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Applications
Applications

ISA / API

The power wall made us go multicore 

and the ISA interface to leak  

→ our world is shaking 

What programmers need ? HOPE !!!



General purpose

Task & data based

Forget about resources

Decouple:

Minimal & sufficient permeability?

Intelligence

&

Resource management

“Reuse & expand” old architectural ideas 

under new constraints

ISA / API

Applications

Power to the runtime

PM: High-level, clean, abstract interface
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+ Task

prototyping

+ Task

dependences
+ Task

priorities

+ Taskloop

prototyping

+ Task reductions

+ Taskwait

dependences

+ OMPT impl.

+ Multideps

+ Commutative

+ Taskloop
dependences

+ Data affinity

Today
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https://www.sigarch.org/simd-instructions-considered-harmful/

# a0 is n, a2 is pointer to x[0], a3 is pointer to y[0], $w13 is a

0:  li       a1,-2

4:  and      a1,a0,a1         # a1 = floor(n/2)*2 (mask bit 0)

8:  sll t0,a1,0x3        # t0 = byte address of a1

c:  addu v1,a3,t0         # v1 = &y[a1]

10:  beq a3,v1,38         # if y==&y[a1] goto Fringe

#    (t0==0 so n is 0 | 1)

14:  move     v0,a2            # (delay slot) v0 = &x[0]

18:  splati.d $w2,$w13[0]      # w2 = fill SIMD reg. with copies of a

Main Loop:

1c:  ld.d $w0,0(a3)        # w0 = 2 elements of y

20:  addiu a3,a3,16         # incr. pointer to y by 2 FP numbers

24:  ld.d $w1,0(v0)        # w1 = 2 elements of x

28:  addiu v0,v0,16         # incr. pointer to x by 2 FP numbers

2c:  fmadd.d $w0,$w1,$w2      # w0 = w0 + w1 * w2

30:  bne v1,a3,1c         # if (end of y != ptr to y) go to Loop

34:  st.d $w0,-16(a3)      # (delay slot) store 2 elts of y

Fringe:

38:  beq a1,a0,50         # if (n is even) goto Done

3c:  addu a2,a2,t0         # (delay slot) a2 = &x[n-1]

40:  ldc1     $f1,0(v1)        # f1 = y[n-1]

44:  ldc1     $f0,0(a2)        # f0 = x[n-1]

48:  madd.d $f13,$f1,$f13,$f0# f13 = f1+f0*f13 (muladd if n is odd)

4c:  sdc1     $f13,0(v1)       # y[n-1] = f13 (store odd result)

Done:

50:  jr ra # return

54:  nop # (delay slot)

MIPS32 MSA

# eax is i, n is esi, a is xmm1,

# pointer to x[0] is ebx, pointer to y[0] is ecx

0: push   esi

1: push   ebx

2: mov esi,[esp+0xc]   # esi = n

6: mov ebx,[esp+0x18]  # ebx = x

a: vmovsd xmm1,[esp+0x10] # xmm1 = a

10: mov ecx,[esp+0x1c]  # ecx = y

14: vmovddup xmm2,xmm1     # xmm2 = {a,a}

18: mov eax,esi

1a: and    eax,0xfffffffc  # eax = floor(n/4)*4

1d: vinsertf128 ymm2,ymm2,xmm2,0x1 # ymm2 = {a,a,a,a}

23: je     3e              # if n < 4 goto Fringe

25: xor edx,edx # edx = 0

Main Loop:

27: vmovapd ymm0,[ebx+edx*8] # load 4 elements of x

2c: vfmadd213pd ymm0,ymm2,[ecx+edx*8] # 4 mul adds

32: vmovapd [ecx+edx*8],ymm0 # store into 4 elements of y

37: add    edx,0x4

3a: cmp edx,eax # compare to n

3c: jb 27               # repeat loop if < n

Fringe:

3e: cmp esi,eax # any fringe elements?

40: jbe 59               # if (n mod 4) == 0 go to Done

Fringe Loop:

42: vmovsd xmm0,[ebx+eax*8] # load element of x

47: vfmadd213sd xmm0,xmm1,[ecx+eax*8] # 1 mul add

4d: vmovsd [ecx+eax*8],xmm0 # store into element of y

52: add    eax,0x1          # increment Fringe count

55: cmp esi,eax # compare Loop and Fringe counts

57: jne 42 <daxpy+0x42>  # repeat FringeLoop if != 0

Done:

59: pop    ebx # function epilogue

5a: pop    esi

5b: ret

IA-32 SSE and AVX2

# a0 is n, a1 is pointer to x[0], a2 is pointer to y[0], fa0 is a

0:  li t0, 2<<25

4:  vsetdcfg t0             # enable 2 64b Fl.Pt. registers

loop:

8:  setvl t0, a0           # vl = t0 = min(mvl, n)

c:  vld v0, a1           # load vector x

10:  slli t1, t0, 3        # t1 = vl * 8 (in bytes)

14:  vld v1, a2           # load vector y

18:  add    a1, a1, t1       # increment pointer to x by vl*8

1c:  vfmadd v1, v0, fa0, v1  # v1 += v0 * fa0 (y = a * x + y)

20:  sub    a0, a0, t0       # n -= vl (t0)

24:  vst v1, a2           # store Y

28:  add    a2, a2, t1       # increment pointer to y by vl*8

2c:  bnez a0, loop         # repeat if n != 0

30:  ret                     # return

RV32V
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https://github.com/riscv/riscv-v-spec/
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1 void daxpy(double *x, double *y, double a, int n)
2 {
3     for (int i = 0; i < n; i++) {
4         y[i] = a*x[i] + y[i];
5 }
6 }



 1     // x0 = &x[0], x1 = &y[0], x2 = &a, x3 = &n
2 daxpy_:
3 ldrsw x3, [x3] // x3=*n
4 mov x4, #0 // x4=i=0
5 ldr d0, [x2] // d0=*a
6 b .latch
7 .loop:
8 ldr d1, [x0, x4, lsl #3] // d1=x[i]
9 ldr d2, [x1, x4, lsl #3] // d2=y[i]
10       fmadd d2, d1, d0, d2 // d2+=x[i]*a
11 str d2, [x1, x4, lsl #3] // y[i]=d2
12 add x4, x4, #1 // i+=1
13   .latch:
14 cmp x4, x3 // i < n
15 b.lt .loop // more to do?
16 ret




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1     // x0 = &x[0], x1 = &y[0], x2 = &a, x3 = &n
2     daxpy_:
3 ldrsw x3, [x3] // x3=*n
4 mov x4, #0 // x4=i=0
5 whilelt p0.d, x4, x3 // p0=while(i++<n)
6 ld1rd z0.d, p0/z, [x2] // p0:z0=bcast(*a)
7 .loop:
8 ld1d z1.d, p0/z, [x0, x4, lsl #3] // p0:z1=x[i]
9 ld1d z2.d, p0/z, [x1, x4, lsl #3] // p0:z2=y[i]
10 fmla z2.d, p0/m, z1.d, z0.d // p0?z2+=x[i]*a
11 st1d z2.d, p0, [x1, x4, lsl #3] // p0?y[i]=z2
12 incd x4 // i+=(VL/64)
13   .latch:
14      whilelt p0.d, x4, x3 // p0=while(i++<n)
15 b.first .loop // more to do?
16 ret

Micro

architecture 

decides
Predicated 

execution
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# register arguments:
#     a0      n
#     fa0     a
#     a1      x
#     a2      y

saxpy:
vsetvli a4, a0, e32, m8
vlw.v v0, (a1)
sub a0, a0, a4
slli a4, a4, 2
add a1, a1, a4
vlw.v v8, (a2)
vfmacc.vf v8, fa0, v0
vsw.v v8, (a2)
add a2, a2, a4
bnez a0, saxpy
ret

Micro

architecture 

decides
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void axpy_ref (double a, double *dx, double *dy, int n) {   
#pragma omp target teams distribute parallel for
for(int i = 0; i<n; ++i)

y[i] = a*x[i] + y[i];
}

Accelerator specific 

resource/scheduling model

GPUish
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void axpy_ref (double a, double *dx, double *dy, int n) {   
int i; 

for (i=0; i<n; i++) {
dy[i] += a*dx[i]; 

}
}

On ARM  / On RISC-V





On ARM  / On RISC-V

void axpy_SIMD (double a, double *dx, double *dy, int n) {   
int i; 

#pragma omp simd
for (i=0; i<n; i++) {

dy[i] += a*dx[i]; 
}

}





void axpy_intrinsics (double a, double *dx, double *dy, int n) {   
int i; 
int gvl = __builtin_epi_vsetvl(n, __epi_e64, __epi_m1);
__epi_1xf64 v_a = __builtin_epi_vbroadcast_1xf64(a, gvl);

for (i=0; i<n; ) {
gvl = __builtin_epi_vsetvl(n - i, __epi_e64, __epi_m1); 
__epi_1xf64 v_dx = __builtin_epi_vload_1xf64(&dx[i], gvl); 
__epi_1xf64 v_dy = __builtin_epi_vload_1xf64(&dy[i], gvl); 
__epi_1xf64 v_res = __builtin_epi_vfmacc_1xf64(v_dy, v_a, v_dx, gvl); 
__builtin_epi_vstore_1xf64(&dy[i], v_res, gvl);
i += gvl;

}
}

On RISC-V
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void axpy_omp (double a, double *dx, double *dy, int n) {   
int I, chunk; 

#pragma omp taskloop
for (i=0; i<n; i+=TS) {

chunk= n>i+TS? TS : n-i;

axpy_SIMD (a, &dx[i], &dy[i], chunk);
}

}

On ARM  / On RISC-V
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void axpy_offload (double a, double *dx, double *dy, int n) {   
int i; 

#pragma omp target map(to:dx[0:n-1], tofrom:dy[0:n-1])

axpy_SIMD(a, dx, dy, n);     // axpy_intrinsics, ...

}

From ARM  → RISC-V





void axpy_omp_nest (double a, double *dx, double *dy, int n) {   
int I, chunk; 

#pragma omp taskloop
for (i=0; i<n; i+=TS) {

chunk= n>i+TS? TS : n-i;
#pragma omp target map(to:dx[i:i+chunk], tofrom:dy[i:i+chunk])
axpy_SIMD (a, &dx[i], &dy[i], chunk);

}
}

Parallel ARM → RISC-V





void axpy_omp_nest_2  (double a, double *dx, double *dy, int n) {   
int I, chunk; 

#pragma omp taskloop
for (i=0; i<n; i+=TS) {

chunk= n>i+TS? TS : n-i;
#pragma omp target map(to:dx[i:i+chunk], tofrom:dy[i:i+chunk])
axpy_intrinsics (a, &dx[i], &dy[i], chunk);

}
}

Parallel ARM → RISC-V





void axpy_omp_nest_3  (double a, double *dx, double *dy, int n) {   
int i, chunk; 

#pragma omp taskloop
for (i=0; i<n; i+=TS) {

chunk= n>i+TS? TS : n-i;
#pragma omp target map(to:dx[i:i+chunk], tofrom:dy[i:i+chunk])
axpy_omp (a, &dx[i], &dy[i], chunk);

}
}

On ARM
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void axpy_ntx_drv(float a, float *dx, float *dy, int n) {
DoubleBuffer bx(TS, dx, IN), by(TS, dy, INOUT);
bx.prefetch(); by.prefetch();
ntx_cfg({TS}, {a,0}, {bx,8}, {by,8});
for (int i = 0; i < n; i += TS) {
ntx_sync();
bx.swap(); by.swap();
ntx_fmac();

}
ntx_sync();
by.flush();
by.flush();

}

On RISC-V
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void axpy_ntx (double a, double *dx, double *dy, int n) {   

#pragma omp target

axpy_ntx_drv (a, dx, dy, n);
}

From Vector core (RISC-V) → NTX (RISC-V)
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void axpy_a2ntx          (double a, double *dx, double *dy, int n) {   

#pragma omp target map(to:dx[0:n-1], tofrom:dy[0:n-1]) device(ntx)

axpy_ntx_drv (a, dx, dy, n);
}

From ARM core → NTX (RISC-V)
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void axpy_2_nest     (double a, double *dx, double *dy, int n) {   
int i; 

#pragma omp target map(to:dx[0:n-1], tofrom:dy[0:n-1])

axpy_ntx (a, dx, dy, n);
}

From ARM  → RISC-V → NTX
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void axpy_par_2_nest (double a, double *dx, double *dy, int n) {   
int I, chunk; 

#pragma omp taskloop
for (i=0; i<n; i+=TS) {

chunk= n>i+TS? TS : n-i;

axpy_stx (a, i&dx[i], &dy[i], chunk);
}

}

From ARM  → RISC-V → NTX
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Exec Total instructions SVE instructions Non-SVE instructions

scalar 519141 0 519141

SVE 128 380884 184328 196556

SVE 256 265684 92168 173516

SVE 512 208124 46088 162036

SVE 1024 179324 23048 156276

SVE 2048 164924 11528 153396

input n = 30*1024

Exec Total instructions SVE instructions Non-SVE instructions

scalar 245911516 0 245911516

SVE 128 153751543 122880008 30871535

SVE 256 76951543 61440008 15511535

SVE 512 38551503 30720008 7831495

SVE 1024 19351503 15360008 3991495

SVE 2048 9751543 7680008 2071535

input n = 20000*1024

Scalar code:

     and      x8, x21, #0xffffffff

     fmov    d0, #3.00000000

     mov     x9, x19

     mov     x10, x20

.LBB3_10:

     ldr       d1, [x9], #8

     ldr       d2, [x10]

     subs   x8, x8, #1

     fmadd d1, d1, d0, d2

     str       d1, [x10], #8

     b.ne   .LBB3_10

SVE code:

     mov      x9, xzr

     whilelo  p1.d, xzr, x8

     fmov     z0.d, #3.00000000

     ptrue    p0.d

.LBB3_17:

     ld1d     { z1.d }, p1/z, [x19, x9, lsl #3]

     ld1d     { z2.d }, p1/z, [x20, x9, lsl #3]

     fmad    z1.d, p0/m, z0.d, z2.d

     st1d     { z1.d }, p1, [x20, x9, lsl #3]

     incd     x9

     whilelo p1.d, x9, x8

     b.mi    .LBB3_17
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LLVM

.prv

Emulation 

environment

Emulation 

library

trace2prv

for (int kk = 0; kk < n; kk += bk) {

vb0 = __builtin_epi_vload_f64(&b[kk ][jj]);

vb1 = __builtin_epi_vload_f64(&b[kk+1][jj]);

vb2 = __builtin_epi_vload_f64(&b[kk+2][jj]);

vb3 = __builtin_epi_vload_f64(&b[kk+3][jj]);

{

__epi_f64 vta0, vta1, vta2, vta3;

__epi_f64 vtp0, vtp1, vtp2, vtp3;

vta0 = 

__builtin_epi_vbroadcast_f64(a[ii][kk]);

vtp0 = __builtin_epi_vfmul_f64(vta0, vb0);

vc0 = __builtin_epi_vfadd_f64(vc0, vtp0);

Timing 

model

Paraver

MUSA



void SpMV_vec(double *a, long *ia, long *ja, double *x, double *y, int nrows) {  
for (int row = 0; row < nrows; row++) { 

int nnz_row = ia[row + 1] - ia[row];    
int rvl, gvl;        // requested & granted vector lengths
int idx = ia[row];    
y[row]=0.0;    
for(int colid=0; colid<nnz_row; colid +=gvl ) {    //blocking on MAXVL

rvl = nnz_row - colid;
gvl = __builtin_epi_vsetvl(rvl, __epi_e64, __epi_m1); 
__epi_1xf64 va = __builtin_epi_vload_1xf64(&a[idx+colid], gvl); 
__epi_1xi64 v_idx_row = __builtin_epi_vload_1xi64(&ja[idx+colid], gvl);
__epi_1xi64 vthree = __builtin_epi_vbroadcast_1xi64(3, gvl);
v_idx_row = __builtin_epi_vsll_1xi64(v_idx_row, vthree, gvl);
__epi_1xf64 vx = __builtin_epi_vload_indexed_1xf64(x, v_idx_row, gvl);
__epi_1xf64 vprod = __builtin_epi_vfmul_1xf64(va, vx, gvl);
__epi_1xf64 partial_res = __builtin_epi_vbroadcast_1xf64(0.0, gvl);
partial_res = __builtin_epi_vfredsum_1xf64(vprod, partial_res, gvl);
y[row] += __builtin_epi_vgetfirst_1xf64(partial_res); 

}
} 

}

Standard C/C++

… vector variables

… C variables

Intrinsic operations

… vector length

Compiler does:

Register allocation

Instruction scheduling

Spill/save/restore

Vector data types

Can be passed as arguments



void axpy_intrinsics (double a, double *dx, double *dy, int n) {   
int i; 
int gvl = __builtin_epi_vsetvl(n, __epi_e64, __epi_m1);
__epi_1xf64 v_a = __builtin_epi_vbroadcast_1xf64(a, gvl);

for (i=0; i<n; ) {
gvl = __builtin_epi_vsetvl(n - i, __epi_e64, __epi_m1); 
__epi_1xf64 v_dx = __builtin_epi_vload_1xf64(&dx[i], gvl); 
__epi_1xf64 v_dy = __builtin_epi_vload_1xf64(&dy[i], gvl); 
__epi_1xf64 vtmp = __builtin_epi_vfmul_1xf64(v_a, v_dx, gvl);
__epi_1xf64 v_res = __builtin_epi_vfadd_1xf64(vtmp, v_dy, gvl);
__builtin_epi_vstore_1xf64(&dy[i], v_res, gvl);
i += gvl;

}
}

axpy_intrinsics:         
vsetvli a3, a2, e64, m1
sext.w a3, a3
vsetvli a4, a3, e64, m1
vfmv.v.f v0, fa0
addi a3, zero, 1
blt a2, a3, .LBB2_3
mv      a3, zero

.LBB2_2: 
sext.w a4, a3
slli t0, a4, 3
add     a6, a0, t0
subw a5, a2, a3
vsetvli a7, a5, e64, m1
sext.w a5, a7
vsetvli a4, a5, e64, m1
vle.v v1, (a6)
vfmul.vv v1, v0, v1
add     a4, a1, t0
vle.v v2, (a4)
vfadd.vv v1, v1, v2
vse.v v1, (a4)
addw a3, a3, a7
blt a3, a2, .LBB2_2

.LBB2_3:
ret
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Dst reg

src1 reg

src2 reg

scalar regs vector regs
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Dst reg

src1 reg

src2 reg

Reg v1 use distance

Reg v2 use distance
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