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Sparse tensors are a natural way of representing real-world data
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Many different formats for storing tensors exist

Thermal simulation

CSR

Dense array matrix CNN with block-sparse weights

[Gray et al. 2017]
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DIA SCO0 ;S()\ Unstructured mesh simulation
mage processing 7 Slock DIA e [Bell and Garland 2009]
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There Is no universally superior tensor format
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Coordinates of tensor elements can be encoded in many ways
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Computing with different formats can require very different code
A=B-C
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Computing with different formats can require very different code
A=B-C

CSR X Dense array

for (int 1 = 0;
1 < M;
1++) {
for (int pB = B2_pos[i];
0B < B2_pos[i + 11;
0B++) {
int j = B2_crd[pBI;
int pC =1 * N + j;
int pA =1 * N + j;
ALpA] = B[pB] * C[pC]
J
J
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Computing with different formats can require very different code
A=B-C

CSR X Coordinate

int pC1 = Cl_pos[01];
while (pC1 < Cl1_pos[1]) {
int i = Cl_crd[pC11];
int Cl_segend = pC1 + 1;
while (Cl_segend < Cl_pos[1] &&
Cl_crd[Cl_segend] == 1)
Cl1_segend++;
int pB2 = B2_pos[il;
int pC2 = pCi;
while (pB2 < B2_pos[i + 1] &&
pC2 < Cl_segend) {

int jB2 = B2_crd[pB2];
int jC2 = C2_crd[pC2];
int J = min(jB2, jC2);

int pA=1%*N+ j;
1t (B2 == j && jC2 == j)
AlpA] = B[pB2] * C[pC2];
1t (JB2 == j) pB2++;
1t (JC2 == ) pC2++;
}
pC1 = Cl_segend;



Hand-coding support for a wide range of formats is infeasible
A=BoC
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CSR X Coordinate
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Coordinate X Coordinate
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DIA X Dense array
DIA X Coordinate
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Hand-coding support for a wide range of formats is infeasible
A —_ B O C A — B o C o D

Coordinate X Dense array Dense array X CSR X CSR

CSR X Dense array Coordinate X CSR X CSR
CSR X Coordinate CSR X CSR X CSR

Dense array X Dense array  Dense array X Coordinate X CSR
Coordinate X Coordinate Dense array X Dense array X CSR
CSR X CSR Coordinate X Coordinate X CSR
DIA X DIA DIA X Coordinate X Dense array

DIA X Coordinate X CSR
DIA X Dense array X CSR

DIA X CSR X CSR
A X Coordinate X Coordinate

DIA X Dense array
DIA X Coordinate
DIA X CSR

D
ELLPACK X ELLPACK DIA X Dense array X Dense array
ELLPACK X Dense. array DIA X DIA X CSR
ELLPACK X Coordinate DIA X DIA X Coordinate
E——PAC KX CSR DIA X DIA X Dense array
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Hand-coding support for a wide range of formats is infeasible
A=Bo-C A=BoCoD y=Ax+7

Coordinate X Dense array Dense array X CSR X CSR Dense array X Dense array X D
CSR X Dense array Coordinate X CSR X CSR Dense array X Dense array X S
CSR X Coordinate CSR X CSR X CSR Dense array X Dense array X |
Coordinate X Coordinate Dense array X Dense array X CSR Dense array X Sparse vector X Ha:s
CSR X CSR Coordinate X Coordinate X CSR ~ Dense array X Hash map X Sparse

. Dense array X Sparse vector X Dense &
DIA X DIA DIA X Coordinate X Dense array |

. Coordinate X Dense array X Dense arra
DIA X Dense array DIA X Coordinate X CSR C . 3 D

1A X Dense arrav X CSR oordinate X Sparse vector X Dense ar
DIA X Coordinate Y Coordinate X Dense array X Hash map
DIA X CSR DIA X CSR_X CSR | Coordinate X Sparse vector X Hash map
ELLPACK X ELLPACK JIA X Coordinate X Coordinate Coordinate X Hash map X Sparse vector
ELLPACK X Dense array DIA X Dense array X Dense array CSR X Dense array X Dense array
E __PAC K X Coordinate DIA X DIAX CSR CSR X Dense array X Sparse vector
E __PAC < X CSR DIA X DIA X Coordinate CSR X Hash map X Sparse vector
o DIA X DIA X Dense array CSR X Hash map X Dense arr:

ELLPACK X DIA

DIA X DIA X DIA CSR X Sparse vector :
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Format Abstraction & Code Generation
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Tensor formats can be viewed as compositions of level formats
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Tensor formats can be viewed as compositions of level formats
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Tensor formats can be viewed as compositions of level formats
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Tensor formats can be viewed as compositions of level formats

[A] | | ]
(8] [C] | 035

Dense 3
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The same level formats can be composed in many ways

Dense Compressed Singleton
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The same level formats can be composed in many ways
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The same level formats can be composed in many ways
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The same level formats can be composed in many ways

L evel Dense  Compressed  Singleton
formats
Coordinate matrix CSR Dense array tensor Coordinate tensor
Compressed Dense Dense Compressed
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Tensor
formats

The same level formats can be composed in many ways

L evel Dense  Compressed  Singleton
formats
Coordinate matrix CSR Dense array tensor Coordinate tensor
Compressed Dense Dense Compressed
Singleton Compressed Dense Singleton
Tinney and Walker, 1967 Dense Singleton
Mode-generic tensor BCSR CSB ELLPACK
Compressed Dense Dense Dense
Singleton Compressed Dense Dense
Dense Dense Compressed Singleton
Dense Dense Singleton [Kincaid et al. 1989]

[Baskaran et al. 2012]

[Im and Yelick 1998]

[Buluc et al. 2009]
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Tensor
formats

The same level formats can be composed in many ways

L evel Dense  Compressed  Singleton
formats  Hashed Range Offset
Coordinate matrix CSR Dense array tensor Coordinate tensor
Compressed Dense Dense Compressed
Singleton Compressed Dense Singleton
Tinney and Walker, 1967 Dense Singleton
Mode-generic tensor BCSR CSB ELLPACK
Compressed Dense Dense Dense
Singleton Compressed Dense Dense
Dense Dense Compressed Singleton
Dense Dense Singleton [Kincaid et al. 1989]

[Baskaran et al. 2012]

[Im and Yelick 1998]

[Buluc et al. 2009]
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Tensor
formats

The same level formats can be composed in many ways

L evel Dense  Compressed  Singleton
formats  Hashed Range Offset
Coordinate matrix CSR Dense array tensor Coordinate tensor
Compressed Dense Dense Compressed
Singleton Compressed Dense Singleton
Tinney and Walker, 1967 Dense Singleton
Mode-generic tensor BCSR CSB ELLPACK
Compressed Dense Dense Dense
Singleton Compressed Dense Dense
Dense Dense Compressed Singleton
Dense Dense Singleton [Kincaid et al. 1989]
[Baskaran et al. 2012] [Im and Yelick 1998] [Buluc et al. 2009]
Block DIA
Hash map vector Hash map matrix DIA Dense
Hashed ashed Dense Range
[Patwary et al. 2015] ashed Range Offset
Offset Dense
[Saad 2003] Dense
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A = E Biikck
I for (int 1 = 0; 1 < m; i++) {

for (int pB2 = B2_pos[pB1l]; pB2 < B2_pos[pBl + 1]; pB2++) {
int j = B2_idx[pB2];
int pA2 = (i x n) + j;

int pB3 = B3_pos[pB2];
int pcl = cl1_posl[0];

Tensor Algebra Compiler vhile (B3 < B3 pos(ph2 + 11 66 pel < clpos(u)) ¢
int kc = cl_idx[pcl];
int k = min(kB, kc);
(taco) Tl

alpA2] += b[pB3] * clpcl];

[Kjolstad et al. 2017] L (kB = ) pB3ees

if (kc == k) pcl++;

(

dense, dense)
(dense, compressed, compressed )

A :
B :
C:

(compressed )

17



taco generates code dimension by dimension

Aij = Z Bijk * Ck
k
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taco generates code dimension by dimension
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taco generates code dimension by dimension

Aij = Z Dijk * Ck
k

for (int(:)= 0; 1 < m; i++) {
for (int pB2 = B2_pos[pBll; pB2 < B2_pos[pBl + 1]; pB2++) {
int(j)= B2_idx[pB2];
int pA2 = (1 x n) + j;

18



taco generates code dimension by dimension

Aij — ZB”E ' CE
k

for (int<:)= 0: i < m; i++) {
for (int pB2 = B2_pos[pBll; pB2 < B2_pos[pBl + 1]; pB2++) {
int<:)= B2 idx [pB2]:

int pA2 = (i *x n) + j;
int pB3 = B3_pos[pB2];
int pcl = cl1_pos[0];

while (pB3 < B3_pos[pB2 + 1] && pcl < cl1_pos[1]) {
int kB = B3_crd[pB3];
int kc = cl_crd[pcll];
int®= min(kB, kc);
if (kB == k && kc == k) {
A[pA2] += BI[pB3] * clpcll;
I3
if (kB == k) pB3++;
it (kc == k) pcl++;




Hand-coding support for a wide range of level formats is also infeasible

Dense

Dense

X
4+

Compressed

Compressed
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Dense

Dense

Compressed

Compressed

Dense

Compressed

Dense

Singleton

Singleton

Singleton

X

4+
X
4+

-+ + X X

Compressed

Compressed

Hashed

Singleton

Range

Offset

Compressed

Compressed

Compressed

Compressed

+ X X X

Hashed

Hashed

Dense

Dense

Hand-coding support for a wide range of level formats is also infeasible
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Code generation is performed in two stages

Compressed

X

Hashed

High-level algorithm

How to compute with different data structures

Runnable code
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Code generation is performed in two stages

Compressed

X

Hashed

How to compute with multiple operands

High-level algorithm

How to compute with different data structures

Runnable code

20



Tensor algebra computations can be expressed in terms of
high-level operations on tensor operands
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Tensor algebra computations can be expressed in terms of
high-level operations on tensor operands

B C
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Tensor algebra computations can be expressed in terms of

high-level operations on tensor operands

B

:

C

Jia
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Level formats declare whether they support various high-level operations
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Level formats declare whether they support various high-level operations

Dense

Range

Compressed

Singleton

Offset

Hashed

Random access

Iteration
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Compiler constructs efficient algorithm by reasoning about
whether operands support required high-level operations
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Compiler constructs efficient algorithm by reasoning about
whether operands support required high-level operations

Random access

B o C

Dense

Compressed X Hashed

Range

Compressed

Singleton

Offset

lterate over B and random access C
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Compiler constructs efficient algorithm by reasoning about
whether operands support required high-level operations

Random access

B o C

Dense

Compressed X Singleton

Range

Compressed

Singleton

Offset

Hashed




Compiler constructs efficient algorithm by reasoning about
whether operands support required high-level operations

Random access

Dense

B

Range

Compressed

C

Compressed

Singleton

Offset

Hashed

Singleton

Simultaneously iterate over Band C
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Level formats also specify how they support high-level operations
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Level formats also specify how they support high-level operations

Random access Iteration

Dense int pB2 = pB1 x N + j; J
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Level formats also specify how they support high-level operations

Dense

Compressed

Hashed

Random access

int pB2 = pB1 x N + j;

X

int pB2 = 3 % W + pBl x W,
if (crd[pB2] '= j &&
crd[pB2] '= -1) {
int end = pB2;
do {
pB2 = (pB2 + 1) % W;
} while (crd[pB2] !'= j &&
crd[pB2] != -1 &&
pB2 != end);

I3
if (crd[pB2] == j) {

lteration

7
V4

V4
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Level formats also specify how they support high-level operations

Dense

Compressed

Hashed

Random access

int pB2 = pB1 x N + j;

X

int pB2 = 3 % W + pBl x W,
if (crd[pB2] '= j &&
crd[pB2] '= -1) {
int end = pB2;
do {
pB2 = (pB2 + 1) % W;
} while (crd[pB2] !'= j &&
crd[pB2] != -1 &&
pB2 != end);

I3
if (crd[pB2] == j) {

lteration

for (int j = 0; j <
int pB2 = pB1 x N + j;

for (int pB2 = pos[pB1];
pB2 < pos|[pBl+1];
pB2++) A
int j = crd[pB2]:

for (int pB2 = pBl *x W;
pB2 < (pB1 + 1) *x W;

pB2++) A
int j = crd[pB2];
if (3 1= -1) {
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Compiler specializes constructed algorithm to operand formats
by Inlining code that implements required high-level operations

B o C

Compressed X Hashed

for (int pB2 = B2 _pos|[pBl]; pB2 < B2 _pos[pBl+1]; pB2++) {
int j = B2_crd[pB2];
find corresponding element ¢ in C

\ A[i]l [j] = BI[pB2] * c;



Compiler specializes constructed algorithm to operand formats
by Inlining code that implements required high-level operations

B o C

Compressed X Hashed

for (int pB2 = B2_pos[pB1l]; pB2 < B2 _pos[pBl+1]; pB2++) {
int j = B2_crd[pB2];
find corresponding element c in C

\ A[i]l [j] = BI[pB2] * c;



Compiler specializes constructed algorithm to operand formats
by Inlining code that implements required high-level operations

B o C

Compressed X Hashed

for (int pB2 = B2 _pos[pBl]; pB2 < B2_pos[pB1l+1]; pB2++) {
int j = B2_crd[pB2];
int pC2 =3 %S W + pCl x W,;

if (C2_crd[pC2] '= j && C2_crd[pC2] '= -1) {
int end = pC2;
do {
pC2 = (pC2 + 1) % W;
} while (C2_crd[pB2] '= j && C2_crd[pB2] '= -1 && pC2 '= end);
I3

if (C2_crd[pC2] == j) {
A[il[j] = B[pB2] x C[pC2];
I3
}



The same process can be repeated dimension by dimension
Aijk =D ik T Cijk
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The same process can be repeated dimension by dimension
ik = b ik T Cijk

int iB = 0; while (B1_pos < Bl_pos_arr[iB + 1]) {
int CO_pos = C@_pos_arr([0]; int jB@ = Bl_idx_arr[B1_posl;
while (C@_pos < C0@_pos_arr[1]) { int Al_pos@ = (iB x Al_size) + jBO;
int iC = CO_idx_arr[CO_pos]; for (int B2_posl = B2_pos_arr[Bl_pos];
int CO_end = CO_pos + 1; B2_posl < B2_pos_arr[Bl_pos + 1]; B2_posl++) {
if (iC == iB) int kB2 = B2_idx_arr([B2_posl];
while ((C@_end < CO_pos_arr[1]) && (CO_idx_arr[CO_end] == iB)) { int A2_pos4 = (Al_pos@ *x A2_size) + kB2;
CO_end++; A_val_arr[A2_pos4] = B_val_arr[B2_posl];
I }
if (iC == iB) { B1l_pos++;
int B1_pos = B1l_pos_arr[iB]; }
int Cl_pos = C0@_pos; while (C1_pos < C0O_end) {
while ((B1l_pos < Bl_pos_arr[iB + 1]) && (C1_pos < C@_end)) { int jC@ = Cl1_idx_arr[Cl_pos];
int jB = B1_idx_arr([Bl_pos]; int Al_posl = (iB x Al_size) + jCO;
int jC = Cl_idx_arr[Cl_pos]; int Cl_end® = Cl_pos + 1;
int j = min(jB, jC); while ((Cl_end® < C0O_end) && (C1_idx_arr[Cl_end@] == jCO)) {
int Al_pos = (iB x Al_size) + j; Cl_end0++;
int Cl_end = Cl_pos + 1; }
if (jC == j) for (int C2_posl = Cl_pos; C2_posl < Cl_end@; C2_posl++) {
while ((Cl_end < CO_end) && (Cl_idx_arr[Cl_end] == j)) { int kC2 = C2_idx_arr[C2_pos1];
Cl_end++; int A2_pos5 = (Al_posl x A2_size) + kC2;
} A_val_arr[A2_pos5] = C_val_arr[C2_posll];
if ((jB == j) && (jC == j)) { }
int B2_pos = B2_pos_arr[B1l_pos]; Cl_pos = Cl_endo;
int C2_pos = Cl_pos; }
while ((B2_pos < B2_pos_arr[Bl_pos + 11) && (C2_pos < Cl_end)) { } else {
int kB = B2_idx_arr[B2_pos]; for (int B1_pos@ = B1l_pos_arr[iB];
int kC = C2_idx_arr[C2_pos]; B1_pos@ < B1l_pos_arr[iB + 1]; Bl_pos@++) {
int k = min(kB, kC); int jB1 = B1_idx_arr([B1_pos@];
int A2_pos = (Al_pos x A2_size) + k; int Al_pos2 = (iB x Al_size) + jB1;
if ((kB == k) && (kC == k)) { for (int B2_pos2 = B2_pos_arr[Bl_pos@];
A_val_arr[A2_pos] = B_val_arr[B2_pos] + C_val_arr[C2_pos]; B2_pos2 < B2_pos_arr[B1_pos@ + 1]; B2_pos2++) {
} else if (kB == k) { int kB3 = B2_idx_arr[B2_pos2];
A_val_arr[A2_pos] = B_val_arr[B2_pos]; int A2_pos6 = (Al_pos2 *x A2_size) + kB3;
} else { A_val_arr[A2_pos6] = B_val_arr[B2_pos2];
A_val_arr[A2_pos] = C_val_arr[C2_pos]; }
} }
if (kB == k) B2_pos++; }
if (kC == k) C2_pos++; if (iC == iB) C@_pos = C0@_end;
} iB++;
while (B2_pos < B2_pos_arr[Bl_pos + 1]) { }
int kB@ = B2_idx_arr[B2_pos]; while (iB < B@_size) {
int A2_pos@ = (Al_pos *x A2_size) + kBO; for (int B1l_posl = B1_pos_arr[iB];
A_val_arr[A2_pos@] = B_val_arr[B2_pos]; B1_posl < Bl_pos_arr[iB + 1]; B1l_posl++) {
B2_pos++; int jB2 = B1_idx_arr[Bl_posl];
} int Al_pos3 = (iB *x Al_size) + jB2;
while (C2_pos < Cl_end) { for (int B2_pos3 = B2_pos_arr[Bl_posl];
int kC@ = C2_idx_arr[C2_pos]; B2_pos3 < B2_pos_arr[Bl_posl + 1]; B2_pos3++) {
int A2_posl = (Al_pos *x A2_size) + kCO; int kB4 = B2_idx_arr[B2_pos3];
A_val_arr[A2_posl] = C_val_arr[C2_pos]; int A2_pos7 = (Al_pos3 * A2_size) + kB4;
C2_pos++; A_val_arr[A2_pos7] = B_val_arr[B2_pos3];
} }
} else if (jB == j) { b
for (int B2_pos@ = B2_pos_arr[Bl_pos]; iB++;
B2_pos@ < B2_pos_arr[Bl_pos + 11; B2_pos@++) { }

int kBl = B2_idx_arr[B2_pos0];
int A2_pos2 = (Al_pos * A2_size) + kB1;
A_val_arr[A2_pos2] = B_val_arr[B2_pos0];

}

} else {

for (int C2_pos® = Cl_pos; C2_pos@ < Cl_end; C2_pos0O++) {
int kC1 = C2_idx_arr[C2_pos0];
int A2_pos3 = (Al_pos * A2_size) + kC1;
A_val_arr[A2_pos3] = C_val_arr[C2_pos0];

if (jB == j) Bl_pos++;
if (jC == j) Cl_pos = Cl_end;



The same process can be repeated dimension by dimension

ik = b ik T Cijk

int iB = 0;

int CO_pos = CO_pos_arr[0];

while (C@_pos < C@_pos_arr[1]) {
int iC = CO_idx_arr[CO_pos];
int C0_end = CO_pos + 1;

if (iC == iB)
while ((CO_end < CO_pos_arr[1]) && (CO_idx_arr[C0_end] == iB)) {
CO_end++;
}
if (iC == iB) {
int B1_pos = Bl1l_pos_arr[iB];
int Cl1_pos = CO_pos;

while ((B1l_pos < B1l_pos_arr[iB + 1]) && (C1l_pos < C@_end)) {
int jB = Bl_idx_arr[Bl_pos];
int jC = Cl_idx_arr[C1_pos];
int j = min(jB, jC);

int Al_pos = (iB x Al_size) + j;
int Cl_end = Cl_pos + 1;
if (jC == j)
while ((Cl_end < CO_end) && (Cl_idx_arr[Cl_end] == j)) {
Cl_end++;
}
if ((jB == j) && (jC == j)) {

int B2_pos = B2_pos_arr[Bl_pos];
int C2_pos = Cl1_pos;

while ((B2_pos < B2_pos_arr[Bl_pos + 1]) && (C2_pos < C1_end)) {

int kB = B2_idx_arr[B2_pos];

int kC = C2_idx_arr[C2_pos];

int k = min(kB, kC);

int A2_pos = (Al_pos *x A2_size) + k;

if ((kB == k) && (kC == k)) {
A_val_arr[A2_pos] = B_val_arr[B2_pos] + C_val_arr[C2_pos];
} else if (kB == k) {
A_val_arr[A2_pos] = B_val_arr[B2_pos];
} else {
A_val_arr[A2_pos] = C_val_arr[C2_pos];
}

if (kB == k) B2_pos++;
if (kC == k) C2_pos++;
}
while (B2_pos < B2_pos_arr[Bl_pos + 1]) {
int kB@ = B2_idx_arr[B2_posl;
int A2_pos@ = (Al_pos * A2_size) + kBO;
A_val_arr[A2_pos@] = B_val_arr[B2_pos];
B2_pos++;
}
while (C2_pos < Cl_end) {
int kC@ = C2_idx_arr[C2_pos];
int A2_posl = (Al_pos *x A2_size) + kCO;
A_val_arr[A2_posl] = C_val_arr[C2_pos];
C2_pos++;
}
} else if (jB == j) {
for (int B2_pos@ = B2_pos_arr[Bl_pos];
B2_pos@ < B2_pos_arr[Bl_pos + 11; B2_pos0++) {
int kBl = B2_idx_arr[B2_pos0];
int A2_pos2 = (Al_pos *x A2_size) + kB1;
A_val_arr[A2_pos2] = B_val_arr([B2_pos@];
}
} else {
for (int C2_pos® = Cl_pos; C2_pos@ < Cl_end; C2_pos0O++) {
int kC1 = C2_idx_arr[C2_pos0];
int A2_pos3 = (Al_pos * A2_size) + kC1;
A_val_arr[A2_pos3] = C_val_arr[C2_pos0Q];
}
¥
if (jB == j) Bl_pos++;
if (jC == j) Cl_pos = Cl_end;

s

while (B1_pos < Bl_pos_arr[iB + 1]) {

int jB@ = Bl_idx_arr[B1l_posl;

int Al_pos@ = (iB x Al_size) + jBO;

for (int B2_posl = B2_pos_arr[Bl_pos];

B2_posl < B2_pos_arr[Bl_pos + 1]; B2_posl++) {

int kB2 = B2_idx_arr([B2_posl];
int A2_pos4 = (Al_pos@ x A2_size) + kB2;
A_val_arr[A2_pos4] = B_val_arr[B2_posl];

+

B1l_pos++;

while (C1_pos < C@_end) {
int jCO = Cl_idx_arr[C1l_posl;
int Al_posl = (iB x Al_size) + jCO;
int Cl_end® = C1l_pos + 1;
while ((Cl_end® < C0_end) && (C1_idx_arr[Cl_end@] == jCO)) {
Cl_end0++;
}
for (int C2_posl = Cl_pos; C2_posl < Cl_end@; C2_posl++) {
int kC2 = C2_idx_arr[C2_posl];
int A2_pos5 = (Al_posl x A2_size) + kC2;
A_val_arr[A2_pos5] = C_val_arr[C2_posl];
}
Cl_pos = Cl_endo;
}
} else {
for (int B1l_pos@ = B1_pos_arr[iB];
B1_pos@ < B1l_pos_arr[iB + 1]; Bl_pos@++) {
int jB1 = Bl_idx_arr[B1_pos@];
int Al_pos2 = (iB x Al_size) + jB1;
for (int B2_pos2 = B2_pos_arr[Bl_pos@];
B2_pos2 < B2_pos_arr[Bl_pos@ + 1]; B2_pos2++) {
int kB3 = B2_idx_arr([B2_pos2];
int A2_pos6 = (Al_pos2 *x A2_size) + kB3;
A_val_arr[A2_pos6] = B_val_arr[B2_pos2];
}
b
¥
if (iC == iB) C@_pos = C0@_end;
iB++;

while (iB < B@_size) {

by

for (int B1_posl = Bl_pos_arr[iB];
B1_posl < Bl_pos_arr[iB + 1]; B1l_posl++) {
int jB2 = B1l_idx_arr[B1l_posl];
int Al_pos3 = (iB x Al_size) + jB2;
for (int B2_pos3 = B2_pos_arr[Bl_posl];
B2_pos3 < B2_pos_arr[Bl_posl + 1]; B2_pos3++) {
int kB4 = B2_idx_arr[B2_pos3];
int A2_pos7 = (Al_pos3 *x A2_size) + kB4;
A_val_arr[A2_pos7] = B_val_arr[B2_pos3];
}
b

iB++;
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