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Abstract: As the increase of the number of computing nodes in recent HPC systems, the network topology
connecting the nodes is becoming more complex and hierarchical. We believe this trend will continue for
future HPC systems. MPI libraries should be aware of such complexity in order to decide optimal collective
algorithms and optimal communication pattern in the selected algorithm. However, there are no standard
and general APIs to detect network topologies. In this paper, we propose an API to query network topolo-
gies, named nwtopo. It absorbs the difference among network hardware and provides abstract topology
information. We implement the API as a library for the Tofu interconnect, network hardware of the K
computer and PRIMEHPC FX10, and also implement a topology-aware and network-hardware-dependent
collective algorithm with the library as an experiment. The algorithm implementation is compared with an
existing implementation which uses the Tofu-specific API. The evaluation result shows there is no significant

nwtopo: A General Network Topology Querying API for HPC Systems

performance degradation by using the general API, nwtopo.
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nwtopo_topology_t topo;
nwtopo_obj_t me, *procs;
nwtopo_topology_init (&topo) ;
nwtopo_topology_load(topo);

me = nwtopo_topology_get_this_machine(topo);
ids = malloc(nprocs * sizeof (xids));
procs = malloc(nprocs * sizeof (xprocs));
allgather (¢éme->id, 1, MPI_UNSIGNED_LONG,
ids, 1, MPI_UNSIGNED_LONG,
comm) ;

for(i = 0; i < nprocs; i++){
procs[i] = nwtopo_topology_get_object_by_id(

topo, ids[il);
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int rc[3], mc[3], ocl3];

nwtopo_grid_get_coords(topo, grid, robj, rc);
nwtopo_grid_get_coords(topo, grid, me, mc);

nwtopo_grid_get_shifted_obj(topo, grid, robj,
shifts, &oobj);
nwtopo_grid_get_coords(topo, grid, oobj, oc);

for(id = 0; id < 3; id++){
/* 0000 dirs[1 OO0OD0O0OO =/

for(i = 0; i < nsends; i++){
nwtopo_grid_get_neighbor_obj(
topo, grid, me, dirs[i], 1, &nobj);
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A.1 nwtopo [ API

nwtopo 0 APIOOOOOODO
000000 int000oooooouooooooun
oooo —-1o00o00

Al1l 000000000
typedef struct nwtopo_topology *

nwtopo_topology_t;

nwtopo O OO O QO04d

typedef enum {
NWTOPO_OBJ_MACHINE,
NWTOPO_OBJ_ROUTER,
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NWTOPO_OBJ_GRID,
NWTOPO_OBJ_FULL,
NWTOPO_OBJ_MESH,
NWTOPO_OBJ_MAX
nwtopo_obj_type_t;

coooooooo

struct nwtopo_obj {
unsigned long id;
nwtopo_obj_type_t type;
unsigned height;
unsigned num_parents;
unsigned num_children;
struct nwtopo_obj *¥parents;
struct nwtopo_obj **children;

};

union nwtopo_obj_attr_u *attr;

void *userdata;

typedef struct nwtopo_obj *

nwtopo_obj_t;

O00D00000ia0000 IDO Oparents, children
U000 num_parents, num_children U 0 0 O [(hserdata

O

goboboboooboooooooooooo

union nwtopo_obj_attr_u {

};
O

struct {
char *hostname;
unsigned num_nics;
} machine;
struct {
int dummy;
} router;
struct {
bool dense;
unsigned num_dimensions;
unsigned *dimensions;
unsigned *reference_coordinates;
bool *periodicities;
nwtopo_obj_t *map;
} grid;
struct {
int dummy;
} full;
struct {
unsigned num_edges;
nwtopo_mesh_edge_t *edges;

} mesh;

ooooooooo

struct nwtopo_mesh_edge {
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nwtopo_obj_t nodes[2];
};
typedef struct nwtopo_mesh_edge *
nwtopo_mesh_edge_t;
Graph 0O O0O0OO0O0ODO
enum nwtopo_topology_flags_e {
NWTOPO_TOPOLOGY_FLAG_PHYSICAL_VIEW = (1<<0),

NWTOPO_TOPOLOGY_FLAG_WHOLE_SYSTEM = (1<<1),
NWTOPO_TOPOLOGY_FLAG_NO_MACHINES = (1<<2),
NWTOPO_TOPOLOGY_FLAG_NO_HOSTNAMES = (1<<3),
NWTOPO_TOPOLOGY_FLAG_REUSE_OBJECTS = (1<<4)

};
nwtopo_topology_set_flags U OO DOUODOODOOOO

Al2 000000000000
int nwtopo_topology_init(

nwtopo_topology_t *topologyp) ;
U0 0 nwtopo_topology_t D0 OO OODOOOODO
nwtopo_topology_load 0D OO OO OOOOOOOO
cooboooobooooboooboooo
int nwtopo_topology_load(

nwtopo_topology_t topology);
cboobooooooooobooboobocboooooao
nwtopo_topology_t DO D ODOODOOOOODO
int nwtopo_topology_shrink(

nwtopo_topology_t new_topology,

nwtopo_topology_t base_topology,

unsigned num_machines,
nwtopo_obj_t *machines) ;
base_topology 0 0 U0 U U num_machines 0 O 0000
U000 machinesOOOOOOO0O0O0OOO0OOC
void nwtopo_topology_destroy(

nwtopo_topology_t topology);
nwtopo_topology_t DO D ODOODOODOOODO

A.l13 000000000
unsigned long nwtopo_topology_get_flags(
nwtopo_topology_t topology);
nwtopo_topology_set_flags D OO ODOODOODOOOO
oooo
int nwtopo_topology_set_flags(
nwtopo_topology_t topology,
unsigned long
cO0ooob0O0oobOO0oOoO0ob0O0bobOOob0Db0OO0OOflagsO
nwtopo_topology_flags_ e U OO OOOODOONO

flags);

Al4 000000000
unsigned nwtopo_topology_get_max_height(
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nwtopo_topology_t topology);
gooooooboooooboooooooooobooooo
oobooboooooooooooooboobobodgoo
oob1o0o00o0b10004d
nwtopo_obj_t nwtopo_topology_get_object_by_id(

nwtopo_topology_t topology,

unsigned long id);
oooIbooooOOoOoOOoOOoOooOoooooooo
nwtopo_obj_t nwtopo_topology_get_this_machine(

nwtopo_topology_t topology);
ooboooooboooooboocoooooooboooo
ooooooood

A.1.5 Mesh/Torus 00000000
int nwtopo_grid_get_obj(
nwtopo_topology_t topology,

nwtopo_obj_t grid,
int *xcoords,
nwtopo_obj_t *objp) ;

Mesh/Torus grid 000000 coordsD 00O OO0

oboooboooooooooood

int nwtopo_grid_get_shifted_obj(
nwtopo_topology_t topology,

nwtopo_obj_t grid,
nwtopo_obj_t base,
int *shifts,
nwtopo_obj_t *objp);

Mesh/Torus grid 00000000 base 00 shiftsd O

oooooooooocooboooooooooboooo

ooboogo

int nwtopo_grid_get_neighbor_obj(
nwtopo_topology_t topology,

nwtopo_obj_t grid,
nwtopo_obj_t base,
unsigned direction,
int shift,
nwtopo_obj_t *objp);

Mesh/Torus grid 00000000 base 00 direction
000 shift 00000000000 O0O0O0O0O0O0O00O0
ooo0ooooooon

int nwtopo_grid_get_coords(

nwtopo_topology_t topology,

nwtopo_obj_t grid,
nwtopo_obj_t obj,
int *coords) ;

Mesh/Torus grid 0O 0OO0OO0 objO0OO0DOOO
ooo



