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Collaborative learning: A task of learning a common objective among
multiple computing agents without any central node and by using
on-device computation and local communication among agents.

Ø In context of machine learning
and optimization

Ø Applications in
• Distributed deep learning 
• Industrial IoT
• Smart Healthcare

We consider the decentralized implementation:
Ø general data-parallel setting
Ø the data is distributed across different computing nodes
Ø local computation
Ø communication among neighbors

Collaborative Learning QuanTimed-DSGD in TheoryProblem Setup

Challenges in Decentralized Implementation

Our Proposal: QuanTimed-DSGD

QuanTimed-DSGD in Simulation
Straggling nodes
Nodes randomly slow down in their local computation.

Communication load
Message passing algorithm induces large communication overhead.

Assumptions.
A1. Weight matrix 𝑊 is doubly stochastic.
A2. Random quantizer 𝑄(. ) is unbiased & variance-bounded.
A3. Loss function     is 𝐾-smooth.
A4. Stochastic gradients                   are unbiased & variance-bounded.

Convergence for non-convex losses
ü Assumptions A1-4
ü Large enough iterations 𝑇
ü Pick step-sizes 𝛼 = 𝑇*+/- and ε = 𝑇*+//

1

T

T�1X

t=0

E||rf(x̄t)||
2 = O

✓
1

T 1/3

◆

<latexit sha1_base64="+UO7qyyrc2UtOozPqpfoGfdrtZ4="></latexit>

1

T

T�1X

t=0

1

n

nX

i=1

E||x̄t � xi,t||
2 = O

✓
1

T 1/3

◆

<latexit sha1_base64="erbs5ZsU3Mo7JZXqzOdbpJk+5Ao="></latexit>

A5. Loss function    is 𝜇-strongly convex.

Convergence for strongly-convex losses
ü Assumptions A1-5
ü Pick 𝛿 ∈ (0,1/2)
ü Large enough iterations 𝑇
ü Pick step-sizes 𝛼 = 𝑇*7/8 and ε = 𝑇*/7/8
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Ø Stochastic learning model

Ø Empirical risk model

Ø Collaborative learning model
• A network of 𝑛 nodes, weight matrix 𝑊
• Local loss for node 𝑖

• Global loss
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At iteration 𝑡 and node 𝑖:
Ø Deadline-Based Gradient Computation
• A deadline 𝑇< is fixed
• Node 𝑖 computes gradients on (random) sample subset 𝒮>,?

• Computation time: random speed 𝑉>,?~𝐹C ⇒ |𝒮>,?| = 𝑇<𝑉>,?
Ø Quantized Message-Passing
• Nodes exchange quantized models 𝐳>,? = 𝑄(𝐱>,?)

Ø Update

Our Goal
To develop decentralized optimization methods while addressing 
the above two challenges, i.e. robust and communication-efficient.
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Mini-batch-DSGD Asynchronous-DSGD QuanTimed-DSGD
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<latexit sha1_base64="tnLklODrd7/V+uwdvEXzaIk/uw8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rFiv6ANZbOZtEs3m7C7EUrpT/DiQRGv/iJv/hu3bQ7a+mDg8d4MM/OCVHBtXPfbWVvf2NzaLuwUd/f2Dw5LR8ctnWSKYZMlIlGdgGoUXGLTcCOwkyqkcSCwHYzuZn77CZXmiWyYcYp+TAeSR5xRY6XHRj/sl8puxZ2DrBIvJ2XIUe+XvnphwrIYpWGCat313NT4E6oMZwKnxV6mMaVsRAfYtVTSGLU/mZ86JedWCUmUKFvSkLn6e2JCY63HcWA7Y2qGetmbif953cxEN/6EyzQzKNliUZQJYhIy+5uEXCEzYmwJZYrbWwkbUkWZsekUbQje8surpFWteJeV6sNVuXabx1GAUziDC/DgGmpwD3VoAoMBPMMrvDnCeXHenY9F65qTz5zAHzifPyNyjbM=</latexit>

Td
<latexit sha1_base64="tnLklODrd7/V+uwdvEXzaIk/uw8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rFiv6ANZbOZtEs3m7C7EUrpT/DiQRGv/iJv/hu3bQ7a+mDg8d4MM/OCVHBtXPfbWVvf2NzaLuwUd/f2Dw5LR8ctnWSKYZMlIlGdgGoUXGLTcCOwkyqkcSCwHYzuZn77CZXmiWyYcYp+TAeSR5xRY6XHRj/sl8puxZ2DrBIvJ2XIUe+XvnphwrIYpWGCat313NT4E6oMZwKnxV6mMaVsRAfYtVTSGLU/mZ86JedWCUmUKFvSkLn6e2JCY63HcWA7Y2qGetmbif953cxEN/6EyzQzKNliUZQJYhIy+5uEXCEzYmwJZYrbWwkbUkWZsekUbQje8surpFWteJeV6sNVuXabx1GAUziDC/DgGmpwD3VoAoMBPMMrvDnCeXHenY9F65qTz5zAHzifPyNyjbM=</latexit>

Td
<latexit sha1_base64="tnLklODrd7/V+uwdvEXzaIk/uw8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rFiv6ANZbOZtEs3m7C7EUrpT/DiQRGv/iJv/hu3bQ7a+mDg8d4MM/OCVHBtXPfbWVvf2NzaLuwUd/f2Dw5LR8ctnWSKYZMlIlGdgGoUXGLTcCOwkyqkcSCwHYzuZn77CZXmiWyYcYp+TAeSR5xRY6XHRj/sl8puxZ2DrBIvJ2XIUe+XvnphwrIYpWGCat313NT4E6oMZwKnxV6mMaVsRAfYtVTSGLU/mZ86JedWCUmUKFvSkLn6e2JCY63HcWA7Y2qGetmbif953cxEN/6EyzQzKNliUZQJYhIy+5uEXCEzYmwJZYrbWwkbUkWZsekUbQje8surpFWteJeV6sNVuXabx1GAUziDC/DgGmpwD3VoAoMBPMMrvDnCeXHenY9F65qTz5zAHzifPyNyjbM=</latexit>

Tmax
<latexit sha1_base64="QVjy7q2vzBIaYxKB3Q6kfETctEU=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqexWQY9FLx4r9AvatWTTtA1Nsksyqy3L/g8vHhTx6n/x5r8xbfegrQ8GHu/NMDMviAQ34LrfTm5tfWNzK79d2Nnd2z8oHh41TRhryho0FKFuB8QwwRVrAAfB2pFmRAaCtYLx7cxvPTJteKjqMI2YL8lQ8QGnBKz0UO8lXWATSCSZpGmvWHLL7hx4lXgZKaEMtV7xq9sPaSyZAiqIMR3PjcBPiAZOBUsL3diwiNAxGbKOpYpIZvxkfnWKz6zSx4NQ21KA5+rviYRIY6YysJ2SwMgsezPxP68Tw+DaT7iKYmCKLhYNYoEhxLMIcJ9rRkFMLSFUc3srpiOiCQUbVMGG4C2/vEqalbJ3Ua7cX5aqN1kceXSCTtE58tAVqqI7VEMNRJFGz+gVvTlPzovz7nwsWnNONnOM/sD5/AFfJJMU</latexit>

Tmax
<latexit sha1_base64="QVjy7q2vzBIaYxKB3Q6kfETctEU=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqexWQY9FLx4r9AvatWTTtA1Nsksyqy3L/g8vHhTx6n/x5r8xbfegrQ8GHu/NMDMviAQ34LrfTm5tfWNzK79d2Nnd2z8oHh41TRhryho0FKFuB8QwwRVrAAfB2pFmRAaCtYLx7cxvPTJteKjqMI2YL8lQ8QGnBKz0UO8lXWATSCSZpGmvWHLL7hx4lXgZKaEMtV7xq9sPaSyZAiqIMR3PjcBPiAZOBUsL3diwiNAxGbKOpYpIZvxkfnWKz6zSx4NQ21KA5+rviYRIY6YysJ2SwMgsezPxP68Tw+DaT7iKYmCKLhYNYoEhxLMIcJ9rRkFMLSFUc3srpiOiCQUbVMGG4C2/vEqalbJ3Ua7cX5aqN1kceXSCTtE58tAVqqI7VEMNRJFGz+gVvTlPzovz7nwsWnNONnOM/sD5/AFfJJMU</latexit>

Tmax
<latexit sha1_base64="QVjy7q2vzBIaYxKB3Q6kfETctEU=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqexWQY9FLx4r9AvatWTTtA1Nsksyqy3L/g8vHhTx6n/x5r8xbfegrQ8GHu/NMDMviAQ34LrfTm5tfWNzK79d2Nnd2z8oHh41TRhryho0FKFuB8QwwRVrAAfB2pFmRAaCtYLx7cxvPTJteKjqMI2YL8lQ8QGnBKz0UO8lXWATSCSZpGmvWHLL7hx4lXgZKaEMtV7xq9sPaSyZAiqIMR3PjcBPiAZOBUsL3diwiNAxGbKOpYpIZvxkfnWKz6zSx4NQ21KA5+rviYRIY6YysJ2SwMgsezPxP68Tw+DaT7iKYmCKLhYNYoEhxLMIcJ9rRkFMLSFUc3srpiOiCQUbVMGG4C2/vEqalbJ3Ua7cX5aqN1kceXSCTtE58tAVqqI7VEMNRJFGz+gVvTlPzovz7nwsWnNONnOM/sD5/AFfJJMU</latexit>

/ E[1/Vmin]
<latexit sha1_base64="TcwdN3pl401GoBJM8vF//7VlN6Y=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRc1aQKuiyK4LKCfUATwmQ6bYdOJmHmRiwhX+DGX3HjQhG3rt35N04fC209MHA4517mnhMmgmtwnG9raXlldW29sFHc3Nre2bX39ps6ThVlDRqLWLVDopngkjWAg2DtRDEShYK1wuHV2G/dM6V5LO9glDA/In3Je5wSMFJgl71ExQnE2IsIDMIwu85xxz1pBpkH7AGyiMs89wO75FScCfAicWekhGaoB/aX141pGjEJVBCtO66TgJ8RBZwKlhe9VLOE0CHps46hkkRM+9kkTo7LRuniXqzMk4An6u+NjERaj6LQTI6P1vPeWPzP66TQu/AzLpMUmKTTj3qpwCb+uBvc5YpRECNDCFXc3IrpgChCwTRYNCW485EXSbNacU8r1duzUu1yVkcBHaIjdIxcdI5q6AbVUQNR9Iie0St6s56sF+vd+piOLlmznQP0B9bnD7honIo=</latexit>

/ E[1/V ]
<latexit sha1_base64="A8Z1SBaE1oq1QYkEphPtnPlsXQQ=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXNWZKuiyKILLCvYBM0PJpJk2NJMMSUYoQ934K25cKOLWv3Dn35hpZ6GtBwKHc+4l95wwYVRpx/m2SkvLK6tr5fXKxubW9o69u9dWIpWYtLBgQnZDpAijnLQ01Yx0E0lQHDLSCUfXud95IFJRwe/1OCFBjAacRhQjbaSefeAnUiRaQD9GehiG2c0Eeu5pO+jZVafmTAEXiVuQKijQ7Nlffl/gNCZcY4aU8lwn0UGGpKaYkUnFTxVJEB6hAfEM5SgmKsimCSbw2Ch9GAlpHtdwqv7eyFCs1DgOzWR+p5r3cvE/z0t1dBlklCepJhzPPopSBk3ivA7Yp5JgzcaGICypuRXiIZIIa1NaxZTgzkdeJO16zT2r1e/Oq42roo4yOARH4AS44AI0wC1oghbA4BE8g1fwZj1ZL9a79TEbLVnFzj74A+vzB5tullQ=</latexit>

ü Iteration time implication:


