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A Middleware for Stream Processing Using
CUDA Compatible GPUs

SHINTA NAKAGAWA, ! Fuminiko Inof!
and KENICHI HAGIHARAT!

Compute unified device architecture (CUDA) is a development environment
for graphics processing units (GPUs). By stream processing, it allows us to
overlap GPU computation with data transfer between the GPU and the CPU.
This paper presents a middleware for reducing development efforts required to
perform stream processing using multiple GPUs. To achieve linear speedup, our
middleware uniformly assigns tasks to each GPU. It then dynamically reorders
the order of API executions to achieve efficient overlap. Using the middleware,
developers can achieve overlap by replacing CUDA API calls with our API calls.
In experiments, we apply the middleware to an optical simulator and a DNA
sequence alignment program. As a result, it accelerates the simulator by 4.41
times using 4 GPUs.
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Input: Input stream I = {e1,ea,..., ent,
size n, and number [ of CUDA
streams. Input: Input stream I = {e1,ea,...,€en},
Output: Output stream O = {g1, g2, ..., size n, and number | of CUDA

gn}- streams.
1: cudaStream_t str[l]; Output: Output stream O = {g1,92,...,
2: for i =1 to n do n }-
3:  Download stream element e; using 1: cudaStream_t str[l];
str[¢ mod ]; 2: for : =1 ton do
4: end 3: Download stream element e; using
5: for i =1 to n do str[¢ mod ];
6: Launch kernel to compute g; from e; 4: Launch kernel to compute g; from e;
using str[i mod [J; using str[¢ mod [];
7: end 5: Readback output stream g; using
8: for i =1 to n do strz mod [];
9:  Readback output stream g; using 6: end
str[¢ mod ]; 7: cudaThreadSynchronize();
10: end

(b) fEAIFETAR

11: cudaThreadSynchronize();
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Input: CUDA function f, its arguments args, task identifier ¢, shared buffer set @, number
¢ of GPUs, and number [ of CUDA streams.
Output: Updated buffer set Q.
1: ¢ :=t mod p; j := [t/c] mod [;
2: Enter critical section;
3: Enqueue f(args) into ¢;,; € Q;
4: Leave critical section;
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Input: CUDA stream set S, buffer set Q, priority queue set R, number [ of CUDA streams,
device identifier d, and bus identifier b.
1: uw:=0; v := 0; // identifiers of active CUDA streams
2: while (command left in Q) or (no sync. request) do

3 if GPU is idle then

4 (f(args), i) := select(S, Q, 1, d, “kernel”, u);

5 if f # NULL then

6: w := i; // update active identifier

7 Execute f(args) using sq,; € S;

8: end

9: end
10:  if no request of bus allocation then
11: require(Q,r, € R,1,d,v); // require bus allocation
12: end

13: Set w as the first element of r, € R;
14:  if (b-th bus is idle) and (w = d) then

15: (f(args),i) := select(S, Q, 1, d, “download”, v);
16: if f = NULL then

17: (f(largs), i) := select(S, Q, 1, d, “readback”, v);
18: end

19: if f # NULL then

20: v :=14; // update active identifier

21: Execute f(args) using sq,; € S;

22: end

24: end

25: if data transfer has done then

23: Enter critical section;

26: Dequeue the first element of r, € R; // release the bus
27: Leave critical section;

28: end

29: end

6 BBOBERB L UFITOREa—F
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Function select(S, Q, !, d, type, j)

Input: CUDA stream set S, buffer set QQ, number | of CUDA streams, device identifier d,
command type type, and CUDA stream identifier j.

Output: Pair (f(args),i) of executable function f(args)
and CUDA stream identifier 7.

l: fork=jtoj+1—1do

2 i:=k mod [;

3 if (sq,; € S is idle) and (qq,; € Q is not empty) then

4 Set f as the first element of gq4,;; // f: buffered command
5: if f is type command then

6 Enter critical section;

7 Dequeue f(args) from qq,;; // args: arguments of f
8 Leave critical section;

9: return (f(args),i);
10: end
11:  end
12: end

13: return (NULL,0); // no left
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LTWERWVW2E8D GPU ZHWVS. Fiz, KFELEER rr 25— FVFITRIEICH S 57— %
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Vol.2010-HPC-126 No.19

2010/8/4
Function require(Q, r,1,d, j)
Input: Buffer set Q, priority queue r, number | of CUDA streams, device identifier d, and
CUDA stream identifier j.
Output: Updated priority queue r.
1: fork=j5toj+1—1do
2:  4:=k modl;
3: if gq4,; € Q is not empty then
4: Set f as the first element of qq,4;
5: if (f is “download” command) or (f is “readback” command) then
6: Enter critical section;
7: Enqueue d into r;
8: Leave critical section;
9: return;
10: end
11: end
12: end
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