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AlexNet ImageNet

Setup Accuracy Samples per second (MPI)

Precision Bucket size 56 89 112 1 GPU 2 GPUs 4 GPUs 8 GPUs 16 GPUs

32bit / / / 59.90% 240.80 301.45 328.00 272.90 192.10
QSGD 16bit 8192 / / / / 388.80 508.80 500.90 335.60
QSGD 8bit 512 59.63% 60.36% 60.37% / 424.90 544.60 739.10 535.00
QSGD 4bit 512 59.20% 59.97% 60.05% / 466.50 598.70 964.90 748.50
QSGD 2bit 128 57.09% 58.09% 58.17% / 449.20 609.15 1076.50 889.80
1bitSGD / 59.57% 60.23% 60.31% / 424.05 564.30 971.10 849.40

1bitSGD* 64 59.26% 59.92% 59.99% / 370.80 476.50 761.20 712.70
1bitSGD* 512 58.44% 59.25% 59.29% / / / / /

ResNet50 ImageNet

Setup Accuracy Samples per second (MPI)

Precision Bucket size 60 96 120 1 GPU 2 GPUs 4 GPUs 8 GPUs 16 GPUs

32bit / 70.75% 74.60% 74.68% 47.20 80.80 142.40 247.90 272.30
QSGD 16bit 8192 / / / / 90.20 156.30 275.80 348.70
QSGD 8bit 512 70.66% 75.07% 75.19% / 92.60 162.70 313.70 416.80
QSGD 4bit 512 70.66% 74.62% 74.76% / 93.90 165.70 326.10 461.20
QSGD 2bit 128 / / / / 93.30 178.35 330.45 472.25
1bitSGD / / / / / 45.10 81.70 160.15 155.20

1bitSGD* 64 70.78% 74.93% 75.02% / 88.10 156.50 296.70 442.40

ResNet110 CIFAR10

Setup Accuracy Samples per second (MPI)

Precision Bucket size 80 128 160 1 GPU 2 GPUs 4 GPUs 8 GPUs 16 GPUs

32bit / 87.09% 93.65% 93.86% 343.70 555.00 957.70 1229.10 831.60
QSGD 16bit 8192 / / / / 551.00 942.70 1164.20 763.40
QSGD 8bit 512 86.92% 93.97% 94.19% / 550.20 960.10 1193.10 759.70
QSGD 4bit 512 87.77% 93.52% 93.76% / 571.10 957.40 1257.10 784.30
QSGD 2bit 128 85.77% 92.59% 92.64% / 557.20 973.10 1227.90 780.40
1bitSGD / 87.13% 94.02% 94.15% / 465.60 643.30 610.90 406.90

1bitSGD* 64 / / / / 550.40 884.80 1156.70 757.70

ResNet152 ImageNet

Setup Accuracy Samples per second (MPI)

Precision Bucket size 60 96 120 1 GPU 2 GPUs 4 GPUs 8 GPUs 16 GPUs

32bit / / / 77.00% 16.90 26.10 45.00 73.90 113.50
QSGD 16bit 8192 / / / / 31.20 54.50 95.50 151.00
QSGD 8bit 512 72.95% 76.66% 76.74% / 32.80 62.70 109.20 182.50
QSGD 4bit 512 / / / / 33.60 60.20 121.90 203.20
QSGD 2bit 128 / / / / 33.50 64.35 123.55 208.50
1bitSGD / / / / / 10.55 22.10 41.40 63.15

1bitSGD* 64 / / / / 30.40 55.50 108.10 193.50

VGG19 ImageNet

Setup Accuracy Samples per second (MPI)

Precision Bucket size 40 64 80 1 GPU 2 GPUs 4 GPUs 8 GPUs 16 GPUs

32bit / / / / 12.40 20.40 36.30 53.95 40.60
QSGD 16bit 8192 / / / / 24.80 46.40 35.80 67.80
QSGD 8bit 512 / / / / 24.20 47.50 119.50 106.60
QSGD 4bit 512 / / / / 27.00 52.30 151.65 143.80
QSGD 2bit 128 / / / / 24.60 49.35 160.35 170.50
1bitSGD / / / / / 22.20 43.15 117.35 120.60

1bitSGD* 64 / / / / 22.90 44.80 99.15 134.30

BN-Inception ImageNet

Setup Accuracy Samples per second (MPI)

Precision Bucket size 150 240 300 1 GPU 2 GPUs 4 GPUs 8 GPUs 16 GPUs

32bit / / / / 88.30 164.80 316.75 473.75 500.40
QSGD 16bit 8192 / / / / 171.80 337.10 482.70 592.30
QSGD 8bit 512 / / / / 173.60 342.50 552.90 696.30
QSGD 4bit 512 / / / / 174.80 346.90 593.40 743.30
QSGD 2bit 128 / / / / 173.40 343.70 591.80 747.50
1bitSGD / / / / / 127.60 236.25 336.15 321.30

1bitSGD* 64 / / / / 170.30 335.10 480.50 700.40

Figure 5: Results of using MPI on Amazon EC2 instance. “/” means a number is missing for multiple reasons: (1) it might take more than 2

weeks to run to converge; (2) we already see preliminary result that certain run diverges or significantly worse than full precision. Because

there are no data parallel SGD on 1 GPU therefore most columns about 1GPU is empty. We present the reason for each missing cell.
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