n

n∑

i=1

1(ti >→) = 0minimize
<latexit sha1_base64="5Hx8+CYMrA0EAZE0pPFZO+RwxOI="></latexit>

ti = di � ai

ai = arrival time of job i
di = departure time of job i
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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 ]minimize (by final value theorem 
for Laplace transforms)

Batch problem

Queueing problem

<latexit sha1_base64="6DpRt3+Rve1bSsBVsJRiAf7lIeQ=">AAABwXicZY/LSsNAGIX/eK31FnXpZrCbClKSInVVKXbThUKF3qCJYTKdtEMnkzCZiHXIK/kMPoQbF/osxrYItWd1+L//wDl+zFmiLOvT2Njc2t7ZLewV9w8Oj47Nk9NeEqWS0C6JeCQHPk4oZ4J2FVOcDmJJcehz2venzV/ef6YyYZHoqFlM3RCPBQsYwSo/eWbLaesOukUOE4GaZaiOnEBiou1Miww5SRp6muVXO3sSyAmxmvhBDsvKY3+py5xbnlmyKtZcaN3YS1OCpdqe6TujiKQhFYpwnCRDuxorV2OpGOE0KzppQmNMpnhMh63Ow72rX+ZzV8mIBjjl6goFkVB1MsnjVLqavnLmZ8W8lP2/wrrpVSt2rVJ7vC417t4X9QpwDhdQBhtuoAEtaEMXCLzBB3zBt9E0mBEbcvG6YSwnncGKDP0DM5Z7NQ==</latexit>

P[T >→] = 1
n

n∑

i=1

1(ti >→) = 0minimize
<latexit sha1_base64="5Hx8+CYMrA0EAZE0pPFZO+RwxOI="></latexit>

ti = di � ai

ai = arrival time of job i
di = departure time of job i
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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="0X3zxUJQU3BqiIEX/blp5IScWsA="></latexit>

E[e�T ] =
1
n

nX

i=1

e�ti =
1
n

nX

i=1

e��ai e�diminimize

<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 ]minimize (by final value theorem 
for Laplace transforms)

Batch problem

Queueing problem

<latexit sha1_base64="6DpRt3+Rve1bSsBVsJRiAf7lIeQ=">AAABwXicZY/LSsNAGIX/eK31FnXpZrCbClKSInVVKXbThUKF3qCJYTKdtEMnkzCZiHXIK/kMPoQbF/osxrYItWd1+L//wDl+zFmiLOvT2Njc2t7ZLewV9w8Oj47Nk9NeEqWS0C6JeCQHPk4oZ4J2FVOcDmJJcehz2venzV/ef6YyYZHoqFlM3RCPBQsYwSo/eWbLaesOukUOE4GaZaiOnEBiou1Miww5SRp6muVXO3sSyAmxmvhBDsvKY3+py5xbnlmyKtZcaN3YS1OCpdqe6TujiKQhFYpwnCRDuxorV2OpGOE0KzppQmNMpnhMh63Ow72rX+ZzV8mIBjjl6goFkVB1MsnjVLqavnLmZ8W8lP2/wrrpVSt2rVJ7vC417t4X9QpwDhdQBhtuoAEtaEMXCLzBB3zBt9E0mBEbcvG6YSwnncGKDP0DM5Z7NQ==</latexit>

P[T >→] = 1
n

n∑

i=1

1(ti >→) = 0minimize
<latexit sha1_base64="5Hx8+CYMrA0EAZE0pPFZO+RwxOI="></latexit>

ti = di � ai

ai = arrival time of job i
di = departure time of job i
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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="0X3zxUJQU3BqiIEX/blp5IScWsA="></latexit>

E[e�T ] =
1
n

nX

i=1

e�ti =
1
n

nX

i=1

e��ai e�diminimize

<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 ]minimize (by final value theorem 
for Laplace transforms)

Batch problem

Queueing problem

<latexit sha1_base64="6DpRt3+Rve1bSsBVsJRiAf7lIeQ=">AAABwXicZY/LSsNAGIX/eK31FnXpZrCbClKSInVVKXbThUKF3qCJYTKdtEMnkzCZiHXIK/kMPoQbF/osxrYItWd1+L//wDl+zFmiLOvT2Njc2t7ZLewV9w8Oj47Nk9NeEqWS0C6JeCQHPk4oZ4J2FVOcDmJJcehz2venzV/ef6YyYZHoqFlM3RCPBQsYwSo/eWbLaesOukUOE4GaZaiOnEBiou1Miww5SRp6muVXO3sSyAmxmvhBDsvKY3+py5xbnlmyKtZcaN3YS1OCpdqe6TujiKQhFYpwnCRDuxorV2OpGOE0KzppQmNMpnhMh63Ow72rX+ZzV8mIBjjl6goFkVB1MsnjVLqavnLmZ8W8lP2/wrrpVSt2rVJ7vC417t4X9QpwDhdQBhtuoAEtaEMXCLzBB3zBt9E0mBEbcvG6YSwnncGKDP0DM5Z7NQ==</latexit>

P[T >→] = 1
n

n∑

i=1

1(ti >→) = 0minimize
<latexit sha1_base64="5Hx8+CYMrA0EAZE0pPFZO+RwxOI="></latexit>

ti = di � ai

ai = arrival time of job i
di = departure time of job i
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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="0X3zxUJQU3BqiIEX/blp5IScWsA="></latexit>

E[e�T ] =
1
n

nX

i=1

e�ti =
1
n

nX

i=1

e��ai e�diminimize

<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 ]minimize (by final value theorem 
for Laplace transforms)

Batch problem

Queueing problem

<latexit sha1_base64="6DpRt3+Rve1bSsBVsJRiAf7lIeQ=">AAABwXicZY/LSsNAGIX/eK31FnXpZrCbClKSInVVKXbThUKF3qCJYTKdtEMnkzCZiHXIK/kMPoQbF/osxrYItWd1+L//wDl+zFmiLOvT2Njc2t7ZLewV9w8Oj47Nk9NeEqWS0C6JeCQHPk4oZ4J2FVOcDmJJcehz2venzV/ef6YyYZHoqFlM3RCPBQsYwSo/eWbLaesOukUOE4GaZaiOnEBiou1Miww5SRp6muVXO3sSyAmxmvhBDsvKY3+py5xbnlmyKtZcaN3YS1OCpdqe6TujiKQhFYpwnCRDuxorV2OpGOE0KzppQmNMpnhMh63Ow72rX+ZzV8mIBjjl6goFkVB1MsnjVLqavnLmZ8W8lP2/wrrpVSt2rVJ7vC417t4X9QpwDhdQBhtuoAEtaEMXCLzBB3zBt9E0mBEbcvG6YSwnncGKDP0DM5Z7NQ==</latexit>

P[T >→] = 1
n

n∑

i=1

1(ti >→) = 0minimize
<latexit sha1_base64="5Hx8+CYMrA0EAZE0pPFZO+RwxOI="></latexit>

ti = di � ai

ai = arrival time of job i
di = departure time of job i
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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="0X3zxUJQU3BqiIEX/blp5IScWsA="></latexit>

E[e�T ] =
1
n

nX

i=1

e�ti =
1
n

nX

i=1

e��ai e�diminimize

<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 ]minimize (by final value theorem 
for Laplace transforms)

Batch problem

Queueing problem

<latexit sha1_base64="6DpRt3+Rve1bSsBVsJRiAf7lIeQ=">AAABwXicZY/LSsNAGIX/eK31FnXpZrCbClKSInVVKXbThUKF3qCJYTKdtEMnkzCZiHXIK/kMPoQbF/osxrYItWd1+L//wDl+zFmiLOvT2Njc2t7ZLewV9w8Oj47Nk9NeEqWS0C6JeCQHPk4oZ4J2FVOcDmJJcehz2venzV/ef6YyYZHoqFlM3RCPBQsYwSo/eWbLaesOukUOE4GaZaiOnEBiou1Miww5SRp6muVXO3sSyAmxmvhBDsvKY3+py5xbnlmyKtZcaN3YS1OCpdqe6TujiKQhFYpwnCRDuxorV2OpGOE0KzppQmNMpnhMh63Ow72rX+ZzV8mIBjjl6goFkVB1MsnjVLqavnLmZ8W8lP2/wrrpVSt2rVJ7vC417t4X9QpwDhdQBhtuoAEtaEMXCLzBB3zBt9E0mBEbcvG6YSwnncGKDP0DM5Z7NQ==</latexit>

P[T >→] = 1
n

n∑

i=1

1(ti >→) = 0minimize
<latexit sha1_base64="5Hx8+CYMrA0EAZE0pPFZO+RwxOI="></latexit>

ti = di � ai

ai = arrival time of job i
di = departure time of job i
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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="0X3zxUJQU3BqiIEX/blp5IScWsA="></latexit>

E[e�T ] =
1
n

nX

i=1

e�ti =
1
n

nX

i=1

e��ai e�diminimize

<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 ]minimize (by final value theorem 
for Laplace transforms)

Batch problem

Queueing problem

<latexit sha1_base64="6DpRt3+Rve1bSsBVsJRiAf7lIeQ=">AAABwXicZY/LSsNAGIX/eK31FnXpZrCbClKSInVVKXbThUKF3qCJYTKdtEMnkzCZiHXIK/kMPoQbF/osxrYItWd1+L//wDl+zFmiLOvT2Njc2t7ZLewV9w8Oj47Nk9NeEqWS0C6JeCQHPk4oZ4J2FVOcDmJJcehz2venzV/ef6YyYZHoqFlM3RCPBQsYwSo/eWbLaesOukUOE4GaZaiOnEBiou1Miww5SRp6muVXO3sSyAmxmvhBDsvKY3+py5xbnlmyKtZcaN3YS1OCpdqe6TujiKQhFYpwnCRDuxorV2OpGOE0KzppQmNMpnhMh63Ow72rX+ZzV8mIBjjl6goFkVB1MsnjVLqavnLmZ8W8lP2/wrrpVSt2rVJ7vC417t4X9QpwDhdQBhtuoAEtaEMXCLzBB3zBt9E0mBEbcvG6YSwnncGKDP0DM5Z7NQ==</latexit>

P[T >→] = 1
n

n∑

i=1

1(ti >→) = 0minimize almost classic 
problem

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

ti = di � ai

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



Solving the batch problem

31

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

E[e�T ] =
1
n

nX

i=1

e�ti =
1
n

nX

i=1

e��ai e�diminimize

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

ti = di � ai

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



Solving the batch problem

31

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

E[e�T ] =
1
n

nX

i=1

e�ti =
1
n

nX

i=1

e��ai e�diminimize

<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="oDCx9Z2EuBva/BMHaUpYM0AECAU=">AAAB7nicZZDNSsNAFIUn/tb4V3XpJtiNCy1NkboSpAVxoVCxtYWmDZPpTTt0MhMyE6sO8xbiTtzqK7gS9CV8G2stSPWszr3n3MV3g5hRqQqFT2tmdm5+YTGzZC+vrK6tZzc2r6RIEwJ1IphImgGWwCiHuqKKQTNOAEcBg0YwqHznjWtIJBW8pm5jaEe4x2lICVajlZ/Ne2GCiXaN5sbxZBr5mjpHjms63Bn61IGO3vdUHxR2uj41fjZXyBfGcv4bd2JyaKKqn33xuoKkEXBFGJay5RZj1dY4UZQwMLaXSogxGeAetE5r52dtfTOGmk66EOKUqT0nFFwdkf7oHJK2hjtGA2PbHochEVGEeVd7IQml0V6EVT+J9Enl5NKY6UYghFS/lfJ4NPaIzf1L8t9cFfNuKV+6OMgdl99+KDNoG+2gXeSiQ3SMTlEV1RFB9+gVvaMPK7YerEfr6ac6Y00+s4WmZD1/AZ4DkJ4=</latexit>

1
n

nX

i=1

wie
�✓di

Classic metric: mean weighted 
discounted departure time



Solving the batch problem

31

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

E[e�T ] =
1
n

nX

i=1

e�ti =
1
n

nX

i=1

e��ai e�diminimize

<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="oDCx9Z2EuBva/BMHaUpYM0AECAU=">AAAB7nicZZDNSsNAFIUn/tb4V3XpJtiNCy1NkboSpAVxoVCxtYWmDZPpTTt0MhMyE6sO8xbiTtzqK7gS9CV8G2stSPWszr3n3MV3g5hRqQqFT2tmdm5+YTGzZC+vrK6tZzc2r6RIEwJ1IphImgGWwCiHuqKKQTNOAEcBg0YwqHznjWtIJBW8pm5jaEe4x2lICVajlZ/Ne2GCiXaN5sbxZBr5mjpHjms63Bn61IGO3vdUHxR2uj41fjZXyBfGcv4bd2JyaKKqn33xuoKkEXBFGJay5RZj1dY4UZQwMLaXSogxGeAetE5r52dtfTOGmk66EOKUqT0nFFwdkf7oHJK2hjtGA2PbHochEVGEeVd7IQml0V6EVT+J9Enl5NKY6UYghFS/lfJ4NPaIzf1L8t9cFfNuKV+6OMgdl99+KDNoG+2gXeSiQ3SMTlEV1RFB9+gVvaMPK7YerEfr6ac6Y00+s4WmZD1/AZ4DkJ4=</latexit>

1
n

nX

i=1

wie
�✓di

Classic metric: mean weighted 
discounted departure time



Solving the batch problem

31

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

E[e�T ] =
1
n

nX

i=1

e�ti =
1
n

nX

i=1

e��ai e�diminimize

<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="oDCx9Z2EuBva/BMHaUpYM0AECAU=">AAAB7nicZZDNSsNAFIUn/tb4V3XpJtiNCy1NkboSpAVxoVCxtYWmDZPpTTt0MhMyE6sO8xbiTtzqK7gS9CV8G2stSPWszr3n3MV3g5hRqQqFT2tmdm5+YTGzZC+vrK6tZzc2r6RIEwJ1IphImgGWwCiHuqKKQTNOAEcBg0YwqHznjWtIJBW8pm5jaEe4x2lICVajlZ/Ne2GCiXaN5sbxZBr5mjpHjms63Bn61IGO3vdUHxR2uj41fjZXyBfGcv4bd2JyaKKqn33xuoKkEXBFGJay5RZj1dY4UZQwMLaXSogxGeAetE5r52dtfTOGmk66EOKUqT0nFFwdkf7oHJK2hjtGA2PbHochEVGEeVd7IQml0V6EVT+J9Enl5NKY6UYghFS/lfJ4NPaIzf1L8t9cFfNuKV+6OMgdl99+KDNoG+2gXeSiQ3SMTlEV1RFB9+gVvaMPK7YerEfr6ac6Y00+s4WmZD1/AZ4DkJ4=</latexit>

1
n

nX

i=1

wie
�✓di

Classic metric: mean weighted 
discounted departure time

<latexit sha1_base64="uceSTsxbXT9KtRtqy2qS2Ne6myQ=">AAABgXicZY/LTsJAFIbPgBesN9Slm8ZuNDFNSwwujIbohoUmmFAgQkOmwwEnTKfNzNSoDW/hVp/F1/BtRGCD/Ksv5z8n+U6UCq6N5/2QQnFtfWOztGVt7+zu7ZcPDls6yRTDgCUiUZ2IahRcYmC4EdhJFdI4EtiOxnd/ffsFleaJbJq3FMOYjiQfckbNdPTUG9E4pvaN7fXLjud6s9ir4C/AgUUa/XLUGyQsi1EaJqjWXb+SmjCnynAmcGL1Mo0pZWM6wm69+XAf5q8z3eVmgEOaCXNuDxNprtnz9BxVmOO74NHEmkr5/xVWoVVx/apbfbxwarffc70SHMMJnIIPl1CDOjQgAAYSPuATvkiRnBGPVOarBbJ46QiWQq5+AXNTY0U=</latexit>

ω> 0



Solving the batch problem

31

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

E[e�T ] =
1
n

nX

i=1

e�ti =
1
n

nX

i=1

e��ai e�diminimize

<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="oDCx9Z2EuBva/BMHaUpYM0AECAU=">AAAB7nicZZDNSsNAFIUn/tb4V3XpJtiNCy1NkboSpAVxoVCxtYWmDZPpTTt0MhMyE6sO8xbiTtzqK7gS9CV8G2stSPWszr3n3MV3g5hRqQqFT2tmdm5+YTGzZC+vrK6tZzc2r6RIEwJ1IphImgGWwCiHuqKKQTNOAEcBg0YwqHznjWtIJBW8pm5jaEe4x2lICVajlZ/Ne2GCiXaN5sbxZBr5mjpHjms63Bn61IGO3vdUHxR2uj41fjZXyBfGcv4bd2JyaKKqn33xuoKkEXBFGJay5RZj1dY4UZQwMLaXSogxGeAetE5r52dtfTOGmk66EOKUqT0nFFwdkf7oHJK2hjtGA2PbHochEVGEeVd7IQml0V6EVT+J9Enl5NKY6UYghFS/lfJ4NPaIzf1L8t9cFfNuKV+6OMgdl99+KDNoG+2gXeSiQ3SMTlEV1RFB9+gVvaMPK7YerEfr6ac6Y00+s4WmZD1/AZ4DkJ4=</latexit>

1
n

nX

i=1

wie
�✓di

Classic metric: mean weighted 
discounted departure time

negative 
discount rate

<latexit sha1_base64="uceSTsxbXT9KtRtqy2qS2Ne6myQ=">AAABgXicZY/LTsJAFIbPgBesN9Slm8ZuNDFNSwwujIbohoUmmFAgQkOmwwEnTKfNzNSoDW/hVp/F1/BtRGCD/Ksv5z8n+U6UCq6N5/2QQnFtfWOztGVt7+zu7ZcPDls6yRTDgCUiUZ2IahRcYmC4EdhJFdI4EtiOxnd/ffsFleaJbJq3FMOYjiQfckbNdPTUG9E4pvaN7fXLjud6s9ir4C/AgUUa/XLUGyQsi1EaJqjWXb+SmjCnynAmcGL1Mo0pZWM6wm69+XAf5q8z3eVmgEOaCXNuDxNprtnz9BxVmOO74NHEmkr5/xVWoVVx/apbfbxwarffc70SHMMJnIIPl1CDOjQgAAYSPuATvkiRnBGPVOarBbJ46QiWQq5+AXNTY0U=</latexit>

ω> 0



Solving the batch problem

31

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

E[e�T ] =
1
n

nX

i=1

e�ti =
1
n

nX

i=1

e��ai e�diminimize

<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="oDCx9Z2EuBva/BMHaUpYM0AECAU=">AAAB7nicZZDNSsNAFIUn/tb4V3XpJtiNCy1NkboSpAVxoVCxtYWmDZPpTTt0MhMyE6sO8xbiTtzqK7gS9CV8G2stSPWszr3n3MV3g5hRqQqFT2tmdm5+YTGzZC+vrK6tZzc2r6RIEwJ1IphImgGWwCiHuqKKQTNOAEcBg0YwqHznjWtIJBW8pm5jaEe4x2lICVajlZ/Ne2GCiXaN5sbxZBr5mjpHjms63Bn61IGO3vdUHxR2uj41fjZXyBfGcv4bd2JyaKKqn33xuoKkEXBFGJay5RZj1dY4UZQwMLaXSogxGeAetE5r52dtfTOGmk66EOKUqT0nFFwdkf7oHJK2hjtGA2PbHochEVGEeVd7IQml0V6EVT+J9Enl5NKY6UYghFS/lfJ4NPaIzf1L8t9cFfNuKV+6OMgdl99+KDNoG+2gXeSiQ3SMTlEV1RFB9+gVvaMPK7YerEfr6ac6Y00+s4WmZD1/AZ4DkJ4=</latexit>

1
n

nX

i=1

wie
�✓di

Classic metric: mean weighted 
discounted departure time

negative 
discount rate

can’t start i 
before ai

<latexit sha1_base64="uceSTsxbXT9KtRtqy2qS2Ne6myQ=">AAABgXicZY/LTsJAFIbPgBesN9Slm8ZuNDFNSwwujIbohoUmmFAgQkOmwwEnTKfNzNSoDW/hVp/F1/BtRGCD/Ksv5z8n+U6UCq6N5/2QQnFtfWOztGVt7+zu7ZcPDls6yRTDgCUiUZ2IahRcYmC4EdhJFdI4EtiOxnd/ffsFleaJbJq3FMOYjiQfckbNdPTUG9E4pvaN7fXLjud6s9ir4C/AgUUa/XLUGyQsi1EaJqjWXb+SmjCnynAmcGL1Mo0pZWM6wm69+XAf5q8z3eVmgEOaCXNuDxNprtnz9BxVmOO74NHEmkr5/xVWoVVx/apbfbxwarffc70SHMMJnIIPl1CDOjQgAAYSPuATvkiRnBGPVOarBbJ46QiWQq5+AXNTY0U=</latexit>

ω> 0



Solving the batch problem

31

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

E[e�T ] =
1
n

nX

i=1

e�ti =
1
n

nX

i=1

e��ai e�diminimize

<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="oDCx9Z2EuBva/BMHaUpYM0AECAU=">AAAB7nicZZDNSsNAFIUn/tb4V3XpJtiNCy1NkboSpAVxoVCxtYWmDZPpTTt0MhMyE6sO8xbiTtzqK7gS9CV8G2stSPWszr3n3MV3g5hRqQqFT2tmdm5+YTGzZC+vrK6tZzc2r6RIEwJ1IphImgGWwCiHuqKKQTNOAEcBg0YwqHznjWtIJBW8pm5jaEe4x2lICVajlZ/Ne2GCiXaN5sbxZBr5mjpHjms63Bn61IGO3vdUHxR2uj41fjZXyBfGcv4bd2JyaKKqn33xuoKkEXBFGJay5RZj1dY4UZQwMLaXSogxGeAetE5r52dtfTOGmk66EOKUqT0nFFwdkf7oHJK2hjtGA2PbHochEVGEeVd7IQml0V6EVT+J9Enl5NKY6UYghFS/lfJ4NPaIzf1L8t9cFfNuKV+6OMgdl99+KDNoG+2gXeSiQ3SMTlEV1RFB9+gVvaMPK7YerEfr6ac6Y00+s4WmZD1/AZ4DkJ4=</latexit>

1
n

nX

i=1

wie
�✓di

Classic metric: mean weighted 
discounted departure time

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

negative 
discount rate

can’t start i 
before ai

<latexit sha1_base64="uceSTsxbXT9KtRtqy2qS2Ne6myQ=">AAABgXicZY/LTsJAFIbPgBesN9Slm8ZuNDFNSwwujIbohoUmmFAgQkOmwwEnTKfNzNSoDW/hVp/F1/BtRGCD/Ksv5z8n+U6UCq6N5/2QQnFtfWOztGVt7+zu7ZcPDls6yRTDgCUiUZ2IahRcYmC4EdhJFdI4EtiOxnd/ffsFleaJbJq3FMOYjiQfckbNdPTUG9E4pvaN7fXLjud6s9ir4C/AgUUa/XLUGyQsi1EaJqjWXb+SmjCnynAmcGL1Mo0pZWM6wm69+XAf5q8z3eVmgEOaCXNuDxNprtnz9BxVmOO74NHEmkr5/xVWoVVx/apbfbxwarffc70SHMMJnIIPl1CDOjQgAAYSPuATvkiRnBGPVOarBbJ46QiWQq5+AXNTY0U=</latexit>

ω> 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



Solving the batch problem

31

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

E[e�T ] =
1
n

nX

i=1

e�ti =
1
n

nX

i=1

e��ai e�diminimize

<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="oDCx9Z2EuBva/BMHaUpYM0AECAU=">AAAB7nicZZDNSsNAFIUn/tb4V3XpJtiNCy1NkboSpAVxoVCxtYWmDZPpTTt0MhMyE6sO8xbiTtzqK7gS9CV8G2stSPWszr3n3MV3g5hRqQqFT2tmdm5+YTGzZC+vrK6tZzc2r6RIEwJ1IphImgGWwCiHuqKKQTNOAEcBg0YwqHznjWtIJBW8pm5jaEe4x2lICVajlZ/Ne2GCiXaN5sbxZBr5mjpHjms63Bn61IGO3vdUHxR2uj41fjZXyBfGcv4bd2JyaKKqn33xuoKkEXBFGJay5RZj1dY4UZQwMLaXSogxGeAetE5r52dtfTOGmk66EOKUqT0nFFwdkf7oHJK2hjtGA2PbHochEVGEeVd7IQml0V6EVT+J9Enl5NKY6UYghFS/lfJ4NPaIzf1L8t9cFfNuKV+6OMgdl99+KDNoG+2gXeSiQ3SMTlEV1RFB9+gVvaMPK7YerEfr6ac6Y00+s4WmZD1/AZ4DkJ4=</latexit>

1
n

nX

i=1

wie
�✓di

Classic metric: mean weighted 
discounted departure time

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

negative 
discount rate

can’t start i 
before ai

<latexit sha1_base64="uceSTsxbXT9KtRtqy2qS2Ne6myQ=">AAABgXicZY/LTsJAFIbPgBesN9Slm8ZuNDFNSwwujIbohoUmmFAgQkOmwwEnTKfNzNSoDW/hVp/F1/BtRGCD/Ksv5z8n+U6UCq6N5/2QQnFtfWOztGVt7+zu7ZcPDls6yRTDgCUiUZ2IahRcYmC4EdhJFdI4EtiOxnd/ffsFleaJbJq3FMOYjiQfckbNdPTUG9E4pvaN7fXLjud6s9ir4C/AgUUa/XLUGyQsi1EaJqjWXb+SmjCnynAmcGL1Mo0pZWM6wm69+XAf5q8z3eVmgEOaCXNuDxNprtnz9BxVmOO74NHEmkr5/xVWoVVx/apbfbxwarffc70SHMMJnIIPl1CDOjQgAAYSPuATvkiRnBGPVOarBbJ46QiWQq5+AXNTY0U=</latexit>

ω> 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
𝛄-Boost



Solving the batch problem

31

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

E[e�T ] =
1
n

nX

i=1

e�ti =
1
n

nX

i=1

e��ai e�diminimize

<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="oDCx9Z2EuBva/BMHaUpYM0AECAU=">AAAB7nicZZDNSsNAFIUn/tb4V3XpJtiNCy1NkboSpAVxoVCxtYWmDZPpTTt0MhMyE6sO8xbiTtzqK7gS9CV8G2stSPWszr3n3MV3g5hRqQqFT2tmdm5+YTGzZC+vrK6tZzc2r6RIEwJ1IphImgGWwCiHuqKKQTNOAEcBg0YwqHznjWtIJBW8pm5jaEe4x2lICVajlZ/Ne2GCiXaN5sbxZBr5mjpHjms63Bn61IGO3vdUHxR2uj41fjZXyBfGcv4bd2JyaKKqn33xuoKkEXBFGJay5RZj1dY4UZQwMLaXSogxGeAetE5r52dtfTOGmk66EOKUqT0nFFwdkf7oHJK2hjtGA2PbHochEVGEeVd7IQml0V6EVT+J9Enl5NKY6UYghFS/lfJ4NPaIzf1L8t9cFfNuKV+6OMgdl99+KDNoG+2gXeSiQ3SMTlEV1RFB9+gVvaMPK7YerEfr6ac6Y00+s4WmZD1/AZ4DkJ4=</latexit>

1
n

nX

i=1

wie
�✓di

Classic metric: mean weighted 
discounted departure time

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

negative 
discount rate

can’t start i 
before ai

<latexit sha1_base64="uceSTsxbXT9KtRtqy2qS2Ne6myQ=">AAABgXicZY/LTsJAFIbPgBesN9Slm8ZuNDFNSwwujIbohoUmmFAgQkOmwwEnTKfNzNSoDW/hVp/F1/BtRGCD/Ksv5z8n+U6UCq6N5/2QQnFtfWOztGVt7+zu7ZcPDls6yRTDgCUiUZ2IahRcYmC4EdhJFdI4EtiOxnd/ffsFleaJbJq3FMOYjiQfckbNdPTUG9E4pvaN7fXLjud6s9ir4C/AgUUa/XLUGyQsi1EaJqjWXb+SmjCnynAmcGL1Mo0pZWM6wm69+XAf5q8z3eVmgEOaCXNuDxNprtnz9BxVmOO74NHEmkr5/xVWoVVx/apbfbxwarffc70SHMMJnIIPl1CDOjQgAAYSPuATvkiRnBGPVOarBbJ46QiWQq5+AXNTY0U=</latexit>

ω> 0

Takeaway: 
 for critical  is a 

“smoothed” tail metric

<latexit sha1_base64="KZgqE6hU0Wzgax/SIpCHHnQXDhw=">AAABiXicZY/LSsNAFIbP1FtNvURdugl240JKUqSKIBSL0IVChd6giWUyPY1DJxcyk6KGvIlbfQ5fw7cxttnU/quP858D33EjwaUyzR9S2tjc2t4p72qVvf2DQ/3ouC/DJGbYY6EI46FLJQoeYE9xJXAYxUh9V+DAnbX++sEcY8nDoKveInR86gV8yhlV+Wis6/Z9is+p7VHfp0Y3y8Z61ayZixjrYBVQhSKdse7ak5AlPgaKCSrlyKpHyklprDgTmGl2IjGibEY9HLW7jw9O+rrQXm0mOKWJUBfGNAzULXvJzzF2UnwX3M20XMr6r7AO/XrNatQaT5fV5t33Uq8Mp3AG52DBFTShDR3oAYM5fMAnfJEKscg1uVmulkjx0gmshLR+AS6yZsw=</latexit>

E[eωT ] <latexit sha1_base64="20E8X8mjaN2/b9yEFWvrdcsYH/M=">AAABfXicZY/LSsNQEIYn9VbjLerSTTEILkpIirQroeimC4UKTVpoQjk5ncRjTy7knIga+g5u9Wl8DZ9GY5tN7b/6mH8GvvFTzoQ0zW+ltrG5tb1T31X39g8Oj7TjE0ckeUbRpglPspFPBHIWoy2Z5DhKMySRz3Hoz27/+uEzZoIl8UC+puhFJIxZwCiR5chxQxJFZKLppmEu0lgHqwIdqvQnmu9OE5pHGEvKiRBjq5VKryCZZJTjXHVzgSmhMxLiuDe4v/OKl4XqajPFgORcNhtBEstr+lieY+YV+MaZP1dLKeu/wjo4LcNqG+2HK71787XUq8MZnMMlWNCBLvSgDzZQeIJ3+IBP+FEulKZiLFdrSvXSKaxE6fwCQghjbg==</latexit>ω

<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
𝛄-Boost



Solving the batch problem
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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�diminimize

<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="oDCx9Z2EuBva/BMHaUpYM0AECAU=">AAAB7nicZZDNSsNAFIUn/tb4V3XpJtiNCy1NkboSpAVxoVCxtYWmDZPpTTt0MhMyE6sO8xbiTtzqK7gS9CV8G2stSPWszr3n3MV3g5hRqQqFT2tmdm5+YTGzZC+vrK6tZzc2r6RIEwJ1IphImgGWwCiHuqKKQTNOAEcBg0YwqHznjWtIJBW8pm5jaEe4x2lICVajlZ/Ne2GCiXaN5sbxZBr5mjpHjms63Bn61IGO3vdUHxR2uj41fjZXyBfGcv4bd2JyaKKqn33xuoKkEXBFGJay5RZj1dY4UZQwMLaXSogxGeAetE5r52dtfTOGmk66EOKUqT0nFFwdkf7oHJK2hjtGA2PbHochEVGEeVd7IQml0V6EVT+J9Enl5NKY6UYghFS/lfJ4NPaIzf1L8t9cFfNuKV+6OMgdl99+KDNoG+2gXeSiQ3SMTlEV1RFB9+gVvaMPK7YerEfr6ac6Y00+s4WmZD1/AZ4DkJ4=</latexit>

1
n

nX

i=1

wie
�✓di

Classic metric: mean weighted 
discounted departure time

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

negative 
discount rate

can’t start i 
before ai

<latexit sha1_base64="uceSTsxbXT9KtRtqy2qS2Ne6myQ=">AAABgXicZY/LTsJAFIbPgBesN9Slm8ZuNDFNSwwujIbohoUmmFAgQkOmwwEnTKfNzNSoDW/hVp/F1/BtRGCD/Ksv5z8n+U6UCq6N5/2QQnFtfWOztGVt7+zu7ZcPDls6yRTDgCUiUZ2IahRcYmC4EdhJFdI4EtiOxnd/ffsFleaJbJq3FMOYjiQfckbNdPTUG9E4pvaN7fXLjud6s9ir4C/AgUUa/XLUGyQsi1EaJqjWXb+SmjCnynAmcGL1Mo0pZWM6wm69+XAf5q8z3eVmgEOaCXNuDxNprtnz9BxVmOO74NHEmkr5/xVWoVVx/apbfbxwarffc70SHMMJnIIPl1CDOjQgAAYSPuATvkiRnBGPVOarBbJ46QiWQq5+AXNTY0U=</latexit>

ω> 0

Takeaway: 
 for critical  is a 

“smoothed” tail metric

<latexit sha1_base64="KZgqE6hU0Wzgax/SIpCHHnQXDhw=">AAABiXicZY/LSsNAFIbP1FtNvURdugl240JKUqSKIBSL0IVChd6giWUyPY1DJxcyk6KGvIlbfQ5fw7cxttnU/quP858D33EjwaUyzR9S2tjc2t4p72qVvf2DQ/3ouC/DJGbYY6EI46FLJQoeYE9xJXAYxUh9V+DAnbX++sEcY8nDoKveInR86gV8yhlV+Wis6/Z9is+p7VHfp0Y3y8Z61ayZixjrYBVQhSKdse7ak5AlPgaKCSrlyKpHyklprDgTmGl2IjGibEY9HLW7jw9O+rrQXm0mOKWJUBfGNAzULXvJzzF2UnwX3M20XMr6r7AO/XrNatQaT5fV5t33Uq8Mp3AG52DBFTShDR3oAYM5fMAnfJEKscg1uVmulkjx0gmshLR+AS6yZsw=</latexit>

E[eωT ] <latexit sha1_base64="20E8X8mjaN2/b9yEFWvrdcsYH/M=">AAABfXicZY/LSsNQEIYn9VbjLerSTTEILkpIirQroeimC4UKTVpoQjk5ncRjTy7knIga+g5u9Wl8DZ9GY5tN7b/6mH8GvvFTzoQ0zW+ltrG5tb1T31X39g8Oj7TjE0ckeUbRpglPspFPBHIWoy2Z5DhKMySRz3Hoz27/+uEzZoIl8UC+puhFJIxZwCiR5chxQxJFZKLppmEu0lgHqwIdqvQnmu9OE5pHGEvKiRBjq5VKryCZZJTjXHVzgSmhMxLiuDe4v/OKl4XqajPFgORcNhtBEstr+lieY+YV+MaZP1dLKeu/wjo4LcNqG+2HK71787XUq8MZnMMlWNCBLvSgDzZQeIJ3+IBP+FEulKZiLFdrSvXSKaxE6fwCQghjbg==</latexit>ω

<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
𝛄-Boost

Unknown sizes: 
swap WDSPT for Gittins



Multiserver tail optimization
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k servers of 
speed 1/k



Multiserver tail optimization

32

k servers of 
speed 1/k

Theorem: 𝛄-Boost is strongly tail-optimal
in the heavy-traffic limit [Yu et al., 2025]

<latexit sha1_base64="6m6VASqWZTgEEtPuIgTfuBv3mbM=">AAABk3icZY/NSsNAFIXv1L9a/6LiRjfBblxISYrUhRRKVejCQsX+QRPKZHrbDp1kQmYiaij4NG71EXwN38bYdlN7Vod77oHveKHgSlvWD8msrW9sbmW3czu7e/sHxuFRW8k4YthiUsio61GFggfY0lwL7IYRUt8T2PEmt3955xkjxWXQ1K8huj4dBXzIGdXpqW+cOtFYmmXTEWlnQE3nPnmamo6Wpt038lbBmslcNfbC5GGhRt/wnIFksY+BZoIq1bOLoXYTGmnOBE5zTqwwpGxCR9irNesPbvIyG7CcDHBIY6EvzaEMdJmN0zpGboJvgnvTXApl/0dYNe1iwS4VSo9X+Ur1e46XhTM4hwuw4RoqUIMGtIDBO3zAJ3yRE3JDquRu/pohi0nHsCRS/wWDsWmk</latexit>

ω = ϵE[S]→ 1



Multiserver tail optimization

32

load < 1?

k servers of 
speed 1/k

Theorem: 𝛄-Boost is strongly tail-optimal
in the heavy-traffic limit [Yu et al., 2025]

<latexit sha1_base64="6m6VASqWZTgEEtPuIgTfuBv3mbM=">AAABk3icZY/NSsNAFIXv1L9a/6LiRjfBblxISYrUhRRKVejCQsX+QRPKZHrbDp1kQmYiaij4NG71EXwN38bYdlN7Vod77oHveKHgSlvWD8msrW9sbmW3czu7e/sHxuFRW8k4YthiUsio61GFggfY0lwL7IYRUt8T2PEmt3955xkjxWXQ1K8huj4dBXzIGdXpqW+cOtFYmmXTEWlnQE3nPnmamo6Wpt038lbBmslcNfbC5GGhRt/wnIFksY+BZoIq1bOLoXYTGmnOBE5zTqwwpGxCR9irNesPbvIyG7CcDHBIY6EvzaEMdJmN0zpGboJvgnvTXApl/0dYNe1iwS4VSo9X+Ur1e46XhTM4hwuw4RoqUIMGtIDBO3zAJ3yRE3JDquRu/pohi0nHsCRS/wWDsWmk</latexit>

ω = ϵE[S]→ 1
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1 
−

 P
[T

 >
 t]

/P
[T

FC
FS

 >
 t]

threshold tthreshold t

k = 10 servers, load 0.8 k = 10 servers, load 0.95
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<latexit sha1_base64="4iuK79ZW9ojGFPc7PFR3xiLAc+M=">AAABwXicZY/LSsNAGIX/1FuNt6hLN4NFaLEtmSJ1VSh204VChd6giWUyndShkwuZiaghr+Qz+BBuXOizGNuC1J7V4Xz/D+c4oeBSmeanltvY3Nreye/qe/sHh0fG8UlfBnFEWY8GIoiGDpFMcJ/1FFeCDcOIEc8RbODMWr988MQiyQO/q15CZntk6nOXU6KyaGy0naIsoQay3IjQBKeJNSWeR1JkiWD6l2JUQewhqSwokmmqX1yi4iyLcQlZZSTHRsGsmnOhdYOXpgBLdcaGY00CGnvMV1QQKUe4Fio7IZHiVLBUt2LJQkJnZMpG7e7drZ08z+eukglzSSxUGbmBrxr0MXtnkZ2wV8GdVM9K4f8V1k2/VsX1av3+qtC8eV/Uy8MZnEMRMFxDE9rQgR5QeIMP+IJvraVxLdSixWlOW046hRVpyQ8o33lu</latexit>

b(s) =
1
ω

log
1

1→ e→ωs

1 
−

 P
[T

 >
 t]

/P
[T

FC
FS

 >
 t]

threshold tthreshold t

k = 10 servers, load 0.8 k = 10 servers, load 0.95
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<latexit sha1_base64="4iuK79ZW9ojGFPc7PFR3xiLAc+M=">AAABwXicZY/LSsNAGIX/1FuNt6hLN4NFaLEtmSJ1VSh204VChd6giWUyndShkwuZiaghr+Qz+BBuXOizGNuC1J7V4Xz/D+c4oeBSmeanltvY3Nreye/qe/sHh0fG8UlfBnFEWY8GIoiGDpFMcJ/1FFeCDcOIEc8RbODMWr988MQiyQO/q15CZntk6nOXU6KyaGy0naIsoQay3IjQBKeJNSWeR1JkiWD6l2JUQewhqSwokmmqX1yi4iyLcQlZZSTHRsGsmnOhdYOXpgBLdcaGY00CGnvMV1QQKUe4Fio7IZHiVLBUt2LJQkJnZMpG7e7drZ08z+eukglzSSxUGbmBrxr0MXtnkZ2wV8GdVM9K4f8V1k2/VsX1av3+qtC8eV/Uy8MZnEMRMFxDE9rQgR5QeIMP+IJvraVxLdSixWlOW046hRVpyQ8o33lu</latexit>

b(s) =
1
ω

log
1

1→ e→ωs

1 
−

 P
[T

 >
 t]

/P
[T

FC
FS

 >
 t]

threshold tthreshold t

k = 10 servers, load 0.8 k = 10 servers, load 0.95
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Boost large jobs?

<latexit sha1_base64="4iuK79ZW9ojGFPc7PFR3xiLAc+M=">AAABwXicZY/LSsNAGIX/1FuNt6hLN4NFaLEtmSJ1VSh204VChd6giWUyndShkwuZiaghr+Qz+BBuXOizGNuC1J7V4Xz/D+c4oeBSmeanltvY3Nreye/qe/sHh0fG8UlfBnFEWY8GIoiGDpFMcJ/1FFeCDcOIEc8RbODMWr988MQiyQO/q15CZntk6nOXU6KyaGy0naIsoQay3IjQBKeJNSWeR1JkiWD6l2JUQewhqSwokmmqX1yi4iyLcQlZZSTHRsGsmnOhdYOXpgBLdcaGY00CGnvMV1QQKUe4Fio7IZHiVLBUt2LJQkJnZMpG7e7drZ08z+eukglzSSxUGbmBrxr0MXtnkZ2wV8GdVM9K4f8V1k2/VsX1av3+qtC8eV/Uy8MZnEMRMFxDE9rQgR5QeIMP+IJvraVxLdSixWlOW046hRVpyQ8o33lu</latexit>

b(s) =
1
ω

log
1

1→ e→ωs

1 
−

 P
[T

 >
 t]

/P
[T

FC
FS

 >
 t]

threshold tthreshold t

k = 10 servers, load 0.8 k = 10 servers, load 0.95
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Boost large jobs?

<latexit sha1_base64="4iuK79ZW9ojGFPc7PFR3xiLAc+M=">AAABwXicZY/LSsNAGIX/1FuNt6hLN4NFaLEtmSJ1VSh204VChd6giWUyndShkwuZiaghr+Qz+BBuXOizGNuC1J7V4Xz/D+c4oeBSmeanltvY3Nreye/qe/sHh0fG8UlfBnFEWY8GIoiGDpFMcJ/1FFeCDcOIEc8RbODMWr988MQiyQO/q15CZntk6nOXU6KyaGy0naIsoQay3IjQBKeJNSWeR1JkiWD6l2JUQewhqSwokmmqX1yi4iyLcQlZZSTHRsGsmnOhdYOXpgBLdcaGY00CGnvMV1QQKUe4Fio7IZHiVLBUt2LJQkJnZMpG7e7drZ08z+eukglzSSxUGbmBrxr0MXtnkZ2wV8GdVM9K4f8V1k2/VsX1av3+qtC8eV/Uy8MZnEMRMFxDE9rQgR5QeIMP+IJvraVxLdSixWlOW046hRVpyQ8o33lu</latexit>

b(s) =
1
ω

log
1

1→ e→ωs

1 
−

 P
[T

 >
 t]

/P
[T

FC
FS

 >
 t]

threshold tthreshold t

k = 10 servers, load 0.8 k = 10 servers, load 0.95

compare to 
bin packing
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Boost large jobs?

<latexit sha1_base64="5p0GSINRiZkHWOemfzitFb/NemM=">AAABw3icZY/LSsNAGIUn9VbjLerSzWARWmxLpkhdFYoiFFGoYC/QxDKZTuKQyYWZiagh7+Qj+BSCK30UY1uQ2rM6nO//4Rwn5kwq0/zUCiura+sbxU19a3tnd8/YP+jLKBGE9kjEIzF0sKSchbSnmOJ0GAuKA4fTgeNf/vLBExWSReG9eompHWAvZC4jWOXR2Lh2yrICW/AEWq7AJEVZank4CHAGLR55fymCNUgf0tqMQpll8BTqZT+PUQVaVSjHRsmsm1PBZYPmpgTm6o4Nx5pEJAloqAjHUo5QI1Z2ioVihNNMtxJJY0x87NFR5/72xk6fp4MXyYS6OOGqCt0oVC3ymL9TYaf0lTMn0/NS6H+FZdNv1FGz3rw7K7Uv3mf1iuAIHIMyQOActEEHdEEPEPAGPsAX+NauNF8TmpqdFrT5pEOwIC37Ac0aecI=</latexit>

b(s) = (k→ 1) s<latexit sha1_base64="4iuK79ZW9ojGFPc7PFR3xiLAc+M=">AAABwXicZY/LSsNAGIX/1FuNt6hLN4NFaLEtmSJ1VSh204VChd6giWUyndShkwuZiaghr+Qz+BBuXOizGNuC1J7V4Xz/D+c4oeBSmeanltvY3Nreye/qe/sHh0fG8UlfBnFEWY8GIoiGDpFMcJ/1FFeCDcOIEc8RbODMWr988MQiyQO/q15CZntk6nOXU6KyaGy0naIsoQay3IjQBKeJNSWeR1JkiWD6l2JUQewhqSwokmmqX1yi4iyLcQlZZSTHRsGsmnOhdYOXpgBLdcaGY00CGnvMV1QQKUe4Fio7IZHiVLBUt2LJQkJnZMpG7e7drZ08z+eukglzSSxUGbmBrxr0MXtnkZ2wV8GdVM9K4f8V1k2/VsX1av3+qtC8eV/Uy8MZnEMRMFxDE9rQgR5QeIMP+IJvraVxLdSixWlOW046hRVpyQ8o33lu</latexit>

b(s) =
1
ω

log
1

1→ e→ωs

1 
−

 P
[T

 >
 t]

/P
[T

FC
FS

 >
 t]

threshold tthreshold t

k = 10 servers, load 0.8 k = 10 servers, load 0.95

compare to 
bin packing
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<latexit sha1_base64="AUgXadYUBDwKB11wM9IPvKW7nls=">AAABwHicZY/LTsJAGIX/4g3xVnXpZiIbiEAoMbgiIbiQhSaYcEtoJdNhWiZMO7UzNUrTR/IdfAdXJvouViAx6FmdnO//k3PsgDOpqtUPLbOxubW9k93N7e0fHB7pxyd9KaKQ0B4RXIRDG0vKmU97iilOh0FIsWdzOrBn1z988ERDyYTfVS8BtTzs+sxhBKs0Gus3dkEWUQOZTohJbCSx6WLPwwkyuXB/UwOVEX2Iy0uKZJKgC1SYpalRRGYJybGer1aqC6H/xliZPKzUGeu2OREk8qivCMdSjoxaoKwYh4oRTpOcGUkaYDLDLh21u3e3Vvy8WLtOJtTBEVcl5AhfNcg0faehFdM5Z3aSS0sZfyv8N/1axahX6veX+WbrbVkvC2dwDgUw4Aqa0IYO9IDAK7zDJ3xpLW2qCe1xeZrRVpNOYU3a/BvfH3lV</latexit>

b(s) =
1
ω

log
1

1→ e→ωs
+ (k→ 1) s

Boost large jobs?

<latexit sha1_base64="5p0GSINRiZkHWOemfzitFb/NemM=">AAABw3icZY/LSsNAGIUn9VbjLerSzWARWmxLpkhdFYoiFFGoYC/QxDKZTuKQyYWZiagh7+Qj+BSCK30UY1uQ2rM6nO//4Rwn5kwq0/zUCiura+sbxU19a3tnd8/YP+jLKBGE9kjEIzF0sKSchbSnmOJ0GAuKA4fTgeNf/vLBExWSReG9eompHWAvZC4jWOXR2Lh2yrICW/AEWq7AJEVZank4CHAGLR55fymCNUgf0tqMQpll8BTqZT+PUQVaVSjHRsmsm1PBZYPmpgTm6o4Nx5pEJAloqAjHUo5QI1Z2ioVihNNMtxJJY0x87NFR5/72xk6fp4MXyYS6OOGqCt0oVC3ymL9TYaf0lTMn0/NS6H+FZdNv1FGz3rw7K7Uv3mf1iuAIHIMyQOActEEHdEEPEPAGPsAX+NauNF8TmpqdFrT5pEOwIC37Ac0aecI=</latexit>

b(s) = (k→ 1) s<latexit sha1_base64="4iuK79ZW9ojGFPc7PFR3xiLAc+M=">AAABwXicZY/LSsNAGIX/1FuNt6hLN4NFaLEtmSJ1VSh204VChd6giWUyndShkwuZiaghr+Qz+BBuXOizGNuC1J7V4Xz/D+c4oeBSmeanltvY3Nreye/qe/sHh0fG8UlfBnFEWY8GIoiGDpFMcJ/1FFeCDcOIEc8RbODMWr988MQiyQO/q15CZntk6nOXU6KyaGy0naIsoQay3IjQBKeJNSWeR1JkiWD6l2JUQewhqSwokmmqX1yi4iyLcQlZZSTHRsGsmnOhdYOXpgBLdcaGY00CGnvMV1QQKUe4Fio7IZHiVLBUt2LJQkJnZMpG7e7drZ08z+eukglzSSxUGbmBrxr0MXtnkZ2wV8GdVM9K4f8V1k2/VsX1av3+qtC8eV/Uy8MZnEMRMFxDE9rQgR5QeIMP+IJvraVxLdSixWlOW046hRVpyQ8o33lu</latexit>

b(s) =
1
ω

log
1

1→ e→ωs

1 
−

 P
[T

 >
 t]

/P
[T

FC
FS

 >
 t]

threshold tthreshold t

k = 10 servers, load 0.8 k = 10 servers, load 0.95

compare to 
bin packing
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<latexit sha1_base64="AUgXadYUBDwKB11wM9IPvKW7nls=">AAABwHicZY/LTsJAGIX/4g3xVnXpZiIbiEAoMbgiIbiQhSaYcEtoJdNhWiZMO7UzNUrTR/IdfAdXJvouViAx6FmdnO//k3PsgDOpqtUPLbOxubW9k93N7e0fHB7pxyd9KaKQ0B4RXIRDG0vKmU97iilOh0FIsWdzOrBn1z988ERDyYTfVS8BtTzs+sxhBKs0Gus3dkEWUQOZTohJbCSx6WLPwwkyuXB/UwOVEX2Iy0uKZJKgC1SYpalRRGYJybGer1aqC6H/xliZPKzUGeu2OREk8qivCMdSjoxaoKwYh4oRTpOcGUkaYDLDLh21u3e3Vvy8WLtOJtTBEVcl5AhfNcg0faehFdM5Z3aSS0sZfyv8N/1axahX6veX+WbrbVkvC2dwDgUw4Aqa0IYO9IDAK7zDJ3xpLW2qCe1xeZrRVpNOYU3a/BvfH3lV</latexit>

b(s) =
1
ω

log
1

1→ e→ωs
+ (k→ 1) s

Boost large jobs?

<latexit sha1_base64="5p0GSINRiZkHWOemfzitFb/NemM=">AAABw3icZY/LSsNAGIUn9VbjLerSzWARWmxLpkhdFYoiFFGoYC/QxDKZTuKQyYWZiagh7+Qj+BSCK30UY1uQ2rM6nO//4Rwn5kwq0/zUCiura+sbxU19a3tnd8/YP+jLKBGE9kjEIzF0sKSchbSnmOJ0GAuKA4fTgeNf/vLBExWSReG9eompHWAvZC4jWOXR2Lh2yrICW/AEWq7AJEVZank4CHAGLR55fymCNUgf0tqMQpll8BTqZT+PUQVaVSjHRsmsm1PBZYPmpgTm6o4Nx5pEJAloqAjHUo5QI1Z2ioVihNNMtxJJY0x87NFR5/72xk6fp4MXyYS6OOGqCt0oVC3ymL9TYaf0lTMn0/NS6H+FZdNv1FGz3rw7K7Uv3mf1iuAIHIMyQOActEEHdEEPEPAGPsAX+NauNF8TmpqdFrT5pEOwIC37Ac0aecI=</latexit>

b(s) = (k→ 1) s<latexit sha1_base64="4iuK79ZW9ojGFPc7PFR3xiLAc+M=">AAABwXicZY/LSsNAGIX/1FuNt6hLN4NFaLEtmSJ1VSh204VChd6giWUyndShkwuZiaghr+Qz+BBuXOizGNuC1J7V4Xz/D+c4oeBSmeanltvY3Nreye/qe/sHh0fG8UlfBnFEWY8GIoiGDpFMcJ/1FFeCDcOIEc8RbODMWr988MQiyQO/q15CZntk6nOXU6KyaGy0naIsoQay3IjQBKeJNSWeR1JkiWD6l2JUQewhqSwokmmqX1yi4iyLcQlZZSTHRsGsmnOhdYOXpgBLdcaGY00CGnvMV1QQKUe4Fio7IZHiVLBUt2LJQkJnZMpG7e7drZ08z+eukglzSSxUGbmBrxr0MXtnkZ2wV8GdVM9K4f8V1k2/VsX1av3+qtC8eV/Uy8MZnEMRMFxDE9rQgR5QeIMP+IJvraVxLdSixWlOW046hRVpyQ8o33lu</latexit>

b(s) =
1
ω

log
1

1→ e→ωs

1 
−

 P
[T

 >
 t]

/P
[T

FC
FS

 >
 t]

threshold tthreshold t

k = 10 servers, load 0.8 k = 10 servers, load 0.95

Boost large and small jobs!?

compare to 
bin packing
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Handling job size uncertainty
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Analyzing multiserver scheduling
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Optimizing tail metrics
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Handling job size uncertainty

Part II 

Analyzing multiserver scheduling

Part III 

Optimizing tail metrics

TCS for Queueing 
Approximation algorithms for 
smoothed tail metric ?

<latexit sha1_base64="KZgqE6hU0Wzgax/SIpCHHnQXDhw=">AAABiXicZY/LSsNAFIbP1FtNvURdugl240JKUqSKIBSL0IVChd6giWUyPY1DJxcyk6KGvIlbfQ5fw7cxttnU/quP858D33EjwaUyzR9S2tjc2t4p72qVvf2DQ/3ouC/DJGbYY6EI46FLJQoeYE9xJXAYxUh9V+DAnbX++sEcY8nDoKveInR86gV8yhlV+Wis6/Z9is+p7VHfp0Y3y8Z61ayZixjrYBVQhSKdse7ak5AlPgaKCSrlyKpHyklprDgTmGl2IjGibEY9HLW7jw9O+rrQXm0mOKWJUBfGNAzULXvJzzF2UnwX3M20XMr6r7AO/XrNatQaT5fV5t33Uq8Mp3AG52DBFTShDR3oAYM5fMAnfJEKscg1uVmulkjx0gmshLR+AS6yZsw=</latexit>

E[eωT ]



34

Part I 
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Analyzing multiserver scheduling

Part III 

Optimizing tail metrics

TCS for Queueing 
Approximation algorithms for 
smoothed tail metric ?

<latexit sha1_base64="KZgqE6hU0Wzgax/SIpCHHnQXDhw=">AAABiXicZY/LSsNAFIbP1FtNvURdugl240JKUqSKIBSL0IVChd6giWUyPY1DJxcyk6KGvIlbfQ5fw7cxttnU/quP858D33EjwaUyzR9S2tjc2t4p72qVvf2DQ/3ouC/DJGbYY6EI46FLJQoeYE9xJXAYxUh9V+DAnbX++sEcY8nDoKveInR86gV8yhlV+Wis6/Z9is+p7VHfp0Y3y8Z61ayZixjrYBVQhSKdse7ak5AlPgaKCSrlyKpHyklprDgTmGl2IjGibEY9HLW7jw9O+rrQXm0mOKWJUBfGNAzULXvJzzF2UnwX3M20XMr6r7AO/XrNatQaT5fV5t33Uq8Mp3AG52DBFTShDR3oAYM5fMAnfJEKscg1uVmulkjx0gmshLR+AS6yZsw=</latexit>

E[eωT ]

Queueing for TCS 
Use WINE to analyze SRPT-k  
with arbitrary release dates?

Queueing for TCS 
Use WINE to analyze Gittins  
with arbitrary release dates?


