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Parallel Scheduling



Parallel Scheduling

Obj: min total flow timeZ
n(t)dt

<latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit>

n(t) number of outstanding jobs at time t

packets 
arrivals

Server

Server

Server

Multiple Servers

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>



Parallel Scheduling

Obj: min total flow timeZ
n(t)dt

<latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit>

n(t) number of outstanding jobs at time t

packets 
arrivals

Server

Server

Server

Multiple Servers

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

Fully
Parallelizable Jobs



Parallel Scheduling

Obj: min total flow timeZ
n(t)dt

<latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit>

n(t) number of outstanding jobs at time t

packets 
arrivals

Server

Server

Server

Multiple Servers

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

Fully
Parallelizable Jobs

# of servers

Per-Job speed



Parallel Scheduling

Obj: min total flow timeZ
n(t)dt

<latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit>

n(t) number of outstanding jobs at time t

packets 
arrivals

Server

Server

Server

Multiple Servers

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

Fully
Parallelizable Jobs

# of servers

Per-Job speed

k
<latexit sha1_base64="OnYADUcNBdCLm10g7R9JLmywpMg="></latexit><latexit sha1_base64="OnYADUcNBdCLm10g7R9JLmywpMg="></latexit><latexit sha1_base64="OnYADUcNBdCLm10g7R9JLmywpMg="></latexit><latexit sha1_base64="OnYADUcNBdCLm10g7R9JLmywpMg="></latexit>

k
<latexit sha1_base64="OnYADUcNBdCLm10g7R9JLmywpMg="></latexit><latexit sha1_base64="OnYADUcNBdCLm10g7R9JLmywpMg="></latexit><latexit sha1_base64="OnYADUcNBdCLm10g7R9JLmywpMg="></latexit><latexit sha1_base64="OnYADUcNBdCLm10g7R9JLmywpMg="></latexit>



Parallel Scheduling

Obj: min total flow timeZ
n(t)dt

<latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit>

n(t) number of outstanding jobs at time t

packets 
arrivals

Server

Server

Server

Multiple Servers

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

Fully
Parallelizable Jobs

SRPT is optimal

# of servers

Per-Job speed

k
<latexit sha1_base64="OnYADUcNBdCLm10g7R9JLmywpMg="></latexit><latexit sha1_base64="OnYADUcNBdCLm10g7R9JLmywpMg="></latexit><latexit sha1_base64="OnYADUcNBdCLm10g7R9JLmywpMg="></latexit><latexit sha1_base64="OnYADUcNBdCLm10g7R9JLmywpMg="></latexit>

k
<latexit sha1_base64="OnYADUcNBdCLm10g7R9JLmywpMg="></latexit><latexit sha1_base64="OnYADUcNBdCLm10g7R9JLmywpMg="></latexit><latexit sha1_base64="OnYADUcNBdCLm10g7R9JLmywpMg="></latexit><latexit sha1_base64="OnYADUcNBdCLm10g7R9JLmywpMg="></latexit>



Parallel Scheduling

Obj: min total flow timeZ
n(t)dt

<latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit>

n(t) number of outstanding jobs at time t

packets 
arrivals

Server

Server

Server

Multiple Servers

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

Fully
Parallelizable Jobs

SRPT is optimal

# of servers

Per-Job speed

k
<latexit sha1_base64="OnYADUcNBdCLm10g7R9JLmywpMg="></latexit><latexit sha1_base64="OnYADUcNBdCLm10g7R9JLmywpMg="></latexit><latexit sha1_base64="OnYADUcNBdCLm10g7R9JLmywpMg="></latexit><latexit sha1_base64="OnYADUcNBdCLm10g7R9JLmywpMg="></latexit>

k
<latexit sha1_base64="OnYADUcNBdCLm10g7R9JLmywpMg="></latexit><latexit sha1_base64="OnYADUcNBdCLm10g7R9JLmywpMg="></latexit><latexit sha1_base64="OnYADUcNBdCLm10g7R9JLmywpMg="></latexit><latexit sha1_base64="OnYADUcNBdCLm10g7R9JLmywpMg="></latexit>



Parallel Scheduling- Reality

packets 
arrivals

Server

Server

Server

Multiple Servers

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

Obj: min total flow timeZ
n(t)dt

<latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit>

n(t) number of outstanding jobs at time t



Parallel Scheduling- Reality

packets 
arrivals

Server

Server

Server

Multiple Servers

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

Limited
Parallelizable Jobs

Obj: min total flow timeZ
n(t)dt

<latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit>

n(t) number of outstanding jobs at time t
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K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

Limited
Parallelizable Jobs

Obj: min total flow timeZ
n(t)dt

<latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit>

n(t) number of outstanding jobs at time t
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Server

Server

Server

Multiple Servers

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

Limited
Parallelizable Jobs

Obj: min total flow timeZ
n(t)dt

<latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit>

n(t) number of outstanding jobs at time t



# of servers

Per-Job 

speed

Parallel Scheduling- Reality
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Server

Server
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Multiple Servers

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

Limited
Parallelizable Jobs

Obj: min total flow timeZ
n(t)dt

<latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit>

n(t) number of outstanding jobs at time t

k1/↵, ↵ > 1
<latexit sha1_base64="C1fPuco5A3MUh97o0y5dFidVVAA=">AAACA3icdZBLSwMxFIXv+Kz1NepON8EiuJA6I4KupOjGZQX7gM5Y7qRpG5p5kGSEMhTc+FfcuFDErX/Cnf/G9CHU14HAxzn3kuQEieBKO86HNTM7N7+wmFvKL6+srq3bG5tVFaeSsgqNRSzrASomeMQqmmvB6olkGAaC1YLexTCv3TKpeBxd637C/BA7EW9zitpYTXu7d5O5hx6KpIuDA+KRMZIz4jbtglt0RiLOL/iKCjBRuWm/e62YpiGLNBWoVMN1Eu1nKDWngg3yXqpYgrSHHdYwGGHIlJ+N/jAge8ZpkXYszYk0GbnTGxmGSvXDwEyGqLvqZzY0/8oaqW6f+hmPklSziI4vaqeC6JgMCyEtLhnVom8AqeTmrYR2USLVprb8dAn/Q/Wo6Bq+Oi6Uzid15GAHdmEfXDiBElxCGSpA4Q4e4AmerXvr0XqxXsejM9ZkZwu+yXr7BGQRlgw=</latexit><latexit sha1_base64="C1fPuco5A3MUh97o0y5dFidVVAA=">AAACA3icdZBLSwMxFIXv+Kz1NepON8EiuJA6I4KupOjGZQX7gM5Y7qRpG5p5kGSEMhTc+FfcuFDErX/Cnf/G9CHU14HAxzn3kuQEieBKO86HNTM7N7+wmFvKL6+srq3bG5tVFaeSsgqNRSzrASomeMQqmmvB6olkGAaC1YLexTCv3TKpeBxd637C/BA7EW9zitpYTXu7d5O5hx6KpIuDA+KRMZIz4jbtglt0RiLOL/iKCjBRuWm/e62YpiGLNBWoVMN1Eu1nKDWngg3yXqpYgrSHHdYwGGHIlJ+N/jAge8ZpkXYszYk0GbnTGxmGSvXDwEyGqLvqZzY0/8oaqW6f+hmPklSziI4vaqeC6JgMCyEtLhnVom8AqeTmrYR2USLVprb8dAn/Q/Wo6Bq+Oi6Uzid15GAHdmEfXDiBElxCGSpA4Q4e4AmerXvr0XqxXsejM9ZkZwu+yXr7BGQRlgw=</latexit><latexit sha1_base64="C1fPuco5A3MUh97o0y5dFidVVAA=">AAACA3icdZBLSwMxFIXv+Kz1NepON8EiuJA6I4KupOjGZQX7gM5Y7qRpG5p5kGSEMhTc+FfcuFDErX/Cnf/G9CHU14HAxzn3kuQEieBKO86HNTM7N7+wmFvKL6+srq3bG5tVFaeSsgqNRSzrASomeMQqmmvB6olkGAaC1YLexTCv3TKpeBxd637C/BA7EW9zitpYTXu7d5O5hx6KpIuDA+KRMZIz4jbtglt0RiLOL/iKCjBRuWm/e62YpiGLNBWoVMN1Eu1nKDWngg3yXqpYgrSHHdYwGGHIlJ+N/jAge8ZpkXYszYk0GbnTGxmGSvXDwEyGqLvqZzY0/8oaqW6f+hmPklSziI4vaqeC6JgMCyEtLhnVom8AqeTmrYR2USLVprb8dAn/Q/Wo6Bq+Oi6Uzid15GAHdmEfXDiBElxCGSpA4Q4e4AmerXvr0XqxXsejM9ZkZwu+yXr7BGQRlgw=</latexit><latexit sha1_base64="C1fPuco5A3MUh97o0y5dFidVVAA=">AAACA3icdZBLSwMxFIXv+Kz1NepON8EiuJA6I4KupOjGZQX7gM5Y7qRpG5p5kGSEMhTc+FfcuFDErX/Cnf/G9CHU14HAxzn3kuQEieBKO86HNTM7N7+wmFvKL6+srq3bG5tVFaeSsgqNRSzrASomeMQqmmvB6olkGAaC1YLexTCv3TKpeBxd637C/BA7EW9zitpYTXu7d5O5hx6KpIuDA+KRMZIz4jbtglt0RiLOL/iKCjBRuWm/e62YpiGLNBWoVMN1Eu1nKDWngg3yXqpYgrSHHdYwGGHIlJ+N/jAge8ZpkXYszYk0GbnTGxmGSvXDwEyGqLvqZzY0/8oaqW6f+hmPklSziI4vaqeC6JgMCyEtLhnVom8AqeTmrYR2USLVprb8dAn/Q/Wo6Bq+Oi6Uzid15GAHdmEfXDiBElxCGSpA4Q4e4AmerXvr0XqxXsejM9ZkZwu+yXr7BGQRlgw=</latexit>

k
<latexit sha1_base64="OnYADUcNBdCLm10g7R9JLmywpMg="></latexit><latexit sha1_base64="OnYADUcNBdCLm10g7R9JLmywpMg="></latexit><latexit sha1_base64="OnYADUcNBdCLm10g7R9JLmywpMg="></latexit><latexit sha1_base64="OnYADUcNBdCLm10g7R9JLmywpMg="></latexit>
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1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

Limited
Parallelizable Jobs

Obj: min total flow timeZ
n(t)dt

<latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit>

n(t) number of outstanding jobs at time t

k1/↵, ↵ > 1
<latexit sha1_base64="C1fPuco5A3MUh97o0y5dFidVVAA=">AAACA3icdZBLSwMxFIXv+Kz1NepON8EiuJA6I4KupOjGZQX7gM5Y7qRpG5p5kGSEMhTc+FfcuFDErX/Cnf/G9CHU14HAxzn3kuQEieBKO86HNTM7N7+wmFvKL6+srq3bG5tVFaeSsgqNRSzrASomeMQqmmvB6olkGAaC1YLexTCv3TKpeBxd637C/BA7EW9zitpYTXu7d5O5hx6KpIuDA+KRMZIz4jbtglt0RiLOL/iKCjBRuWm/e62YpiGLNBWoVMN1Eu1nKDWngg3yXqpYgrSHHdYwGGHIlJ+N/jAge8ZpkXYszYk0GbnTGxmGSvXDwEyGqLvqZzY0/8oaqW6f+hmPklSziI4vaqeC6JgMCyEtLhnVom8AqeTmrYR2USLVprb8dAn/Q/Wo6Bq+Oi6Uzid15GAHdmEfXDiBElxCGSpA4Q4e4AmerXvr0XqxXsejM9ZkZwu+yXr7BGQRlgw=</latexit><latexit sha1_base64="C1fPuco5A3MUh97o0y5dFidVVAA=">AAACA3icdZBLSwMxFIXv+Kz1NepON8EiuJA6I4KupOjGZQX7gM5Y7qRpG5p5kGSEMhTc+FfcuFDErX/Cnf/G9CHU14HAxzn3kuQEieBKO86HNTM7N7+wmFvKL6+srq3bG5tVFaeSsgqNRSzrASomeMQqmmvB6olkGAaC1YLexTCv3TKpeBxd637C/BA7EW9zitpYTXu7d5O5hx6KpIuDA+KRMZIz4jbtglt0RiLOL/iKCjBRuWm/e62YpiGLNBWoVMN1Eu1nKDWngg3yXqpYgrSHHdYwGGHIlJ+N/jAge8ZpkXYszYk0GbnTGxmGSvXDwEyGqLvqZzY0/8oaqW6f+hmPklSziI4vaqeC6JgMCyEtLhnVom8AqeTmrYR2USLVprb8dAn/Q/Wo6Bq+Oi6Uzid15GAHdmEfXDiBElxCGSpA4Q4e4AmerXvr0XqxXsejM9ZkZwu+yXr7BGQRlgw=</latexit><latexit sha1_base64="C1fPuco5A3MUh97o0y5dFidVVAA=">AAACA3icdZBLSwMxFIXv+Kz1NepON8EiuJA6I4KupOjGZQX7gM5Y7qRpG5p5kGSEMhTc+FfcuFDErX/Cnf/G9CHU14HAxzn3kuQEieBKO86HNTM7N7+wmFvKL6+srq3bG5tVFaeSsgqNRSzrASomeMQqmmvB6olkGAaC1YLexTCv3TKpeBxd637C/BA7EW9zitpYTXu7d5O5hx6KpIuDA+KRMZIz4jbtglt0RiLOL/iKCjBRuWm/e62YpiGLNBWoVMN1Eu1nKDWngg3yXqpYgrSHHdYwGGHIlJ+N/jAge8ZpkXYszYk0GbnTGxmGSvXDwEyGqLvqZzY0/8oaqW6f+hmPklSziI4vaqeC6JgMCyEtLhnVom8AqeTmrYR2USLVprb8dAn/Q/Wo6Bq+Oi6Uzid15GAHdmEfXDiBElxCGSpA4Q4e4AmerXvr0XqxXsejM9ZkZwu+yXr7BGQRlgw=</latexit><latexit sha1_base64="C1fPuco5A3MUh97o0y5dFidVVAA=">AAACA3icdZBLSwMxFIXv+Kz1NepON8EiuJA6I4KupOjGZQX7gM5Y7qRpG5p5kGSEMhTc+FfcuFDErX/Cnf/G9CHU14HAxzn3kuQEieBKO86HNTM7N7+wmFvKL6+srq3bG5tVFaeSsgqNRSzrASomeMQqmmvB6olkGAaC1YLexTCv3TKpeBxd637C/BA7EW9zitpYTXu7d5O5hx6KpIuDA+KRMZIz4jbtglt0RiLOL/iKCjBRuWm/e62YpiGLNBWoVMN1Eu1nKDWngg3yXqpYgrSHHdYwGGHIlJ+N/jAge8ZpkXYszYk0GbnTGxmGSvXDwEyGqLvqZzY0/8oaqW6f+hmPklSziI4vaqeC6JgMCyEtLhnVom8AqeTmrYR2USLVprb8dAn/Q/Wo6Bq+Oi6Uzid15GAHdmEfXDiBElxCGSpA4Q4e4AmerXvr0XqxXsejM9ZkZwu+yXr7BGQRlgw=</latexit>

Diminishing returns by using more 
servers for the same job

k
<latexit sha1_base64="OnYADUcNBdCLm10g7R9JLmywpMg="></latexit><latexit sha1_base64="OnYADUcNBdCLm10g7R9JLmywpMg="></latexit><latexit sha1_base64="OnYADUcNBdCLm10g7R9JLmywpMg="></latexit><latexit sha1_base64="OnYADUcNBdCLm10g7R9JLmywpMg="></latexit>
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<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

Limited
Parallelizable Jobs

Obj: min total flow timeZ
n(t)dt

<latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit>

n(t) number of outstanding jobs at time t

Open Question:  
Optimal Scheduling

k1/↵, ↵ > 1
<latexit sha1_base64="C1fPuco5A3MUh97o0y5dFidVVAA=">AAACA3icdZBLSwMxFIXv+Kz1NepON8EiuJA6I4KupOjGZQX7gM5Y7qRpG5p5kGSEMhTc+FfcuFDErX/Cnf/G9CHU14HAxzn3kuQEieBKO86HNTM7N7+wmFvKL6+srq3bG5tVFaeSsgqNRSzrASomeMQqmmvB6olkGAaC1YLexTCv3TKpeBxd637C/BA7EW9zitpYTXu7d5O5hx6KpIuDA+KRMZIz4jbtglt0RiLOL/iKCjBRuWm/e62YpiGLNBWoVMN1Eu1nKDWngg3yXqpYgrSHHdYwGGHIlJ+N/jAge8ZpkXYszYk0GbnTGxmGSvXDwEyGqLvqZzY0/8oaqW6f+hmPklSziI4vaqeC6JgMCyEtLhnVom8AqeTmrYR2USLVprb8dAn/Q/Wo6Bq+Oi6Uzid15GAHdmEfXDiBElxCGSpA4Q4e4AmerXvr0XqxXsejM9ZkZwu+yXr7BGQRlgw=</latexit><latexit sha1_base64="C1fPuco5A3MUh97o0y5dFidVVAA=">AAACA3icdZBLSwMxFIXv+Kz1NepON8EiuJA6I4KupOjGZQX7gM5Y7qRpG5p5kGSEMhTc+FfcuFDErX/Cnf/G9CHU14HAxzn3kuQEieBKO86HNTM7N7+wmFvKL6+srq3bG5tVFaeSsgqNRSzrASomeMQqmmvB6olkGAaC1YLexTCv3TKpeBxd637C/BA7EW9zitpYTXu7d5O5hx6KpIuDA+KRMZIz4jbtglt0RiLOL/iKCjBRuWm/e62YpiGLNBWoVMN1Eu1nKDWngg3yXqpYgrSHHdYwGGHIlJ+N/jAge8ZpkXYszYk0GbnTGxmGSvXDwEyGqLvqZzY0/8oaqW6f+hmPklSziI4vaqeC6JgMCyEtLhnVom8AqeTmrYR2USLVprb8dAn/Q/Wo6Bq+Oi6Uzid15GAHdmEfXDiBElxCGSpA4Q4e4AmerXvr0XqxXsejM9ZkZwu+yXr7BGQRlgw=</latexit><latexit sha1_base64="C1fPuco5A3MUh97o0y5dFidVVAA=">AAACA3icdZBLSwMxFIXv+Kz1NepON8EiuJA6I4KupOjGZQX7gM5Y7qRpG5p5kGSEMhTc+FfcuFDErX/Cnf/G9CHU14HAxzn3kuQEieBKO86HNTM7N7+wmFvKL6+srq3bG5tVFaeSsgqNRSzrASomeMQqmmvB6olkGAaC1YLexTCv3TKpeBxd637C/BA7EW9zitpYTXu7d5O5hx6KpIuDA+KRMZIz4jbtglt0RiLOL/iKCjBRuWm/e62YpiGLNBWoVMN1Eu1nKDWngg3yXqpYgrSHHdYwGGHIlJ+N/jAge8ZpkXYszYk0GbnTGxmGSvXDwEyGqLvqZzY0/8oaqW6f+hmPklSziI4vaqeC6JgMCyEtLhnVom8AqeTmrYR2USLVprb8dAn/Q/Wo6Bq+Oi6Uzid15GAHdmEfXDiBElxCGSpA4Q4e4AmerXvr0XqxXsejM9ZkZwu+yXr7BGQRlgw=</latexit><latexit sha1_base64="C1fPuco5A3MUh97o0y5dFidVVAA=">AAACA3icdZBLSwMxFIXv+Kz1NepON8EiuJA6I4KupOjGZQX7gM5Y7qRpG5p5kGSEMhTc+FfcuFDErX/Cnf/G9CHU14HAxzn3kuQEieBKO86HNTM7N7+wmFvKL6+srq3bG5tVFaeSsgqNRSzrASomeMQqmmvB6olkGAaC1YLexTCv3TKpeBxd637C/BA7EW9zitpYTXu7d5O5hx6KpIuDA+KRMZIz4jbtglt0RiLOL/iKCjBRuWm/e62YpiGLNBWoVMN1Eu1nKDWngg3yXqpYgrSHHdYwGGHIlJ+N/jAge8ZpkXYszYk0GbnTGxmGSvXDwEyGqLvqZzY0/8oaqW6f+hmPklSziI4vaqeC6JgMCyEtLhnVom8AqeTmrYR2USLVprb8dAn/Q/Wo6Bq+Oi6Uzid15GAHdmEfXDiBElxCGSpA4Q4e4AmerXvr0XqxXsejM9ZkZwu+yXr7BGQRlgw=</latexit>

Diminishing returns by using more 
servers for the same job

k
<latexit sha1_base64="OnYADUcNBdCLm10g7R9JLmywpMg="></latexit><latexit sha1_base64="OnYADUcNBdCLm10g7R9JLmywpMg="></latexit><latexit sha1_base64="OnYADUcNBdCLm10g7R9JLmywpMg="></latexit><latexit sha1_base64="OnYADUcNBdCLm10g7R9JLmywpMg="></latexit>
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<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>
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Limited
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k1/↵, ↵ > 1
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<latexit sha1_base64="C1fPuco5A3MUh97o0y5dFidVVAA=">AAACA3icdZBLSwMxFIXv+Kz1NepON8EiuJA6I4KupOjGZQX7gM5Y7qRpG5p5kGSEMhTc+FfcuFDErX/Cnf/G9CHU14HAxzn3kuQEieBKO86HNTM7N7+wmFvKL6+srq3bG5tVFaeSsgqNRSzrASomeMQqmmvB6olkGAaC1YLexTCv3TKpeBxd637C/BA7EW9zitpYTXu7d5O5hx6KpIuDA+KRMZIz4jbtglt0RiLOL/iKCjBRuWm/e62YpiGLNBWoVMN1Eu1nKDWngg3yXqpYgrSHHdYwGGHIlJ+N/jAge8ZpkXYszYk0GbnTGxmGSvXDwEyGqLvqZzY0/8oaqW6f+hmPklSziI4vaqeC6JgMCyEtLhnVom8AqeTmrYR2USLVprb8dAn/Q/Wo6Bq+Oi6Uzid15GAHdmEfXDiBElxCGSpA4Q4e4AmerXvr0XqxXsejM9ZkZwu+yXr7BGQRlgw=</latexit><latexit sha1_base64="C1fPuco5A3MUh97o0y5dFidVVAA=">AAACA3icdZBLSwMxFIXv+Kz1NepON8EiuJA6I4KupOjGZQX7gM5Y7qRpG5p5kGSEMhTc+FfcuFDErX/Cnf/G9CHU14HAxzn3kuQEieBKO86HNTM7N7+wmFvKL6+srq3bG5tVFaeSsgqNRSzrASomeMQqmmvB6olkGAaC1YLexTCv3TKpeBxd637C/BA7EW9zitpYTXu7d5O5hx6KpIuDA+KRMZIz4jbtglt0RiLOL/iKCjBRuWm/e62YpiGLNBWoVMN1Eu1nKDWngg3yXqpYgrSHHdYwGGHIlJ+N/jAge8ZpkXYszYk0GbnTGxmGSvXDwEyGqLvqZzY0/8oaqW6f+hmPklSziI4vaqeC6JgMCyEtLhnVom8AqeTmrYR2USLVprb8dAn/Q/Wo6Bq+Oi6Uzid15GAHdmEfXDiBElxCGSpA4Q4e4AmerXvr0XqxXsejM9ZkZwu+yXr7BGQRlgw=</latexit><latexit sha1_base64="C1fPuco5A3MUh97o0y5dFidVVAA=">AAACA3icdZBLSwMxFIXv+Kz1NepON8EiuJA6I4KupOjGZQX7gM5Y7qRpG5p5kGSEMhTc+FfcuFDErX/Cnf/G9CHU14HAxzn3kuQEieBKO86HNTM7N7+wmFvKL6+srq3bG5tVFaeSsgqNRSzrASomeMQqmmvB6olkGAaC1YLexTCv3TKpeBxd637C/BA7EW9zitpYTXu7d5O5hx6KpIuDA+KRMZIz4jbtglt0RiLOL/iKCjBRuWm/e62YpiGLNBWoVMN1Eu1nKDWngg3yXqpYgrSHHdYwGGHIlJ+N/jAge8ZpkXYszYk0GbnTGxmGSvXDwEyGqLvqZzY0/8oaqW6f+hmPklSziI4vaqeC6JgMCyEtLhnVom8AqeTmrYR2USLVprb8dAn/Q/Wo6Bq+Oi6Uzid15GAHdmEfXDiBElxCGSpA4Q4e4AmerXvr0XqxXsejM9ZkZwu+yXr7BGQRlgw=</latexit><latexit sha1_base64="C1fPuco5A3MUh97o0y5dFidVVAA=">AAACA3icdZBLSwMxFIXv+Kz1NepON8EiuJA6I4KupOjGZQX7gM5Y7qRpG5p5kGSEMhTc+FfcuFDErX/Cnf/G9CHU14HAxzn3kuQEieBKO86HNTM7N7+wmFvKL6+srq3bG5tVFaeSsgqNRSzrASomeMQqmmvB6olkGAaC1YLexTCv3TKpeBxd637C/BA7EW9zitpYTXu7d5O5hx6KpIuDA+KRMZIz4jbtglt0RiLOL/iKCjBRuWm/e62YpiGLNBWoVMN1Eu1nKDWngg3yXqpYgrSHHdYwGGHIlJ+N/jAge8ZpkXYszYk0GbnTGxmGSvXDwEyGqLvqZzY0/8oaqW6f+hmPklSziI4vaqeC6JgMCyEtLhnVom8AqeTmrYR2USLVprb8dAn/Q/Wo6Bq+Oi6Uzid15GAHdmEfXDiBElxCGSpA4Q4e4AmerXvr0XqxXsejM9ZkZwu+yXr7BGQRlgw=</latexit>

# of servers

Per-Job 

speed



Real Problem: Online



Real Problem: Online

packets 
arrivals

Server

Server

Server

Multiple Servers

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>



Real Problem: Online

packets 
arrivals

Server

Server

Server

Multiple Servers

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

Jobs arrive over time, arbitrary time and sizes



Metric for Online Algorithms



Metric for Online Algorithms

Competitive ratio



Metric for Online Algorithms

Competitive ratio ratio of the cost of an online and the offline Opt algorithm  

rON = max
�

vON(�)

vOPT(�)
<latexit sha1_base64="jQH6moTXfoLruHwJN7o8SC1erFc=">AAACQHicbVDNS8MwHE39nPOr6tFLcAjzMloR9CIMvXjSCfuCtZQ0S7ewpC1JOhylf5oX/wRvnr14UMSrJ7Oth334IPDy3vuRX54fMyqVZb0ZK6tr6xubha3i9s7u3r55cNiUUSIwaeCIRaLtI0kYDUlDUcVIOxYEcZ+Rlj+4HfutIRGSRmFdjWLictQLaUAxUlryzJbwUocj1ZdB+nCfZfAa6uuTFiXtcZQ5gUA4Hc6HylPzLJszavUZxzNLVsWaAC4TOyclkKPmma9ON8IJJ6HCDEnZsa1YuSkSimJGsqKTSBIjPEA90tE0RJxIN50UkMFTrXRhEAl9QgUn6uxEiriUI+7r5GTbRW8s/ud1EhVcuSkN40SREE8fChIGVQTHbcIuFQQrNtIEYUH1rhD3ka5M6c6LugR78cvLpHlesTV/vChVb/I6CuAYnIAysMElqII7UAMNgMEzeAef4Mt4MT6Mb+NnGl0x8pkjMAfj9w8TMbJt</latexit><latexit sha1_base64="jQH6moTXfoLruHwJN7o8SC1erFc=">AAACQHicbVDNS8MwHE39nPOr6tFLcAjzMloR9CIMvXjSCfuCtZQ0S7ewpC1JOhylf5oX/wRvnr14UMSrJ7Oth334IPDy3vuRX54fMyqVZb0ZK6tr6xubha3i9s7u3r55cNiUUSIwaeCIRaLtI0kYDUlDUcVIOxYEcZ+Rlj+4HfutIRGSRmFdjWLictQLaUAxUlryzJbwUocj1ZdB+nCfZfAa6uuTFiXtcZQ5gUA4Hc6HylPzLJszavUZxzNLVsWaAC4TOyclkKPmma9ON8IJJ6HCDEnZsa1YuSkSimJGsqKTSBIjPEA90tE0RJxIN50UkMFTrXRhEAl9QgUn6uxEiriUI+7r5GTbRW8s/ud1EhVcuSkN40SREE8fChIGVQTHbcIuFQQrNtIEYUH1rhD3ka5M6c6LugR78cvLpHlesTV/vChVb/I6CuAYnIAysMElqII7UAMNgMEzeAef4Mt4MT6Mb+NnGl0x8pkjMAfj9w8TMbJt</latexit><latexit sha1_base64="jQH6moTXfoLruHwJN7o8SC1erFc=">AAACQHicbVDNS8MwHE39nPOr6tFLcAjzMloR9CIMvXjSCfuCtZQ0S7ewpC1JOhylf5oX/wRvnr14UMSrJ7Oth334IPDy3vuRX54fMyqVZb0ZK6tr6xubha3i9s7u3r55cNiUUSIwaeCIRaLtI0kYDUlDUcVIOxYEcZ+Rlj+4HfutIRGSRmFdjWLictQLaUAxUlryzJbwUocj1ZdB+nCfZfAa6uuTFiXtcZQ5gUA4Hc6HylPzLJszavUZxzNLVsWaAC4TOyclkKPmma9ON8IJJ6HCDEnZsa1YuSkSimJGsqKTSBIjPEA90tE0RJxIN50UkMFTrXRhEAl9QgUn6uxEiriUI+7r5GTbRW8s/ud1EhVcuSkN40SREE8fChIGVQTHbcIuFQQrNtIEYUH1rhD3ka5M6c6LugR78cvLpHlesTV/vChVb/I6CuAYnIAysMElqII7UAMNgMEzeAef4Mt4MT6Mb+NnGl0x8pkjMAfj9w8TMbJt</latexit><latexit sha1_base64="jQH6moTXfoLruHwJN7o8SC1erFc=">AAACQHicbVDNS8MwHE39nPOr6tFLcAjzMloR9CIMvXjSCfuCtZQ0S7ewpC1JOhylf5oX/wRvnr14UMSrJ7Oth334IPDy3vuRX54fMyqVZb0ZK6tr6xubha3i9s7u3r55cNiUUSIwaeCIRaLtI0kYDUlDUcVIOxYEcZ+Rlj+4HfutIRGSRmFdjWLictQLaUAxUlryzJbwUocj1ZdB+nCfZfAa6uuTFiXtcZQ5gUA4Hc6HylPzLJszavUZxzNLVsWaAC4TOyclkKPmma9ON8IJJ6HCDEnZsa1YuSkSimJGsqKTSBIjPEA90tE0RJxIN50UkMFTrXRhEAl9QgUn6uxEiriUI+7r5GTbRW8s/ud1EhVcuSkN40SREE8fChIGVQTHbcIuFQQrNtIEYUH1rhD3ka5M6c6LugR78cvLpHlesTV/vChVb/I6CuAYnIAysMElqII7UAMNgMEzeAef4Mt4MT6Mb+NnGl0x8pkjMAfj9w8TMbJt</latexit>

Worst Case Input



Metric for Online Algorithms

Competitive ratio ratio of the cost of an online and the offline Opt algorithm  

Goal online algorithm with least CR 

rON = max
�

vON(�)

vOPT(�)
<latexit sha1_base64="jQH6moTXfoLruHwJN7o8SC1erFc=">AAACQHicbVDNS8MwHE39nPOr6tFLcAjzMloR9CIMvXjSCfuCtZQ0S7ewpC1JOhylf5oX/wRvnr14UMSrJ7Oth334IPDy3vuRX54fMyqVZb0ZK6tr6xubha3i9s7u3r55cNiUUSIwaeCIRaLtI0kYDUlDUcVIOxYEcZ+Rlj+4HfutIRGSRmFdjWLictQLaUAxUlryzJbwUocj1ZdB+nCfZfAa6uuTFiXtcZQ5gUA4Hc6HylPzLJszavUZxzNLVsWaAC4TOyclkKPmma9ON8IJJ6HCDEnZsa1YuSkSimJGsqKTSBIjPEA90tE0RJxIN50UkMFTrXRhEAl9QgUn6uxEiriUI+7r5GTbRW8s/ud1EhVcuSkN40SREE8fChIGVQTHbcIuFQQrNtIEYUH1rhD3ka5M6c6LugR78cvLpHlesTV/vChVb/I6CuAYnIAysMElqII7UAMNgMEzeAef4Mt4MT6Mb+NnGl0x8pkjMAfj9w8TMbJt</latexit><latexit sha1_base64="jQH6moTXfoLruHwJN7o8SC1erFc=">AAACQHicbVDNS8MwHE39nPOr6tFLcAjzMloR9CIMvXjSCfuCtZQ0S7ewpC1JOhylf5oX/wRvnr14UMSrJ7Oth334IPDy3vuRX54fMyqVZb0ZK6tr6xubha3i9s7u3r55cNiUUSIwaeCIRaLtI0kYDUlDUcVIOxYEcZ+Rlj+4HfutIRGSRmFdjWLictQLaUAxUlryzJbwUocj1ZdB+nCfZfAa6uuTFiXtcZQ5gUA4Hc6HylPzLJszavUZxzNLVsWaAC4TOyclkKPmma9ON8IJJ6HCDEnZsa1YuSkSimJGsqKTSBIjPEA90tE0RJxIN50UkMFTrXRhEAl9QgUn6uxEiriUI+7r5GTbRW8s/ud1EhVcuSkN40SREE8fChIGVQTHbcIuFQQrNtIEYUH1rhD3ka5M6c6LugR78cvLpHlesTV/vChVb/I6CuAYnIAysMElqII7UAMNgMEzeAef4Mt4MT6Mb+NnGl0x8pkjMAfj9w8TMbJt</latexit><latexit sha1_base64="jQH6moTXfoLruHwJN7o8SC1erFc=">AAACQHicbVDNS8MwHE39nPOr6tFLcAjzMloR9CIMvXjSCfuCtZQ0S7ewpC1JOhylf5oX/wRvnr14UMSrJ7Oth334IPDy3vuRX54fMyqVZb0ZK6tr6xubha3i9s7u3r55cNiUUSIwaeCIRaLtI0kYDUlDUcVIOxYEcZ+Rlj+4HfutIRGSRmFdjWLictQLaUAxUlryzJbwUocj1ZdB+nCfZfAa6uuTFiXtcZQ5gUA4Hc6HylPzLJszavUZxzNLVsWaAC4TOyclkKPmma9ON8IJJ6HCDEnZsa1YuSkSimJGsqKTSBIjPEA90tE0RJxIN50UkMFTrXRhEAl9QgUn6uxEiriUI+7r5GTbRW8s/ud1EhVcuSkN40SREE8fChIGVQTHbcIuFQQrNtIEYUH1rhD3ka5M6c6LugR78cvLpHlesTV/vChVb/I6CuAYnIAysMElqII7UAMNgMEzeAef4Mt4MT6Mb+NnGl0x8pkjMAfj9w8TMbJt</latexit><latexit sha1_base64="jQH6moTXfoLruHwJN7o8SC1erFc=">AAACQHicbVDNS8MwHE39nPOr6tFLcAjzMloR9CIMvXjSCfuCtZQ0S7ewpC1JOhylf5oX/wRvnr14UMSrJ7Oth334IPDy3vuRX54fMyqVZb0ZK6tr6xubha3i9s7u3r55cNiUUSIwaeCIRaLtI0kYDUlDUcVIOxYEcZ+Rlj+4HfutIRGSRmFdjWLictQLaUAxUlryzJbwUocj1ZdB+nCfZfAa6uuTFiXtcZQ5gUA4Hc6HylPzLJszavUZxzNLVsWaAC4TOyclkKPmma9ON8IJJ6HCDEnZsa1YuSkSimJGsqKTSBIjPEA90tE0RJxIN50UkMFTrXRhEAl9QgUn6uxEiriUI+7r5GTbRW8s/ud1EhVcuSkN40SREE8fChIGVQTHbcIuFQQrNtIEYUH1rhD3ka5M6c6LugR78cvLpHlesTV/vChVb/I6CuAYnIAysMElqII7UAMNgMEzeAef4Mt4MT6Mb+NnGl0x8pkjMAfj9w8TMbJt</latexit>

Worst Case Input



Prior Work : Online Case

packets 
arrivals

Server

Server

Server

Multiple Servers

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

Jobs arrive over time, arbitrary time and sizes



Prior Work : Online Case

packets 
arrivals

Server

Server

Server

Multiple Servers

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

Jobs arrive over time, arbitrary time and sizes

Not much is known, unless resource augmentation is provided



Prior Work : Online Case

packets 
arrivals

Server

Server

Server

Multiple Servers

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

Jobs arrive over time, arbitrary time and sizes

Not much is known, unless resource augmentation is provided
With resource augmentation an algorithm has more resources than OPT



Prior Work : Online Case

packets 
arrivals

Server

Server

Server

Multiple Servers

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

Jobs arrive over time, arbitrary time and sizes

Not much is known, unless resource augmentation is provided
With resource augmentation an algorithm has more resources than OPT

Total Speed
For OPT

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>



Prior Work : Online Case

packets 
arrivals

Server

Server

Server

Multiple Servers

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

Jobs arrive over time, arbitrary time and sizes

Not much is known, unless resource augmentation is provided
With resource augmentation an algorithm has more resources than OPT

Total Speed
For Online Alg

Total Speed
For OPT

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

K(1 + ✏)
<latexit sha1_base64="FTYuXhFivTRawQxcPEI4iOxcvDo=">AAAB/nicbZDLSgMxFIYz9VbH26i4chMshYpQZkTQZdGN4KaCvUBnKJk0bUMzSUgyQhkKvoobF4q49Tnc+Tam7Sy09YfAx3/O4Zz8sWRUG9//dgorq2vrG8VNd2t7Z3fP2z9oapEqTBpYMKHaMdKEUU4ahhpG2lIRlMSMtOLRzbTeeiRKU8EfzFiSKEEDTvsUI2Otrnd0VwnOQiI1ZYKfuuUQMTlEXa/kV/2Z4DIEOZRArnrX+wp7AqcJ4QYzpHUn8KWJMqQMxYxM3DDVRCI8QgPSschRQnSUzc6fwLJ1erAvlH3cwJn7eyJDidbjJLadCTJDvVibmv/VOqnpX0UZ5TI1hOP5on7KoBFwmgXsUUWwYWMLCCtqb4V4iBTCxibm2hCCxS8vQ/O8Gli+vyjVrvM4iuAYnIAKCMAlqIFbUAcNgEEGnsEreHOenBfn3fmYtxacfOYQ/JHz+QM3s5Rc</latexit><latexit sha1_base64="FTYuXhFivTRawQxcPEI4iOxcvDo=">AAAB/nicbZDLSgMxFIYz9VbH26i4chMshYpQZkTQZdGN4KaCvUBnKJk0bUMzSUgyQhkKvoobF4q49Tnc+Tam7Sy09YfAx3/O4Zz8sWRUG9//dgorq2vrG8VNd2t7Z3fP2z9oapEqTBpYMKHaMdKEUU4ahhpG2lIRlMSMtOLRzbTeeiRKU8EfzFiSKEEDTvsUI2Otrnd0VwnOQiI1ZYKfuuUQMTlEXa/kV/2Z4DIEOZRArnrX+wp7AqcJ4QYzpHUn8KWJMqQMxYxM3DDVRCI8QgPSschRQnSUzc6fwLJ1erAvlH3cwJn7eyJDidbjJLadCTJDvVibmv/VOqnpX0UZ5TI1hOP5on7KoBFwmgXsUUWwYWMLCCtqb4V4iBTCxibm2hCCxS8vQ/O8Gli+vyjVrvM4iuAYnIAKCMAlqIFbUAcNgEEGnsEreHOenBfn3fmYtxacfOYQ/JHz+QM3s5Rc</latexit><latexit sha1_base64="FTYuXhFivTRawQxcPEI4iOxcvDo=">AAAB/nicbZDLSgMxFIYz9VbH26i4chMshYpQZkTQZdGN4KaCvUBnKJk0bUMzSUgyQhkKvoobF4q49Tnc+Tam7Sy09YfAx3/O4Zz8sWRUG9//dgorq2vrG8VNd2t7Z3fP2z9oapEqTBpYMKHaMdKEUU4ahhpG2lIRlMSMtOLRzbTeeiRKU8EfzFiSKEEDTvsUI2Otrnd0VwnOQiI1ZYKfuuUQMTlEXa/kV/2Z4DIEOZRArnrX+wp7AqcJ4QYzpHUn8KWJMqQMxYxM3DDVRCI8QgPSschRQnSUzc6fwLJ1erAvlH3cwJn7eyJDidbjJLadCTJDvVibmv/VOqnpX0UZ5TI1hOP5on7KoBFwmgXsUUWwYWMLCCtqb4V4iBTCxibm2hCCxS8vQ/O8Gli+vyjVrvM4iuAYnIAKCMAlqIFbUAcNgEEGnsEreHOenBfn3fmYtxacfOYQ/JHz+QM3s5Rc</latexit><latexit sha1_base64="FTYuXhFivTRawQxcPEI4iOxcvDo=">AAAB/nicbZDLSgMxFIYz9VbH26i4chMshYpQZkTQZdGN4KaCvUBnKJk0bUMzSUgyQhkKvoobF4q49Tnc+Tam7Sy09YfAx3/O4Zz8sWRUG9//dgorq2vrG8VNd2t7Z3fP2z9oapEqTBpYMKHaMdKEUU4ahhpG2lIRlMSMtOLRzbTeeiRKU8EfzFiSKEEDTvsUI2Otrnd0VwnOQiI1ZYKfuuUQMTlEXa/kV/2Z4DIEOZRArnrX+wp7AqcJ4QYzpHUn8KWJMqQMxYxM3DDVRCI8QgPSschRQnSUzc6fwLJ1erAvlH3cwJn7eyJDidbjJLadCTJDvVibmv/VOqnpX0UZ5TI1hOP5on7KoBFwmgXsUUWwYWMLCCtqb4V4iBTCxibm2hCCxS8vQ/O8Gli+vyjVrvM4iuAYnIAKCMAlqIFbUAcNgEEGnsEreHOenBfn3fmYtxacfOYQ/JHz+QM3s5Rc</latexit>



Prior Work : Online Case

packets 
arrivals

Server

Server

Server

Multiple Servers

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

Jobs arrive over time, arbitrary time and sizes

Not much is known, unless resource augmentation is provided
With resource augmentation an algorithm has more resources than OPT

Total Speed
For Online Alg

Total Speed
For OPT

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

K(1 + ✏)
<latexit sha1_base64="FTYuXhFivTRawQxcPEI4iOxcvDo=">AAAB/nicbZDLSgMxFIYz9VbH26i4chMshYpQZkTQZdGN4KaCvUBnKJk0bUMzSUgyQhkKvoobF4q49Tnc+Tam7Sy09YfAx3/O4Zz8sWRUG9//dgorq2vrG8VNd2t7Z3fP2z9oapEqTBpYMKHaMdKEUU4ahhpG2lIRlMSMtOLRzbTeeiRKU8EfzFiSKEEDTvsUI2Otrnd0VwnOQiI1ZYKfuuUQMTlEXa/kV/2Z4DIEOZRArnrX+wp7AqcJ4QYzpHUn8KWJMqQMxYxM3DDVRCI8QgPSschRQnSUzc6fwLJ1erAvlH3cwJn7eyJDidbjJLadCTJDvVibmv/VOqnpX0UZ5TI1hOP5on7KoBFwmgXsUUWwYWMLCCtqb4V4iBTCxibm2hCCxS8vQ/O8Gli+vyjVrvM4iuAYnIAKCMAlqIFbUAcNgEEGnsEreHOenBfn3fmYtxacfOYQ/JHz+QM3s5Rc</latexit><latexit sha1_base64="FTYuXhFivTRawQxcPEI4iOxcvDo=">AAAB/nicbZDLSgMxFIYz9VbH26i4chMshYpQZkTQZdGN4KaCvUBnKJk0bUMzSUgyQhkKvoobF4q49Tnc+Tam7Sy09YfAx3/O4Zz8sWRUG9//dgorq2vrG8VNd2t7Z3fP2z9oapEqTBpYMKHaMdKEUU4ahhpG2lIRlMSMtOLRzbTeeiRKU8EfzFiSKEEDTvsUI2Otrnd0VwnOQiI1ZYKfuuUQMTlEXa/kV/2Z4DIEOZRArnrX+wp7AqcJ4QYzpHUn8KWJMqQMxYxM3DDVRCI8QgPSschRQnSUzc6fwLJ1erAvlH3cwJn7eyJDidbjJLadCTJDvVibmv/VOqnpX0UZ5TI1hOP5on7KoBFwmgXsUUWwYWMLCCtqb4V4iBTCxibm2hCCxS8vQ/O8Gli+vyjVrvM4iuAYnIAKCMAlqIFbUAcNgEEGnsEreHOenBfn3fmYtxacfOYQ/JHz+QM3s5Rc</latexit><latexit sha1_base64="FTYuXhFivTRawQxcPEI4iOxcvDo=">AAAB/nicbZDLSgMxFIYz9VbH26i4chMshYpQZkTQZdGN4KaCvUBnKJk0bUMzSUgyQhkKvoobF4q49Tnc+Tam7Sy09YfAx3/O4Zz8sWRUG9//dgorq2vrG8VNd2t7Z3fP2z9oapEqTBpYMKHaMdKEUU4ahhpG2lIRlMSMtOLRzbTeeiRKU8EfzFiSKEEDTvsUI2Otrnd0VwnOQiI1ZYKfuuUQMTlEXa/kV/2Z4DIEOZRArnrX+wp7AqcJ4QYzpHUn8KWJMqQMxYxM3DDVRCI8QgPSschRQnSUzc6fwLJ1erAvlH3cwJn7eyJDidbjJLadCTJDvVibmv/VOqnpX0UZ5TI1hOP5on7KoBFwmgXsUUWwYWMLCCtqb4V4iBTCxibm2hCCxS8vQ/O8Gli+vyjVrvM4iuAYnIAKCMAlqIFbUAcNgEEGnsEreHOenBfn3fmYtxacfOYQ/JHz+QM3s5Rc</latexit><latexit sha1_base64="FTYuXhFivTRawQxcPEI4iOxcvDo=">AAAB/nicbZDLSgMxFIYz9VbH26i4chMshYpQZkTQZdGN4KaCvUBnKJk0bUMzSUgyQhkKvoobF4q49Tnc+Tam7Sy09YfAx3/O4Zz8sWRUG9//dgorq2vrG8VNd2t7Z3fP2z9oapEqTBpYMKHaMdKEUU4ahhpG2lIRlMSMtOLRzbTeeiRKU8EfzFiSKEEDTvsUI2Otrnd0VwnOQiI1ZYKfuuUQMTlEXa/kV/2Z4DIEOZRArnrX+wp7AqcJ4QYzpHUn8KWJMqQMxYxM3DDVRCI8QgPSschRQnSUzc6fwLJ1erAvlH3cwJn7eyJDidbjJLadCTJDvVibmv/VOqnpX0UZ5TI1hOP5on7KoBFwmgXsUUWwYWMLCCtqb4V4iBTCxibm2hCCxS8vQ/O8Gli+vyjVrvM4iuAYnIAKCMAlqIFbUAcNgEEGnsEreHOenBfn3fmYtxacfOYQ/JHz+QM3s5Rc</latexit>

 [Edmonds et al]With resource augmentation constant competitive algorithms are known



Our Algorithm
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Server

Server

Server

Multiple Servers

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

Total Speed

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>



Our Algorithm
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arrivals

Server

Server

Server

Multiple Servers

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

Total Speed

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

LCFS-EQUI



Our Algorithm
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Multiple Servers

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

Process the    -fraction of the most recently arrived jobs

Total Speed

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

LCFS-EQUI

�
<latexit sha1_base64="yBbzSyn0cbuoOw7tYHPA9bYx2R0="></latexit><latexit sha1_base64="yBbzSyn0cbuoOw7tYHPA9bYx2R0="></latexit><latexit sha1_base64="yBbzSyn0cbuoOw7tYHPA9bYx2R0="></latexit><latexit sha1_base64="yBbzSyn0cbuoOw7tYHPA9bYx2R0="></latexit>
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Server
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<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

Assign equal speed to all jobs being processed 
Process the    -fraction of the most recently arrived jobs

Total Speed

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

LCFS-EQUI

�
<latexit sha1_base64="yBbzSyn0cbuoOw7tYHPA9bYx2R0="></latexit><latexit sha1_base64="yBbzSyn0cbuoOw7tYHPA9bYx2R0="></latexit><latexit sha1_base64="yBbzSyn0cbuoOw7tYHPA9bYx2R0="></latexit><latexit sha1_base64="yBbzSyn0cbuoOw7tYHPA9bYx2R0="></latexit>
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Server

Server

Server

Multiple Servers

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

Assign equal speed to all jobs being processed 
Process the    -fraction of the most recently arrived jobs

Total Speed

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

Speed Allocation

LCFS-EQUI

�
<latexit sha1_base64="yBbzSyn0cbuoOw7tYHPA9bYx2R0="></latexit><latexit sha1_base64="yBbzSyn0cbuoOw7tYHPA9bYx2R0="></latexit><latexit sha1_base64="yBbzSyn0cbuoOw7tYHPA9bYx2R0="></latexit><latexit sha1_base64="yBbzSyn0cbuoOw7tYHPA9bYx2R0="></latexit>
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Multiple Servers
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<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

Assign equal speed to all jobs being processed 
Process the    -fraction of the most recently arrived jobs

Total Speed

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

Speed Allocation
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Arrived jobs

LCFS-EQUI

�
<latexit sha1_base64="yBbzSyn0cbuoOw7tYHPA9bYx2R0="></latexit><latexit sha1_base64="yBbzSyn0cbuoOw7tYHPA9bYx2R0="></latexit><latexit sha1_base64="yBbzSyn0cbuoOw7tYHPA9bYx2R0="></latexit><latexit sha1_base64="yBbzSyn0cbuoOw7tYHPA9bYx2R0="></latexit>

� = 2/3
<latexit sha1_base64="TNlUEgaib+AQhV8ARI5j7/LOaAM="></latexit><latexit sha1_base64="TNlUEgaib+AQhV8ARI5j7/LOaAM="></latexit><latexit sha1_base64="TNlUEgaib+AQhV8ARI5j7/LOaAM="></latexit><latexit sha1_base64="TNlUEgaib+AQhV8ARI5j7/LOaAM="></latexit>



Our Algorithm

packets 
arrivals

Server

Server

Server

Multiple Servers

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

Assign equal speed to all jobs being processed 
Process the    -fraction of the most recently arrived jobs

Total Speed
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<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

Speed Allocation
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LCFS-EQUI

�
<latexit sha1_base64="yBbzSyn0cbuoOw7tYHPA9bYx2R0="></latexit><latexit sha1_base64="yBbzSyn0cbuoOw7tYHPA9bYx2R0="></latexit><latexit sha1_base64="yBbzSyn0cbuoOw7tYHPA9bYx2R0="></latexit><latexit sha1_base64="yBbzSyn0cbuoOw7tYHPA9bYx2R0="></latexit>

� = 2/3
<latexit sha1_base64="TNlUEgaib+AQhV8ARI5j7/LOaAM="></latexit><latexit sha1_base64="TNlUEgaib+AQhV8ARI5j7/LOaAM="></latexit><latexit sha1_base64="TNlUEgaib+AQhV8ARI5j7/LOaAM="></latexit><latexit sha1_base64="TNlUEgaib+AQhV8ARI5j7/LOaAM="></latexit>
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K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

Assign equal speed to all jobs being processed 
Process the    -fraction of the most recently arrived jobs

Algorithm is non-clairvoyant : no information needed about remaining job size

Total Speed

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>
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�
<latexit sha1_base64="yBbzSyn0cbuoOw7tYHPA9bYx2R0="></latexit><latexit sha1_base64="yBbzSyn0cbuoOw7tYHPA9bYx2R0="></latexit><latexit sha1_base64="yBbzSyn0cbuoOw7tYHPA9bYx2R0="></latexit><latexit sha1_base64="yBbzSyn0cbuoOw7tYHPA9bYx2R0="></latexit>

� = 2/3
<latexit sha1_base64="TNlUEgaib+AQhV8ARI5j7/LOaAM="></latexit><latexit sha1_base64="TNlUEgaib+AQhV8ARI5j7/LOaAM="></latexit><latexit sha1_base64="TNlUEgaib+AQhV8ARI5j7/LOaAM="></latexit><latexit sha1_base64="TNlUEgaib+AQhV8ARI5j7/LOaAM="></latexit>
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<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

Total Speed

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

Speed Allocation
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Speed

2/3-Most  
Recently 

Arrived jobs



Intuition LCFS-EQUI
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Server
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Multiple Servers

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

SRPT- short jobs remain in system for short time

Total Speed

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

Speed Allocation

Equal 
Speed

2/3-Most  
Recently 

Arrived jobs



Intuition LCFS-EQUI

packets 
arrivals

Server

Server

Server

Multiple Servers

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

SRPT- short jobs remain in system for short time

Total Speed

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

Speed Allocation

Equal 
Speed

2/3-Most  
Recently 

Arrived jobs

LCFS- w/o job size information, long jobs remain in system for long



Intuition LCFS-EQUI

packets 
arrivals

Server

Server

Server

Multiple Servers

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

SRPT- short jobs remain in system for short time

Technical - construction of potential (Lyapunov) function is easy

Total Speed

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

Speed Allocation

Equal 
Speed

2/3-Most  
Recently 

Arrived jobs

LCFS- w/o job size information, long jobs remain in system for long



Intuition LCFS-EQUI

packets 
arrivals

Server

Server

Server

Multiple Servers

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

SRPT- short jobs remain in system for short time

EQUI : with equal speed, analysis is easy
Technical - construction of potential (Lyapunov) function is easy

Total Speed

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

Speed Allocation

Equal 
Speed

2/3-Most  
Recently 

Arrived jobs

LCFS- w/o job size information, long jobs remain in system for long



Guarantee LCFS-EQUI

packets 
arrivals

Server

Server

Server

Multiple Servers

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

Total Speed

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

Speed Allocation

Equal 
Speed

2/3-Most  
Recently 

Arrived jobs



Guarantee LCFS-EQUI

packets 
arrivals

Server

Server

Server

Multiple Servers

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

Total Speed

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

Speed Allocation

Equal 
Speed

2/3-Most  
Recently 

Arrived jobs

# of servers

Job 

speed

k1/↵, ↵ > 1
<latexit sha1_base64="C1fPuco5A3MUh97o0y5dFidVVAA=">AAACA3icdZBLSwMxFIXv+Kz1NepON8EiuJA6I4KupOjGZQX7gM5Y7qRpG5p5kGSEMhTc+FfcuFDErX/Cnf/G9CHU14HAxzn3kuQEieBKO86HNTM7N7+wmFvKL6+srq3bG5tVFaeSsgqNRSzrASomeMQqmmvB6olkGAaC1YLexTCv3TKpeBxd637C/BA7EW9zitpYTXu7d5O5hx6KpIuDA+KRMZIz4jbtglt0RiLOL/iKCjBRuWm/e62YpiGLNBWoVMN1Eu1nKDWngg3yXqpYgrSHHdYwGGHIlJ+N/jAge8ZpkXYszYk0GbnTGxmGSvXDwEyGqLvqZzY0/8oaqW6f+hmPklSziI4vaqeC6JgMCyEtLhnVom8AqeTmrYR2USLVprb8dAn/Q/Wo6Bq+Oi6Uzid15GAHdmEfXDiBElxCGSpA4Q4e4AmerXvr0XqxXsejM9ZkZwu+yXr7BGQRlgw=</latexit><latexit sha1_base64="C1fPuco5A3MUh97o0y5dFidVVAA=">AAACA3icdZBLSwMxFIXv+Kz1NepON8EiuJA6I4KupOjGZQX7gM5Y7qRpG5p5kGSEMhTc+FfcuFDErX/Cnf/G9CHU14HAxzn3kuQEieBKO86HNTM7N7+wmFvKL6+srq3bG5tVFaeSsgqNRSzrASomeMQqmmvB6olkGAaC1YLexTCv3TKpeBxd637C/BA7EW9zitpYTXu7d5O5hx6KpIuDA+KRMZIz4jbtglt0RiLOL/iKCjBRuWm/e62YpiGLNBWoVMN1Eu1nKDWngg3yXqpYgrSHHdYwGGHIlJ+N/jAge8ZpkXYszYk0GbnTGxmGSvXDwEyGqLvqZzY0/8oaqW6f+hmPklSziI4vaqeC6JgMCyEtLhnVom8AqeTmrYR2USLVprb8dAn/Q/Wo6Bq+Oi6Uzid15GAHdmEfXDiBElxCGSpA4Q4e4AmerXvr0XqxXsejM9ZkZwu+yXr7BGQRlgw=</latexit><latexit sha1_base64="C1fPuco5A3MUh97o0y5dFidVVAA=">AAACA3icdZBLSwMxFIXv+Kz1NepON8EiuJA6I4KupOjGZQX7gM5Y7qRpG5p5kGSEMhTc+FfcuFDErX/Cnf/G9CHU14HAxzn3kuQEieBKO86HNTM7N7+wmFvKL6+srq3bG5tVFaeSsgqNRSzrASomeMQqmmvB6olkGAaC1YLexTCv3TKpeBxd637C/BA7EW9zitpYTXu7d5O5hx6KpIuDA+KRMZIz4jbtglt0RiLOL/iKCjBRuWm/e62YpiGLNBWoVMN1Eu1nKDWngg3yXqpYgrSHHdYwGGHIlJ+N/jAge8ZpkXYszYk0GbnTGxmGSvXDwEyGqLvqZzY0/8oaqW6f+hmPklSziI4vaqeC6JgMCyEtLhnVom8AqeTmrYR2USLVprb8dAn/Q/Wo6Bq+Oi6Uzid15GAHdmEfXDiBElxCGSpA4Q4e4AmerXvr0XqxXsejM9ZkZwu+yXr7BGQRlgw=</latexit><latexit sha1_base64="C1fPuco5A3MUh97o0y5dFidVVAA=">AAACA3icdZBLSwMxFIXv+Kz1NepON8EiuJA6I4KupOjGZQX7gM5Y7qRpG5p5kGSEMhTc+FfcuFDErX/Cnf/G9CHU14HAxzn3kuQEieBKO86HNTM7N7+wmFvKL6+srq3bG5tVFaeSsgqNRSzrASomeMQqmmvB6olkGAaC1YLexTCv3TKpeBxd637C/BA7EW9zitpYTXu7d5O5hx6KpIuDA+KRMZIz4jbtglt0RiLOL/iKCjBRuWm/e62YpiGLNBWoVMN1Eu1nKDWngg3yXqpYgrSHHdYwGGHIlJ+N/jAge8ZpkXYszYk0GbnTGxmGSvXDwEyGqLvqZzY0/8oaqW6f+hmPklSziI4vaqeC6JgMCyEtLhnVom8AqeTmrYR2USLVprb8dAn/Q/Wo6Bq+Oi6Uzid15GAHdmEfXDiBElxCGSpA4Q4e4AmerXvr0XqxXsejM9ZkZwu+yXr7BGQRlgw=</latexit>



Guarantee LCFS-EQUI

packets 
arrivals

Server

Server

Server

Multiple Servers

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

Competitive ratio is a constant that  
only depends on exponent  

Total Speed

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

Speed Allocation

Equal 
Speed

2/3-Most  
Recently 

Arrived jobs

↵
<latexit sha1_base64="6EtSdgpKG2qhZbjGZ4j1QLtQzns=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qXMpmkbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY1KNWUNqoTS7QgNE1yyhuVWsHaiGcaRYK1ofDurt56YNlzJBztJWBjjUPIBp2id1eyiSEbYK1f8qj8XWYUghwrkqvfKX92+omnMpKUCjekEfmLDDLXlVLBpqZsaliAd45B1HEqMmQmz+bZTcuacPhko7Z60ZO7+nsgwNmYSR64zRjsyy7WZ+V+tk9rBdZhxmaSWSbr4aJAKYhWZnU76XDNqxcQBUs3droSOUCO1LqCSCyFYPnkVmhfVwPH9ZaV2k8dRhBM4hXMI4ApqcAd1aACFR3iGV3jzlPfivXsfi9aCl88cwx95nz+Lg48Y</latexit><latexit sha1_base64="6EtSdgpKG2qhZbjGZ4j1QLtQzns=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qXMpmkbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY1KNWUNqoTS7QgNE1yyhuVWsHaiGcaRYK1ofDurt56YNlzJBztJWBjjUPIBp2id1eyiSEbYK1f8qj8XWYUghwrkqvfKX92+omnMpKUCjekEfmLDDLXlVLBpqZsaliAd45B1HEqMmQmz+bZTcuacPhko7Z60ZO7+nsgwNmYSR64zRjsyy7WZ+V+tk9rBdZhxmaSWSbr4aJAKYhWZnU76XDNqxcQBUs3droSOUCO1LqCSCyFYPnkVmhfVwPH9ZaV2k8dRhBM4hXMI4ApqcAd1aACFR3iGV3jzlPfivXsfi9aCl88cwx95nz+Lg48Y</latexit><latexit sha1_base64="6EtSdgpKG2qhZbjGZ4j1QLtQzns=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qXMpmkbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY1KNWUNqoTS7QgNE1yyhuVWsHaiGcaRYK1ofDurt56YNlzJBztJWBjjUPIBp2id1eyiSEbYK1f8qj8XWYUghwrkqvfKX92+omnMpKUCjekEfmLDDLXlVLBpqZsaliAd45B1HEqMmQmz+bZTcuacPhko7Z60ZO7+nsgwNmYSR64zRjsyy7WZ+V+tk9rBdZhxmaSWSbr4aJAKYhWZnU76XDNqxcQBUs3droSOUCO1LqCSCyFYPnkVmhfVwPH9ZaV2k8dRhBM4hXMI4ApqcAd1aACFR3iGV3jzlPfivXsfi9aCl88cwx95nz+Lg48Y</latexit><latexit sha1_base64="6EtSdgpKG2qhZbjGZ4j1QLtQzns=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qXMpmkbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY1KNWUNqoTS7QgNE1yyhuVWsHaiGcaRYK1ofDurt56YNlzJBztJWBjjUPIBp2id1eyiSEbYK1f8qj8XWYUghwrkqvfKX92+omnMpKUCjekEfmLDDLXlVLBpqZsaliAd45B1HEqMmQmz+bZTcuacPhko7Z60ZO7+nsgwNmYSR64zRjsyy7WZ+V+tk9rBdZhxmaSWSbr4aJAKYhWZnU76XDNqxcQBUs3droSOUCO1LqCSCyFYPnkVmhfVwPH9ZaV2k8dRhBM4hXMI4ApqcAd1aACFR3iGV3jzlPfivXsfi9aCl88cwx95nz+Lg48Y</latexit>

# of servers

Job 

speed

k1/↵, ↵ > 1
<latexit sha1_base64="C1fPuco5A3MUh97o0y5dFidVVAA=">AAACA3icdZBLSwMxFIXv+Kz1NepON8EiuJA6I4KupOjGZQX7gM5Y7qRpG5p5kGSEMhTc+FfcuFDErX/Cnf/G9CHU14HAxzn3kuQEieBKO86HNTM7N7+wmFvKL6+srq3bG5tVFaeSsgqNRSzrASomeMQqmmvB6olkGAaC1YLexTCv3TKpeBxd637C/BA7EW9zitpYTXu7d5O5hx6KpIuDA+KRMZIz4jbtglt0RiLOL/iKCjBRuWm/e62YpiGLNBWoVMN1Eu1nKDWngg3yXqpYgrSHHdYwGGHIlJ+N/jAge8ZpkXYszYk0GbnTGxmGSvXDwEyGqLvqZzY0/8oaqW6f+hmPklSziI4vaqeC6JgMCyEtLhnVom8AqeTmrYR2USLVprb8dAn/Q/Wo6Bq+Oi6Uzid15GAHdmEfXDiBElxCGSpA4Q4e4AmerXvr0XqxXsejM9ZkZwu+yXr7BGQRlgw=</latexit><latexit sha1_base64="C1fPuco5A3MUh97o0y5dFidVVAA=">AAACA3icdZBLSwMxFIXv+Kz1NepON8EiuJA6I4KupOjGZQX7gM5Y7qRpG5p5kGSEMhTc+FfcuFDErX/Cnf/G9CHU14HAxzn3kuQEieBKO86HNTM7N7+wmFvKL6+srq3bG5tVFaeSsgqNRSzrASomeMQqmmvB6olkGAaC1YLexTCv3TKpeBxd637C/BA7EW9zitpYTXu7d5O5hx6KpIuDA+KRMZIz4jbtglt0RiLOL/iKCjBRuWm/e62YpiGLNBWoVMN1Eu1nKDWngg3yXqpYgrSHHdYwGGHIlJ+N/jAge8ZpkXYszYk0GbnTGxmGSvXDwEyGqLvqZzY0/8oaqW6f+hmPklSziI4vaqeC6JgMCyEtLhnVom8AqeTmrYR2USLVprb8dAn/Q/Wo6Bq+Oi6Uzid15GAHdmEfXDiBElxCGSpA4Q4e4AmerXvr0XqxXsejM9ZkZwu+yXr7BGQRlgw=</latexit><latexit sha1_base64="C1fPuco5A3MUh97o0y5dFidVVAA=">AAACA3icdZBLSwMxFIXv+Kz1NepON8EiuJA6I4KupOjGZQX7gM5Y7qRpG5p5kGSEMhTc+FfcuFDErX/Cnf/G9CHU14HAxzn3kuQEieBKO86HNTM7N7+wmFvKL6+srq3bG5tVFaeSsgqNRSzrASomeMQqmmvB6olkGAaC1YLexTCv3TKpeBxd637C/BA7EW9zitpYTXu7d5O5hx6KpIuDA+KRMZIz4jbtglt0RiLOL/iKCjBRuWm/e62YpiGLNBWoVMN1Eu1nKDWngg3yXqpYgrSHHdYwGGHIlJ+N/jAge8ZpkXYszYk0GbnTGxmGSvXDwEyGqLvqZzY0/8oaqW6f+hmPklSziI4vaqeC6JgMCyEtLhnVom8AqeTmrYR2USLVprb8dAn/Q/Wo6Bq+Oi6Uzid15GAHdmEfXDiBElxCGSpA4Q4e4AmerXvr0XqxXsejM9ZkZwu+yXr7BGQRlgw=</latexit><latexit sha1_base64="C1fPuco5A3MUh97o0y5dFidVVAA=">AAACA3icdZBLSwMxFIXv+Kz1NepON8EiuJA6I4KupOjGZQX7gM5Y7qRpG5p5kGSEMhTc+FfcuFDErX/Cnf/G9CHU14HAxzn3kuQEieBKO86HNTM7N7+wmFvKL6+srq3bG5tVFaeSsgqNRSzrASomeMQqmmvB6olkGAaC1YLexTCv3TKpeBxd637C/BA7EW9zitpYTXu7d5O5hx6KpIuDA+KRMZIz4jbtglt0RiLOL/iKCjBRuWm/e62YpiGLNBWoVMN1Eu1nKDWngg3yXqpYgrSHHdYwGGHIlJ+N/jAge8ZpkXYszYk0GbnTGxmGSvXDwEyGqLvqZzY0/8oaqW6f+hmPklSziI4vaqeC6JgMCyEtLhnVom8AqeTmrYR2USLVprb8dAn/Q/Wo6Bq+Oi6Uzid15GAHdmEfXDiBElxCGSpA4Q4e4AmerXvr0XqxXsejM9ZkZwu+yXr7BGQRlgw=</latexit>

For a suitable choice of fraction �
<latexit sha1_base64="yBbzSyn0cbuoOw7tYHPA9bYx2R0="></latexit><latexit sha1_base64="yBbzSyn0cbuoOw7tYHPA9bYx2R0="></latexit><latexit sha1_base64="yBbzSyn0cbuoOw7tYHPA9bYx2R0="></latexit><latexit sha1_base64="yBbzSyn0cbuoOw7tYHPA9bYx2R0="></latexit>



General Problem

packets 
arrivals

Server

Server

Server

Unlimited # of Servers

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>
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