ISSN 2383-630X (Print) / ISSN 2383-6296(Online)
Journal of KIISE, Vol. 50, No. 8, pp. 639-645, 2023. 8
https://doi.org/10.5626/J0K.2023.50.8.639

Processing-in-Memory & 3 = A
gl dlolg] dlo|olx WA 7|H
(Code Generation and Data Layout Transformation
Techniques for Processing—in—-Memory)

ol 5t 8 " Ad=2" AEET
(Hayun Lee) (Gyungmo Kim) (Dongkun Shin)

2 2 Processing-in-Memory(PIM)2 #l2g] W2 HEH tdZs &8st wmel Fepzl
dA4tell A CPU T GPUS Bluste] £2 A%< @At J=u, okt PIM 7271 Algkd Zol v
i PIM Autdeel] thdt A= F53 F3olth tddd PIMe] Fx& 1#ste] =& A Hsl
AE gkl PIM 2AE Z|vE|He} PIM WEed tlolelE AAsHes #olohg aeslof gt =
3l PIM¥} 32E Apolo] At tlolE] o]5S Hagslof gty B =FoA AdskHs PIM Ade
= ¢l PIM 725 Aolste o3 1y AS sfdsta, F7EE dA2EH AAE HHSE Sl
ot GEMV d4telA ol 2490 d%5 M-S 2%

F19)E: Processing-in-Memory (PIM), B 24, #adg, 7= A

Abstract Processing-in-Memory (PIM) capitalizes on internal parallelism and bandwidth within
memory systems, thereby achieving superior performance to CPUs or GPUs in memory-intensive
operations. Although many PIM architectures were proposed, the compiler issues for PIM are not
currently well-studied. To generate efficient program codes for PIM devices, the PIM compiler must
optimize operation schedules and data layouts. Additionally, the register reuse of PIM processing units
must be maximized to reduce data movement traffic between host and PIM devices. We propose a PIM
compiler, which can support various PIM architectures. It achieves up to 2.49 times performance
improvement in GEMV operations through register reuse optimization.
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te.placeholder((512,))

te.placeholder((1024, 512))

te.reduce_axis((0, 512))

te.compute((Y,), lambda y: te.sum(A[x] * B[y, x], axis=x))
te.create_schedule(C.op)
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for y in range(1024):
Cly]l = o
for x in range(512):
Cly] += A[x] * B[yl[x]

Define GEMV computation
with Tensor Expression

y = C.op.axis[0]
yo, xo, yi, xi = s[C].tile(y, X, 8, 16)

for yo in range(128):
for yi in range(8):
C[yo*8+yi] = @
—>{ for xo in range(32):
for yi in range(8):
for xi in range(16):

Tiling with Schedule Primitive

: C[yo*8+yi] += A[x0*16+xi] * B[yo*8+yi][x0*16+xi]
a8 2 | 2 AHakdolAe] A4k Hojeh 2AEY

Fig. 2 Defining computation and scheduling in deep

learning compiler
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for x in range(X):
for y in range(Y):
C..] += A[..1 * B[..]

-0

parallel for xch in range(XCH):

for yp in range(YP):
for xo in range(X0):
for yo in range(Y0):

for xi in range(XI):

for xch in range(XCH): A.input[..] = A[..]
for ych in range(YCH): for yi in range(YI):
for yp in range(YP): C.output[..] = @

for xi in range(XI):
for yi in range(YI):

for xo in range(X0):
for yo in range(Y0):
for xi in range(XI):
for yi in range(YI):
C[..] += A[..] * B[..] @)

for yi in range(YI):

parallel for ych in range(YCH):

C.output[..] += A.input[..] * B[..]

c[..] += C.output[..]

1: parallel for xch in range(XCH):

2 parallel for ych in range(YCH):

3 pim_parallel for yp in range(YP):
4: for xo in range(X0):

5: for yo in range(Y0):
6:
7
8

pim_copy for xi in range(XI):
9:
1e:
11:
12:

A.input[..] = A[..]
pim_copy for yi in range(YI):
13:
@ 14:

C.output[..] = @
pim_kernel for xi in range(XI):
for yi in range(YI):
C.output[..] += A.input[..] * B[..]
pim_copy for yi in range(YI):
C[..] += C.output[..]
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g GEMV A=Y HE3

Fig. 3 GEMV scheduling templates for PIM code generation
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Fig. 7 Comparison of PIM code performances in overall
scheduling space (1024x2048 GEMYV)

£ 1 ot GEMV 4t igk PIM 2= el
A4 vl
Table 1 Comparison of tiling configurations in PIM
code for various GEMV operations

OP | Method | Xew | Yau | Xo | Yo | X1 | vs
512x |PIM-HBM | 1 | 16 | 4 | 1 | 128 | 4
1024 | Compiler | 4 4 |1 ]2 |1m]s8
512x |[PIM-HBM | 1 | 16 | 4 | 1 | 128 ] 8
2048 1 Compiler | 4 4 | 1] 4|8
1024 x | PIM-HBM | 1 | 16 | 8 | 1] 128 ] 4
1024 | Compiler | 8 2 | 1] 4|8
1024 x | PM-HBM | 1 | 16 | 8 | 1] 128 ] 8
2048 [ Compiler | 8 2 | 1|8 |128]3s
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