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BatchedGEMM

Clp] = aop(A|p]) op(B[p]) + B Clp]

cublas<T>gemmBatched(cublasHandle_t handle,

cublasOperation_t transA, cublasOperation_t transB,
int M, int N, int K,

const T* alpha,

const T*x A, int 1dA,

const T** B, int 1dB,

const T* beta,

T*x C, int 1dC,

int batchCount)

® Fixed size
® Variable stride via pointer-to-pointer
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BatchedGEMM Benchmark

CUBLAS SGEMM Performance, K40c GPU CUBLAS SGEMM Performance, P100 GPU
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® Except actually...

CUBLAS SGEMM Performance, K40c GPU
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CUBLAS SGEMM Performance, P100 GPU
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Strided BatchedGEMM

cublas<T>gemmStridedBatched(cublasHandle_t handle,
cublasOperation_t transA, cublasOperation_t transB,
int M, int N, int K,
const T* alpha,
const T* A, int 1dAl, int strideA,
const T* B, int 1ldBl, int strideB,
const T* beta,
T* C, int 1dC1l, int strideC,
int batchCount)

@ Common use case for Pointer-to-pointer BatchedGEMM.
@ No Pointer-to-pointer data structure or overhead.
@ Performance on par with pure GEMM (P100 and beyond).
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Tensor Contractions

Cmnp — A** X B***
Crnp = C[m+ n-1dC1 + p - 1dC2]

: Single GEMM

Case | Contraction Kernell Kernel2 Case | Contraction Kernell Kernel2

11 | AnkBinp | Cin(np) = AmkBi(np) | Cimnlp) = AmkBralp] || 4-1 | AknBimp | Cimnlp) = BymppAkn (Provided compact layout)

1.2 | AmkBipn | Confp] = AmkBiipln | Crnlp = AmkBipln) | 42 | AknBikpm | Connlp) = Bk[p]mAk"
13 | AmkBnkp | Confp] = Aka;;[p] 43 | AnBmkp | Crmnlp] = Bmk[p)Akn
1.4 | AmkBpkn | Cpnlp = AmkB k[n] 4.4 | AxnBpkm
1.5 | AmkBnpk Cm(np) = ka(np)k Cmn[p] = AmB nlplk 45 | AknBmpk Connlp] = Bmip]kAkn
1.6 | AmkBpnk | Crfnjp = AmcB (K 46 | AxnBpomk

21 | AumBp | Crminp) = AkmB(op) | Cnlp] = AkmBinip) || 51 | ApkBrmn | Cimm)p = Bi(mmApk | Crmlrlp = Bromi Ap
2.2 Akmkan Cmn[p] = AImBk[p]n Cm[n]p = AZmka[n] 5.2 Apk Binm Cm[n]p k[n]mA;rk
23 | AkmBnkp Cm,,[p] = AImB;;([p] 53 | ApkBmkn C,,,[,,]p Bmk[n]Apk

24 | AnBokn | Confrlp = AkmBokn) 54 | ApBokm

25 | AmBnpk | Ci(np) = AI,,,B(T,p)k Connlp] = AI,,,B,,TW 55 | ApkBmnk | Cimmp = B(mmykApk | Ciminlp = BrinlkAni
26 | AnBonk | Crfrlp = AkmBoali 5.6 | ApkBnmk

3.1 | AnkBimp Connlp] = B;m[p]AIk 6.1 | ApBimn | Cimn)p = B;'im,,)Akp Conlnlp = Bl-crm[n]AkP
32 | AuBiom | Confp) = B,j[p]mA;k 6.2 | AwpBinm | Cfnlp = B,j[n]mAkp

33 | AkBmikp | Conlo] = Bimkip)Ank 6.3 | AkpBmin | Cinfnlp = Bmkin]Akp

3.4 | AuBokm 6.4 | AkpBokm

35 | AnkBmpk | Connlp] = BmfplkAnk 6.5 | AkpBmnk | Cmn)p = Bmn)kAkp | Crmfnlp = BrmlnkAskp
3.6 | AnBomk 6.6 | AxpBomk
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Tensor Contractions

Cmnp — A** X B***
Conp = C[m+n-1dC1 + p - IdC2]

Case | Contraction Kernell Kernel2 Case | Contraction Kernell Kernel2

L1 | AmkBinp | Cm(np) = AmkBi(np) | Crmnlp] = AmkBrnlp] || 41 | AknBkmp | Cennfp) = BITmMAk"

1.2 | AmkBion | Crnjp] = AmkBiipln | Cminjp = AmkBipln) || 42 | AknBkom | Cmnfp) = B;(r[p] mAkn

13 | AmkBukp | Connfp) = AmkBy 43 | AwBmikp | Crnfp] = Bmk{p]Akn

1.4 | AmkBpkn | Crfnlp = Amk B;;([n] 4.4 | AwnBpkm

1.5 | AmkBnpk | Crn(np) = A’"kB(-lr-rp)k Crnnlp) = A’"kBrT[p]k 45 | AxnBmpk Cm,,[p] = Bm{pjkAkn

1.6 | AmkBpnk Cm[,,]p = A’L”‘B;in]k - 46 | AwnBomk

2.1 | AmBinp | Coninp) = AkmBi(np) | Crnolp) = AkmBrnlp) || 5-1 | ApkBimn | Clmm)o = Bi(mmyApk | Crnlrlo = Btmi)Apk
22 | AnBign | Conlp) = AkmBtpin | Collp = AkmBigle] || 52 | ApkBiom | Colnlp = ByjoymApi

23 | AimBnkp C’""[P] = A;(rmB;l;([p] 53 | ApkBmkn Cm[,,]p = mk[n]A;,rk

24 | AwmBokn | Conflp = A{ms;w 54 | ApkBrkm

25 | AkmBnpk | Ci(np) = AImB(T’-,p)k Crnnlp) = AITr-mB,T[p] « || 55 | ApkBmnk C(m,,)p = B(mn)kA;k Cm[,,]p = m[n]kA;k
26 | AmBpnk | Cminlp = AkmBpink 56 | ApkBumk

5.1 | AuBums | G = Bl 61 | AroBumn | Comp = Bliomges | Coto = Bl
3.2 | AnkBipm Cmn[p] = B:-[p] mAIk 6.2 AkpBrnm Cm["]P — BI-:in]mAkP

33 | AuBmip | Connfp) = Bmk[p)Ank 6.3 | AkpBmin | Confnlp = Bmk[njAkp

3.4 Ank Bpkm 6.4 Akp Bnkm

3.5 | AnkBmpk Cm,,[p] = Bm[p]kA;,rk 6.5 | AwpBmnk C(,,,,,)p = B(mn)kAkp C,,,[,,]p = BmjnkAkp
3.6 | AnkBpmk 6.6 | AkxpBrmk

(Any layout)

: Single SB-GEMM
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Other Batched

Fixed, usually pointer-to-pointer, batched primitives:

cublasGemmStridedBatchedEx
cublasGemmBatchedEx
cublasDgetrfBatched
cublasDgetriBatched
cublasDgetrfBatched
cublasDgetrsBatched

cusolverDnDpotrsBatched
cusolverDnDpotrfBatched
cusolverDnDgesvdjBatched
cusolverDnDsyevjBatched
cusolverSpDcsrgrsvBatched

cusparseDgtsv2StridedBatch
cusparseDgtsvInterleavedBatch
cusparseDgpsv2StridedBatch
cusparseDgpsvInterleavedBatch

(Mixed precision)
(Mixed precision)
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Summary

® NVIDIA supporting Batched BLAS/LAPACK
® All fixed batch, rather than variable batch.

® Mostly pointer-to-pointer input.

® Some strided batch input.
e GEMM,GTSV,GPSV

® Emerging interleaved batch support.
o GTSV,GPSV
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