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Introduction

Motivation:
@ BFS is a fundamental graph algorithm with wide applications.
@® Large-scale graphs (eg: road networks, web graphs) demand parallel processing.
® Sequential BFS cannot scale to billions of edges/vertices.

Performance Challenges:
© Load imbalance: Frontier size varies dramatically between iterations.
® Synchronization bottlenecks: Concurrent queue access and atomic operations.
® Memory access pattern: Poor locality leads to cache inefficiency.
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Ways of Launching Threads
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Figure: Launching and destroying threads(left). Launching threads only once(right).
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BFS-Conventional

Algorithm 1 BFS-Conventional

1: #pragma omp parallel

2: while c¢fsz # 0 do

3 #pragma omp for nowait

4: for all src € frontiers do

5 for all ngh € neigbor[src] do

6 /* __sb_CAS : _sync_bool_compare_and_swap */

7 if __sb_CAS(&dist[ngh], MAX_DIST, dist[src] + 1) then > atomic

update
If[lfsz + +] = ngh;
: end if
10: end for
11: end for

12: [*cfsz = Ifsz, Merge If[] to form frontiers[| */
13: end while
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BFS-NonAtomic

Algorithm 2 BFS-NonAtomic

1: #pragma omp parallel

2: while c¢fsz # 0 do

3 #pragma omp for nowait

4 for all src € frontiers do

5: for all ngh € neigbor|src] do

6: if dist[src] + 1 < dist[ngh] then > if ngh is unvisited
7 If[lfsz 4+ +] = ngh

8 dist[ngh] = dist[src] + 1 > Non-atomic update
9: endif

10: end for

11: end for

12: [*cfsz =" Ifsz, Merge If[] to form frontiers|[] */

13: end while
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Duplicates Percentage
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Figure: Analysis of duplicates and frontier size across iterations
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Top-Down Vs Bottom-Up
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BFS-Hybrid'

e Hybrid approach in [1] switches between top-down and bottom-up approaches
based on frontier edges, unvisited edges and frontier size.

® When frontier size is large, bottom-up approach reduces edge examination
significantly for small diameter graphs.
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Figure: Switching criteria for BFS — Hybridt approach in [1]
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BFS-Hybrid

e Switching criteria in [1] has to keep track of frontier edges.
e Qur switching criteria is solely based on frontier size.
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Figure: Our Switching criteria for BFS — Hybrid approach, T = 0.05 x N
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BFS-Hybrid

Algorithm 3 BFS-Hybrid

1: #pragma omp parallel

2: while c¢fsz # 0 do

3 if is_top_down then

4 /* Algorithm 1: BFS-NonAtomic */

5: else

6 #pragma omp for reduction (+:nxt_fsz)
7 for allveVdo

8
9

if dist[v] == MAX_DIST then > if v is unvisited
: /* Check if its neighbors are in the current frontier */
10: for all ngh € neighbor[v] do
11: if curr_front_bm[ngh] then
12: dist[v] = depth+ 1, nxt_fsz + +
13: nxt_front_bm[v] = true
14: break
15: endif
16: end for
17: end if it e s
18: end for L"@'@llj'!
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BFS-Hybrid (contd.)

19:
20:
21:
22:
283:
24:
25:
26:
27:
28:
29:
30:
31:
32:

end if
#fpragma omp barrier
#pragma omp single
/* update curr_frontier, curr_front_bm, cfsz, and nxt_fsz */
is_top_down = (cfsz < 0.05 x N) ? true : false
depth + +
#pragma omp barrier
if move_from_TD_to_BU then
/* convert frontier array to curr_front_bm (bitmap) */
else if move_from_BU_to_TD then
/* convert curr_front_bm (bitmap) to curr_frontier (array) */
end if
Ifsz=10

#pragma omp barrier

33: endwhile
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BFS-VisitedBitmap

® Prior algorithms used dist [] array to check for unvisited vertices.
e Cache friendly data structure like bitmap can be used to achieve the above goal.

Algorithm 4 BFS-VisitedBitmap
/* Top-down phase: use bitmap to check if a vertex is visited */

1:

2: ..

3: for all ngh € neighbor[src] do
4 if lvisited_bm[ngh] then

5: dist[dst] = dist[src] + 1

6 If{lfsz + +] = dst

7 visited_bm[dst] = true

8 endif

9: end for

10: ...
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BFS-VisitedBitmap(contd.)

11: // Bottom-up phase

13: #pragma omp for nowait reduction (+:nxt_fsz)
14; for allve Vdo
15: if lvisited_bm[v] then

16: for all ngh € neighbor[v] do
17: if curr_front_bm[ngh] then
18: dist[v] = depth + 1, nxt_fsz + +
19: nxt_front_bm[v] = true
20: visited_bm[v] = true

21: break

22: end if

23: end for

24: end if

25: end for

26: .
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Other optimizations

@ Periodic flushing of local frontiers.

® Prefetching and Vector instructions for neighbor checking loop in BFS-Hybrid.
® Reducing number of barriers for large diameter graphs.

® Launching threads only once.
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Evaluation

® BFS-Conventional achieves 22x speedup over serial BFS.
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Figure: Performance comparison of BFS optimizations on speedcode [2]
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@ We optimize BFS with non-atomic updates for distance values.
® We analyze opportunities for non-atomic updates and their performance impact.

® We propose a heuristic to switch between top-down and bottom-up BFS based on
frontier size.

O We use a bitmap-based approach to track visited vertices, reducing memory and
improving cache locality.

® On average, the static scheduling outperforms the dynamic scheduling on the
SpeedCode platform[2].
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Github link

Figure: Github link
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Thank You!

Questions? Suggestions? Comments?
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