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Distributed Compressed Gradient Descent
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Gradient associated 
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Distributed Compressed Gradient Descent
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Distributed Compressed Gradient Descent

Gradient compression mechanism# devices / machines

stepsize / 
learning rate

Gradient associated 
with machine i

How to design a good compression mechanism? ?
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rfi(x
t�1)

<latexit sha1_base64="M1VIZKk7c+aw/QeNEcQ7/KY312Q=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2Ir1EtJelCPRS8eK9gPaGPZbDft0s0m7E7EEgr+FS8eFPHq7/Dmv3Hb5qCtDwYe780wM8+PBdfgON9WbmV1bX0jv1nY2t7Z3bP3D5o6ShRlDRqJSLV9opngkjWAg2DtWDES+oK1/NH11G89MKV5JO9gHDMvJAPJA04JGKlnH5VKXUl8QXDQ4+XH+xQmZ6VSzy46FWcGvEzcjBRRhnrP/ur2I5qETAIVROuO68TgpUQBp4JNCt1Es5jQERmwjqGShEx76ez8CT41Sh8HkTIlAc/U3xMpCbUeh77pDAkM9aI3Ff/zOgkEl17KZZwAk3S+KEgEhghPs8B9rhgFMTaEUMXNrZgOiSIUTGIFE4K7+PIyaVYr7nnFva0Wa1dZHHl0jE5QGbnoAtXQDaqjBqIoRc/oFb1ZT9aL9W59zFtzVjZziP7A+vwBHfiUTA==</latexit>

rfi(x
t)

1 2
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3PC: Three Point Compressor

Previous gradient

Current gradient

Current 
compressed 

gradient

Previous compressed gradient

<latexit sha1_base64="HHxw9Z7R7cpfZC6dwXTypt/9I2c="></latexit>

gti = Mt
i

�
rfi(x

t)
�

= M
�
gt�1
i , rfi(x

t�1) , rfi(x
t)

�

= M gt�1
i , rfi(xt�1)

�
rfi(x

t)
�

<latexit sha1_base64="Nwc/UsobBIRVxFLB4TuTcuRpdRM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBhPBU9jNQT0GBPEY0TwgWcLsZDYZMju7zPQKYQn4A148KOLVL/Lm3zh5HDSxoKGo6qa7K0ikMOi6305ubX1jcyu/XdjZ3ds/KB4eNU2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo+up33rk2ohYPeA44X5EB0qEglG00n0Zy71iya24M5BV4i1ICRao94pf3X7M0ogrZJIa0/HcBP2MahRM8kmhmxqeUDaiA96xVNGIGz+bnTohZ1bpkzDWthSSmfp7IqORMeMosJ0RxaFZ9qbif14nxfDKz4RKUuSKzReFqSQYk+nfpC80ZyjHllCmhb2VsCHVlKFNp2BD8JZfXiXNasW7qHh31VLt5mkeRx5O4BTOwYNLqMEt1KEBDAbwDK/w5kjnxXl3PuatOWcR4TH8gfP5A8Bqjdw=</latexit>

t
<latexit sha1_base64="n/FAr9Z2PoVWbsmBrzXfJy9nuBY=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBhPBi2E3B/UYEMRjBDcJJEuYnUySIbOzy0yvEJaAf+DFgyJe/SBv/o2Tx0ETCxqKqm66u8JECoOu++3k1tY3Nrfy24Wd3b39g+LhUcPEqWbcZ7GMdSukhkuhuI8CJW8lmtMolLwZjm6mfvORayNi9YDjhAcRHSjRF4yilfwyXnjlbrHkVtwZyCrxFqQEC9S7xa9OL2ZpxBUySY1pe26CQUY1Cib5pNBJDU8oG9EBb1uqaMRNkM2OnZAzq/RIP9a2FJKZ+nsio5Ex4yi0nRHFoVn2puJ/XjvF/nWQCZWkyBWbL+qnkmBMpp+TntCcoRxbQpkW9lbChlRThjafgg3BW355lTSqFe+y4t1XS7Xbp3kceTiBUzgHD66gBndQBx8YCHiGV3hzlPPivDsf89acs4jwGP7A+fwBmn6OTg==</latexit>

t� 1

Compressed
gradient

Exact
gradient

<latexit sha1_base64="yvERTnsB79dYM6BZQlLGU51huIQ=">AAAB8HicbVA9T8MwEHXKVylfBUYWiwaJqUo6AGMFC2OR6AdqQ+W4TmvVdiL7glRF/RUsDCDEys9h49/gthmg5UknPb13p7t7YSK4Ac/7dgpr6xubW8Xt0s7u3v5B+fCoZeJUU9aksYh1JySGCa5YEzgI1kk0IzIUrB2Ob2Z++4lpw2N1D5OEBZIMFY84JWClB9cd9vkjuG6/XPGq3hx4lfg5qaAcjX75qzeIaSqZAiqIMV3fSyDIiAZOBZuWeqlhCaFjMmRdSxWRzATZ/OApPrPKAEextqUAz9XfExmRxkxkaDslgZFZ9mbif143hegqyLhKUmCKLhZFqcAQ49n3eMA1oyAmlhCqub0V0xHRhILNqGRD8JdfXiWtWtW/qPp3tUr9Oo+jiE7QKTpHPrpEdXSLGqiJKJLoGb2iN0c7L86787FoLTj5zDH6A+fzB0dDj2k=</latexit>

gti
<latexit sha1_base64="zVZz8l1MzF17sSftrvR+8aqtjTk=">AAAB9HicbVDLTgJBEOzFF+IL9ehlImviRbLLQT0SvXjERB4JrGR2GGDC7MOZXhKy4Tu8eNAYr36MN//GAfagYCWdVKq6093lx1JodJxvK7e2vrG5ld8u7Ozu7R8UD48aOkoU43UWyUi1fKq5FCGvo0DJW7HiNPAlb/qj25nfHHOlRRQ+4CTmXkAHoegLRtFInm0PuuIxxQt3atvdYskpO3OQVeJmpAQZat3iV6cXsSTgITJJtW67ToxeShUKJvm00Ek0jykb0QFvGxrSgGsvnR89JWdG6ZF+pEyFSObq74mUBlpPAt90BhSHetmbif957QT7114qwjhBHrLFon4iCUZklgDpCcUZyokhlClhbiVsSBVlaHIqmBDc5ZdXSaNSdi/L7n2lVL3J4sjDCZzCObhwBVW4gxrUgcETPMMrvFlj68V6tz4WrTkrmzmGP7A+fwDvaJDn</latexit>

gt�1
i

<latexit sha1_base64="Qc09qNu/kSR+REuUIK93YBSPCUY=">AAACAHicbVC7TsNAEDyHVwgvAwUFzYkEKRREdgqgjKChDBJ5SImJzpdzcsr5bN2tEZHlhl+hoQAhWj6Djr/h8iggMNJKo5ld7e74seAaHOfLyi0tr6yu5dcLG5tb2zv27l5TR4mirEEjEam2TzQTXLIGcBCsHStGQl+wlj+6mvite6Y0j+QtjGPmhWQgecApASP17INSqSuJLwgOerz8cJfCqZudlEo9u+hUnCnwX+LOSRHNUe/Zn91+RJOQSaCCaN1xnRi8lCjgVLCs0E00iwkdkQHrGCpJyLSXTh/I8LFR+jiIlCkJeKr+nEhJqPU49E1nSGCoF72J+J/XSSC48FIu4wSYpLNFQSIwRHiSBu5zxSiIsSGEKm5uxXRIFKFgMiuYENzFl/+SZrXinlXcm2qxdjmPI48O0REqIxedoxq6RnXUQBRl6Am9oFfr0Xq23qz3WWvOms/so1+wPr4BBDaUvg==</latexit>

rfi(x
t�1)

<latexit sha1_base64="M1VIZKk7c+aw/QeNEcQ7/KY312Q=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2Ir1EtJelCPRS8eK9gPaGPZbDft0s0m7E7EEgr+FS8eFPHq7/Dmv3Hb5qCtDwYe780wM8+PBdfgON9WbmV1bX0jv1nY2t7Z3bP3D5o6ShRlDRqJSLV9opngkjWAg2DtWDES+oK1/NH11G89MKV5JO9gHDMvJAPJA04JGKlnH5VKXUl8QXDQ4+XH+xQmZ6VSzy46FWcGvEzcjBRRhnrP/ur2I5qETAIVROuO68TgpUQBp4JNCt1Es5jQERmwjqGShEx76ez8CT41Sh8HkTIlAc/U3xMpCbUeh77pDAkM9aI3Ff/zOgkEl17KZZwAk3S+KEgEhghPs8B9rhgFMTaEUMXNrZgOiSIUTGIFE4K7+PIyaVYr7nnFva0Wa1dZHHl0jE5QGbnoAtXQDaqjBqIoRc/oFb1ZT9aL9W59zFtzVjZziP7A+vwBHfiUTA==</latexit>

rfi(x
t)

1 2

3
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3PC Inequality

Inequality characterizing a Contractive Compressor:
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3PC Inequality

Inequality characterizing a Contractive Compressor:
<latexit sha1_base64="ZoyPyXMfeh5VMod+NHdB23uj7JY="></latexit>

E
⇥
kC(x)� xk2

⇤
 (1� �)kxk2

<latexit sha1_base64="JIHkKEvBQDpPg23XJxm/xycEAzs=">AAACB3icbVC7TsMwFHV4lvAKMCIhixaJKUo6AGMlFsaC6ENqQuU4TmvVcSLbQVRRNxZ+hYUBhFj5BTb+BqfNAC1HsnR0zr3yuSdIGZXKcb6NpeWV1bX1yoa5ubW9s2vt7bdlkglMWjhhiegGSBJGOWkpqhjppoKgOGCkE4wuC79zT4SkCb9V45T4MRpwGlGMlJb61pFZg16UCMQYfIAe5dCLkRoGQX4zuQtrfavq2M4UcJG4JamCEs2+9eWFCc5iwhVmSMqe66TKz5FQFDMyMb1MkhThERqQnqYcxUT6+fSOCTzRSgh1Gv24glP190aOYinHcaAni5By3ivE/7xepqILP6c8zRThePZRlDGoEliUAkMqCFZsrAnCguqsEA+RQFjp6kxdgjt/8iJp1233zHav69WGXdZRAYfgGJwCF5yDBrgCTdACGDyCZ/AK3own48V4Nz5mo0tGuXMA/sD4/AHQe5f2</latexit>

8x 2 Rd

<latexit sha1_base64="jswHhI4Fmt22uGNQQK6+je217SU="></latexit>
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3PC Inequality

Inequality characterizing a 3PC:

Inequality characterizing a Contractive Compressor:
<latexit sha1_base64="ZoyPyXMfeh5VMod+NHdB23uj7JY="></latexit>
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<latexit sha1_base64="JIHkKEvBQDpPg23XJxm/xycEAzs=">AAACB3icbVC7TsMwFHV4lvAKMCIhixaJKUo6AGMlFsaC6ENqQuU4TmvVcSLbQVRRNxZ+hYUBhFj5BTb+BqfNAC1HsnR0zr3yuSdIGZXKcb6NpeWV1bX1yoa5ubW9s2vt7bdlkglMWjhhiegGSBJGOWkpqhjppoKgOGCkE4wuC79zT4SkCb9V45T4MRpwGlGMlJb61pFZg16UCMQYfIAe5dCLkRoGQX4zuQtrfavq2M4UcJG4JamCEs2+9eWFCc5iwhVmSMqe66TKz5FQFDMyMb1MkhThERqQnqYcxUT6+fSOCTzRSgh1Gv24glP190aOYinHcaAni5By3ivE/7xepqILP6c8zRThePZRlDGoEliUAkMqCFZsrAnCguqsEA+RQFjp6kxdgjt/8iJp1233zHav69WGXdZRAYfgGJwCF5yDBrgCTdACGDyCZ/AK3own48V4Nz5mo0tGuXMA/sD4/AHQe5f2</latexit>
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3PC Inequality

Inequality characterizing a 3PC:

Inequality characterizing a Contractive Compressor:
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<latexit sha1_base64="JIHkKEvBQDpPg23XJxm/xycEAzs=">AAACB3icbVC7TsMwFHV4lvAKMCIhixaJKUo6AGMlFsaC6ENqQuU4TmvVcSLbQVRRNxZ+hYUBhFj5BTb+BqfNAC1HsnR0zr3yuSdIGZXKcb6NpeWV1bX1yoa5ubW9s2vt7bdlkglMWjhhiegGSBJGOWkpqhjppoKgOGCkE4wuC79zT4SkCb9V45T4MRpwGlGMlJb61pFZg16UCMQYfIAe5dCLkRoGQX4zuQtrfavq2M4UcJG4JamCEs2+9eWFCc5iwhVmSMqe66TKz5FQFDMyMb1MkhThERqQnqYcxUT6+fSOCTzRSgh1Gv24glP190aOYinHcaAni5By3ivE/7xepqILP6c8zRThePZRlDGoEliUAkMqCFZsrAnCguqsEA+RQFjp6kxdgjt/8iJp1233zHav69WGXdZRAYfgGJwCF5yDBrgCTdACGDyCZ/AK3own48V4Nz5mo0tGuXMA/sD4/AHQe5f2</latexit>
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3PC Inequality

1 1

Inequality characterizing a 3PC:

Inequality characterizing a Contractive Compressor:
<latexit sha1_base64="ZoyPyXMfeh5VMod+NHdB23uj7JY="></latexit>
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⇥
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3PC Inequality

1 22 1

Inequality characterizing a 3PC:

Inequality characterizing a Contractive Compressor:
<latexit sha1_base64="ZoyPyXMfeh5VMod+NHdB23uj7JY="></latexit>
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3PC Inequality

1 23 2 1

Inequality characterizing a 3PC:
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1 23 2 1
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3PC Inequality

1 23 2 1

Inequality characterizing a 3PC: A, B : Parameters characterizing a 3PC

Inequality characterizing a Contractive Compressor:
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gti ⌘ Mt
i(rfi(x

t))

+ fast O(1/t) convergence
- communicates a lot

- diverges!
+ communicates little

6/10
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<latexit sha1_base64="ryqjioz13BC/S4znkOGO1rum8a0="></latexit>

gti ⌘ gt�1
i + C

�
rfi(x

t)� gt�1
i

�

<latexit sha1_base64="cZlgqqNlh10PTP3uJx5PBD6X7/Y=">AAACE3icbVA9SwNBEN3z2/gVtbRZTIRoEe6CqGXAxlLBaCAXj7nNXlzc2zt354LhyH+w8a/YWChia2Pnv3ETU2j0wcDjvRlm5oWpFAZd99OZmp6ZnZtfWCwsLa+srhXXNy5MkmnGGyyRiW6GYLgUijdQoOTNVHOIQ8kvw5vjoX/Z49qIRJ1jP+XtGLpKRIIBWiko7pXL3UBcIfX5bSZ6NPcZSHo8qPgKQgk0CkTl7gp3d8vloFhyq+4I9C/xxqRExjgNih9+J2FZzBUyCca0PDfFdg4aBZN8UPAzw1NgN9DlLUsVxNy089FPA7pjlQ6NEm1LIR2pPydyiI3px6HtjAGvzaQ3FP/zWhlGR+1cqDRDrtj3oiiTFBM6DIh2hOYMZd8SYFrYWym7Bg0MbYwFG4I3+fJfclGregdV76xWqu+P41ggW2SbVIhHDkmdnJBT0iCM3JNH8kxenAfnyXl13r5bp5zxzCb5Bef9C7BInBc=</latexit>

gti ⌘ C(rfi(x
t))

<latexit sha1_base64="sbHSVXi3m0kmg9+r2MoB2EPzFkQ=">AAACCXicbVC7SgNBFJ31GeMramkzmBViE3aDqGXAxjKCeUAey+xkNhkyO7vO3A2GJa2Nv2JjoYitf2Dn3zh5FJp44MLhnHu59x4/FlyD43xbK6tr6xubma3s9s7u3n7u4LCmo0RRVqWRiFTDJ5oJLlkVOAjWiBUjoS9Y3R9cT/z6kCnNI3kHo5i1Q9KTPOCUgJG8HLbtnsc7gFvsPuFD3JLEFwQHHi88dODMtr1c3ik6U+Bl4s5JHs1R8XJfrW5Ek5BJoIJo3XSdGNopUcCpYONsK9EsJnRAeqxpqCQh0+10+skYnxqli4NImZKAp+rviZSEWo9C33SGBPp60ZuI/3nNBIKrdsplnACTdLYoSASGCE9iwV2uGAUxMoRQxc2tmPaJIhRMeFkTgrv48jKplYruRdG9LeXL5/M4MugYnaACctElKqMbVEFVRNEjekav6M16sl6sd+tj1rpizWeO0B9Ynz/dPJh7</latexit>

gti ⌘ rfi(x
t) Gradient Descent (GD)

Error Feedback 2021 (EF21)

Compressed 
Gradient Descent (CGD)

<latexit sha1_base64="ue0QjW5JlQfBRmdge0wj1ucYthw="></latexit>

E kC(u)� uk2  (1� �)kuk2, 8u 2 Rd

[R., Sokolov, Fatkhullin @ NeurIPS 2021]

<latexit sha1_base64="RJnjBX4yNiTeZ+8i99hPmDS3dCY=">AAACF3icbVA9SwNBEN3z2/gVtbRZTITYhLsgainY2AgKxgRy8Zjb7MXFvb1zd04MR/6FjX/FxkIRW+38N25iCk18MPB4b4aZeWEqhUHX/XKmpmdm5+YXFgtLyyura8X1jUuTZJrxOktkopshGC6F4nUUKHkz1RziUPJGeHM88Bt3XBuRqAvspbwdQ1eJSDBAKwXFarncDcQVUp/fZuKO5j4DSU/7A63iKwgl0CgQlfsr3N0tl4Niya26Q9BJ4o1IiYxwFhQ//U7CspgrZBKMaXluiu0cNAomeb/gZ4anwG6gy1uWKoi5aefDv/p0xyodGiXalkI6VH9P5BAb04tD2xkDXptxbyD+57UyjA7buVBphlyxn0VRJikmdBAS7QjNGcqeJcC0sLdSdg0aGNooCzYEb/zlSXJZq3r7Ve+8VjraG8WxQLbINqkQjxyQI3JCzkidMPJAnsgLeXUenWfnzXn/aZ1yRjOb5A+cj28D953j</latexit>

gti ⌘ Mt
i(rfi(x

t))

+ fast O(1/t) convergence
- communicates a lot

- diverges!
+ communicates little

6/10



Examples of Compression Mechanisms

<latexit sha1_base64="ryqjioz13BC/S4znkOGO1rum8a0="></latexit>

gti ⌘ gt�1
i + C

�
rfi(x

t)� gt�1
i

�

<latexit sha1_base64="cZlgqqNlh10PTP3uJx5PBD6X7/Y=">AAACE3icbVA9SwNBEN3z2/gVtbRZTIRoEe6CqGXAxlLBaCAXj7nNXlzc2zt354LhyH+w8a/YWChia2Pnv3ETU2j0wcDjvRlm5oWpFAZd99OZmp6ZnZtfWCwsLa+srhXXNy5MkmnGGyyRiW6GYLgUijdQoOTNVHOIQ8kvw5vjoX/Z49qIRJ1jP+XtGLpKRIIBWiko7pXL3UBcIfX5bSZ6NPcZSHo8qPgKQgk0CkTl7gp3d8vloFhyq+4I9C/xxqRExjgNih9+J2FZzBUyCca0PDfFdg4aBZN8UPAzw1NgN9DlLUsVxNy089FPA7pjlQ6NEm1LIR2pPydyiI3px6HtjAGvzaQ3FP/zWhlGR+1cqDRDrtj3oiiTFBM6DIh2hOYMZd8SYFrYWym7Bg0MbYwFG4I3+fJfclGregdV76xWqu+P41ggW2SbVIhHDkmdnJBT0iCM3JNH8kxenAfnyXl13r5bp5zxzCb5Bef9C7BInBc=</latexit>

gti ⌘ C(rfi(x
t))

<latexit sha1_base64="sbHSVXi3m0kmg9+r2MoB2EPzFkQ=">AAACCXicbVC7SgNBFJ31GeMramkzmBViE3aDqGXAxjKCeUAey+xkNhkyO7vO3A2GJa2Nv2JjoYitf2Dn3zh5FJp44MLhnHu59x4/FlyD43xbK6tr6xubma3s9s7u3n7u4LCmo0RRVqWRiFTDJ5oJLlkVOAjWiBUjoS9Y3R9cT/z6kCnNI3kHo5i1Q9KTPOCUgJG8HLbtnsc7gFvsPuFD3JLEFwQHHi88dODMtr1c3ik6U+Bl4s5JHs1R8XJfrW5Ek5BJoIJo3XSdGNopUcCpYONsK9EsJnRAeqxpqCQh0+10+skYnxqli4NImZKAp+rviZSEWo9C33SGBPp60ZuI/3nNBIKrdsplnACTdLYoSASGCE9iwV2uGAUxMoRQxc2tmPaJIhRMeFkTgrv48jKplYruRdG9LeXL5/M4MugYnaACctElKqMbVEFVRNEjekav6M16sl6sd+tj1rpizWeO0B9Ynz/dPJh7</latexit>

gti ⌘ rfi(x
t) Gradient Descent (GD)

Error Feedback 2021 (EF21)

Compressed 
Gradient Descent (CGD)

<latexit sha1_base64="ue0QjW5JlQfBRmdge0wj1ucYthw="></latexit>

E kC(u)� uk2  (1� �)kuk2, 8u 2 Rd

[R., Sokolov, Fatkhullin @ NeurIPS 2021]

<latexit sha1_base64="RJnjBX4yNiTeZ+8i99hPmDS3dCY=">AAACF3icbVA9SwNBEN3z2/gVtbRZTITYhLsgainY2AgKxgRy8Zjb7MXFvb1zd04MR/6FjX/FxkIRW+38N25iCk18MPB4b4aZeWEqhUHX/XKmpmdm5+YXFgtLyyura8X1jUuTZJrxOktkopshGC6F4nUUKHkz1RziUPJGeHM88Bt3XBuRqAvspbwdQ1eJSDBAKwXFarncDcQVUp/fZuKO5j4DSU/7A63iKwgl0CgQlfsr3N0tl4Niya26Q9BJ4o1IiYxwFhQ//U7CspgrZBKMaXluiu0cNAomeb/gZ4anwG6gy1uWKoi5aefDv/p0xyodGiXalkI6VH9P5BAb04tD2xkDXptxbyD+57UyjA7buVBphlyxn0VRJikmdBAS7QjNGcqeJcC0sLdSdg0aGNooCzYEb/zlSXJZq3r7Ve+8VjraG8WxQLbINqkQjxyQI3JCzkidMPJAnsgLeXUenWfnzXn/aZ1yRjOb5A+cj28D953j</latexit>

gti ⌘ Mt
i(rfi(x

t))

+ fast O(1/t) convergence
- communicates a lot

- diverges!
+ communicates little

+ fast O(1/t) convergence
+ communicates little

6/10



Examples of Compression Mechanisms

<latexit sha1_base64="ryqjioz13BC/S4znkOGO1rum8a0="></latexit>

gti ⌘ gt�1
i + C

�
rfi(x

t)� gt�1
i

�

<latexit sha1_base64="cZlgqqNlh10PTP3uJx5PBD6X7/Y=">AAACE3icbVA9SwNBEN3z2/gVtbRZTIRoEe6CqGXAxlLBaCAXj7nNXlzc2zt354LhyH+w8a/YWChia2Pnv3ETU2j0wcDjvRlm5oWpFAZd99OZmp6ZnZtfWCwsLa+srhXXNy5MkmnGGyyRiW6GYLgUijdQoOTNVHOIQ8kvw5vjoX/Z49qIRJ1jP+XtGLpKRIIBWiko7pXL3UBcIfX5bSZ6NPcZSHo8qPgKQgk0CkTl7gp3d8vloFhyq+4I9C/xxqRExjgNih9+J2FZzBUyCca0PDfFdg4aBZN8UPAzw1NgN9DlLUsVxNy089FPA7pjlQ6NEm1LIR2pPydyiI3px6HtjAGvzaQ3FP/zWhlGR+1cqDRDrtj3oiiTFBM6DIh2hOYMZd8SYFrYWym7Bg0MbYwFG4I3+fJfclGregdV76xWqu+P41ggW2SbVIhHDkmdnJBT0iCM3JNH8kxenAfnyXl13r5bp5zxzCb5Bef9C7BInBc=</latexit>

gti ⌘ C(rfi(x
t))

<latexit sha1_base64="sbHSVXi3m0kmg9+r2MoB2EPzFkQ=">AAACCXicbVC7SgNBFJ31GeMramkzmBViE3aDqGXAxjKCeUAey+xkNhkyO7vO3A2GJa2Nv2JjoYitf2Dn3zh5FJp44MLhnHu59x4/FlyD43xbK6tr6xubma3s9s7u3n7u4LCmo0RRVqWRiFTDJ5oJLlkVOAjWiBUjoS9Y3R9cT/z6kCnNI3kHo5i1Q9KTPOCUgJG8HLbtnsc7gFvsPuFD3JLEFwQHHi88dODMtr1c3ik6U+Bl4s5JHs1R8XJfrW5Ek5BJoIJo3XSdGNopUcCpYONsK9EsJnRAeqxpqCQh0+10+skYnxqli4NImZKAp+rviZSEWo9C33SGBPp60ZuI/3nNBIKrdsplnACTdLYoSASGCE9iwV2uGAUxMoRQxc2tmPaJIhRMeFkTgrv48jKplYruRdG9LeXL5/M4MugYnaACctElKqMbVEFVRNEjekav6M16sl6sd+tj1rpizWeO0B9Ynz/dPJh7</latexit>

gti ⌘ rfi(x
t) Gradient Descent (GD)

Error Feedback 2021 (EF21)

Compressed 
Gradient Descent (CGD)

Lazily Aggregated Gradient (LAG)

<latexit sha1_base64="ue0QjW5JlQfBRmdge0wj1ucYthw="></latexit>

E kC(u)� uk2  (1� �)kuk2, 8u 2 Rd

[R., Sokolov, Fatkhullin @ NeurIPS 2021]

[Chen, Giannakis, Sun, Yin @ NeurIPS 2018]

<latexit sha1_base64="RJnjBX4yNiTeZ+8i99hPmDS3dCY=">AAACF3icbVA9SwNBEN3z2/gVtbRZTITYhLsgainY2AgKxgRy8Zjb7MXFvb1zd04MR/6FjX/FxkIRW+38N25iCk18MPB4b4aZeWEqhUHX/XKmpmdm5+YXFgtLyyura8X1jUuTZJrxOktkopshGC6F4nUUKHkz1RziUPJGeHM88Bt3XBuRqAvspbwdQ1eJSDBAKwXFarncDcQVUp/fZuKO5j4DSU/7A63iKwgl0CgQlfsr3N0tl4Niya26Q9BJ4o1IiYxwFhQ//U7CspgrZBKMaXluiu0cNAomeb/gZ4anwG6gy1uWKoi5aefDv/p0xyodGiXalkI6VH9P5BAb04tD2xkDXptxbyD+57UyjA7buVBphlyxn0VRJikmdBAS7QjNGcqeJcC0sLdSdg0aGNooCzYEb/zlSXJZq3r7Ve+8VjraG8WxQLbINqkQjxyQI3JCzkidMPJAnsgLeXUenWfnzXn/aZ1yRjOb5A+cj28D953j</latexit>

gti ⌘ Mt
i(rfi(x

t))

+ fast O(1/t) convergence
- communicates a lot

- diverges!
+ communicates little

+ fast O(1/t) convergence
+ communicates little

<latexit sha1_base64="TcHEY/R1yxnUQ61Ky7xP8Xpk6Wg="></latexit>

gti ⌘
(
rfi(xt) if krfi(xt)� gt�1

i k2 > ⇣krfi(xt)�rfi(xt�1)k2

gt�1
i otherwise
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Examples of Compression Mechanisms

<latexit sha1_base64="ryqjioz13BC/S4znkOGO1rum8a0="></latexit>

gti ⌘ gt�1
i + C

�
rfi(x

t)� gt�1
i

�

<latexit sha1_base64="cZlgqqNlh10PTP3uJx5PBD6X7/Y=">AAACE3icbVA9SwNBEN3z2/gVtbRZTIRoEe6CqGXAxlLBaCAXj7nNXlzc2zt354LhyH+w8a/YWChia2Pnv3ETU2j0wcDjvRlm5oWpFAZd99OZmp6ZnZtfWCwsLa+srhXXNy5MkmnGGyyRiW6GYLgUijdQoOTNVHOIQ8kvw5vjoX/Z49qIRJ1jP+XtGLpKRIIBWiko7pXL3UBcIfX5bSZ6NPcZSHo8qPgKQgk0CkTl7gp3d8vloFhyq+4I9C/xxqRExjgNih9+J2FZzBUyCca0PDfFdg4aBZN8UPAzw1NgN9DlLUsVxNy089FPA7pjlQ6NEm1LIR2pPydyiI3px6HtjAGvzaQ3FP/zWhlGR+1cqDRDrtj3oiiTFBM6DIh2hOYMZd8SYFrYWym7Bg0MbYwFG4I3+fJfclGregdV76xWqu+P41ggW2SbVIhHDkmdnJBT0iCM3JNH8kxenAfnyXl13r5bp5zxzCb5Bef9C7BInBc=</latexit>

gti ⌘ C(rfi(x
t))

<latexit sha1_base64="sbHSVXi3m0kmg9+r2MoB2EPzFkQ=">AAACCXicbVC7SgNBFJ31GeMramkzmBViE3aDqGXAxjKCeUAey+xkNhkyO7vO3A2GJa2Nv2JjoYitf2Dn3zh5FJp44MLhnHu59x4/FlyD43xbK6tr6xubma3s9s7u3n7u4LCmo0RRVqWRiFTDJ5oJLlkVOAjWiBUjoS9Y3R9cT/z6kCnNI3kHo5i1Q9KTPOCUgJG8HLbtnsc7gFvsPuFD3JLEFwQHHi88dODMtr1c3ik6U+Bl4s5JHs1R8XJfrW5Ek5BJoIJo3XSdGNopUcCpYONsK9EsJnRAeqxpqCQh0+10+skYnxqli4NImZKAp+rviZSEWo9C33SGBPp60ZuI/3nNBIKrdsplnACTdLYoSASGCE9iwV2uGAUxMoRQxc2tmPaJIhRMeFkTgrv48jKplYruRdG9LeXL5/M4MugYnaACctElKqMbVEFVRNEjekav6M16sl6sd+tj1rpizWeO0B9Ynz/dPJh7</latexit>

gti ⌘ rfi(x
t) Gradient Descent (GD)

Error Feedback 2021 (EF21)

Compressed 
Gradient Descent (CGD)

Lazily Aggregated Gradient (LAG)

<latexit sha1_base64="ue0QjW5JlQfBRmdge0wj1ucYthw="></latexit>

E kC(u)� uk2  (1� �)kuk2, 8u 2 Rd

[R., Sokolov, Fatkhullin @ NeurIPS 2021]

[Chen, Giannakis, Sun, Yin @ NeurIPS 2018]

<latexit sha1_base64="RJnjBX4yNiTeZ+8i99hPmDS3dCY=">AAACF3icbVA9SwNBEN3z2/gVtbRZTITYhLsgainY2AgKxgRy8Zjb7MXFvb1zd04MR/6FjX/FxkIRW+38N25iCk18MPB4b4aZeWEqhUHX/XKmpmdm5+YXFgtLyyura8X1jUuTZJrxOktkopshGC6F4nUUKHkz1RziUPJGeHM88Bt3XBuRqAvspbwdQ1eJSDBAKwXFarncDcQVUp/fZuKO5j4DSU/7A63iKwgl0CgQlfsr3N0tl4Niya26Q9BJ4o1IiYxwFhQ//U7CspgrZBKMaXluiu0cNAomeb/gZ4anwG6gy1uWKoi5aefDv/p0xyodGiXalkI6VH9P5BAb04tD2xkDXptxbyD+57UyjA7buVBphlyxn0VRJikmdBAS7QjNGcqeJcC0sLdSdg0aGNooCzYEb/zlSXJZq3r7Ve+8VjraG8WxQLbINqkQjxyQI3JCzkidMPJAnsgLeXUenWfnzXn/aZ1yRjOb5A+cj28D953j</latexit>

gti ⌘ Mt
i(rfi(x

t))

+ fast O(1/t) convergence
- communicates a lot

- diverges!
+ communicates little

+ fast O(1/t) convergence
+ communicates little

Communicates when a trigger is fired!

<latexit sha1_base64="TcHEY/R1yxnUQ61Ky7xP8Xpk6Wg="></latexit>

gti ⌘
(
rfi(xt) if krfi(xt)� gt�1

i k2 > ⇣krfi(xt)�rfi(xt�1)k2

gt�1
i otherwise

6/10
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<latexit sha1_base64="ryqjioz13BC/S4znkOGO1rum8a0="></latexit>

gti ⌘ gt�1
i + C

�
rfi(x

t)� gt�1
i

�

<latexit sha1_base64="cZlgqqNlh10PTP3uJx5PBD6X7/Y=">AAACE3icbVA9SwNBEN3z2/gVtbRZTIRoEe6CqGXAxlLBaCAXj7nNXlzc2zt354LhyH+w8a/YWChia2Pnv3ETU2j0wcDjvRlm5oWpFAZd99OZmp6ZnZtfWCwsLa+srhXXNy5MkmnGGyyRiW6GYLgUijdQoOTNVHOIQ8kvw5vjoX/Z49qIRJ1jP+XtGLpKRIIBWiko7pXL3UBcIfX5bSZ6NPcZSHo8qPgKQgk0CkTl7gp3d8vloFhyq+4I9C/xxqRExjgNih9+J2FZzBUyCca0PDfFdg4aBZN8UPAzw1NgN9DlLUsVxNy089FPA7pjlQ6NEm1LIR2pPydyiI3px6HtjAGvzaQ3FP/zWhlGR+1cqDRDrtj3oiiTFBM6DIh2hOYMZd8SYFrYWym7Bg0MbYwFG4I3+fJfclGregdV76xWqu+P41ggW2SbVIhHDkmdnJBT0iCM3JNH8kxenAfnyXl13r5bp5zxzCb5Bef9C7BInBc=</latexit>

gti ⌘ C(rfi(x
t))

<latexit sha1_base64="sbHSVXi3m0kmg9+r2MoB2EPzFkQ=">AAACCXicbVC7SgNBFJ31GeMramkzmBViE3aDqGXAxjKCeUAey+xkNhkyO7vO3A2GJa2Nv2JjoYitf2Dn3zh5FJp44MLhnHu59x4/FlyD43xbK6tr6xubma3s9s7u3n7u4LCmo0RRVqWRiFTDJ5oJLlkVOAjWiBUjoS9Y3R9cT/z6kCnNI3kHo5i1Q9KTPOCUgJG8HLbtnsc7gFvsPuFD3JLEFwQHHi88dODMtr1c3ik6U+Bl4s5JHs1R8XJfrW5Ek5BJoIJo3XSdGNopUcCpYONsK9EsJnRAeqxpqCQh0+10+skYnxqli4NImZKAp+rviZSEWo9C33SGBPp60ZuI/3nNBIKrdsplnACTdLYoSASGCE9iwV2uGAUxMoRQxc2tmPaJIhRMeFkTgrv48jKplYruRdG9LeXL5/M4MugYnaACctElKqMbVEFVRNEjekav6M16sl6sd+tj1rpizWeO0B9Ynz/dPJh7</latexit>

gti ⌘ rfi(x
t) Gradient Descent (GD)

Error Feedback 2021 (EF21)

Compressed 
Gradient Descent (CGD)

Lazily Aggregated Gradient (LAG)

<latexit sha1_base64="ue0QjW5JlQfBRmdge0wj1ucYthw="></latexit>

E kC(u)� uk2  (1� �)kuk2, 8u 2 Rd

[R., Sokolov, Fatkhullin @ NeurIPS 2021]

[Chen, Giannakis, Sun, Yin @ NeurIPS 2018]

<latexit sha1_base64="RJnjBX4yNiTeZ+8i99hPmDS3dCY=">AAACF3icbVA9SwNBEN3z2/gVtbRZTITYhLsgainY2AgKxgRy8Zjb7MXFvb1zd04MR/6FjX/FxkIRW+38N25iCk18MPB4b4aZeWEqhUHX/XKmpmdm5+YXFgtLyyura8X1jUuTZJrxOktkopshGC6F4nUUKHkz1RziUPJGeHM88Bt3XBuRqAvspbwdQ1eJSDBAKwXFarncDcQVUp/fZuKO5j4DSU/7A63iKwgl0CgQlfsr3N0tl4Niya26Q9BJ4o1IiYxwFhQ//U7CspgrZBKMaXluiu0cNAomeb/gZ4anwG6gy1uWKoi5aefDv/p0xyodGiXalkI6VH9P5BAb04tD2xkDXptxbyD+57UyjA7buVBphlyxn0VRJikmdBAS7QjNGcqeJcC0sLdSdg0aGNooCzYEb/zlSXJZq3r7Ve+8VjraG8WxQLbINqkQjxyQI3JCzkidMPJAnsgLeXUenWfnzXn/aZ1yRjOb5A+cj28D953j</latexit>

gti ⌘ Mt
i(rfi(x

t))

+ fast O(1/t) convergence
- communicates a lot

- diverges!
+ communicates little

+ fast O(1/t) convergence
+ communicates little

Communicates when a trigger is fired!
- convergence not understood
+ communication savings unclear

<latexit sha1_base64="TcHEY/R1yxnUQ61Ky7xP8Xpk6Wg="></latexit>

gti ⌘
(
rfi(xt) if krfi(xt)� gt�1

i k2 > ⇣krfi(xt)�rfi(xt�1)k2

gt�1
i otherwise
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<latexit sha1_base64="6bWklJK9X6ZTiv3ZQdZG0vhKiqc="></latexit>

gti ⌘
(
gt�1
i + C

�
rfi(xt)� gt�1

i

�
if krfi(xt)� gt�1

i k2 > ⇣krfi(xt)�rfi(xt�1)k2

gt�1
i otherwise

Examples of Compression Mechanisms

<latexit sha1_base64="ryqjioz13BC/S4znkOGO1rum8a0="></latexit>

gti ⌘ gt�1
i + C

�
rfi(x

t)� gt�1
i

�

<latexit sha1_base64="cZlgqqNlh10PTP3uJx5PBD6X7/Y=">AAACE3icbVA9SwNBEN3z2/gVtbRZTIRoEe6CqGXAxlLBaCAXj7nNXlzc2zt354LhyH+w8a/YWChia2Pnv3ETU2j0wcDjvRlm5oWpFAZd99OZmp6ZnZtfWCwsLa+srhXXNy5MkmnGGyyRiW6GYLgUijdQoOTNVHOIQ8kvw5vjoX/Z49qIRJ1jP+XtGLpKRIIBWiko7pXL3UBcIfX5bSZ6NPcZSHo8qPgKQgk0CkTl7gp3d8vloFhyq+4I9C/xxqRExjgNih9+J2FZzBUyCca0PDfFdg4aBZN8UPAzw1NgN9DlLUsVxNy089FPA7pjlQ6NEm1LIR2pPydyiI3px6HtjAGvzaQ3FP/zWhlGR+1cqDRDrtj3oiiTFBM6DIh2hOYMZd8SYFrYWym7Bg0MbYwFG4I3+fJfclGregdV76xWqu+P41ggW2SbVIhHDkmdnJBT0iCM3JNH8kxenAfnyXl13r5bp5zxzCb5Bef9C7BInBc=</latexit>

gti ⌘ C(rfi(x
t))

<latexit sha1_base64="sbHSVXi3m0kmg9+r2MoB2EPzFkQ=">AAACCXicbVC7SgNBFJ31GeMramkzmBViE3aDqGXAxjKCeUAey+xkNhkyO7vO3A2GJa2Nv2JjoYitf2Dn3zh5FJp44MLhnHu59x4/FlyD43xbK6tr6xubma3s9s7u3n7u4LCmo0RRVqWRiFTDJ5oJLlkVOAjWiBUjoS9Y3R9cT/z6kCnNI3kHo5i1Q9KTPOCUgJG8HLbtnsc7gFvsPuFD3JLEFwQHHi88dODMtr1c3ik6U+Bl4s5JHs1R8XJfrW5Ek5BJoIJo3XSdGNopUcCpYONsK9EsJnRAeqxpqCQh0+10+skYnxqli4NImZKAp+rviZSEWo9C33SGBPp60ZuI/3nNBIKrdsplnACTdLYoSASGCE9iwV2uGAUxMoRQxc2tmPaJIhRMeFkTgrv48jKplYruRdG9LeXL5/M4MugYnaACctElKqMbVEFVRNEjekav6M16sl6sd+tj1rpizWeO0B9Ynz/dPJh7</latexit>

gti ⌘ rfi(x
t) Gradient Descent (GD)

Error Feedback 2021 (EF21)

Compressed 
Gradient Descent (CGD)

Lazily Aggregated Gradient (LAG)

<latexit sha1_base64="ue0QjW5JlQfBRmdge0wj1ucYthw="></latexit>

E kC(u)� uk2  (1� �)kuk2, 8u 2 Rd

CLAG = EF21 + LAG 
(Lazily Aggregated EF21)

[R., Sokolov, Fatkhullin @ NeurIPS 2021]

[Chen, Giannakis, Sun, Yin @ NeurIPS 2018]

[NEW @ ICML 2022]

<latexit sha1_base64="RJnjBX4yNiTeZ+8i99hPmDS3dCY=">AAACF3icbVA9SwNBEN3z2/gVtbRZTITYhLsgainY2AgKxgRy8Zjb7MXFvb1zd04MR/6FjX/FxkIRW+38N25iCk18MPB4b4aZeWEqhUHX/XKmpmdm5+YXFgtLyyura8X1jUuTZJrxOktkopshGC6F4nUUKHkz1RziUPJGeHM88Bt3XBuRqAvspbwdQ1eJSDBAKwXFarncDcQVUp/fZuKO5j4DSU/7A63iKwgl0CgQlfsr3N0tl4Niya26Q9BJ4o1IiYxwFhQ//U7CspgrZBKMaXluiu0cNAomeb/gZ4anwG6gy1uWKoi5aefDv/p0xyodGiXalkI6VH9P5BAb04tD2xkDXptxbyD+57UyjA7buVBphlyxn0VRJikmdBAS7QjNGcqeJcC0sLdSdg0aGNooCzYEb/zlSXJZq3r7Ve+8VjraG8WxQLbINqkQjxyQI3JCzkidMPJAnsgLeXUenWfnzXn/aZ1yRjOb5A+cj28D953j</latexit>

gti ⌘ Mt
i(rfi(x

t))

+ fast O(1/t) convergence
- communicates a lot

- diverges!
+ communicates little

+ fast O(1/t) convergence
+ communicates little

Communicates when a trigger is fired!
- convergence not understood
+ communication savings unclear

<latexit sha1_base64="TcHEY/R1yxnUQ61Ky7xP8Xpk6Wg="></latexit>

gti ⌘
(
rfi(xt) if krfi(xt)� gt�1

i k2 > ⇣krfi(xt)�rfi(xt�1)k2

gt�1
i otherwise

<latexit sha1_base64="L3DkEXvVqyGZsqf26Rd/RY5hALk="></latexit>

krfi(x
t)� gt�1

i k2 > ⇣krfi(x
t)�rfi(x

t�1)k2
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<latexit sha1_base64="6bWklJK9X6ZTiv3ZQdZG0vhKiqc="></latexit>

gti ⌘
(
gt�1
i + C

�
rfi(xt)� gt�1

i

�
if krfi(xt)� gt�1

i k2 > ⇣krfi(xt)�rfi(xt�1)k2

gt�1
i otherwise

Examples of Compression Mechanisms

<latexit sha1_base64="ryqjioz13BC/S4znkOGO1rum8a0="></latexit>

gti ⌘ gt�1
i + C

�
rfi(x

t)� gt�1
i

�

<latexit sha1_base64="cZlgqqNlh10PTP3uJx5PBD6X7/Y=">AAACE3icbVA9SwNBEN3z2/gVtbRZTIRoEe6CqGXAxlLBaCAXj7nNXlzc2zt354LhyH+w8a/YWChia2Pnv3ETU2j0wcDjvRlm5oWpFAZd99OZmp6ZnZtfWCwsLa+srhXXNy5MkmnGGyyRiW6GYLgUijdQoOTNVHOIQ8kvw5vjoX/Z49qIRJ1jP+XtGLpKRIIBWiko7pXL3UBcIfX5bSZ6NPcZSHo8qPgKQgk0CkTl7gp3d8vloFhyq+4I9C/xxqRExjgNih9+J2FZzBUyCca0PDfFdg4aBZN8UPAzw1NgN9DlLUsVxNy089FPA7pjlQ6NEm1LIR2pPydyiI3px6HtjAGvzaQ3FP/zWhlGR+1cqDRDrtj3oiiTFBM6DIh2hOYMZd8SYFrYWym7Bg0MbYwFG4I3+fJfclGregdV76xWqu+P41ggW2SbVIhHDkmdnJBT0iCM3JNH8kxenAfnyXl13r5bp5zxzCb5Bef9C7BInBc=</latexit>

gti ⌘ C(rfi(x
t))

<latexit sha1_base64="sbHSVXi3m0kmg9+r2MoB2EPzFkQ=">AAACCXicbVC7SgNBFJ31GeMramkzmBViE3aDqGXAxjKCeUAey+xkNhkyO7vO3A2GJa2Nv2JjoYitf2Dn3zh5FJp44MLhnHu59x4/FlyD43xbK6tr6xubma3s9s7u3n7u4LCmo0RRVqWRiFTDJ5oJLlkVOAjWiBUjoS9Y3R9cT/z6kCnNI3kHo5i1Q9KTPOCUgJG8HLbtnsc7gFvsPuFD3JLEFwQHHi88dODMtr1c3ik6U+Bl4s5JHs1R8XJfrW5Ek5BJoIJo3XSdGNopUcCpYONsK9EsJnRAeqxpqCQh0+10+skYnxqli4NImZKAp+rviZSEWo9C33SGBPp60ZuI/3nNBIKrdsplnACTdLYoSASGCE9iwV2uGAUxMoRQxc2tmPaJIhRMeFkTgrv48jKplYruRdG9LeXL5/M4MugYnaACctElKqMbVEFVRNEjekav6M16sl6sd+tj1rpizWeO0B9Ynz/dPJh7</latexit>

gti ⌘ rfi(x
t) Gradient Descent (GD)

Error Feedback 2021 (EF21)

Compressed 
Gradient Descent (CGD)

Lazily Aggregated Gradient (LAG)

<latexit sha1_base64="ue0QjW5JlQfBRmdge0wj1ucYthw="></latexit>

E kC(u)� uk2  (1� �)kuk2, 8u 2 Rd

CLAG = EF21 + LAG 
(Lazily Aggregated EF21)

[R., Sokolov, Fatkhullin @ NeurIPS 2021]

[Chen, Giannakis, Sun, Yin @ NeurIPS 2018]

[NEW @ ICML 2022]

<latexit sha1_base64="RJnjBX4yNiTeZ+8i99hPmDS3dCY=">AAACF3icbVA9SwNBEN3z2/gVtbRZTITYhLsgainY2AgKxgRy8Zjb7MXFvb1zd04MR/6FjX/FxkIRW+38N25iCk18MPB4b4aZeWEqhUHX/XKmpmdm5+YXFgtLyyura8X1jUuTZJrxOktkopshGC6F4nUUKHkz1RziUPJGeHM88Bt3XBuRqAvspbwdQ1eJSDBAKwXFarncDcQVUp/fZuKO5j4DSU/7A63iKwgl0CgQlfsr3N0tl4Niya26Q9BJ4o1IiYxwFhQ//U7CspgrZBKMaXluiu0cNAomeb/gZ4anwG6gy1uWKoi5aefDv/p0xyodGiXalkI6VH9P5BAb04tD2xkDXptxbyD+57UyjA7buVBphlyxn0VRJikmdBAS7QjNGcqeJcC0sLdSdg0aGNooCzYEb/zlSXJZq3r7Ve+8VjraG8WxQLbINqkQjxyQI3JCzkidMPJAnsgLeXUenWfnzXn/aZ1yRjOb5A+cj28D953j</latexit>

gti ⌘ Mt
i(rfi(x

t))

+ fast O(1/t) convergence
- communicates a lot

- diverges!
+ communicates little

+ fast O(1/t) convergence
+ communicates little

Communicates when a trigger is fired!
- convergence not understood
+ communication savings unclear

<latexit sha1_base64="TcHEY/R1yxnUQ61Ky7xP8Xpk6Wg="></latexit>

gti ⌘
(
rfi(xt) if krfi(xt)� gt�1

i k2 > ⇣krfi(xt)�rfi(xt�1)k2

gt�1
i otherwise

<latexit sha1_base64="L3DkEXvVqyGZsqf26Rd/RY5hALk="></latexit>

krfi(x
t)� gt�1

i k2 > ⇣krfi(x
t)�rfi(x

t�1)k2

6/10



<latexit sha1_base64="6bWklJK9X6ZTiv3ZQdZG0vhKiqc="></latexit>

gti ⌘
(
gt�1
i + C

�
rfi(xt)� gt�1

i

�
if krfi(xt)� gt�1

i k2 > ⇣krfi(xt)�rfi(xt�1)k2

gt�1
i otherwise

Examples of Compression Mechanisms

<latexit sha1_base64="ryqjioz13BC/S4znkOGO1rum8a0="></latexit>

gti ⌘ gt�1
i + C

�
rfi(x

t)� gt�1
i

�

<latexit sha1_base64="cZlgqqNlh10PTP3uJx5PBD6X7/Y=">AAACE3icbVA9SwNBEN3z2/gVtbRZTIRoEe6CqGXAxlLBaCAXj7nNXlzc2zt354LhyH+w8a/YWChia2Pnv3ETU2j0wcDjvRlm5oWpFAZd99OZmp6ZnZtfWCwsLa+srhXXNy5MkmnGGyyRiW6GYLgUijdQoOTNVHOIQ8kvw5vjoX/Z49qIRJ1jP+XtGLpKRIIBWiko7pXL3UBcIfX5bSZ6NPcZSHo8qPgKQgk0CkTl7gp3d8vloFhyq+4I9C/xxqRExjgNih9+J2FZzBUyCca0PDfFdg4aBZN8UPAzw1NgN9DlLUsVxNy089FPA7pjlQ6NEm1LIR2pPydyiI3px6HtjAGvzaQ3FP/zWhlGR+1cqDRDrtj3oiiTFBM6DIh2hOYMZd8SYFrYWym7Bg0MbYwFG4I3+fJfclGregdV76xWqu+P41ggW2SbVIhHDkmdnJBT0iCM3JNH8kxenAfnyXl13r5bp5zxzCb5Bef9C7BInBc=</latexit>

gti ⌘ C(rfi(x
t))

<latexit sha1_base64="sbHSVXi3m0kmg9+r2MoB2EPzFkQ=">AAACCXicbVC7SgNBFJ31GeMramkzmBViE3aDqGXAxjKCeUAey+xkNhkyO7vO3A2GJa2Nv2JjoYitf2Dn3zh5FJp44MLhnHu59x4/FlyD43xbK6tr6xubma3s9s7u3n7u4LCmo0RRVqWRiFTDJ5oJLlkVOAjWiBUjoS9Y3R9cT/z6kCnNI3kHo5i1Q9KTPOCUgJG8HLbtnsc7gFvsPuFD3JLEFwQHHi88dODMtr1c3ik6U+Bl4s5JHs1R8XJfrW5Ek5BJoIJo3XSdGNopUcCpYONsK9EsJnRAeqxpqCQh0+10+skYnxqli4NImZKAp+rviZSEWo9C33SGBPp60ZuI/3nNBIKrdsplnACTdLYoSASGCE9iwV2uGAUxMoRQxc2tmPaJIhRMeFkTgrv48jKplYruRdG9LeXL5/M4MugYnaACctElKqMbVEFVRNEjekav6M16sl6sd+tj1rpizWeO0B9Ynz/dPJh7</latexit>

gti ⌘ rfi(x
t) Gradient Descent (GD)

Error Feedback 2021 (EF21)

Compressed 
Gradient Descent (CGD)

Lazily Aggregated Gradient (LAG)

<latexit sha1_base64="ue0QjW5JlQfBRmdge0wj1ucYthw="></latexit>

E kC(u)� uk2  (1� �)kuk2, 8u 2 Rd

CLAG = EF21 + LAG 
(Lazily Aggregated EF21)

[R., Sokolov, Fatkhullin @ NeurIPS 2021]

[Chen, Giannakis, Sun, Yin @ NeurIPS 2018]

[NEW @ ICML 2022]

<latexit sha1_base64="RJnjBX4yNiTeZ+8i99hPmDS3dCY=">AAACF3icbVA9SwNBEN3z2/gVtbRZTITYhLsgainY2AgKxgRy8Zjb7MXFvb1zd04MR/6FjX/FxkIRW+38N25iCk18MPB4b4aZeWEqhUHX/XKmpmdm5+YXFgtLyyura8X1jUuTZJrxOktkopshGC6F4nUUKHkz1RziUPJGeHM88Bt3XBuRqAvspbwdQ1eJSDBAKwXFarncDcQVUp/fZuKO5j4DSU/7A63iKwgl0CgQlfsr3N0tl4Niya26Q9BJ4o1IiYxwFhQ//U7CspgrZBKMaXluiu0cNAomeb/gZ4anwG6gy1uWKoi5aefDv/p0xyodGiXalkI6VH9P5BAb04tD2xkDXptxbyD+57UyjA7buVBphlyxn0VRJikmdBAS7QjNGcqeJcC0sLdSdg0aGNooCzYEb/zlSXJZq3r7Ve+8VjraG8WxQLbINqkQjxyQI3JCzkidMPJAnsgLeXUenWfnzXn/aZ1yRjOb5A+cj28D953j</latexit>

gti ⌘ Mt
i(rfi(x

t))

+ fast O(1/t) convergence
- communicates a lot

- diverges!
+ communicates little

+ fast O(1/t) convergence
+ communicates little

Communicates when a trigger is fired!
- convergence not understood
+ communication savings unclear

+ combines benefits of EF21 and LAG

<latexit sha1_base64="TcHEY/R1yxnUQ61Ky7xP8Xpk6Wg="></latexit>

gti ⌘
(
rfi(xt) if krfi(xt)� gt�1

i k2 > ⇣krfi(xt)�rfi(xt�1)k2

gt�1
i otherwise

<latexit sha1_base64="L3DkEXvVqyGZsqf26Rd/RY5hALk="></latexit>

krfi(x
t)� gt�1

i k2 > ⇣krfi(x
t)�rfi(x

t�1)k2
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Three Point Compressors: Theory

<latexit sha1_base64="ZdQnbSXzM6PpId0YVu5jKTtQNM0="></latexit>

xt+1 = xt � �
1

n

nX

i=1

Mt
i(rfi(x

t))

<latexit sha1_base64="met2u8N+G9E9AIRNa2WUVo740qg="></latexit>

If Mt
i is a 3PC with parameters A and B, then the method

<latexit sha1_base64="yETPbwcxkrQzO+8KkiOQ3YBMZ/4=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4Krs9qCcpePFYwX5Iu5RsOtuGJtklyQql9Fd48aCIV3+ON/+NabsHbX0Q8nhvhpl5USq4sb7/7a2tb2xubRd2irt7+weHpaPjpkkyzbDBEpHodkQNCq6wYbkV2E41UhkJbEWj25nfekJteKIe7DjFUNKB4jFn1Drp0bjPxBxNr1T2K/4cZJUEOSlDjnqv9NXtJyyTqCwT1JhO4Kc2nFBtORM4LXYzgyllIzrAjqOKSjThZL7wlJw7pU/iRLunLJmrvzsmVBozlpGrlNQOzbI3E//zOpmNr8MJV2lmUbHFoDgTxCZkdj3pc43MirEjlGnudiVsSDVl1mVUdCEEyyevkma1ElxWgvtquXaTx1GAUziDCwjgCmpwB3VoAAMJz/AKb572Xrx372NRuublPSfwB97nDycjkJ8=</latexit>

satisfies

Theorem
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<latexit sha1_base64="ZdQnbSXzM6PpId0YVu5jKTtQNM0="></latexit>

xt+1 = xt � �
1

n

nX

i=1

Mt
i(rfi(x

t))

<latexit sha1_base64="met2u8N+G9E9AIRNa2WUVo740qg="></latexit>

If Mt
i is a 3PC with parameters A and B, then the method

<latexit sha1_base64="yETPbwcxkrQzO+8KkiOQ3YBMZ/4=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4Krs9qCcpePFYwX5Iu5RsOtuGJtklyQql9Fd48aCIV3+ON/+NabsHbX0Q8nhvhpl5USq4sb7/7a2tb2xubRd2irt7+weHpaPjpkkyzbDBEpHodkQNCq6wYbkV2E41UhkJbEWj25nfekJteKIe7DjFUNKB4jFn1Drp0bjPxBxNr1T2K/4cZJUEOSlDjnqv9NXtJyyTqCwT1JhO4Kc2nFBtORM4LXYzgyllIzrAjqOKSjThZL7wlJw7pU/iRLunLJmrvzsmVBozlpGrlNQOzbI3E//zOpmNr8MJV2lmUbHFoDgTxCZkdj3pc43MirEjlGnudiVsSDVl1mVUdCEEyyevkma1ElxWgvtquXaTx1GAUziDCwjgCmpwB3VoAAMJz/AKb572Xrx372NRuublPSfwB97nDycjkJ8=</latexit>

satisfies

Theorem

<latexit sha1_base64="i0kRBDdoVNSVAfJBX6IOt4ZUCn0="></latexit>

Ekrf(x̂t)k2  2(f(x0)� infx f(x))

�t
+

1
n

nP
i=1

Ekg0i �rfi(x0)k2

At
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<latexit sha1_base64="ZdQnbSXzM6PpId0YVu5jKTtQNM0="></latexit>

xt+1 = xt � �
1

n

nX

i=1

Mt
i(rfi(x

t))

<latexit sha1_base64="met2u8N+G9E9AIRNa2WUVo740qg="></latexit>

If Mt
i is a 3PC with parameters A and B, then the method

<latexit sha1_base64="yETPbwcxkrQzO+8KkiOQ3YBMZ/4=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4Krs9qCcpePFYwX5Iu5RsOtuGJtklyQql9Fd48aCIV3+ON/+NabsHbX0Q8nhvhpl5USq4sb7/7a2tb2xubRd2irt7+weHpaPjpkkyzbDBEpHodkQNCq6wYbkV2E41UhkJbEWj25nfekJteKIe7DjFUNKB4jFn1Drp0bjPxBxNr1T2K/4cZJUEOSlDjnqv9NXtJyyTqCwT1JhO4Kc2nFBtORM4LXYzgyllIzrAjqOKSjThZL7wlJw7pU/iRLunLJmrvzsmVBozlpGrlNQOzbI3E//zOpmNr8MJV2lmUbHFoDgTxCZkdj3pc43MirEjlGnudiVsSDVl1mVUdCEEyyevkma1ElxWgvtquXaTx1GAUziDCwjgCmpwB3VoAAMJz/AKb572Xrx372NRuublPSfwB97nDycjkJ8=</latexit>

satisfies

Theorem

<latexit sha1_base64="i0kRBDdoVNSVAfJBX6IOt4ZUCn0="></latexit>

Ekrf(x̂t)k2  2(f(x0)� infx f(x))

�t
+

1
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Three Point Compressors: Theory

<latexit sha1_base64="ZdQnbSXzM6PpId0YVu5jKTtQNM0="></latexit>

xt+1 = xt � �
1

n

nX

i=1

Mt
i(rfi(x

t))

<latexit sha1_base64="met2u8N+G9E9AIRNa2WUVo740qg="></latexit>

If Mt
i is a 3PC with parameters A and B, then the method

<latexit sha1_base64="yETPbwcxkrQzO+8KkiOQ3YBMZ/4=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4Krs9qCcpePFYwX5Iu5RsOtuGJtklyQql9Fd48aCIV3+ON/+NabsHbX0Q8nhvhpl5USq4sb7/7a2tb2xubRd2irt7+weHpaPjpkkyzbDBEpHodkQNCq6wYbkV2E41UhkJbEWj25nfekJteKIe7DjFUNKB4jFn1Drp0bjPxBxNr1T2K/4cZJUEOSlDjnqv9NXtJyyTqCwT1JhO4Kc2nFBtORM4LXYzgyllIzrAjqOKSjThZL7wlJw7pU/iRLunLJmrvzsmVBozlpGrlNQOzbI3E//zOpmNr8MJV2lmUbHFoDgTxCZkdj3pc43MirEjlGnudiVsSDVl1mVUdCEEyyevkma1ElxWgvtquXaTx1GAUziDCwjgCmpwB3VoAAMJz/AKb572Xrx372NRuublPSfwB97nDycjkJ8=</latexit>
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• 3PC recovers
• gradient descent (GD) and its rate
• error feedback (EF21) and its rate
• lazy aggregation (LAG) & gets a better rate

• 3PC uncovers a hidden link between error feedback and lazy aggregation 
mechanisms & literature
• 3PC includes 

• new method (CLAG) which combines the benefits of EF21 and LAG
• several additional new methods (not mentioned in this talk)

• We prove 
• Fast O(1/t) rate for smooth nonconvex functions
• linear rate under the Polyak-Łojasiewicz condition (not mentioned in this talk)

Summary & Extensions
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