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} й

}

¸ ч
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}

}Kernel

} DLP

}

} DLP

}

} DLP
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ⱴ῀ ⁴ᶙσKernel Ḧѱ
} йDLP Kernelй

DLP Kernel

} Kernel йBCL __dlp_entry__

} Kernel APIчInvokeKernel

} чDevice й __dlp_device__
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}

}

} чclusterDimе жйclusterIdе жйcoreDimйcoreId

} чtaskDim[XYZ]йtaskId[XYZ]

} Kernel task й XYZ й

}

} Kernel

} BLOCK чKernel й

} UNIONx чKernel е x 1/2/4йUNION1 1

cluster4 ж
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} ч DLP

} чGPR й Load/Store

} ч

} DRAM/NRAM/WRAM/SRAM

} -DLP DRAM

30
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} ч

Chip-Cluster-Core й

ч

} __sync_allч й ӂ

й UNION1 й 4

е Cluster 4 жй UNION2 й 8ӂ

} __sync_clusterч Cluster й Cluster

ӂ CUDA йGPU thread й

thread ӂ
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} ч й

} __conv __mlp й

} C/C++ й Kernel

й

} й
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} еBLOCK/UNIONxж

} Kernel

} BLOCKч й й

} UNION1ч 1 clusterй 1 cluster й

} UNION2ч 2 clusterй 2 cluster й

} ӂ

йKernel 

} еQueueж

} й й

} е ж й й

33



& & et al. 2020http://novel.ict.ac.cn/ aics

1Ӂ 3 Kernel Queue ӂ

й

SyncQueueӂ й

Queue

SyncQueue ш

2Ӂ Kernel1 Time1

Queueй

Kernel1ӂKernel1

UNION2й Time1 2 Cluster

ш
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} BANG MLU ( Machine Learning Unit ) 

й й

} й

} й

} C/C++ й
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} BANG й

й

} C/C++ й CNRT

̗

̘ MLU

̙ Kernel

̚ Queue 

̛ Kernel

̜ Kernel

̝ MLU

̞

} BANG 
38

CNRT

cnrtInit Runtime ӂ

cnrtGetDeviceHandle Handle

cnrtSetCurrentDevice

cnrtDestroy
Runtime API й Runtime й

cnrtCreateQueue Queueй

cnrtDestroyQueue Queue

cnrtSyncQueue Queue Function й Function

cnrtGetKernelParamsBuffer cnrtInvokeKernel

cnrtKernelParamsBufferAddParam

cnrtDestroyKernelParamsBuffer

cnrtInvokeKernel MLU й Kernel

cnrtMalloc

cnrtFree

cnrtMemcpy
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#include òcnrt.hó
ê
cnrtInit (0);
cnrtDev_t dev;
cnrtGetDeviceHandle(&dev, 0);
cnrtSetCurrentDevice(dev);
cnrtQueue_t queue;
cnrtCreateQueue(&queue);
cnrtDim3_t dim; dim.x = 1; dim.y = 1; dim.z = 1;
cnrtFunctionType_t func_type = CNRT_FUNC_TYPE_BLOCK;
cnrtKernelParamsBuffer_tparams;
ê
uint32_t param1 = SIZE_INPUT;
cnrtGetKernelParamsBuffer(&params);
cnrtKernelParamsBufferAddParam(params, &param1, sizeof(uint32_t));
ê
half *ptr_mlu_input ;
cnrtMalloc ((void **)& ptr_mlu_input , N1 * sizeof(half))) 
cnrtMemcpy (&ptr_mlu_input prt_host_input, CNRT_MEM_TRANS_DIR_HOST2DEV);
ê
cnrtInvokeKernel((void *)&kernel, dim, params, func_type, queue); 
cnrtSyncQueue(queue);
cnrtMemcpy (ptr_host_output , ptr_mlu_output , SIZE_OUTPUT,    

CNRT_MEM_TRANS_DIR_DEV2HOST);
cnrtDestroyQueue (queue);
cnrtDestroyKernelParamsBuffer(params); 
cnrtDestroy();

BANGẦῶ Ӕσѭῡ

31

cnrt й
include òcnrt.hó

Queue

ч
BLOCK

kernel

Kernelй Queue

Queue

GDRAM

GDRAM
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BANGẦῶ Ӕσ ᶴ

40

//file: hello.mlu

#include " mlu.h"
#include " macro.h"
#define s1 N1
#define s2 N2
__mlu_entry__ void kernel(uint32_t size1, uint32_t size2, 

half* c, half* a, half* b) {   
__nram__ half a_tmp[s1];  
__nram__ half b_tmp[s2];  
__nram__ half c_tmp[s2];   
__memcpy(a_tmp, a, s1 * sizeof(half), GDRAM2NRAM);   
__memcpy(b_tmp, b, s2 * sizeof(half), GDRAM2NRAM);   
__bang_cycle_add(c_tmp, b_tmp, a_tmp, size2, size1);   
__memcpy(c, c_tmp, s2 * sizeof(half), NRAM2GDRAM);

} 

MLU C й
mlu

MLU mlu.h

BANG kernel
__mlu_entry__

__nram__ nram

GDRAM NRAM

NRAM cycle_add

NRAM
GDRAMй
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Kernel.mlu

cncc

cnas

Kernel.o

host.cpp

Host compiler

host.o

Host linker

libcnrt.so

a.out

} йBANG

й ч

} MLU CNCC

й MLU

} Host C/C++

GCC/CLANG й

Host

} Host MLU

Host CNRT й

Host
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}

}

} Ӂ

} I/O

}

}

}

}

}

} чBANG
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}

} й

} й

} C/C++ й

} ч add_func C
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45

int8_t 1byte 1 

uint8_t 1byte 1 

int16_t 2 byte 2 

uint16_t 2 byte 2 

int32_t 4 byte 4 

uint32_t 4 byte 4 

half 2 byte й IEEE-754 fp16

float 4 byte IEEE-754 fp32 ,

char 1 byte C char

bool 1 byte C bool

8 byte
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} й й ш
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coreId DLP

clusterId DLP

taskId
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I/O ὺӏ ᴮ

47

NUMAеNon-Uniform Memory Access Architecture ж

Å ӂ 0 й

DDR0 DDR1 ӂDDR0 йDDR1

Å й NRAM WRAMй й

} й
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} е Ӂ жй

} й
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} й

} ч
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} й
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Ắ ᴮ
} й

}

50

__vec_add(float* out, float *in1, float * in2й int size)

__vec_sub(float* out, float *in1, float * in2й int size)

__vec_mul(float* out, float *in1, float * in2й 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)



& & et al. 2020http://novel.ict.ac.cn/ aics

ὔֹ∫ ᴮ
} й

} ч й й

} ч й й

} ч й ӂ

чCluster е__sync_clusterж

е__sync_allжйCluster Cluster й

ClusterӁ ӂ

51



& & et al. 2020http://novel.ict.ac.cn/ aics

Ѩ Ẑ Ӕ
} й 64
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} й 4 й

} 1*32 32*32 й 4*32

} API е4*1*1ж еUNION1ж
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¸BANG MLU

¸BANG MLU

¸BANG

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

¸ ч

¸ NRAM

¸ е ж 128

¸ 64
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BANGᾎḘẒḪӔ
} ч__bang_add(half* dst, half* src0, half*  src1, int32_t 

NumOfEle)

} ч й

} ч half

} ч__bang_mul_const(half* dst, half* src0, half scale, 

int32_t NumOfEle)

} ч

52
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53

__bang_select(dst, src0, src1, NumOfEle);
ê
// get the number of selected elements from the first line 
uint16_t numberOfSelectedNumbers = *((uint16_t*)dst); // dst[0]
// get the selected elements from the second line
selectedNum[0] = dst[16];
selectedNum[1] = dst[17];

} ч__bang_eq(half* dst, half* src0, half*  src1, int32_t 

NumOfEle)

} ч src0 src1 element-wise eq й

dst

} ч__bang_select(half* dst, half* src0, half src1, int32_t 

NumOfEle)

} ч src1 0й src0 dst

ӂdst й й

} ч
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BANGᾎḘẒḪӔ
} ч__bang_max(half* dst, half* src,  int32_t NumOfEle)

} ч src й dst й й

й src index

} :

} ч__bang_count(uint16_t* dst, half* src, int32_t 

NumOfEle)

} ч src 0 й dst

} ч

54

__bang_max(dst, src, NumOfEle);
ê
half maxNumber = dst[0];
uint16_t indexOfMaxNumber = ((uint16_t*)dst )[1];

__bang_count(dst, src, NumOfEle);
ê
uint16_t counter = ((uint16_t*)dst) [0];
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} ч__bang_cycle_add(half* dst, half* src0, half* src1, 

int32_t NumOfEle0, int32_t NumOfEle1)

} ч src0 й src1 й

src1 add й dst

} ч__bang_transpose(half*dst, half*src, const int32_t h, 

const int32_t w)

} ч src[h][w] dst[w][h]
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} ч__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])

} ч src maxpool й dst й ч

} src[ih, iw, ic]

} slide-window[ kh, kw]

} stride [sx, sy]й й [kh, kw] stride

} dst[h,w,c]
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} ч__bang_maxpool_index(uint16_t* 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])

} ч __bang_maxpool й

index й

} src[ih, iw, ic]

} slide-window[ kh, kw]

} stride [sx, sy]й й [kh, kw] stride

} dst[h,w,c]
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}

}

}

}
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}Kernel

}

}

} чBANG
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Kernel ֨ᾎὓᴬ
} й Kernel

й Kernel

}

63

coreDimе ж й Cluster ӂ

coreIdе ж
й Cluster IDй

[0, coreDim - 1]ӂ

clusterDimе ж й Chip Cluster ӂ

clusterIdе ж
й Cluster IDй [0, 

clusterDim - 1]ӂ

taskDimе ж
й йtaskDim = 

taskDimXītaskDimYītaskDimZӂ

taskIdе ж

й IDй [0, 
taskDim - 1]ӂtaskId IDй
taskId = taskIdZ ītaskDimYītaskDimX + taskIdYītaskDimX
+ taskIdXӂ
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} Kernel

} ш Kernel

Kernel Kernel

} GetKernelParamBuffer(KernelParamsBuffer_t*params)

Kernel й RET_SUCCESSй

} CopyKernelParamsBuffer(KernelParamsBuffer_tdstbuf, 

KernelParamsBuffer_tsrcbuf)

srcbuf dstbufй RET_SUCCESSй ӂ

} KernelParamsBufferAddParam(KernelParamsBuffer_tparams, void* 

data, size_tbytes)

KernelParamsBuffer_t й RET_SUCCESSй
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} Kernel

} DestroyKernelParamsBuffer(KernelParamsBuffer_tparams) 

KernelParamsBuffer_t й RET_SUCCESSй

} InvokeKernel(const void * function, Dim3_t dim, KernelParamsBuffer_t

params, FunctionType_t funcType, Queue_t queue); 

й Kernelй RET_SUCCESSй

ӂ FunctionType_t BLOCK UNIONxе UNION1 UNION2й

ж й ӂ InvokeKernel й

й й InvokeKernel

ӂ
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} Ӂ

} ч Ӂ Ӂ

¸ 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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}

ӂ ӂ

ӂ й ч

¸ ч й

¸ ч й й

ӂ SyncQueue

ӂ

¸ ч ӂ й

ӂ

¸ CreateQueue(Queue_t *queue);

¸ SyncQueue(Queue_t queue);

¸ DestroyQueue(Queue_t queue);

67
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}

Ӂ

ч

} hostMalloc(void ** ptr, size_tbytes, ê)

} hostFree(void *ptr )

} devMalloc(void ** ptr, size_tbytes)

} devFree(void *ptr )

} Memcpy(void *dst, void* src, size_tbytes, MemTransDir_t dir)

68
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} Device Kernel

69

ч й
__dlp_entry__ й Kernel й

void
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}Host

̗

70

й ч
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}Host

̘ /
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}Host

̛ Kernel 

̜

̝
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ὓᴬḪӔσBANG Ẑ

}BANG

}BANG

}BANG

} CNRT ч Kernel
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чBANG

#include " mlu.h"
#define N 65536
#define SEG 256
__mlu_entry__ void kernel(half *a, half *b, half *pc){
__nram__ half a_cram[N];
__nram__ half b_cram[N];
__nram__ half out_cram[N];
int m = (N+SEG-1)/SEG;
__memcpy(a_cram, a, N*sizeof(half), GDRAM2NRAM);
__memcpy(b_cram, b, N*sizeof(half), GDRAM2NRAM);
//add
for(int i=0; i<m; i++)
__bang_add(out_cram+i *SEG, a_cram+i*SEG,b_cram+i*SEG,SEG);
// mcpy out
__memcpy(pc,out_cram,N*sizeof(half), NRAM2GDRAM);

}

74
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ч

Float2Half

DEVICE

cnrtDim3_t 
KERNEL ч

CORE_NUM 1

int main{
cnrtInit (0);
cnrtDev_t dev;
cnrtGetDeviceHandle(&dev, 0);
cnrtSetCurrentDevice(dev);
cnrtQueue_t pQueue;
cnrtCreateQueue(&pQueue);         

cnrtDim3_t dim;
dim.x = CORE_NUM;
dim.y = 1;
dim.z = 1;
printf ("-- 0-- \n");
êê

cnrtFunctionType_t cc = CNRT_FUNC_TYPE_BLOCK;
half *half_array1 = (half*)malloc(N*sizeof(half));
half *half_array2 = (half*) malloc(N*sizeof(half));
srand((unsigned)time(NULL));
float *float_array1 = (float*) malloc(N*sizeof(float));
float *float_array2 = (float*) malloc(N*sizeof(float));
for(int i=0; i<N; i++){

float_array1[i] = 0.5;
float_array2[i] = 1.5;

}
for(int i=0; i<N; i++){

cnrtConvertFloattoHalf (&half_array1[i], float_array1[i]);
cnrtConvertFloattoHalf (&half_array2[i], float_array2[i]);

}
half* mlu_input1, *mlu_input2,* mlu_ptrc;

if(CNRT_RET_SUCCESS != cnrtMalloc ((void **)&mlu_input1, N* sizeof(half))){
printf ("cnrtMalloc FAILED!\n");
exit(-1);

}
if(CNRT_RET_SUCCESS != cnrtMalloc ((void **)&mlu_input2, 

N*sizeof(half))){
printf ("cnrtMalloc FAILED!\n");
exit(-1);

}
if(CNRT_RET_SUCCESS != cnrtMalloc ((void **)& mlu_ptrc, N*sizeof(half))){

printf ("cnrtMalloc FAILED!\n");
exit(-1);

}
if(CNRT_RET_SUCCESS != cnrtMemcpy (mlu_input1, half_array1, 

N*sizeof(half),
CNRT_MEM_TRANS_DIR_HOST2DEV)){

printf ("cnrtMemcpy FAILED!\n");
exit(-1);

}
if(CNRT_RET_SUCCESS != cnrtMemcpy (mlu_input2,half_array2,

N*sizeof(half),
CNRT_MEM_TRANS_DIR_HOST2DEV){

printf ("cnrtMemcpy FAILED!\n");
exit(-1);

}
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чKernel

Notifier

kernel
й

Kernel

half2float

cnrtNotifier_t start;
cnrtNotifier_t end;
cnrtCreateNotifier (&start);
cnrtCreateNotifier (&end);
float timeTotal = 0.0;

printf(ò--- 1-- \nó);
cnrtKernelParamBuffer_t params;
cnrtGetKernelParamsBuffer(&params);
cnrtKernelParamsBufferAddParam(params, &mlu_input1, sizeof(half*));
cnrtKernelParamsBufferAddParam(params, &mlu_input2, sizeof(half*));
cnrtKernelParamsBufferAddParam(params, &mlu_ptrc, sizeof(half*));
printf(ò--- 2-- \nó);
cnrtPlaceNotifier (start,pQueue);
if(CNRT_RET_SUCCESS !=

cnrtInvokeKernel((void *)&kernel, dim, params, cc, pQueue)){
printf ("cnrtInvokeKernel FAILED!\n");
eixt(-1);  

}
cnrtPlaceNotifier (end,pQueue);
cnrtNotifierDuration (start, end, &timeTotal );
printf ("Hardware Total Time: %.3f ms\n", timeTotal /1000.0);
cnrtDestroyNotifier (&start);
cnrtDestroyNotifier (&end);
printf(ò--- 3-- \nó);
if(CNRT_RET_SUCCESS != cnrtSyncQueue(pQueue)){

printf ("cnrtSyncQueue FAILED!\n");
exit(-1);

}
printf(ò--- 4-- \nó);
half *result_half=(half*)malloc(N*sizeof(half));
if(CNRT_RET_SUCCESS != cnrtMemcpy (result_half, mlu_ptrc, 
N*sizeof(half),

CNRT_MEM_TRANS_DIR_DEV2HOST)){
printf ("cnrtMemcpy FAILED!\n");
exit(-1);

}

float * result_array = (float*) malloc(N*sizeof(float));
for(int i=0; i<N; i++){

cnrtConvertHalftofloat (result_array+i, result_half[i]);
#if 1

if(isEqual(result_array[i], (float)(res[i])))
{}// printf ("PASSED\n");
else
printf ("FAILED\n");

#endif
}
if(CNRT_RET_SUCCESS!= cnrtFree(mlu_ptrc)){

printf ("cnrtFree FAILED!\n");
exit(-1);

}
if(CNRT_RET_SUCCESS != 
cnrtDestroyQueue (pQueue)){

printf ("cnrtDestroyQueue FAILED!\n");
eixt(-1);

}
if(CNRT_RET_SUCCESS != 
cnrtDestoryKernelParamsBuffer(params)){

printf ("cnrtDestoryKernelParamsBuffer failed!\n");
return -1;

}
cnrtDestroy();
free(float_array1);
free(float_array2);
free(half_array1);
free(half_array2);

return 0;
}
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for(int i = taskId; i<m; i+= taskDim){
__memcpy(a_cram, a + i * SEG, SEG*sizeof(half), GDRAM2NRAM);
__memcpy(b_cram, b + i * SEG, SEG*sizeof(half), GDRAM2NRAM);
__bang_add(out_cram, a_cram, b_cram, SEG);
__memcpy(pc + i * SEG, out_cram, SEG*sizeof(half), 
NRAM2GDRAM);
}

#define CORE_NUM 8
cnrtDim3_t dim;
dim.x = CORE_NUM;
dim.y = 1;
dim.z = 1;
ê
cnrtFunctionType_t cc = 
CNRT_FUNC_TYPE_UNION2;
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78

#include " mlu.h"
#define M 32
#define N 64
#define K 32
__mlu_entry__ void MultiplyKernel(half* mat1, half* mat2, half* res){

__nram__ half mat1_cram[M*N];
__nram__ half mat2_cram[N*K];
__nram__ half mat2_transpose_cram[N*K];
__nram__ half temp[M*K*N];
__nram__ half temp_transpose[M*K*N];
__nram__ half res_cram[M*K];
__bang_printf (">>>>>>>%x \n", (half*)temp);
__nramset_half(res_cram, M*K, 0);
__memcpy(mat1_cram, mat1, M*N*sizeof(half), GDRAM2NRAM);
__memcpy(mat2_cram, mat2, N*K*sizeof(half), GDRAM2NRAM);
__bang_printf ('2!\n');
//transpose mat2 from n*k to k*n
__bang_transpose(mat2_transpose_cram, mat2_cram, N, K);
//multiply
__bang_printf ("%d\n", M);
for(int i=0; i<M; i++){

for(int j=0; j<k; j++){
__bang_mul(&temp[( i*K+j)*N], &mat1_cram[i*N], 
&mat2_transpose_cram[j*N],N);

}
}

__bang_print ("%d\n", M*K);
__bang_transpose(temp_transpose,temp, M*K, N);
for(int i=0; i<N; i++){

__bang_add(res_cram, res_cram, &temp_transpose[i*M*K], 
M*K);

}
__bang_print ("kernel done! \n");
// prepare output
__memcpy(res, res_cram, M*K*sizeof(half), NRAM2GDRAM);

}

bang_mul
bang_transpose
bang_add

BANG Ѻ│
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BANG Ѻ│

bang_mul
bang_transpose
bang_add
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}

}

}

}

}

}

}

}
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}

}

}
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84

}__assert(bool flag)чabort 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(ò< >ó,< >): 

}__breakdump_scalar/vector()ч / dump
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BANG σ 
}BANG _breakdump_scalar ӂ

dumpscalar_data

й ӂ

85

ч

V__breakdump_scalar(var1) // dump

V__breakdump_scalar(var1, var2) // dump 

V__breakdump_scalar(var1, var2, var3) // dump 

Vêê

ч

V dump 6

V_breakdump_scalar йMLU 

V DUMPMLUSCALAR dump .dumpscalar_data (export 

DUMPMLUSCALAR=1)
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BANG σᵆ
}

86

BANG __breakdump_vector ӂ

.dumpvector_data й

ӂ

ч

AddrSpace dump й BANG 

nram/ ldram dump й AddrSpace NRAM/LDRAMӂ

ч

V dump 1024 й Bytes <= 1024; 

V DUMPMLUVECTORйdump 

.dumpvector_data ш

__breakdump_vector (void * src , int32_t Bytes, 
mluBreakDumpAddrSpace_t AddrSpace) 
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__mlu_entry__ void kernel(half* out_data, half *in1, half *in2) {
__nram__ half in1_nram[64];
__nram__ half in2_nram[64];
__nram__ half out_data_nram[64];

__memcpy(in1_nram, in1, 64 * sizeof(half), GDRAM2NRAM);
__memcpy(in2_nram, in1, 64 * sizeof(half), GDRAM2NRAM);
__bang_add(out_data_nram, in1_nram, in2_nram, 64);
__memcpy(out_data, out_data_nram, 64 * sizeof(half), 

NRAM2GDRAM);
__breakdump_vector (out_data_nram, 64, NRAM); 

}

MLU kernel й
__breakdump_vector

dump

$ export DUMPMLUVECTOR=1
$ ./a.out
$ ls -a
.dumpvector_data

$ vim .dumpvector_data

MLU taskID 0: Dumping 64 bytes vector data...
00 00 00 40 00 44 00 46 
00 48 00 49 00 4a 00 4b 
00 4c 80 4c 00 4d 80 4d 
00 4e 80 4e 00 4f 80 4f 
00 50 40 50 80 50 c0 50 
00 51 40 51 80 51 c0 51 
00 52 40 52 80 52 c0 52 
00 53 40 53 80 53 c0 53

.dumpscalar_data
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BANG σ―ẩצ ֦
} BANG __bang_printf ӂ

е жӂ

} ч

} __bang_printf (const char* fmt ) 

} __bang_printf (const char* fmt , type arg1) 

} __bang_printf (const char* fmt , type arg1, type arg2) 

} __bang_printf (const char* fmt , type arg1, type arg2, type arg3) 

} __bang_printf (const char* fmt, type arg1, type arg2, type arg3, ê, type arg16) 

}
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ה ṩԎ
} BCL

} ч Ӂ Ӂ

}

} й 1 ч

} й е bclcж -g

89
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}

} ӂ й

й Kernel й ч

} DLP й info

focus

90

cluster 2 core 1
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}

break Ӂ Ӂ Kernel 

ӂ break if ӂ

info delete 

91
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}

} ч print 

} ч info registers 

} ч examine е xж

92

(bcl-gdb) print a

$1 = 233

(bcl-gdb) print array

$2 = (1, 2, 3, 4)

(bcl-gdb) x/2wd 0x2333

0x2333 : 666 888
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ה Ḫ
} BCL BCL-GDB 

}BCL

93
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}

} kernel.oй

gcc

94

SplitMiddle
kernel.dlp 48

й
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}

backtraceеbtж ч

layout src ч

95

SplitMiddle kernel.dlp
61

SplitMiddle
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}

display ч

96

(bcl-gdb) display *m

1: *m = 869

(bcl-gdb) n

1: *m = 869

(bcl-gdb) n

Breakpoint 1, SplitMiddle (left=0, m=0x200440, right=54) at 

kernel.dlp:48

1: *m = 128

(bcl-gdb) n

1: *m = 128

(bcl-gdb) n

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

kernel.dlp:48

1: *m = 112

(bcl-gdb)
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}

up й NRAM nBuff

97

SplitMiddle й
kernel.dlp



& & et al. 2020http://novel.ict.ac.cn/ aics

}

} kernel.dlp й 4 й

UNION1

98

taskId ч
local[0][0]
local[1][0]
local[2][0]
local[3][0]
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}

} breakӁcontinueӁinfoӁ

focusӁlist

99

ч
cluster 0йcore 3

Continue
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}

}

}

}

}

}

}

}
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}

}

}

}

101
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ҷᾛ←
}

}

е 16384 жч

NRAM ч

102

GDRAM

GDRAM й

NRAM
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}

й

й й ӂ

103

for й
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}

е ж й й

ӂ

104

4 й 4096 й
taskId
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ҷὓᴬ
} й

}

}

} еPerformance Counterж

105

еNotifierж

Notifier
vector_mult
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}

й

106
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}

107

ч
1ӁNRAM

2ӁDRAM
3ӁDRAM
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ҷṩԎ
} й й

ӂ ч

}

}

}

ч

1ж record ш

2ж report replay й Ӂ

ӂ

108
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}

} record vecMult ./ info_dir

} report info_dir

109

IO
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}

} replay info_dir

} ч

110
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}

111
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ҷḪ
} DFTе ж

DFT й ӂDFT 

й ӂ

ч

X(k) йx(n) е й

й жӂ й й

ч

112

е1ж

е2ж
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} DFT

X(k) ч

X(k) ч

113

е3ж
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} DFT 
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}

115
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} й

116
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}

117

ч
1ж sin cos

й
ш

2жò2 * PI / N * k * nó
й

й
ш

3жimag
й
ӂ

1

2

3
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}

real imag й ч

for k*nш for òreal[k] += in[n] * cos()óòimag[k] += 

in[n] * sin()óӂ for k*nй й

ӂ

k*n й 2*PI/Nе conж

__cycle_mul

118

е1ж

е2ж
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}

sin(tmp ) cos(tmp ) еvec_sin

vec_cosжш for òreal[k] += in[n] * cos()óòimag[k] 

+= in[n] * sin()óin N*N ӂ

119
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}

DFT 

120

N*1 1*N

1*N N*N
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}

еk*n Ӂsin/cos ж

й

ӂ

121

cos_mat sin_mat
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}

} NRAMйDFT 1800 

}

} й

}

} Ӂ е ж

} й

122
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}

}

}

}

}

}

}

}
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ᶡ҇῀ ײַ ấᴦ

}

} ч BANG

}

} ч BANG+CNML+TensorFlow

124
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Ẓ ḑấᴦ
} е MKLӁcuDNN CNML ж

й API

}

125

ч
1жKernel 

2ж
API 
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Ẓ ḑấᴦσ Ḧѱ ḑ ở
} API

APIй

еCreateCustomizedOpжӁе ж еComputeCustomizedOp ж

еDestroyBaseOpж

126
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Ẓ ḑấᴦσᶡ︠ ḑ ở
}

127

CompileBaseOp
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Ẓ ḑấᴦσ ᴿ ḑ ở
}

} й

}

128

FusionOp й
й
й
ӂ
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Ẓ ḑấᴦ Ӕ
} Power

} Kernel

129

c
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}

C++ 

130

CreateCustomizedOp

ComputeCustomizedOp

CompileBaseOp
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}

} Conv+Power+ReLU

131

ConvӁPower ReLU
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Ḫ σᶡ҇BANGַײ Ẓ ḑấᴦ
} BANG CNML

} чCNML PluginOp

} PluginOp API

} PluginOp

}

}

132
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PluginOp Ҟ

133

Application

Frameworks

CNML

CNRT

Driver

}PluginOp CNML й BANG

ò óCNML

} CNML

е ConvӁ

Pooling ж й

CNML е

Ӂ ж
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PluginOp APIҞ

}PluginOp ч

} cnmlCreatePluginOp();

} cnmlComputePluginOpForward_V4();       

} cnrtGetKernelParamsBuffer();

} cnrtKernelParamsBufferMarkInput();

} cnrtKernelParamsBufferMarkOutput ();

} cnrtKernelParamsBufferMarkStatic();

} cnrtKernelParamsBufferAddParam();

} cnrtDestoryKernelParamsBuffer();

134

CNML

CNRT
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} PluginOp

cnmlStatus_t cnmlCreatePluginOp (

cnmlBaseOp_t* op,    // й convOpйpowerOp

const char* name,      // Plugin й

void* kernel,,        // Kernel й .o/.so kernel

cnrtKernelParamsBuffer_tparams, // Kernel й Ӂ й й

cnmlTensor_t* input_ptrs,  // Tensor

int input_num,                  // Tensor

cnmlTensor_t* output_ptrs ,  // Tensor

int output_num ,                  // Tensor

cnmlTensor_t* static_ptrs,    // Tensor

int static_num);                   // Tensor

135
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} PluginOp

cnmlStatus_t cnmlComputePluginOpForward_V4(

cnmlBaseOp_t op, // 

cnmlTensor_t input_tensors[], // Tensor

void *inputs[], // й MLU

int input_num, // 

cnmlTensor_t output_tensors[], // Tensor

void *outputs[], // й MLU

int output_num , // 

cnrtQueue_t queue, // 

void *extra); // й NULL

136
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} cnrtKernelParamsBuffer_t й cnmlCreatePluginOp

} cnrtKernelParamsBuffer_t й

} cnrtKernelParamsBuffer_t й

137

cnrtRet_t cnrtGetKernelParamsBuffer(
cnrtKernelParamsBuffer_t*params);

cnrtRet_t cnrtGetKernelParamsBufferMarkInput(
cnrtKernelParamsBuffer_tparams);

cnrtRet_t cnrtGetKernelParamsBufferMarkOutput(
cnrtKernekParamsBuffer_tparams);
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} cnrtKernelParamsBuffer_t й

й

} cnrtKernelParamsBuffer_t

138

cnrtRet_t cnrtGetKernelParamsBufferMarkStatic(
cnrtKernelParamsBuffer_tparams);

cnrtRet_t cnrtGetKernelParamsBufferAddParam(

cnrtKernelParamsBuffer_tparams,

void *data,      // 

size_tnBytes); //
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} cnrtKernelParamsBuffer_t

139139

cnrtRet_t cnrtDestroyKernelParamsBuffer(

cnrtKernelParamsBuffer_tparams); params: cnrtKernelParamsBuffer_t ш
: CNRT_RET_SUCCESS
cnrtKenrelParamsBuffer_t й
й ӂ
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PluginOp ḑ ởσᶡ︠ ḑ

140

Host PluginOp

PluginOp
CNML 
Tensor

cnrtKernelParamsBuffer_t

cnrtGetKernelParamsBuffer()

PluginOp
cnmlCreatePluginOp ()

PluginOp MLU
cnmlCompileBaseOp()

MLU
cnrtMalloc ()

Host
cnrtMemcpy ()

queue
cnmlCreateQueue()

PluginOp
cnmlComputePluginOpForwar

d_V4еж

queue
cnrtSyncQueue()
cnrtDestroyQueue ()

MLU Host
cnrtMemcpy ()
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const int ni = 1,ci = 64, hi = 32, wi = 32;
const int no = 1,co = 64, ho = 30, wo = 30;
int input_count = ni * ci * hi * wi;
int output_count = no * co * ho * wo;

float *input_cpu_data = (float*) malloc(input_count * sizeof(float));
float *output_cpu_data = (float*) malloc(output_count * sizeof(float));
for (int index = 0; index < input_count ; index++) {

input_cpu_data[index] = (rand() % 100/ 100.0);
}
for (int index = 0; index < output_count ; ++index) {

output_cpu_data[index] = 0.0;
}

int16_t *input_cpu_ptr = (int16_t*)malloc(input_count * sizeof(int16_t));
int16_t *output_cpu_ptr = (int16_t*)malloc(output_count * sizeof(int16_t
));
cnrtCastDataType(input_cpu_data, CNRT_FLOAT32,input_cpu_ptr, CNR
T_FLOAT16,input_count , NULL);
êê

const int dimNum = 4;
int input_shape[] = {ni, ci, hi, wi};
int output_shape[] = {no, co, ho, wo};
cnmlTensor_t input_tensor = NULL;
cnmlCreateTensor_V2(&input_tensor, CNML_TENSOR);
cnmlSetTensorShape_V2(input_tensor, dimNum , input_shape, NULL);
cnmlSetTensorDataType(input_tensor, CNML_DATA_FLOAT16);

cnmlTensor_t output_tensor = NULL;
cnmlCreateTensor_V2(&output_tensor, CNML_TENSOR);
cnmlSetTensorShape_V2(output_tensor, dimNum , output_shape, NULL
);
cnmlSetTensorDataType(output_tensor, CNML_DATA_FLOAT16);

̗ Host PluginOp
: 1 x 64 x 32 x 32 

(NCHW)й
: 1 x 64 x 30 x 

30(NCHW)
Host buffer
ч

̘ PluginOp cnml Tensor
CNML Tensor,
CNML Tensor

}




