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Domain Scientist

for i in range(M):
for j in range(N):
for k in range(K):
C[i, j] += A[i, k] * B[k, j]

(or c += A @ B)

333
LoC
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System

__syncthreads();

// Compute a grid of C matrix tiles in each warp.

#pragma unroll

for (int k_step = 0; k_step < CHUNK_K; k_step++) {
wmma: : fragment<wmma: :matrix_a, M, N, K, half, wmma::row_major> a[WARP_COL_TILES];
wmma: : fragment<wmma: :matrix_b, M, N, K, half, wmma::col_major> b[WARP_ROW_TILES];

#pragma unroll

for (int i = 0; 1 < WARP_COL_TILES; i++) {
size_t shmem_idx_a = (warpId/2) * M * 2 + (i * M);
const half *tile_ptr = &shmem[shmem_idx_a][k_step * K];

wmma: :load_matrix_sync(a[i], tile_ptr, K * CHUNK_K + SKEW_HALF);

#pragma unroll
for (int j = 0; j < WARP_ROW_TILES; j++) {
if (i == 0) {
// Load the B matrix fragment once, because it is going to be reused
// against the other A matrix fragments.
size_t shmem_idx_b = shmem_idx_b_off + (WARP_ROW_TILES * N) * (warpId%2)
+ (3 * N);
const half *tile_ptr = &shmem[shmem_idx_b][k_step * K];

wmma: :load_matrix_sync(b[j], tile_ptr, K * CHUNK_K + SKEW_HALF);

¥
) wmma: smma_sync(c[i][3], a[i], b[j], c[i][J]);
¥
}
__syncthreads();

Tensor Core NVIDIA Code Sample
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Domain Scientist System

for 1 in range(M):
for j in range(N):

B

% COSMA on CUDA/HIP
x Kwasniewski et al., “Red-blue pebbling revisited: near optimal parallel matrix-matrix multiplication” SC’'19 8
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[DaCe Overview

Data-Centric

Data-Centric
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Data-Centric Guiding Principles

1. Separate data containers from computation

2. Data movement as a first-class citizen B

A 3k
(dependencies = program order) -

5
+ 1

O
i

3. Control dependencies only when dataflow is not implied f\ A

4. Coarsening: multi-level view of data movement

21
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[DaCe Overview
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Dataflow Programming in DaCe

y = x? + sin—
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Dataflow Programming in DaCe

X ‘\
Tasklet Memlets

7

y4—

24



spcl.inf.ethz.ch oo @
v owiern  ETHZUriCh

Parallel Dataflow Programming

mcam AIN-1]

Tasklet )( Tasklet ) Tasklet )

B[O] B[1] /B[N-ll
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Parallel Dataflow Programming

A <,

A[O:N]

A:O] A[1] A[N-1] /. Di=oN] O\
( Tasklet Tasklet : ( Tasklet ) ( Tasklet ) Scope

o
Q ‘B[l B[N-1] = [iziN?] -
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Stateful Parallel Dataflow Programming

;A[0=N] ;C[O:N]

/" li=0N]  \ /" li=0N]  \
LAI] 1l
( 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] ;CIO:N]
/" li=0N]  \ /" li=0N]  \

VAT 1l
( Tasklet ) — Tasklet )
lB[i] lA[i]
N l=oN] S N l=oN] S

B[O:N] A[O:N]
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Example: 2D Stencil Q State s1
A[O:H,0:W]

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

Aly-1,x]] lA[yx 1] Alyx+1]3 I Aly+1,x]

State sO ( Jacobi )

Bly,x]

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

B[0:H,0:W]

( Initialize ) t=O C B D t>T

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

\[yOHxOW]/ /[VOHXOW]\

Bly-1,x] N B[yx 1] B[yx+1] i Bly+1,x]
B[0:H,0:W] ( oo )
N [y=0:H,x=0:w] /
A[O:H,0:W]

{ t<T t++ )
29
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State s0

Statesl

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

Alyx-1] Alyx+1]

Aly-1.x] Aly+1,x]

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

Stateful Dataflow Multigraphs

State machine element

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

F i n e —g ra i n e d CO m p u ta t i O n a I b I next state, all assignments are performed, and the left-hand side of

assignments become symbols.

A.2 Operational Semantics

A.21 |Initialization. Notation We denote collections (sets/lists) as
capital letters and their members with the corresponding lowercase
letter and a subscrip! in an SDFG G = (S, T, sp) the set of states
Sass;, with0 < 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 addresse:

. " to their current value; and vis, which maps connectors to the data

P m h 1 visible at that connector in the current state of execution.
a ra e r I C g ra p a S ra C I 0 n 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 = [a; = py] (a; is an identifier, p; is an address/pointer) and
symbol arguments Z = [z; = v/] (z; is an identifier, v; an integer)

N-dimensional data container

sym, which maps symbol names (identifiers)

Streaming data container

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) «— M|pj,....p; +
size(d;)).

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

(4) Set state to id(sg)

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

Dynamic mapping of computa

This can be expressed as the following rule:

el Gl A 2% ) == pl

. . . L
Defines behavior during confli
:rii)z.ng.llmg data along edges, governed by the rules defined below.

Propagating Data in a State. Execution of a state entails

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

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]))):

@ = memiet{sre, dst, subuet, reindex, ver),
wisre], p) # 0,
(et reindes(subsestvisoc] ). p) — [do. .. dn]
1. ) — pvida] —+ (dy. — dnl]
If g is a data node, update its referenced memory for an input
connector ¢;,
M(loc(id(q)). .., loc(id(q)) + size( vis|g.data))] = vis|q.datal:
@ = dato( 1, dims, b, ramsient),
Vx. q.cq € cament . vlq.€1), p) ¢ &
Vi, q.cg € curment : vidq. gl p) - [}, .,

vl Loc{idig) + &

ath) = 1t
(g, p) = pivi, kg M[LE e
4. p) = pIVE kg ML 1] dhl-dj

If ¢ is a tasklet, generate a prologue that allocates local variables
for all input connectors c¢; of g, initialized to vis[c;] (Py), as well
as output connectors (P2). Generate an epilogue Ep which updates
plvis{ci] = v;] for each output connector ¢; of g with the contents
of the appropriate variable (declared in P;). Execute the concatena-
tion of (Py; Py; code; Ep; ).

@ ) = plexeciPy 7
If ¢ is a mapentry node with range y = R (y is the identifier) and
scope o 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

IR

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.

hen 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 (sg, 5o, 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.

ge. cond, eim, cout)
(4 contt(g), (sgn 390 cond 1)

Mo = mapentsytren 0

mex = mapeniticeing).in, eexing). cout

T4 ) = plowrrent v T0, e, men)]

AT . cex g
If g is a reduce node 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

Customizable computation with multiple implementations

ETH:zurich
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SDFG <-> MLIR

= Symbols vs. Identifiers
= Different from scalars

= Tasklets vs. Basic Blocks

= Granularity does not matter
= Data movement does
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A: float64[N]

? B: float64[N + 1]
SDFG
. C=A+8B
_Multl_map D = A + B[l: ]
_Mult__map
A: memref<?xf64>
| B: memref<?xf64>
: MLIR
%C = linalg.add %A, %B
_AddTmap
l
_Add_ma X0 = -2.5 + ((float(px) / W) * 3.5)
J: ie:e_é + ((float(py) / H) * 2)
¥t= ete =0
i »lmiz ?Z *_x +y *y<2*2and iteration < MAXITER):
xtemp = x * x -y *y 0
2S5
augassigﬁ;_l{?_tl_map iter‘atioﬁ = iterati 1

i
augassign_12 4 map
1

nly 11
ol o)
y o

.\-

&)
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SDFG <-> MLIR

= Symbols vs. Identifiers
= Different from scalars State s0

/" [y=0:H,x=0:W] \
. (imitialize )
= Tasklets vs. Basic Blocks >, B

[y=0:H,x=0:W]
= Granularity does not matter BIO:H,0:W]
= Data movement does

= Symbolic state machine vs. CFG
= Importance of data dependence on state transition

‘\ t++;t<T)

= Memlets vs. Memrefs

A 4

%cond = ...

= Always explicit, absolute

= (Can be traced to concrete memory locations

= Transient containers vs. alloc(a)

= Dead Memory Elimination

= Aliasing not a concern (most of the time...)

spcl.inf.ethz.ch
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<,

A

3 A[o:N]

/ [i=0:N:TN] AN
1 AfisisTN]

/ [ti=0:TN] AN
d A[i+ti]

( out = in_A * in_A )

May alias with: [B, C]

tmp[N/2:N]

ETH:zurich
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[DaCe Overview

Domain Scientist

Problem Formulation

Ju D24 =
5 aVeu =

Python DSLs

PyTorch MATLAB

¥

Scientific Frontend

glob b = ...
class ClassA:
def init (self, arr):
self.q = arr

@dace.method
def call (self, a):
return a * self.q + glob_b

JIT

@dace_module
class Meodel({nn.Module):
def init (self, kernel size):
super(). init ()
self.convl = nn.Conv2d(1, 4, kernel size)
self.conv2 = nn.Conv2d(4, 4, kernel size)

def forward(self, x):
x = F.relu(self.convl(x))
return F.relu(self.conv2(x))

N = dace.symbol()

@dace.program

def jacobi 1d(tsteps: dace.int32,
a: dace.float64[N],
b: dace.float64[N]):

for _ in range (1, tsteps):

b[1: -1] = 0.33333 * (
a[:-2] + a[1:-1] + a[2:])

a[l: -1] = ©.33333 * (
b[:-2] + b[1:-1] + b[2:])

AOT

for (int i = @; 1 < N ; i++)

for (int j = row ptr[i]; j < row ptr[i+l]; j++)

y[i] += A[col_idx[j]] * x[3];

34
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[DaCe Overview

Graph Transformations
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Hierarchical Parallelism and Heterogeneity

= Maps have schedules, arrays have storage locations

;A[O’N] /...

/ [i=0:N:TN] CPN #pragma omp parallel for
for (int i =0; i < N; i += TN) {
} Alizi+TN] vec<double, 4> tA[TN];
@ Global2Stack 1D<double, 4, 1>(8A[i], min(N — i, TN), tA);
1tA[0:TN] for (int ti = @; ti < TN; ti += 1) {
- vec<double, 4> in A = tA[ti];
/ [ti=0:TN] COA auto out = (in_A * in_A);
tC[ti] = out;

| tA[ti] }

(out = in A * in_A)

44
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Hierarchical Parallelism and Heterogeneity

;A[O:N]

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

| Afi:i+TN]

G

1 tA[0:TN]

/ [ti=0:TN] N

| tA[ti]

(out = in A * in_A)

/] ...
#pragma omp parallel for

for (int 1 =0; 1 < N; i += TN) {
/] ...
inte4 t ti = 0;
svbool t pg = svwhilelt b64(ti, TN);
do {
svfloat64 t in A = svldil(pg, &tA[ti]);
svstl(pg, &tC[ti],
svmul _x(pg, in_A, in_A));
ti += svcntd();
pg = svwhilelt b64(ti, TN);
}
while (svptest any(svptrue b64(), pg));

ETH:zurich
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Hierarchical Parallelism and Heterogeneity

N]

. __global  void multiplication_1(...) {
gA[O:N] int i = blockIdx.x * TN;

. GPU . - )
/ [I=O:N:TN] Devi& int ti = threadIdx.y + 0;

if (i+ti >= N) return;

1

| gA[i:i+TN]
tA __shared  vec<double, 2> tA[TN];
GlobalToSharedlD<double, 2, TN, 1, 1, false>(gA, tA);
] tA[O:TN]
: SPU vec<double, 2> in A = tA[ti];
/ [ti=0:TN] Bmk auto out = (in_A * in_A);
. tC[ti] = out;
tA[ti] }

(out = in A * in_A)
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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)

for i, j, k in dace.map[@:M, O:N, 0:K]:
tmp[i) j: k] = A[i) k] * B[k) J]

C[:] = numpy.sum(tmp, axis=2)

o State sO
A[0:M,0:K] ; ! B[0:K,0:N]

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

Al | 1 Bk,
( multiplication )
tmpli,j,k]

N\ [i=0:M, j=O:N, k=0:K] /"

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

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

Reduce (Sum),
Axis: 2

C[0:M,0:N]

52



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)

for i, j, k in dace.map[@:M, O:N, 0:K]:
tmp[i) j: k] = A[i) k] * B[k) J]

C[:] = numpy.sum(tmp, axis=2)

spcl.inf.ethz.ch oo @
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State s0O
A[OMOK]; ! [OKON]

[i=0:M, j=0:N, k=0:K]
A[|,k] | 1 Bk,
( multiplication )

UoC(+) ]

N\ [i=0:M, j=(i):N, k=0:k] /

f C[0:M,0:N]
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MapReduceFusion Transformation

E$B[$ar]
1 $B[$br]

\d

$REDUCE

l$B[$br]
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SDFG OPTIA N gemm.py M --- | & programsdfg M X (ETI==

[~ TRANSFORMATIONS Playground > gemm.py > ) gemm Playground > _dacegraphs > & program.sdfg
import dace

~ Selecton EE oo o @O0 LN L OO D W\ e v i
v Viewport
FPGATransformState M, N, K = (dace.symbol(s) for s in "MNK')

MapTiling
StripMining @dace.program General

MapDimShuffle gemm(A: dace.float64[M, K], N
ReguceExpansion B: dace.float64[K, N], arg_names [ABC] #
C: dace.float64[M, N]):

MapReduceFusion - constants_prop . 7

GPUTransformMap tmp = dace.define local([M, N, K], dtype=A.dtype
GPUTransformMap T

MapTilingWithOverlap for i, j, k in dace.map[@:M, @:N, ©:K]:
MapExpansion tmp[i, j, k1 = A[i, k1 * B[k, 31
QuterProductOperation
GPUTransformLocalStorage C[:] = np.sum(tmp, axis=2))
GPUTransformLocalStorage
~ Global M=k 1es
FPGATransformSDFG
NestSDFG
GPUTransformSDFG
~ Uncategorized

SDFG gemm  Go to Generated Code Clear Info x

exit_code

np.random.rand(M, K)

np.random.rand(K, N) . ’ global_code
np.random.rand(M, N)

gemm(A, B, C)

init_code

[~ TRANSFORMATION HISTORY

No previously applied transformations instrument No_Instrumentation v

openmp_sections (@
symbols

Uncategorized

name
> SDFG ANALYSIS

> SDFG OUTLINE
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> TRANSFORMATIONS
> TRANSFORMATION HISTORY
v SDFG ANALYSIS

Overlay scaling method:
® Mean © Median

Overlays:
¥ Memory Volume # Static FLOP

Runtime Measurements:

| Browse Clear

Runtime visualization criterium Mean

Symbol list:
32

32
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[DaCe Overview

S

NVIDIA.

STRATIX"

inside”

i=5:. ARM
Hardware
Information
AMD:' Compiler

CPU Binary

GPU Binary

Runtime

FPGA Modules
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Performance

Total

Chemistry
Graphs

Weather

110.4

t2

Platform
DaC Tt

5;‘ Geometric Mean of Improvements over Other Frameworks
g "‘:::-.‘. T
L i 2 N/ & f—ﬁ. <3
L CuPy Numba NumPy Pythran DASK LEGATE
3.75x 2.47x  10.6x  3.93x  2.5x 1.7x

DaCe Numba

NumPyBench

Pythran NumPy

cholesky

correlat
udcmp

heat3d

NumPyBench FPGA NumPyBench Distri

Graph Analytics

https://github.com/spcl/npbench

PolyBench/C

buted

2mm 3mm adi atax bicg cholesky correlation covariance deriche doitgen
DaCe Rank: 1 DaCe Rank: 2 DaCe Rank: 1 DaCe Rank: 5 DaCe Rank: 4 DaCe Rank: 3 DaCe Rank: 4 DaCe Rank: 4 DaCe Rank: 3 DaCe Rank: 1
2 10 5 0.010
= 2] & 0.010 1 1.0 10 0.4
g1 51 2 0.005 01
2000 g g 0.005 : 05 05 0.2
- - Implementations S
osmeur usa | ‘ twitter soclj kron 0 0- o 0.000 0.000 [ 0.0 0.0 0.0 0.0
= 0124 1750 s Gunrock
5 : 020 1500 s Groute durbin fdtd2d floyd-warshall gemver gesummv gramschmidt heat jacobi-1d jacobi-2d
. DaCe DaCe Rank: 4 DaCe Rank: 1 DaCe Rank: 4 DaCe Rank 2 DECE Rank: 1 DaCe Rank: 1 DaCe Rank: 1 DaCe Rank: 1 DaCe Rank: 4 DaCe Rank: 1
4 2
4 o089 0.15 - 1250 N DaCe (Dyn. Map Sched.) 00 20 0.0101 49 ,
3 E W DaCe (Persistent Fusion) " 14 0.0054 1 0.001
0.06 0.10 2 1000 E 20 21
2 F 750 0.000 0 0 0,000 0 0 0.000 0
003 0.05 . . :
1 00 Iu ludcmp nussinov seidel symm syr2k syrk trisolv trmm
DaCe Rank: 5 DaCe Rank 3 DaCe Rank 1 DaCe Rank: 2 DaCe Rank: 2 DaCe Rank: 1 DaCe Rank: 2 DaCe Rank: 2 DaCe Rank: 1 DaCe Rank: 1
= , 0.00 0.00 250 _ 0010 2 20 10 0.004
w 1 E 1
ORI © 2 < ORI ORI © 2 c s 2 Lo 0.4 05
L3S s L35 5 L35 Lo g Los H 1 10 05 0.002
ow® 2 owm = o w® = ow = 0w = = E 0.005 0.5 g 0.2 .
[ZRGRC] [ZHURS] [ZNONS] w00 [ZRVES] osm-eur usa-road twitter  soc-Livejournall kron_g500 F
Graph 0 0 0.000 ] o 0.0- 0.0 0.0- 0.000 0.0-
EE T exouso YR exouyD uzoguYm EYE ezouuD R PEE T Y]
35385 25355 28365 2535355 253°55 RN 833%55 55355 R RN
“8a ¢ Saz T2 S8 "8 S8 "3 Sa8z ¢ S8 38 S8z "2 ‘&z ¢ s2a ¢ S83 "2
Compiler Compiler Compiler Compiler Compiler Compiler Compiler Compiler Compiler Compiler
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Performance

Mish
Size 25%3 (11.4s seq. Runtime) Size 64%3 (480s seq. Runtime) 10 Forward+Backward ~ #=% Forward PyTorch torch jit JAX TF+XLA DaCeML
[3/9] [2/7] [2/3] [1/3] [1/4] I IR L . G
ool 160 1500 1579.44
H =
Rigsr N S EfficientNet (@) 205 690 204 694 239 740 154 637 140 597
9 1250 Input: 3x320x320 5 BERTLaRGE (mixcor (1E8Y) 294 8.8 292 820 3.19 8.11 3.80 10.76 274 7.62
- 1201 Z 1000 1064.22 ResNet-50 (@) 1455 3204 998 31.94 1417 33.93 1233 3557 10.03 3245
o = Wide ResNet-50-2 (@) 22,50 70.94 2245 70.83 4049 98.13 3279 99.06 20.62 67.99
£5 E MobileNet V2 (®) 998 1845 622 1553 — — 742 2029 474 14.77
£ 750 2 EfficientNet (@) 205 690 204 694 239 740 154 637 157 1500
x 404 EF 62685 9500 g MLP Mixer (R) 1.63 365 136 366 177 401 — — 148 425
LULESH-OpenMP 500 £ FCNS8s () 4685 15842 4682 15840 — —  — — 4597 166.30
5 449.66 393.38 421.22 < WaveNet (4)) 2321 46.39  18.67 41.49 — — [ — 26.16 41.07
SDFG 250 BERT  ARcE o (B) 1105 3176 1105 31.82 1093 29.94 11.14 3873 1144 3298
BERT| ogGe mies () 294 818 292 820 319 811 380 1076 334 925
401 . DLRM (I2%) 118.07 12655 117.38 126.83 — —  — —  117.69 126.42
2 4 & 16Threads4 8 1 32 PyTorch torch.jit JAX  TF+XLA DaCeML

Unstructured Hydrodynamics (LULESH) Deep Learning (DaCeML)

StencilFlow Framework DaCe Framework
Progam Description Dataflow Graph Expanded {G¢ =" 1
s, | o) —— g |
100 1
T — Double ® No Cache 91.68
_______ A Cache BC 86.26
* = 4 (s et 3 754 |— Mixed :
Stencil DAG Ha::;::;::ing CET e Q W Cache BC + Spec. - [590/0]
e S 5 i
f— . !
o | Runtime Ple;fﬂgmgﬂje P;:kci‘;\’- FERoot 25 1t 2823 [T7%] e
Reubable - tratix 178 ps 45GOp/s s 2% e . T pAAn/e | o,
-= E@ﬂ Stratix 10* 332ps  513GOp/s oo GB/s - 0 - 11.58 [63%] Pllop/s [% of HPL]
Xeon 12C | 5,270ps 32GOp/s  G8GB/s 13% ) y - -
EEE N P100 810pus  210GOp/s T732GB/s 8% 3420 6840 13680 27360
%:rau V100 201ps  849GOp/s 900GB/s  26% # GPUs

*Without memory bandwidth constraints.

Numerical Weather Prediction

(on CPUs, GPUs, and spatial architectures) Quantum Transport Simulation
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SDIR: Between MLIR and DaCe
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SDFG
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Machine Code Generated Code
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; @sp:/_eth ETHzurich

SDIR: States

state O

sdir.state @state 0O {
‘ // state body
}
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spcl.inf.ethz.ch o
;@spzl_eth E'HZUfICh

SDIR: Access Nodes

%A = sdir.alloc()
%C = sdir.alloc()

sdir.state @state O {
%a = sdir.get_access %A

%c = sdir.get_access %C
sdir.copy %a -> %c

11
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spcl.inf.ethz.ch

’ @spcl_eth mZUrICh

SDIR: Tasklets

sdir.tasklet{outputs=["c", "d"]} @add(%a, %b) -> (i32, i32) {
%c = arith.addi %a, %b
%d = arith.subi %a, %b
sdir.return %c, %d

12



spcl.inf.ethz.ch

3 @spcl_eth E'HZUfICh

SDIR: Tasklets

sdir.tasklet{outputs=["c", "d"]} @add(%a, %b) -> (i32, i32) {

%c = arith.addi %a, %b
O O ‘ %d = arith.subi %a, %b
sdir.return %c, %d
c = (a + b) }
d = (a - b) Variable
() renaming
-

sdir.tasklet{outputs=["c", "d"]} @add(%a, %b) -> (i32, i32) {
%r0 = arith.addi %a, %b
%rl = arith.subi %a, %b
sdir.return %r0, %r1

13
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; @sp:/_eth ETHzurich

SDIR: Tasklets

Derive connector names

sdir.tasklet{outputs=["c", "d"]} @add(%a, %b) -> (i32, i32) {
%r0 = arith.addi %a, %b
%r1 = arith.subi %a, %b
sdir.return %r0, %r1

14
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;@spzl_eth E'HZUfICh

SDIR: Tasklets

Derive connector names

sdir.tasklet{outputs=["c", "d"]} @add(%a, %b) -> (i32, i32) {

%r0 = arith.addi %a, %b
‘ %r1 = arith.subi %a, %b

sdir.return %r0, %r1

Connector names lost

15
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Simple SDFG example

sdir.state @state_0O {
sdir.tasklet @add(%a, %b) ->i32 {
%c = arith.addi %a, %b
sdir.return %c

state_0

}

AN
&0

%a = sdir.get_access %A
%b = sdir.get_access %B
%c = sdir.get_access %C
%a_v = sdir.load %al[0]

%b v = sdir.load %b[0]
%c_v = sdir.call @add(%a_v, %b_v)

sdir.store %c_v, %c[0]

16
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SDIR: Map Scopes

i

A4

add_map{=0:N] sdir.alloc_symbol(“N")

O sdir.map (%i) = (0) to (sym(“N")) step (1) {
“ ‘ %a = sdir.load %A%

O %c = sdir.call @add_one(%a)

N

sdir.store %c, %C[%i]

}

add_mapl[i=0:N]
i\

:

17
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;@spzl_eth E'HZUfICh

SDIR: Consume Scopes

%A = sdir.alloc_stream()
%S = sdir.get_access %A

sdir.consume{num_pes=5, condition=@empty} (%S) -> (pe: %p, elem: %e) {
%c = sdir.call @add_one(%e)
sdir.store{wcr="add”} %c, %C[0]

18
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SDIR: SDFGs

state_0
m— sdir.sdfg{entry=@state_0} {
- sdir.edge{assign=["“i: 1”]} @state_0 -> @state_1
‘ sdir.edge{condition="i > 1"} @state_1 -> @state_2
sdir.edge{condition="i <= 1"} @state_1 -> @state 3
}
state_2 ! state_3 |

19
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; @sp:/_eth ETHzurich

SDIR: Symbols

sdir.sdfg{entry=@state_0} {
sdir.alloc_symbol("N")

}

20
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SDIR: Symbols

sdir.sdfg{entry=@state_0} {
sdir.alloc_symbol("N")

sdir.state @state 0 {

%2 = sdir.sym("N") : index
}

21
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SDIR: Symbols

sdir.sdfg{entry=@state_0} {
sdir.alloc_symbol("N")

sdir.state @state 0 {

%2 = sdir.sym("2*N+5") : index
}

22
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SDIR: Symbols

sdir.sdfg{entry=@state_0} {
sdir.alloc_symbol("N")

sdir.state @state 0 {

%2 = sdir.sym("N") : index
sdir.store %2, %argl[] : index -> Isdir.memlet<sym(“K”)xindex>

23
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SDIR: Symbols

sdir.sdfg{entry=@state_0} {
sdir.alloc_symbol("N")

sdir.state @state 0 {
%2 = sdir.sym("N") : index
sdir.store %2, %argl[] : index -> Isdir.memlet<sym(“K”)xindex>

}

sdir.edge{assign=[“N: 1”]} @state_1 -> @state_3
sdir.edge{condition="N <= 1"} @state_2 -> @state_3

24
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JSON emitter

| Operation )

A\
Stream

25
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JSON emitter

| Operation ) | Operation )

A A

JSON emitter

A
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SDIR -> SDFG Translator

LogicalResult translateGetAccessToSDFG(GetAccessOp &op, JsonEmitter &jemit){
jemit.startObject();
jemit.printkKVPair(“type”, “AccessNode”);
jemit.printKVPair(“label”, op.getName());

jemit.startNamedObject(“attributes”);
jemit.printkKVPair(“access”, “ReadWrite”);
jemit.printKVPair(“setzero”, “false”, false);
jemit.printKVPair(“data”, op.getName());

jemit.startNamedObject(“in_connectors”);
%a = sdir.get_access %A ‘ jemit.endObject(); // in_connectors
jemit.startNamedObject(“out_connectors”);

jemit.endObject(); // out _connectors
jemit.endObject(); // attributes

jemit.printKVPair(“id”, op.ID(), false);

jemit.printKVPair(“scope_entry”, “null”, false);
jemit.printKVPair(“scope_exit”, “null”, false);

jemit.endObject();

|II

return success();

27
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SDIR -> SDFG Translator

LogicalResult translateGetAccessToSDFG(GetAccessOp &op, JsonEmitter &jemit){
jemit.startObject();
jemit.printKVPair(“type”, “AccessNode”);

{ . . . . ”
emit.printKVPair(“label”, op.getName());
“type”: “AccessNode”, j p ( p.g ()
,,;?:;Ll;t;,,'_{ jemit.startNamedObject(“attributes”);
L ., jemit.printkKVPair(“access”, “ReadWrite”);
access”: “ReadWrite”, S i v o ”
p . jemit.printKVPair(“setzero”, “false”, false);
setzero”: false, S e )
PR jemit.printkKVPair(“data”, op.getName());
data”: “A , . . . “: ”
“in_connectors”: { jemit.startNamedObject(“in_connectors”);
} B : _ jemit.endObject(); // in_connectors
”'out connectors”: { jemit.startNamedObject(“out_connectors”);
) - ’ jemit.endObject(); // out _connectors
) jemit.endObject(); // attributes
“id”: 1, . e
p ) jemit.printKVPair(“id”, op.ID(), false);
scope_entry”: null, . - »ou
“scope exit”: null jemit.printKVPair(“scope_entry”, “null”, false);
) Pe_ ' jemit.printKVPair(“scope_exit”, “null”, false);

jemit.endObject();

return success();
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SDIR -> SDFG Translator

LogicalResult translateGetAccessToSDFG(GetAccessOp &op, JsonEmitter &jemit){
jemit.startObject();
jemit.printKVPair(“type”, “AccessNode”);

{ “type”: “AccessNode” jemit.printKVPair(“label”, op.getName());
III b III: IIAII . . . p . .
”a?ctrei!butes”,-{ jemit.startNamedObject(“attributes”);
”accéss”- “ReadWrite” jemit.printKVPair(“access”, “ReadWrite”);
”setzero';- false ! jemit.printKVPair(“setzero”, “false”, false);
“data”: ,,A',, ! jemit.printKVPair(“data”, op.getName());
i co.nnec'tors"'{ jemit.startNamedObject(“in_connectors”);
} _ : _ jemit.endObject(); // in_connectors
”'out connectors”: { jemit.startNamedObject(“out_connectors”);
) - ’ jemit.endObject(); // out _connectors
} jemit.endObject(); // attributes
“id”: 1, L e
“scope entrv”: null jemit.printKVPair(“id”, op.ID(), false);
”scope_exit"y' r.1u|I ! jemit.printKVPair(“scope_entry”, “null”, false);
) Pe_ ' jemit.printKVPair(“scope_exit”, “null”, false);

jemit.endObject();

return success();
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SDIR -> SDFG Translator

LogicalResult translateGetAccessToSDFG(GetAccessOp &op, JsonEmitter &jemit){
jemit.startObject();
jemit.printkKVPair(“type”, “AccessNode”);

{ “type”: “AccessNode” jemit.printKVPair(“label”, op.getName());
lII b I”: ’IA” . . H " . ”
”a?ctrei!butes”,-{ jemit.startNamedObject(“attributes”);
”accéss”- “ReadWrite” jemit.printKVPair(“access”, “ReadWrite”);
”setzero’;- false ! jemit.printKVPair(“setzero”, “false”, false);
“data”: ”A-" ! jemit.printKVPair(“data”, op.getName());
i co.nnec'tors"'{ jemit.startNamedObject(“in_connectors”);
} _ : _ jemit.endObject(); // in_connectors
”’out connectors”: { jemit.startNamedObject(“out_connectors”);
) - ’ jemit.endObject(); // out _connectors
} jemit.endObject(); // attributes
“id”: 1, . P
“scope entrv”: null jemit.printKVPair(“id”, op.ID(), false);
”scope_exit"y- r'\uII ! jemit.printKVPair(“scope_entry”, “null”, false);
pe_ ' jemit.printKVPair(“scope_exit”, “null”, false);
}

jemit.endObject();

return success();
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Recursive Translation

; - for ( &oper : op.body().getOps())
Sdlr.sd}ci{edr}tr}; gq)state_O} { if ( state = dyn_cast< >(oper))
satg body if (translateStateToSDFG(state, jemit).failed())

} return failure();

Implicit top-level

module operation

31
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Lifting to Python

A

sdir.tasklet @add(%a, %b) -> f64 {
%r = arith.addi %a, %b

) out=(a+b
sdir.return %r — ( )

sdir.tasklet @get_0() -> f64 {
%r = arith.constant 0.0 ‘

sdir.return %r __out = dace.float(0.0)

32
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Argument Allocation

sdir.sdfg @name(%arg0: i32, %argl: i32, %arg2:i32) {

%c = sdir.call @add(%arg0, %arg0) : (i32, i32) ->i32

33
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; @sp:/_eth ETHzurich

Argument Allocation

sdir.sdfg @name(%arg0: i32, %argl: i32, %arg2:i32) {

%c = sdir.call @add(%arg0, %arg0) : (i32, i32) ->i32

sdir.sdfg @name(%arg0: i32, %argl: i32, %arg2:i32) {
%0 = sdir.alloc {name =" arg2"}() : Isdir.array<i32>
%1 = sdir.alloc {name =" argl"}() : Isdir.array<i32>
%2 = sdir.alloc {name =" arg0"}() : Isdir.array<i32>

%c = sdir.call @add(%arg0, %arg0) : (i32, i32) ->i32

34
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;@spzl_eth E'HZUfICh

Argument Allocation

sdir.sdfg @name(%arg0: i32, %argl: i32, %arg2:i32) {

%c = sdir.call @add(%arg0, %arg0) : (i32, i32) ->i32

sdir.sdfg @name(%arg0: i32, %argl: i32, %arg2:i32) {
%0 = sdir.alloc {name =" arg2"}() : Isdir.array<i32>
%1 = sdir.alloc {name =" argl1"}() : Isdir.array<i32>
%2 = sdir.alloc {name =" arg0"}() : Isdir.array<i32>

%a = sdir.get_access %2 : Isdir.array<i32> -> Isdir.memlet<i32>
%b = sdir.load %al] : Isdir.memlet<i32> ->i32
%c = sdir.call @add(%b, %b) : (i32,i32) ->i32
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; @sp:/_eth ETHzurich

Dead loads

sdir.state @state_1 {
sdir.tasklet @task_3() -> index {
%c0 = arith.constant 0 : index
sdir.return %cO : index
}
%6 = sdir.call @task_3() : () -> index
%7 = sdir.get_access %5 : Isdir.array<index> -> Isdir.memlet<index>
sdir.store %6, %7[] : index -> Isdir.memlet<index>
%8 = sdir.load %7[] : !sdir.memlet<index> -> index

36
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; @sp:/_eth ETHzurich

Dead loads

sdir.state @state_1 {
sdir.tasklet @task_3() -> index {
%c0 = arith.constant O : index
sdir.return %cO : index
}
%6 = sdir.call @task_3() : () -> index
%7 = sdir.get_access %5 : Isdir.array<index> -> Isdir.memlet<index>
sdir.store %6, %7[] : index -> Isdir.memlet<index>
%8 = sdir.load %7[] : Isdir.memlet<index> -> index

37



Mpc L : spcl.inf.ethz.ch

’ @spcl_eth mZUrICh

Dead loads

sdir.state @state_1 {
sdir.tasklet @task_3() -> index {
%c0 = arith.constant O : index
sdir.return %cO : index
}
%6 = sdir.call @task_3() : () -> index
%7 = sdir.get_access %5 : Isdir.array<index> -> Isdir.memlet<index>
sdir.store %6, %7[] : index -> Isdir.memlet<index>

}
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Access Nodes

%a = sdir.get_access %A : Isdir.array<5xi32> -> Isdir.memlet<5xi32>
%b = sdir.load %a[%ind] : Isdir.memlet<5xi32> ->i32

%c = sdir.call @add(%b, %b) : (i32, i32) ->i32

sdir.store %c, %a[0] :i32 -> !sdirmemlet<5xi32>
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;@spzl_eth E'HZUfICh

Access Nodes

state 0

%a = sdir.get_access %A : Isdir.array<5xi32> -> lsdir.memlet<5xi32> < 'nd'reC;;'O—O )
%b = sdir.load %a[%ind] : Isdir.memlet<5xi32> ->i32 = \
%c = sdir.call @add(%b, %b) : (i32, i32) ->i32
sdir.store %c, %a[0] :i32 -> !sdirmemlet<5xi32>
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Access Nodes

%a = sdir.get_access %A : Isdir.array<5xi32> -> Isdir.memlet<5xi32>
%a2 = sdir.get_access %A : Isdir.array<5xi32> -> Isdir.memlet<5xi32>
%b = sdir.load %a[%ind] : Isdir.memlet<5xi32> ->i32

%c = sdir.call @add(%b, %b) : (i32, i32) ->i32

sdir.store %c, %a2[0] :i32 -> Isdir.memlet<5xi32>
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Access Nodes

state_0

/0
Ao

indirect_load_0

%a = sdir.get_access %A : Isdir.array<5xi32> -> Isdir.memlet<5xi32>
%a2 = sdir.get_access %A : Isdir.array<5xi32> -> Isdir.memlet<5xi32>
%b = sdir.load %a[%ind] : Isdir.memlet<5xi32> ->i32

%c = sdir.call @add(%b, %b) : (i32, i32) ->i32

sdir.store %c, %a2[0] :i32 -> Isdir.memlet<5xi32>
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; @sp:/_eth ETHzurich

Converter

Arith

Memref ‘ SDIR

SCF
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;@spzl_eth E'HZUfICh

Converter

Memref ‘ SDIR

A4

< C >— Polygeist - Art'h's'\glfmref' SDIR | SDFG >
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Converter: Funcs

func private @binops(%arg0:i32) {
%c0 = arith.addi %arg0, %arg0 :i32
%c1 = arith.muli %arg0, %c0 :i32
return

}
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Converter: Funcs

sdir.sdfg {entry = @init_0} @binops(%arg0: i32) {
sdir.state @init_0{}
%c0 = arith.addi %arg0, %arg0 :i32
%c1 = arith.muli %arg0, %c0 :i32
return

}
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W @spcleth
Converter: Arith Operations

sdir.sdfg {entry = @init_0} @binops(%arg0: i32) {
sdir.state @init_0f{}
sdir.tasklet @task 3(%argl:i32, %arg2:i32) ->i32 {
%5 = arith.addi %arg2, %arg2 :i32
sdir.return %5 :i32
}
%c0 = arith.addi %arg0, %arg0 :i32
%c1 = arith.muli %arg0, %c0 :i32
return
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; @sp:/_eth ETHzurich

Converter: Arith Operations

sdir.sdfg {entry = @init_0} @binops(%arg0:i32) {
%1 = sdir.alloc_transient {name ="_tmp_2"}() : !sdir.array<i32>
sdir.state @init_0{}
sdir.tasklet @task 3(%argl:i32, %arg2:i32) ->i32 {
%5 = arith.addi %arg2, %arg2 :i32
sdir.return %5 :i32
}
%c0 = arith.addi %arg0, %arg0 :i32
%c1 = arith.muli %arg0, %cO0 : i32
return
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Converter: Arith Operations

sdir.sdfg {entry = @init_0} @binops(%arg0: i32) {
%1 = sdir.alloc_transient {name ="_tmp_2"}() : !sdir.array<i32>
sdir.state @init_0{}
sdir.state @state 1 {
sdir.tasklet @task 3(%argl:i32, %arg2:i32) ->i32 {
%5 = arith.addi %arg2, %arg2 :i32
sdir.return %5 :i32
}
%2 = sdir.call @task_3(%arg0, %arg0) : (i32, i32) ->i32
%3 = sdir.get_access %1 : Isdir.array<i32> -> Isdir.memlet<i32>
sdir.store %2, %3[] : i32 -> Isdir.memlet<i32>
%4 = sdir.load %3[] : Isdir.memlet<i32> ->i32
}
%c0 = arith.addi %arg0, %arg0 : i32
%c1 = arith.muli %arg0, %c0 : i32
return

}
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Converter: Arith Operations

sdir.sdfg {entry = @init_0} @binops(%arg0: i32) {
%1 = sdir.alloc_transient {name ="_tmp_2"}() : !sdir.array<i32>
sdir.state @init_0{}
sdir.state @state 1 {
sdir.tasklet @task 3(%argl:i32, %arg2:i32) ->i32 {
%5 = arith.addi %arg2, %arg2 :i32
sdir.return %5 :i32
}
%2 = sdir.call @task_3(%arg0, %arg0) : (i32, i32) ->i32
%3 = sdir.get_access %1 : Isdir.array<i32> -> Isdir.memlet<i32>
sdir.store %2, %3[] : i32 -> Isdir.memlet<i32>
%4 = sdir.load %3[] : Isdir.memlet<i32> ->i32
}
%c0 = arith.addi %arg0, %arg0 : i32
%c1 = arith.muli %arg0, %c0 : i32
return

}
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Converter: Arith Operations

sdir.sdfg {entry = @init_0} @binops(%arg0: i32) {
%1 = sdir.alloc_transient {name ="_tmp_2"}() : !sdir.array<i32>
sdir.state @init_0{}
sdir.state @state 1 {
sdir.tasklet @task 3(%argl:i32, %arg2:i32) ->i32 {
%5 = arith.addi %arg2, %arg2 :i32
sdir.return %5 :i32
}
%2 = sdir.call @task_3(%arg0, %arg0) : (i32, i32) ->i32
%3 = sdir.get_access %1 : Isdir.array<i32> -> Isdir.memlet<i32>
sdir.store %2, %3[] : i32 -> Isdir.memlet<i32>
%4 = sdir.load %3[] : Isdir.memlet<i32> ->i32
}
%c0 = arith.addi %arg0, %arg0 : i32
%c1 = arith.muli %arg0, %c0 : i32
return

}
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Converter: Arith Operations

sdir.sdfg {entry = @init_0} @binops(%arg0: i32) {
%1 = sdir.alloc_transient {name ="_tmp_2"}() : !sdir.array<i32>
sdir.state @init_0{}
sdir.state @state 1 {
sdir.tasklet @task 3(%argl:i32, %arg2:i32) ->i32 {
%5 = arith.addi %arg2, %arg2 :i32
sdir.return %5 :i32
}
%2 = sdir.call @task_3(%arg0, %arg0) : (i32, i32) ->i32
%3 = sdir.get_access %1 : Isdir.array<i32> -> Isdir.memlet<i32>
sdir.store %2, %3[] : i32 -> Isdir.memlet<i32>
%4 = sdir.load %3][] : !sdir.memlet<i32> ->i32
}
%c0 = arith.addi %arg0, %arg0 : i32
%c1 = arith.muli %arg0, %c0 : i32
return

}
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Converter: Arith Operations

sdir.sdfg {entry = @init_0} @binops(%arg0: i32) {
%1 = sdir.alloc_transient {name ="_tmp_2"}() : !sdir.array<i32>
sdir.state @init_0{}
sdir.state @state 1 {
sdir.tasklet @task 3(%argl:i32, %arg2:i32) ->i32 {
%5 = arith.addi %arg2, %arg2 :i32
sdir.return %5 :i32
}
%2 = sdir.call @task_3(%arg0, %arg0) : (i32, i32) ->i32
%3 = sdir.get_access %1 : Isdir.array<i32> -> Isdir.memlet<i32>
sdir.store %2, %3[] : i32 -> Isdir.memlet<i32>
%4 = sdir.load %3[] : Isdir.memlet<i32> ->i32
}
%c0 =wakith.addi %arg0, %arg0 :i32
%c1 = arith.muli %arg0, %cO0 : i32
return

}
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Converter: Arith Operations

sdir.sdfg {entry = @init_0} @binops(%arg0: i32) {
%1 = sdir.alloc_transient {name ="_tmp_2"}() : !sdir.array<i32>
sdir.state @init_0{}
sdir.state @state 1 {
sdir.tasklet @task 3(%argl:i32, %arg2:i32) ->i32 {
%5 = arith.addi %arg2, %arg2 :i32
sdir.return %5 :i32
}
%2 = sdir.call @task_3(%arg0, %arg0) : (i32, i32) ->i32
%3 = sdir.get_access %1 : Isdir.array<i32> -> Isdir.memlet<i32>
sdir.store %2, %3[] : i32 -> Isdir.memlet<i32>
%4 = sdir.load %3[] : Isdir.memlet<i32> ->i32
}
%c0 = arith.addi % %arg0 :i32
%c1 = arith.muli %arg0, %4 :i32
return

}
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Converter: Arith Operations

sdir.sdfg {entry = @init_0} @binops(%arg0: i32) {
%1 = sdir.alloc_transient {name ="_tmp_2"}() : !sdir.array<i32>
sdir.state @init_0{}
sdir.state @state 1 {
sdir.tasklet @task 3(%argl:i32, %arg2:i32) ->i32 {
%5 = arith.addi %arg2, %arg2 :i32
sdir.return %5 :i32
}
%2 = sdir.call @task_3(%arg0, %arg0) : (i32, i32) ->i32
%3 = sdir.get_access %1 : Isdir.array<i32> -> Isdir.memlet<i32>
sdir.store %2, %3[] : i32 -> Isdir.memlet<i32>
%4 = sdir.load %3[] : Isdir.memlet<i32> ->i32
}
%c0 = arith.addi %arg0, %arg0 : i32
%c1 = arith.muli %arg0, %4 :i32
sdir.edge @init_0 -> @state_1
return
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Converter: Arith Operations

sdir.sdfg {entry = @init_0} @binops(%arg0: i32) {
%1 = sdir.alloc_transient {name ="_tmp_2"}() : !sdir.array<i32>
sdir.state @init_0{}
sdir.state @state 1 {
sdir.tasklet @task 3(%argl:i32, %arg2:i32) ->i32 {
%5 = arith.addi %arg2, %arg2 :i32
sdir.return %5 :i32
}
%2 = sdir.call @task_3(%arg0, %arg0) : (i32, i32) ->i32
%3 = sdir.get_access %1 : Isdir.array<i32> -> Isdir.memlet<i32>
sdir.store %2, %3[] : i32 -> Isdir.memlet<i32>
%4 = sdir.load %3[] : Isdir.memlet<i32> ->i32
}
%c1 = arith.muli %arg0, %4 :i32
sdir.edge @init_0 -> @state_1
return

}
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Converter: Arith Operations

sdir.sdfg {entry = @init_0} @binops(%arg0: i32) {
%1 = sdir.alloc_transient {name ="_tmp_2"}() : !sdir.array<i32>

sdir.state @state 1 {

%3 = sdir.get_access %1 : Isdir.array<i32> -> Isdir.memlet<i32>
%4 = sdir.load %3[] : Isdir.memlet<i32> ->i32
}

sdir.state @state_4 {

}
%c1 = arith.muli %arg0, %4 :i32

sdir.edge @init_0 -> @state_1
return
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Converter: Arith Operations

sdir.sdfg {entry = @init_0} @binops(%arg0: i32) {
%1 = sdir.alloc_transient {name ="_tmp_2"}() : !sdir.array<i32>

sdir.state @state 1 {

%3 = sdir.get_access %1 : Isdir.array<i32> -> Isdir.memlet<i32>
%4 = sdir.load %3[] : Isdir.memlet<i32> ->i32
}

sdir.state @state 4 {

}
%c1 = arith.muli %arg0, %4 :i32

sdir.edge @init_0 -> @state_1
return
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Converter: Arith Operations

sdir.sdfg {entry = @init_0} @binops(%arg0: i32) {
%1 = sdir.alloc_transient {name ="_tmp_2"}() : !sdir.array<i32>

sdir.state te 1{

%3 = sdir.get_access %1 : Isdir.array<i32> -> Isdir.memlet<i32>
%4 = sdir.load %3[] : Isdir.memlet<i32> ->i32
}

sdir.state @state 4 {

}
%c1 = arith.muli %arg0, %4 :i32

sdir.edge @init_0 -> @state_1
return
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;@spzl_eth E'HZUfICh

Converter: Arith Operations

sdir.sdfg {entry = @init_0} @binops(%arg0: i32) {
%1 = sdir.alloc_transient {name ="_tmp_2"}() : !sdir.array<i32>

sdir.state @state 1 {

%3 = sdir.get_access %1 : Isdir.array<i32> -> Isdir.memlet<i32>
%4 = sdir.load %3[] : Isdir.memlet<i32> ->i32
}

sdir.state @state_4 {

}
%c1 = arith.muli %arg0, %4 :i32

sdir.edge @init_0 -> @state_1
return
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Converter: Arith Operations

sdir.sdfg {entry = @init_0} @binops(%arg0: i32) {
%1 = sdir.alloc_transient {name ="_tmp_2"}() : !sdir.array<i32>

sdir.state @state 1 {

%3 = sdir.get_access %1 : Isdir.array<i32> -> Isdir.memlet<i32>
%4 = sdir.load %3[] : Isdir.memlet<i32> ->i32
}

sdir.state @state 4 {
%2 = sdir.get_access %1 : Isdir.array<i32> -> Isdir.memlet<i32>
%3 = sdir.load %2[] : Isdir.memlet<i32> ->i32
%4 = sdir.call @task_6(%arg0, %3) : (i32, i32) ->i32

}
%c1 = arith.muli %arg0, %4 :i32
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Converter: Arith Operations

sdir.sdfg {entry = @init_0} @binops(%arg0: i32) {
%1 = sdir.alloc_transient {name ="_tmp_2"}() : !sdir.array<i32>

sdir.state @state 1 {

%3 = sdir.get_access %1 : Isdir.array<i32> -> Isdir.memlet<i32>
%4 = sdir.load %3[] : Isdir.memlet<i32> ->i32
}

sdir.state @state 4 {
%2 = sdir.get_access %1 : Isdir.array<i32> -> Isdir.memlet<i32>
%3 = sdir.load %2[] : Isdir.memlet<i32> ->i32
%4 = sdir.call @task_6(%arg0, %3) : (i32, i32) ->i32

}
%c1 = arith.muli %arg0, %4 :i32
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Converter: Arith Operations

sdir.sdfg {entry = @init_0} @binops(%arg0: i32) {
%1 = sdir.alloc_transient {name ="_tmp_2"}() : !sdir.array<i32>

sdir.state @state 1 {

%3 = sdir.get_access %1 : Isdir.array<i32> -> Isdir.memlet<i32>
%4 = sdir.load %3[] : Isdir.memlet<i32> ->i32

}

sdir.state @state 4 {
%2 = sdir.get_access %1 : Isdir.array<i32> -> Isdir.memlet<i32>
%3 = sdir.load %2[] : Isdir.memlet<i32> ->i32
%4 = sdir.call @task_6(%arg0, %3) : (i32, i32) ->i32

}
sdir.edge @state_1 -> @state_4
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Converter: Memref Operations

%8 = memref.load %arg1[%c0, %arg0] : memref<?x900xi32>

sdir.state @state_6 {
%3 = sdir.get_access %2 : Isdir.array<index> -> Isdir.memlet<index>

%4 = sdir.load %3[] : !sdir.memlet<index> -> index

%5 = sdir.load %argl[%4, %arg0] : Isdir.memlet<sym("s_0")x900xi32> ->i32
%6 = sdir.get_access %1 : !sdir.array<i32> -> Isdir.memlet<i32>

sdir.store %5, %6][] : i32 -> Isdir.memlet<i32>

%7 = sdir.load %6[] : Isdir.memlet<i32> ->i32
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Converter: Memref Operations

%8 = memref.load %argl[%c0, %arg0] : memref<?x900xi32>

sdir.state @state_6 {
%3 = sdir.get_access %2 : Isdir.array<index> -> Isdir.memlet<index>

%4 = sdir.load %3[] : Isdir.memlet<index> -> index

%5 = sdir.load %argl[%4, %arg0] : Isdir.memlet<sym("s_0")x900xi32> ->i32
%6 = sdir.get_access %1 : !sdir.array<i32> -> Isdir.memlet<i32>

sdir.store %5, %6][] : i32 -> Isdir.memlet<i32>

%7 = sdir.load %6[] : Isdir.memlet<i32> ->i32
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Converter: Memref Operations

%8 = memref.load %argl[%c0, %arg0] : memref<?x900xi32>

sdir.state @state_6 {
%3 = sdir.get_access %2 : Isdir.array<index> -> Isdir.memlet<index>

%4 = sdir.load %3[] : !sdir.memlet<index> -> index

%5 = sdir.load %argl[%4, %arg0] : Isdir.memlet<sym("s_0")x900xi32> ->i32
%6 = sdir.get_access %1 : !sdir.array<i32> -> Isdir.memlet<i32>

sdir.store %5, %6][] : i32 -> Isdir.memlet<i32>

%7 = sdir.load %6[] : Isdir.memlet<i32> ->i32
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Converter: Memref Operations

%8 = memref.load %arg1[%c0, %arg0] : memref<?x900xi32>

sdir.state @state_6 {
%3 = sdir.get_access %2 : Isdir.array<index> -> Isdir.memlet<index>

%4 = sdir.load %3[] : !sdir.memlet<index> -> index

%5 = sdir.load %argl[%4, %arg0] : Isdir.memlet<sym("s 0")x900xi32> ->i32
%6 = sdir.get_access %1 : Isdir.array<i32> -> Isdir.memlet<i32>

sdir.store %5, %6][] : i32 -> Isdir.memlet<i32>

%7 = sdir.load %6[] : Isdir.memlet<i32> ->i32
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Converter: Memref Operations

%8 = memref.load %arg1[%c0, %arg0] : memref<?x900xi32>

sdir.state @state_6 {
%3 = sdir.get_access %2 : Isdir.array<index> -> Isdir.memlet<index>

%4 = sdir.load %3[] : !sdir.memlet<index> -> index

%5 = sdir.load %argl[%4, %arg0] : Isdir.memlet<sym("s 0")x900xi32> ->i32
%6 = sdir.get_access %1 : !sdir.array<i32> -> Isdir.memlet<i32>

sdir.store %5, %6][] : i32 -> Isdir.memlet<i32>

%7 = sdir.load %6[] : Isdir.memlet<i32> ->i32
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Converter: Memref Operations

memref.store %c2, %argl[%arg0, %arg0] : memref<?x900xi32>

sdir.state @state_10 {

%3 = sdir.get_access %0 : Isdir.array<i32> -> Isdir.memlet<i32>

%4 = sdir.load %3[] : Isdir.memlet<i32> ->i32

sdir.store %4, %arg1[%arg0, %arg0] :i32 -> Isdir.memlet<sym("s 0")x900xi32>
}
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Converter: SCF For Loops

scf.for %argll = %cO0 to %c1 step %c2 {
// Loop Body

}
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spcl.inf.ethz.ch o
; @sp:/_eth ETHzurich

Converter: SCF For Loops

sdir.state @init_8 {}
sdir.state @guard_9 {}
sdir.state @body_10 {}
// Loop Body

sdir.state @loopReturn_11 {}
sdir.state @exit_12 {}
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spcl.inf.ethz.ch o
; @sp:/_eth ETHzurich

Converter: SCF For Loops

@init_8

sdir.state @init_8 {}

sdir.state @guard_9 {}

sdir.state @body_10 {}

// Loop Body @body 10 @guard_9 @exit_12

sdir.state @loopReturn_11 {}
sdir.state @exit_12 {}

@return
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; @sp:/_eth ETHzurich

Converter: SCF For Loops l

@init_8
sdir.state @init_8 {}
sdir.state @guard_9 {}

sdir.state @body_10 {}
// Loop Body @body 10 @guard_9 @exit_12

sdir.state @loopReturn_11 {}
sdir.state @exit_12 {}

@return
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; @sp:/_eth ETHzurich

Converter: SCF For Loops l

sdir.state @init_8 {}
sdir.state @guard_9 {}
sdir.state @body_10 {}

// Loop Body @body_10 @guard_9 @exit_12

sdir.state @loopReturn_11 {}
sdir.state @exit_12 {}

@return
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spcl.inf.ethz.ch o
; @sp:/_eth ETHzurich

Converter: SCF For Loops

sdir.state @init_8 {}
sdir.state @guard_9 {}
sdir.state @body_10 {}

// Loop Body

sdir.state @loopReturn_11 {}
sdir.state @exit_12 {}

@body 10 @guard_9 @exit_12
—— —_—

@return
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; @sp:/_eth ETHzurich

Converter: SCF For Loops

sdir.state @init_8 {}
sdir.state @guard_9 {}
sdir.state @body_10 {}

// Loop Body

sdir.state @loopReturn_11 {}
sdir.state @exit_12 {}

@body 10 @guard_9 @exit_12
—— —_—

@return
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spcl.inf.ethz.ch o
; @sp:/_eth ETHzurich

Converter: SCF For Loops

sdir.state @init_8 {}
sdir.state @guard_9 {}
sdir.state @body_10 {}

// Loop Body

sdir.state @loopReturn_11 {}
sdir.state @exit_12 {}

@body 10 @guard_9 @exit_12
—— —_—

@return
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; @sp:/_eth ETHzurich

Converter: SCF For Loops

sdir.state @init_8 {}
sdir.state @guard_9 {}
sdir.state @body_10 {}

// Loop Body

sdir.state @loopReturn_11 {}
sdir.state @exit_12 {}

@body 10 @guard_9 @exit_12
—— —_—

@return
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Converter: SCF For Loops

sdir.state @init_8 {}
sdir.state @guard_9 {}
sdir.state @body_10 {}

// Loop Body

sdir.state @loopReturn_11 {}
sdir.state @exit_12 {}

spcl.inf.ethz.ch o
; @sp:/_eth ETHzurich

@body 10 @guard_9 @exit_12

}
|

@return
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; @sp:/_eth ETHzurich

Converter: SCF For Loops l

sdir.state @init_8 {}
sdir.state @guard_9 {}
sdir.state @body_10 {}

// Loop Body @body_10 @guard_9 @exit_12

: l
l'

@return

sdir.state @loopReturn_11 {}
sdir.state @exit_12 {}
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; @sp:/_eth ETHzurich

Converter: SCF For Loops l

sdir.state @init_8 {}
sdir.state @guard_9 {}
sdir.state @body_10 {}

// Loop Body

@body 10 @guard 9 @exit 12
last.op %x, %y : t1 /- BHare- -
sdir.state @loopReturn_11 {}
sdir.state @exit_12 {} l l

@return
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; @sp:/_eth ETHzurich

Converter: SCF For Loops l

sdir.state @init_8 {}
sdir.state @guard_9 {}
sdir.state @body_10 {}

// Loop Body

@body 10 @guard_9 @exit_12
last.op %x, %y :t1 <(— \ark to link Y g
sdir.state @loopReturn_11 {}
sdir.state @exit_12 {} l l
@return
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; @sp:/_eth ETHzurich

Converter: SCF For Loops l

sdir.state @init_8 {}
sdir.state @guard_9 {}
sdir.state @body_10 {}

// Loop Body

| ] _ o o @body 10 @guard_9 @exit_12

ast.op {linkToNext=true} %x, %y : t1

sdir.state @loopReturn_11 {}

sdir.state @exit_12 {} l l
@return
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;@spzl_eth E'HZUfICh

Converter: SCF For Loops l

sdir.alloc_symbol("idx")

sdir.state @init_8 {}
sdir.state @guard_9 {} ¢
sdir.state @body_10 {}

@body 10 @guard_9 @exit_12
- —
// Loop Body
last.op {linkToNext=true} %x, %y : t1
sdir.state @loopReturn_11 {} l l

sdir.state @exit_12 {} l

@return
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;@spzl_eth E'HZUfICh

Converter: SCF For Loops l

@init_8

sdir.alloc_symbol("idx")

sdir.state @init_8 {} (e—— nits “idx”

sdir.state @guard_9 {} ¢ Checks “idx” ¢

sdir.state @body_10 & @body 10 @guard_9 @exit_12
B —  ———

// Loop Body

last.op {linkToNext=true} %x, %y : t1

sdir.state @loopReturn_11 {} <u——ncreases“idx” l l

sdir.state @exit_12 {} l

@return
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;@spzl_eth E'HZUfICh

Converter: SCF For Loops l

sdir.alloc_symbol("idx")

sdir.state @init_8 {}
sdir.state @guard_9 {} ¢
sdir.state @body_10 {}

@body 10 @guard_9 @exit_12
%2 = sdir.sym("idx") : index
// Loop Body l
last.op {linkToNext=true} %x, %y : t1
sdir.state @loopReturn_11 {} l
sdir.state @exit_12 {}
@return
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Outline

Summary
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; @sp:/_eth ETHzurich

Methodology

e PolyBench’s 2mm, adi, gemver,
heat-3d, trmm
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Methodology

e PolyBench’s 2mm, adi, gemver,
heat-3d, trmm

® (CSCS Ault server

® Build compilation pipeline for SDIR

e Compare with clang, gcc, polly, pluto
® Single- & Multi-Threaded

® Run 100 times on the large dataset

® 10 Runs warm-up

spcl.inf.ethz.ch
’ @spcl_eth

ETHzurich

Architecture x86_64
CPUs 72

Cores per socket 18

Base frequency 3.00 GHz
L1l cache size 32kB
L1D cache size 32kB
LLVM/MLIR version 14.0.0git
Clang version 10.0.1

DaCe version

0.11.4
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; @sp:/_eth ETHzurich

Compilation Pipeline

<C Benchmarl)

Polygeist

90



spcl.inf.ethz.ch o
; @sp:/_eth ETHzurich

Compilation Pipeline

<C Benchmarl)

Polygeist = Extract Kernel
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’ @spcl_eth

ETHzurich

Compilation Pipeline

<C Benchmarl)

Polygeist

Y

Extract Kernel

| Convert Kernel

to SDIR
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’ @spcl_eth

ETHzurich

Compilation Pipeline

<C Benchmarl)

Polygeist

Y

Extract Kernel

| Convert Kernel

to SDIR

Y

Translate SDIR
to SDFG
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’ @spcl_eth

ETHzurich

Compilation Pipeline
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Affine pipeline

< Affine IR >

Loop tiling g LOOP g Move. loop g Vectorize > Loop normalize
unroll-jam invariants
Lower to . Lower to . Lower to . Looo fusion - Parallelize
LLVM dialect STD dialect SCF dialect P
Translate to . -
LLVM IR LLC (-03) Clang (-03)

A 4

<Executable>

N. Katel, V. Khandelwal and U. Bondhugula: High Performance GPU Code Generation for Matrix-Matrix Multiplication using MLIR: Some early results, arXiv:2108.13191, 2021 95
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Parallel Benchmarks
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Summary

¥ encen ETHZziirich

SDIR: Between MLIR and DaCe

| Source Language

Language
specific dialect

MLIR

Lowered LLVM dialect

Affine Linalg

1

SDFG

Transformed SDFG

Machine Code

| | Generated Code |

Converter: SCF For Loops

sdir.alloc_symbol("idx")
sdir.state @init_8 {}
sdir.state @guard_9 {}
sdir.state @body_10 {}

%2 = sdir.sym("idx") : index

// Loop Body
last.op {linkToNext=true} %x, %y : t1

sdir.state @loopReturn_11 {}
sdir.state @exit_12 {}

¥ onios ETHzirich

l

@init_8

'

@body_10 @guard_9 @exit_12

* 1
;

@return

MASPCL

SDIR: Consume Scopes

000 [5=0P], Condton: deA) = 0)

|

(-

|

1000 [5=0P1, Concon: geri) = 0)

B

PASPCL

=1

%A = sdir.alloc_stream()
%S = sdir.get_access %A
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sdir. \_pes=5, ¢
%c = sdir.call @add_one(%e)
sdir.storefwer="add"} %c, %C[0]

Parallel Benchmarks

heat-3d trmm
e -
L
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-— ok ———
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pty} (%5) -> (pe: %p, elem: %e) {

v enin ETHzirich

gemver
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Further Evaluations

<C BenchmarD

Polygeist

Extract Kernel

Optimization
pipeline

Extract Driver

Y

Link with driver

< Executa ble>
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Challenges

func private @kernel_2mm(%arg0:i32, ..., %argb: memref<?x900xf64>, ...){
%5 = arith.index_cast %arg0 : i32 to index

scf.for %argll = %c0_0 to %5 step %cl_1 {
%8 = memref.load %argb[%argll, %argl3] : memref<?x900xf64>

}
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func private @kernel_2mm(%arg0:i32, ..., %argb: memref<?x900xf64>, ...){
%5 = arith.index_cast %arg0 : i32 to index

scf.for %argll = %c0_0 to %5 step %cl_1 {
%8 = memref.load %argb[%argll, %argl3] : memref<?x900xf64>

}
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Challenges

func private @kernel_2mm(%arg0: i32, ..., %argb: memref<?x900xf64>, ...)

Isdir.memlet<sym(“s_0")x900xf64>
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What’s the value?
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