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[AMD Public Use]

What isROCgdpfrom the tin:

TheROCnDebugger ROCgdpis theROCnsourcelevel debugger for Linux, based on the GNU Debugger (GDB). It
enables heterogenous debugging on R&®Cnplatform of an x8&ased host architecture along with AMD GPU

architectures supported by the AMD Debugger API LibRR@Qdbgapi The AMD Debugger API Librd®DCdbgapi
is included with theROCnrelease.

The currentROCnDebugger ROCgdpis an initial prototype that focuses on source line debugging and does not

provide symbolic variable debugging capabilities. The user guide presents features and commands that may be
implemented in future versions.

So...cudagdb? Yes, and mostly nerocgdbis (or will be)gdb, that is it tracks upstream GDB master.
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[AMD Public Use]

In addition to your usual hostebugging capabilities, a very brief overviewafgdb'scurrent functionality:
A Switching between and seeing info about wavefronts
A Read/write to hardware registers, global memory, and LDS/scratch
A Breakpoints
A Watchpoints
A ISAlevel debugging, mapping of ISA to source lines

Before we can take a test drive, let's talk about the code we're going to use it on.

AMDA



[AMD Public Use]

Jacobi Example

Our example code:

A Solves a Laplacian problem

A 5-point finite difference stencil

A May be distributed over multiple MPI ranks

A Performs several iteration of a Jacobi method
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[AMD Public Use]

Laplacian equation

Laplace equation:
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In two dimensions, with a-point finite difference stencil we discretize as:
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On a rectangular lattice one point in theyxplane:

L 4

L 4 ® @

3W

L 4

30
| ROCgdb and HIP Math Libraries | ORNL Hackathon, Mg®@42021 | © Advanced AMDH

Micro Devices Inc., All Rights Reserved



[AMD Public Use]

A The finite difference Laplacian operator is a sparse

matrix operator on a vector of unknowns:
W |

A When the whole domain is distributed with MPI,
each process will need to receive halo data to
evaluateo A

A Can compute Laplacian at interior stencil points
while the halo data is being exchanged

A Jacobi Iterative method is the iteration:
A A O (] 06a)

where Ois the diagonal 0.
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[AMD Public Use]

1 /R R ERRERRR R R R R R R R R KRR R R Rk kR kR R R
2 //* Copyright (c) 2019, Advanced Micro Devices, Inc. All rights reserved.
E o F SRR EEEEERER R R R R R R R R R KRR R R R R R Rk Rk Rk R R
A Initialize MPI 4
. —— 5 "Jacobi .hpp"
A SetupJacobbbject 6
1 *k

ApplyTopologg) ; ! main(int argc, argv)

CreateMesh) 9 MPI_Init(&argc, &argv);

InitializeDatg) MPI_Comm comm = MPI_COMM_WORLD:

A Executelacobirun method grid_t grid:

mesh_t mesh;

// Extract topology and domain dimensions from the command-line arguments
ParseCommandLineArguments(argc, argv,

comm,

grid,

mesh);

Jacobi_t Jacobi(grid, mesh);
Jacobi.Run();

// Finalize the MPI process
MPI_Finalize();
return STATUS_OK;
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[AMD Public Use]

A Initialize MPI

A SetupJacobbbiject
ApplyTopologf)
Establish MPI neighbors
Set GPU devices
CreateMesl)
InitializeDat®)

A Executelacobrun method

//select GPU
devCount = 9;
SafeHipCall(hipGetDeviceCount(&devCount));

if (devCount = @) {
fprintf(stderr, "Error: MPI rank detected no GPUs."
"Terminating... n", grid.rank);
MPI_Abort(grid.comm, STATUS_ERR);

}

name[255];
gethostname(name, 255);
hostld = gethostid();
* hostlds = ( *) calloc(size,sizeof( ));
MPI_Allgather(&hostId,1,MPI_LONG,hostIds,1,MPI_LONG,grid.comm);

//count how many ranks are on this node
local_rank = @;
for ( r=0;r<grid.rank;r++)
if (hostlds[r]==hostId) local_rank++;

//select gpu via round-robin

grid.device_id = local_rank ¥ devCount;
SafeHipCall(hipSetDevice(grid.device_id));
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[AMD Public Use]

114 //coordinates (including boundary points)
115 mesh.x = (dfloat *) malloc((mesh.Nx+2)*sizeof(dfloat));
116 mesh.y = (dfloat *) malloc((mesh.Ny+2)*sizeof(dfloat));

117

A Initialize MPI 118 for ( i=0;1i<mesh.Nx;i++)
- .y 119 mesh.x[1] = mesh.dx + grid.mycol*(DX+mesh.dx) + i*mesh.dx;
A Setup.JacobDbject 120 for ( j=0; j<mesh.Ny; j++)
ApplyTOpolog@ 121 mesh.y[j] = mesh.dy + grid.myrow*(DY+mesh.dy) + j*mesh.dy;
122
Establish MPI neighbors 123 (//halo exchange storage
. 124  SafeHipCall(hipHostMalloc(&(mesh.sendBuffer), mesh.Nhalo*sizeof(dfloat),®));
Set GPU devices 125 | SafeHipCallChipHostMalloc(&(mesh.recvBuffer), mesh.Nhalo*sizeof(dfloat),®));
CreateMeSh) 126  SafeHipCallChipMalloc(&(mesh.d_haloBuffer), mesh.Nhalo*sizeof(dfloat)));
Set | r ] 127 _ SafeHipCall(hipMemset(mesh.d_haloBuffer, @, mesh.Nhalo*sizeof(dfloat)));
et local domain 128
129 f 1=0;1<2*NSIDES;1 h. ts[i] = MPI_REQUEST_NULL;
Create halo exchange buffers [l (int 1=0;1< 1++) mesh. requestsfi] e
Create streams 131 //number of entries for each side in send/recv buffers
B 132 mesh.sideLength[SIDE_DOWN ] = mesh.Nx;
InitializeDatg) 133  mesh.sideLength[SIDE_UP ] = mesh.Nx;
| ] 134 mesh.sidelLength[SIDE_LEFT ] = mesh.Ny;
A ExecuteJacobrun method 135 mesh.sideLength[SIDE_RIGHT] = mesh.Ny;

136

137 //offets of halo side data in send/recv buffers
138 mesh,sideQffset[SIDE_DOWN ] = 0;

139 mesh,sideQffset[SIDE_UP ] = mesh.Nx;

149 mesh.sideQffset[SIDE_LEFT ] = 2*mesh.Nx;

141 mesh.sideQffset[SIDE_RIGHT] = 2*mesh.Nx + mesh.Ny;
142

143 " SafeHipCall(hipStreamCreate(&(computeStream)));
144 | SafeHipCallChipStreamCreate(&(dataStream)));

145 3f
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[AMD Public Use]

//host buffers
h_U = (dfloat*) malloc(mesh.N*sizeof(dfloat));
h_AU = (dfloat*) malloc(mesh.N*sizeof(dfloat));
) L h_RHS = (dfloat*) malloc(mesh.N*sizeof(dfloat));
A Initialize MPI h_RES = (dfloat*) malloc(mesh.N*sizeof(dfloat));
A SetupJacobbbiject for Cint j=0;j<mesh.Ny;j+) {
for ( i=0;i<mesh.Nx;i+) {
ApplyTOp()lOg@ id = i+j*mesh.Nx;
; : h_U[id] = @.@; //initial guess
Establish MP! neighbors h_RHS[id] = 0.05 //forcing
Set GPU devices }

}

CreateMesl)
Set local domain
Create halo exchange buffers

X

/I Setup boundary contributions

Create streams x
itiali //device buffers
InltlallzeData) SafeHipCallChipMalloc(( **¥)&d_U, mesh.N*sizeof(dfloat)));
Generate initial data SafeHipCall(hipMalloc(( *#)&d_AU, mesh.N*sizeof(dfloat)));
_ afeHipCa ip oc _RHS, mesh.N*sizeo oa :
SafeHipCallChipMalloc(( **)&d_RHS h.N*si f(dfloat)))
COpy data to device SafeHipCall(ChipMalloec(( **#)8d_RES, mesh,N*sizeof(dfloat)));

A ExecuteJacobrun method //send data to device

SafeHipCallChipMemcpy(d_U, h_U, mesh.N*sizeof(dfloat), hipMemcpyHostToDevice));
SafeHipCallChipMemcpy(d_AU, h_U, mesh.N*sizeof(dfloat), hipMemcpyHostToDevice));
SafeHipCall(hipMemcpy(d_RHS, h_RHS, mesh.N*sizeof(dfloat), hipMemcpyHostToDevice));
SafeHipCallChipMemcpy(d_RES, h_RHS, mesh.N*sizeof(dfloat), hipMemcpyHostToDevice));

SafeHipCall(hipEventCreate(&JacobilocalStart));
SafeHipCallChipEventCreate(&JacobilocalEnd));
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[AMD Public Use]

Whi|e(){ while ((iterations < JACOBI MAX_LOOPS) && (residual > JACOBI_TOLERANCE)) {
//queue local part of Laplacian to compute stream
LocalLaplacian () LocalLaplacian(grid, mesh, computeStream, d_U, d_AU);

HaloExchange() //Extract data off GPU exchange Halo with MPI

_ HaloExchange(grid, mesh, dataStream, d_U);
HaloLaplacian ()

//use halo data to complete Laplacian computation
HaloLaplacian(grid, mesh, computeStream, d_U, d_AU);

Jacobilteration ()

Norm() //Jacob1l 1terative method
} // U =U + DA{-1}*(RHS - AU)
Jacobilteration(grid, mesh, computeStream, d_RHS, d_AU, d_RES, d_U);

//residual = | Ul

A Note: residual = Norm(grid, mesh, computeStream, d_RES);
Two streamscomputeStreanmand /Einish thi dev
inish everything on device
d_ataStream _ hipDeviceSynchronize();
hipEventRecordmings on each
respective stream (omitted for clarity) +Hiterations;
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[AMD Public Use]

Preparing your HIP code for debugging:
A Use any optimization level you like, we'll u&8
A HaveROCnioad code objects at initialization:
A export HIP_ENABLE_DEFERRED LOADING=0
A Addcggdbto your flags:

A Optionally print even more useful information on API calls
A export AMD LOG_LEVEL=3

OEIFIYLX S 2F 6KIG GKS O2YLIAES 2LJiA2ya YlIé 221 fA1SX

mpic ++ -1/ usr /lib/x86_64 - linux - gnu/ openmpi /include/ openmpi \

I L/ usr /lib/x86_64  -linux -gnu/ openmpi /include -pthread 103 7g iggdb ifPIC \

I std= c++11 \ T march=native 1T Wall TIl/opt/ rocm/ roctracer /include \

I 1"/opt/rocm - 4.2.0/hip/include" - I"/opt/  rocm/ llvm /bin/../lib/clang/12.0.0" \
I l/opt/ rocm/ hsa/include I l/opt/ rocm/ roctracer /include \

I ¢ JacobiSetup.cpp - 0 JacobiSetup.o
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[AMD Public Use]
Diving In
#include

Launching the debugger, is the sameaydb:

rocgdb -- args ./ Jacobi_hip -gl1

For this demo, | will be using a program calledbalongside ,
rocgdh this gives a nice cursésised interface, but is by no I
means required.In this case:

MPI_Init(&argc, &argv);

MPI_Comm comm = MPI_COMM_WORLD;

cgdb -d rocgdb -- args ./ Jacobi hip -g11 Resht nash;

/| Extract t and ai and - 1
home/nick/Documents/software repos/hiptutorial/hip/JacobiMain.cp
J gdb (rocm-rel-3.5-3 9.1
Copyright (C) 2020 Free Software Foundation, Inc.
License GPLwv3+: GNU GPL version 3 or later <http://gnu.org/licenses/gpl.html=
This is free software: you are free to change and redistribute 1it.
There is NO WARRANTY, to the extent permitted by law.
Type "show copying"” and "show warranty" for details.
This GDB was configured as "x86 64-pc-linux-gnu”.
Type "show configuration” for configuration details.
For bug reporting instructions, please see:
<https://github.com/ROCMm-Developer-Tools/ROCgdb/issues=.
Find the GDB manual and other documentation resources online at:
<http://www.gnu.org/software/gdb/documentation/=.

Ln dime s from the

For help, type "help".

Type "apropos word" to search for commands related to "word"...
Reading symbols from

(gdb) s
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[AMD Public Use]

Setting a breakpoint

Let's step into one of our kernels,
LocalLaplacianKernel computes the finite
difference for one of our MPI domains.
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[AMD Public Use]

Setting a breakpoint in host code

Here we setup a breakpoint in the host code. We can inspect the device pointer and its values:

jychang48@jychang48-workstation: ~/Downloads/hiptutorial/hip

id 1
id r
id d
id u

id ; For help, type "help".

id ; Type "anranoc amrd® tn _search for commands related to "word"...
id stride; Reading symbols from

id stride; (gdb) b Laplacian.cpp: 40

AU[id] = (-U[id_1]1 + *U[id] - U[id_r])/(dx*dx) + Breakpoint 1 at : file , line 40.(gdb) run
(-u[id d] + *U[id] - U[id u])/(dy*dy); Starting program: /home/jychang48/Downloads/hiptutorial/nig/dacnbi iy -g
[Thread debugging using libthread db enabled]
Using host libthread db library " "
[Detaching after fork from child process 129946]
LocalLaplacian(grid t& grid, mesh t& mesh, [New Thread 0x7f2900108700 (LWP 129953)]
hipStream t stream, [New Thread 0x7f28ff74a700 (LWP 129954)]
dfloat* d U, Topology size: 1 x 1
dfloat* d_AU) { Local domain size (current node): 4096 x 4096
Global domain size (all nodes): 4096 x 4096
//there are (Nx-2)x(Ny-2) node on the interior of the mesh [New Thread 0x7f28f7f53700 (LWP 129955)]
localNx = mesh.Nx-; Rank @ selecting device @ on host jychang48-workstation
localNy = mesh.Ny- ; [New Thread 0x7f28f71ff700 (LWP 129956)]
[Thread 0x7f28f71ff700 (LWP 129956) exited]
xthreads g [New Thread 0x7f28fc07f700 (LWP 129957)]
ythreads ; [New Thread 0x7f28f7752700 (LWP 129958)]
[New Thread 0x7f28f757f700 (LWP 129959)]
dim3 threads(xthreads,ythreads, ); Starting Jacobi run.
dim3 blocks((localNx+xthreads- )/xthreads, Iteration: ® - Residual: 0.022108
(LocalNy+ythreads- )/ythreads, );

Thre=aa-1 “Jacobi hip” iiit.Breakpoint 1, Locallaplacian (grid=..., mesh=..., stream=0
hipLaunchKernelGGL (LocallLaplacianKernel, Xx69a6ed, d U=0x7f27a7e00000, u-AU=0x7f279fc00000) at Laplacian.cpp:40

blocks, (gdb) pd U

threads, $1 = (double *)

, stream, (gdb) p d U[0]

localNx, localNy, mesh.Nx, $2 =0

mesh.dx, mesh.dy, (gdb) p d _U[®]@le

d U, d AU); $3 = {0, 0, 0, 0, 6, 0, 0, O, O, 0}
/home/jychang48/Downloads/hiptutorial/hip/Laplacian.cpp (gdb) [




[AMD Public Use]

Setting a breakpoint in host code

Ve ~ ~ Ve ~
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jychang48@jychang48-workstation: ~/Downloads/hiptutorial/hip

Type "apropos word" to search for commands related to "word"...
LocalLaplacian(grid t& grid, mesh t& mesh, Reading symbols from
hipStream t stream, (gdb) b Laplacian.cpp: 40
dfloat* d U,
dfloat* d_AU) { Breakpoint 1 at : file , Line 40.(gdb) run
Starting program: /home/jychang48/Downloads/hiptutorial/hip/Jacobi hip -g
//there are (Nx-2)x(Ny-2) node on the interior of the mesh [Thread debugging using libthread db enabled]
localNx = mesh.Nx-; Using host libthread db library " "
localNy = mesh.Ny-"; [Detaching after fork from child process 129946]
[New Thread 0x7f2900108700 (LWP 129953)]
xthreads g [New Thread 0x7f28ff74a700 (LWP 129954)]
ythreads ; Topology size: 1 x 1
Local domain size (current node): 4096 x 4096
dim3 threads(xthreads,ythreads, ); Global domain size (all nodes): 4096 x 4096
dim3 blocks((localNx+xthreads- )/xthreads, [New Thread 0x7f28f7f53700 (LWP 129955)]
(LocalNy+ythreads- ') /ythreads, '); Rank 0 selecting device ©® on host jychang48-workstation
[New Thread 0x7f28f71ff700 (LWP 129956)]
hipLaunchKernelGGL (LocallLaplacianKernel, [Thread Ox7f28f71ff700 (LWP 129956) exited]
blocks, [New Thread 0x7f28fc07f700 (LWP 129957)]
threads, [New Thread 0x7f28f7752700 (LWP 129958)]
, stream, [New Thread 0x7f28f757f700 (LWP 129959)]
localNx, localNy, mesh.Nx, Starting Jacobi run.
mesh.dx, mesh.dy, Iteration: O - Residual: 0.022108
d U, d AU);
Thread 1 "Jacobi hip" hit Breakpoint 1, Locallaplacian (grid=..., mesh=..., stream=0
X69a6e0, d U=0x7T27a7e00000, d AU=0x7f279fc00000) at Laplacian.cpp:40
(gdb) p d U
(-U i+1,j + 2U 1i,j Ui-1,j)/dx™2 + $1 = (double *)
(-U i,j+1 + 2Uu i,j - U i,j-1)/dy"2 (gdb) p d U[0]
HaloLaplacianKernel( Nx, $2 =0
Ny, (gdb) p d U[B]@10
stride, $3 ~{0, 0, 2. 0, 0, 0, 6, 0, 0, 0}
dfloat dx, (gdb) step
dfloat dy, (qdb) step
/home/jychang48/Downloads/hiptutorial/hip/Laplacian.cpp (gun) i




[AMD Public Use]

Setting a breakpoint in device kernel

LY@21S WoQ 2NJ WoNBIF1Q G2 GK
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jychang48@jychang48-workstation: ~/Downloads/hiptutorial/hip

Topology size: 1 x 1
Local domain size (current node): 4096 x 4096
Global domain size (all nodes): 4096 x 4096
[New Thread 0x7f28f7f53700 (LWP 129955)]
Rank 0 selecting device 0 on host jychang48-workstation
[New Thread 0x7f28f71ff700 (LWP 129956)]
-1,3)/dx"2 + [Thread 0x7f28f71ff700 (LWP 129956) exited]
,j-1)/dy"2 [New Thread 0x7f28fcO7f700 (LWP 129957)]
( localNx, [New Thread 0x7f28f7752700 (LWP 129958)]
localNy, [New Thread 0x7f28f757f700 (LWP 129959)]
stride, Starting Jacobi run.
dfloat dx, Iteration: @ - Residual: 0.022108
dfloat dy,
dfloat * restrict U, Thread 1 "Jacobi hip" hit Breakpoint 1, Locallaplacian (grid=..., mesh=..., stream=0
dfloat * restrict  AU) { x69a6ed, d U=0x7f27a7e00000, d AU=0x7f279fc00000) at Laplacian.cpp:40
(gdb) p d U
threadIdx.x+blockIdx.x*blockDim.Xx; $1 = (double *)
threadIdx.y+blockIdx.y*blockDim.y; (gdb) p d U[0]
$2 =0
((i<localhNx) && (j<localNy)) { (gdb) p d U[@]@10
$3 = {0, 0, 0, 0, 0, 0, 0, 0, 0, 0}
id = (i+ ) + (j+ )*stride; (gdb) step
(adb)—s5tcp
id - ; 'Ladb) b LocallLaplacianKernel
id + Function Lucatiiaptaciankernel"” not defined.
id - stride; Make breakpoint pending on future shared library load? (y or [n]) vy
id + stride;

// AU 1,j = (-U i+1,j + 2U 1,j
=t (-U i,j+1 + 20 i,j
~_glonal LocalLaplacianKerne

OO~k WN B

U_
Uf

i
i
1

id 1
id r
id d
id u

Breakpoint 2 (LocallaplacianKernel) pending.(gdo) continue
AU[id] = (-U[id 1] + ~*U[id] - U[id r])/(dx*dx) + Continuing.
(-u[id d] + *U[id] - U[id u])/(dy*dy); [Switching to AMDGPU Thread 1:5:1:1 (0,0,0)/0]

Thread 9 "Jacobi hip" hit Breakpoint 2, LocallLaplacianKernel (localNx=<optimized out
>, localNy=<optimized out>, stride=<optimized out>, dx=<optimized out>, dy=<optimize
Locallaplacian(grid t& grid, mesh t& mesh, d out>, U=<optimized out>, AU=<optimized out>) at Laplacian.cpp:9
/home/jychang48/Downloads/hiptutorial/hip/Laplacian.cpp (gdb) [




[AMD Public Use]

Setting a breakpoint in device kernel
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jychang48@jychang48-workstation: ~/Downloads/hiptutorial/hip

$2 =0
(gdb) p d U[G]@10
$3 =4{0, 0, 6, 0, 0, 0, 0, 0, 0, 0}
(gdb) step
(gdb) step
(gdb) b LocallLaplacianKernel
-1,3)/dx"2 + Function "LocallaplacianKernel" not defined.
,1-1)/dy"2 Make breakpoint pending on future shared library load? (y or [n]) y
( localNx,
localNy, Breakpoint 2 (LocallaplacianKernel) pending.(gdb) continue
stride, Continuing.
dfloat dx, [Switching to AMDGPU Thread 1:5:1:1 (0,0,0)/0]
dfloat dy,
dfloat * restrict U, Thread 9 "Jacobi hip" hit Breakpoint 2, LocallaplacianKernel (localNx=<optimized out
dfloat * restrict AU) { >, localNy=<optimized out>, stride=<optimized out>, dx=<optimized out>, dy=<optimize
d out>, U=<optimized out>, AU=<optimized out>) at Laplacian.cpp:9
threadIdx.x+blockIdx.x*blockDim.x; (gdb) step
threadIdx.y+blockIdx.y*blockDim.y; [Switching to AMDGPU Thread 1:5:1:1287 (65,1,0)/2]

(-U i+1,j + 20 1,j
(-U i,j+1 + 2U 1i,j
LocallLaplacianKerne

co~NoOU ks WNRE

Ui
Ui
1

((i<localNx) && (j<localNy)) { Thread 1295 "Jacobi hip" hit Breakpoint 2, LocallaplacianKernel (localNx=<optimized
out>, localNy=<optimized out>, stride=<optimized out>, dx=<optimized out>, dy=<optim
id = (i+ ) + (j+ )*stride; ized out>, U=<optimized out>, AU=<optimized out>) at Laplacian.cpp:9
(gdb) step
id - [Switching to AMDGPU Thread 1:5:1:1269 (61,1,0)/0]
id +
id - stride; Thread 1277 "Jacobi hip" hit Breakpoint 2, LocallaplacianKernel (localNx=<optimized
id + stride; out>, localNy=<optimized out>, stride=<optimized out>, dx=<optimized out>, dy=<optim
ized out>, U=<optimized out>, AU=<optimized out>) at Laplacian.cpp:9
AU[id] = (-U[id 1] + *U[id] - U[id r])/(dx*dx) + (gdb) step

(-u[id d] + *U[id] - U[id u])/(dy*dy); [Switching to AMDGPU Thread 1:5:1:363 (90,0,0)/2]

id 1
id r
id d
id u

Thread 371 "Jacobi hip" hit Breakpoint 2, LocallLaplacianKernel (localNx=<optimized o
ut>, localNy=<optimized out>, stride=<optimized out>, dx=<optimized out>, dy=<optimi
Locallaplacian(grid t& grid, mesh t& mesh, zed out>, U=<optimized out>, AU=<optimized out>) at Laplacian.cpp:9
/home/jychang48/Downloads/hiptutorial/hip/Laplacian.cpp (gdb) [




[AMD Public Use]

Setting a breakpoint in device kernel

[Switching to AMDGPU Thread 1:5:1:1 (0,0,0)/0]

Thread 9 "Jacobi hip" hit Breakpoint 2, LocallLaplacianKernel (localNx=<optimized out

>, localNy=<optimized out>, stride=<optimized out>, dx=<optimized out>, dy=<optimize
d out>, U=<optimized out>, AU=<optimized out>) at Laplacian.cpp:9

AMDGPU Thread agent - id:queue - id:dispatch - num:wave - id (work - group - z,work - group -y,work - group - x)/
work - group - thread - index
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[AMD Public Use]

Setting a breakpoint in device kernel

A agent -id= Agent Target ID

[Switching to AMDGPU Thread 1:5:1:1 (0,0,0)/0]

Thread 9 "Jacobi hip" hit Breakpoint 2, LocallLaplacianKernel (localNx=<optimized out

>, localNy=<optimized ou*t>, stride=<optimized out>, dx=<optimized out>, dy=<optimize
d out>, U=<optimized out>, AU=<optimized out>) at Laplacian.cpp:9

AMDGPU Thread agent -id :queue - id:dispatch - num:wave - id (work - group - z,work - group -y,work - group - x)/
work - group - thread - index
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[AMD Public Use]

Setting a breakpoint in device kernel

A agent -id= Agent Target ID
A queue-id= Queue Target ID

[Switching to AMDGPU Thread 1:5:1:1 (0,0,0)/0]

Thread 9 "Jacobi hip" hit Breakpoint 2, LocallLaplacianKernel (localNx=<optimized out

>, localNy=<optimized out>, /stride=<optimized out>, dx=<optimized out>, dy=<optimize
d out>, U=<optimized out>, /AU=<optimized out>) at Laplacian.cpp:9

AMDGPU Thread agent -id: queue -id :dispatch - num:wave-id (work - group - z,work - group -y,work -group - x)/
work - group - thread - index
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[AMD Public Use]

Setting a breakpoint in device kernel
A agent -id= Agent Target ID

A queue-id= Queue Target ID
A dispatch -num = Dispatch Target IDhow many kernels have been launched

[Switching to AMDGPU Thread 1:5:1:1 (0,0,0)/0]

Thread 9 "Jacobi hip" hit Breakpoint 2, LocallLaplacianKernel (localNx=<optimized out

>, localNy=<optimized out>, stride=<optimized out>, dx=<optimized out>, dy=<optimize
d out>, U=<optimized out>, AU=<optimized out>) at Laplacian.cpp:9

AMDGPU Thread agent -id:queue -id: dispatch -numwave -id (work - group - z,work - group -y,work -group - x)/
work - group - thread - index
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[AMD Public Use]

Setting a breakpoint in device kernel
A agent -id= Agent Target ID
A queue-id= Queue Target ID

A dispatch -num = Dispatch Target IDhow many kernels have been launched
A wave-id=  Wavefront ID¢ index of wavefront of kernel

[Switching to AMDGPU Thread 1:5:1:1 (0,0,0)/0]

Thread 9 "Jacobi hip" hit Breakpoint 2, LocallLaplacianKernel (localNx=<optimized out

>, localNy=<optimized out>, stride=<optimized out>, dx=<optimized out>, dy=<optimize
d out>, U=<optimized out>, AU=<optimized out>) at Laplacian.cpp:9

AMDGPU Thread agent - id:queue - id:dispatch - num: wave-id (work - group - z,work - group -y,work - group - Xx)/
work - group - thread - index

AMDA



[AMD Public Use]

Setting a breakpoint in device kernel

A agent -id= Agent Target ID

A queue-id= Queue Target ID

A dispatch -num = Dispatch Target IDhow many kernels have been launched
A wave-id=  Wavefront ID¢ index of wavefront of kernel

A (z,y, x) workgroup/block index

[Switching to AMDGPU Thread 1:5:1:1 (0,0,0)/0]

Thread 9 "Jacobi hip" hit Breakpoint 2, LocallLaplacianKernel (localNx=<optimized out

>, localNy=<optimized out>, stride=<optimized out>, dx=<optimized out>, dy=<optimize
d out>, U=<optimized out>, AU=<optimized out>) at Laplacian.cpp:9

AMDGPU Thread agent - id:queue - id:dispatch - num:wave - id (work - group - z,work - group -y,work - group - x)/
work - group - thread - index

AMDA



[AMD Public Use]

Setting a breakpoint in device kernel

Ve ~ Ve Vd P4
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3

jychang48@jychang48-workstation: ~/Downloads/hiptutorial/hip

$3 = {0, 0, 0, 0, 0, 0, 0, 0, 0, 0}

(gdb) step

(gdb) step

(gdb) b LocallLaplacianKernel

Function "LocallaplacianKernel" not defined.

Make breakpoint pending on future shared library load? (y or [n]) vy

(-U i+1,j + 2U i,j

(-U i,j+1 + 20 i,j
LocallLaplacianKerne

-1,3)/dx"2 +
,1-1)/dy"2 Breakpoint 2 (LocallaplacianKernel) pending.(gdb) continue
( localNx, Continuing.
localNy, [Switching to AMDGPU Thread 1:5:1:1 (0,0,0)/0]
stride,
dfloat dx, Thread 9 "Jacobi hip" hit Breakpoint 2, LocallLaplacianKernel (localNx=<optimized out
dfloat dy, >, localNy=<optimized out>, stride=<optimized out>, dx=<optimized out>, dy=<optimize
dfloat * restrict U, d out>, U=<optimized out>, AU=<optimized out>) at Laplacian.cpp:9
dfloat * restrict AU) { (gdb) step
[Switching to AMDGPU Thread 1:5:1:1287 (65,1,0)/2]

U_
Uf

Lo~NOUEWNRE

i
i
1

threadIdx.x+blockIdx.x*blockDim.Xx;
threadIdx.y+blockIdx.y*blockDim.y; Thread 1295 "Jacobi hip" hit Breakpoint 2, LocallaplacianKernel (localNx=<optimized
out>, localNy=<optimized out>, stride=<optimized out>, dx=<optimized out>, dy=<optim
((i<localNx) && (j<localNy)) { ized out>, U=<optimized out>, AU=<optimized out>) at Laplacian.cpp:9

(gdb) step

id = (i+ ) + (j+ )*stride; [Switching to AMDGPU Thread 1:5:1:1269 (61,1,0)/0]

id 1
id r
id d
id u

id - Thread 1277 "Jacobi hip" hit Breakpoint 2, LocallaplacianKernel (localNx=<optimized
id + out>, localNy=<optimized out>, stride=<optimized out>, dx=<optimized out>, dy=<optim
id - stride; ized out>, U=<optimized out>, AU=<optimized out>) at Laplacian.cpp:9

id + stride; (gdb) step

[Switching to AMDGPU Thread 1:5:1:363 (90,0,0)/2]

AU[id] = (-U[id 1] + ~*U[id] - U[id r])/(dx*dx) +
(-u[id d] + *U[id] - U[id u])/(dy*dy); Thread 371 "Jacobi hip" hit Breakpoint 2, LocallLaplacianKernel (localNx=<optimized o

ut>, localNy=<optimized out>, stride=<optimized out>, dx=<optimized out>, dy=<optimi

zed cut>, U=<optimized out>, AU=<optimized out>) at Laplacian.cpp:9

(gdbj. disable 2

LocallLaplacian(grid t& grid, mesh t& mesh, (gdb) step

/home/jychang48/Downloads/hiptutorial/hip/Laplacian.cpp (gdb) [




[AMD Public Use]

Setting a breakpoint in device kernel

)

hipLaunchKernelGGL (kernelName,

<hip/hip_runtime api.h>
__device = attribute
__device = attribute
__device = attribute
__device = attribute
__HIP BlockIdx {

__device

std::uint32 t ()(std::uint32 t

};

((
((
((
((

___HIP BlockDim {
__device
std::uint32 t ()(std::uint32 t
__ockl get local size(x);

b
__HIP GridDim {
__device
std::uint32 t ()(std::uint32 t
__ockl get num_groups(x);

};
__HIP ThreadIdx {
__device
std::uint32 t () (std::uint32 t
__ockl get local id(x);

};

0KS dzaSNJ 12 RAGS RSSLISN Ayd?2

jychang48@jychang48-workstation: ~/Downloads/hiptutorial/hip

hipLaunchKernelGGLInternal((kernelN

size t _ ockl get local id(uint);
size t ockl get group id(uint);
size t ockl get local size(uint);
size t ockl get num groups(uint);

noexcept { __ockl get g

noexcept {

noexcept {

noexcept {

/opt/rocm-4.2.0/hip/include/hip/amd detail/hip runtime.h

(gdb) b LocallLaplacianKernel
Function "LocallLaplacianKernel" not defined.
Make breakpoint pending on future shared library load? (y or [n]) vy

Breakpoint 2 (LocallLaplacianKernel) pending.(gdb) continue
Continuing.
[Switching to AMDGPU Thread 1:5:1:1 (0,0,0)/0]

Thread 9 "Jacobi hip" hit Breakpoint 2, LocallaplacianKernel (localNx=<optimized out
>, localNy=<optimized out>, stride=<optimized out>, dx=<optimized out>, dy=<optimize
d out>, U=<optimized out>, AU=<optimized out>) at Laplacian.cpp:9

(gdb) step

[Switching to AMDGPU Thread 1:5:1:1287 (65,1,0)/2]

Thread 1295 "Jacobi hip" hit Breakpoint 2, LocallaplacianKernel (localNx=<optimized
out>, localNy=<optimized out>, stride=<optimized out>, dx=<optimized out>, dy=<optim
ized out>, U=<optimized out>, AU=<optimized out>) at Laplacian.cpp:9

(gdb) step

[Switching to AMDGPU Thread 1:5:1:1269 (61,1,0)/0]

Thread 1277 "Jacobi hip" hit Breakpoint 2, LocallLaplacianKernel (localNx=<optimized
out>, localNy=<optimized out>, stride=<optimized out>, dx=<optimized out>, dy=<optim
ized out>, U=<optimized out>, AU=<optimized out>) at Laplacian.cpp:9

(gdb) step

[Switching to AMDGPU Thread 1:5:1:363 (90,0,0)/2]

Thread 371 "Jacobi hip" hit Breakpoint 2, LocallLaplacianKernel (localNx=<optimized o
ut>, localNy=<optimized out>, stride=<optimized out>, dx=<optimized out>, dy=<optimi
zed out>, U=<optimized out>, AU=<optimized out>) at Laplacian.cpp:9

(gdb) disable 2

(gdh)—stcp

(adb) stepi

Oxw3a7f22£727010 in _ HIP BlockDim::operator() (this=<optimized out>, x=<optimized
out>)lat /opt/rocm-4.2.0/hip/include/hip/amd_detail/hip_ runtime.h:232

(gdb)

GdKS




[AMD Public Use]

Setting a breakpoint in device kernel

~ Ve ~ Ve ~
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3

jychang48@jychang48-workstation: ~/Downloads/hiptutorial/hip
Make breakpoint pending on future shared library load? (y or [n]) y

Breakpoint 2 (LocallaplacianKernel) pending.(gdb) continue
Continuing.
[Switching to AMDGPU Thread 1:5:1:1 (0,0,0)/0]

(-U i+1,j + 20 1,j
(-U i,j+1 + 2U 1i,j
LocallLaplacianKerne

-1,3)/dx"2 + Thread 9 "Jacobi hip" hit Breakpoint 2, LocallaplacianKernel (localNx=<optimized out
,1-1)/dy"2 >, localNy=<optimized out>, stride=<optimized out>, dx=<optimized out>, dy=<optimize
( localNx, d out>, U=<optimized out>, AU=<optimized out>) at Laplacian.cpp:9
localNy, (gdb) step
stride, [Switching to AMDGPU Thread 1:5:1:1287 (65,1,0)/2]
dfloat dx,
dfloat dy, Thread 1295 "Jacobi hip" hit Breakpoint 2, LocallaplacianKernel (localNx=<optimized
dfloat * restrict U, out>, localNy=<optimized out>, stride=<optimized out>, dx=<optimized out>, dy=<optim
dfloat * restrict AU) { ized out>, U=<optimized out>, AU=<optimized out>) at Laplacian.cpp:9
(gdb) step
threadIdx.x+blockIdx.x*blockDim.Xx; [Switching to AMDGPU Thread 1:5:1:1269 (61,1,0)/0]
threadIdx.y+blockIdx.y*blockDim.y;

U_
Uf

Lo~NOUEWNRE

i
i
1

Thread 1277 "Jacobi hip" hit Breakpoint 2, LocallLaplacianKernel (localNx=<optimized
((i<localNx) && (j<localNy)) { out>, localNy=<optimized out>, stride=<optimized out>, dx=<optimized out>, dy=<optim
ized out>, U=<optimized out>, AU=<optimized out>) at Laplacian.cpp:9
id = (i+ ) + (j+ )*stride; (gdb) step
[Switching to AMDGPU Thread 1:5:1:363 (90,0,0)/2]
id -
id + Thread 371 "Jacobi hip" hit Breakpoint 2, LocallLaplacianKernel (localNx=<optimized o
id - stride; ut>, localNy=<optimized out>, stride=<optimized out>, dx=<optimized out>, dy=<optimi
id + stride; zed out>, U=<optimized out>, AU=<optimized out>) at Laplacian.cpp:9
(gdb) disable 2
AU[id] = (-U[id 1] + *U[id] - U[id r])/(dx*dx) + (gdb) step

(-u[id d] + *U[id] - U[id u])/(dy*dy); (gdb) stepi
0x00007f28f722f010 in  HIP BlockDim::operator() (this=<optimized out>, x=<optimized
out>) at /opt/rocm-4.2.0/hip/include/hip/amd_detail/hip runtime.h:232
(pup) step
LocallLaplacian(grid t& grid, mesh t& mesh, (gdb) step

/home/jychang48/Downloads/hiptutorial/hip/Laplacian.cpp (gdb) B

id 1 ;
id r
id d
id u




[AMD Public Use]

Examining the ISA

Several ways one can view the ISA. Usgdh type
ESC - > :setdis -> ENTER

/opt/rocm-

for function

jychang48@jychang48-workstation: ~/Downloads/hiptutorial/hip

__global LocalLaplacianKernel ( localNx,

<t+0>: s load dwordx4 s[':°], s[ :'],

/hip/include/hip/amd_detail/hip runtime.h:
__ockl get local size(x);
<t >: s_load _dword s10, s[ :'1],
<+ > s waitcnt lgkment(©)
<+ : s lshr b32 s3, slo,
<+ : s and b32 s4, slo,
<+ : s mul i32 s8, s8, s4
<+ : s mul i32 s9, s9, s3

Laplacian.cpp:

i = threadIdx.x+blockIdx.x*blockDim.x;
<+40>: v_add u32 e32 vO, s8, vO

j = threadIdx.y+blockIdx.y*blockDim.y;
<+44>: v_add u32 e32 vl1, s9, vl

((i<localNx) && (j<localNy)) {
<+48>: v_cmp_gt i32 e32 vcc, sO, vO
<+ v_cmp_gt i32 e64 s[: ], sl, vl
<+ s and b64 s[ : ], vecec, s[ :]
<+ s_and_saveexec b64 s[ :°]1, sI
<+ s_cbranch_execz

>
>t
>
>

id = (i+) + (j+ )*stride;

<t+72>: v_add u32 e32 v1, ', vl

<+76>: v_mul lo u32 vl, vl, s2

<+84>: s load dwordx2 s[ :'], s[ : 1],

LocallLaplacianKernel( localNx,
Z20LocallaplacianKerneliiiddPKdPd: (7f28f722f000 - 7f28f722f1e8)

* ¥k

Make breakpoint pending on future shared library load? (y or [n]) y

Breakpoint 2 (LocallaplacianKernel) pending.(gdb) continue
Continuing.
[Switching to AMDGPU Thread 1:5:1:1 (0,0,0)/0]

Thread 9 "Jacobi hip" hit Breakpoint 2, LocallaplacianKernel (localNx=<optimized out
>, localNy=<optimized out>, stride=<optimized out>, dx=<optimized out>, dy=<optimize
d out>, U=<optimized out>, AU=<optimized out>) at Laplacian.cpp:9

(gdb) step

[Switching to AMDGPU Thread 1:5:1:1287 (65,1,0)/2]

Thread 1295 "Jacobi hip" hit Breakpoint 2, LocallaplacianKernel (localNx=<optimized
out>, localNy=<optimized out>, stride=<optimized out>, dx=<optimized out>, dy=<optim
ized out>, U=<optimized out>, AU=<optimized out>) at Laplacian.cpp:9

(gdb) step

[Switching to AMDGPU Thread 1:5:1:1269 (61,1,0)/0]

Thread 1277 "Jacobi hip" hit Breakpoint 2, LocallLaplacianKernel (localNx=<optimized
out>, localNy=<optimized out>, stride=<optimized out>, dx=<optimized out>, dy=<optim
ized out>, U=<optimized out>, AU=<optimized out>) at Laplacian.cpp:9

(gdb) step

[Switching to AMDGPU Thread 1:5:1:363 (90,0,0)/2]

Thread 371 "Jacobi hip" hit Breakpoint 2, LocallLaplacianKernel (localNx=<optimized o
ut>, localNy=<optimized out>, stride=<optimized out>, dx=<optimized out>, dy=<optimi
zed out>, U=<optimized out>, AU=<optimized out>) at Laplacian.cpp:9

(gdb) disable 2

(gdb) step

(gdb) stepi

0x00007f28f722f010 in  HIP BlockDim::operator() (this=<optimized out>, x=<optimized
out>) at /opt/rocm-4.2.0/hip/include/hip/amd_detail/hip runtime.h:232

(gdb) step

(gdb) step

(gdb)




[AMD Public Use]

Examining the ISA

Let's say | want to see what the value gfis for my wavefront:

/opt/rocm-

for function

__global

jychang48@jychang48-workstation: ~/Downloads/hiptutorial/hip

localNx,

1, s[6:71,

LocalLaplacianKernel (
<ti>: s load dwordx4 s[

/hip/include/hip/amd_detail/hip runtime.h:
__ockl get local size(x);
<t >: s_load _dword s10, s[ :'1],
<+ s waitcnt lgkment(©)
<+ s lshr b32 s3, slo,
<+ s and b32 s4, slo,
<+ s mul i32 s8, s8, s4
<+ s mul i32 s9, s9, s3

Laplacian.cpp:

i = threadIdx.x+blockIdx.x*blockDim.x;
<+40>: v_add u32 e32 vO, s8, vO

j = threadIdx.y+blockIdx.y*blockDim.y;
<+44>: v_add u32 e32 vl1, s9, vl

((i<localNx) && (j<localNy)) {
<+48>: v_cmp_gt i32 e32 vcc, sO, vO
<+ v_cmp_gt i32 e64 s[ 1, s1, vl
<+ s_and _b64 s| I. vce, s[0:1]
<+ s_and_saveexec b64 s[ 1. sl
<+ s_cbranch_execz

>
>t
>
>

id =
<+72>:
<+76>:
<+84>:

(i+') + (j+ )*stride;

v_add u32 e32 v1, ', vl

v mul lo u32 vl, vl, s2

s load dwordx2 s[ :'], s[ :'],

localNx,
(7128F722f000 - 7f28f722f1e8)

LocallLaplacianKernel(
Z20LocallLaplacianKerneliiiddPKdPd:

* ¥k

(gdb) step
[Switching to AMDGPU Thread 1:5:1:1287 (65,1,0)/2]

Thread 1295 "Jacobi hip" hit Breakpoint 2, LocallaplacianKernel (localNx=<optimized
out>, localNy=<optimized out>, stride=<optimized out>, dx=<optimized out>, dy=<optim
ized out>, U=<optimized out>, AU=<optimized out>) at Laplacian.cpp:9

(gdb) step

[Switching to AMDGPU Thread 1:5:1:1269 (61,1,0)/0]

Thread 1277 "Jacobi hip" hit Breakpoint 2, LocallLaplacianKernel (localNx=<optimized
out>, localNy=<optimized out>, stride=<optimized out>, dx=<optimized out>, dy=<optim
ized out>, U=<optimized out>, AU=<optimized out>) at Laplacian.cpp:9

(gdb) step

[Switching to AMDGPU Thread 1:5:1:363 (90,0,0)/2]

Thread 371 "Jacobi hip" hit Breakpoint 2, LocallLaplacianKernel (localNx=<optimized o
ut>, localNy=<optimized out>, stride=<optimized out>, dx=<optimized out>, dy=<optimi
zed out>, U=<optimized out>, AU=<optimized out>) at Laplacian.cpp:9
(gdb) disable 2

(gdb) step

(gdb) stepi

Ox00007f28f722f010 in _ HIP BlockDim::operator() (this=<optimized out>,
out>) at /opt/rocm-4.2.0/hip/include/hip/amd detail/hip_runtime.h:232
(gdb) step

(gdb) step

(gdb) info v@
Undcfincd infu Lummand;
(gdb) info reg vo@

vo {0x5a0,
, Ox5aa, 0x5ab, 0x5ac,
, Ox5ab, 0x5a7, 0x5a8,
, Ox5a2, 0x5a3, 0x5a4,
, Ox5ae, 0Ox5af, 0x5a0,
, Ox5aa, 0x5ab, 0x5ac,

I |
A |

x=<optimized

Vo le ".IIC-LP o™,
0x5al,
0x5ad,
0x5a9,
0x5a5,
0xb5al,

0x5ad,

0x5a2,
Ox5ae,
Ox5aa,
0x5a6,
0xb5az2,
Oxbae,

0x5a3, 0xb5a4,
Ox5af, 0x5a0,
0x5ab, 0x5ac,
Ox5a7, 0xb5a8,
Ox5a3, 0xb5a4,
Ox5af}

0x5ab,
Ox5a2,
Oxb5ae,
Ox5aa,
0x5ab,

0x5a8,
0x5a4,
0x5a0,
Oxb5ac,
Ox5a8,




[AMD Public Use]

Examining the ISA

This also works for scalar registers, for instance here we can check the conditional:

(1 < localNx )&&(j< localNy )

which is stored in s[0:1], one bit corresponding to each thread in the wavefront:

jychang48@jychang48-workstation: ~/Downloads/hiptutorial/hip

Laplacian.cpp:
1 = threadIdx.x+blockIdx.x*blockDim.x;
<+40>: v_add u32 e32 vO, s8, vO

j = threadIdx.y+blockIdx.y*blockDim.y;
<+44=>: v_add u32 e32 vl, s9, vl

((i<localNx) && (j<localNy)) {
<+ : v_cmp gt i32 e32 vcc, s0O, vO
<+ : v_cmp gt i32 e64 s[: ], sl, vl
<+ : s and b64 s[ :'], vcc, s[:]
<+ - s_and_saveexec b64 s[ :°]1, sI
<+ - s_cbranch_execz

id = (i+) + (j+ )*stride;

<t+72>: v_add u32 e32 v1, ', vl

<+76>: v_mul lo u32 vl, vl, s2

<+ > s load dwordx2 s[ :'], s[: ],

LocalLaplacianKernel ( localNx,
<t > s_load_dwordx4 s[ : '], s[o: '],

id = (i+') + (j+ )*stride;
<+100>: v_add u32 e32 v4, vl, vO

AU[id] = (-U[id 1] + “*U[id] - U[id r])/(dx*dx) +
<+104>: v_ashrrev_i32 e32 v5, , vé4
<+ i>: v _lshlrev b64 v[ :°1, -, vI[
<+ . >: s waitcnt lgkmecnt(')
> v_mov b32 e32 v15, sl

>de for function Z20LocallaplacianKerneliiiddPKdPd: (7f28f722f000 - 7f28f722fle8)

out>, localNy=<optimized out>, stride=<optimized out>, dx=<optimized out>, dy=<optim
ized out>, U=<optimized out>, AU=<optimized out>) at Laplacian.cpp:9

(gdb) step

[Switching to AMDGPU Thread 1:5:1:363 (90,0,0)/2]

Thread 371 "Jacobi hip" hit Breakpoint 2, LocallLaplacianKernel (localNx=<optimized o
ut>, localNy=<optimized out>, stride=<optimized out>, dx=<optimized out>, dy=<optimi
zed out>, U=<optimized out>, AU=<optimized out>) at Laplacian.cpp:9

(gdb) disable 2

(gdb) step

(gdb) stepi

0x00007f28f722f010 in _ HIP BlockDim::operator() (this=<optimized out>, x=<optimized
out>) at /opt/rocm-4.2.0/hip/include/hip/amd detail/hip_runtime.h:232

(gdb) step

(gdb) step

(gdb) info v@

Undefined info command: "v@". Try "help info".

(gdb) info reg vo@

vO {0x5a0, 0x5al, 0x5a2, 0x5a3, 0x5a4, 0x5a5, 0x5a6, 0x5a7, 0x5a8,

, Ox5aa, 0x5ab, 0x5ac, 0x5ad, 0Ox5ae, 0x5af, 0x5a0, 0x5al, 0x5a2, 0x5a3, 0x5a4,

, Ox5a6, 0x5a7, 0x5a8, 0x5a9, 0Ox5aa, 0x5ab, 0x5ac, 0x5ad, 0x5ae, Ox5af, 0x5a0,

, 0x5a2, 0x5a3, 0x5a4, 0x5a5, 0x5a6, 0x5a7, 0x5a8, 0x5a9, 0x5aa, 0x5ab, 0x5ac,

, Ox5ae, Ox5af, 0x5a0, 0x5al, 0x5a2, 0x5a3, 0Ox5a4, 0x5a5, 0x5a6, 0x5a7, 0x5a8,

T GA:GG, GA:ub, GA:GL, GA:ud, GA:GC, GA:Gf}

(gdb) info reg sO

s Oxffe 4094
(gdb) info reg sl

sl 0xffe 4094
(gdb) step

(gdb) step

(gdb) info reg s©@

s0 Oxffffffff

(gdb) info reg sl

sl OxFfffffff

(gdb) 1




[AMD Public Use]

Switching wavefronts

Now that I've been stepping only my wavefront, are the others still at the beglnnlng of the kernel? Use info threads

¢KAA Syl ofSa dz

Laplacian.cpp:
i:

<+40>: v_add_u32_e32 v@

j =

<+ v_add_u32 e32 vl

((i<localNx) && (j<localNy)) {
<+ : v_cmp gt 132 e32
<+ : v_cmp gt 132 e64
<+ : s and b64 s[: ]

<+ - s_cbranch_execz

id = (i+) + (j+ )*stride;
<+ >
<+ >
<+ >

v mul lo u32 vi,
s load dwordx2 s

LocalLaplacianKernel (
<+ > s _load dwordx4 s

id = (i+') + (j+ )*stride;
<+ >

AU[id] = (-U[id 1] +
<+ >
<+ >
<+ >

*U[id]

v_lshlrev b64 v[

>de for function Z20LocallaplacianKerneliiiddPKdPd:

<+ - s_and_saveexec b64 s[

v_add u32 e32 vl1,

v_add u32 e32 v4,

- Ulid
v_ashrrev_i32 e32 v5,

G 2 ass

(KS t20FGA2Yy 2F

jychang48@jychang48-workstation: ~/Downloads/hiptutorial/hip

threadIdx.x+blockIdx.x*blockDim.x;

, s8, vO

threadIdx.y+blockIdx.y*blockDim.y;

, 59, vl

vcc, sO, vO
s[:], s1, vl
, vecc, s[: ]

1. sl

A
vl, s2
[0:1], s[6:7],

localNx,
[8:11], s[6:7],

vl, vO

r1)/(dx*dx) +
, vad
I. =, vI

s waitcnt lgkment ()
> v _mov b32 e32 v15, sl

(712817227000 - 7f287722fle8) **

|4gdb) info threads

Id Target Id

1 Thread 0x7f291814d8cO (LWP 129937) "Jacobi hip"
ield () from /1ib/x86 64-linux-gnu/libc.so0.6

2 Thread 0x7f2900108700 (LWP 129953) "Jacobi hip"
from /lib/x86_ 64-linux-gnu/libc.so0.6

3 Thread 0x7f28ff74a700 (LWP 129954) "Jacobi hip"
ait () from /1ib/x86 64-linux-gnu/libc.so.6

4 Thread @x7f28f7f53700 (LWP 129955) "Jacobi hip"
) from /lib/x86 64-linux-gnu/libc.so.6

6 Thread @x7f28fc@7f700 (LWP 129957) "Jacobi hip"
ield () from /1ib/x86 64-linux-gnu/libc.so0.6

7 Thread 0x7f28f7752700 (LWP 129958) "Jacobi hip"
) from /1ib/x86 64-linux-gnu/libc.so0.6

8 Thread 0x7f28f757f700 (LWP 129959) "Jacobi_hip" 0x00007f291a2f4678 in
X_wait.constprop () from /lib/x86 64-linux-gnu/libpthread.so.0

Frame
0x0000712918b7a89b in

0x00007712918b8aaff in
0x0000712918b975ce in
0x0000712918b8c50b i
0x0000712918b7a89b i

0x0000772918b8c50b in

=<optimized out>, localNy=<optimized out>, stride=<optimized out>,
>, dy=<optimized out>, U=<optimized out>,
(gdh)

Id Target Id

1 Thread 0x7f291814d8c® (LWP 129937) "Jacobi hip"
ield () from /1ib/x86 64-linux-gnu/libc.so0.6

2 Thread 0x7f2900108700 (LWP 129953) "Jacobi hip"
from /lib/x86_ 64-linux-gnu/libc.so0.6

3 Thread 0x7f28ff74a700 (LWP 129954) "Jacobi hip"
ait () from /lib/x86 64-linux-gnu/libc.so.6

4 Thread @x7f28f7f53700 (LWP 129955) "Jacobi hip"
) from /lib/x86 64-linux-gnu/libc.so.6

6 Thread @x7f28fc@7f700 (LWP 129957) "Jacobi hip"
ield () from /1ib/x86 64-linux-gnu/libc.so0.6

7 Thread 0x7f28f7752700 (LWP 129958) "Jacobi hip"
) from /1ib/x86 64-linux-gnu/libc.so0.6

8 Thread 0x7f28f757f700 (LWP 129959) "Jacobi_hip" 0x00007f291a2f4678 i
X_wait.constprop () from /lib/x86 64-linux-gnu/libpthread.so.0

Frame
0x00007f2918b7a89b i

0x00007T12918b8aaff i
0x0000712918b975ce i
0x0000712918b8c50b i
0x0000712918b7a89b i

0x0000712918b8c50b i

020K K2a

sched y
poll ()
epoll w
ioctl (
sched y
ioctl (

do_fute

* 371 AMDGPU Thread 1:5:1:363 (90,0,0)/2 "Jacobi hip" LocallaplacianKernel (localNx
dx=<optimized out
AU=<optimized out>) at Laplacian.cpp:22

sched y
poll ()
epoll w
ioctl (
sched y
ioctl (

do_fute
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[AMD Public Use]

Switching wavefronts

.. but where did all the other threads g&?ep allows other wavefronts to advangéence the rest of the waves in

our kernel have already completed!:

jychang48@jychang48-workstation: ~/Downloads/hiptutorial/hip

Laplacian.cpp:
1 = threadIdx.x+blockIdx.x*blockDim.x;
<+40>: v_add u32 e32 vO, s8, vO

j = threadIdx.y+blockIdx.y*blockDim.y;
<+44=>: v_add u32 e32 vl, s9, vl

((i<localNx) && (j<localNy)) {
<+ : v_cmp gt i32 e32 vcc, s0O, vO
<+ : v_cmp gt 132 e64 s[ ], s1, vl
<+ : s _and b64 s| 1, vce, s[: 1]
<+ - s_and_saveexec b64 s[ :°]1, sI
<+ - s_cbranch_execz

id = (i+) + (j+ )*stride;

<t+72>: v_add u32 e32 v1, ', vl

<+76>: v_mul lo u32 vl, vl, s2

<+ > s load dwordx2 s[ :'], s[: ],

LocalLaplacianKernel ( localNx,
<t > s_load_dwordx4 s[ : '], s[o: '],

id = (i+') + (j+ )*stride;
<+100>: v_add u32 e32 v4, vl, vO

AU[id] = (-U[id 1] + “*U[id] - U[id r])/(dx*dx) +
<+104>: v_ashrrev_i32 e32 v5, , vé4
<+ i>: v _lshlrev b64 v[ :°1, -, vI[
<+ . >: s waitcnt lgkmecnt(')
> v_mov b32 e32 v15, sl

>de for function Z20LocallaplacianKerneliiiddPKdPd: (7f28f722f000 - 7f28f722fle8) **

|4gdb) info threads

Id Target Id Frame

1 Thread 0x7f291814d8c® (LWP 129937) "Jacobi_ hip" 0x00007f2918b7a89b
ield () from /1ib/x86 64-linux-gnu/libc.so0.6

2 Thread 0x7f2900108700 (LWP 129953) "Jacobi_hip" 0x00007f2918b8aaff
from /lib/x86_ 64-linux-gnu/libc.so0.6

3 Thread 0x7f28ff74a700 (LWP 129954) "Jacobi_hip" 0x00007f2918b975ce
ait () from /1ib/x86 64-linux-gnu/libc.so.6

) from /lib/x86 64-linux-gnu/libc.so.6
ield () from /1ib/x86 64-linux-gnu/libc.so0.6

7 Thread 0x7f28f7752700 (LWP 129958) "Jacobi_ hip" 0x00007f2918b8c50b
) from /1ib/x86 64-linux-gnu/libc.so0.6

8 Thread 0x7f28f757f700 (LWP 129959) "Jacobi hip" 0x00007f291a2f4678
X_wait.constprop () from /lib/x86 64-linux-gnu/libpthread.so.0

(gdbh)
Id Target Id Frame

ield () from /1ib/x86 64-linux-gnu/libc.so0.6
from /lib/x86_ 64-linux-gnu/libc.so0.6
ait () from /lib/x86 64-linux-gnu/libc.so.6
) from /lib/x86 64-linux-gnu/libc.so.6
ield () from /1ib/x86 64-linux-gnu/libc.so0.6

) from /1ib/x86 64-linux-gnu/libc.so0.6

X_wait.constprop () from /lib/x86 64-linux-gnu/libpthread.so.0
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in
in

in

4 Thread 0x7f28f7f53700 (LWP 129955) "Jacobi hip" 0x00007f2918b8c50b i

6 Thread 0x7f28fce7f700 (LWP 129957) "Jacobi hip" 0x00007f2918b7a89b i

in

in

1 Thread 0x7f291814d8c® (LWP 129937) "Jacobi_hip" 0x00007f2918b7a89b i
2 Thread 0x7f2900108700 (LWP 129953) "Jacobi_hip" 0x00007f2918b8aaff i
3 Thread 0x7f28ff74a700 (LWP 129954) "Jacobi_hip" 0x00007f2918b975ce i
4 Thread 0x7f28f7f53700 (LWP 129955) "Jacobi hip" 0x00007f2918b8c50b i
6 Thread 0x7f28fce7f700 (LWP 129957) "Jacobi hip" 0x00007f2918b7a89b i
7 Thread 0x7f28f7752700 (LWP 129958) "Jacobi_hip" 0x00007f2918b8c50b i

8 Thread 0x7f28f757f700 (LWP 129959) "Jacobi_hip" 0x00007f291a2f4678 i

sched y
poll ()
epoll w
ioctl (
sched y
ioctl (

do_fute

* 371 AMDGPU Thread 1:5:1:363 (90,0,0)/2 "Jacobi hip" LocallLaplacianKernel (localNx
=<optimized out>, localNy=<optimized out>, stride=<optimized out>, dx=<optimized out
>, dy=<optimized out>, U=<optimized out>, AU=<optimized out>) at Laplacian.cpp:22

sched y
poll ()
epoll w
ioctl (
sched y
ioctl (

do_fute




[AMD Public Use]

Rerunning rocgdb with schedul&rcking
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For help, type "help".
Type "apropos word" to search for commands related to "word"...
Reading symbols from
(gdb) b LocallLaplacianKernel
Function "LocallaplacianKernel" not defined.
-1,3)/dx"2 + Make breakpoint pending on future shared library load? (y or [n]) y
,j-1)/dy"2
( localNx, Breakpoint 1 (LocallLaplacianKernel) pending.(gdb) run
localNy, Starting program: /home/jychang48/Downloads/hiptutorial/hip/Jacobi hip -g 1 1
stride, [Thread debugging using libthread db enabled]
dfloat dx, Using host libthread db library " "
dfloat dy, [Detaching after fork from child process 131661]
dfloat * restrict U, [New Thread 0x7f6c5b6c3700 (LWP 131668)]
dfloat * restrict  AU) [New Thread 0x7f6c5ad05700 (LWP 131669)]
Topology size: 1 x 1
threadIdx.x+blockIdx.x*blockDim.Xx; Local domain size (current node): 4096 x 4096
threadIdx.y+blockIdx.y*blockDim.y; Global domain size (all nodes): 4096 x 4096
[New Thread 0x7f6c58fd2700 (LWP 131670)]
((i<localNx) && (j<localNy)) { Rank @ selecting device @ on host jychang48-workstation
[New Thread 0x7f6c5253e700 (LWP 131671)]
id = (i+ ) + (j+ )*stride; [Thread 0x7f6c5253e700 (LWP 131671) exited]
[New Thread 0x7f6c590ff700 (LWP 131672)]
id - [New Thread 0x7f6c5877f700 (LWP 131673)]
id + [New Thread 0x7f6c585ff700 (LWP 131674)]
id - stride; Starting Jacobi run.
id + stride; Iteration: @ - Residual: 0.022108
[Switching to AMDGPU Thread 1:5:1:1 (0,0,0)/0]

(-U i+1,j + 20 1,j
(-U i,j+1 + 2U 1i,j
LocallLaplacianKerne

U_
Uf

Lo~NOUEWNRE

i
i
1

id 1
id r
id d
id u

AU[id] = (-U[id 1] + *U[id] - U[id r])/(dx*dx) +
(-u[id d] + *U[id] - U[id u])/(dy*dy); Thread 9 "Jacobi hip" hit Breakpoint 1, LocallaplacianKernel (localNx=<optimized out

>, localNy=<optimized out>, stride=<optimized out>, dx=<optimized out>, dy=<optimize

d out>,-YU=<Gpiiiized oui~, AY=-optimized out>) at Laplacian.cpp:9

(adb) set scheduler-locking on

(gdbjdicahle 1

(gdb) 1

Locallaplacian(grid t& grid, mesh t& mesh,
/home/jychang48/Downloads/hiptutorial/hip/Laplacian.cpp




[AMD Public Use]

Rerunning rocgdb with schedul&rcking

Now we see the rest ,of the ESPU th(eads. o i A
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3

jychang48@jychang48-workstation: ~/Downloads/hiptutorial/hip

(gdb) set scheduler-locking on [60/2103]
(gdb) disable 1
(gdb) step
(gdb) info threads
Id Target Id Frame
1 Thread 0x7f6c737088c0 (LWP 131652) "Jacobi hip"  0x00007f6c73a95da6 in _load
-1,3)/dx"2 + er_debug_state() () from /opt/rocm/lib/libhsa-runtime64.s0.1
,j-1)/dy"2 2 Thread 0x7f6c5b6c3700 (LWP 131668) "Jacobi hip" 0x00007f6c74145aff in poll
( localNx, () from /lib/x86 64-linux-gnu/libc.so0.6
localNy, E] Thread 0x7f6c5ad05700 (LWP 131669) "Jacobi hip" 0x00007f6c741525ce in epoll
stride, ~wait () from /lib/x86 64-linux-gnu/libc.so0.6
dfloat dx, 4 Thread 0x7f6c58fd2700 (LWP 131670) "Jacobi hip" Ox00007f6c7414750b in ioctl
dfloat dy, () from /1ib/x86 64-linux-gnu/libc.so0.6
dfloat * restrict U, 6 Thread 0x7f6c590ff700 (LWP 131672) "Jacobi hip"  0x00007f6c758af678 in do_fu
dfloat * restrict  AU) { tex _wait.constprop () from /lib/x86 64-linux-gnu/libpthread.so0.0
7 Thread 0x7f6c5877f700 (LWP 131673) "Jacobi hip"  0x00007f6c7414750b in ioctl
threadIdx.x+blockIdx.x*blockDim.Xx; () from /lib/x86 64-1linux-gnu/libc.s0.6
threadIdx.y+blockIdx.y*blockDim.y; 8 Thread 0x7f6c585ff700 (LWP 131674) "Jacobi hip" 0x00007f6c758af678 in do fu
tex wait.constprop () from /lib/x86 64-linux-gnu/libpthread.so.0
((i<localNx) && (j<localNy)) { * 9 AMDGPU Thread 1:5:1:1 (0,0,0)/0 "Jacobi hip" LocalLaplacianKernel (local
Nx=<optimized out>, localNy=<optimized out>, stride=<optimized out>, dx=<optimized o
id = (i+ ) + (j+ )*stride; ut>, dy=<optimized out>, U=<optimized out>, AU=<optimized out>) at Laplacian.cpp:17
106 AMDGPU Thread 1:5:1:2 (0,0,0)/1 "Jacobi hip" LocalLaplacianKernel (local
id - Nx=<optimized out>, localNy=<optimized out>, stride=<optimized out>, dx=<optimized o
id + ut>, dy=<optimized out>, U=<optimized out>, AU=<optimized out>) at Laplacian.cpp:9
id - stride; 11  AMDGPU Thread 1:5:1:3 (0,0,0)/2 "Jacobi_ hip" LocalLaplacianKernel (local
id + stride; Nx=<optimized out>, localNy=<optimized out>, stride=<optimized out>, dx=<optimized o
ut>, dy=<optimized out>, U=<optimized out>, AU=<optimized out>) at Laplacian.cpp:9
AU[id] = (-U[id 1] + ~*U[id] - U[id r])/(dx*dx) + 12 AMDGPU Thread 1:5:1:4 (0,0,0)/3 "Jacobi hip" LocalLaplacianKernel (local
(-u[id d] + *U[id] - U[id u])/(dy*dy); Nx=<optimized out>, localNy=<optimized out>, stride=<optimized out>, dx=<optimized o
ut>, dy=<optimized out>, U=<optimized out>, AU=<optimized out>) at Laplacian.cpp:9
13  AMDGPU Thread 1:5:1:5 (1,0,0)/0 "Jacobi hip" LocalLaplacianKernel (local
Nx=<optimized out>, localNy=<optimized out>, stride=<optimized out>, dx=<optimized o
Locallaplacian(grid t& grid, mesh t& mesh, ut>, dy=<optimized out>, U=<optimized out>, AU=<optimized out>) at Laplacian.cpp:9
/home/jychang48/Downloads/hiptutorial/hip/Laplacian.cpp 14  AMDGPU Thread 1:5:1:6 (1,0,0)/1 "Jacobi hip" LocalLaplacianKernel (local

(-U i+1,j + 20 1,7 -
(-U i,j+1 + 2U i,j -
LocallLaplacianKerne

U_
Uf

Lo~NOUEWNRE

i
i
1

id 1
id r
id d
id u




[AMD Public Use]

Other tricks: export AMD LOG_LEVEL=3

By setting the above environment variable, we can get a print of all API calls and more happening:
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