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C++y Pythonu e Arrayx

1 S HHC++ arrav £ 1| # numpy array =g
input = numpy.array (padded_input_data_list).reshape(ni. ci. hi+2#pad. wit2#pad)

T input = new T[ni * ci * (hi + 2 % pad) = (wi + 2 = pad)]:

3| filter = numpy.array(filter_data_list).reshape(co. ci. hk. wk)
3T filter = mew T[co * ci * hk * wk]: 4| bias = numpy.array(bias_data_list).reshape(l. co. 1. 1):
4| T bias = new T[co]: s|ho = (hi + 2 % pad — hk) / stride + 1
s int ho = (hi + 2 % pad — hk) / stride + 1: ; 6lwo = (wi + 2 pad — wk) / stride + 1
. R . output = numpy.array ([0.]*(ni%co*ho*wo)).reshape(ni. co. ho. wo
6 int wo = (wi + 2 % pad — wk) / stride + 1: r v (o1 » pel )
S —
T output = new T[ni # co * ho * wo]: { for ni_idx in ranze(ni): I\
T e e e e e e e e e e e e e e e s = === == | for co_idx in range(co) 1
N : . .
for (int ni_idx = 0: ni_idx < ni: ni_idx++) { I“ for ho_idx in range(ho): 1
£ . id 0 i id . 12 for wo_idx in range(wo):
. = 0- < . ++
or (int co_idx : co_idx co: co_idx++) { I hi_idx = ho_idx % stride 1
for (int ho_idx = 0: ho_idx < ho: ho_idx++) { ® wi_idx = wo_idx # stride 1
for (int wo_idx = 0: wo_idx < wo. wo_idx++) { I,S output[ni_idx . co_idx. ho_idx. wo_idx] = np.sum(input[ni_idx . :. hi_idx:hi_idx+hk 1
T sum = T(0): N wi_idx:wi_idx+wk] % filter[co idx. :. :. :]) + bias[0. co idx. 0. 0]

for (int ci_idx = 0:; ci_idx < ci: eci_idx++) {
for (int hk_idx = 0: hk_idx < hk: hk_idx++) {
for (int wk i1dx = 0: wk_idx < wk: wk_idx++) {
int hi_idx = ho_idx #% stride + hk_idx: 4
int wi_idx = wo_idx # stride + wk_idx:
sum += input[((ni_idx % ci + ci_idx) % (hi + 2 % pad) + hi_idx) % (wi + 2
% pad) + wi_idx] % filter [((co_idx % c¢i + c¢i_idx) % hk + hk idx) % wk + wk_ idx]:
Py
output [((ni_idx * co + co_idx) * ho + ho_idx) #* wo + wo_idx] = sum + bias[co_idx
1:
Forobod
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} Conv Tensor

Tensor

| . o

11 -_:ren%m'e i

: 2| Tensor hnput(ni. ci. hi. wi):
I.. .

I 3| Tensor (filter(co. ci. hk., wk):

:Jr Tensor :bias(l. co. 1. 1):

I 5| Tensor putput(ni. co. (hi+2xpad—hk)/stride+1. (wit2zpad—wk)/stride+1)

\

-

|

|

—— -

. . . . 1
conv(input. filter . bias. output. pad. stride) I
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INT8 mFP16 = FP32
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INT FP32
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Portability Performance  Portability Performance  Portability Performance
RELAY/TVM Halide Prolog
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Portability Performance  Portability Performance  Portability Performance
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... Control
Control _ Control v

Function
unit

Storage
Storage
Storage |

i A
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7
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1! ~h
!
!

40Gb/s ToR

(b)

e ax GPU
e bx FPGA

Google Cloud Storage

e cK TPU —

e d )I.( D L P TensorFlow * t
TensorFlow TensorFlow TPUBRHE
t

TensorFlow
TPUR A
DLP |DLP
VM or Container Hosts Cloud TPU v2 Pod
(¢) (d)

: http://nO\;éI.ict.ac.cn/ aics




OpenCL Er 3 ay

CUDA g YD FRUU
3 2t

Copperhead A vyn w3

Merge A vyn w3

= http://nO\;éI.ict.ac.cn/ aics




AdbJd 4uyof’

}
} Y
Kernel{t 4 Host{t i
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kernel.o host.o [ iz 4TI
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}
} Kernel
} DLP
}
} DLP
}
} DLP

v AM 4y
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v~ AM 4 uoKernel Hy

) n DLP Kerneli
DLP Kernel

} Kernel mnBCL _ dlp _entry

—

__dlp _entry__ void L2LossKernel(half# input, half# output) {

1 Kernel APM InvokeKernel

—_

ret = InvokeKernel ((void #*)(&L2LossKernel), dim,

2 params, ft, pQueue);

} 4 Device n _ dip_device _

__dlp device  wvoid CreateBox( half# box, half# anchor |,
half# delt_ , int A, int W,
int H, half im w, half im h)

i
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v~ AM 4uyod pai

}
}
} y clusterDime X 1 clusterlde X 1 coreDimu coreld
} y taskDim[XYZ]n taskld[XYZ]
} Kernel task n XYZ n
taskDimV
}
taskDimZ
} Kernel
BLOCK K I / >
} OC Neme . taskDIimX
} UNIONX y Kernel e X 1/2/4n UNION1 1

cluster4 X

= http://nO\;éI.ict.ac.cn/ aics




} y DLP

} 4 GPR 7 Load/Store
} Y

DRAM/NRAM/WRAM/SRAM

- DLP DRAM IEW[” : ] [ l 1

Clusterl: Core[1] I

a
8
H

Cluster{0]

Cluster...

Z =)

|
sor Baga

I

|

&
~]
3

Ry S SR
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Chip-Cluster-Core 7
y
} __sync_alh n X
n UNION1 # 4
e Cluster 4 X UNION2 # 8X
} __sync_clustend Cluster 7 Cluster
X CUDA n GPU thread 7
thread X
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} _conv __mip 7
} C/C++ n Kernel
n
} n
X
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v~ AM 4yoc HQai

} e BLOCKMNIONXX
} Kernel
} BLOCK4 7 "
} UNION1u 1 clusteri 1 cluster 7
1} UNION2y 2 clusteri 2 cluster n
} X
n Kernel
} e Queuex
} 7 "
} e X n n
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} 3 Kernel

} 4 Clusterm 16 Core

DK 3 Kernel Queue X

=

SyncQueuex

Queue

SyncQueue LI

25K Kernell Timel
Queuein
Kernelbk Kernell
UNION 24 Timel 2 Cluster

L
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3XK SyncQueuei

Kernell Kernel2i
Kernell
Kernel2i Timel
Kernel2x Kernel2 UNION 1
Timel 1 Cluster w

45K Kernell Kernel2
taskDim e
kernell UNION2 8 Corex i

Kernel

5)KKernell Kernel2

Time2 L
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“ AV 4 uHZZEocBANGA MV

} BANG MLU ( Machine Learning Unit)
" 7
} 7
} 7
} C/C++ n
CNML BANG

MLU
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BANGA &V~ o

=<

} BANG

X

} C/C++ 7 CNRT

cnrtFree

CNRT - ]
Runtime 5
M LU cnrtGetDeviceHandle Handle
cnriSetCurrentDevice
Runtime API i Runtime i
Oueue cnnCreateQueve Queveit
cnrtDestroyQueue Queue
Kernel
cnrtGetKernelParamsBuffer cnrtinvokeKernel
Kernel cnntKemelParamsBferAddParam
cnrtDestroyKernelParamsBuffer
MLU cnrtinvokeKemel MU i Kemel

BANG
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cnrt i
i ncl and.® 0 é
y

BLOCK

{
{
{

GDRAM

-
I
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MLU C
mlu
MLU mlu.h

BANG kernel
__mlu_entry

_nram__  nram

GDRAM NRAM

NRAM cycle add

NRAM

GDRAM#
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} n BANG
7 4
1 MLU
|7| MLU Kernel.mlu
1} Host
GCC/CLANG Host compiler

Host
} Host

Host

Host
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} 11O

} 4 BANG
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} C/IC++ 11

} Y add_func C

int add func (int a, int b) |
int ¢ =a + b;

return ¢
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' " ATOM y

tbye 1

lbye 1

2byte 2

2byte 2

dbye 4

dbpe 4

2 byte n IEEE754 fpl6
sbye  IEEETSAfpa2 |
1 byte C char
_ 1 byte C bool
I e oye
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Y n
} n n LI
n X
} n n
X
coreld DLP
clusterld DLP

taskld
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/IOuvl B

H0E (Card)
1/ (Chip)
2k (Cluster0) 25 (Cluster])
#31E (Corel) #37 (Corel) 3 (Core2) H35 (Core3)

[P D SR A7| | BT (| |[ihe ok fe|| B ST e AR || BUAZEATF |M'i’f‘ TOEEAT| | R ETF

NRAM WRAM NRAM WRAM NRAM WRAM NRAM WRAM
1 1 1 1 1 1 1 1
Cluster[N JE 245 (F (SRAM) Cluster 4 L2 4RF (SRAM)
yY 7'y
| |
¥ ¥
i # M AFDDRO (LDRAM) 1% M f#DDR1 (GDRAM)

NUMAe Non-Uniform Memory Access Architecture x
A X 0
DDRO DDR1 X DDRO n DDR1

A 7 NRAM WRAMiA 7

X<
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(

} e K X

NRAM NRAM <-> GDRAM
NRAM <-> LDRAM
NRAM <-> SRAM
WRAM WRAM <-> GDRAM
WRAM <-> LDRAM
WRAM <-> SRAM
SRAM SRAM <->GDRAM
SRAM <-> LDRAM
SRAM <-> SRAM
NRAM NRAM <-> NRAM

__memcpy#n

void  memcpy( void#* dst, void# src, uint32 bytes, Direction t dir);
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__vec_add(float* out, float *in1, float * in2in int size)
__vec_sub(float* out, float *in1, float * in2in int size)
__vec_mul(float* out, float *inl, float * in21n int size)

__conv(half* out, int8* in, Int8* weight, half bias, int ci,
Int hi, int wi, int co, int kh, int kw, int sh, int sw)

__mlp (half* out, int8* in, int8* weight, half* bias, int ci,
int co)

__maxpool (half* out, half* in, int ci, int hi, int wi, int kh,
int kw, int sh, int sw)

) s http:«//hovel.ict.ac.cn/ aics




} 7
} Yy n "
} Y n "
} Y 7 X
y Cluster e _ sync_clusterk
e _sync_alik n Cluster Cluster "

ClusterK K
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#define BASE NUM 64

void  dlp entry  mySquare( float* in, float#® out, int size) {
int quotient = size [/ BASE NUM;
int remainder = size % BASE NUM;
__nram__ float tmp[BASE NUM];

for (int 1 = 0; 1 < quotient; i++) |
~ memecpy(tmp, (in + 1 # BASE NUM), (BASE NUM #* sizeof(float)), GDRAMINRAM) ;
__vec_mul(tmp, tmp, tmp, BASE NUM) ;
__memcpy ((out + i % BASE NUM), tmp, (BASENUM * sizeof(float)), NRAMXGDRAM) ;

if (remainder != 0) |
__memcpy(tmp, (in + quotient #* BASE NUM), (remainder # sizeof(float)), GDRAMINRAM) ;
_vec_mul(tmp, tmp, tmp, remainder),;
__memcpy ((out + quotient * BASE NUM), tmp, (remainder % sizeof(float)), NRAMXGDRAM) ;
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W 7
) n 4

AN«

4%32

(

} 1*32 32*32
} API e 4*1° Ik e UNIONZDX

— o o e e e e mm e mm e M M e M e mmm e mmm e Mmm e mmm e mmm e mm Em mm

void __dlp_entry__ mm(int# left, int# right, int* out) { Ir 1| Dim_t dim: dim.x = 4; dim.y = 1; dim.z = 1; :
if (taskID == 0) | {2 int left[4][32]: int right[32][32]: int out[4][32]: ]
_nram__ int tmp[4][32]; ______________A_:_______________
~write _zero(tmp, 4%32ksizeof(int)); e e
__memcpy (out, tmp, 4%32%sizeof(int), NRAMXGDRAM) ; +| KernelParamsBuffer_t params:
I 14| GetKernelParamsBuffer(&params)
15| KernelParamsBufferAddParam (params . &left_dev . sizeof(voidx));
--sync_all(); 16| KernelParamsBufferAddParam (params . &right_dev . sizeof(voidx)):
for (int j = 0: j < 32; j++) | 17| KernelParamsBufferAddParam (params . &out_dev . sizeof(voidx)):
for (int k = 0; k < 32; k++) { A A
out[taskldX * 32 + j] += left[taskldX # 32 + k] * right[k % 32 + j]; e e
:} (2|7 T ma T R IR R ¥
\ | = InvokeKernel (( void#)(&mm) . dim. params. UNIONI. queue):
\ 24| SyneQueue (queue)
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A N B HA o BANG AE Z

BANG MLU
BANG MLU
BANG

/usr/local/neuware/lib/clang/x.x.x/include/ ___clang_bang_math.h

y
NRAM
e X 128
64
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BANG AE Z H £
) 4y _ bang_add(half* dst, half* srcO, half* srcl, int32_t
NumOfEle)

=(

} Y

} Y half

} 4 _ bang mul_const(half* dst, half* srcO, half scale,
INnt32_t NumOfEle)

S :""http:-//hdvel.ict.ac.cn/r;aics: h




BANG AE Z H A&

Vo u A4

} 4 _ bang_eq(half* dst, half* srcO, half* srcl, int32_t
NumOfEle)

} 4y srcO srcl element-wise eq 7

dst

} 4y _ bang_select(half* dst, half* src0O, half srcl, int32_t
NumOfEle)

} Y srcl on srcO dst

X dst

__bang_select(dst, src0O, src1NumOfEle);

é

I/l get the number of selected elements from the first line
uintl6_tnumberOfSelectedNumbers = *((uintl6_t*)dst); // dst[0]
/I get the selected elements from the second line

selectedNum[0] = dst[16];
selectedNum[1] = dst[17];



BANG AE Z H A

} 4 _ bang_max(half* dst, half* src, int32_t NumOfEle)
} Y Src n dst W n
n src index
}

(dst, src, NumOfEle);

A~

é
half maxNumber = dst[0];
uintl6_tindexOfMaxNumber = ((uintl6_t*)dst)[1];

} 4 _bang count(uintl6_t* dst, half* src, int32_t

NumOfEle)

} Y Src 0 dst

¢

(dst, src, NumOfEle);




BANG AE Z H &£

} 4 _ bang_cycle add(half* dst, half* srcO, half* srcl,
INt32_t NumOfEleO, int32_t NumOfElel)

} 4  srcO 7 srcl "
srcl add 7 dst
NumOfEleO NumOfElel
srcO | | srcl
dst
} 4y _bang_transpose(half*dst, half*src, const int32_t h,

const Iint32_t w)
} 4y src[h][w] dst[w][h]

<~ % Shitp://inovel.ict.ac.cnliaies -




BANG AE Z H A
} 4 _ bang_maxpool (half*dst, half*src, const int32_t ic,
const int32_t ih, const int32_t iw, const int32_t kh, const
INt32_t kw [,const int32_t sx, const int32_t sy])
} 4y SIc maxpool 7 dst n Y
}srcfih, iw, ic]
} slide-window[ kh, kw]

} stride [sx, sy]i 7 [kh, kw] stride
} dst[h,w,c]

<~ " Shitp://novel.ict.ac.cnliaics
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} 4 _ bang_maxpool_index(uintl6 t* dst, half*src, const
INt32_t ic, const int32_t ih, const int32_t 1w, const int32_t kh,
const int32_t kw [, const Int32_t sx, const int32_t sy])

} 4 _ bang_maxpool 7
iIndex 7

}srcfih, iw, ic]

} slide-window[ kh, kw]

} stride [sx, sy]i 7 [kh, kw] stride
} dst[h,w,C]
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} Kernel

} 4y BANG
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Kernel© AD A

7 Kernel

(

Kernel

coreDime x 7 Cluster K
corelde % Z Cluster IDi
[0, coreDim - 1}k
clusterDime x 7 Chip Cluster X
clusterlde X " Cluster IDi [0,
clusterDim - 1}k
taskDime X 7 n taskDim =
taskDImX1 taskDimY1 taskDimZx
Z IDi [0,
tasklde ” taskDim - 1}k taskid DV

taskld = taskldZ1 taskDimYT1 taskDimX + taskldY1 taskDimX
+ taskldXx




Kernel

w  Kernel

Kernel Kernel

GetKernelParamBufferfKernelParamsBuffer t*params)

Kernel " RET SUCCESS

CopyKernelParamsBufferlKernelParamsBuffer_tdstbuf,
KernelParamsBuffer tsrcbuf)

srcbuf  dstbufin RET_SUCCESS X
KernelParamsBufferAddParam(KernelParamsBuffer tparams, void*
data, size_tbytes)

KernelParamsBuffer t " RET_SUCCESS

k% hnp://nO\;éI.ict.ac.cn/ aics




} Kernel

} DestroyKernelParamsBuffer(KernelParamsBuffer _tparams)

KernelParamsBuffer t 7 RET_SUCCES$S

} InvokeKernel(const void * function, Dim3_t dim, KernelParamsBuffer t
params, FunctionType_t funcType, Queue _t queue);

i Kerneln RET_SUCCESS
X FunctionType t BLOCK UNIONxe UNION1 UNION2/

X " X InvokeKernel 1

InvokeKernel

X
X<
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J J

} Y XK XK

Init(unsigned int flags);
GetDeviceCount(unsigned int* dev_num);
GetDeviceHandle(Dev_t* pdev, int ordinal);
SetCurrentDevice(Dev_t dev);

Destroy(void);
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X X
X 7 Y
y 7
y Vi 7
X SyncQueue
X
y X 7
X

CreateQueue(Queue_t *queue);
SyncQueue(Queue_t queue);

DestroyQueue (Queue_t queue);

DR http://hovel.ict.ac.cn/ aics




y
} hostMalloc(void ** ptr,size tbyt es, &)
} hostFree(void * ptr)

} devMalloc(void ** ptr, size thytes)

} devFree(void * ptr)

} Memcpy (void *dst, void* src, size tbytes, MemTransDir_t dir)

T http://nO\;éI.ict.ac.cn/ aics




a v HA

Device Kernel

__dlp entry_ void kernel(int #input, i1nt len, 1nt %output) |

int sum = 0;

for (int 1 = 0; 1 < len; 1++) |

sum += input[1];

i

#¥output = sum,
|

Y 7
__dlp_entry_ 7 Kernel 7
void

o 3 http://nO\;éI.ict.ac.cn/ aics




} Host

Init(0);
Dev t dev;

GetDeviceHandle(&dev, 0);

SetCurrentDevice (dev);
Queue_t pQueue;
CreateQueue(&pQueue) ;
Dim3_t dim;

dim.x = 1:
dim.yv = 1;
dim.z = 1;

AN«

' http://nO\;éI.ict.ac.cn/ aics




} Host

half #*d_input;

half ®d_output;

half #dlp result;

hostMalloc(dlp result , data num % sizeof(half));
devMalloc (( void ##)&d input, data num % sizeof(half)));
devMalloc (( void ##)&d output, data num #* sizeof(half)));

Memcpy(d input, h_a half, sizeof(half)*data num, HOST2DEV) ;
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} Host

Kernel

KernelParamsBuffer t params;

GetKernelParamsBuffer(&params);
KernelParamsBufferAddParam(params, &d_input, sizeof(half *));
KernelParamsBufferAddParam (params, &size , sizeof(uint32 t)),;
\ | KernelParamsBufferAddParam(params, &d_output, sizeof(half %)), ,

-

—— o — —
—— -

InvokeKernel ((void #*)&kernel , dim, params, func type, pQueue);

SyncQueue (pQueue) ;

Memcpy(dlp_result , d_output, data_num * sizeof(half), DEVZHOST)

devFree(d_input);
devFree(d_output);
hostFree(dlp_result);
DestroyQueue ( pQueue) ;
DestroyKernelParamsBuffer ( params) ;
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¥ 0 A HZAZLEocBANG Z

1 BANG
1 BANG
1 BANG
} CNRT g Kernel
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BANGD/ b 7

T 1T T1-— — 1T
_|_

[T T — 1T
|

Ill -------- IIII

SEG

| 4BANG
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. cnrtDim3_t

| KERNEL ~ v
CORE_NUM'
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BANGD / b

-4y Kernel
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BANGA / b 1 |

~ BANG

SEG SEG SEG SEG SEG
0 1 2 3 | === 7 8 9 |---
| [ --------
|
......... 1

{ COREO{ CORE1|CORE2| CORE3 CORE7 [COREQ|CORE1

==

taskID-0 taskiD:1 [task/D:2 ]
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bang _mul
bang_transpose
bang_ add
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MK

(2
>
o
z

| Emnnmmmsnnn R
temp_transpose
M = X " )
M
- oIS Zazazsssss 0 initialized res_cram
K N " N times
3 bang add loop
A B
TR =azszzeazs final res cram
HHH sassssssssa MK
M K
N
N M
temp
bang_mul
bang_transpose ’

bang_ add
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(3

N / L A

} __assert(bool flagH abort the kernel if flag Is false
} _abort(): exit the kernel with error code -1
} exit(int status): exit the kernel with code status

} __bang printf( 0 < >0, < >):

} _ breakdump_ scalar/vector() 4 / dump

<~ " Shitp://novel.ict.ac.cnliaics




BANG o)

1 BANG _breakdump_scalar

=
X

y

V __breakdump_scalar(varl) // dump

V ___breakdump_scalar(varl, var2) // dump

V __breakdump_scalar(varl, var2, var3) // dump

~

Vé é

\% dump 6

V _breakdump_scalar n MLU

\Y DUMPMLUSCALAR dump
DUMPMLUSCALAR=1)

) et al. <~ =% “http/novel.ict.ac.cnlaics -

dumpscalar_data

.dumpscalar_data (export



BANG o

}
BANG __breakdump_vector X
dumpvector data n
X
___breakdump_vector (void * src, int32_t Bytes,
mluBreakDumpAddrSpace t AddrSpace)
y
AddrSpace dump 7 BANG
nram/ldram dump 7 AddrSpace NRAM/LDRAMX
y
Vv dump 1024 n  Bytes <= 1024;
Vv DUMPMLUVECTOR: dump
.dumpvector_data LU

s o) et al. <~ =" “hitp://novel.ict.ac.cnliaics .




MLU kernel i
__breakdump_vector
dump

.dumpscalar_data
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BANG o—ax

} BANG __bang_printf X

} Y
} __bang_printf (const char* fmt)
} __bang_printf (const char* fmt, type argl)
} __bang_printf (const char* fmt, type argl, type arg2)

} __bang_printf (const char* fmt, type argl, type arg2, type arg3)

} __bang_printf (constchar*rfmt, type argl, type arg?2,




N/

BCL

=(

ST

export DLP_VISIBLE DEVICES = 1

7

bclex

-9

bele —=g foo.dlp —o foo
bele =gl foo.dlp -o foo
bele =g2 foo.dlp -0 foo

bele -g3 foo.dlp -o foo




X
L

Kernel

=<

(bcl—gdb) bel-gdb breakpoint on
(bel—gdb) break =#0x1
(bel=gdb) run

} DLP " info

focus \ 7 (bel-gdb) bei-gdb info " T T T 7 N
1 device cluster core pc core state focus )
1 0 0 0 1 KERNEL BREAKPOINT  #* I
| 0 0 1 0 KERNEL BREAKPOINT I
1 0 0 2 0 KERNEL BREAKPOINT I
I L I
N F_ %2 EEREEEGG _____ !
, e e R aNERg oo g g e, Ty M e—me—m—_—_e—_ee_e__—_—_—_————— =N
| (bel-gdb) bel-gdb focus cluster 2 core | I
[Switch from logical device 0 cluster 0 core 0 to logical device 0 cluster 2 1
1 core 1.] 1
= Tdevicé cTustér core pe core state . foecus T T TTTTTTT -
cluster2core 1 < ,_ | ________ -<
I 0 2 0 0 KERNEL _BREAKPOINT 1
2 I 0 KERNEL BREAKPOINT + 1
| 2 2 0 KERNEL_BREAKPOINT |

“htt ://nO\;eI.ict.ac.cn/ aics




break K XK Kernel
X break if X

Info delete

(bel—gdb) break my_function

(bel-gdb) break my_class::my method

(bel-gdb) break int my_templatized function <int >(1int)
(bel-gdb) break foo.dlp:185

(bel-=gdb) bel-gdb breakpoint on

(bel-gdb) break =*0x1

V4 ~N
| |
1 (bel-gdb) break foo.dlp:23 if taskldx == 1 && i < 5 1
| 1
(bel-gdb) info break
(bel-gdb) 1 b
/25 N
| (bel-gdb) delete break | I
: (bel-gdb) d b 2 3 4 :
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} Y print
(bcl-gdb) print a
$1 =233
(bcl-gdb) print array
$2=(1,2,3, 4)
} Y Info registers
} Y examine e XX

(bcl-gdb) x/2wd 0x2333
0x2333 : 666 888
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n A -
} BCL BCL-GDB

7 [#define DATA SIZE 64 S
__dlp_func__ int32_t QuickSort(int left ,
__nram__ int32 _t *m,

int32_t right) {
int32_t tag = m[left];
int32_t temp;
rteor: Cs5)
if (left < right) ¢{
while (m[right] > tag)

right ——;
} BCL if (left >= right)
break ;

return right;

__dlp_device__ void SplitMiddle(int32 _t left,
__nram__ int32 t *m,
int32_t right) {

int middle;

if (left < right) {
middle = QuickSort(left , m, right);
SphitMiddle(left , m, middle - 1);
SplitMiddle (middle + 1, m, right);

H

— o e R e M EE M M R M R M R S M M M e M e e e e e e
=

17

__dlp_entry__ void kernel(int32_t *pData,
int32 _t num,
int32_t left) ¢{
__nram__ int32 _t nBuff[DATA_SIZE];
__memcpy(nBuff, pData, num #* sizeof(int32 _t), GDRAMINRAM) ;
SplitMiddle(left , nBuff, num - 1);
__memcpy(pData, nBuff, num % sizeof(int32 _t), NRAM2GDRAM) ;

el e N T R I e N
N . T

e e e e e e e e e, e, ———————— = = — -
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} kernel.on

gcc

(bel-gdb) b kernel. dlp:SplitMiddle

pu
I

/ Breakpoint 1 at 0x554: file kernel.dlp, line 48.
el 1 T e e el

SplitMiddle

Starting program: /xxx/demo/a.out
kernel.dlp 48 [Thread debugging using libthread db enabled]
Using host libthread_db library "/lib/x86_64-linux -gnu/libthread db.so.1™.

| Breakpoimnt 1, SphitMiddle (left=0, m=0x200440, right=63) at kernel.dlp:48
48 if (left < right) |
B TR L5111

N4
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backtracee btx y

{bel-gdb) bt

SplitMiddle  kernel.dlp

I | kernel . dlp:61

- o o EEE EEE O RS RSN EEE RN EEE RSN SN SN MEE BEE SN I MEE GEE SN M NSNS GEE GEE N MEE GEE GEE S MEE GEE BEE B REE BEm S M e e

{bcl—gdb) 61
layout src Y
—|fbel-gdb) layomwt sre_ _ _ e e e — = = L -
( +——kernel . dlp —+ \l
: 129 } |
N ! SplitMiddle
| |30 1if (left >= right) | |
| |
| - |
| | |
[ |69 |
| e e e e e e e + |
T T multi—thre Thread Ox7(fTf7fcf§ In: SpiitMiddle L48 PC: _ _ _ _ _ _ _ ~ _ ~~ -7
0x554
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display Y

(bcl-gdb) display *m
1: *m = 869

|__ﬁ
|
GCilE
a0

(@]
Q_I
3'

=}

(bcl-gdb) n

Breakpoint 1, SplitMiddle (left=0, m=0x200440, right=54) at
kernel.dlp:48

1:*m =128

(bcl-gdb) n

(bcl gdb) n !

kernel.dlp:48

(
|
|
: Breakpoint 1, SplitMiddle (left=0, m=0x200440, right=6) at
:
\

(bci-gab)
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=TT 77

—_—— == -

up

7 NRAM

nBuff

(becl-gdb) up

kernel . dlp:50
50 SphitMiddle(left , m, middle - 1);
(bel-gdb) up

kernel . dlp:50
50 SplitMiddle(left , m, middle - 1);

(bcl-gdb) up

kernel . dlp:61
61 SphitMiddle(left , nBuff, num - 1);

(bel-gdb) x /64w nBuff
0x600000000000440: 112 B0 125 39
0x600000000000450: 91 43 23 128

0x600000000000520: 973 929 912 978
0x600000000000530: 918 963 986 924

(bel-gdb)

e

SplitMiddle
kernel.dlp
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}

kernel.dlp
UNION1

taskld
local[0][0]
local[1][0]
local[2][0]

y

local[3][0] \.’ -

4 7

~ nram__ int local[4][8];
_dlp_device _ int go_deeper(int 1) |

if (1 = 0) {

return 1;

} else {

return | + go_deeper(i - 1);

i
i
__dlp_entry__ void kernel(int* input, int len) |

int line _size = sizeof(int[8]);

_ memcpy(local , _input_ len * line_size , GDRAMINRAM)

local[taskld ][0] = go_deeper(taskld + 1);
__sync_all();

_ memepy(input + taskld + 8, local + taskld # 8, line_size ,




el e e e e e T R T R
(bel-gdb) ¢

Continuing

[Switch from logical device 0 cluster 0 core | to logical device 0 cluster 0

core 2.]

r
1
I
} | wresspm 1. 0w remaapr - CONtiNUE
N
(

17 local[taskld J[0] = go_deeper(taskld = 1)
I: local[taskld |[0] = 843

J J 7 AN
} break>X continue >XKinfo>X -
| device cluster core pc  core state focus 1
(V) . 1 0 o 0 842 KERNEL SYNC 1
focus)K ||St I o 0 |84 KERNEL SYNC |
1 0 0 2 K14 KERNEL HREAXPOINT » I
1 0 0 3 0 KERNEL BREAXPOINT
I 0 [} 4 0 KERNEL HREAKPOINT ’I

¢ [ibct=gdh) bel-gdd focus cluster O eore 3~ T T T "I
1 [Switch from logical device 0 cluster 0 core 2 to logical device 0 ¢luster 0
1 core 3] :
: (bel-gdb) bel-gdd infa |
LI I device cluster core pec  core state focus |
0 0 0 H42 KERNEL SYNC |
Cluster Ol7| core 3 : 0 0 | §42 KERNEL SYNC 1
a 0 2 H14 KERNEL HREAKPOINT 1
I 0 0 3 0  KERNEL BREAKPOINT » I
| 0 0 4 0 KERNEL BREAKPOINT J

e e o o o o o o o o e o e e e e e e e M e M e e e e

{.".b_u_g.m_»TuT______________________"I
12
! I3 _ _dip_entry__ vord kernel(inte input  int lem) | !
1 14 10t hine_size = mizeollint X)) !
I |s 1
| 16 _ _memepy(local . input, len o line_size | GIRAMINRAM) |
1 IT local[taskid J[0] =~ go_deeper{taskld ~ |) |
1 I8 syne_all() 1
1 19 __memepy(inpat + taskid o &, local » taskid ¢ ¥, line_wnize 1
1 NRAMMGDRAM ) 1
N e e e e e e e e e e e e e e e ——— |
Pl ol ettt G
1 (bel-gdb) & b 1
1 Num Type Disp Enb Address What 1
I I breakpoint keep y Ox(00000000000032¢ kernel dip 17 1
I breakpoint already hit 3 times 1
- o mm mm mm omm mm o mm o Em Em Em Em Em Em Em Em Em Em Em Em o = = o= o




= http://nO\;éI.ict.ac.cn/ aics




= http://nO\;éI.ict.ac.cn/ aics




L

e 16384 X Y

#define LEN 16384:
__dlp_entry__ void vector_mult{ float* inl, floats in2, floats out) |
for (int i = 0; < LEN; i++) {

i
out[i] = inl[i] » in2[i]: GDRAM

NRAM Y

#define LEN 16384;
_dlp entry  void wvector _mult( float* inl , float#* in2, float® out) {
~ nram__ float tmpl[LEN];
~ nram__ float tmp2[LEN]; GDRAM
~ memcpy(tmpl , inl, LEN % sizeof( float), GDRAMINRAM) ; |
i ; . . |
| o memepy(tmp2, in2, LEN » sizeof(float), GORAMARAM): _ _ .
for (int i = 0; 1 < LEN; i++) { NRAM

tmp2[i] = tmpl[i] % tmp2[1i1];

AN

“h p://nO\;éI.ict.ac.cn/ aics




N

=
=
S

#define LEN 16384;

__dlp_entry__ void vector_mult(float* inl, float* in2, float* out) |{
__nram__ float tmpl[LEN];
__nram__ float tmp2[LEN];
__memcpy(tmpl, inl, LEN % sizeof(float), GDRAM2ZNRAM) ;
__memcepy(tmp2, in2, LEN * sizeof(float), GDRAMINRAM) ;

1 __vec_mul(tmp2, tmpl, tmp2, LEN); |

'T = T meémcpy(out ;. TmpZ, TLEN # FizéoT(Tloat) ,”NRAMIGDRAM)™, — — ~

|

AN

for
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__memepy(tmpl, inl + taskld % PER CORE LEN, PER CORE LEN # sizeof(float),
GDRAM2NRAM ) ;

__memepy(tmp2, in2 + taskld % PER_CORE _LEN, PER CORE LEN # sizeof(float),
GDRAM2NRAM) ;

#define LEN 16384,

#define CORENUM 4;

#define PER CORE LEN (LEN / CORE NUM):

__dlp_entry__ void vector_mult(float* inl, float* in2, float#* out) {
__nram__ float tmpl[PER CORE_LEN];
_nram__ float tmp2[PER CORE LEN];

~ vec mul(tmp2, tmpl, tmp2, PER CORE LEN):
__memcpy(out + taskld % PER CORE LEN, tmp2, PER CORE LEN =% sizeof(float),
NRAM2GDRAM) ;

AN

4 n 4096
taskld
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A 4YyoDA

} B e Notifierx

} e Performance Counterx

»

Notifier_t start;
CreateNotifier(&start);
Notifier t end;

CreateNotifier(&end); NOtIfler
vector_mult

Queue_t queue;
CreateQueue(&queue) ;

o o e e e i e i e o e e

) PlaceNotifier(start , queue); _!
InvokeKernel (( void*)(&vector mult), dim, params, UNIONI, queue);

o e e i Wl e o e o

I PlaceNotifier(end, queue); _!

SyncQueue( queue);

float time;

NotifierDuration(start , end, &time):
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LR HAKT)HE

__perf start {ERERE (P RETHELRS T 1R THAR
__perf stop (S RERE (PR RETH A RS 5 1 T4
__perf_get_clock RIS i 4 s )

__perf get_executed inst IR EPITHIFE 2 SR8

__perf _get cache miss

IREUE @ A7 A PRI IREL

__perf _get compute_alu

ARER HHE BT HE B

__perf _get compute_nfu

IREUEET NRAM [5K GHE R AFRYIE B

__perf _get compute_wfu

R T WRAM {95k s R AFRYIZ R

__perf get memory dram_read

IR DRAM 3B Rdfi bt

__perf _get memory_dram_write

IRELE) DRAM 5\ [ ki ik

AR Ji_E3L =2 SRAM 32U Bcdfi it
IR i _E3L 5 SRAM 5 N8 bt

__perf_get_memory_sram_read

__perf_get_memory_sram_write
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#define LEN 64;

__dlp_entry__ void vector_mult(float* inl, float* in2, float% out) |
__nram__ float tmpl[LEN];
__nram__ float tmp2[LEN];

__memepy(tmpl, inl, LEN % sizeof( float), GDRAMINRAM) :
_ memepy(tmp2, in2, LEN # sizeof(float), GDRANMINRAM) ;
__vec_mul(tmp2, tmpl, tmp2, LEN);

__memcpy(out, tmp2, LEN * sizeof( float), NRAMIGDRAM) ;

I __perf_stop(); 1

e J

L-I P e e e S R R S S R S S e S e e e e e -

v 1 int nComputeNram = _ perf _get_compute_nfu(); |

].)I(NRAM : int nReadDram = _ perf get memory dram _read(); :

I int nWriteDram = __perf_get_memory_dram_write () ; |

7

2>K DRAM printf( “ nComputeNram = %d Byte, nReadDram = %d Byte, nWriteDram = %d Byte\

n"” , nComputeNram, nReadDram, nWriteDram);

3K DRAM }

nComputeNram = 256 Byte, nReadDram = 512 Byte, nWriteDram = 256 Byte




A 4s T

} 7 7
X Y
}
}
}
4
DK record LLI
25K report replay 7 X




} record vecMult ./info_dir
} report info_dir
report info_dir/ # B/ FHEER
# PID Total time Calls Function
H ams SESEEEEEEEE S TR T T T e S R S
|O ___#_#_Zé19____‘)_l_8_.99__u_s____l__ SetCurrentDevice
# 698.00 us 3 \s\ devMalloc
# 66.00 us | \1nvokeKernel
__ﬁ_#. ________ ~ \\
V) p—— _._::::.: e e 1‘.\: ______________________
S N\
# Kernels dnfo_ T3> . R S :
,r--#--lll-l)--iDuralioniiCompulcSpcedi il()Spced i 10Count Function
!' # 2510 :lS 00 us::772I GOPs ! :4.973 GiB/s ' 196608 vector_mult
A —— |ty | it | S’ it
# DEVICE TO HOST size: 64KB speed: 0.3 GB/s
# HOST TO DEVICE size: 192KB speed: 0.5 GB/s
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} replay info_dir

replay info_dir/ # #£ER i F{HEE
PID TIMESTAMP TIME Function

InvokeKernel |
2510 [386ms,410us
2510 [386ms,425us
2510 [386ms,476us

vector mult |
[ 15000 us] H

|
|
|
1 [ 66.000 us] | |

#
B
#
# 2510 [386ms,410us
#
#
#
#
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fin 2 7l HAKTRE

monitor -info ERUTHARR

monitor -type Bt RALS

monitor -driver TR IKB A

monitor -fan s KU e i L

monitor -power TNIBITIHRE

monitor -temp o i

monitor -memory | S R PIFR P A7 AR

monitor -bandwidth | 278 TS OX & P A7 SRR U ) 7 55
monitor -core TSRO R R
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} DFTe X
DFT n X DFT
n X
y
N-1 )
X(k) = Z x(n)e i Xkn e Dk
n=0
X(Kk) n x(n) e 7
" X K g~J Fkn n e/* = cos(x) + j sin(x) 7
) e, 2n 2n
X(k) = Z; x(n)[cos(~—-kn) + j sin(=—-kn)]
N-1 5 X e 2X
n . . n
= "Z:;)[x(n)cos(ﬁkn) — jx(n) sm(ﬁkn)]

k% hnp://nO\;éI.ict.ac.cn/ aics




} DFT

X(K) Y
o 2n
real(k) = ZO x(n)cos(ﬁkn)
N’: 5 e 3K
imag(k) = —x(n) sm(—nkn)
n=0 N
X(K) Y

Amp(k) = \real(k)? + imag(k)?
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} DFT

#define Pl 3.14159265
#define N 128
__dlp_entry__ void DFT (float# x, float* Amp) |
for (int k= 0; k < N; k++) |
float real = 0.0;
float imag = 0.0;
for (int m = 0; n < N; n++) |
real += x|n] # cos(2 * Pl / N % k % n);
imag += -x[n] #* sin{(2 = Pl / N * k % n);
|
Amp[k] = sqrt(real * real + imag * imag);
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#define PI 3.14159265
!| #define N 128
__dlp_entry__ void DFT (float# x, floats Amp) |

i 7|7 " Cnram” fToat" m[NT,” T T T T T T T T T TTTTTTTT TS T
1 __nram__ float out[N]; 1
| . . -

' _ memepy(in, x, N % sizeof( float), GDRAMINRAM) ; :

for (int k = 0; k < N; k++) |
float real = 0.0;
0.0;

for (int n = 0; n < N; n++) |

float 1mag

real += in[n] % cos(2 * PI / N * k % n);
imag += —in[n] #% sin{(2 « Pl / N % k # n);
}
out[k] = sqrt(real % real + imag #% imag);
}
— memepy(Amp, out, N # sizeof(float), NRAM2GDRAM) ;
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#define PI 3.14159265
#define N 128
_dlp_entry__ void DFT (float* x, float+ Amp) |

__nram__ float in[N];
__nram__ float out[N];
__nram__ float real[N];
__nram__ float imag[N];

__memcpy(in, x, N % sizeof(float), GDRAMINRAM) ;

for (int k = 0; k = N; k++) |
real[k] = 0.0;
imag[k] = 0.0;
for (int n = 0; n < N; n++) |
real[k] +#= in[n] % cos(2 * Pl / N % k * n);
imag|[k] += —in[n] #* sin(2 * Pl / N * k #* n);

I(' __vec_mul(real , real, real, N); 1

I | __vec_mul(imag, imag, imag, N); I .

| vec_add(out, real, imag, N); ! Amp(k) = \/real(k)z + tmag(k)3
. ' ' o I

: __vec_sqrt(out, out, N); |
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#define PI 3.14159265
#define N 128
_dlp_entry__ void DFT (float* x, float® Amp) |

LI _ nram__ float in[N];
] __nram__ float out[N];
].)K Sln COS __nram__ float real[N];
e _ nram__ float imag[N];
I/I ~ memepy(in, x, N % sizeof(float), GDRAMINRAM) ;
LIJ L [ |
I fleatemz2e PN ________1 2
for {(int k= 0; k < N; k++) {
real[k] = 0.0;
0.0;

2xk@® * PI [ N o mets

- ooy (i 0 SNz L

I‘/"I |_ --___fliut tmp_=—cun#i¢_l:______l 1
] — — Zrealfk[ = Tnln] s cosmp)s "

<
-

imag[k] += in[n] #= sin{tmp);
B T
Lu i

__vec_mul{real , real , real,6 N);

__vec_mul{imag, imag, imag, N);

3)K Imag __vec_add{out, real, imag, N);

. __vec_sqrt{out, out, N);
_ memepy(Amp, out, N % sizeof( float), NRAM2GDRAM) ;




y

aeallk] +=in[n] * cos( ) amagl[k] +=

real imag 7
for K*nww for
i n[ n] %* sinfgr) o k*nit N?
X
0 i 0 0
| i | 127
u 1 127

127 o [127] ... J1272

k*n 7 2*PIl/Ne

CyCle mul ] 3 4 5 ] 7 B 9 10 11
] 2 12 | 4 Lk 18 28 B 18 30 44 |

7

e DK

conx

e 2X




sintmp) cos(tmp) e vec_sin
VeC_ COSK L for aeal [ k] += Iiamdg[k]]
+= in[n] * sin(ho N*N X

for (int k = 0; k < N; k++) {
real[k] = 0.0;
= 0

imag [ k] 0. - - -

, ) - 0 < N: i) { n in in _ real | real real
:'rr- {int n om < »on++) | [O'] “] [|27] » = [(]] [ll [127]
float tmp = con = k # n;

cal [k = | 205 : . .. .
real[k] += in[n] #* cos{tmp); in i B n:a]HklmageIHJﬁi

imag[k] += in[n] #* sin{tmp);

cos(tmp)&sin(tmp)# 4
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} #define PI 3.14159265
#define N 128
__dlp_entry__ void DFT (float* x, float®* Amp) |

DFT __nram__ float in[N];

__nram__ float real [N];
__nram__ float imag|[N];
__nram__ float con[l];

__nram__ float sequence[N];
__nram__ float kn[N % NJ;
_nram__ float cos_res[N % NJ];

__memcpy(in, x, N % sizeof(float), GDRAMINRAM) ;
con[0] = 2 % Pl / N;
for (int k = 0; k < N; k++) {

sequence [k] = k;

4

N*1 I*N

__mat_mul(kn, sequence, sequence, N,

2 \m — cycle_mul(kn, kn, con, N & N, [);” ~ 77 79 Ten "W RTLT HI « ¢/
__vec_cos(cos_res, kn, N % N);
__vec_sin(kn, kn, N & N);
7| _mat_mul(real, in, cos_res, 1, N, N); /0 0 0 freatiin [

TN N*N

__mat_mul(imag, in, kn, 1, N, N);

Fe=

__vec_mul(real , real, real, N);

__vec_mul(imag, imag, imag, N);

__vec_add(imag, real, imag, N);

__vec_sqrt(imag, imag, N);

__memcepy(Amp, imag, N # sizeof(float), NRAMXGDRAM) ;




#define PI 3.14159265

#define N 128

e k*n )T(SI“/COS K __dlp_entry__ void DFT (float* x, float® cos_mat, float* sin_mat k6 float* Amp)
t

) __nram__ float in[N];
n __nram__ float real [N];
__nram__ float imag[N];
_nram__ float cos_res[N * NJ;
_nram__ float sin_res[N * NJ;
X B __mcmcpy(in. x, N % sizeof(float), GDRAMZNRAM) ;
| | __memepy(cos_res , cos_mat N * N # sizeof(float), GORAVMENRAM) ;
L __memcpy( sin_res , sin_mat '_,IN # N % sizeof(float), GDRAMINRAM) ;

cos_mat sin_mat

__mat_mul(real , in, cos_res, |, N, N);

__mat_mul(imag, in, sin_res, I, N, N);

__vec_mul(real, real, real, N);

__vec_mul(imag, imag, imag, N);

__vec_add(imag, real, imag, N);

__vec_sqrt(imag, imag, N).

__memcepy(Amp, imag, N % sizeof(float), NRAMXGDRAM) ;




} NRAMi DFT 1800
}

} 7

}

} X e X

} 7

fiieiris | TERESRRTHA5EX
JEAEbR R E | 1 (BEMEMERE)

i i 2= A7 1.49
kAL 10.65
Pkt 29.27
T EOAL P 1794
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} Y BANG

} Y BANG+CNML+TensorFlow
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AZNd

} e MKDKcuDNN CNML X
7 API
}
([ ereesmas T, F ) EREMEKEERORL |,
h %ﬂém)lﬁ?iﬂﬂ 17 Ex&XE?&*@EWJ%EH _1

Kemclftﬂ}‘({ (gn*.dlp) iﬂﬁiﬂiﬁ" (Z0*.cpp)
Y 2) FRERREIES & 1 RE RAE E X
Dk Kernel RERBFEEXHET (*.s0)

e AR AR X
API 4) EHEY IR RIFRR
RS BRE X
THATH |(MELF)
(5) BEfT

k% hnp://nO\;éI.ict.ac.cn/ aics




AZNdAar o HyNd &
} API

AP
e CreateCustomizedOpx XKe X e ComputeCustomizedOp x

e DestroyBaseOpx

CreateCustomizedOp () ;

ComputeCustomizedOp () ;

‘| DestroyBaseOp ()

T2 s http://ﬁovel.ict.ac.cn/ aics




AzNdarot+” Nd ¢

Hostis A E H&E F Hostim i A & N EhR &
AEWMANEIE MemcpyTensor2Device
BIREHIRIEFTBE | . -
B EEALIE AR Tensor %igrtggtieﬁgu:euf
CreateDeviceTensor ) )
[ ¥ 3¢ & KernelParamsBuffer | - ,_:, o il
A BRFIRIEA L ( nETRHAT %)
GetKernelParamsBuffer | S e ~C:m_puteCustomlzeEO=p -r”
T e s R 9 ISR TR
~ [ CreateCustomizedOp - SyncQueueFDestroyQueue
[T RmEERHEFER - |~ o T
CompiIeBaseOp (\ Eﬂg&%ﬁéﬁ?&gﬁg ! MemcpyTensor2Host
AN L BIE S BC S 8) s
MallocBufer BB EMAR

:
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AZNdaro RN ©

} 7
Hostif b EHIH F A ANG L BIES B8
} HEEHAKIE MallocBufer
BRI AR Hostsi A\ BCR 58 U 2115 8
Ciﬁ;%ﬁfff;?;?:c:r MemcpyTensor2Device
! '
@&H%Kﬂ;gﬂe;ﬁg;;nsmﬁer RENSTHEQueue
GetKernelParamsBuffer | GatOrCreamQuens )
l A= - r - =o <
Bl E HIRE ’\ WImEET \
CreateCustomizedOp + - ComputeFusionOp _+ s
T T
1 SRR A HRAE S 259 B TR
/ CreateFusionOp \ SyncQueuefDestroyQueue
\ - J
. ¥} /
FusionOp W, : n !
o I TONE B2 B A E ! Devicesi i it 45 R H5E Host
" \ AddFusionOp3fSetFusion ll MemcpyTensor2Host
" \ I i l
X ‘[ eEMEANTUER ’
| EREAIRE LETTMIES /' B &MAR
N CompileFusionOp A |
N~ - - 4 l
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AZNdEar ™ A&

y = )CC — elnx" . eclnx,(x > O)

} Kernel

#define N 1024

__dlp_entry__ void myPower( float* x, float#* c, float* y) ¢{
__nram__ float in[N];
__nram__ float cc[1];
__memcpy(in, x, N * sizeof(float), GDRAMINRAM) ;
__memcepy(ce, ¢, sizeof(float), GDRAMINRAM) ;

__vec_log(in, in, N);
__cycle_mul(in, cc, in, N, 1);

__vec_exp(in, in, N);

_memepy(y, in, N % sizeof(float), NRAMXGDRAM) ;
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int main() {
/G Tensor
Tensor_tinput; CreateTensor(&input, FLOAT32, DIM_NCHW, 1, 1, 1, 1024);
Tensor_t powerC; CreateTensor(&powerC, FLOAT32, DIM_NCHW, 1, 1, 1, 1);
Tensor_t output; CreateTensor|{&output, FLOAT32, DIM_NCHW, 1, 1, 1, 1024);

|/ BEEEGIT !
1 BaseOp_t powerOp; 1
C + + I CreateCustomizedOp(&powerOp, “kernel”, reinterpret_cast <void*>(&Power), params, {input, powerC}, 2, 1

I {output}, 1, nullptr, 0);
Uy sigae LT !
I CompileBaseOp(powerOp); I
l )

M A& SRR TR
1 void* input_d = devMalloc(1024 * sizeof{float));
C re ate C u Sto m I Z ed O p void* c_d = devMalloc(sizeof{float));
void* output_d = devMalloc(1024 * sizeofifloat));

. /) ABENR AR
CO m pl |e Baseo p void* input_h = hostMalloc{1024 * sizeof(float));
void* ¢_h = hostMalloc(sizeof{float));
void* output_h = hostMalloc(1024 * sizeof{float));

AN EAR M NS P R MR E R

Memcpy(input_d, input_h, 1024 * sizeof(float), HOST2DEV);

Memcpy(c_d, c_h, sizeof{float), HOST2DEV);

M HETH

Queue_t queue;
ComputeCustomizedOp o et

ComputeCustomizedOp(powerOp, {input_d, c_d}, 2, {output_d}, 1, queue);

SyncQueue(queue);
DestroyQueue(gueue);

- e e - - -

J R MR E R PR MBI LR
Memcpy(output_h, output_d, 1024 * sizeof(float), DEV2HOST);

H BRI TE
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// A& Conv 5 1. Power H il X 5L T-LLJL RelU 5L T

BaseOp_t conv;

—
N

CreateConvOp(&conv, conv_param, input, convOut, filter, NULL);

BaseOp_t power;

CreateCustomizedOp(&power, “kernel”, reinterpret_cast <void*>(&Power), params, {convOut, powerC
powerQOut}, 1, NULL, 0);

BaseOp_t relu;

CreateActiveOp(&relu, ACTIVE_RELU, powerOut, reluOut);

2,

} Conv+Power+RelU

— e — — —
— T - -

/1 A ;UF T )1%“

A\ 4
CO nv)-l( Power ReLU Fu5|on0p_.t net
CreateFusionOp(&net);
FuseOp(cony, net);
FuseOp(power, net);
FuseOp(relu, net);
SetFusionlO(net, {input, filter, powerC}, 3, {reluOut}, 1);

CompileFusionOp(net);

=
- o = =

J/ RS VR 43 W] input_d, filter_d, powerC_d, reluOut_d

// E|'L|J WL 23 7] input_h, filter_h, powerC_h, reluOut_h

1] RN RN AR5 DS 45 A A7

Memcpy(input_d, input_h, 128 * 128 * sizeof(float), HOST2DEV);
Memcpy(filter_d, filter_h, 2 * 2 * sizeof(float), HOST2DEV);
Memcpy(powerC_d, powerC_h, sizeof(float), HOST2DEV);

YA
raue?e__tqﬁeu?; _________________________-I
| CreateQueue(&queue); 1
—_—) I ComputeFusionOp(net, {input_d, filter_d, powerC_d}, {reluOut_d}, queue); |
I SyncQueue(queue); I
|

1 DestroyQueue(queue);
am - e o o o - -

— o e o e e o o e o e e o e e e e e o
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}  BANG CNML

) 4 CNML PluginOp
} PluginOp API
} PluginOp

}

}
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} PluginOp

Pooling

J

X

0

e
X

CNML

PluginOp 1 K

0 CNML

CNML
Conv)K

(

e

CNML 7

BANG

Application

Frameworks

CNML

CNRT

Driver
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PluginOp APIK A

} PluginOp Y
} cnmliCreatePluginOp ();
_ CNML
} cnmlComputePluginOpForward _V4();
} /
} cnrtKernelParamsBufferMarkinput();
} cnrtKernelParamsBufferMarkOutput ();
- CNRT
} cnrtKernelParamsBufferMarkStatiq);
}
}
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} PluginOp
cnmliStatus_tcnmiCreatePluginOp (

convOpii powerOp

=(

cnmiBaseOp_t*op, //

const char* name, // Plugin 7

void* kernel,, /I Kernel " .0/.s0 kernel
cnrtKernelParamsBuffer_tparams, // Kernel 7 X 7 n
cnmiTensor_t* input_ptrs, // Tensor

int input_num, Il Tensor

cnmlTensor_t* output_ptrs, // Tensor

int output_num, /l Tensor

cnmlTensor_t* static_ptrs, // Tensor

int static_num); /l Tensor

o “http://novel.ict.ac.cnfsaics




} PluginOp

cnmiStatus_tcnmlComputePluginOpForward_V4(

cnmlBaseOp _top, Il
cnmiTensor_t input_tensorsf],
void *inputs]], Il
int input_num, Il

cnmlTensor_t output_tensorsf],

void *outputs]], Il
int output_num, /l
cnrtQueue_t queue, Il
void *extra); Il

/l Tensor
7

/l Tensor
W
i NULL
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} cnrtKernelParamsBuffer t 7 cnmliCreatePluginOp

cnrtRet_t cnrtGetKernelParamsBuffer(
cnrtkernelParamsBuffer_t*params);

} cnrtkernelParamsBuffer t n
cnrtRet_t cnrtGetKernelParamsBufferMarkinput(
cnrtkernelParamsBuffer_tparams);
} cnrtKernelParamsBuffer t 7

cnrtRet_t cnrtGetKernelParamsBufferMarkOutput (
cnrtKernekParamsBuffer_tparams);
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¢

} cnrtkernelParamsBuffer t
7

cnrtRet_t cnrtGetKernelParamsBufferMarkStatiq
cnrtKernelParamsBuffer_tparams);

} cnrtKernelParamsBuffer t

cnrtRet_t cnrtGetKernelParamsBufferAddParam(
cnrtKernelParamsBuffer_tparams,
void *data, //

size_tnBytes); //

i
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} cnrtKernelParamsBuffer_t

cnrtRet_t cnrtDestroyKernelParamsBuffer(

cnrtkernelParamsBuffer tparams); Params: cnrtkernelParamsBuffer_t LI
: CNRT_RET_SUCCESS
cnrtkenrelParamsBuffer_t 7
7 X
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PluginOp Yd o&ot” Nd

PluginOp

Host  PluginOp PluginCp ~ MLU cnmiComputePluginOpForwar
cnmlCompileBaseOp() d Ve x

PluginOp queue
CNML cnrtMalloc () cnrtSyncQueue()
Tensor cnrtDestroyQueue ()

cnrtKernelParamsBuffer t
- Host MLU Host

cnrtGetKernelParamsBuffe S ey () cnrtMemcpy ()

PluginOp gueue
cnmliCreatePluginOp () cnmiCreateQueue()
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Host PluginOp
:1x64x32x%x32

(NCHW)ii

1 x64 x 30X
30(NCHW)
Host buffer
y

PluginOp cnml Tensor
CNML Tensor,
CNML Tensor

& & etal.
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