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import chainer_compiler

model = chainer_compiler.compile(model, inputs)
y = model(inputs)
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Elichika

» ChainerO#HEIT 57, —RTHDTIE/L. PythonRHY)TELTERE/\—R
o FFICWON=ETAHAV LI TEDDIEFELNOT Y
e L.Linear{°range, np.array&UL\o =B UHLZEXET5HAHmAaN

import chainer

import chainer.links as L import chainer
class A(chainer.Chain): class LazySelflnit(chainer.Chain): class Array(chainer.Chain):
def __init__(self): def forward(self):
def _init_ (self): super(LazySelfinit, self).__init_ () y1 = np.array([4.0, 2z.0, 3.0], dtype=np.float32)
super(A, self).__init__() self.y = None return y1
with self.init_scope():
self.10 = L.Linear(7) def forward(self, x):
self.l1 = L.Linear(5) for i in range(x):
if self.y is None:
def g(self, y): self.y =42
return self.l1(y) self.y +=i

return self.y

def forward(sl, x):
x1 = sl.10(x)
x2 = sl.g(x1)
return x2
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BE#EUHLEEL—X( 1)
o« ADSA—H—FEBISR BERESRT—R

class B(chainer.Chain):
def __init__(self, n_out, p):
super(B, self).__init__ ()
with self.init_scope():
self.l = L.Linear(None, n_out)
self.p=p

def forward(self, x):
x = self.l(x) * self.p
return x

class A(chainer.Chain):

def __init__(self):
super(A, self).__init__ ()
with self.init_scope():
self.l0 = L.Linear(3)
self.l1 = B(5, np.float32(3.1))
self.12 = B(4, np.float32(4.2))

def forward(self, x):
x = self.10(x)
x = self.11(x) + self.12.p
x = self.l12(x) + self.l1.p
return x
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EHEEVHLZET T —A( 2)

« XV)YRFFFUHLOMRER

class A(chainer.Chain):

def __init__(self):
super(A self).__init__()
with self.init_scope():
self.l0 = L.Linear(7)
self.l1 = L.Linear(5)

def g(self, y):
return self.l1(y)

def forward(sl, x):

x1 = sl.10(x)
x2 = sl.g(x1)
return x2
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FELZAPI

® https://github.com/pfnet-research/chainer-compiler/blob/32ef948d11d90a45b86c04a548ea0988fd6f120a/elichika/elichika/chainer2onnx.py#L65-L74

 elichika/chainer2onnx.py::compile_model
e core.convert_model

e ChainerDETFILDAVRBZVAMD GraphPSADAUVARBU AN
o forward AV YREDY—RO—FZMEF. ASTICZEH#

o ASTZ1H9S 9 D, Nodel=ZH#L GraphlZEML TLK

« YURILT—T L ( Module, Field) IZkAZEH OB DAER

* onnx_converters.ONNXGenerator#generate_model
« Graph/5ONNXGraph~D &}

« Graph®NodeZ#YiEL ONNX®D 359 5 Opl=E ik

Assign(
target=Name(id=‘h’),
value=Call(args=[Name(id=‘x’)],
func=Attribute(
value=Name(id=‘self’),

"D eNA attr=‘conv1’)))

def forward(self, x):
h = self.convi(x)

Graph

ONNX+


https://github.com/pfnet-research/chainer-compiler/blob/32ef948d11d90a45b86c04a548ea0988fd6f120a/elichika/elichika/chainer2onnx.py#L65-L74
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« EreluZEQE L BI%E, 2 —H— : [FTLy
* F.relu — ONNX®relu® &5IZ ONNX®D Op&tht= 9 SRa¥
 range — NodeGenerate— ChainerSequenceRange M &3IZ4#31%: Opl=L =Ly
« A—H—FE (L, ResBlockGETOAVI M TISACERICHT-LETILTHEH
o vcalllF(SHTIE (L 1 DD NodeCallZ{ERk, &L BIEHKICAST >Node~nFi# RIS
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https://github.com/pfnet-research/chainer-compiler/blob/32ef948d11d90a45b86c04a548ea0988fd6f120a/elichika/elichika/parser/vevaluator.py#L992-L994
https://github.com/pfnet-research/chainer-compiler/blob/32ef948d11d90a45b86c04a548ea0988fd6f120a/elichika/elichika/parser/vevaluator.py#L189-L190
https://github.com/pfnet-research/chainer-compiler/blob/32ef948d11d90a45b86c04a548ea0988fd6f120a/elichika/elichika/parser/vevaluator.py#L205-L210
https://github.com/pfnet-research/chainer-compiler/search?q=getmembers&unscoped_q=getmembers
https://github.com/pfnet-research/chainer-compiler/blob/32ef948d11d90a45b86c04a548ea0988fd6f120a/elichika/elichika/parser/values.py#L310-L326
https://github.com/pfnet-research/chainer-compiler/blob/a725607a4338f6b920c67a07211e5d5baf123b39/elichika/elichika/parser/functions_builtin.py#L25
https://github.com/pfnet-research/chainer-compiler/blob/69f51fb9c0b104cb7a6ae033ef206a6fcdc117da/elichika/elichika/parser/functions.py#L330-L331
https://github.com/pfnet-research/chainer-compiler/blob/32ef948d11d90a45b86c04a548ea0988fd6f120a/elichika/elichika/parser/core.py#L82-L91
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ONNX+ (extended ONNX)

o $RTETST7RBUZTSHLT ONNXZHRLTLVS
« OpsetDH#kIL. compiler/gen_node.py%& 8
o =l RBES, ONNXAIIER E%: DeepLearning®l I+ OpshiEiRiE N

# compiler/gen_node.py
# op_type, num_inputs, num_outputs, **kwargs
NodeDef('Relu’, 1, 1)
NodeDef("Gemm', 3, 1, alpha=1.0, beta=1.0, transA=False, transB=False)
NodeDef(*ChainerROIMaxPool2D’, 3, 1,

output_shape=[int], spatial _scale=Required(float))
NodeDef(*ChainerFusionGroup’, None, None, subgraph=Graph, fusion_type=str)
NodeDef('*ChainerGetltem', None, 1, slice_specs=[int])
NodeDef(*ChainerSequenceCreate’, None, 1)
NodeDef('*ChainerSequencelLookup’, 2, 1)

Y I557%E 255V IFEOONNXE 2 —J TRALZLEDE
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ChainerSequenceXxx Op (1)

class Index(chainer.Chain):
def init  (self):
super(Index, self). _init_ ()

ChainerSequenceCreate

def forward(self, v):
X = [V,V+1 ,V+2,V+3] ChainerSequenceLookup

return x[1]

L.-1
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ChainerSequenceXxx Op (2)

class Slice(chainer.Chain):

def init_ (self):

super(Slice, self). _init_ ()

def forward(self, v):
X = [v,v+1,v+2,v+3]
return x[1:2]

‘DeNA
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ChainerSequenceXxx Op (3)

class Append(chainer.Chain): ChainerSequenceCreate
def init (self):
super(Append, self). _init_ ()

ChainerSequenceAppend

def forward(self, v):

x =] ChainerSequenceAppend

x.append(v)

x.append(v)

return x (@F.L.37.append_L.37 )
‘DeNA

Graph
Inputs

In_0

Outputs

@F.L.37.append_L....

Id:In_0

type: float32

|d: @F.L.37.append_L.37

ype: sequence<float32»
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Graphmi5 ONNX+~

* onnx_converters.ONNXGenerator#generate_model

« ONNXGeneratorht, Graph® NodeFEFI 2 CT ONNXDNodelZZ# LTLK
e NodeBinOp — Add, Sub, Mul, ... D&SIZRFE->TBIHS,

« NodeCallld. Function®LinklZFHEHZL-T—TILHSEILTE#

for node in graph.nodes:
if isinstance(node, nodes.NodeCopy):
node_ = node # type: nodes.Copy
onnx_node = oh.make_node(
'Identity’,
[value2onnx_parameter [node_.value].onnx_name],
[value2onnx_parameter[node.outputs[@]].onnx_name])

onnx_graph.nodes.append(onnx_node)

if isinstance(node, nodes.NodeAugAssign):
convert_node_aug_assign(onnx_graph, node)

if isinstance(node, nodes.NodeBinOp):
convert_node_bin_op(onnx_graph, node)

if isinstance(node, nodes.NodeUnaryOp):
convert_node_unary_op(onnx_graph, node)

14


https://github.com/pfnet-research/chainer-compiler/blob/a725607a4338f6b920c67a07211e5d5baf123b39/elichika/elichika/onnx_converters.py#L778
https://github.com/pfnet-research/chainer-compiler/blob/a725607a4338f6b920c67a07211e5d5baf123b39/elichika/elichika/onnx_converters.py#L241
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NodeCall®) ONNXZ#L (F.relud i)

» convert_node_callGCalINode’ 5 ONNX Graph~
o« HZELCNodeCallCHLLL FICH LTI

* chainer.functions, chainer.links, ndarray.{shape, size}, append
e FHChainerQ AV ARAEVAR Hhis, Graph—>ONNXADEHEAS D dictZ AR
« compile_modelD\ANT—T IVEER, cCIZBEELT=- OpzHR—Fk
« CaliNodeldchainer@ AV REV AL {FLTLBDTERTT—IILESIK
« ONNX® GraphA 72 x/+%& wrapLT=ONNXGraph®DAJL/\—T, &k
* F.elu(alpha=1.0)3x &5 MIZHOEABBLAIMALLTIEIXMIEL TS KIITRAD

def convert_relu(onnx_graph, node):
onnx_graph.add_node(‘Relu’,
[node.inputs[0]],
[node.outputs[0]],
name=str(node.lineprop))
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https://github.com/pfnet-research/chainer-compiler/blob/a725607a4338f6b920c67a07211e5d5baf123b39/elichika/elichika/onnx_converters.py#L241
https://github.com/pfnet-research/chainer-compiler/blob/32ef948d11d90a45b86c04a548ea0988fd6f120a/elichika/elichika/chainer2onnx.py#L34-L56

if - Nodelf — IF

* IflXNode® Attributel=Graph (YT 52)ZH >N T. BIEMIZ Graph—XGraph~

#ONNXGenerator#generate graph
if isinstance(node, nodes.Nodelf):
node_ = node # fype: nodes.Nodelf

true_graph = self.generate_graph(node_.true_graph.xxx ...)
false_graph = self.generate_graph(node_.false graph.xxx ...)

onnx_node = oh.make_node(
'If',
[value2onnx_parameter[node_.cond].onnx_name] + ...,
[value2onnx_parameter[x].onnx_name for x in node.outputs],
then_branch=true_graph,
else_branch=false_graph)

onnx_graph.nodes.append(onnx_node)

DQNA X Attributel=GraphZ D Z & 1Z ONNXD 4% £ OK
L X netronfZ&EY T SN AR TEAELY

graph {
node {
op_type: "If"
attribute {
name: "then_branch"
g{
name: "True"
node {...}
}
type: GRAPH
}
attribute {
name: "else_branch"
g{
name: "False"”
node {...}
}
type: GRAPH
}

16
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np.array — NodeGenerate — ChainerSequenceStack

 np.arraylZONNX+IZZE#]TES

« Zht chainer.functions@El#k. 2RIV T—T L ModuleZ
NDArrayFunction(functions.FunctionBase) CEZ#x TL\51=%

class ArrayCast(chainer.Chain): ChainerSequenceCreate
def forward(self):
y1 = np.array([4.0, 2.0, 3.0], dtype=np.int32)
return y1

ChainerSequenceStack

# Stacks elements in a sequence: ([T]) -> (T)
NodeDef(*ChainerSequenceStack’, 1, 1, axis=0)

17
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range — NodeGenerate — ChainerSequenceRange

 rangetnp.arrayE B NodeGeneratef2A%, Bl ONNX Op~
e NodefEREEFIC 5 %5 class type TONNXZE#LER K 7l

class Range(chainer.Chain): ChainerSequenceRange
def forward(self, x):
return range(x)

(@F.L.S.range_L.S ]

class RangeStop(chainer.Chain):
def forward(self, x, y):
return range(x, y)

ChainerSequenceRange

35| FETAH T TRYFEFTENSZEG
# Equivalent to Python's range.
NodeDef('ChainerSequenceRange’, (1, 2, 3), 1) (@F-L-13-fange_|--13]

18
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Compiler

¢ ONNX+%ZGraph[Z/8—XL. XCProgram (XCVM Op) [CE#T 5, X C++,
» Graph[Z®L T, PasséL T, EERIL*® Fuse, OpDARYTa—) 7%

/I ONNX ModelM o NERFRITAEHE

// Model, Graph, Node, Value, Tensor, ZiLZ ALONNXH 5 Z5 #h
onnx::ModelProto xmodel(LoadLargeProto<onnx::ModelProto>(model_path));
Model model(xmodel);

RunDefaultPasses(&model);

Il ModelZ#XCVM®D a5 55 51|~

std::ostringstream oss; // protobufD ) 754 XENT=Avt— EL THE IR
xcvm::Emit(model, oss);

runtime::XCProgramProto program;

program.ParseFromString(oss.str());

20



XCVM Ops

 ONNX+®DOpsetffH X . FlHE JmpOplIZ7EY. In,Out,FreeDL5EVMD /I 7EEHH
M Op*° TVMOp, NGraphOp&ly50pt, 14485 XRE

« compiler/xcvm/gen_xcvm_codegen.py T4 K, protobuf

* runtime/xcvm_defs.py

I TR0 5 L&k /I Bl 7 Din 5

message XCProgramProto { message XClnstructionProto {
repeated XClnstructionProto instructions = 1; required Op op = 1;
repeated string input_names = 2; repeated XCValueProto inputs = 2;
repeated XCTypeProto input_types = 3; repeated int32 outputs = 3;

} optional string debug_info = 4;

optional int64 id = 5;
repeated XCTypeProto output_types = 6;
repeated string output_names = 7;

‘DeNA
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Graph/inXCVM OpA

 CompileModel — Emit — EmitModel — EmitGraph — EmitNode
e Node®op_typel<lzLT. AddXxxOp()Za—JL AddXxxOpldE&H >4

void EmitNode(const Graph* graph, void AddReluOp(
const Node& node, XCProgramProto* prog) { runtime::XCProgramProto* program,
XCVMValue vy, int x) {
#define EMIT(op, ...) \ XClnstructionProto® inst = program->add_instructions();
do { \ inst->set_op(XClInstructionProto::Relu);
Add##Hop##Op(prog, VA ARGS ); \ {
FillOplInfo(node, node.ToString(), prog); \ XCValueProto™ input_proto = inst->add_inputs();
} while (0); input_proto->set_type(XCValueProto::ARRAY);
input_proto->set_array(x);
// Node — XCVMOp }
} else if (node.op_type() == Node::kMatMul) {
EMIT(MatMul, out(0), in(0), in(1)); y.AddOutput(inst);
} else if (node.op_type() == Node::kGemm) { }

‘DeNA 22
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B84t : RunDefaultPasses

 InferAllIDtypeAndShape

CanonicalizeSubGraphs

Simplify

PropagateConstants

EvaluateShapes

AddGradientNodesForTraining

GetComputationOrder
 AddGradientNodesForTrainingWithOrders

23
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Simplify

e NodefEIZReplacefd#%#®R{TL. GraphBuilderCRE# X =HLL\ NodeZ{ERR
« JtDNodel&Detach (& & T CollectGarbageNode D /AR THlfgEh 3)

bool replaced = true;

while (replaced) { BDHE~DBEEHZ AS, |dentityD AR E
replaced = false; ¢ Min—Max
for (Node* node : graph->GetLiveNodes()) { - Flatten—Reshape

auto found = simplifiers.find(node->op_type()); . Grouped Conv— Split+Conv*N+Concat
if (found == simplifiers.end()) continue;

/| ZZ TReplaceHoge B8 £k &M 5 Bl Z [EXCVMEL TMINZZEELLZWLTED

if (found->second(graph, node)) {
graph->DetachNode(node); B 1% M Grouped Convld, nGraph& $h#5 D &
replaced = true; FOE=MZ NES,

}

}
}

24
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SimplifyD 4l : ReplaceMin

e Min(A) — - Max(-A) [ZBZ#Z 35
¢ XCVM® OphiMaxL Y R—ErL TLVEL V=8
* Node&XCVM Op®D»itits & EmitNodeZ& 8 (il Node::kNeg —Neg )

I Min(A) -> Neg(Max(Neg(A)))
bool ReplaceMin(Graph* graph, Node* node) {
CHECK EQ(1UL, node->outputs().size());
GraphBuilder gb(graph, "SimplifyMin", node->output(0));
std::vector<Value*> negs;
for (Value™ v : node->inputs()) negs.push_back(gb.Op(Node::kNeg, {v}));
Value® r = gb.Op(Node::kMax, negs);
gb.Op(Node::kNeg, {r}, node->output(0));
return true;

25
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FuseOperations

« TVM, NGraph, NVRTCZ#|HL7- Operator Fusion

std::set<Node*> fused nodes = {base_node};

Node* node = base node;

while (true) {
/l fuse R REZENode%fused nodes|Zf=& 5

}

I/ B— Mfusion_grouplZtvhk

++num_fusion_groups;

for (Node™ node : fused nodes) {
node->set_chainer_fusion_group(num_fusion_groups);

}

// Node::kChainerFusionGroupZ{E Rk , fused_nodesZH 745 57&LTHD

I XCVM®DOpZAE LT HEmIithF (2, tym*ONGraphTa /NS )LEnd

/| BITEIEIXCVM LM, TVMAESPackedFuncMMEUHHEN A2TVMOpE L TEFT

CreateFusionGroup(graph, fused _nodes, "tvm", num_fusion_groups);

26
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TVM AutoTuning

e FuseBFICTVMZfESIEE . TVMDConvéLTav /A fILEh D
o ZMEZED SchedulelZAutoTuningfERDOSTZiET —EMNTES

o a2/ JUBEIZ Auto Tuning D A2RHYZEH DT B4 T ar e
FhZE#->7= Tuning A2 7k (tune_task.py) H8H5
« g_dump_autotvm_task_dir, g_autotvm_log®D#A 7 3>

e Chainer@ETILETVM®D T 57&LT
TS9N I+ —LIZEHET AutoTuningTEADIFEHLY

27
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ScheduleComputation

« HIROEKFEBREZEELI-LT. NodeZAUUEHZS
« CCTY—FLEEIRET XCVM OpAttH hsh, SV 24/ LDRBIRF LS
* ScheduleNaively
« MRASHILY—ILI=5%EEAD NodeMDIRICETET S
* ScheduleGreedy
« EO/—FOHEMBTENLETATERERNBASOZRTEL, IMSVIEISHE

* A greedy scheduler which tries to reduce the current working memory in greedy
mannar.

28
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XCVM

 chainer_compiler_core. XCVM&LTSyFTEhTULVS

void XCVM::Run(XCVMState* state) {
state->SetProgram(&program _);

while (true) { // XCVM OpZ%IBICR{TT 52T )43
int pc = state->pc(); Il 7AYTS LAY 42 THIHE
if (pc >= program__.size()) break;
XCVMOp* op = program_[pc].get();
I/ % Opl&ChainerX*®TVM, NGraphTHI
Il stateTAH 1 ArrayZREZBHE, str-> XCVMVar®map
op->Run(state);

state->set_pc(state->pc() + 1);

30
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HlEHEE

* IfPLooplEXCVMOpTIZLVIEL RILEE Jmpis s, TOT S LD 20 HIH

void JmpOp::Runimpl(XCVMState* st) {
st->set_pc(pc - 1);
}

void JmpTrueOp::Runimpl(XCVMState* st, const chainerx::Array& cond) {
if (static_cast<bool>(chainerx::AsScalar(cond))) {
st->set_pc(pc - 1);
}
}

void JmpFalseOp::Runimpl(XCVMState* st, const chainerx::Array& cond) {
if (Istatic_cast<bool>(chainerx::AsScalar(cond))) {
st->set_pc(pc - 1);
}
}

31
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XCVMOp D EEHl: ReluOp

/| XCVMOpDH T HSRELTEET S

// XClnstructionProto T At A

ReluOp::ReluOp(const XClnstructionProto& inst): XCVMOp(inst) {
x = inst.inputs(0).array(); // x, yl&privateZi A2 7\(int)
y = inst.outputs(0); I ABID—BF/\IT7DATHIR

}

Il ETEOHEUHL

void ReluOp::Run(XCVMState™ st) {
/| =B/ Ny I7 s A ADchainerx:ArrayzBRSLETER . EREZEEAH
st->SetArray(y, Runlmpl(st, st->GetArray(x)));

}

/| ChainerXMAPITE &

chainerx::Array ReluOp::Runimpl(
XCVMState* st, const chainerx::Array& x) {
return chainerx::Maximum(x, 0);

}

32



N7 ER

« AHADHEZEEMICT H=H—F/\wI7eEL, TOHER OpZzH A

XCProgramProto program;

Xcvm.
Xcvm.
Xxcvm:
Xxcvm.
Xxcvm.
Xcvm.
Xxcvm:

:AddInOp(&program, xcvm::XCVMValue(0), ”x");
:AddInOp(&program, xcvm::XCVMValue(1), "y");
:AddAddOp(&program, xcvm::XCVMValue(2), 0, 1);
:AddFreeOp(&program, 0);

:AddFreeOp(&program, 1);

:AddOutOp(&program, "sum™, 2);
:AddFreeOp(&program, 2);

Kvariables State R XCVMStateDprivate A7\

“ye? int pc_; // TOTSLAHUE
/ 0 7 inputs_ std::vector<std::unique ptr<XCVMVar>> variables_;

AddOp 1 & //%*,&%HXCVMVa\\rﬁchamerx::Array)0)map

y InOuts inputs_; // 757D A A,

A 2 — outputs_ InOuts outputs_; // 57D H
3 sum XCVMOptions options_; // F\L—RALARNJLIGEEEFDEE

L ) const std::vector<std::unique ptr<XCVMOp>>* program_;

DeNA  AddOpld. AHADArrayNEHDHELTE, /\wT7D0,1,212ELETF
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[60.350 us _ ‘ ‘ [60.400 us

|60.450 us

FreeQ FreeQ In0 In0 In0 In0
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FixedBatchNormalization2
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TVMOp

e« XCVMOpMDHTHSRELTRELTHY. thdd OpDEITHRUHHES

void TVMOp::Initimpl() {
impl_ = new TVMImpl();
impl_->fn = LoadPackedFunc(dso_filename, func_name);

}

std:.vector<chainerx::Array> TVMOp::Runimpl(
chainer_compiler::runtime::XCVMState* st, const std::vector<chainerx::Array>& orig_inputs) {

tvm::runtime:: TVMArgs tvm_args(tvm_values, tvm_type codes, num_args);
tvm::runtime::TVMRetValue tvm_ret;
impl_->fn.CallPacked(tvm_args, &tvm_ret); // ZZ TPackedFuncZME .5

return outputs;

runtime/ops/tvm.cc
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NGraphOp

void NGraphOp::Initimpl() {
impl_ = new NGraphlmpl();
std::istringstream iss(onnx);
impl_->func = ngraph::onnx_import::import_onnx_model(iss);

const char* kBackend = "CPU";
impl_->backend = std::move(ngraph::runtime::Backend::create(kBackend));

impl_->handle = impl_->backend->compile(impl_->func);
}

std::vector<chainerx::Array> NGraphOp::RunIimpl(
chainer_compiler::runtime:: XCVMState* st, const std::vector<chainerx::Array>& orig_inputs) {

impl_->handle->call_with_validate(impl_->result_tensors, arg_tensors);

return impl_->outputs;
}
PDeNA runtime/ops/ngraph.cc 36
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