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1 Appendix

For completeness, here we provide pseudocode for the model replica (client) side of Downpour SGD
(Algorithm 0.1), and Sandblaster L-BFGS (Algorithm 0.2).

Algorithm 1.1: DOWNPOURSGDCLIENT(c, 7 fetch; Npush)

procedure STARTASYNCHRONOUSLYFETCHINGPARAMETERS (parameters)
parameters < GETPARAMETERSFROMPARAMSERVER()

procedure STARTASYNCHRONOUSLYPUSHINGGRADIENTS (accruedgradients)
SENDGRADIENTSTOPARAMSERVER (accruedgradients)
accruedgradients < 0

main
global parameters, accruedgradients
step + 0
accruedgradients < 0
while true
if (step mod nfesen) == 0
then STARTASYNCHRONOUSLYFETCHINGPARAMETERS (parameters)
data < GETNEXTMINIBATCH()
gradient + COMPUTEGRADIENT (parameters, data)
do < accruedgradients < accruedgradients + gradient
parameters <— parameters — a * gradient
if (step mod npysn) == 0
then STARTASYNCHRONOUSLYPUSHINGGRADIENTS (accruedgradients)
step < step + 1

Sandblaster is a framework for distributed batch optimization procedures. An essential concept in
Sandblaster is decomposing operations into local computation on the DistBelief parameter server.
By way of example, suppose we have 1 billion parameters and 10 parameter server shards, so that
each shard has 1/10 of the parameters. It is possible to decompose L-BFGS into a sequence of
scalar-vector products (o x X) and vector-vector inner products (x'y), where each vector is 1 billion
dimensional. If one shard is always responsible for the first 1/10 of every vector used internally in
L-BFGS, and a second shard is always responsible for the second 1/10 of every vector, and so on up
to the final shard always being responsible for the final 1/10 of every vector, it is possible to show
that these scalar-vector and vector-vector operations can all be done in a distributed fashion with
very little communication, so that any intermediate vector-valued results are automatically stored in
the same distributed fashion, and any intermediate scalar-valued result is communicated to all the
shards.



Algorithm 1.2: SANDBLASTERLBFGS()

procedure REPLICA.PROCESSPORTION (portion)
if ({hasParametersForStep)
then parameters < GETPARAMETERSFROMPARAMSERVER ()
data < GETDATAPORTION (portion)
gradient + COMPUTEGRADIENT (parameters, data)
local AceruedGradients < local AccruedGradients + gradient

procedure PARAMETERSERVER.PERFORMOPERATION (operation)
Per formOperation

main
step < 0
while true
comment: PS: ParameterServer

PS.accruedgradients < 0
while (batchProcessed < batchSize)
for all (model Replicas)comment: Loop is parallel and asynchronous

if (model ReplicaAvailable)

then REPLICA.PROCESSPORTION(model Replica)
do do batchProcessed < batchProcessed + portion
if (model ReplicaW ork Done and timeT oSendGradients)

then SENDGRADIENTS (model Replica)
PS.accruedGradients < PS.accruedGradients + gradient
CoMPUTELBFGSDIRECTION(PS.Gradients, PS.History, PS.Direction)
LINESEARCH(PS.Parameters, PS.Direction)
PS.UPDATEPARAMETERS(PS.parameters, PS.accruedGradients)
step < step + 1




