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Overview of T2S

* A constructive programming approach for spatial architectures (e.g. FPGAs) and
vector architectures (e.g. GPUs)
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Integrating T2S with SYCL

#include "HalideBuffer.h"

int main(){

#pragma t2s_spec_start

ImageParam A("A", TTYPE, 2), B("B", TTYPE, 2);

C.compile_to_oneapi( { A, B }, "gemm", IntelFPGA); I
#l!ugmu-ezs,ap ——r

const int TOTAL_I III * II * I;

const int TOTAL_J JJ) * 31 * J;

const int TOTAL_K = KKK * KK * K;

float *a new float[TOTAL_K * TOTAL_I];

float *b new float[TOTAL_J * TOTAL_K];

float *c new float[JJJ * III % JJ * II * J x I];

for(unsigned int i = 0; i < (TOTAL_K * TOTAL_I); i++){ a[i] = random(); }
for(unsigned int 1 = 0; i < (TOTAL_J * TOTAL_K); i++){ b[i] = random(); }
for(unsigned int 1 = 0; 1 < (JJJ * IIT * JJ x IT x J * I); i++){ c[i] = 0.0f; }

[T

int a_dim[2]
int b_dim[2]
int c_dim[6]

{TOTAL_K, TOTAL_I};
{TOTAL_J, TOTAL_K}
{333, 111, J3, II, J, I};

#pragma t2s_submit gemm (A, a, a_dim) (C, c, c_dim) (B, b, b_dim)

return 0;
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Preprocessor (transparent to user)

Integrating T2S with SYCL W Coe

standard SYCL code
using queue submit

Standard SYCL code

[ XN ] — 1
; 7 CIERED 2 Normal DPC++ compile flow
3 // The only header file needed for including T2S.
s Sinclude “Nalideburter - Preprocessor (transparent to user) i tbl,
5 at binary
6 int main(){
7
8 // A T25 spect ation that eate a ma X accelerator on an FPGA.
9 #pragma t2s_spec_start Other TZS Spec
10 // Inputs v
11 ImageParam A("A", TTYPE, 2), B("B", TTYPE, 2); d
12 /o .
13 // Synthesise the spec into a function "gemm vhich is 0neAPI/SYCL device code, for FPGA Co e TZS Compller
14 C.compile_to_oneapi( { A, B }, "gemm", IntelFPGA);
15 #pragma t2s_spec_end

S standard SYCL code

// Initaliz
18 const int TOTAL_I = III * II % I; . .
19 const int TOTAL_J = JJJ * JJ * J; b
20 const int TOTAL_K = KKK * KK * K; ‘} USIng queue su mlt
21 float *a new float[TOTAL_K * TOTAL_I];

22 float *b = new float[TOTAL_J * TOTAL_K];

23 float *c new float[JJJ * III % JJ * II * J x I];
24 for(unsigned int i = 0; i < (TOTAL_K * TOTAL_I); i++){ a[i] = random(); } Sta ndard SYCL COde

oo

25 for(unsigned int 1 = 0; i < (TOTAL_J * TOTAL_K); i++){ b[i] random(); }

26 for(unsigned int 1 = 0; 1 < (JJJ * IIT * JJ x IT x J * I); i++){ c[i] = 0.0f; }

27

28 // Dime ns of the data

29 int a_dim[2] = {TOTAL_K, TOTAL_I};

30 int b_dim[2] = {TOTAL_J, TOTAL_K};

31 int c_dim[6] = {133, III, 33, II, J, I}; N I DPC 'I ﬂ

= orma ++ compiie Tiow
33 // Below we invoke the generated matrix multiple accelerator

34

35

36 t

37 // spec above (C: S t .

38 #pragma t2s_submit gemm . /|
39 Fat binary

40 return 0;




Preprocessor (transparent to user)

Integrating T2S with SYCL ==

standard SYCL code
using queue submit

Standard SYCL code

[ XN ] 1
; /% gemm. cpp Normal DPC++ compile flow
3 // The only header file needed for including T25S. Host I Input Data l
4 #include "HalideBuffer.h" )
5 Device Fat binary
6 int main(){
7
8 // A T2S specification that would create a matrix multiply accelerafjc fori
13 #pragna t2s_spec_start Block loops (GPU) { User-managed Caches
11 Imaqc aram A("A", TTYPE, 2), B("B", TTYPE, 2); for k'/_’—’—
12 . 1(—
13 // Synthesise the spec into a function "gemm", which is OneAPI/§YCL fork
14 C compile_to oneml( { A, B}, "gemm" InteLFPGA) {foru /
13 #pragma t2s_spec_end ' ’ Thread loops (GPU) Input Loader Feeder
16
y for iii h I
17 // In nn
18 const int TOTAL_I = IIT * II % I; Space loops for jjj i } C a els
19 const int TOTAL_J = JJJ * JJ * J; for kkk I J,_J |
20 const int TOTAL K = KKK * KK * K; or ! I !
21 float *a = new float[TOTAL_K * TOTAL_I]; C=A"B |, —_— |
22 float *b = new float[TOTAL_J * TOTAL_K]; ! PE | PE ! H
23 float *c = new float[J1] * III * 1] * II * J * I]; ! """t e | SVStOIIC Array
24 for(unsigned int 1 = 0; 1 < (TOTAL_K * TOTAL_I); i++){ a[i] = random(); : :
25 for(unsigned int i = 0; 1 < (TOTAL_J * TOTAL_K); i++){ b[i] = random(); .
26 for(unsigned int i = 0; i< (JJ] = III * J] * Ii * J x I); t++){ c[i] ; : Systolic array : OUtPUt
27 | | .
28 // Dimensions of the data I ! Dralner/colIector/UnIoader
29 lnt a_dim[2] = {TOTAL_K, TOTAL_I}; « | R :
30 int b_dim[2] = {TOTAL_J, TOTAL_K}; for iii m |
31 e IR G & iy ity il Bt o 0% Drain loops 1 ¢, o i (i : ChannEIS
32 ! I
33 / Below we invoke the generated matrix multiple accelerator Drainloops{foriij : & ] i User-managed Caches
34 for jjj ! !
35 ] (o to be gen £ i
36 and
37 m”.
38 #pragma t2s_ sumet gemm (A a, a_dim) (C, c, c_dim) (B, b b _dim) /| %\
39 QN
40 return 0; Q \b" \\
Y Host | Output Data ) )




Integrating T2S

/* gemm.cpp */
// The only header file needed for including T2S.
#include "HalideBuffer.h"
int main(){ 29
// A T2S specification that would create a matrix multiply accelera
#pragma t2s_spec_start
// Inputs
ImageParam A("A", TTYPE, 2), B("B", TTYPE, 2);
// Synthesise the spec into a function "gemm", ich is OneAPI/RY 37
C.compile_to_oneapi( { A, B }, "gemm", IntelFPGA); 8
#pragma t2s_spec_end i:
41
// Initalize data o
const int TOTAL_I = III * II * I; a3
const int TOTAL_J = JJJ * JJ * J; 2
const int TOTAL_K = KKK * KK * K; 45
float *a = new float[TOTAL_K * TOTAL_I]; @
float *b = new float[TOTAL_J * TOTAL KI; :;
float *c = new float[JJJ * III * JJ x IT x J * I]; o
for(unsigned int i = 0; i < (TOTAL_K * TOTAL_I); i++){ al[i] = random( sp
for(unsigned int i = 0; 1 < (TOTAL_J * TOTAL_K); i++){ b[i] = random( s1
for(unsigned int 1 = 0; 1 < (JJJ * IIT *x JJ x IT x J * I); i++){ c[i]>2
53
// Dimensions of the data :
int a_dim[2] = {TOTAL_K, TOTAL_I}; -
int b_dim[2] = {TOTAL_J, TOTAL_K}; 57
int c_dim[6] = {JJJ, III, JJ, II, ], I}; ss
59
// Below we invoke the generated matrix multiple accelerator e
61
// Call a function “gemm: that is to be generated by the embedded TZSZ
// Pass in the data and dimensions. For example, “A(A, a, a_dim)” means

// spec above (C2) corresponds to array ”“a” with dimension “a_dim”.
#pragma t2s_submit gemm (A, a, a_dim) (C, c, c_dim) (B, b, b_dim)

return 0;

with SYCL

// Dependences

#define P cii, €000,  YyY, XXX, COO, ¥y, XX, Ky,
cii-1, 000, yyy, XXX, o0, Yy, XX, Ky,
Cii+CII-1, Co00,  yyy, XXX, €00, ¥y, XX, ky-1,
Cii+CII-1, €000,  yyy, XXX, COO, ¥y, XX, Ky+KY-1,
cii+CII-1, €000,  Yyy, XXX, €00, Yy, XX, ky+KY-1,
#define P_cooo_minus_1 cii, €000-1, yyy, XXX, COO, Yy, XX, Ky,
#define P_yyy minus_1 cii, cooo,  yyy-1, Xxx, €00, yy, XX, ky,
#define P_Out €000,  YYY, XXX, COO, YV, XX,

// Linearized addresso
k)
)

#define total (yyy + YYYoyy + YYYevyey +

+ XOERAEX +

#define total
#define total oy
#define total_ox

(o0 + XXX*xx
(ryy + YWY*yy
(00 + XXX*xX

+ Y¥vevYsy)

+ 000 XX=x)

(€000 + CO00*Coo + CO00*CO0%CO)
(cii + CIT*ci)

#define total _co
#define total ci

// Type of the data to process in C and T2S
#define CTYPE float
#define TTYPE Float(32)

// Tnputs
#ifdef GPU

ImageParam I("I", TTYPE, 2), K("K", TTYPE, 2);

#define PI  total_ci + (TOTALCI) * n, total_iy + (TOTAL_IY) * total_ix

#define PK  total_co + (TOTAL_CO) * kx, total_ci + (TOTAL_CI) * ky
total_co + (TOTAL_CO) * n, total oy + (TOTAL_OY) * total_ox

(1.dim(0).extent() / TOTAL_CI)

#define P_O
#define UN

#else
ImageParam I("I", TTYPE, 4), K("K", TTYPE, 4);
#define P_I total iy, total_ix, total ci, n

ky, kx, total_ci, total co
P_out
(I.dim(3)..extent())

#define P_K
#define P_O
#define UN

sendif
tnat

n tne

Kx,
K,

K,
kx-1,
-1,
x,

o,

i, v,
ci, v,
ci, v,
ci, vy,
€i-1, v,
ST
cd, v,

¥s

Preprocessor (transparent to user)

T2S compiler

standard SYCL code
using queue submit

Standard SYCL code

!

Normal DPC++ compile flow

l

Fat binary

Var ci1("Cii"), ci("Ci"), cooo("cone"), coo("co0™), co("ca"), ky("ky"), KK(*KK"), YYY("YYY"), Xek(oo), YY(Y"), ("), YOV, KN, ()3
we TIVRE, {P)), B("", TIVPE, {P}), CC"C", TIYPE, {P}), OUE("OUt"™);
A(P) = select(co00 == &, I(P_1), A(P_co00_minus_1));
B(P) = select(yyy == &, K(P_K), B(Pyyy_minus_1));
C(P) = select(cii == @ 88 ky == © 88 kx == 0 86 C1 == 8, ©

select(ci == 8, select(ky == 8, select(cx == 9, C(P_ci_minus_1), C(P_kx_minus_1)), C(P_ky_sinus_1)), C(P_cii_minus_1)))

+ AP) * 80
out(p_out) = select(cii ==

11 88 ky == K¥-1 88 ki == K1 8 ¢ == CI-L, C(P));

Put all the URES ins:
a.merge_ures(s, C, out);

e same loop nest of x

Explicitly set the loop bounds

.set_bounds (coc0, @, CO0D, €00, 8, COO, €O, €, CO)
et bounds(y, 0, KY, K, @, KK)
.set_bounds(cil, e, CIT, ci, e, CI)
Lset_bounds(yyy, 8, YWY, 00, 0, X0X)

Lset bounds(yy, @ WY, X, @, X
Lsetbounds(y, &Y, % &%)
.set_bounds(n, o, U0);

ace_tine_transforn(cooo, yyy);

P can have many threads running in parallel.
£ e

gpu_blocks(x, co, m).gou_threads(yy, XK);
sendif

Stensor DI("1Loader”, D), SI("ifeeder”, SuN), OK("KLoader", ORMH), SK("KFeeder”, SRAN);
Stensor R02("arainer”, 3£G), RO1("Collector”, REG), 0O(unloader, DRNM), O("deserializer”);
T > OLLout(els) » FF0(125)
>» ST scope(kn).out(ci, yyy) > FIFO(128);
K 5> D.Out(cD) > FIFO(125)
> SK.scope(kn) -out(cit, coo0) »> FIFO(128);
Ot > FI70(1028) > RO2. 5cope (000) . oUE(c000, 1yY)
>> FIF0(128)  >> ROL.5cope(yyy) 0ut(€000)
> FIF0(128) >> 00 » 0(P_0);

mpile.
pile_to_

v, IntelFpaR);

("conv-interface”, { 1, K 3,
PACL I, K 3, "conv”, IntelFPGa);




Unified programming model: T2S

Preprocessor (transparent to user)

Other,
code

T2S compiler

// Dependences

#define P cii, Co00,  YVY, XXX, €00, YY¥, XX, Ky, Kx, ci,
#define P_cii_minus_1 cii-1, Co00,  YVY, XXX, €00, YY, XX, Ky, Kx, ci,
#define P_ky_minus_1 cii+CII-1, cooo,  Yyy, XXX, €00, Yy, Xx, Kky-1, Kx, ci,
#define P_kx_minus_1 cii+CII-1, cooo,  yyy, XXX, €00, Yy, Xx, Ky+KY-1, kx-1, ci,
#define P_ci_minus_1 cii+CII-1, cooo,  yyy, XXX, €00, Yy, Xx, Ky+KY-1, kx+KX-1, ci-1,
#define P_cooo_minus_1 «c¢ii, cooo-1, yyy, XXX, €00, YY, XX, Ky, Kx, ci,
#define P_yyy_minus_1 cii, cooo,  yyy-1l, Xxx, €oo, yy, XX, Ky, Kx, ci,
#define P_Out €000, YVY, XXX, €00, Yy, XX,

// Linearized addresso

#define total_ (yyy + YYY*yy + YYY*YY*y + ky)
#define total_ix (ex + 000 + 0= + kx)
#define total_oy (yyy + YYY*yy + YYY*YY*y)
#define total_ox (xxx + JO0Fxx + 00FX*x)
#define total_co (cooo + CO00*cooc + COO0*COO*co)
#define total_ci (cii + CII*ci)

// Type of the data to process in C and T2S
#define CTYPE float
#define TTYPE Float(32)

X,
X,
XI
X,

X

X

co,
co,
co,
co,
co,
co,
co,

co,

Defining Parameters

standard SYCL code
using queue submit

Standard SYCL code

!

Normal DPC++ compile flow

l

Fat binary

#endif
—

// Inputs

ImageParam I("I", TTYPE, 2), K("K", TTYPE, 2);

" total_cL T LTOTAC_ N 1_iy + (TOTAL_IY) * total_ix
#define P_K total_co + (TOTAL_CO) * kx, total_ci + (TOTAL_CI) * ky
#define P_O total_co + (TOTAL_CO) * n, total_oy + (TOTAL_OY) * total_ox

#define UN (I.dim(@).extent() / TOTAL_CI)
#else

ImageParam I("I", TTYPE, 4), K("K", TTYPE, 4);

#define P_I total_iy, total_ix, total_ci, n

#define P_K ky, kx, total_ci, total_co

#define P_0O P_Out

#define UN (I.dim(3).extent())

Defining Inputs




Preprocessor (transparent to user)

Unified programming model: T2S =

lstandard SYCL code
using queue submit
55 [/ URES Standard SYCL code
66 var cii("cii"), ci("ci"), cooo("cooc™), coo("coo™), co("co"), ky("ky"™), kx("kx"), yyy("vyy"), xxx("xxx"), yv("yy"), xx("xx"), y("y"), x("x"), n("n"); 1

67 URE A("A", TTYPE, {P}), B("B", TTYPE, {P}), C("C", TTYPE, {P}), out("out"); Normal DPC++ compile flow
68 A(P) = select(cooc == @, I(P_I), A(P_cooo_minus_1)); l

69 B(P) = select(yyy == @, K(P_K), B(P_yyy_minus_1)); Fat binary

70 C(P) = select(cii == @ && ky == @ && kx == 0 && ci == 9, 0,

71 select(cii == @, select(ky == @, select(kx == @, C(P_ci_minus_1), C(P_kx_minus_1)), C(P_ky_minus_1)), C(P_cii_minus_1)))

72 + A(P) * B(P); . .

73 Out(P_out) = select(cii == CII-1 && ky == KY-1 8& kX == KX-1 && ci == CI-1, C(P)); Uniform recurrence equations

74

75 // Put all the UREs inside the same loop nest of X.

76 A.merge_ures(B, C, out);

77

78 // Explicitly set the loop bounds

79 A.set_bounds(cooec, e, CO0O0, coc, @, COO, co, @, CO)

g0 .set_bounds(ky, e, Ky, kx, @, KX)

81 .set_bounds(cii, e, CII, ci, @, CI)

82 .set_bounds(yyy, @, YYY, xXxx, @, XXX)

83 .set_bounds(yy, 2, YY, XX, @, XX)

34 .set_bounds(y, e, Y, X, e, X)

85 .set_bounds(n, 2, UN);

86

/ Create a systolic array

Space-time transform

A.space_time_transform(cooo,

// GPU can have many threads running in parallel.
#ifdef GPU
A.gpu_blocks(x, co, n).gpu_threads{yy, xx);

#endif




95
96
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100
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182
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104
185
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188
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114

Unified programming model: T2S

Preprocessor (transparent to user)

Other T2S spec

code T2S compiler

standard SYCL code
using queue submit

Standard SYCL code

!

'/ I1/0 network

Stenser DI("iLoader", DRAM), SI("iFeeder", SRaM), DK("kLoader™, DRAM), SK("kFeeder"”, SRAM);
Stenser RO2("drainer”, REG), RO1("cellector", REG), DO("unloader”, DRAM), O("deserializer");

I >> DI.out(cii) >> FIFO(128)
>>» SI.scope(kx).out{cii, yyy) >> FIFO(128);
K >» DK.out(cii) >> FIFO(128)
>> SK.scope(kx).cut{cii, cooc) >> FIFO(128);
out »>> FIFO(1024) >> RO2.scope(xxx).cut(cooo, yyy)
>> FIFO(128) >> RO1.scope(yyy).cut(cooo)
> FIFO(128) »>> DO >> 0O(P_O);

// Compile the kernel to an FPGA bitstream, and expose a C interface for the hest to invoke
#ifdef GPU

f/ O.compile_to_host("conv-interface", { I, K }, “"conv", IntelGPU);

/ O.compile_to_oneapi({ I, K }, "conv", IntelGPU);

std::cout << "(NOTE) T2S w/ OneAPI on GPU is Not implemented at this time\n";
#else

// O.compile_to_host("conv-interface", { I, K }, "conv", IntelFPGA);

I O.compile_to_oneapi({ I, K }, "conv", IntelFPGA); I

#endif

Abstract memory hierarchy

Generate OneAPI/SYCL Code

Normal DPC++ compile flow

l

Fat binary




OneAPI Code Generator

void compile_to_oneapi(
const std::vector< Argument > &,

1

2

3 const std::string & fn_name = R
4 const Target & target = get_target_from_enviornment()
5

)5

Preprocessor (transparent to user)

Other T2S spec

code T2S compiler

standard SYCL code
using queue submit

Standard SYCL code

!

Normal DPC++ compile flow

l

Fat binary

« const std::vector<Argument> &: A set of inputs to the Func or Stensor pipeline stage

« const std::string & fn_name: Name of the compiled function and file prefix

« const Target & target: Set of Halide Targets

i.e

Target: :IntelFPGA|or Target: :IntelGPU




Integrating T2S with OneAPI and SYCL

[ XN ]
1/ )€ cpr
2
3 // The only er file needed for inc
4 #include "HalideBuffer.h"
5
6 int main(){
7
8 // A T2S ification u accelerator on a
9 #pragma t2s_spec_start
10 S
11 ImageParam A("A", TTYPE, 2), B("B", TTYPE, 2);
12 // .
13 // Synt into a t gemm", which is ( For
14 C.compile_to_oneapi( { A, B }, "gemm", IntelFPGA);
15 #pragma t2s_spec_end
16
17 // Initalize
18 const int TOTAL_I = III * II * I;
19 const int TOTAL_J = JJJ * JJ * J;
20 const int TOTAL_K = KKK * KK * K;
21 float *a = new float[TOTAL_K * TOTAL_I];
22 float *b = new float[TOTAL_J * TOTAL K];
23 float *c = new float[JJJ * III * JJ x IT * J * I];
24 for(unsigned int i = 0; 1 < (TOTAL_K * TOTAL_I); i++){ a[i] = random(); }
25 for(unsigned int i = 0; 1 < (TOTAL_J * TOTAL_K); i++){ b[i] = random(); }
26 for(unsigned int 1 = 0; 1 < (JJJ * III * JJ * IT x J *x I); i++){ c[i] = 0.0f; }
27
28 ft d
29 {TOTAL_K, TOTAL_I};
30 int b_dim[2] = {TOTAL_J, TOTAL_K};
31 int c_dim[6] = {133, III, JJ, II, J, I};
32
33 ve
34
35 l unc C2
36 s the
37 C ve (C2) c ds to array ”"a” with “
38 #pragma t2s_submit gemm (A, a, a_dim) (C, c, c_dim) (B, b, b_dim)
39
40 return 0;
41}

Preprocessor (transparent to user)

Other,
code T2S compiler
standard SYCL code
using queue submit
I Standard SYCL code I

'

Normal DPC++ compile flow

l

Fat binary




Preprocessor (transparent to user)

T2S spec

Integrating T2S with OneAPI and SYCL 2 C s

standard SYCL code

OO0 using queue submit

Standard SYCL code I

Included OneAPI generated |
GEMM header file )

6 #define KKK 16 N

7 #define 133 8 Normal DPC++ compile flow
8 #define III 10

9 #define 13 32 l

10 #define II 32

11 #define KK 32 Fat binary

12 #define K 32

13 #define J 32

14 #define I 32

15

18 1 ize
19 const int TOTAL_I = III * II * I;

20 const int TOTAL_J JJ) * )] * J;

21 const int TOTAL_K = KKK * KK * K;

22 float *a = new float[TOTAL K * TOTAL_I];

23 float *b = new float[TOTAL_J * TOTAL KI;

24 float *c new float[JJ) * III * JJ * II * J % I];

25 for(unsigned int i = 0; i < (TOTAL_K * TOTAL I); i++){ ali] = random(); }

26 for(unsigned int i = 0; i < (TOTALJ * TOTAL K); i++){ b[i] = random(); }

27 for(unsigned int i = 05 i < (30 % IIT * 33 % 1T * J * 1); i++){ c[i] = 0.0f; }

28

2 Dimensions| of the dat

30 int a_dim[2] = {TOTAL K, TOTAL_I};

31 int b_dim[2] = {TOTAL_J, TOTAL K};

32 int c_dinl6) = {333, 11T, 33, 11, 3, 1};

33

34 ) t € by bedded e bove (C

35 c A P ] i eans that “A” in th

36 C ( ), C C th

39 Halide::Runtime::Buffer<float, (sizeof(a_dim)/sizeof(int))> A_h( .

10 a, $td: :vectorelnt>(std: hegin(a din), std: end(a din))); Wrapped input argument
41 Halide: :Runtime::Buffer<float, (sizeof(c_dim)/sizeof(int))> C_h(

a2 ¢, std::vector<int>(std::begin(c_din), std::end(c_dim))); L .

43 Halide::Runtime::Buffer<float, (sizeof(b_din)/sizeof(int))> B_h( |nS|de TZSP DSL structures

), std::end(b_dim)));

44 b, std::vector<int>(std::begin(b

47 #1f defined(FPGA_EMULATOR)

D o SO e clector; /7 (MOTE) for emulati Define OneAPI FPGA

50 #else

51 std::cout << "USING REAL FPGA\n"; °

ZS #end{;k\ ext::intel::fpga_selector device_selector; Ve 1 rdware pr ing deV|ce Selector

S R Execute generated GEMM
60 double exec_time = 0;

61 exec_time = gemm(device_selector, A_h.raw_buffer(), B_h.raw_buffer(), C_h.raw_buffer()); f .

2 std:: q n\n";

e T R R oy unction

65 return 0;




Integrating T2S
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Wrapper

Host/Device Kernels
Memory Management
Performance metrics

Preprocessor (transparent to user)

Other T2S spec
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Preprocessor (transparent to user)
1. Wrapper
Other T2S spec

Integrating T2S

standard SYCL code
using queue submit

I Standard ‘SYCL code I

'

Normal DPC++ compile flow

* Generated GEMM code takes in 2 types of arguments Fatb{naw

= sycl::ext::intel::fpga_selector device_selector

= Used to either use FPGA emulation or synthesize to real hardware

= Halide::Runtime::Buffer

= T2SP’s Halide Runtime Buffers. Used to manage device and host memory
copies and management

XN
1/ A
2 // Function wrapper
3 double gemm(const sycl::device_selector &deviceSelector,
4 Halide: :Runtime: :Buffer<float,2> *A,
5 Halide: :Runtime: :Buffer<float,2> *B, _
6 Halide: :Runtime: :Buffer<float,2> *C) { N\
7 9 ) ))




Preprocessor (transparent to user)

Other T2S spec

I nteg rati ng TZS 2. Host/Device Kernels e e

standard SYCL code
using queue submit

I Standard ‘SYCL code I

'

Normal DPC++ compile flow

e Host Kernels Fatblmaw

* Host kernels are executed as normal C++ code on host memory

e Device Kernels

* Device kernels are submitted into device queues and kernel events are recorded in
a std::vector for performance analysis at the completion of the application

| NN

1 amm C 7)

2 // vevice nernelt

3 oneapi_kernel_events.push_back( q_device.submit([&](sycl::handler &h){

4  h.single_task<class kernel_1>([=](){

5 /S ... _
L L 1N\

6 }); // h.single_task kernel_ 1 RN\

7%}) ); // qg_device.submit [\ J H “




Preprocessor (transparent to user)

T2S spec

Integrating T2S 2 C

3. Memory Management lstandardSYCLcode
using queue submit
I Standard SYCL code I
!
. Memory management OO Normal DPC+IcompiIerow
. Device and Host memory are allocated Fat binary
though sycl::malloc_device() and 1 /% gemm.sycl.h */
std::malloc() respectively 2 // Memcpy
. Memory copies (memcpy) are explicit and 2 td: :FOUt = .// memcpy device->host A\n®;
executed depending on the memory - Sptle, st Gel R ne Usis ik
operation of that kernel 2 h.memcpy((void *)A->host,
6 (void *)A->device,
. If kernel requires load operation, 7 A->size_in_bytes()
memcpy host->device before kernel 8 );
submission 9 });
3
. . 1
. If kernel requires store operation, 0 . , :
memcpy device->host after kernel 11 std::cout << "//  memcpy host->device A\n";
execution is complete 12 g_device.submit([&](handler& h){
13 h.memcpy((void *)A->device,
*  SYCL Pipes are used to communicate 5 (void *)A->host,
between data between kernels on the device 15 | A->size_in_bytes()
16 5
. Currently there is no implement of device- 17 }); y

to-device memory copies (
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Fat binary

 The generated returns a double value of the kernel execution time i.e. from the
earliest start to the latest end of the device kernels

1 /* gemm.sycl.h */

2 // Performance

3 double k_earliest_start_time =
oneapi_kernel_events.at(0).get_profiling_info<sycl::info::event_profiling::command_start>();

4 double k_latest_end_time =
oneapi_kernel_events.at(0).get_profiling_info<sycl::info::event_profiling::command_end>();

5 for (unsigned i = 1; i < oneapi_kernel_events.size(); i++) {

6 double tmp_start =

7 oneapi_kernel_events.at(i).get_profiling_info<sycl::info::event_profiling::command_start>();
8 double tmp_end =

9 oneapi_kernel_events.at(i).get_profiling_info<sycl::info::event_profiling::command_end>();
10 if (tmp_start < k_earliest_start_time) {

11 k_earliest_start_time = tmp_start;

12}

13 if (tmp_end > k_latest_end_time) {

14 k_latest_end_time = tmp_end;

15 }

16 }

17 // Get time in ns Y

18 double events_time = (k_latest_end_time - k_earliest_start_time);
19 return events_time;
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Experiments/Results

 Benchmark Applications
* General Matrix Multiply (GEMM)
e 2-D convolution (CONV)
e Capsule convolution (CAPSULE)




Experiments/Results

GEMM/CONV/CAPSULE FPGA Synthesis Results for OpenCL and Generated OneAPI

Benchmark ALUT Registers DSP blocks RAM Blocks Clock Freq.
GEMM 105151 180,874 89/1,518(6%)  462/2,713(17%) 264
CONV 98648 168,673 64/1,518 (4 %) 499 /2,713 (18 % ) 276
CAPSULE 119038 198,909 112 /1,518 (7 %) 607 /2,713 (22 %) 275




Experiments/Results

* GEMM/CONV/CAPSULE FPGA Performance results for OpenCL and Generated OneAPI

Benchmark GFLOPS
GEMM 302.402
CONV 285.301

CAPSULE 231.877




Conclusion

* Expanding Intel’s T2SP to leverage SYCL implementation to extend the T2SP domain
specific language to one uniform compiling flow for agnostic hardware acceleration

* Developed Code generator to produce SYCL Device & Host Code

 Implemented Clang source-to-source code for file preprocessing

* FPGA implementation is able to non-trivial performance




Future Work

* |nvestigation as to performance bottlenecks to achieve faster tensor computing

* Extend to GPU, CPU, and other tensor computing accelerators
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