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Optimization Techniques

= Multi-core CPU I@

= Tiling for complex cache hierarchies
= Register optimizations —
= Vectorization é ==

= Many-core GPU
= (Coalesced memory access AMD:'

= Warp divergence minimization, register tiling
= Task fusion @a
NVIDIA.
= FPGA .

NIITERA

®

= Maximize resource utilization (logic units, DSPs)

= Streaming optimizations, pipelining :‘ XILINX
= Explicit buffering (FIFO) and wiring )
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Dataflow Programming in DaCe

X ‘\
Tasklet Memlets

7

y4—

10



spcl.inf.ethz.ch oo o
v oo ETH ZUrich

Parallel Dataflow Programming

m(a[l] AIN-1]

Tasklet )( Tasklet Tasklet )

B[O] 3[1] /B[N-l]
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Parallel Dataflow Programming

AlO

N\
Tasklet

A

Al1] \A[N-l]

( Tasklet ) ( Tasklet )

Q ‘ B[1] B[N—l]
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;A[O:N]

/ [i=0:N] AN
lA[i]
¢ Tasklet ) Scope
lB[i]
N li=on) S
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Stateful Parallel Dataflow Programming

;AIO:N] ;C[O:N]

/ [i=0:N] \ / [i=0:N] \
LAl Jcri
( Tasklet ) ( Tasklet )
LBl LAl
\ [i=0:N] / \ [i=0:N] /

B[O:N] A[O:N]
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Stateful Parallel Dataflow Programming

State s0O State sl
;A[O:N] ;C[O:N]
/" =0N]  \ /" =0N]  \

LAl Ll

( Tasklet ) — Tasklet
lB[i] lA[i]
\ [i=0:N] / \ [i=0:N] /

B[O:N] A[O:N]

\—/
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Example: 2D Stencil Q State s1
A[0:H,0:W]

/" [y=0:H, x=0:W] \_

A[y-l,X]l lA[v,X-ll Aly,x+1] 1 1 Aly+1,x]

State sO ¢ Jacobi
B[y,x]
/ [y=0:H,x=0:W] \ \ [y=0:H,x=0:W] /
yo B[0:H,0:W]
( Initialize ) t=O 0 £>T
B[V,X] B[0:H,0:W]

\[yOHxOW]/ /[v0onW]\

B[y-1 x]l lB[yx 1] Bly, x+1]ll Bly+1,x]

BIO:H,0:W] Jacobi
N [y=0:H,x=0:w] /
A[0:H,0:W]

‘ t<T t++ )
15
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State sl

Meet the Nodes

y=0:H, x=0:W
Aly-1.] 1A[y,x-1| A[y,xﬁl]l Aly+1,x]

State s0 Jacobi
. /" [y=0:Hx=0:W] \ [y=0:H,xB;E]:W]
State State machine element . =0 e
[y=0:H,x=O:W] . y=0:H, x=0:W]
BIO:H,0:W] el E[“';':c j;"i*” i
( Tasklet ) Fine-grained computational block [W]
. . . t++; t< T
CArraD N-dimensional data container et

/ Map \\ Exit / Parametric graph abstraction for parallelism

- e
”— --~

(_Stream ) Streaming data container

“----‘

~ Consume >\ " Exit Dynamic mapping of computations on streams

. . Defines behavior during conflicting writes
Conflict Resolution

16



Meet the Nodes

",

pm———-

V4
./ Cons|

Stateful Dataflow Multigraphs

form symbol = expression. Once a state finishes execution, all outgo-
ing state transitions of that state are evaluated in an arbitrary order,
and the destination of the first transition whose condition is true is
the next state which will be executed. If no transition evaluates to
true, the program terminates. Before starting the execution of the
next state, all assignments are performed, and the left-hand side of
assignments become symbols.

A2 Operahona.l Semantics

A21 |Initiali; N ion We denote coll (sets/lists) as
capital letters and their members with the corresponding lowercase
letter and a subscript, i.e., in an SDFG G = (S, T. ) the set of states
Sass;, with 0 < i < |S|. Without loss of generality we assume s to
be the start state. We denote the value stored at memory location a
as M|a|, and assume all basic types are size-one elements to simplify
address calculations.

The state of execution is denoted by p. Within the state we carry
several sets: loc, which maps names of data nodes and transients
to memory addresses; sym, which maps symbol names (identifiers)
to their current value; and vis, which maps connectors to the data
visible at that connector in the current state of execution.

We define a helper function size(), which returns the product of
all dimensions of the data node or element given as argument (using
p to resolve symbolic values). Furthermore, id() returns the name
property of a data or transient node, and offs() the offset of a data
element relative to the start of the memory region it is stored in.
The function copy() creates a copy of the object given as argument,
i.e., when we modify the copy, the original object remains the same.
Invocation When an SDFG G is called with the data arguments

= [a; = py] (a; is an identifier, p; is an address/pointer) and
symbol arguments Z = [z; = v| (z; is an identifier, v; an integer)
we initialize the configuration p:

(1) For all symbols z; in Z: sym|[z;] «— v;

(2) For all data and stream nodes d; € G without incoming edges
s.t.id(dy) = a;: loc(d;) «— py, vis(dj.data) — Mpj,....p; +
size(d;)).

(3) Set current to a copy of the start state of G, so.

(4) Set state to id(sp).

(5) Set gsize| fi] to zero for all stream nodes f; € G.

This can be expressed as the following rule:

G (ST,
Mart_state GF) ~» w,
D s oo i

ol G, A Z% ) = pl

v i+ wizeldy)
VI € Q.S quadufy)

A.2.2 Propagating Data in a State. Execution of a state entails
propagating data along edges, governed by the rules defined below.

Conflict Resolution

SC 19, November 17-22, 2019, Denver, CO, USA

Element Processing In each step, we take one element g (either a
memlet or a node) of current, for which all input connectors have
visible data, then:
If g is a memlet (src, dst, subset, reindex, wer), update vis|dst] to
wer( reindex( subset( vis|src]))):

9 momiato, dt. s, e,

), p) &
{ weer{ re .k.m.nu«u.(m|m ,u + |dp. .. dn]

9. P) — pIveldst] v [do. . dnl]
If ¢ is a data node, update its referenced memory for an input
connector ¢;,

Mloc(id(q)), .., loc(id(q)) + size{ vis| q.data))] = vis|q.data]:

transient),
q-€1l p) # 8,

(Vx, gucy € curnent : vidq.cq). p) — |d], df ..l;‘;

i ) + otk = 1
v} loctidig)) + afftd]) = I}

(g, p1 = plve kg - ML .1;-.“.1”\\..4\

If g is a tasklet, a prologue that all local variables
for all input connectors ¢; of g, initialized to vis|c;| (Py), as well
as output connectors (P2). Generate an epilogue Ep which updates
plvis|ci] — vy for each output connector ¢; of ¢ with the contents

of the appropriate variable (declared in P;). Execute the concatena-

tion of (Py; Py; code; Ep; ).
1 = ke i, o, o
(Vx, g-e; & curvent : ialg.cih p) o &
(P = Ve, S Ehn Typete it Diste Tk o)

"Ba'e [Vey € Cout  Fypetéyidier) |
(Ep = Vey € Cout ; &uialeg) = 1dley kL ph

TP = plexeciPy Py.code Ep]
If ¢ is a mapentry node with range y = R (y is the identifier) and
scope 0 C V: Remove o from current. Remove g and the correspond-
ing map exit node from o. For each element in r; € R, replicate o,
resolve any occurrence of y to ry, connect incoming connectors of
qand p in state.

4 = mapentry(Cu, Cout. R\,
Vein  visleing] 48

o)\ (g, mevat )
ing s Heing, v

@ ) = Pl curment s of UIVFy - reymiepy(@ N 711k
my & NewSym - syming |+ wisleing] |

If ¢ is a consume-entry node, defined by (range, cond, cin, cout),
replace g with a mapentry and do the same for the correspond-
ing consume exit node. Then we create a new SDFG new, which
contains the contents of the original consume scope scope(q). new
consists of one state 5o, and a single state transition to the same
state with the condition cond, defined by (s, so, cond, []). Finally,
we replace scope(q) in current with an invoke node for new and
reconnect the appropriate edges between the entry and exit nodes.

@ = comsume ~ entry(ange. cond, ein, cout)
[ contig)), (s 990 cond (1))

wm AT . €e XTI U (10, me. mex]]
If g is a reduce nmlr defined by the tuple (cin, cout, range), we
create a mapentry node men with the same range, a mapexit node

mex, and a tasklet o = i. We add these nodes to the node set of

ine elemer

£d computa

onal data cc

graph abst

data contai

apping of «
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Statesl

[y=0:H, x=0:W]

arnhi

State sO

[i=0:N]

| Ali]

Filter

AN
)

i Bsize(+)

ls

[i=0:N]

Bsize(+)
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\
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Hierarchical Parallelism and Heterogeneity

= Maps have schedules, arrays have storage locations

;A[O:N]

/ [i=0:N:TN] cpoN\

A[i:i+TN]
/ 60Nl e\
l Alfii+ti]

(out = in_A * in_A)

18
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Hierarchical Parallelism and Heterogeneity

= Maps have schedules, arrays have storage locations

; _ /] ...
A[O:N] #pragma omp parallel for

/ [i=OZNZTN] CPN for (int i =0; i < N; i += TN) {
| = vec<double, 4> tA[TN];
A['-""m Global2Stack_1D<double, 4, 1> (
&A[i], min(N - i, TN), tA);
tAiO:TN] for (int ti = 0; ti < TN; ti += 1) {
[ti=O:TN] Core vec<double, 4> in A = tA[ti];
: auto out = (in_A * in_ A);
| tA[ti] tC[ti] = out;
}
(out = in_A * in_A)

A 4

19
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Hierarchical Parallelism and Heterogeneity

;A[O:N]

/ [i=0:N:TN] cpoN\

A[i:i+TN]
‘

1 tA[0:TN]
/ [ti=0:TN]  cor\
l tA[ti]

(out = in_A * in_A)

20
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Hierarchical Parallelism and Heterogeneity

A[0:N]
@ __global  void multiplication 1(...) {
gA[O:N] int i = blockIdx.x * TN;
/ [i=0:N:TN] g:‘lfik int ti = threadIdx.y + 0;
if (i+ti >= N) return;
gA[i:i+TN] ( )

__shared  vec<double, 2> tA[TN];
GlobalToSharedlD<double, 2, TN, 1, 1, false>(gA, tA);

1tA[0:TN] doubl 2> in A = tA[ti]
vec<double, 2> in A = i];
/ [ti=O:TN] :,ZLCJN auto out = (in_ A * in_A);
l Alti tC[ti] = out;
tA[ti] }

(out = in_A * in_A)

21
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Hardware Mapping: Load/Store Architectures

= Recursive code generation (C++, CUDA)

Control flow: Construct detection and gotos

/] ...
#pragma omp parallel for

for (int i =@; 1 < N; i 4= TN) {
= Parallelism vec<double, 4> tA[TN];
. ) Global2Stack_1D<double, 4, 1> (
Multi-core CPU: OpenMP, atomics, and threads &A[i], min(N - i, TN), tA);

GPU: CUDA kernels and streams
Connected components run concurrently

for (int ti = 0; ti < TN; ti += 1) {

vec<double, 4> in A = tA[ti];
auto out = (in_A * in_A);
tCLtiJ = out;

= Memory and interaction with accelerators
Array-array edges create intra-/inter-device copies

22



Mapping to Reconfigurable Hardware

Module generation with HDL and HLS
Xilinx SDAccel
Intel FPGA (experimental)

Parallelism
Exploiting temporal locality: pipelines
Exploiting spatial locality: vectorization, replication

Replication
Enables parametric systolic array generation
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/" Ip=0:P] \

-
- -~

'd
. hY
(_pipes

-~ d,
pipes(T*N*M)[p]
pipes(T*N*M)[p+1]

rd
. \
1pes

( pip J

-

N p=0P]

DRAM

Read | | Write i

L---;—--—I I____}____I
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Data-centric Parallel Programming for Python

Programs are integrated within existing codes
In Python, integrated functions in existing code

In MATLAB, separate .m files

In TensorFlow, takes existing graph

In Python: Implicit and Explicit Dataflow
Implicit: numpy syntax
Explicit: Enforce memory access decoupling from computation

Output compatible with existing programs
C-compatible SO/DLL file with autogenerated include file
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@dace.program
def program numpy(A, B):
B[:] = np.transpose(A)

@dace.program \

def program_explicit(A, B):

@dace.map
def transpose(i: [0:N],
j: _[0:M]):
a << A[i,]j]
b >> B[j,i]

b =a

24



Matrix Multiplication SDFG

@dace.program
def gemm(A: dace.float64[M, K], B: dace.float64[K, N],
C: dace.float64[M, N]):
# Transient variable
tmp = np.ndarray([M, N, K], dtype=A.dtype)

@dace.map

def multiplication(i: _[@:M], Jj: _[@:N], k: _[0©:K]):

in A << A[1,k]
in B << B[k,7]
out >> tmp[i,],k]

out = in_A * in_B

dace.reduce(lambda a, b: a + b, tmp, C, axis=2)

spcl.inf.ethz.ch oo o
v oo ETH ZUrich

o State sO

A[0:M,0:K] B[0:K,0:N]
/ [i=0:M, j=0:N, k=0:K] \{
Alik | 1 Bk,

( multiplication )

tmpli,j, k]

N__[i=0:M, j=0:N, k=0:k] /"

tmp[0:M,0:N,0:K]

tmp[0:M,0:N,0:K]

Reduce

[axis: 2, sum]

C[0:M,0:N]

25



Matrix Multiplication SDFG

@dace.program
def gemm(A: dace.float64[M, K], B: dace.float64[K, N],
C: dace.float64[M, N]):
# Transient variable
tmp = np.ndarray([M, N, K], dtype=A.dtype)

@dace.map

def multiplication(i: _[@:M], Jj: _[@:N], k: _[0©:K]):

in A << A[1,k]
in B << B[k,7]
out >> tmp[i,],k]

out = in_A * in_B

dace.reduce(lambda a, b: a + b, tmp, C, axis=2)
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State sO
MOMOK]; ! mKON]

[i=0:M, j=0:N, k=0:K]

A[|,k] | 1 Bk,
( multiplication )
eI

N__[i=0:M, 20N, k-0 /

f C[0:M,0:N]

26
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MapReduceFusion Transformation

27
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Programming Model Challenges

vaI[:]l lprow[O:Z] lcol[:] lx[i] [y=0: Hx OW]
[\|J—prow[0]:prow[1]] \
( T col[j] 1x(1))[:] ﬂ
Indirection update
val[j] (%)
| Ix I—i;yl < 4;
C mulgiﬁly ) lmage[yX]
; bl (Sum) y=0:Hx=0w] __/
N [i=prow[0]:prow[1]] magel0HOW]
3] (Sum) Gmage>

Indirect memory access Nested state machines

29



DIODE (or: Data-centric Integrated Optimization Development Environment)

[ File v | # Settings * %, Compile  Config: default * Transformatiens ¥ ¥ Group v :J Closed windows +
Codeln x & 0 X | jacebi x

from __future__ import print_function

import argparse

import dace

import numpy as np

from scipy import ndimage

\

= dace.symbol( L")
= dace.symbol{'H")
'IAX]TER - dace. symbol( 'MAXITER")

@dace.program(dace.float32[H, W], dace.int32)
= def Jacubl(A, 1teratmns)

tmp da:e deﬁn local([H, W], dtype=A.dtype)

@dace.map(_[@:H, @:W])
- def reset_tmp(y, x):

out »> tmp[y, x]
out = 2.8

@dace.iterate(_[@:iterations])

- def step(t):
@dace.map(_[1:H - 1, 1:W - 1])
- def aZb(y, x):

in_N << Afy - 1, x]
in_S << Aly + 1, x]
in_W << Aly, x - 1]
inE << Aly, x + 1]
in_C << Aly, x]
out »» tmp[y, %]

out = 2.2 * (In_C + in_N + in_5 + in_W + in_E)

-

CodeQuiComponent x 2 0 =

void __program_jacobi_internal(float * __restrict__ A, int iterations, int H, int

fleat *tmp = nullptr;

&0 X

/
j

2>

<—\ J_\J_\J_\J_>
=20

!

aZbly=tH - 1, x=1:W- 1]

¥\

b\

a2bfy=1H - 1. x=1:W - 1]

[ 3

(me )

b2aly=1H - 1.x=1W- 1]

Transformation History for “jacobi

b2aly=t:H -1, x=1:W- 1]

s

*® &0 X

cudaMallocHost(&mp, H * W * sizeof(float));

int t; Mo revertible transformation
__state_jacobi_reset_tmp: iound.
#pragma omp parzllel for
- for (auto y = 8; y ¢« Hy v += 1) {
- for (auto x = @; x < W; x += 1) {

auto _ out = dace::ArrayViewdut<float, @, 1, 1> (tmp + ((W * y
dace::vec<float, 1> out;

U‘ut ‘wr.ite(uut.);.

spcl.inf.ethz.ch
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OptGraph for “jacobi’ = 20 X

4 FPGATransformMap
FPGATransformMap
FPGATransformMap$1
FPGATransformMap$2

FPGATransformSDFG

4 FPGATransformState
FPGATransformState
FPGATransformState$1

4 GPUTransformLocalStorage
GPUTransformLocalStorage
GPUTransformLocalStorage$1
GPUTransformLocalStorage$2

4 GPUTransformMap
GPUTransformMap
GPUTransformMap$1
GPUTransformMap$2
GPUTransformState
4 MapExpansion
MapExpansion -
Properties x 20 X
4 General
debuginfo N/R
fence_instrumentation
flatten
is_async
is_collapsed
label [azn ]
params [ [y"."x'] ]
schedule CPU_Multicore v
unroll
4 MapEntry - General
entry_in_connectors [["INJ"] ]
entrv out connectors [ rout 17 ] -
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DIODE (or: Data-centric Integrated Optimization Development Environment)

Transformations
Source Code SDFG

(malleable)

SDFG Properties

Generated Code Transformation History

33
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Performance

s0

1504
@
Q
9
(TR
9,

mp[ij.k] 8 1001
T

MapExit multiplication

E
o
=
&

50

07 Naive

500 1000 1500 2000
Problem Size

SDFG 34



Performance

SDFG

Performance [GFlop/s]

150 -
100 4
504
—
o] Naive
500 1000 1500 2000

Problem Size
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MapReduceFusion
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Performance

SDFG

Performance [GFlop/s]

150

100+

50

—

Naive

500

1000

Problem Size

1500

2000
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LoopReorder
MapReduceFusion
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Performance

ol
G oD
AN

Map [tile_i, tile_j] 1504

Al + tile_i),(k + tile_K)][B[(k + tile_k),(j + tile_j)]

Performance [GFlop/s]

<>
[ + tile_i),(j + tile_j)]
UnmapReduce sum
50

MapExit tile_mult

| - = . . . . BlockTiling

MapExit tile_pa_mult . LO 0 p Re O rd e r

0- Naive . MapReduceFusion
@ 500 1000 1500 2000

Problem Size

SDFG 37
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Performance

150 4

o

o

ks

[T

9]

@ 100

[&]

-

£

8 S Toe—— —_ RegisterTiling

&

& 50
:/—-3*\_ . . - - BlockTiling
T . . LoopReorder

07 Naive - MapReduceFusion

500 1000 1500 2000
Problem Size
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Performance
(EDACD

150 -

0

Q.

o

[T

.

@ 100- - — ’*\/ LocalStorage

:

9 — Tee— —— RegisterTiling

)

Q@ 50-
- —— . . . . BlockTiling
R . . LoopReorder

07 Naive . MapReduceFusion

500 1000 1500 2000
Problem Size
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Performance
PP
@D G
150 -
S PromoteTransient
S
@ 100- - — ’*\/ LocalStorage
:
9 — Tee— —— RegisterTiling
@
Q@ 50-
;/&\ . . . ° BlockTiling
—_— . LoopReorder
i 0- Naive . MapReduceFusion
560 1 0]00 1 5100 20b0

Problem Size

40



spcl.inf.ethz.ch oo o
v oo ETH ZUrich

Performance

Intel MKL
150 - 25% difference
o
3 DaCe
L
9]
8 100 -
E With tuning: 98.6% of MKL
S
5
A 5p-
OpenBLAS
0.

500 1000 1500 2000
Problem Size
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VIRTEX?

LikraSCALE+

3D FinFET on
3rd Generation 30D IC

=
Intel Xeon E5-2650 v4 NVIDIA Tesla P100 Xilinx VU9P

/General Compilers\
¥

( SDFG ) ( GCC 8, Clang 6, icc 18, )

NVCC 9.2, SDAccel

/ Polyhedral Optimizers \ / Frameworks & Libraries \
¥ ¥

HPX, Halide, Intel MKL, CUBLAS,
(Polly 6, Pluto 0.11.4, PPCG O.8> ( CUSPARSE, CUTLASS, CUB )
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Performance Evaluation: Fundamental Kernels (CPU)

Database Query: roughly 50% of a 67,108,864 column
Matrix Multiplication (MM): 2048x2048x2048

Histogram: 8192x8192
Jacobi stencil: 2048x2048 for T=1024

Sparse Matrix-Vector Multiplication (SpMV): 8192x8192 CSR matrix (nnz=33,554,432)

Time [s]

8.12x faster 98.6% of MKL 2.5x faster 82.7% of Halide
Query MM Histogram Jacobi
0.08 -
40 1
0.06 1 30 -
0.04 4 20 -
0.02 4 10 4
0‘00_; 0_—.. i
oo exg 2 ©32382 9328822
= 9o O o= 0 Q = o =

99.9% of MKL

SpMV

0.06 1
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Performance Evaluation: Fundamental Kernels (GPU, FPGA)
90% of CUTLASS
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Performance Evaluation: Fundamental Kernels (GPU, FPGA)

s0

OO
RNy

ggrid[ty=0:M:128, tx=0:N:128]

epilogue

kioop

tbmapltidy=0:18, tidx=0:16]

O n®;
thmapitidy=0:16, tidx=0:16]

warpmap[wk=0:8]

regh ) regB )

acemaply=0:8, x=0:8]

& acemaply=0:8, x=0:8]

acemaply=0:8, x=0:8]

46.. warpmap[wk=0:8]

@E@

thmapltidy=0:16, tidx=0:16]

regC

tbmap{tidy=0:16, tidx=0:16]
>

-

!

ggrid[ty=0:M:128, tx=0.N:128]

I

!
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Performance Evaluation: Polybench (CPU)

= Polyhedral benchmark with 30 applications

LJ L J LJ L J
= Without any transformations, achieves 1.43x (geometric mean) over
LJ
general-purpose compilers
5 2mm 3mm adi atax bicg cholesky correlation covariance deriche doitgen durbin fdtd-2d floyd-warshall gemm gemver
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Performance Evaluation: Polybench (GPU, FPGA)

=  Automatically transformed from CPU code
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L 4 @spcl_eth

!G col[0:E] !depth[O V] !frontler[ ;fsz[k] ! G row[O V+1]

Case Study: Parallel Breadth-First Search

[t=0:T]
J,G col[0:E] ‘depth[o V] J,frontuer[] *fsz[k]

[f=t [’%] : min (fsz, (t+1) [%D]

frontier(f]
indirection

vG row[O V+1]

= Compared with Galois and Gluon

¥ G_row(2) [0:V+1]

= Graphs:

G_col[0:E] depth[:] @
Road maps: USA, OSM-Europe Y
/ [nid = begin : end]
Social networks: Twitter, LiveJournal | TS

G_col(-1)[0:E]
update_and_push )
§ depth(-1)[] § Lstream(-1) § Lfsz (Sum)

\ [nid = begin : end] /

1
1 Lfsz (Sum)

Synthetic: Kronecker Graphs

depthl[:] Lstream
A 4 A A
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0.20- 421 012 5 -
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depthl[:]
@ :fsz(Sum)
0.06 1 A 4 A 4
L [t=0:T] /
=
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Conclusions
O https://www.github.com/spcl/dace

pip install dace

weom ETHzirich

¥ eeam ETHzirich

[DacCe Overview Dataflow Programming in DaCe

Domain Scientist Performance Engineer System

Problem Formulation
du Information
e aPu=0
——
Dataflow

‘ Data-Centric Intermediate
Representation (SDFG) —
TensorFlow MATLAB
!

FPGA Modules

Memlets

R Performance

aes L
‘ -—‘. Results

v cocen ETHZziirich A v om ETHziirich
Results OMEN Quantum Transport Simulator
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luIJ el | 5] fo
—_— 31
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N\

@dapp.map(_[0@:N,0:M])
def transpose(i, j):
a << A[i,]]
b >> B[j,1i]

@dapp.program
def program(A, B):

Corer / ]

¥

State sO

A[0:M,0:K] B[0:K,0:N]
[i=0:M, j=0:N, k=0:K]
o T
(_multiplication )
tmpli j.kl
[i=0:M, j=0:N, k=0:K]
mp[n M,0:N,0:K]

Kmplﬂ M,0:N,0:K]

Reduce
faxiss 2, sum]

C[0:M,0:N)
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