Contents

Compiler Explorer for the EPAC - User Guide 1
BasiCUSAge . . . . . i i e e e e e e e e e e 1
Examining the generatedassembly . . . . . . ... ... ... ... ... 4
EXecution . . . . . o L e e e e e e e e 4

Compiler Explorer for the EPAC - User Guide

This is a setup of a Compiler Explorer for an LLVM-based compiler that targets the RISC-V
and the V-extension (still draft) architecture.

This tool is intended for examination of the compiler code generation when targeting the
V-extension. This gives us valuable information in co-design as it can quickly expose pain
points in the code generation. These pain points may suggest changes in the V-extension
architecture or require new code generation strategies or optimizations in the compiler.

Compiler Explorer is intended for small programs or snippets and it is not intended for
large applications.

Compiler Explorer website is https://repo.hca.bsc.es/epic/

Basic usage

Compiler explorer is mostly a tool to look at the assembler generated by the compiler.
The environment is highly configurable by means of windows. This guide describes the
basic operation.

By default the interface shows two windows. If you want to reset the environment go to
the top of the page and click More button and then Reset Code and UI Layout.

The left window is the source code window. It is editable and contains the snippet or
small program we want to generate code. The source code window accepts C or C++. This
can be changed in a drop-down button found at the top of the source code window.

Testing source code can be done by typing it in the source code window or by loading one
of the examples provided. To load an example in the source code window, use the button
Save/Load found at the top of the source code window.

The right window is the assembly output window. The assembly output window is updated
every time the source code window is updated (either by updating the source code or
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1 #include <stdio.h>
2 #include <math.h>
3
4 #define e le-9
5
6 void add_ref(long N, double *c, double *a, double *b) {
7 long i;
8 #pragma clang loop vectorize(disable) interleave(disable)
9 for (i=0; 1<N; i++)
1 c[d] = ali] + b{il;
1
2
13 void add_vec(long N, double *c, double *a, double *b) {
14 1 H
15 for (i=0;i<N;){
16 long gvl = _builtin_epi vsetvi(N - i, _epi_e64, _epi mi);
17 __builtin_epi_vload_1xf64(8a[i], gvl);
18 __builtin_epi_vload_1xf64(&b[i], gvl);
19 __epi_1xf64 vc = __builtin_epi_vfadd_1xf6d(va, vb, gvl);
2 builtin_epi_vstore_1xf64(&c[i], vc, gvl);
21 i4=gvl;
22
23}
24
25 int main()
2 double a[1624];
27 double b[1624];
2
29 double result_ref[1624];
30 double result_vec[1024];
a1
32 #pragma clang loop vectorize(disable) interleave(disable)
33 for (int i i< 1024; +41) {
3 afi] = i;
35 b[i] = 1024 - i;
36 }
37
38 add_ref(1024, result_ref, a, b);
39 add_vec(1624, result_vec, a, b);
P
a1 #pragna clang loop vectorize(disable) interleave(disable)
a2 for (int i = 0; i < 1024; ++i) {
43 // This is not 10e% correct but will do here
44 if (fabs(result vec[i] - result_ref[i]) > e) {
a5 printf("Error!\n");
46 return ©;
a
@ )
49
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# Gadd_ref f
sp, sp, -64
ra, 56(sp)

50, 48(sp)

# %for .cond
a0, -56(s0)
a1, -24(s0)

a0, a1, .LBBO_4 H

.LBBO_2

# %for..body i

a0, -40(s0)
a1, -56(s0)
a1, a1, 3
a0, a0, a1
fto, 6(a0)
a0, -48(s0)
a0, a0, a1
ft1, 0(a0)
fto, fte, ft1

fte, 6(a0)
.LBBO_3
# %for.inc 4
a0, -56(s0) 4
a0, a0, 1
a0, -56(s0)
.LBBO_1
# %for.end
50, 48(sp)
ra, 56(sp)
sp, sp, 64

# Gadd_vec
sp, sp, -96
ra, 88(sp)
50, 80(sp)
s0, sp, 96
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Figure 1: Main layout of Compiler Explorer
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loading an example). To do so, Compiler Explorer will invoke the compiler. By default no
special flags are passed (except the minimal ones that enable the V-extension support)
but new flags can be specified in the Compiler options edit box, found at the top of the
assembly output window. Because clang defaults to -00 (no optimization) you will most
of the time want to put -02 here.
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Figure 2: Compiler options

If the compilation fails the assembly output window will only show <Compilation failed>.

It is possible to obtain the output of the compiler to know what went wrong. To do so click
on the Output button found at the bottom of the assembly output window.
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Figure 3: Output button to open output window



This will open a third window: the command output window. The command output window
shows the output of the compiler, which is usually empty if the compilation succeeds.
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<source>:
no
3 o o o g
11010 Jaout AX0: lbf tet / \s+ Intel Demangle
BlLibraries > +Addnew..~ &8 Addtool... >

R o T

int cfa] = { o, 6,

int gvl = _builtin_epi vsetvl(4, _epi e32, _epi
assert(gul == 4);

1
1

1 __epi 2xi32 va = _ builtin_epi_vload_2xi32(a, gvl)
13 | _epi_2xi32 vb = _builtin_epi_vload_2xi32(b, gvl)
14 __epi_2xi32 vc = _ builtin_epi_vadd_2xi32(va, vb, ¢
1 _builtin_epi_vstore_2xi32(c, vc, gvl);

1

17 for (int i=0; i<N

N; ) {
18 printf("c[%d] = %d\n", i, c[il);

Figure 4: Output window showing an error

Examining the generated assembly

Compiler Explorer is able to link the source code with the assembly output. This happens
when hovering the mouse over the source code window or the assembly output window.
Compiler Explorer highlights the corresponding assembly or source code.

Note that, if the corresponding source or assembly is not currently visible nothing will
happen. This is because Compiler Explorer is highlighting something that is not in the
current view. To address this either scroll to the specific place or, better, right click on the
source code window to display a popup menu and then choose Reveal linked code. This
operation can also be done on the assembly output window but in this case the menu
option is called Scroll to source.

Execution

It is possible to execute small programs that use the V-extension instructions directly
from the Compiler Explorer page. We do this using the user-space emulator vehave which
traps the vector instructions and emulates them.

Execution is not enabled by default. To enable it click on the ./a.out button found at
the top of the assembly output window. This will link the program and execute it under
gemu-user plus vehave.

The output of the program is shown in the command output window. If you don’t have it
open, click on the Output button at the bottom of the assembly output window.
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1 #include <stdio.h>
2 #include <assert.h>
3
4 dnt main() {
5 inta[a] = {1, 2 3 4};
6 int b[a] = {5, 6 7, 8};
7 int c[4] = {0, 0,0, 0};
8
9 int gvl = _builtin epi_vsetvl(4, _epi_ e32,
10 assert(gvl == 4);
1
12 | _epi_2xi32 va = _builtin epi vload_2xi32(a,
13 | _epi_2xi32 vb = _builtin epi_vload_2xi32(b,
14 | _epi_2xi32 ve = _builtin epi vadd_2xi32(va,
15 | _builtin_epi_vstore_2xis2(c, vc, gvl);
16
17 for (int i =0; i< 4; i++) {
18 printf("c[%d] == %d\n", i, c[il);
19
20
21 return 0;
22
23
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9 slli a1, al, 32 M
10 srli a1, a1, 32
11 bne  al, a0, .LBBO 2
12 lui  a@, %hi(.L_const.main.a)
13 addi a0, a0, %lo(.L_const.main.a)
14 vle.w v, (a@)
15 lui  ae, %hi(.L_const.main.b)
16 addi a0, a0, %lo(.L_ const.main.b)
17 view vl (a0)
18 vadd.vv ve, vo, vi
19 add a0, zero, sp
20 vse.v B, (a0)
21 n a2, 9(sp)
22 lui a0, %hi(.L.str.2)
23 addi  s1, a@, %lo(.L.str.2)
24 add a0, zero, si
25 my a1, zero
26 call  printf

Figure 5: Execution of a simple vector addition
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