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AI = Optimization

The distribution of
 the training dataset

Model parameters 
we want to find

<latexit sha1_base64="Qc+yHVViPg6dqHdLHeVW9mlBXgo="></latexit>

f(x; ⇠) := Loss
�
Model
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x; ⇠input

�
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�

<latexit sha1_base64="5VWUfA9fbmKpdN5ci7pb/t6Zmog="></latexit>

minimize
x2Rd

{f(x) := E⇠⇠D [f(x; ⇠)]}



Distributed Learning

Server

<latexit sha1_base64="ksY1o72CqDWSMcHi/RdzQ1H78kk="></latexit>
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fi(x)
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<latexit sha1_base64="zC80uJjZ9L/XIO4AMcQdra45tOc="> </latexit>

f1(x) := E⇠1⇠D1 [f1(x; ⇠1)]
<latexit sha1_base64="bFI33NkdAyHhSJErtzhgHILI2rc="></latexit>

f2(x) := E⇠2⇠D2 [f2(x; ⇠2)]
<latexit sha1_base64="jUgm1pqTQvwuVS5Tz4TzKYJ08u8="></latexit>

f3(x) := E⇠3⇠D3 [f3(x; ⇠3)]

<latexit sha1_base64="VOM2eYYZ3W8cWmpJsYwHlVW65HM="></latexit>
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D2
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Stepsize / Learning rate

Unbiased gradient estimator, i.e.

A common method in ML is 
Stochastic Gradient Descent (SGD)

<latexit sha1_base64="NCEVnz3KlA0giP7gO9+E7Wdudjk="></latexit>

xk+1 = xk � �g(xk)

<latexit sha1_base64="K8+ly+uK60uzUmzJsloBInhpejk="></latexit>
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⇤
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<latexit sha1_base64="Wrj7KBuwCDUU2b58oRq3Ak7DpFs="></latexit>⌧1
<latexit sha1_base64="Jja54EeuPg7CIg9aXoFGpGRGDXM="></latexit>⌧3

<latexit sha1_base64="mRdEGyqbdzyyUdX71grPqRpInGo="></latexit>⌧2

How to parallelize SGD 
in heterogeneous systems?

Compute time = <latexit sha1_base64="dqvjurdnnOmm/8CZFUdkgyCcXf0="></latexit>⌧2 Compute time = <latexit sha1_base64="z6IiZrF3ygLs98EcwAl+u8XvubM="></latexit>⌧3Compute time = <latexit sha1_base64="RYE9Hy+mVCQKjRYVmhMvEx9VKD8="></latexit>⌧1

Server

<latexit sha1_base64="flwhmbDt4chB9+UBOY7IO15nTFA="></latexit>

rf1(x; ⇠1)
<latexit sha1_base64="AZj62wxf0w0zQoVXWRPq3wVhQ7Y="></latexit>

rf2(x; ⇠2)
<latexit sha1_base64="lKdghqKYwU41LA+A9/P9RCalzSE="></latexit>

rf3(x; ⇠3)



Client Compute Heterogeneity is Real

An LSTM-based language model 
on nearly 100 million Android phones.

Papaya: Practical, Private, and Scalable Federated Learning
Huba et al. (2022)



Minibatch SGD:
Each worker does one job only

<latexit sha1_base64="s8IRsfB5GiS9aA2f9SX/10vhMx8="></latexit>

n = 3
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Time
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Asynchronous SGD
Remove the synchronization

Time
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<latexit sha1_base64="nJTS8pP2b+d1PEI28LoIrX3LdEo="></latexit>

x2
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B Recht, C Re, S Wright, F Niu (2011)
HOGWILD!: A lock-free approach to parallelizing stochastic gradient descent

The first Asynchronous SGD



Server

Updates of Asynchronous SGD
has delayed stochastic gradients

<latexit sha1_base64="s22Kc39R1c2w3NFI1ERSjV6yI8o="></latexit>

rf1
�
x0; ⇠01

� <latexit sha1_base64="8G4kOdgaEUlZfUsdim+9W1hfX80="></latexit>

rf2
�
x0; ⇠02
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�
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�
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Server

Updates of Asynchronous SGD
has delayed stochastic gradients

<latexit sha1_base64="sUYmLJWiraiELcOF7oBM0gYZRnY="></latexit>

�1 = 1
<latexit sha1_base64="euhs6EMpFacNLFS8yhy21tp0O80="></latexit>

x2 = x1 � �rf(x0; ⇠) Delay

<latexit sha1_base64="8G4kOdgaEUlZfUsdim+9W1hfX80="></latexit>

rf2
�
x0; ⇠02
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rf3
�
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�
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�
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�
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Server

Updates of Asynchronous SGD
has delayed stochastic gradients

Delay
<latexit sha1_base64="dLncd9XGXcPCJkC0Oa82+Jy+RHs="></latexit>

x3 = x2 � �rf(x0; ⇠)
<latexit sha1_base64="ab91ttjJFytClrYJFLAQGaMv5BI="></latexit>
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�
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�
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�
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�
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Server

Updates of Asynchronous SGD
has delayed stochastic gradients

<latexit sha1_base64="gOgVXCdaPMvUUbwaoEpc9XHGnUw="></latexit>

xk+1 = xk � �rfik
⇣
xk��k

ik ; ⇠k��k
ik

⌘

<latexit sha1_base64="NUMNPna+c/YYatk7SrxkPO4emdE="></latexit>

ik
<latexit sha1_base64="j6zJfzKrSLjCBI3ZO6D/LFUAbak="></latexit>

kDelay of worker at iteration

Uses a gradient from a single worker

Similarity assumption
<latexit sha1_base64="rh0rSk/Xo1wbWXyjaC7d9EOLUYw="></latexit>

krfi(x)�rf(x)k  ⇣



Asynchronous SGD can get wild:
delays can degrade performance

<latexit sha1_base64="o0H8UFPD9jF9TQL6uryvhfwr8lY="></latexit>

f(x, y) = x2 + 5y2

Directions: Use the on graph slider to change the 
number of iterations of gradient descent. You can 
move around the initial starting point by clicking 
and dragging.

Enter your function here (you must also copy it to 
the left of the B below). It will be plotted as a 
contour plot (Red values are larger, blue values 
are smaller). You can change the resolution of the 
contour plot in the 'Contour Plot' folder.

1



F = x2 + 5y2x, y
2

2/25/25, 5:12 PM Simple 2D Gradient Descent | Desmos

https://www.desmos.com/calculator/a1kzlcqih1 1/5



Asynchronous SGD can get wild:
delays can degrade performance

<latexit sha1_base64="o0H8UFPD9jF9TQL6uryvhfwr8lY="></latexit>

f(x, y) = x2 + 5y2
Gradient Descent iterations

Directions: Use the on graph slider to change the 
number of iterations of gradient descent. You can 
move around the initial starting point by clicking 
and dragging.

Enter your function here (you must also copy it to 
the left of the B below). It will be plotted as a 
contour plot (Red values are larger, blue values 
are smaller). You can change the resolution of the 
contour plot in the 'Contour Plot' folder.

1



F = x2 + 5y2x, y
2

2/25/25, 5:12 PM Simple 2D Gradient Descent | Desmos

https://www.desmos.com/calculator/a1kzlcqih1 1/6



Asynchronous SGD can get wild:
delays can degrade performance

<latexit sha1_base64="o0H8UFPD9jF9TQL6uryvhfwr8lY="></latexit>

f(x, y) = x2 + 5y2

Directions: Use the on graph slider to change the 
number of iterations of gradient descent. You can 
move around the initial starting point by clicking 
and dragging.

Enter your function here (you must also copy it to 
the left of the B below). It will be plotted as a 
contour plot (Red values are larger, blue values 
are smaller). You can change the resolution of the 
contour plot in the 'Contour Plot' folder.

1



F = x2 + 5y2x, y
2

2/25/25, 5:11 PM Simple 2D Gradient Descent | Desmos

https://www.desmos.com/calculator/a1kzlcqih1 1/6

Delay = 5



Asynchronous SGD can get wild:
delays can degrade performance

<latexit sha1_base64="o0H8UFPD9jF9TQL6uryvhfwr8lY="></latexit>

f(x, y) = x2 + 5y2

Directions: Use the on graph slider to change the 
number of iterations of gradient descent. You can 
move around the initial starting point by clicking 
and dragging.

Enter your function here (you must also copy it to 
the left of the B below). It will be plotted as a 
contour plot (Red values are larger, blue values 
are smaller). You can change the resolution of the 
contour plot in the 'Contour Plot' folder.

1



F = x2 + 5y2x, y
2

2/25/25, 5:10 PM Simple 2D Gradient Descent | Desmos

https://www.desmos.com/calculator/a1kzlcqih1 1/6

Delay = 5



Back to Synchrony: Malenia SGD

Tyurin and Richtárik (2024)

<latexit sha1_base64="Jja54EeuPg7CIg9aXoFGpGRGDXM="></latexit>⌧3
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xk+1 = xk � � 1
n

Pn
i=1

1
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j=1 rfi

�
xk; ⇠k,ji

�
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Malenia SGD with Gradient Table

<latexit sha1_base64="Wrj7KBuwCDUU2b58oRq3Ak7DpFs="></latexit>⌧1
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Malenia SGD with Gradient Table
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Malenia SGD with Gradient Table
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Malenia SGD with Gradient Table
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<latexit sha1_base64="94FYE/R43YwBVH1J0taGJ/IEJcg="></latexit>

G3

<latexit sha1_base64="Y/t0MJK/41tTiEdWbUoAu/VFp8k="></latexit>

x1 = x0 � �
1

n

nX

i=1

Gi

bi

<latexit sha1_base64="YF8gWHa3tckr/wwXVzdZLNOJdkA="></latexit>

x1

Discard!

Malenia SGD with Gradient Table



Synchronize and Repeat

Malenia SGD with Gradient Table

<latexit sha1_base64="mRdEGyqbdzyyUdX71grPqRpInGo="></latexit>⌧2
<latexit sha1_base64="Wrj7KBuwCDUU2b58oRq3Ak7DpFs="></latexit>⌧1

<latexit sha1_base64="Wrj7KBuwCDUU2b58oRq3Ak7DpFs="></latexit>⌧1

<latexit sha1_base64="Jja54EeuPg7CIg9aXoFGpGRGDXM="></latexit>⌧3

<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0
<latexit sha1_base64="YF8gWHa3tckr/wwXVzdZLNOJdkA="></latexit>

x1

<latexit sha1_base64="Jja54EeuPg7CIg9aXoFGpGRGDXM="></latexit>⌧3
<latexit sha1_base64="mRdEGyqbdzyyUdX71grPqRpInGo="></latexit>⌧2

<latexit sha1_base64="Wrj7KBuwCDUU2b58oRq3Ak7DpFs="></latexit>⌧1 <latexit sha1_base64="LcKVxlhR5PpWvdvEFflVI51VKNI="></latexit>

b
<latexit sha1_base64="K38tL6h4ns/y5oU25BD9UScu1e0="></latexit>

0
<latexit sha1_base64="K38tL6h4ns/y5oU25BD9UScu1e0="></latexit>

0
<latexit sha1_base64="K38tL6h4ns/y5oU25BD9UScu1e0="></latexit>

0



Can we achieve optimal time complexity
with asynchronous methods?

<latexit sha1_base64="mRdEGyqbdzyyUdX71grPqRpInGo="></latexit>⌧2
<latexit sha1_base64="Wrj7KBuwCDUU2b58oRq3Ak7DpFs="></latexit>⌧1

<latexit sha1_base64="Wrj7KBuwCDUU2b58oRq3Ak7DpFs="></latexit>⌧1

<latexit sha1_base64="Jja54EeuPg7CIg9aXoFGpGRGDXM="></latexit>⌧3

<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

<latexit sha1_base64="Jja54EeuPg7CIg9aXoFGpGRGDXM="></latexit>⌧3
<latexit sha1_base64="mRdEGyqbdzyyUdX71grPqRpInGo="></latexit>⌧2

<latexit sha1_base64="Wrj7KBuwCDUU2b58oRq3Ak7DpFs="></latexit>⌧1

<latexit sha1_base64="mRdEGyqbdzyyUdX71grPqRpInGo="></latexit>⌧2
<latexit sha1_base64="Wrj7KBuwCDUU2b58oRq3Ak7DpFs="></latexit>⌧1

<latexit sha1_base64="Wrj7KBuwCDUU2b58oRq3Ak7DpFs="></latexit>⌧1

<latexit sha1_base64="Jja54EeuPg7CIg9aXoFGpGRGDXM="></latexit>⌧3
<latexit sha1_base64="mRdEGyqbdzyyUdX71grPqRpInGo="></latexit>⌧2

<latexit sha1_base64="Wrj7KBuwCDUU2b58oRq3Ak7DpFs="></latexit>⌧1



Yes — Ringleader ASGD can:
Make It Less Wild



Yes — Ringleader ASGD can:
Make It Less Wild

Phase 1 (collect)
 Wait to receive at least one 

gradient from each worker

Phase 2 (update)
 Perform a single update per worker



Ringleader ASGD: Phase 1 (collect)

<latexit sha1_base64="Wrj7KBuwCDUU2b58oRq3Ak7DpFs="></latexit>⌧1

<latexit sha1_base64="mRdEGyqbdzyyUdX71grPqRpInGo="></latexit>⌧2

<latexit sha1_base64="Jja54EeuPg7CIg9aXoFGpGRGDXM="></latexit>⌧3

<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

<latexit sha1_base64="K38tL6h4ns/y5oU25BD9UScu1e0="></latexit>

0
<latexit sha1_base64="LcKVxlhR5PpWvdvEFflVI51VKNI="></latexit>

b
<latexit sha1_base64="K38tL6h4ns/y5oU25BD9UScu1e0="></latexit>

0
<latexit sha1_base64="K38tL6h4ns/y5oU25BD9UScu1e0="></latexit>

0



Ringleader ASGD: Phase 1 (collect)

<latexit sha1_base64="Wrj7KBuwCDUU2b58oRq3Ak7DpFs="></latexit>⌧1
<latexit sha1_base64="Wrj7KBuwCDUU2b58oRq3Ak7DpFs="></latexit>⌧1

<latexit sha1_base64="mRdEGyqbdzyyUdX71grPqRpInGo="></latexit>⌧2

<latexit sha1_base64="Jja54EeuPg7CIg9aXoFGpGRGDXM="></latexit>⌧3

<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

<latexit sha1_base64="K38tL6h4ns/y5oU25BD9UScu1e0="></latexit>

0
<latexit sha1_base64="LcKVxlhR5PpWvdvEFflVI51VKNI="></latexit>

b

<latexit sha1_base64="ISacpoUh7TR083lQ/IB9pSqgkDk="></latexit>

G1

<latexit sha1_base64="LRQyOYfurnEL+aYrQp0PuQfBYYA="></latexit>

1

<latexit sha1_base64="qs+Hts5kQ0RNlwK8nM+hbdVZN6c="></latexit>

G1 = rf1
⇣
x0; ⇠0,11

⌘

<latexit sha1_base64="K38tL6h4ns/y5oU25BD9UScu1e0="></latexit>

0



Ringleader ASGD: Phase 1 (collect)

<latexit sha1_base64="mRdEGyqbdzyyUdX71grPqRpInGo="></latexit>⌧2
<latexit sha1_base64="Wrj7KBuwCDUU2b58oRq3Ak7DpFs="></latexit>⌧1

<latexit sha1_base64="mRdEGyqbdzyyUdX71grPqRpInGo="></latexit>⌧2
<latexit sha1_base64="Wrj7KBuwCDUU2b58oRq3Ak7DpFs="></latexit>⌧1

<latexit sha1_base64="Jja54EeuPg7CIg9aXoFGpGRGDXM="></latexit>⌧3

<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

<latexit sha1_base64="K38tL6h4ns/y5oU25BD9UScu1e0="></latexit>

0
<latexit sha1_base64="LcKVxlhR5PpWvdvEFflVI51VKNI="></latexit>

b
<latexit sha1_base64="LRQyOYfurnEL+aYrQp0PuQfBYYA="></latexit>

1

<latexit sha1_base64="ISacpoUh7TR083lQ/IB9pSqgkDk="></latexit>

G1
<latexit sha1_base64="qRS7Omy2dyKkfwcIa+gWH62yR18="></latexit>

G2

<latexit sha1_base64="lWENIblZzjehHME5oPJTuwxj0oc="></latexit>

G2 = rf2
⇣
x0; ⇠0,12

⌘

<latexit sha1_base64="LRQyOYfurnEL+aYrQp0PuQfBYYA="></latexit>

1



Ringleader ASGD: Phase 1 (collect)

<latexit sha1_base64="mRdEGyqbdzyyUdX71grPqRpInGo="></latexit>⌧2
<latexit sha1_base64="Wrj7KBuwCDUU2b58oRq3Ak7DpFs="></latexit>⌧1

<latexit sha1_base64="Wrj7KBuwCDUU2b58oRq3Ak7DpFs="></latexit>⌧1

<latexit sha1_base64="mRdEGyqbdzyyUdX71grPqRpInGo="></latexit>⌧2
<latexit sha1_base64="Wrj7KBuwCDUU2b58oRq3Ak7DpFs="></latexit>⌧1

<latexit sha1_base64="Jja54EeuPg7CIg9aXoFGpGRGDXM="></latexit>⌧3

<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

<latexit sha1_base64="K38tL6h4ns/y5oU25BD9UScu1e0="></latexit>

0
<latexit sha1_base64="2eg9G3BuKiJ5rh5cOsGILnBM+RE="></latexit>

2
<latexit sha1_base64="LcKVxlhR5PpWvdvEFflVI51VKNI="></latexit>

b
<latexit sha1_base64="LRQyOYfurnEL+aYrQp0PuQfBYYA="></latexit>

1

<latexit sha1_base64="ISacpoUh7TR083lQ/IB9pSqgkDk="></latexit>

G1
<latexit sha1_base64="qRS7Omy2dyKkfwcIa+gWH62yR18="></latexit>

G2

<latexit sha1_base64="/GkeYSLkG1UkG70csv2viSOiHfo="></latexit>

G1 =
P2

j=1 rf1
⇣
x0; ⇠0,j1

⌘



<latexit sha1_base64="mRdEGyqbdzyyUdX71grPqRpInGo="></latexit>⌧2
<latexit sha1_base64="Wrj7KBuwCDUU2b58oRq3Ak7DpFs="></latexit>⌧1

<latexit sha1_base64="Wrj7KBuwCDUU2b58oRq3Ak7DpFs="></latexit>⌧1

<latexit sha1_base64="Jja54EeuPg7CIg9aXoFGpGRGDXM="></latexit>⌧3
<latexit sha1_base64="mRdEGyqbdzyyUdX71grPqRpInGo="></latexit>⌧2

<latexit sha1_base64="Wrj7KBuwCDUU2b58oRq3Ak7DpFs="></latexit>⌧1
<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

<latexit sha1_base64="2eg9G3BuKiJ5rh5cOsGILnBM+RE="></latexit>

2
<latexit sha1_base64="LcKVxlhR5PpWvdvEFflVI51VKNI="></latexit>

b
<latexit sha1_base64="LRQyOYfurnEL+aYrQp0PuQfBYYA="></latexit>

1
<latexit sha1_base64="LRQyOYfurnEL+aYrQp0PuQfBYYA="></latexit>

1

<latexit sha1_base64="ISacpoUh7TR083lQ/IB9pSqgkDk="></latexit>

G1
<latexit sha1_base64="qRS7Omy2dyKkfwcIa+gWH62yR18="></latexit>

G2

<latexit sha1_base64="GAXHbEfUuawy0Soa9geVhzwJWdg="></latexit>

G3 = rf3
⇣
x0; ⇠0,13

⌘

<latexit sha1_base64="94FYE/R43YwBVH1J0taGJ/IEJcg="></latexit>

G3

<latexit sha1_base64="Y/t0MJK/41tTiEdWbUoAu/VFp8k="></latexit>

x1 = x0 � �
1

n

nX

i=1

Gi

bi

<latexit sha1_base64="YF8gWHa3tckr/wwXVzdZLNOJdkA="></latexit>

x1

Ringleader ASGD: Phase 2 (update)
<latexit sha1_base64="Jja54EeuPg7CIg9aXoFGpGRGDXM="></latexit>⌧3

<latexit sha1_base64="CuyHbJJA694L1HXjYlCZHR0qcXk="></latexit>

rf3
�
x1; ⇠1,13

�



<latexit sha1_base64="mRdEGyqbdzyyUdX71grPqRpInGo="></latexit>⌧2
<latexit sha1_base64="Wrj7KBuwCDUU2b58oRq3Ak7DpFs="></latexit>⌧1

<latexit sha1_base64="Wrj7KBuwCDUU2b58oRq3Ak7DpFs="></latexit>⌧1

<latexit sha1_base64="Jja54EeuPg7CIg9aXoFGpGRGDXM="></latexit>⌧3
<latexit sha1_base64="mRdEGyqbdzyyUdX71grPqRpInGo="></latexit>⌧2

<latexit sha1_base64="Wrj7KBuwCDUU2b58oRq3Ak7DpFs="></latexit>⌧1
<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

<latexit sha1_base64="2eg9G3BuKiJ5rh5cOsGILnBM+RE="></latexit>

2
<latexit sha1_base64="LcKVxlhR5PpWvdvEFflVI51VKNI="></latexit>

b
<latexit sha1_base64="LRQyOYfurnEL+aYrQp0PuQfBYYA="></latexit>

1

<latexit sha1_base64="ISacpoUh7TR083lQ/IB9pSqgkDk="></latexit>

G1
<latexit sha1_base64="qRS7Omy2dyKkfwcIa+gWH62yR18="></latexit>

G2
<latexit sha1_base64="94FYE/R43YwBVH1J0taGJ/IEJcg="></latexit>

G3

Ringleader ASGD: Phase 2 (update)
<latexit sha1_base64="Jja54EeuPg7CIg9aXoFGpGRGDXM="></latexit>⌧3

<latexit sha1_base64="2eg9G3BuKiJ5rh5cOsGILnBM+RE="></latexit>

2

<latexit sha1_base64="Nng+EnByJrlKwX6KzEl80ZHyht0="></latexit>

G2 =
P2

j=1 rf2
⇣
x0; ⇠0,j2

⌘

<latexit sha1_base64="YF8gWHa3tckr/wwXVzdZLNOJdkA="></latexit>

x1

<latexit sha1_base64="BRI0knVyUuKlDba/VvMQ4L+2HMU="></latexit>

x2 = x1 � �
1

n

nX

i=1

Gi

bi

<latexit sha1_base64="mRdEGyqbdzyyUdX71grPqRpInGo="></latexit>⌧2
<latexit sha1_base64="vakKj9g9SCa3AdcKgXQ9DFhqdC4="></latexit>

rf2
�
x2; ⇠2,12

�

<latexit sha1_base64="rg6IXWbX4SnGLE+EljPZMJcjTj4="></latexit>

x2



<latexit sha1_base64="mRdEGyqbdzyyUdX71grPqRpInGo="></latexit>⌧2
<latexit sha1_base64="Wrj7KBuwCDUU2b58oRq3Ak7DpFs="></latexit>⌧1

<latexit sha1_base64="Wrj7KBuwCDUU2b58oRq3Ak7DpFs="></latexit>⌧1

<latexit sha1_base64="Jja54EeuPg7CIg9aXoFGpGRGDXM="></latexit>⌧3
<latexit sha1_base64="mRdEGyqbdzyyUdX71grPqRpInGo="></latexit>⌧2

<latexit sha1_base64="Wrj7KBuwCDUU2b58oRq3Ak7DpFs="></latexit>⌧1
<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

<latexit sha1_base64="LRQyOYfurnEL+aYrQp0PuQfBYYA="></latexit>

1

<latexit sha1_base64="ISacpoUh7TR083lQ/IB9pSqgkDk="></latexit>

G1
<latexit sha1_base64="qRS7Omy2dyKkfwcIa+gWH62yR18="></latexit>

G2
<latexit sha1_base64="94FYE/R43YwBVH1J0taGJ/IEJcg="></latexit>

G3

Ringleader ASGD: Phase 2 (update)
<latexit sha1_base64="Jja54EeuPg7CIg9aXoFGpGRGDXM="></latexit>⌧3

<latexit sha1_base64="2eg9G3BuKiJ5rh5cOsGILnBM+RE="></latexit>

2
<latexit sha1_base64="YF8gWHa3tckr/wwXVzdZLNOJdkA="></latexit>

x1
<latexit sha1_base64="rg6IXWbX4SnGLE+EljPZMJcjTj4="></latexit>

x2

<latexit sha1_base64="mRdEGyqbdzyyUdX71grPqRpInGo="></latexit>⌧2

<latexit sha1_base64="/jYAK1W1eYbDch/N4+hoU7Y8/aY="></latexit>

G1 =
P3

j=1 rf1
⇣
x0; ⇠0,j1

⌘

<latexit sha1_base64="5LJYp3YMYvN8f5vVaj+JHjsbaj0="></latexit>

3

<latexit sha1_base64="LbExrXfGQ+6qcb7l92R6z8gMRC4="></latexit>

x3 = x2 � �
1

n

nX

i=1

Gi

bi

<latexit sha1_base64="WNE+wOKpMs2Yk4pu0POtBV0G2Xg="> </latexit>

x3

<latexit sha1_base64="Wrj7KBuwCDUU2b58oRq3Ak7DpFs="></latexit>⌧1

<latexit sha1_base64="5k2G2zN7OatW8IWxeaWuHxtTFBI="></latexit>

rf1
�
x3; ⇠3,11

�

<latexit sha1_base64="LcKVxlhR5PpWvdvEFflVI51VKNI="></latexit>

b



<latexit sha1_base64="mRdEGyqbdzyyUdX71grPqRpInGo="></latexit>⌧2
<latexit sha1_base64="Wrj7KBuwCDUU2b58oRq3Ak7DpFs="></latexit>⌧1

<latexit sha1_base64="Wrj7KBuwCDUU2b58oRq3Ak7DpFs="></latexit>⌧1

<latexit sha1_base64="Jja54EeuPg7CIg9aXoFGpGRGDXM="></latexit>⌧3
<latexit sha1_base64="mRdEGyqbdzyyUdX71grPqRpInGo="></latexit>⌧2

<latexit sha1_base64="Wrj7KBuwCDUU2b58oRq3Ak7DpFs="></latexit>⌧1
<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

<latexit sha1_base64="LcKVxlhR5PpWvdvEFflVI51VKNI="></latexit>

b

Ringleader ASGD: Phase 1 (collect)
<latexit sha1_base64="Jja54EeuPg7CIg9aXoFGpGRGDXM="></latexit>⌧3

<latexit sha1_base64="YF8gWHa3tckr/wwXVzdZLNOJdkA="></latexit>

x1
<latexit sha1_base64="rg6IXWbX4SnGLE+EljPZMJcjTj4="></latexit>

x2

<latexit sha1_base64="mRdEGyqbdzyyUdX71grPqRpInGo="></latexit>⌧2

<latexit sha1_base64="WNE+wOKpMs2Yk4pu0POtBV0G2Xg="> </latexit>

x3

<latexit sha1_base64="Wrj7KBuwCDUU2b58oRq3Ak7DpFs="></latexit>⌧1 <latexit sha1_base64="K38tL6h4ns/y5oU25BD9UScu1e0="></latexit>

0
<latexit sha1_base64="K38tL6h4ns/y5oU25BD9UScu1e0="></latexit>

0
<latexit sha1_base64="K38tL6h4ns/y5oU25BD9UScu1e0="></latexit>

0



<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

Ringleader ASGD: Phase 1 (collect)

<latexit sha1_base64="YF8gWHa3tckr/wwXVzdZLNOJdkA="></latexit>

x1
<latexit sha1_base64="rg6IXWbX4SnGLE+EljPZMJcjTj4="></latexit>

x2
<latexit sha1_base64="WNE+wOKpMs2Yk4pu0POtBV0G2Xg="> </latexit>

x3

<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0
<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0
<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0
<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0
<latexit sha1_base64="YF8gWHa3tckr/wwXVzdZLNOJdkA="></latexit>

x1

<latexit sha1_base64="rg6IXWbX4SnGLE+EljPZMJcjTj4="></latexit>

x2

<latexit sha1_base64="WNE+wOKpMs2Yk4pu0POtBV0G2Xg="> </latexit>

x3
<latexit sha1_base64="LcKVxlhR5PpWvdvEFflVI51VKNI="></latexit>

b
<latexit sha1_base64="K38tL6h4ns/y5oU25BD9UScu1e0="></latexit>

0
<latexit sha1_base64="K38tL6h4ns/y5oU25BD9UScu1e0="></latexit>

0
<latexit sha1_base64="K38tL6h4ns/y5oU25BD9UScu1e0="></latexit>

0



<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

Ringleader ASGD: Phase 1 (collect)

<latexit sha1_base64="YF8gWHa3tckr/wwXVzdZLNOJdkA="></latexit>

x1
<latexit sha1_base64="rg6IXWbX4SnGLE+EljPZMJcjTj4="></latexit>

x2
<latexit sha1_base64="WNE+wOKpMs2Yk4pu0POtBV0G2Xg="> </latexit>

x3

<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0
<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0
<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0
<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0
<latexit sha1_base64="YF8gWHa3tckr/wwXVzdZLNOJdkA="></latexit>

x1

<latexit sha1_base64="rg6IXWbX4SnGLE+EljPZMJcjTj4="></latexit>

x2

<latexit sha1_base64="WNE+wOKpMs2Yk4pu0POtBV0G2Xg="> </latexit>

x3
<latexit sha1_base64="LcKVxlhR5PpWvdvEFflVI51VKNI="></latexit>

b
<latexit sha1_base64="K38tL6h4ns/y5oU25BD9UScu1e0="></latexit>

0
<latexit sha1_base64="K38tL6h4ns/y5oU25BD9UScu1e0="></latexit>

0

<latexit sha1_base64="ISacpoUh7TR083lQ/IB9pSqgkDk="></latexit>

G1

<latexit sha1_base64="LRQyOYfurnEL+aYrQp0PuQfBYYA="></latexit>

1
<latexit sha1_base64="WNE+wOKpMs2Yk4pu0POtBV0G2Xg="></latexit>

x3

<latexit sha1_base64="EAwsti2A98QKLRCoQ21Q81clkMU="></latexit>

G1 = rf1
⇣
x3; ⇠3,11

⌘



<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

Ringleader ASGD: Phase 1 (collect)

<latexit sha1_base64="YF8gWHa3tckr/wwXVzdZLNOJdkA="></latexit>

x1
<latexit sha1_base64="rg6IXWbX4SnGLE+EljPZMJcjTj4="></latexit>

x2
<latexit sha1_base64="WNE+wOKpMs2Yk4pu0POtBV0G2Xg="> </latexit>

x3

<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0
<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0
<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0
<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0
<latexit sha1_base64="YF8gWHa3tckr/wwXVzdZLNOJdkA="></latexit>

x1

<latexit sha1_base64="rg6IXWbX4SnGLE+EljPZMJcjTj4="></latexit>

x2

<latexit sha1_base64="WNE+wOKpMs2Yk4pu0POtBV0G2Xg="> </latexit>

x3
<latexit sha1_base64="LcKVxlhR5PpWvdvEFflVI51VKNI="></latexit>

b
<latexit sha1_base64="K38tL6h4ns/y5oU25BD9UScu1e0="></latexit>

0

<latexit sha1_base64="ISacpoUh7TR083lQ/IB9pSqgkDk="></latexit>

G1

<latexit sha1_base64="LRQyOYfurnEL+aYrQp0PuQfBYYA="></latexit>

1
<latexit sha1_base64="WNE+wOKpMs2Yk4pu0POtBV0G2Xg="></latexit>

x3

<latexit sha1_base64="YF8gWHa3tckr/wwXVzdZLNOJdkA="></latexit>

x1

<latexit sha1_base64="94FYE/R43YwBVH1J0taGJ/IEJcg="></latexit>

G3

<latexit sha1_base64="LRQyOYfurnEL+aYrQp0PuQfBYYA="></latexit>

1

<latexit sha1_base64="KjSJeDpqGci+tYDTikRuEkLhfjM="></latexit>

G3 = rf3
⇣
x1; ⇠1,13

⌘



<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

Ringleader ASGD: Phase 2 (update)

<latexit sha1_base64="YF8gWHa3tckr/wwXVzdZLNOJdkA="></latexit>

x1
<latexit sha1_base64="rg6IXWbX4SnGLE+EljPZMJcjTj4="></latexit>

x2
<latexit sha1_base64="WNE+wOKpMs2Yk4pu0POtBV0G2Xg="> </latexit>

x3

<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0
<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0
<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0
<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

<latexit sha1_base64="rg6IXWbX4SnGLE+EljPZMJcjTj4="></latexit>

x2

<latexit sha1_base64="WNE+wOKpMs2Yk4pu0POtBV0G2Xg="> </latexit>

x3
<latexit sha1_base64="LcKVxlhR5PpWvdvEFflVI51VKNI="></latexit>

b
<latexit sha1_base64="LRQyOYfurnEL+aYrQp0PuQfBYYA="></latexit>

1
<latexit sha1_base64="WNE+wOKpMs2Yk4pu0POtBV0G2Xg="></latexit>

x3

<latexit sha1_base64="qRS7Omy2dyKkfwcIa+gWH62yR18="></latexit>

G2

<latexit sha1_base64="LRQyOYfurnEL+aYrQp0PuQfBYYA="></latexit>

1

<latexit sha1_base64="ISacpoUh7TR083lQ/IB9pSqgkDk="></latexit>

G1

<latexit sha1_base64="YF8gWHa3tckr/wwXVzdZLNOJdkA="></latexit>

x1
<latexit sha1_base64="YF8gWHa3tckr/wwXVzdZLNOJdkA="></latexit>

x1

<latexit sha1_base64="zRsbj5nQUCpfhBsEs+qab3bUcrQ="></latexit>

G2 = rf2
⇣
x2; ⇠2,12

⌘

<latexit sha1_base64="LRQyOYfurnEL+aYrQp0PuQfBYYA="></latexit>

1

<latexit sha1_base64="94FYE/R43YwBVH1J0taGJ/IEJcg="></latexit>

G3
<latexit sha1_base64="/RN46NTDLVtg3MiNIgnK5FsP5gI="></latexit>

x4 = x3 � �
1

n

nX

i=1

Gi

bi

<latexit sha1_base64="QSbTDuk6AbOSk7WHFHY+cIV/w64="></latexit>

x4

<latexit sha1_base64="QSbTDuk6AbOSk7WHFHY+cIV/w64="></latexit>

x4



<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

Ringleader ASGD: Phase 2 (update)

<latexit sha1_base64="YF8gWHa3tckr/wwXVzdZLNOJdkA="></latexit>

x1
<latexit sha1_base64="rg6IXWbX4SnGLE+EljPZMJcjTj4="></latexit>

x2
<latexit sha1_base64="WNE+wOKpMs2Yk4pu0POtBV0G2Xg="> </latexit>

x3

<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0
<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0
<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0
<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

<latexit sha1_base64="rg6IXWbX4SnGLE+EljPZMJcjTj4="></latexit>

x2

<latexit sha1_base64="WNE+wOKpMs2Yk4pu0POtBV0G2Xg="> </latexit>

x3
<latexit sha1_base64="LcKVxlhR5PpWvdvEFflVI51VKNI="></latexit>

b
<latexit sha1_base64="WNE+wOKpMs2Yk4pu0POtBV0G2Xg="></latexit>

x3

<latexit sha1_base64="qRS7Omy2dyKkfwcIa+gWH62yR18="></latexit>

G2

<latexit sha1_base64="LRQyOYfurnEL+aYrQp0PuQfBYYA="></latexit>

1

<latexit sha1_base64="ISacpoUh7TR083lQ/IB9pSqgkDk="></latexit>

G1

<latexit sha1_base64="YF8gWHa3tckr/wwXVzdZLNOJdkA="></latexit>

x1
<latexit sha1_base64="YF8gWHa3tckr/wwXVzdZLNOJdkA="></latexit>

x1

<latexit sha1_base64="LRQyOYfurnEL+aYrQp0PuQfBYYA="></latexit>

1

<latexit sha1_base64="94FYE/R43YwBVH1J0taGJ/IEJcg="></latexit>

G3

<latexit sha1_base64="QSbTDuk6AbOSk7WHFHY+cIV/w64="></latexit>

x4

<latexit sha1_base64="QSbTDuk6AbOSk7WHFHY+cIV/w64="></latexit>

x4

<latexit sha1_base64="oAQSeTsaeWPb74SA35MTANN+Y3c="></latexit>

G1 =
P2

j=1 rf1
⇣
x3; ⇠3,j1

⌘

<latexit sha1_base64="2eg9G3BuKiJ5rh5cOsGILnBM+RE="></latexit>

2
<latexit sha1_base64="ojtt/Ieuv6H100JTc1Sl8+NToaM="> QtEd98tLNu/YVU/uGwvLr9ffH/SXvj11/L3rX43989z/zL3am557se5X+e2547nLub8uWTu3+f+Y+4/9zp793vZntCmv/1Nmeef5oy/veJ/AMkC4/o=</latexit>

x5

<latexit sha1_base64="ojtt/Ieuv6H100JTc1Sl8+NToaM="></latexit>

x5

<latexit sha1_base64="nmjUgdVVEkOyTkN8WjqfjWjVAW0="></latexit>

x5 = x4 � �
1

n

nX

i=1

Gi

bi



<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

Ringleader ASGD: Phase 2 (update)

<latexit sha1_base64="YF8gWHa3tckr/wwXVzdZLNOJdkA="></latexit>

x1
<latexit sha1_base64="rg6IXWbX4SnGLE+EljPZMJcjTj4="></latexit>

x2
<latexit sha1_base64="WNE+wOKpMs2Yk4pu0POtBV0G2Xg="> </latexit>

x3

<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0
<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0
<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0
<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

<latexit sha1_base64="rg6IXWbX4SnGLE+EljPZMJcjTj4="></latexit>

x2

<latexit sha1_base64="WNE+wOKpMs2Yk4pu0POtBV0G2Xg="> </latexit>

x3
<latexit sha1_base64="LcKVxlhR5PpWvdvEFflVI51VKNI="></latexit>

b
<latexit sha1_base64="WNE+wOKpMs2Yk4pu0POtBV0G2Xg="></latexit>

x3

<latexit sha1_base64="qRS7Omy2dyKkfwcIa+gWH62yR18="></latexit>

G2

<latexit sha1_base64="LRQyOYfurnEL+aYrQp0PuQfBYYA="></latexit>

1

<latexit sha1_base64="ISacpoUh7TR083lQ/IB9pSqgkDk="></latexit>

G1

<latexit sha1_base64="YF8gWHa3tckr/wwXVzdZLNOJdkA="></latexit>

x1
<latexit sha1_base64="YF8gWHa3tckr/wwXVzdZLNOJdkA="></latexit>

x1

<latexit sha1_base64="LRQyOYfurnEL+aYrQp0PuQfBYYA="></latexit>

1

<latexit sha1_base64="94FYE/R43YwBVH1J0taGJ/IEJcg="></latexit>

G3

<latexit sha1_base64="QSbTDuk6AbOSk7WHFHY+cIV/w64="></latexit>

x4

<latexit sha1_base64="QSbTDuk6AbOSk7WHFHY+cIV/w64="></latexit>

x4

<latexit sha1_base64="2eg9G3BuKiJ5rh5cOsGILnBM+RE="></latexit>

2
<latexit sha1_base64="ojtt/Ieuv6H100JTc1Sl8+NToaM="> QtEd98tLNu/YVU/uGwvLr9ffH/SXvj11/L3rX43989z/zL3am557se5X+e2547nLub8uWTu3+f+Y+4/9zp793vZntCmv/1Nmeef5oy/veJ/AMkC4/o=</latexit>

x5

<latexit sha1_base64="ojtt/Ieuv6H100JTc1Sl8+NToaM="></latexit>

x5

What to do with this gradient?

<latexit sha1_base64="XSaukvhWBmlEejyJ/Q6v98kx4Y8="></latexit>

G+
2 = rf2

⇣
x4; ⇠4,12

⌘
<latexit sha1_base64="0VA9cGrWfzO2K+IboQZQ2RFBJcM="></latexit>

G+
2

Store it for later use!



<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

Ringleader ASGD: Phase 2 (update)

<latexit sha1_base64="YF8gWHa3tckr/wwXVzdZLNOJdkA="></latexit>

x1
<latexit sha1_base64="rg6IXWbX4SnGLE+EljPZMJcjTj4="></latexit>

x2
<latexit sha1_base64="WNE+wOKpMs2Yk4pu0POtBV0G2Xg="> </latexit>

x3

<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0
<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0
<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0
<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

<latexit sha1_base64="rg6IXWbX4SnGLE+EljPZMJcjTj4="></latexit>

x2

<latexit sha1_base64="WNE+wOKpMs2Yk4pu0POtBV0G2Xg="> </latexit>

x3

<latexit sha1_base64="LcKVxlhR5PpWvdvEFflVI51VKNI="></latexit>

b

<latexit sha1_base64="WNE+wOKpMs2Yk4pu0POtBV0G2Xg="></latexit>

x3

<latexit sha1_base64="qRS7Omy2dyKkfwcIa+gWH62yR18="></latexit>

G2

<latexit sha1_base64="LRQyOYfurnEL+aYrQp0PuQfBYYA="></latexit>

1

<latexit sha1_base64="ISacpoUh7TR083lQ/IB9pSqgkDk="></latexit>

G1

<latexit sha1_base64="YF8gWHa3tckr/wwXVzdZLNOJdkA="></latexit>

x1
<latexit sha1_base64="YF8gWHa3tckr/wwXVzdZLNOJdkA="></latexit>

x1

<latexit sha1_base64="LRQyOYfurnEL+aYrQp0PuQfBYYA="></latexit>

1

<latexit sha1_base64="94FYE/R43YwBVH1J0taGJ/IEJcg="></latexit>

G3

<latexit sha1_base64="QSbTDuk6AbOSk7WHFHY+cIV/w64="></latexit>

x4

<latexit sha1_base64="QSbTDuk6AbOSk7WHFHY+cIV/w64="></latexit>

x4

<latexit sha1_base64="2eg9G3BuKiJ5rh5cOsGILnBM+RE="></latexit>

2

<latexit sha1_base64="ojtt/Ieuv6H100JTc1Sl8+NToaM="> QtEd98tLNu/YVU/uGwvLr9ffH/SXvj11/L3rX43989z/zL3am557se5X+e2547nLub8uWTu3+f+Y+4/9zp793vZntCmv/1Nmeef5oy/veJ/AMkC4/o=</latexit>

x5

<latexit sha1_base64="ojtt/Ieuv6H100JTc1Sl8+NToaM="></latexit>

x5

<latexit sha1_base64="XSaukvhWBmlEejyJ/Q6v98kx4Y8="></latexit>

G+
2 = rf2

⇣
x4; ⇠4,12

⌘
<latexit sha1_base64="0VA9cGrWfzO2K+IboQZQ2RFBJcM="></latexit>

G+
2

Store it for later use!

<latexit sha1_base64="QSbTDuk6AbOSk7WHFHY+cIV/w64="></latexit>

x4



<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

Ringleader ASGD: Phase 2 (update)

<latexit sha1_base64="YF8gWHa3tckr/wwXVzdZLNOJdkA="></latexit>

x1
<latexit sha1_base64="rg6IXWbX4SnGLE+EljPZMJcjTj4="></latexit>

x2
<latexit sha1_base64="WNE+wOKpMs2Yk4pu0POtBV0G2Xg="> </latexit>

x3

<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0
<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0
<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0
<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

<latexit sha1_base64="rg6IXWbX4SnGLE+EljPZMJcjTj4="></latexit>

x2

<latexit sha1_base64="WNE+wOKpMs2Yk4pu0POtBV0G2Xg="> </latexit>

x3

<latexit sha1_base64="LcKVxlhR5PpWvdvEFflVI51VKNI="></latexit>

b

<latexit sha1_base64="WNE+wOKpMs2Yk4pu0POtBV0G2Xg="></latexit>

x3

<latexit sha1_base64="qRS7Omy2dyKkfwcIa+gWH62yR18="></latexit>

G2

<latexit sha1_base64="LRQyOYfurnEL+aYrQp0PuQfBYYA="></latexit>

1

<latexit sha1_base64="ISacpoUh7TR083lQ/IB9pSqgkDk="></latexit>

G1

<latexit sha1_base64="YF8gWHa3tckr/wwXVzdZLNOJdkA="></latexit>

x1
<latexit sha1_base64="YF8gWHa3tckr/wwXVzdZLNOJdkA="></latexit>

x1

<latexit sha1_base64="LRQyOYfurnEL+aYrQp0PuQfBYYA="></latexit>

1

<latexit sha1_base64="94FYE/R43YwBVH1J0taGJ/IEJcg="></latexit>

G3

<latexit sha1_base64="QSbTDuk6AbOSk7WHFHY+cIV/w64="></latexit>

x4

<latexit sha1_base64="QSbTDuk6AbOSk7WHFHY+cIV/w64="></latexit>

x4

<latexit sha1_base64="2eg9G3BuKiJ5rh5cOsGILnBM+RE="></latexit>

2

<latexit sha1_base64="ojtt/Ieuv6H100JTc1Sl8+NToaM="> QtEd98tLNu/YVU/uGwvLr9ffH/SXvj11/L3rX43989z/zL3am557se5X+e2547nLub8uWTu3+f+Y+4/9zp793vZntCmv/1Nmeef5oy/veJ/AMkC4/o=</latexit>

x5

<latexit sha1_base64="ojtt/Ieuv6H100JTc1Sl8+NToaM="></latexit>

x5

<latexit sha1_base64="0VA9cGrWfzO2K+IboQZQ2RFBJcM="></latexit>

G+
2

<latexit sha1_base64="QSbTDuk6AbOSk7WHFHY+cIV/w64="></latexit>

x4

<latexit sha1_base64="VPzN1Cr37RTE/xqODVGdEnX8XGo="></latexit>

G+
1

<latexit sha1_base64="ojtt/Ieuv6H100JTc1Sl8+NToaM="></latexit>

x5



<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

Ringleader ASGD: Phase 2 (update)

<latexit sha1_base64="YF8gWHa3tckr/wwXVzdZLNOJdkA="></latexit>

x1
<latexit sha1_base64="rg6IXWbX4SnGLE+EljPZMJcjTj4="></latexit>

x2
<latexit sha1_base64="WNE+wOKpMs2Yk4pu0POtBV0G2Xg="> </latexit>

x3

<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0
<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0
<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0
<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

<latexit sha1_base64="rg6IXWbX4SnGLE+EljPZMJcjTj4="></latexit>

x2

<latexit sha1_base64="WNE+wOKpMs2Yk4pu0POtBV0G2Xg="> </latexit>

x3

<latexit sha1_base64="LcKVxlhR5PpWvdvEFflVI51VKNI="></latexit>

b

<latexit sha1_base64="WNE+wOKpMs2Yk4pu0POtBV0G2Xg="></latexit>

x3

<latexit sha1_base64="qRS7Omy2dyKkfwcIa+gWH62yR18="></latexit>

G2

<latexit sha1_base64="LRQyOYfurnEL+aYrQp0PuQfBYYA="></latexit>

1

<latexit sha1_base64="ISacpoUh7TR083lQ/IB9pSqgkDk="></latexit>

G1

<latexit sha1_base64="YF8gWHa3tckr/wwXVzdZLNOJdkA="></latexit>

x1
<latexit sha1_base64="YF8gWHa3tckr/wwXVzdZLNOJdkA="></latexit>

x1

<latexit sha1_base64="94FYE/R43YwBVH1J0taGJ/IEJcg="></latexit>

G3

<latexit sha1_base64="QSbTDuk6AbOSk7WHFHY+cIV/w64="></latexit>

x4

<latexit sha1_base64="QSbTDuk6AbOSk7WHFHY+cIV/w64="></latexit>

x4

<latexit sha1_base64="2eg9G3BuKiJ5rh5cOsGILnBM+RE="></latexit>

2

<latexit sha1_base64="ojtt/Ieuv6H100JTc1Sl8+NToaM="> QtEd98tLNu/YVU/uGwvLr9ffH/SXvj11/L3rX43989z/zL3am557se5X+e2547nLub8uWTu3+f+Y+4/9zp793vZntCmv/1Nmeef5oy/veJ/AMkC4/o=</latexit>

x5

<latexit sha1_base64="ojtt/Ieuv6H100JTc1Sl8+NToaM="></latexit>

x5

<latexit sha1_base64="0VA9cGrWfzO2K+IboQZQ2RFBJcM="></latexit>

G+
2

<latexit sha1_base64="QSbTDuk6AbOSk7WHFHY+cIV/w64="></latexit>

x4

<latexit sha1_base64="VPzN1Cr37RTE/xqODVGdEnX8XGo="></latexit>

G+
1

<latexit sha1_base64="ojtt/Ieuv6H100JTc1Sl8+NToaM="></latexit>

x5

<latexit sha1_base64="2eg9G3BuKiJ5rh5cOsGILnBM+RE="></latexit>

2
<latexit sha1_base64="gLJxP+Vg3QoMc+7GAdJa2F+JAnk="></latexit>

x6

<latexit sha1_base64="hZ8CBJq++zwut64aprlUISsnRbs="></latexit>

x6 = x5 � �
1

n

nX

i=1

Gi

bi

<latexit sha1_base64="gLJxP+Vg3QoMc+7GAdJa2F+JAnk="></latexit>

x6



<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

Ringleader ASGD: Prepare for the Next Round

<latexit sha1_base64="YF8gWHa3tckr/wwXVzdZLNOJdkA="></latexit>

x1
<latexit sha1_base64="rg6IXWbX4SnGLE+EljPZMJcjTj4="></latexit>

x2
<latexit sha1_base64="WNE+wOKpMs2Yk4pu0POtBV0G2Xg="> </latexit>

x3

<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0
<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0
<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0
<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

<latexit sha1_base64="rg6IXWbX4SnGLE+EljPZMJcjTj4="></latexit>

x2

<latexit sha1_base64="WNE+wOKpMs2Yk4pu0POtBV0G2Xg="> </latexit>

x3

<latexit sha1_base64="LcKVxlhR5PpWvdvEFflVI51VKNI="></latexit>

b

<latexit sha1_base64="WNE+wOKpMs2Yk4pu0POtBV0G2Xg="></latexit>

x3

<latexit sha1_base64="qRS7Omy2dyKkfwcIa+gWH62yR18="></latexit>

G2

<latexit sha1_base64="LRQyOYfurnEL+aYrQp0PuQfBYYA="></latexit>

1

<latexit sha1_base64="ISacpoUh7TR083lQ/IB9pSqgkDk="></latexit>

G1

<latexit sha1_base64="YF8gWHa3tckr/wwXVzdZLNOJdkA="></latexit>

x1
<latexit sha1_base64="YF8gWHa3tckr/wwXVzdZLNOJdkA="></latexit>

x1

<latexit sha1_base64="94FYE/R43YwBVH1J0taGJ/IEJcg="></latexit>

G3

<latexit sha1_base64="QSbTDuk6AbOSk7WHFHY+cIV/w64="></latexit>

x4

<latexit sha1_base64="QSbTDuk6AbOSk7WHFHY+cIV/w64="></latexit>

x4

<latexit sha1_base64="2eg9G3BuKiJ5rh5cOsGILnBM+RE="></latexit>

2

<latexit sha1_base64="ojtt/Ieuv6H100JTc1Sl8+NToaM="> QtEd98tLNu/YVU/uGwvLr9ffH/SXvj11/L3rX43989z/zL3am557se5X+e2547nLub8uWTu3+f+Y+4/9zp793vZntCmv/1Nmeef5oy/veJ/AMkC4/o=</latexit>

x5

<latexit sha1_base64="ojtt/Ieuv6H100JTc1Sl8+NToaM="></latexit>

x5

<latexit sha1_base64="0VA9cGrWfzO2K+IboQZQ2RFBJcM="></latexit>

G+
2

<latexit sha1_base64="QSbTDuk6AbOSk7WHFHY+cIV/w64="></latexit>

x4

<latexit sha1_base64="VPzN1Cr37RTE/xqODVGdEnX8XGo="></latexit>

G+
1

<latexit sha1_base64="ojtt/Ieuv6H100JTc1Sl8+NToaM="></latexit>

x5

<latexit sha1_base64="2eg9G3BuKiJ5rh5cOsGILnBM+RE="></latexit>

2
<latexit sha1_base64="gLJxP+Vg3QoMc+7GAdJa2F+JAnk="></latexit>

x6

<latexit sha1_base64="gLJxP+Vg3QoMc+7GAdJa2F+JAnk="></latexit>

x6

Move the stored ones 
back to the original table



<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

Ringleader ASGD: Start with Phase 1

<latexit sha1_base64="YF8gWHa3tckr/wwXVzdZLNOJdkA="></latexit>

x1
<latexit sha1_base64="rg6IXWbX4SnGLE+EljPZMJcjTj4="></latexit>

x2
<latexit sha1_base64="WNE+wOKpMs2Yk4pu0POtBV0G2Xg="> </latexit>

x3

<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0
<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0
<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0
<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

<latexit sha1_base64="rg6IXWbX4SnGLE+EljPZMJcjTj4="></latexit>

x2

<latexit sha1_base64="WNE+wOKpMs2Yk4pu0POtBV0G2Xg="> </latexit>

x3

<latexit sha1_base64="LcKVxlhR5PpWvdvEFflVI51VKNI="></latexit>

b

<latexit sha1_base64="WNE+wOKpMs2Yk4pu0POtBV0G2Xg="></latexit>

x3

<latexit sha1_base64="qRS7Omy2dyKkfwcIa+gWH62yR18="></latexit>

G2

<latexit sha1_base64="LRQyOYfurnEL+aYrQp0PuQfBYYA="></latexit>

1

<latexit sha1_base64="ISacpoUh7TR083lQ/IB9pSqgkDk="></latexit>

G1

<latexit sha1_base64="YF8gWHa3tckr/wwXVzdZLNOJdkA="></latexit>

x1
<latexit sha1_base64="YF8gWHa3tckr/wwXVzdZLNOJdkA="></latexit>

x1

<latexit sha1_base64="QSbTDuk6AbOSk7WHFHY+cIV/w64="></latexit>

x4

<latexit sha1_base64="QSbTDuk6AbOSk7WHFHY+cIV/w64="></latexit>

x4

<latexit sha1_base64="ojtt/Ieuv6H100JTc1Sl8+NToaM="> QtEd98tLNu/YVU/uGwvLr9ffH/SXvj11/L3rX43989z/zL3am557se5X+e2547nLub8uWTu3+f+Y+4/9zp793vZntCmv/1Nmeef5oy/veJ/AMkC4/o=</latexit>

x5

<latexit sha1_base64="ojtt/Ieuv6H100JTc1Sl8+NToaM="></latexit>

x5

<latexit sha1_base64="QSbTDuk6AbOSk7WHFHY+cIV/w64="></latexit>

x4

<latexit sha1_base64="ojtt/Ieuv6H100JTc1Sl8+NToaM="></latexit>

x5

<latexit sha1_base64="gLJxP+Vg3QoMc+7GAdJa2F+JAnk="></latexit>

x6

<latexit sha1_base64="gLJxP+Vg3QoMc+7GAdJa2F+JAnk="></latexit>

x6

<latexit sha1_base64="LRQyOYfurnEL+aYrQp0PuQfBYYA="></latexit>

1
<latexit sha1_base64="K38tL6h4ns/y5oU25BD9UScu1e0="></latexit>

0



<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

Ringleader ASGD

<latexit sha1_base64="YF8gWHa3tckr/wwXVzdZLNOJdkA="></latexit>

x1
<latexit sha1_base64="rg6IXWbX4SnGLE+EljPZMJcjTj4="></latexit>

x2
<latexit sha1_base64="WNE+wOKpMs2Yk4pu0POtBV0G2Xg="> </latexit>

x3

<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0
<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0
<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0
<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

<latexit sha1_base64="mjyoD70hR+13ldsSUcuAsK+18Bw="></latexit>

x0

<latexit sha1_base64="rg6IXWbX4SnGLE+EljPZMJcjTj4="></latexit>

x2

<latexit sha1_base64="WNE+wOKpMs2Yk4pu0POtBV0G2Xg="> </latexit>

x3
<latexit sha1_base64="WNE+wOKpMs2Yk4pu0POtBV0G2Xg="></latexit>

x3

<latexit sha1_base64="YF8gWHa3tckr/wwXVzdZLNOJdkA="></latexit>

x1
<latexit sha1_base64="YF8gWHa3tckr/wwXVzdZLNOJdkA="></latexit>

x1

<latexit sha1_base64="QSbTDuk6AbOSk7WHFHY+cIV/w64="></latexit>

x4

<latexit sha1_base64="QSbTDuk6AbOSk7WHFHY+cIV/w64="></latexit>

x4

<latexit sha1_base64="ojtt/Ieuv6H100JTc1Sl8+NToaM="> QtEd98tLNu/YVU/uGwvLr9ffH/SXvj11/L3rX43989z/zL3am557se5X+e2547nLub8uWTu3+f+Y+4/9zp793vZntCmv/1Nmeef5oy/veJ/AMkC4/o=</latexit>

x5

<latexit sha1_base64="ojtt/Ieuv6H100JTc1Sl8+NToaM="></latexit>

x5

<latexit sha1_base64="QSbTDuk6AbOSk7WHFHY+cIV/w64="></latexit>

x4

<latexit sha1_base64="ojtt/Ieuv6H100JTc1Sl8+NToaM="></latexit>

x5

<latexit sha1_base64="gLJxP+Vg3QoMc+7GAdJa2F+JAnk="></latexit>

x6

<latexit sha1_base64="gLJxP+Vg3QoMc+7GAdJa2F+JAnk="></latexit>

x6

<latexit sha1_base64="ojtt/Ieuv6H100JTc1Sl8+NToaM="></latexit>

x5

<latexit sha1_base64="QSbTDuk6AbOSk7WHFHY+cIV/w64="></latexit>

x4

<latexit sha1_base64="ojtt/Ieuv6H100JTc1Sl8+NToaM="></latexit>

x5

<latexit sha1_base64="LOFapmENyTgYeiqhKwFlVFqW9F8="></latexit>

x7
<latexit sha1_base64="JsoAn7O3X2nqam81ipeN7y0LPO0="></latexit>

x8
<latexit sha1_base64="YsRrD0SXKWrYDUKTTVLblusuECk="></latexit>

x9

Phase 1
Collect

Phase 2
Update

Phase 1
Collect

Phase 2
Update

Phase 1
Collect

Phase 2
Update

<latexit sha1_base64="API/NrYi490lCVbiKjYjCoNVWpo="></latexit>

�ki  2n� 2



Ringleader ASGD
outperforms existing baselines
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<latexit sha1_base64="J6ZnBA9C/C0jhAfd1I+9SXghs6U="></latexit>

⌧i = i+ |⌘i|
<latexit sha1_base64="J0QgLS2tL4nVirjA3/3J6emi/ao="></latexit>

⌘i ⇠ N (0, i)

<latexit sha1_base64="q+wBVyQWQniEt5hNEe/HrQRlrrQ="></latexit>

n = 100

Two-layer MLP

MNIST



kinga

More on my PhD Defense
December 4
(lmk if you want to attend)

KHALAS


