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Rethinking the hardware/software contract

Heterogeneity

Great
- Dark silicon etc
- Hardware avoids abstraction tax

No free lunch
- Software has to pick up the tab

Hardware/software contract
- defined by an API: the ISA

ISA no longer the API for heterogeneity



Heterogeneity: Hardware Zoo
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Good performance is hard to get even with
well defined parallel language CUDA/OpenCL



GPU-Accelerated Libraries

GPU-Accelorated Ubrart are yos cas B e yoar wits minimal
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Memory Controller
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Legacy Program

Cell Broadband Engine Processor

Core

pthreads multi C OpenCL



Legacy Program
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Legacy Program

Cell Broadband Engine Processor
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Memory Controller
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hidden layer 1| hidden layer 2 hixdden layer 3

input layer
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Legacy Program
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Space of Interesting Programs
l
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... much later
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... much later

hidden layer 1 hidden layer 2 hidden layer 3

input layer

Legacy Program
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... much much later
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ldioms and constraints

[ASPLOS18] Automatic matching of legacy code to heterogeneous APIs: An idiomatic approach



Libraries and DSLs are the new API/ISA

Detect code structures (idioms) that match APls

|[dioms:
Dense linear algebra,

Sparse My mE oEEE )
Stencils,

Reductions

Histograms

APls:

- CUBLAS,cIBLAS
cuSparse,clSparse
Halide, Lift

Platform
- AMD APU: multicore (+Radeon) (+NVIDIA Titan)

o




Evidence?

|diom Type . Scalar Reduction . Histogram Reduction . Stencil |:| Matrix Operations |:| Sparse Matrix Operations
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Input

Program Description

C/C++

l

optimized
LLVM IR

Idiom

IDL
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Constraint
Formular

Constraints
Solver

Code extraction

LLVM IR +
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(x*y) 4 (xx2) =xx(y+2)

//E;nstraint FactorizationOpportunity ‘\\\

( {sum} is add instruction and

{left_addend} i1s first argument of {sum} and

{left_addend} is mul instruction and

{right_addend} is second augment of {sum} and

{right_addend} is mul instruction and

( {factor} 1s first argument of {left_addend} or
{factor} is second argument of {left_addend}) and

( {factor} is first argument of {right_addend} or
{factor} is second argument of {right_addend}))

End
int example (int a, int b, int c) D Gefine 132 (.éexample(i32 $a, 132 3b, 132 %cC) ﬁ
int d = a: $1 = mul i32 %a, %b
ay $2 = mul i32 %c, %a
return (axb) + (cxd); %3 = add i32 %1, %2
} ret i32 %3

— NS )
)

(1 { n sSum n .

: %3,
2 "left _addend" : %1,
3 "right_addend" : %2,
4 "factor" : $a }
\_ Y,




for (3 = 0; J < m; J++) |

d = 0.0;

for (k = rowstr [§]; k < rowstr[j+1]; k++)
d =d + alk]*z[colidx[k]];

r(jl = d; } l

cusparseDcsrmv (context, l
CUSPARSE_OPERATION_NON_TRANSPOSE, m, n,
rowstr ( m+1]-rowstr[{0], &gpu_1, descr, gpu_a,
gpu_rowstr, gpu_colidx, gpu_z, &gpu_0, gpu_r);



Results

Scalar Histogram Stencil Matrix Sparse
Reduction Reduction Op. Matrix Op.
Polly 3 — 5 — —
ICC 28 — — — —
IDL 45 S 6 1 3

NAS Parallel Benchmarks - sequential C code

Parboil Benchmarks - sequential C code



Speedup vs. Sequential

10+

Results
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Speedup over seguential code 1.1x to 250x

Polly and ICC slow down - not shown

Automatically finds and exploits parallel idioms

not attempted in parallelising compilers

first to do this



Results

tpacf

[0.02]

CG EP IS MG histo lbm sgemm spmv stencil
10004
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10- I
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U Doy, X TP, X Ty, X Ry, X B Py, X By, X RSy, A B P, X g
e < < SR A < < < <

Speedup relative to (external) hand written code
- competitive in 5 cases

% = user changed algorithm to create parallelism

- we can now detect this
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Auto-discovery: Program Synthesis

Constraint GEMM 1 Constraint GEMM j
( inherits ForNest (N=3) and ( inherits ForNest (N=3) and
inherits MatrixStore inherits MatrixStore
with {iterator[0]} as {col} with {iterator[0]} as {col}
and {iterator[l]} as {row} and {iterator[l]} as {row}
L and {begin} as {begin} at {output} andJ and {begin} as {begin} at {output} and
T rnhoavrit e Mat++ravDPDaaA L Tirnhaoarit e Mat++ravDPaanA

_J

Constraints Constraints

Examples

/A

\(

for(int i = 0; 1 < 1000; i++)
for(int j = 0; j < 1000;
float a = A[mm + 1 % ldal;

M3[i][3] = 0.0f;
float b = Blnn + i * ldb]; for(intl: k.: 0; k'< 1000; k++)'
c +=a * b; M3[1i] [J1+=M1[1i] [k]*M2[k][3]; }
}

C[mm+nn*ldc]

-

for (int mm = 0; mm < m; ++mm) {
for (int nn = 0; nn < n; ++nn) {
float ¢ = 0.0f;
for (int 1 = 0; i < k; ++1i) {

~

J++) |

Interrogate

= C[mm+nnxldc] * beta + alpha * c;

_J

_J




Hardware synthesis meets software synthesis

SDH




Summary

Heterogeneity: avoiding abstraction tax
- Rethinking the hardware/software AP

Automatically match software to any API
- Use this to design future hardware

IDL: matching code to libraries/DSLs
- Outperforms existing approaches

Automatically learn hardware behaviour and match to code
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