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CGRAEF)L

B CGRADEITET /L. BRI INIREZECIRUSON)
{

"category": "decoupled",

"address_generator": {
"control": "affine",
"max_nested_level": 3

}

"conditional" : {
"allowed": false

}

"inter-loop—-dependency": {
"allowed": false

}

"custom_instructions": [ "fexp", "fsin", "fcos” 1,
"generic_instructions": [ "add", "sub", "mul", "udiv", 'sdiv",
"and", "or", "xor", "fadd", "fsub", "fmul", "fdiv"],
"instruction_map": [
{ "inst": "xor", "rhs": {"ConstantInt" : -1}, "map": "not"},
{ "inst": "xor", "map": "xor"}
]
}
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CGRAEF)L

B CGRADZEITETIL. Bk INIREZEE(JSON)

"category": "decoupled”, B CGRADTZE
"address_generator": { -

"control": "affine", | Decoup|ed

Y max_nested_level": 3 0 >(:EUJ g_tzc‘:j_l_mr
"c?nditionﬁ?" o IN\—bZDEE UTERITE
. allowed": false T)l/[6]
"inter-loop—-dependency": {

"allowed": false
}
"custom_instructions": [ "fexp", "fsin", "fcos” 1,
"generic_instructions": [ "add", "sub", "mul", "udiv", 'sdiv",
"and", "or", "xor", "fadd", "fsub", "fmul", "fdiv"],
"instruction_map": [
{ "inst": "xor", "rhs": {"ConstantInt" : -1}, "map": "not"},
{ "inst": "xor", "map": "xor"}
]

}
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CGRAEF)L

B CGRADEITET )L, BiEkH NI EZ S0l (JSON)
{

"address_generator": {
"control": "affine",
"max_nested_level": 3

) B ATV ADOFRIER O/ \F—>
TondiTIonal™ B 74> 701tX
. allowed": false B 3%)'/—70

“"inter—loop—-dependency" :
“allowed": .':a-Lse . CO + Clvl + szz + Cgvg

}

"custom_instructions": [ "fexp", "fsin", "fcos” 1,

"generic_instructions": [ "add", "sub", "mul", "udiv", 'sdiv",
Ilandll’ Ilor.ll’ IIXOr", Ilfaddll’ Ilfsubll’ Ilfmulll’ IlfdiV"]’

"instruction_map": [

{ "inst": "xor", "rhs": {"ConstantInt" : -1}, "map": "not"},

{ "inst": "xor", "map": "xor"}

]
by

RIKEN CGRAR MLk
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CGRAEF)L

B CGRADZEITETIL. Bk INIREZEE(JSON)
{

"category": "decoupled",
"address_generator": {

"control": "affine", B iﬁﬁﬁﬂﬁ%@%ﬂﬁﬂ?ﬂ—

"max_nested_level": 3

}, B COFITE
“"conditional" : p:
"allowed": false [ %{ﬁFﬁUJS'z?FEJ
}l B _— \NA
“"inter—loop—-dependency" : 2% jFEﬁ'ﬁkﬁT_‘[
"allowed": false
}
[TSTOm_1INstra Ons T exp", "fsin", "fcos” 1,
"generic_instructions": [ "add", "sub", "mul", "udiv", 'sdiv",
Ilandll’ Ilor.ll’ leor.ll, Ilfaddll’ Ilfsubll’ Ilfmulll’ IlfdiV"]’

"instruction_map": [
{ "inst": "xor", "rhs": {"ConstantInt" : -1}, "map": "not"},

{ "inst": "xor", "map": "xor"}

]
by
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Roneeeld B custom_instructions: LLVM IR(CTFIE L7RU\ERTS
L, W V—XTO— RPTEEZOBESTUTE L

Bl B generic_instructions: LLVM IR(CXIS S DEp5

B instruction map: LLVM IR&353->ALU op/A\DXF it

B TR xisErRIEE

"inter-locY
"allowed": false

},

"custom_instructions": "fexp'", "fsin", "fcos” [,

"generic_instructions": [ "add", "sub", "mul", "udiv", 'sdiv",
Ilandll’ Ilor.ll’ leor.ll, Ilfaddll’ Ilfsubll’ Ilfmulll’ IlfdiV"]’

"instruction_map": [
{ "inst": "xor", "rhs": {"ConstantInt" : -1}, "map": "not"},

{ "inst": "xor", "map": "xor"}

]
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11— R4l: 3x3 covolution

void conv(float * indata, float * outdata)
{
int irow, icol, orow, ocol, krow, kcol;
float tmp;
orow 0;
omp target parallel for map(to:indata) map(from:outdata)
private(icol, ocol, orow, krow, kcol)
(irow = 0; irow (H-K_H); irow STRIDE) {
(icol = 0, ocol = 0; icol (W-K_W); icol STRIDE, ocol++) {
int weight {3, 5, 7, 9, 11, 13, 15, 17, 19};
tmp ZERO;
unroll
(krow = 0; krow = K _H; krow++) {
unroll
(kcol = 0; kcol = K W; kcol++) {
tmp indatal(irow + krow) * W + icol + kcoll * weight[krow * K W + kcoll;
}
¥

outdatalorow + O W + ocoll] tmp;
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A2\ S RSA/NCKDEITOERF

bash $clang-cgraomp test/conv.c —-o test/conv —-cc share/presets/decoupled_affine_AG.
json —-save-temps ——enable-cgraomp—-debug
Clang front-end
OpenMP target unbundling
Optimization of host code
Pre-Optimization of CGRA kernel code
Verify kernel, extract DFG, and insert runtime
[INFO]: Start verification
[INFO]: Instantiating CGRAModel
[INFO]: Searching for OpenMP kernels
[INFO]: Found offloading function: _ omp_offloading_fd04_1d40416_conv_1178
[INFO]: Verifying a kernel for decoupled CGRA: .omp_outlined.
[INFO]: Detected perfectly nested loop: omp.inner.for.body Nested level 2
[INFO]: Verifying Affine AG compatibility of a loop: omp.inner.for.body
[INFO]: Verifying Affine AG compatibility of a loop: omp.inner.for.body
omp. inner.for.body
smul24 = fmul fast float %9, 3.000000e+00 1
%smul24.1 fmul fast float %11, 5.000000e+00 1
%smul24.2 fmul fast float %14, 7.000000e+00 1
smul24.1 fmul fast float %17, 9.000000e+00
smul24.1. fmul fast float %19, 1.100000e+01
smul24.2. fmul fast float %21, 1.300000e+01
%smul24.22 fmul fast float %24, 1.500000e+01
smul24.1 fmul fast float %26, 1.700000e+01
%smul24.2 fmul fast float %28, 1.900000e+01
b
2
.1
il
22
2
=1
.2

=

NNORFRFPOUI I NNUORERSI I

%add25 fadd fast float %mul24.1, %mul24 1

%add25 fadd fast float %add25.1, %mul24.2 1
%add25 fadd fast float %add25.2, %mul24.114 1
%add25 fadd fast float %add25.115, %mul24.1.1 1
%add25 fadd fast float %add25.1.1, %mul24.2.1 1
%add25 fadd fast float %add25.2.1, %mul24.225 1
%add25 fadd fast float %add25.226, %mul24.1.2 1
%add25 fadd fast float %add25.1.2, %mul24.2.2 1

=

P
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ZH21ZDDFG

Load_8
float32=17.00 float32=19.00
i [ < ]~ ]~ ]~ [ e [ <~ [
float32=11.00 float32=9.00 float32=15.00 float32=13.00 float32=3.00 float32=5.00 float32=7.00
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A fiiEE ]

mLLVM version 12.0.1

B CGRAERK
m8x107L--1 (8x8 PESF 1)L + 8+8LSHF-1)L)

B N> F—7: 3x3 convolution
B idERCAR/ \WOT >R
B GenMap[20]%ZRIKEN CGRANTSHE
B ETEHNTILTUXLNR—IAD Y E> T REE

GenMap

Application Mapping Framework for spatially mapping CGRAs
using Genetic Algorithm

@rython P 1 sEmiT

https://github.com/hungalab/GenMap
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https://github.com/hungalab/GenMap

S ESTRERDLEE

__ HERR RYIERE | LAF>E
6

naive DFG L = 40.38 40 (5 x 8)
L 17> 85% 5056 56 (7 x 8) 2

Optimized DFG 46.21 40 (5 x 8) 0
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naive DFG 5x8 mapping Optimized DFG 5x8 mapping
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