
<latexit sha1_base64="G09lyZpQZQ8LaK6nEFjAYEoyKjs="></latexit>

↵k =

p
dp

2nkxk � xk�1k2/⌘2k + "2

Theorem. 
Smooth nonconvex: 

Smooth convex: 

Non-smooth convex:

<latexit sha1_base64="KiFk3t+CItHqTH1Yc0iCDpp/c7I="></latexit>

Q(gki ) =
1

↵k
Int(↵k � gki )

IntSGDProblem

Idea: Compression that 
supports all-reduce

Convergence

min
x2Rd

f(x)

<latexit sha1_base64="6w93Io3ALcX2AgibyD/QBai22pY=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHqpiRS0GXRjcsq9gFNDJPJpB06mYSZibSErtz4K25cKOLWb3Dn3zhps9DWAxcO59zLvff4CaNSWda3sbS8srq2Xtoob25t7+yae/ttGacCkxaOWSy6PpKEUU5aiipGuokgKPIZ6fjDq9zvPBAhaczv1DghboT6nIYUI6UlzzxyIsq9bORQDp0IqYHvZ7eT+2ACw+ro1DMrVs2aAi4SuyAVUKDpmV9OEOM0IlxhhqTs2Vai3AwJRTEjk7KTSpIgPER90tOUo4hIN5u+MYEnWglgGAtdXMGp+nsiQ5GU48jXnfmlct7Lxf+8XqrCCzejPEkV4Xi2KEwZVDHMM4EBFQQrNtYEYUH1rRAPkEBY6eTKOgR7/uVF0j6r2fVa/aZeaVwWcZTAITgGVWCDc9AA16AJWgCDR/AMXsGb8WS8GO/Gx6x1yShmDsAfGJ8/3x2Yuw==</latexit>

<latexit sha1_base64="u0A2QsGk6Sk/dUGKdBs07SmkOTw=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6VQNyWRom4KRTcuK9gHNDFMppN26GQSZiZiCfkCN/6KGxeKuHXtzr9x2mahrQcGDuecy517/JhRqSzr2yisrK6tbxQ3S1vbO7t75v5BR0aJwKSNIxaJno8kYZSTtqKKkV4sCAp9Rrr++Grqd++JkDTit2oSEzdEQ04DipHSkmdWgurDCWxAJxAIp3aW8syRSeiltGFndxwGHtUBzyxbNWsGuEzsnJRBjpZnfjmDCCch4QozJGXftmLlpkgoihnJSk4iSYzwGA1JX1OOQiLddHZOBitaGcAgEvpxBWfq74kUhVJOQl8nQ6RGctGbiv95/UQFF25KeZwowvF8UZAwqCI47QYOqCBYsYkmCAuq/wrxCOlilG6wpEuwF09eJp3Tmn1Wq9/Uy83LvI4iOALHoApscA6a4Bq0QBtg8AiewSt4M56MF+Pd+JhHC0Y+cwj+wPj8AWyymxs=</latexit>

f(x) =
1

n

nX

i=1

fi(x)

<latexit sha1_base64="dyekDOKZYV5If/bHGilXFAXTjXg=">AAACDXicbZDLSsNAFIYn9VbrLerSzWAV2k1JpKggQlEElxXsBdIQJtNJO3RyYWYiLaEv4MZXceNCEbfu3fk2TtIstPWHgY//nMOc87sRo0IaxrdWWFpeWV0rrpc2Nre2d/TdvbYIY45JC4cs5F0XCcJoQFqSSka6ESfIdxnpuKPrtN55IFzQMLiXk4jYPhoE1KMYSWU5+pHn0Mq4Ci9hz0dy6LrJzdTpjamV+RdQYdV29LJRMzLBRTBzKINcTUf/6vVDHPskkJghISzTiKSdIC4pZmRa6sWCRAiP0IBYCgPkE2En2TVTeKycPvRCrl4gYeb+nkiQL8TEd1VnurKYr6XmfzUrlt65ndAgiiUJ8OwjL2ZQhjCNBvYpJ1iyiQKEOVW7QjxEHGGpAiypEMz5kxehfVIzT2v1u3q5cZXHUQQH4BBUgAnOQAPcgiZoAQwewTN4BW/ak/aivWsfs9aCls/sgz/SPn8AU3Gaeg==</latexit>

fi(x) = E⇠[fi(x; ⇠)]

<latexit sha1_base64="zEDA+dUY7wGtgFvZEFg6MedueJU="></latexit>

xk+1 = xk � ⌘k
n

nX

i=1

1

↵k
Int(↵k � gki )

Example

Properties
<latexit sha1_base64="oQpem9Esy3ttcGZiLo1IFqRpqiw=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahbkoiRd0IRRFctmAfkMYwmU7aoZNJmJkIJXTjxl9x40IRt/6DO//GSdqFth4Y5nDOvdx7jx8zKpVlfRuFpeWV1bXiemljc2t7x9zda8soEZi0cMQi0fWRJIxy0lJUMdKNBUGhz0jHH11nfueBCEkjfqfGMXFDNOA0oBgpLXnmYS9Eauj76c3EazrNysCj96MT9zL/PbNsVa0ccJHYM1IGMzQ886vXj3ASEq4wQ1I6thUrN0VCUczIpNRLJIkRHqEBcTTlKCTSTfMrJvBYK30YREI/rmCu/u5IUSjlOPR1ZbaznPcy8T/PSVRw4aaUx4kiHE8HBQmDKoJZJLBPBcGKjTVBWFC9K8RDJBBWOriSDsGeP3mRtE+r9lm11qyV61ezOIrgAByBCrDBOaiDW9AALYDBI3gGr+DNeDJejHfjY1paMGY9++APjM8fqCmYCg==</latexit>

EQ[Q(gki )] = gki
<latexit sha1_base64="x1KQWH6i2UpQNpDnyDpE6mQVY/U=">AAACDnicbVDLSsNAFJ3UV62vqks3g6VQNyWRom6EogguK9gHJGmYTCft0MkkzEykJfQL3Pgrblwo4ta1O//GSduFth64cDjnXu69x48Zlco0v43cyura+kZ+s7C1vbO7V9w/aMkoEZg0ccQi0fGRJIxy0lRUMdKJBUGhz0jbH15nfvuBCEkjfq/GMXFD1Oc0oBgpLXnFshMiNfD99GbiOSNq9z3aHbqXDkc+QzDwaGXUHZ54xZJZNaeAy8SakxKYo+EVv5xehJOQcIUZktK2zFi5KRKKYkYmBSeRJEZ4iPrE1pSjkEg3nb4zgWWt9GAQCV1cwan6eyJFoZTj0Ned2fFy0cvE/zw7UcGFm1IeJ4pwPFsUJAyqCGbZwB4VBCs21gRhQfWtEA+QQFjpBAs6BGvx5WXSOq1aZ9XaXa1Uv5rHkQdH4BhUgAXOQR3cggZoAgwewTN4BW/Gk/FivBsfs9acMZ85BH9gfP4AzTib8A==</latexit>

E⇠[g
k
i ] = rfi(x

k)
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<latexit sha1_base64="a9nav4xU/juevnkfqWlJniljuyo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oUy2m3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKnR6KZIT9cb9ccavuHGSVeDmpQI5Gv/zVG8Q0jZg0VKDWXc9NjJ+hMpwKNi31Us0SpGMcsq6lEiOm/Wx+75ScWWVAwljZkobM1d8TGUZaT6LAdkZoRnrZm4n/ed3UhNd+xmWSGibpYlGYCmJiMnueDLhi1IiJJUgVt7cSOkKF1NiISjYEb/nlVdK6qHqX1dp9rVK/yeMowgmcwjl4cAV1uIMGNIGCgGd4hTfn0Xlx3p2PRWvByWeO4Q+czx8Pto//</latexit>↵k
<latexit sha1_base64="EcPvWuJT+ZfFY8TkQt9gmd0TNXI=">AAAB9HicbVDLSsNAFL2pr1pfVZdugkVwVRIp6rLoRncV7APaUCbTSTt0MokzN4US+h1uXCji1o9x5984abPQ1gMDh3Pu5Z45fiy4Rsf5tgpr6xubW8Xt0s7u3v5B+fCopaNEUdakkYhUxyeaCS5ZEzkK1okVI6EvWNsf32Z+e8KU5pF8xGnMvJAMJQ84JWgkrxcSHFEi0vuZxH654lSdOexV4uakAjka/fJXbxDRJGQSqSBad10nRi8lCjkVbFbqJZrFhI7JkHUNlSRk2kvnoWf2mVEGdhAp8yTac/X3RkpCraehbyazkHrZy8T/vG6CwbWXchknyCRdHAoSYWNkZw3YA64YRTE1hFDFTVabjogiFE1PJVOCu/zlVdK6qLqX1dpDrVK/yesowgmcwjm4cAV1uIMGNIHCEzzDK7xZE+vFerc+FqMFK985hj+wPn8AKViSXg==</latexit>Int

<latexit sha1_base64="5OX5K8xvjU5N3DsrVHse2cXz8i4=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5KIqMeiF48V7Ac0IWy2m3bpZhN2N2IJ+StePCji1T/izX/jts1BWx8MPN6bYWZemHKmtON8W5W19Y3Nrep2bWd3b//APqx3VZJJQjsk4Ynsh1hRzgTtaKY57aeS4jjktBdObmd+75FKxRLxoKcp9WM8EixiBGsjBXbdiyQmuVvkHubpGAeTIrAbTtOZA60StyQNKNEO7C9vmJAspkITjpUauE6q/RxLzQinRc3LFE0xmeARHRgqcEyVn89vL9CpUYYoSqQpodFc/T2R41ipaRyazhjrsVr2ZuJ/3iDT0bWfM5FmmgqyWBRlHOkEzYJAQyYp0XxqCCaSmVsRGWMThjZx1UwI7vLLq6R73nQvmxf3F43WTRlHFY7hBM7AhStowR20oQMEnuAZXuHNKqwX6936WLRWrHLmCP7A+vwBYbGUrQ==</latexit>

1

↵k

<latexit sha1_base64="wj7aJg+2+qJE5It3+l8FdqC2Ftg=">AAACJnicbZBLSwMxEMez9VXXV9Wjl2ARvFh266sehKIXjxXsA7qlZNNpG8xmlyQrlqWfxotfxYuHiog3P4ppu4i2DoT58Z8ZMvP3I86UdpxPK7OwuLS8kl2119Y3Nrdy2zs1FcaSQpWGPJQNnyjgTEBVM82hEUkggc+h7t9fj+v1B5CKheJODyJoBaQnWJdRoo3Uzl16PvSYSKKAaMkeh7ZTcEoX2PPsI0PuGEw+TXPx2PZAdH6627m8USeB58FNIY/SqLRzI68T0jgAoSknSjVdJ9KthEjNKIeh7cUKIkLvSQ+aBgUJQLWSyZlDfGCUDu6G0jyh8UT9PZGQQKlB4JtOs19fzdbG4n+1Zqy7pVbCRBRrEHT6UTfmWId47BnuMAlU84EBQiUzu2LaJ5JQbZy1jQnu7MnzUCsW3LPCye1JvnyV2pFFe2gfHSIXnaMyukEVVEUUPaEXNEJv1rP1ar1bH9PWjJXO7KI/YX19A0W8oV8=</latexit>0
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<latexit sha1_base64="zM2bkACl78nQu+BbStYcDRl6Xck=">AAACHHicbVDLSgMxFM34rOOr6tJNsAhuHGZs1borunFZwT6gU0omvW1DM5khyYhl6Ie48VfcuFDEjQvBvzHTFvF1IJfDOfeSe08Qc6a0635Yc/MLi0vLuRV7dW19YzO/tV1XUSIp1GjEI9kMiALOBNQ00xyasQQSBhwawfAi8xs3IBWLxLUexdAOSV+wHqNEG6mTL/oB9JlI45BoyW7Hdtk5w75vH3pZPc7KkVO0fRDdr55OvuA67gT4L/FmpIBmqHbyb343okkIQlNOlGp5bqzbKZGaUQ5j208UxIQOSR9ahgoSgmqnk+PGeN8oXdyLpHlC44n6fSIloVKjMDCdZr+B+u1l4n9eK9G9cjtlIk40CDr9qJdwrCOcJYW7TALVfGQIoZKZXTEdEEmoNnnaJgTv98l/Sf3I8U6c0lWpUDmfxZFDu2gPHSAPnaIKukRVVEMU3aEH9ISerXvr0XqxXqetc9ZsZgf9gPX+CXGanx8=</latexit>0

BB@
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5
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1
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<latexit sha1_base64="7H5qN2L9zhEslfQ6Y14UYCKEF/U=">AAACGHicbVDLTgIxFO3gC8cX6tJNIzFxI84QfO2IblxiIo+EIaRTLtDQ6UzajpFM+Aw3/oobFxrjlp1/YweIUfAkvTk559703uNHnCntOF9WZml5ZXUtu25vbG5t7+R292oqjCWFKg15KBs+UcCZgKpmmkMjkkACn0PdH9ykfv0BpGKhuNfDCFoB6QnWZZRoI7Vzp54PPSaSKCBasseRfYU9zz5x03qWlqLtgej8+O1c3ik4E+BF4s5IHs1QaefGXiekcQBCU06UarpOpFsJkZpRDiPbixVEhA5ID5qGChKAaiWTw0b4yCgd3A2leULjifp7IiGBUsPAN51mv76a91LxP68Z6+5lK2EiijUIOv2oG3OsQ5ymhDtMAtV8aAihkpldMe0TSag2WdomBHf+5EVSKxbc80LprpQvX8/iyKIDdIiOkYsuUBndogqqIoqe0At6Q+/Ws/VqfVif09aMNZvZR39gjb8BepaeMA==</latexit>0
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2
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<latexit sha1_base64="hbX6lh7H5VqKWos43nDzJbWRKXU=">AAACJHicbZBLSwMxEMez9VXXV9Wjl2ARvFh2S33hpejFYwX7gG4p2XTahmazS5IVy9IP48Wv4sWDDzx48bOYtoto60CYH/+ZITN/P+JMacf5tDILi0vLK9lVe219Y3Mrt71TU2EsKVRpyEPZ8IkCzgRUNdMcGpEEEvgc6v7galyv34FULBS3ehhBKyA9wbqMEm2kdu7C86HHRBIFREt2P7KdgnOOPc8+MuCOweTjNBdtD0Tnp7edyxtxEnge3BTyKI1KO/fmdUIaByA05USpputEupUQqRnlMLK9WEFE6ID0oGlQkABUK5kcOcIHRungbijNExpP1N8TCQmUGga+6TT79dVsbSz+V2vGunvWSpiIYg2CTj/qxhzrEI8dwx0mgWo+NECoZGZXTPtEEqqNr7YxwZ09eR5qxYJ7UijdlPLly9SOLNpD++gQuegUldE1qqAqougBPaEX9Go9Ws/Wu/Uxbc1Y6cwu+hPW1zc5laDg</latexit>0

BB@
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1
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<latexit sha1_base64="+XpfpThBLrgbbfHqddVu2aTMA/s=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVoh6LXjxWsB/QLiWbZtvQbBKSrFiW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4dua3H6k2TIoHO1E0TPBQsJgRbJ3U7mGltHzqlyt+1Z8DrZIgJxXI0eiXv3oDSdKECks4NqYb+MqGGdaWEU6npV5qqMJkjIe066jACTVhNj93is6cMkCx1K6ERXP190SGE2MmSeQ6E2xHZtmbif953dTG12HGhEotFWSxKE45shLNfkcDpimxfOIIJpq5WxEZYY2JdQmVXAjB8surpHVRDS6rtftapX6Tx1GEEziFcwjgCupwBw1oAoExPMMrvHnKe/HevY9Fa8HLZ47hD7zPH5ZQj78=</latexit>⇡

<latexit sha1_base64="MbVjvQ47GyJeOP1a3PcB4TErL5I=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxBfsB3aVk02wbms2GJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMCyVn2rjut1PY2Nza3inulvb2Dw6PyscnHZ2kitA2SXiieiHWlDNB24YZTntSURyHnHbDyf3c7z5RpVkiHs1U0iDGI8EiRrCxUrdV9ZGPLgfliltzF0DrxMtJBXI0B+Uvf5iQNKbCEI617nuuNEGGlWGE01nJTzWVmEzwiPYtFTimOsgW587QhVWGKEqULWHQQv09keFY62kc2s4Ym7Fe9ebif14/NdFtkDEhU0MFWS6KUo5Mgua/oyFTlBg+tQQTxeytiIyxwsTYhEo2BG/15XXSuap517V6q15p3OVxFOEMzqEKHtxAAx6gCW0gMIFneIU3RzovzrvzsWwtOPnMKfyB8/kDg6iOYw==</latexit>

Q( )
<latexit sha1_base64="MbVjvQ47GyJeOP1a3PcB4TErL5I=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxBfsB3aVk02wbms2GJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMCyVn2rjut1PY2Nza3inulvb2Dw6PyscnHZ2kitA2SXiieiHWlDNB24YZTntSURyHnHbDyf3c7z5RpVkiHs1U0iDGI8EiRrCxUrdV9ZGPLgfliltzF0DrxMtJBXI0B+Uvf5iQNKbCEI617nuuNEGGlWGE01nJTzWVmEzwiPYtFTimOsgW587QhVWGKEqULWHQQv09keFY62kc2s4Ym7Fe9ebif14/NdFtkDEhU0MFWS6KUo5Mgua/oyFTlBg+tQQTxeytiIyxwsTYhEo2BG/15XXSuap517V6q15p3OVxFOEMzqEKHtxAAx6gCW0gMIFneIU3RzovzrvzsWwtOPnMKfyB8/kDg6iOYw==</latexit>

Q( )
<latexit sha1_base64="MbVjvQ47GyJeOP1a3PcB4TErL5I=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxBfsB3aVk02wbms2GJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMCyVn2rjut1PY2Nza3inulvb2Dw6PyscnHZ2kitA2SXiieiHWlDNB24YZTntSURyHnHbDyf3c7z5RpVkiHs1U0iDGI8EiRrCxUrdV9ZGPLgfliltzF0DrxMtJBXI0B+Uvf5iQNKbCEI617nuuNEGGlWGE01nJTzWVmEzwiPYtFTimOsgW587QhVWGKEqULWHQQv09keFY62kc2s4Ym7Fe9ebif14/NdFtkDEhU0MFWS6KUo5Mgua/oyFTlBg+tQQTxeytiIyxwsTYhEo2BG/15XXSuap517V6q15p3OVxFOEMzqEKHtxAAx6gCW0gMIFneIU3RzovzrvzsWwtOPnMKfyB8/kDg6iOYw==</latexit>

Q( )
<latexit sha1_base64="MbVjvQ47GyJeOP1a3PcB4TErL5I=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxBfsB3aVk02wbms2GJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMCyVn2rjut1PY2Nza3inulvb2Dw6PyscnHZ2kitA2SXiieiHWlDNB24YZTntSURyHnHbDyf3c7z5RpVkiHs1U0iDGI8EiRrCxUrdV9ZGPLgfliltzF0DrxMtJBXI0B+Uvf5iQNKbCEI617nuuNEGGlWGE01nJTzWVmEzwiPYtFTimOsgW587QhVWGKEqULWHQQv09keFY62kc2s4Ym7Fe9ebif14/NdFtkDEhU0MFWS6KUo5Mgua/oyFTlBg+tQQTxeytiIyxwsTYhEo2BG/15XXSuap517V6q15p3OVxFOEMzqEKHtxAAx6gCW0gMIFneIU3RzovzrvzsWwtOPnMKfyB8/kDg6iOYw==</latexit>

Q( )
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