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IPU processors Poplar® software stack & M2000 and Server
designed for Al development tools IPU-POD, scale-out
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IPU-Tiles™

1472 independent IPU-Tiles™ each with an
IPU-Core™ and In-Processor-Memory™

IPU-Core™

1472 independent IPU-Core™

8832 independent program threads
executing in parallel

In-Processor-Memory™

900MB In-Processor-Memory™ per IPU

47.5TB/s memory bandwidth per IPU

IPU-Exchange™
- == — = === —
= s 8 TB/s all to all IPU-Exchange™
| Non-blocking, any communication pattern
|
|
I PCle

PCl Gen4 x16
64 GB/s bidirectional bandwidth to host

1 - IPU-Links™

10 x IPU-Links,
320GB/s chip to chip bandwidth
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IPU SCALEOUT: INNOVATIONS & DIFFERENTIATORS

x1024 !lllllll

x4 x4

IPU-POD16 Direct Attach

GC200 IPU-M2000 IPU-POD,4 IPU-PODg, IPU-PODg,
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PopART

PopART : Poplar Advanced Runtime

PopART is a runtime which can execute ONNX models on
IPU(s)

Implements ONNX IR version 4 , Opset Versions 6 to 11
Supports inference & training(*)
Provides a C++ & Python API

Provides a builder API to construct ONNX models
programmatically
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PyTorch ONNX TensorFlow
PopART XLA plugin
PopSPARSE PopOPS PopLIN
PopNN PopRAND GCL

Poplar Graph Libraries

Graph Engine

Graph Compiler

IPU




PopART INFERENCE example

numpy np
popart *

# Create inference session for "add.onnx"
session = InferenceSession(fnModel="add.onnx",

dataFeed=DataFlow(batchesPerStep=1, {"sum": AnchorReturnType("FINAL")}),
deviceInfo=DeviceManager().acquireAvailableDevice(numIpus=1))

# Create buffers to receive the output data from the execution of the model dd
anchors = session.initAnchorArrays() aad.onnx

# Compile graph - where the magic happens
session.prepareDevice()

# Create the input data

X = np.random.rand(3, 4, 5).astype(np.float32)
y = np.random.rand(3, 4, 5).astype(np.float32)

# Run the inference session. The PyStepIO defines the inputs and outputs for the run
session.run(PyStepIO({"x": x "y": y}, anchors))

# Print the result
print(anchors["sum"])
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PopART TRAINING example

data

op1 bwd:op1 wu:op;

op;

WU : 0Py

OpPs

)

loss aa label bwd:Toss WU : 0Pg

\

a

bwd = calc gradient of input to op and gradient of weights
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PopART TRAINING example
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numpy np
popart *

builder = Builder("model.onnx")

# Add softmax layer to the output of the model & add a label input
probs = builder.aiOnnx.softmax(["output”])
label builder.addInputTensor(TensorInfo("INT32", [1]), "label")

# Create training session (batchesPerStep = 32)

session = TrainingSession(fnModel=builder.getModelProto(),
dataFeed=DataFlow(batchesPerStep=32, {"loss": AnchorReturnType("ALL")}),
losses=[NllLoss("output", label, "loss")],
optimizer=SGD(learning rate=0.001),
deviceInfo=DeviceManager().acquireAvailableDevice(numIpus=1))

# Create buffers to receive results from the execution
anchors = session.initAnchorArrays()

# Compile graph
session.prepareDevice()

# Write the weights & optimizer to the device
session.weightsFromHost()
session.optimizerFromHost()

# Run the training session

for i in range(8):
<< Read the data (image_data [32, 4, 224, 224] & label data [32, 4, 1]) >>
session.run(PyStepIO({"input": image_data, "label": label data }, anchors))

# Write the trained model to file
session.modelToHost("trained model.onnx™)
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DATA PARALLELISM: REPLICATION

options = SessionOptions()

session = TrainingSession(fnModel=builder.getModelProto(), userOptions=

IPU O IPU 1 IPU 2 IPU 3

Replica Replica Replica Replica

L i i &

|

Data parallel scale-out — each replica has a copy of the model and different data
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MODEL PARALLELISM: SHARDING LAYERS ACROSS IPUS

data
Auto sharding: oy ond:o wsiop: IPU,
options.virtualGraphMode = VirtualGraphMode: :Auto op; oreio wu:op2
IPU;
0ops3 0pP4 prd;O wu:ops3 bw;JA:o wu:op4
Manual sharding:
bwd:o
0ops s wu:ops
options.virtualGraphMode = VirtualGraphMode: :Manual ’ IPUZ
with builder.virtualGraph(1): Tos S w10 wuops TPU
= builder.aiOnnx.add([ol, 02]) > - 3

fwd bwd fwd bwd fwd bwd

fwd bwd fwd bwd fwd bwd .

fwd bwd fwd bwd fwd bwd .
Jipus

fwd bwd fwd bwd fwd bwd .
IPU3

v
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MODEL PARALLELISM: PIPELINING

Enable pipelining:

options.virtualGraphMode = VirtualGraphMode: :Manual

with builder.virtualGraph(2):

03 = builder.aiOnnx.add([ol, 02])

with builder.virtualGraph(l):
o5 = builder.aiOnnx.add([o03, 04])

warmup Full utilization
A A
{ ) |

‘ IPUO fwd: Py bwd: P; fwd: Py bwd: P; fwd: Py bwd: P1 fwd: Py bwd: P, WU: Py ‘
‘ IPU 1 fwd: P, bwd: P, fwd: P, bwd: P, fwd: P, bwd: P, fwd: P, bwd: P, fwd: P, WU : P2 ‘
‘ IPU 2 bwd: P3 fwd: P3 bwd: P3 fwd: P3 bwd: P3 fwd: P3 bwd: P3 fwd: P3 bwd: P3 WU : P3 ‘
‘ IPU 3 fwd: Py bwd: P4 fwd: P4 bwd: P4 fwd: Py bwd: P4 fwd: Py bwd: P4 fwd: Py WU : P4 ‘

time
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THANK YOU

www.graphcore.ai

www.graphcore.cn

hanzhao@graphcore.ai /info china@graphcore.ai
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