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(a) Polynomial vs. Entangled Polynomial
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(b) MatDot vs. Entangled Polynomial
MatDot
Entangled Polynomial

In Amazon EC2, we run the master on a virtual machine of type t2.xlarge and all workers on 
virtual machines of type t2.small. We set initial values of (m, n, p) as (2, 2, 2), and encode input 
matrices of three jobs.  

  

                                                 
Compared to the whole job completion time, the re-encoding (RE) overhead of dynamic re-
encode is marginal. 

          

Due to the saved re-encoding overhead, we can observe that the job completion time can also be 
saved by up to 92.7%. 
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(c) Job 3
static RE
dynamic RE

Instead of re-encoding the job from scratch, we propose a dynamic framework that re-encodes 
each task locally on each worker without additional data. 
Given a job of A × B, an (m,n,p) entangled polynomial code splits  into  and  partitions 
vertically and horizontally,  into  and  partitions vertically and horizontally, and encode 
them into  and , respectively. 
Polynomial codes (p=1) and MatDot codes (m=n=1) are special cases of entangled polynomial 
code.  

By simply re-encoding  and , our framework can switch coding schemes among them 
dynamically, as well as the values of their parameters. 

    

Theorem: A task encoded with an  entangled polynomial code can be locally re-
encoded into a task encoded with a  entangled polynomial code, where 

 are positive integers. 
We compare the time of our framework of dynamic re-encoding with the time of re-encoding 
the job from scratch, i.e., static re-encoding.  

 
The time of re-encoding can be saved by 84.9% and 62.8%, respectively. The saving time mainly 
comes from the time of encoding and deploying tasks.
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static
dynamic

So far, there are three major coding schemes based on polynomials: polynomial codes, MadDot 
codes and entangled polynomial code. They have different partitions of input matrices. 

Polynomial Code: Splitting input matrices A and B vertically and horizontally, respectively.    

 

With , where  is unique in each task, we can 
get  based on the results of any 4 tasks.               

MatDot Code: Splitting input matrices A and B horizontally and vertically, respectively.  

                

Entangled Polynomial Code: Dividing input matrices in more dimensions to reduce the size of 

the task.                              
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<latexit sha1_base64="TVADMNhpOwt9jD7uJsFHtSsYUAA=">AAACFXicbZDLSsNAFIYnXmu9VV26CRahgpSkCrqsdeOygr1AE8pkctoOnVyYORFK6Eu48VXcuFDEreDOt3HaZmFbfxj4+c45nDm/Fwuu0LJ+jJXVtfWNzdxWfntnd2+/cHDYVFEiGTRYJCLZ9qgCwUNoIEcB7VgCDTwBLW94O6m3HkEqHoUPOIrBDWg/5D3OKGrULZw7yIUP6c245PggkHZT2xqfZbQ2T7uFolW2pjKXjZ2ZIslU7xa+HT9iSQAhMkGV6thWjG5KJXImYJx3EgUxZUPah462IQ1Auen0qrF5qolv9iKpX4jmlP6dSGmg1CjwdGdAcaAWaxP4X62TYO/aTXkYJwghmy3qJcLEyJxEZPpcAkMx0oYyyfVfTTagkjLUQeZ1CPbiycumWSnbF+XK/WWxWsviyJFjckJKxCZXpEruSJ00CCNP5IW8kXfj2Xg1PozPWeuKkc0ckTkZX7/RAZ6U</latexit>
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Conventionally, stragglers can be tolerated by running replicated tasks on multiple servers. 

 
To save the required resources, we can run additional coded tasks which compute the 
multiplication of coded matrices.  
Further, by dividing input matrices in more dimensions, we can reduce the size of tasks. 
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<latexit sha1_base64="l8AA1VddsoQrSwZe53M0Fju/8p4=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9nVih5rvXisYD+gXUo2zbahSXZJskJZ+he8eFDEq3/Im//GbLsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpf5nSeqNIvko5nG1Bd4JFnICDaZdDtwG4Nyxa26c6BV4uWkAjmag/JXfxiRRFBpCMda9zw3Nn6KlWGE01mpn2gaYzLBI9qzVGJBtZ/Ob52hM6sMURgpW9Kgufp7IsVC66kIbKfAZqyXvUz8z+slJrzxUybjxFBJFovChCMToexxNGSKEsOnlmCimL0VkTFWmBgbT8mG4C2/vEraF1Xvsnr1UKvUG3kcRTiBUzgHD66hDvfQhBYQGMMzvMKbI5wX5935WLQWnHzmGP7A+fwBQmaNuw==</latexit>

A1B
<latexit sha1_base64="scXt2fKMLPbIWKcSlhgX+ROIfHA=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9nVih5rvXisYD+gXUo2zbahSXZJskJZ+he8eFDEq3/Im//GbLsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpf5nSeqNIvko5nG1Bd4JFnICDaZdDvwGoNyxa26c6BV4uWkAjmag/JXfxiRRFBpCMda9zw3Nn6KlWGE01mpn2gaYzLBI9qzVGJBtZ/Ob52hM6sMURgpW9Kgufp7IsVC66kIbKfAZqyXvUz8z+slJrzxUybjxFBJFovChCMToexxNGSKEsOnlmCimL0VkTFWmBgbT8mG4C2/vEraF1Xvsnr1UKvUG3kcRTiBUzgHD66hDvfQhBYQGMMzvMKbI5wX5935WLQWnHzmGP7A+fwBQ+uNvA==</latexit>

A0B
<latexit sha1_base64="l8AA1VddsoQrSwZe53M0Fju/8p4=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9nVih5rvXisYD+gXUo2zbahSXZJskJZ+he8eFDEq3/Im//GbLsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpf5nSeqNIvko5nG1Bd4JFnICDaZdDtwG4Nyxa26c6BV4uWkAjmag/JXfxiRRFBpCMda9zw3Nn6KlWGE01mpn2gaYzLBI9qzVGJBtZ/Ob52hM6sMURgpW9Kgufp7IsVC66kIbKfAZqyXvUz8z+slJrzxUybjxFBJFovChCMToexxNGSKEsOnlmCimL0VkTFWmBgbT8mG4C2/vEraF1Xvsnr1UKvUG3kcRTiBUzgHD66hDvfQhBYQGMMzvMKbI5wX5935WLQWnHzmGP7A+fwBQmaNuw==</latexit>

A1B
<latexit sha1_base64="scXt2fKMLPbIWKcSlhgX+ROIfHA=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9nVih5rvXisYD+gXUo2zbahSXZJskJZ+he8eFDEq3/Im//GbLsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpf5nSeqNIvko5nG1Bd4JFnICDaZdDvwGoNyxa26c6BV4uWkAjmag/JXfxiRRFBpCMda9zw3Nn6KlWGE01mpn2gaYzLBI9qzVGJBtZ/Ob52hM6sMURgpW9Kgufp7IsVC66kIbKfAZqyXvUz8z+slJrzxUybjxFBJFovChCMToexxNGSKEsOnlmCimL0VkTFWmBgbT8mG4C2/vEraF1Xvsnr1UKvUG3kcRTiBUzgHD66hDvfQhBYQGMMzvMKbI5wX5935WLQWnHzmGP7A+fwBQ+uNvA==</latexit>

Replicated Tasks:

worker 1 worker 2 worker 3

master
A0

A1

�
·
⇥
B
⇤

<latexit sha1_base64="+bDVo4hnH5E+8oExQXT/y2tV39s=">AAACOXicbVBNS8NAEN3Urxq/qh69LBbBU0m0+HGr9eKxgrVCU8JmM22XbjZhdyOW4N/y4r/wJnjxoIhX/4DbWNRWHww83pthZl6QcKa04zxahZnZufmF4qK9tLyyulZa37hUcSopNGnMY3kVEAWcCWhqpjlcJRJIFHBoBYPTkd+6BqlYLC70MIFORHqCdRkl2kh+qeEF0GMiCyKiJbu5tU98B3sePvFdbHsgwh/Ho2GsjTg1UJ9s80tlp+LkwH+JOyZlNEbDLz14YUzTCISmnCjVdp1EdzIiNaMczNpUQULogPSgbaggEahOln9+i3eMEuJuLE0JjXP190RGIqWGUWA6zX19Ne2NxP+8dqq7R52MiSTVIOjXom7KsY7xKEYcMglU86EhhEpmbsW0TySh2oRt5yEcj3Dw/fJfcrlXcfcr1fNquVYfx1FEW2gb7SIXHaIaOkMN1EQU3aEn9IJerXvr2Xqz3r9aC9Z4ZhNNwPr4BJyrrQQ=</latexit>

A0B
<latexit sha1_base64="l8AA1VddsoQrSwZe53M0Fju/8p4=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9nVih5rvXisYD+gXUo2zbahSXZJskJZ+he8eFDEq3/Im//GbLsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpf5nSeqNIvko5nG1Bd4JFnICDaZdDtwG4Nyxa26c6BV4uWkAjmag/JXfxiRRFBpCMda9zw3Nn6KlWGE01mpn2gaYzLBI9qzVGJBtZ/Ob52hM6sMURgpW9Kgufp7IsVC66kIbKfAZqyXvUz8z+slJrzxUybjxFBJFovChCMToexxNGSKEsOnlmCimL0VkTFWmBgbT8mG4C2/vEraF1Xvsnr1UKvUG3kcRTiBUzgHD66hDvfQhBYQGMMzvMKbI5wX5935WLQWnHzmGP7A+fwBQmaNuw==</latexit>

(A0 +A1)B
<latexit sha1_base64="K2rvjy3VyJwtihllxJzbrAyMbbc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahIpSkKnps68VjBfsBbQib7aZdutmE3Y1QQv+GFw+KePXPePPfuG1z0NYHA4/3ZpiZ58ecKW3b31ZubX1jcyu/XdjZ3ds/KB4etVWUSEJbJOKR7PpYUc4EbWmmOe3GkuLQ57Tjj+9mfueJSsUi8agnMXVDPBQsYARrI/XLdc9GF6juOecNr1iyK/YcaJU4GSlBhqZX/OoPIpKEVGjCsVI9x461m2KpGeF0WugnisaYjPGQ9gwVOKTKTec3T9GZUQYoiKQpodFc/T2R4lCpSeibzhDrkVr2ZuJ/Xi/Rwa2bMhEnmgqyWBQkHOkIzQJAAyYp0XxiCCaSmVsRGWGJiTYxFUwIzvLLq6RdrTiXleuHq1KtkcWRhxM4hTI4cAM1uIcmtIBADM/wCm9WYr1Y79bHojVnZTPH8AfW5w/QZY+Y</latexit>

Coded Tasks:

A1B
<latexit sha1_base64="scXt2fKMLPbIWKcSlhgX+ROIfHA=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9nVih5rvXisYD+gXUo2zbahSXZJskJZ+he8eFDEq3/Im//GbLsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpf5nSeqNIvko5nG1Bd4JFnICDaZdDvwGoNyxa26c6BV4uWkAjmag/JXfxiRRFBpCMda9zw3Nn6KlWGE01mpn2gaYzLBI9qzVGJBtZ/Ob52hM6sMURgpW9Kgufp7IsVC66kIbKfAZqyXvUz8z+slJrzxUybjxFBJFovChCMToexxNGSKEsOnlmCimL0VkTFWmBgbT8mG4C2/vEraF1Xvsnr1UKvUG3kcRTiBUzgHD66hDvfQhBYQGMMzvMKbI5wX5935WLQWnHzmGP7A+fwBQ+uNvA==</latexit>


A0

A1

�
·
⇥
B0 B1

⇤

<latexit sha1_base64="QMwT1sCphD/n8Asjz0P5b/dFESw="></latexit>

worker 1 worker 2 worker 3 worker 4 worker 5
(A0 +A1)(B0 +B1)

<latexit sha1_base64="8wy1+SKQhQk6I+z7aGRkHn/siB4=">AAACAHicbZC7SgNBFIbPxluMt1ULC5vBICQIYdcLWiaxsYxgLpAsy+xkNhkye2FmVghLGl/FxkIRWx/DzrdxskmhiT8MfPznHM6c34s5k8qyvo3cyura+kZ+s7C1vbO7Z+4ftGSUCEKbJOKR6HhYUs5C2lRMcdqJBcWBx2nbG91O6+1HKiSLwgc1jqkT4EHIfEaw0pZrHpVqroXOUM21UblUz7ju2mXXLFoVKxNaBnsORZir4ZpfvX5EkoCGinAsZde2YuWkWChGOJ0UeomkMSYjPKBdjSEOqHTS7IAJOtVOH/mR0C9UKHN/T6Q4kHIceLozwGooF2tT879aN1H+jZOyME4UDclskZ9wpCI0TQP1maBE8bEGTATTf0VkiAUmSmdW0CHYiycvQ+u8Yl9Uru4vi9X6PI48HMMJlMCGa6jCHTSgCQQm8Ayv8GY8GS/Gu/Exa80Z85lD+CPj8wdsWJJ0</latexit>

A0B0
<latexit sha1_base64="70ma8GYEQaPnBgFB63s6MPDMf3U=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI8xXjxGMA9IlmV2MpuMmZ1ZZmaFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7woQzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpapIrRJJJeqE2JNORO0aZjhtJMoiuOQ03Y4up367SeqNJPiwYwT6sd4IFjECDZWat0Ebj1wg3LFrbozoGXi5aQCORpB+avXlySNqTCEY627npsYP8PKMMLppNRLNU0wGeEB7VoqcEy1n82unaATq/RRJJUtYdBM/T2R4VjrcRzazhiboV70puJ/Xjc10bWfMZGkhgoyXxSlHBmJpq+jPlOUGD62BBPF7K2IDLHCxNiASjYEb/HlZdI6q3rn1cv7i0qtnsdRhCM4hlPw4ApqcAcNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz9nio5e</latexit>

A1B1
<latexit sha1_base64="iELPr3BnpSr1ZUzCH/f622HV90I=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI8xXjxGMA9IlmV2MpuMmZ1ZZmaFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7woQzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpapIrRJJJeqE2JNORO0aZjhtJMoiuOQ03Y4up367SeqNJPiwYwT6sd4IFjECDZWat0EXj3wgnLFrbozoGXi5aQCORpB+avXlySNqTCEY627npsYP8PKMMLppNRLNU0wGeEB7VoqcEy1n82unaATq/RRJJUtYdBM/T2R4VjrcRzazhiboV70puJ/Xjc10bWfMZGkhgoyXxSlHBmJpq+jPlOUGD62BBPF7K2IDLHCxNiASjYEb/HlZdI6q3rn1cv7i0qtnsdRhCM4hlPw4ApqcAcNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz9qlY5g</latexit>

A1B0
<latexit sha1_base64="MwH4hrkRTqkeLarFHQW0vPPUc+4=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI8xXjxGMA9IlmV2MpuMmZ1ZZmaFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7woQzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpapIrRJJJeqE2JNORO0aZjhtJMoiuOQ03Y4up367SeqNJPiwYwT6sd4IFjECDZWat0EXj1wg3LFrbozoGXi5aQCORpB+avXlySNqTCEY627npsYP8PKMMLppNRLNU0wGeEB7VoqcEy1n82unaATq/RRJJUtYdBM/T2R4VjrcRzazhiboV70puJ/Xjc10bWfMZGkhgoyXxSlHBmJpq+jPlOUGD62BBPF7K2IDLHCxNiASjYEb/HlZdI6q3rn1cv7i0qtnsdRhCM4hlPw4ApqcAcNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz9pEY5f</latexit>

A0B1
<latexit sha1_base64="M5uwaD/OXAZn4lytoJE+4mCRd70=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI8xXjxGMA9IlmV2MpuMmZ1ZZmaFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7woQzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpapIrRJJJeqE2JNORO0aZjhtJMoiuOQ03Y4up367SeqNJPiwYwT6sd4IFjECDZWat0Ebj3wgnLFrbozoGXi5aQCORpB+avXlySNqTCEY627npsYP8PKMMLppNRLNU0wGeEB7VoqcEy1n82unaATq/RRJJUtYdBM/T2R4VjrcRzazhiboV70puJ/Xjc10bWfMZGkhgoyXxSlHBmJpq+jPlOUGD62BBPF7K2IDLHCxNiASjYEb/HlZdI6q3rn1cv7i0qtnsdRhCM4hlPw4ApqcAcNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz9pDo5f</latexit>

master

In a distributed infrastructure, the performance of 
resources, such as CPU and bandwidth, may change 
with time, especially when they are shared by tenants. 
In order to demonstrate the impact of dynamic 
resources on the performance, we run an experiment 
where we inject traffic from an additional node. 
The experiment results below give a strong evidence 
of the necessity of changing coding schemes with 
respects to the dynamic resources.           

Dynamic Coding for Distributed Matrix Multiplication
Xian Su, Xiaodi Fan, Jun Li

School of Computing and Information Sciences, Florida International University

Matrix multiplication is a fundamental operation in various machine learning algorithms. As 
the size of datasets grows, it becomes necessary to run matrix multiplication on multiple 
servers, where each server runs a task calculating a submatrix of the result. 
Servers in a distributed infrastructure are subject to various faulty behaviors. 
A task running on servers affected by a faulty server becomes a straggler. A straggler may 
significantly affect the performance of distributed matrix multiplication as the job depends on 
the results of all tasks.

Size:  
Platform: local cluster 
Data: average of 50 times 
Traffic: 3Gbps

4096 × 4096

Evaluation

Job 1 Job 2 Job 3
A 1024⇥ 2048 2048⇥ 2048 2048⇥ 1024
B 2048⇥ 4096 2048⇥ 2048 1024⇥ 2048

<latexit sha1_base64="O1GWlReGZLfJX25Xgp6PsO11Qj4="></latexit>

Sizes of input matrices in the three jobs

This work was supported in part by the National Science Foundation under the grant CCF-1910447 
and the “AWS Cloud Credits for Research” program.

Main ResultLarge-scale Matrix Multiplication

Tolerating Stragglers with Coding

Major Coding Schemes for Matrix Multiplication

Motivation: Dynamic Resources 

Size:  
Platform: local cluster 
Data: average of 50 times 
Traffic: no traffic 

P -> EP:   Polynomial Code (m=2,n=2) -> Entangled Polynomial 
Code (m=2,n=4,p=2) 
MD -> EP:   MatDot Code (p=2) -> Entangled Polynomial Code 
(m=2,n=1,p=4)

4096 × 4096

AB =


A0B0 A0B1

A1B0 A1B1

�

<latexit sha1_base64="WPgMY5RqoPRygRLdvGgq4MwEZ9s="></latexit>

AB =
⇥
A0B0 A1B1

⇤
<latexit sha1_base64="QAO+MXYXBgmjBeLs+O5TEJDN/Zk="></latexit>

Job completion time with re-encoding

Overhead of re-encoding with different re-encoding schemes

⇥
A0 A1

⇤
·

B0

B1

�

<latexit sha1_base64="HS/RCjSlEJ90+K/pL8/XC6e41Ho="></latexit>

master

Ã(�9)B̃(�9)
<latexit sha1_base64="/qTl0SFpki1R4yc6HtQvgkQbbrY=">AAACD3icbZC7TgJBFIZn8YZ4W7W02Ug02JBdNFE7xMYSE7kkQMjs7AEmzF4yc9aEbHgDG1/FxkJjbG3tfBsH2ALBP5nkz3fOyZnzu5HgCm37x8isrK6tb2Q3c1vbO7t75v5BXYWxZFBjoQhl06UKBA+ghhwFNCMJ1HcFNNzh7aTeeASpeBg84CiCjk/7Ae9xRlGjrnnaRi48SG7GhbYHAmn3+ixFlTnUNfN20Z7KWjZOavIkVbVrfre9kMU+BMgEVarl2BF2EiqRMwHjXDtWEFE2pH1oaRtQH1Qnmd4ztk408axeKPUL0JrS+YmE+kqNfFd3+hQHarE2gf/VWjH2rjoJD6IYIWCzRb1YWBhak3Asj0tgKEbaUCa5/qvFBlRShjrCnA7BWTx52dRLRee8WLq/yJcraRxZckSOSYE45JKUyR2pkhph5Im8kDfybjwbr8aH8TlrzRjpzCH5I+PrFyx2nBg=</latexit>

Ã(�9)B̃(�9)
<latexit sha1_base64="YXre4EArq94iTeophOwc+fZOz6I=">AAACD3icbZC7TsMwFIadcivlFmBksahAZakSLgK2UhbGItGL1ESR4zitVTuJbAepivoGLLwKCwMIsbKy8Ta4bYbS8kuWfn3nHB2f308YlcqyfozC0vLK6lpxvbSxubW9Y+7utWScCkyaOGax6PhIEkYj0lRUMdJJBEHcZ6TtD27H9fYjEZLG0YMaJsTlqBfRkGKkNPLMY0dRFpDsZlRxJO1x5F2f5Kg+gzyzbFWtieCisXNTBrkanvntBDFOOYkUZkjKrm0lys2QUBQzMio5qSQJwgPUI11tI8SJdLPJPSN4pEkAw1joFyk4obMTGeJSDrmvOzlSfTlfG8P/at1UhVduRqMkVSTC00VhyqCK4TgcGFBBsGJDbRAWVP8V4j4SCCsdYUmHYM+fvGhap1X7rHpxf16u1fM4iuAAHIIKsMElqIE70ABNgMETeAFv4N14Nl6ND+Nz2low8pl98EfG1y9DwZwp</latexit>

Ã(�1)B̃(�1)
<latexit sha1_base64="tgx1dD3sPNsdQsIpXOlt0c/h7Fg=">AAACD3icbZC7SgNBFIZn4y3G26qlzWJQYhN2o6BljI1lBHOBbAizsyfJkNkLM2eFsOQNbHwVGwtFbG3tfBsnyRaa+MPAz3fO4cz5vVhwhbb9beRWVtfWN/Kbha3tnd09c/+gqaJEMmiwSESy7VEFgofQQI4C2rEEGngCWt7oZlpvPYBUPArvcRxDN6CDkPc5o6hRzzx1kQsf0utJyfVBIO05Zxmq/UI9s2iX7ZmsZeNkpkgy1Xvml+tHLAkgRCaoUh3HjrGbUomcCZgU3ERBTNmIDqCjbUgDUN10ds/EOtHEt/qR1C9Ea0Z/T6Q0UGoceLozoDhUi7Up/K/WSbB/1U15GCcIIZsv6ifCwsiahmP5XAJDMdaGMsn1Xy02pJIy1BEWdAjO4snLplkpO+flyt1FsVrL4siTI3JMSsQhl6RKbkmdNAgjj+SZvJI348l4Md6Nj3lrzshmDskfGZ8/E46cCA==</latexit>

Ã(�1)B̃(�1)
<latexit sha1_base64="PXmszX2tfGLWTglOBj1v1VuZUzE=">AAACD3icbZC7TsMwFIYdrqXcAowsFhWoLFXCRTCWsjAWiV6kJooc12mt2k5kO0hV1Ddg4VVYGECIlZWNt8FtM5SWX7L06zvn6Pj8YcKo0o7zYy0tr6yurRc2iptb2zu79t5+U8WpxKSBYxbLdogUYVSQhqaakXYiCeIhI61wcDuutx6JVDQWD3qYEJ+jnqARxUgbFNgnnqasS7KbUdlTtMdR4J7mqDaDArvkVJyJ4KJxc1MCueqB/e11Y5xyIjRmSKmO6yTaz5DUFDMyKnqpIgnCA9QjHWMF4kT52eSeETw2pAujWJonNJzQ2YkMcaWGPDSdHOm+mq+N4X+1Tqqjaz+jIkk1EXi6KEoZ1DEchwO7VBKs2dAYhCU1f4W4jyTC2kRYNCG48ycvmuZZxT2vXN5flKq1PI4COARHoAxccAWq4A7UQQNg8ARewBt4t56tV+vD+py2Lln5zAH4I+vrFyrZnBk=</latexit>

Ã(�2)B̃(�2)
<latexit sha1_base64="tpF60UBsMzqKOs4qi3G8ZtIvOZY=">AAACD3icbZC7SgNBFIZn4y3G26qlzWJQYhN2o6BljI1lBHOBbAizsyfJkNkLM2eFsOQNbHwVGwtFbG3tfBsnyRaa+MPAz3fO4cz5vVhwhbb9beRWVtfWN/Kbha3tnd09c/+gqaJEMmiwSESy7VEFgofQQI4C2rEEGngCWt7oZlpvPYBUPArvcRxDN6CDkPc5o6hRzzx1kQsf0utJyfVBIO1VzjJU+4V6ZtEu2zNZy8bJTJFkqvfML9ePWBJAiExQpTqOHWM3pRI5EzApuImCmLIRHUBH25AGoLrp7J6JdaKJb/UjqV+I1oz+nkhpoNQ48HRnQHGoFmtT+F+tk2D/qpvyME4QQjZf1E+EhZE1DcfyuQSGYqwNZZLrv1psSCVlqCMs6BCcxZOXTbNSds7LlbuLYrWWxZEnR+SYlIhDLkmV3JI6aRBGHskzeSVvxpPxYrwbH/PWnJHNHJI/Mj5/ABarnAo=</latexit>

Ã(�2)B̃(�2)
<latexit sha1_base64="Goao7pXhtBVV8+MPUAZImjIkHZs=">AAACD3icbZC7TsMwFIadcivlFmBkiahAZamSAoKxlIWxSPQiNVHkOE5r1XYi20Gqor4BC6/CwgBCrKxsvA1um6G0/JKlX985R8fnDxJKpLLtH6Owsrq2vlHcLG1t7+zumfsHbRmnAuEWimksugGUmBKOW4ooiruJwJAFFHeC4e2k3nnEQpKYP6hRgj0G+5xEBEGlkW+euorQEGc344orSZ9Bv3aWo8Yc8s2yXbWnspaNk5syyNX0zW83jFHKMFeIQil7jp0oL4NCEUTxuOSmEicQDWEf97TlkGHpZdN7xtaJJqEVxUI/rqwpnZ/IIJNyxALdyaAayMXaBP5X66UquvYywpNUYY5mi6KUWiq2JuFYIREYKTrSBiJB9F8tNIACIqUjLOkQnMWTl027VnXOq5f3F+V6I4+jCI7AMagAB1yBOrgDTdACCDyBF/AG3o1n49X4MD5nrQUjnzkEf2R8/QIt9pwb</latexit>

⇥
A0 A1

⇤
·

B0

B1

�

<latexit sha1_base64="HS/RCjSlEJ90+K/pL8/XC6e41Ho="></latexit>

Ã(�1)B̃(�1)
<latexit sha1_base64="tgx1dD3sPNsdQsIpXOlt0c/h7Fg=">AAACD3icbZC7SgNBFIZn4y3G26qlzWJQYhN2o6BljI1lBHOBbAizsyfJkNkLM2eFsOQNbHwVGwtFbG3tfBsnyRaa+MPAz3fO4cz5vVhwhbb9beRWVtfWN/Kbha3tnd09c/+gqaJEMmiwSESy7VEFgofQQI4C2rEEGngCWt7oZlpvPYBUPArvcRxDN6CDkPc5o6hRzzx1kQsf0utJyfVBIO05Zxmq/UI9s2iX7ZmsZeNkpkgy1Xvml+tHLAkgRCaoUh3HjrGbUomcCZgU3ERBTNmIDqCjbUgDUN10ds/EOtHEt/qR1C9Ea0Z/T6Q0UGoceLozoDhUi7Up/K/WSbB/1U15GCcIIZsv6ifCwsiahmP5XAJDMdaGMsn1Xy02pJIy1BEWdAjO4snLplkpO+flyt1FsVrL4siTI3JMSsQhl6RKbkmdNAgjj+SZvJI348l4Md6Nj3lrzshmDskfGZ8/E46cCA==</latexit>

Ã(�2)B̃(�2)
<latexit sha1_base64="tpF60UBsMzqKOs4qi3G8ZtIvOZY=">AAACD3icbZC7SgNBFIZn4y3G26qlzWJQYhN2o6BljI1lBHOBbAizsyfJkNkLM2eFsOQNbHwVGwtFbG3tfBsnyRaa+MPAz3fO4cz5vVhwhbb9beRWVtfWN/Kbha3tnd09c/+gqaJEMmiwSESy7VEFgofQQI4C2rEEGngCWt7oZlpvPYBUPArvcRxDN6CDkPc5o6hRzzx1kQsf0utJyfVBIO1VzjJU+4V6ZtEu2zNZy8bJTJFkqvfML9ePWBJAiExQpTqOHWM3pRI5EzApuImCmLIRHUBH25AGoLrp7J6JdaKJb/UjqV+I1oz+nkhpoNQ48HRnQHGoFmtT+F+tk2D/qpvyME4QQjZf1E+EhZE1DcfyuQSGYqwNZZLrv1psSCVlqCMs6BCcxZOXTbNSds7LlbuLYrWWxZEnR+SYlIhDLkmV3JI6aRBGHskzeSVvxpPxYrwbH/PWnJHNHJI/Mj5/ABarnAo=</latexit>

Ã(�3)B̃(�3)
<latexit sha1_base64="6s6pDdTBAA9jxN+0G5OzIAdNls0=">AAACD3icbZC7TgJBFIZn8YZ4W7W02Ug02JBdMNESsbHERC4JEDI7e4AJs5fMnDUhG97AxlexsdAYW1s738YBtkDwTyb5851zcub8biS4Qtv+MTJr6xubW9nt3M7u3v6BeXjUUGEsGdRZKELZcqkCwQOoI0cBrUgC9V0BTXd0O603H0EqHgYPOI6g69NBwPucUdSoZ553kAsPkptJoeOBQNorX6SouoB6Zt4u2jNZq8ZJTZ6kqvXM744XstiHAJmgSrUdO8JuQiVyJmCS68QKIspGdABtbQPqg+oms3sm1pkmntUPpX4BWjO6OJFQX6mx7+pOn+JQLdem8L9aO8b+dTfhQRQjBGy+qB8LC0NrGo7lcQkMxVgbyiTXf7XYkErKUEeY0yE4yyevmkap6JSLpfvLfKWaxpElJ+SUFIhDrkiF3JEaqRNGnsgLeSPvxrPxanwYn/PWjJHOHJM/Mr5+ARnInAw=</latexit>

master

worker 1 worker 2 worker 3

Static Re-encoding

When re-encoding the job from scratch, new tasks need to be 
encoded from thje master.


A0,0 A0,1

A1,0 A1,1

�
·

B0,0 B0,1

B1,0 B1,1

�

<latexit sha1_base64="rBjhYGewHZpGid//rn/xSwVx68Q="></latexit>

Ã(�1)B̃(�1)
<latexit sha1_base64="tgx1dD3sPNsdQsIpXOlt0c/h7Fg=">AAACD3icbZC7SgNBFIZn4y3G26qlzWJQYhN2o6BljI1lBHOBbAizsyfJkNkLM2eFsOQNbHwVGwtFbG3tfBsnyRaa+MPAz3fO4cz5vVhwhbb9beRWVtfWN/Kbha3tnd09c/+gqaJEMmiwSESy7VEFgofQQI4C2rEEGngCWt7oZlpvPYBUPArvcRxDN6CDkPc5o6hRzzx1kQsf0utJyfVBIO05Zxmq/UI9s2iX7ZmsZeNkpkgy1Xvml+tHLAkgRCaoUh3HjrGbUomcCZgU3ERBTNmIDqCjbUgDUN10ds/EOtHEt/qR1C9Ea0Z/T6Q0UGoceLozoDhUi7Up/K/WSbB/1U15GCcIIZsv6ifCwsiahmP5XAJDMdaGMsn1Xy02pJIy1BEWdAjO4snLplkpO+flyt1FsVrL4siTI3JMSsQhl6RKbkmdNAgjj+SZvJI348l4Md6Nj3lrzshmDskfGZ8/E46cCA==</latexit>

worker 1

Ã(�2)B̃(�2)
<latexit sha1_base64="tpF60UBsMzqKOs4qi3G8ZtIvOZY=">AAACD3icbZC7SgNBFIZn4y3G26qlzWJQYhN2o6BljI1lBHOBbAizsyfJkNkLM2eFsOQNbHwVGwtFbG3tfBsnyRaa+MPAz3fO4cz5vVhwhbb9beRWVtfWN/Kbha3tnd09c/+gqaJEMmiwSESy7VEFgofQQI4C2rEEGngCWt7oZlpvPYBUPArvcRxDN6CDkPc5o6hRzzx1kQsf0utJyfVBIO1VzjJU+4V6ZtEu2zNZy8bJTJFkqvfML9ePWBJAiExQpTqOHWM3pRI5EzApuImCmLIRHUBH25AGoLrp7J6JdaKJb/UjqV+I1oz+nkhpoNQ48HRnQHGoFmtT+F+tk2D/qpvyME4QQjZf1E+EhZE1DcfyuQSGYqwNZZLrv1psSCVlqCMs6BCcxZOXTbNSds7LlbuLYrWWxZEnR+SYlIhDLkmV3JI6aRBGHskzeSVvxpPxYrwbH/PWnJHNHJI/Mj5/ABarnAo=</latexit>

worker 2
Ã(�9)B̃(�9)

<latexit sha1_base64="/qTl0SFpki1R4yc6HtQvgkQbbrY=">AAACD3icbZC7TgJBFIZn8YZ4W7W02Ug02JBdNFE7xMYSE7kkQMjs7AEmzF4yc9aEbHgDG1/FxkJjbG3tfBsH2ALBP5nkz3fOyZnzu5HgCm37x8isrK6tb2Q3c1vbO7t75v5BXYWxZFBjoQhl06UKBA+ghhwFNCMJ1HcFNNzh7aTeeASpeBg84CiCjk/7Ae9xRlGjrnnaRi48SG7GhbYHAmn3+ixFlTnUNfN20Z7KWjZOavIkVbVrfre9kMU+BMgEVarl2BF2EiqRMwHjXDtWEFE2pH1oaRtQH1Qnmd4ztk408axeKPUL0JrS+YmE+kqNfFd3+hQHarE2gf/VWjH2rjoJD6IYIWCzRb1YWBhak3Asj0tgKEbaUCa5/qvFBlRShjrCnA7BWTx52dRLRee8WLq/yJcraRxZckSOSYE45JKUyR2pkhph5Im8kDfybjwbr8aH8TlrzRjpzCH5I+PrFyx2nBg=</latexit>

worker 9

master

Dynamic Re-encoding

worker 9


A0,0 A0,1

A1,0 A1,1

�
·

B0,0 B0,1

B1,0 B1,1

�

<latexit sha1_base64="rBjhYGewHZpGid//rn/xSwVx68Q="></latexit>

master

worker 1 worker 2

Just re-encode tasks on local workers. 

master

· · ·<latexit sha1_base64="YshcBini7MBt0O2MMEOFm4iTY5Y=">AAAB+nicbVDLSgMxFL3js9bXVJdugkVwVWaqoMuiG5cV7APaoWQymTY0kwxJRim1n+LGhSJu/RJ3/o1pO4vaeuBeDufcS25OmHKmjef9OGvrG5tb24Wd4u7e/sGhWzpqapkpQhtEcqnaIdaUM0EbhhlO26miOAk5bYXD26nfeqRKMykezCilQYL7gsWMYGOlnlvqkkgatNB7btmreDOgVeLnpAw56j33uxtJkiVUGMKx1h3fS00wxsowwumk2M00TTEZ4j7tWCpwQnUwnp0+QWdWiVAslS1h0Exd3BjjROtREtrJBJuBXvam4n9eJzPxdTBmIs0MFWT+UJxxZCSa5oAipigxfGQJJorZWxEZYIWJsWkVbQj+8pdXSbNa8S8q1fvLcu0mj6MAJ3AK5+DDFdTgDurQAAJP8AJv8O48O6/Oh/M5H11z8p1j+APn6xe/opOr</latexit> workerworker worker workerworker

node

Traffic

matrix 
multiplication


