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Algorithm (Decentralized Parallel SGD)

- In large scale machine learning, instead of using only one machine, we distribute
data into multiple machine and let them collaborate on solving the following opti-
mization problem:

N
1
min f(X) — ﬁ Z EG”D@ Fi (X; a) C-PSGD:
1—=1

Shared model Theoretical Results

L | sampl
« ocal sample

Assumptions
=:f; (%) - Lipschitzian All f;(-) are with / -Lipschitzian gradient Fully connected network
- Bounded variance data variance within each worker
- Based on our case study, the decentralized algorithm may not need more itera- , e
~ (.. . .
tions to converge than its centralized counterpart Lo, |VE(Xx50) =V fi(x)] 2§ 7 Vi, VX
; : i i ; : i V f; —V < ¢~ \Y
- Decentralized algorithms outperform centralized algorithms for networks with D-PSGD: : | u(N) IV fi(x) = VAX)® < ¢, vx
: : - Spectral gap \ .
* data variance among workers
low bandwidth and high latency 5 = max( A (W), [\, (W))? < 1 vari w
T the smaller the better
Background: Centralized Method 1 (Parameter Server)
N individual Confusion matrix: symmetric, doubly Theorem [Convergence rate for D-PSGD] 1 — \/15 Ring network [ 1/3 1/3 1/3 )
D D stochastic : : P < : /3 1/3 1/3
1 4 models ] ] Choosing the learning rate satisfying 7 < TN the following rate holds |
Wl=1 W'l=1, tive, W=W B T T
e ( negative ) i - 5 f (XO) . f >k ,Y L ,.Y 2 L 2 N 5 ,.)/ 2 L 2 N 0 1/3 1/3 1/3
7 Vf(XK)H < | | o - C \ 1/3 1/3 1/3 )
YK N 1-p (1—+/p)?
Full Average 1 A A 16712
o B = Evaluation: Proprietary dataset and model , ' : pr (1
ave rigte aIL'IocaKI XS # of iterations # of workers 3 N2
'Y J. dat Iteration
D- (IBM Watson Natural Language Classifier)
Background: Centralized Method 2 (AllReduce) corotary 1 D 0
. Training Loss {Joule Dataset) Accuracy (Joule Dataset) Choose the learning rate to be K W =
- [T - 0.6 - = v =06 1+ —=(c+¢g) o OT 1
— Centralized P T TP S g Ceter N
Decentralized 0.5 1 AT The following rate holds
—) -Eq —_—> -Eq —> 4- . 0.4 - J __________ L consistent with C-PSGD
. \ O I p—
%3- o 0.3 _4: Vf()—( )H2 <= _l_g : p 1
< K VKN
- ‘ | — if the number of iterations is sufficiently large L------"—"—i\:‘i
<— L N o 011 wena 80 N
0 50 100 150 200 0 50 100 150 200 N N® ‘\ Lfﬂ;féiﬁirpsepreii:fe} is O (1>
Full Average “poct “poct AR Ui+
| Training Loss (Yelp Dataset) Accuracy (Yelp Dataset)
S l o kv
<— = )<—4g=0 13- 0.55 - o ) )
g 12 s || A Evaluation: Public dataset and model (CIFAR10/ResNet)
- i ||/
- 043- j 140 N
4 — Centralized 300 > . g
Our Proposal: Decentralized Method 09- 040- Decentralized 3 | < ... |Lower Bandwidth < 120 |Higher Latency
25 50 75 100 125 150 175 200 25 50 7.5 100 125 150 175 20.0 "l o S 100
Epoch Epoch % : Q. 200 w
poc o 2| w Parameter Sefver S 80 Parameter Sefver
o @ @ %‘o 1.5 | é 150 -E a0 AIIRg,du-ee""
S BN g ° Decentralized Q aw | 7 LT
T = “~, Decentralized Q s o ta T Y e Berentralived
= . ‘I: ...a_ e 7 0 /.omee==""Kl[Reduce N 20| e ccentrafized
™t s 0 - = g Bl = = ="
: Centralize ; o 1 ) : N
Future work o Ep?:::]hs e 1/Bandwidth (1 / 1Mbps) Network Latency (ms)
- Momentum SGD, 1 machin 40 0-40
. . . - OImMentum . MacC e _ : .
- Asynchronous parallelism for decentralized algorithms -  D-PSGD. 4 machies 0.35- o omentwm SS90, | machine nas|  — D-PSGD, 8 machines
- Investigate new topologies to improve communication effi- | — DPSGD, 8 machines 0301 —— D-PSGD, 8 machines 0304| —— EAMSGD, T =4, 8 machines

—— EAMSGD, T=1, 8 machines
] EAMSGD, T=16, 8 machines

&
o

ciency

o
IS

Traimning Loss

| D-PSGD, 16 machines Fg' D_EE_L D-PSGD, 16 machines E 0.5 -
..m_-. D.Eﬂ-lll = 020 \ﬁl
i T 7 "..L
Q 0.151 M ok DJEM ﬁ!
e i Jwﬁg! s 2 U
].I : kL
0o ,(L. 010- fh A ”‘ ?EL-I"M‘*#J&H wm‘m Al 0.10- 4, wkﬁwﬁﬁhhﬁmﬂﬁﬁbﬁﬁ?ﬁf bt %J::ﬁ

- alpha: latency per message

Single Machine PS O(N * alpha + NB * beta ) '- | 0.05- 0.05

9 | P , - beta: transfer time per byte 0.0 o R *"" i) , s 000 . | | | | | 0 00 | . - . .
AlIReduce O(Iog N ~* alpha + B * beta) - N: # workers 00 02 04 %iﬁme ?5 1.0 1.2 151'4 0.0 02 04 'li_.iﬁme ?58] 1.0 1.2 1é.4 0.0 02 04 %Fme ?58) 1.0 1.2 19&4
Il [P W (111 1e)] Ofalpha + B * beta) - B: # bytes of the message This Paper

How does the decentralized algorithm compare to the centralized one? Decentralized algorithms outperform centralized algorithms for networks with low bandwidth and high latency



