——

IR S > G P FY DRI 0T MR SRR

A Loop Invariant Code Motion Technique For Deep Learning Compiler

ZEEER

AR

HERHAEAR AR B

liangjl@mail.ustc.edu.cn

BE— TVM R—ANREFIARFS, XH¥F TVM 4
FRFRABTHRZARXNELNGETFHFLERBAFT &K
B, FESZFE AT TVM IR L+ #i57— 254k, k3
AEXNEFPAFBI TR, TESWHEABRTEMRGEL L
A XHE, ESEHREMFNILFTHEOLLSTREGERRE
Ko By, HAUERRE S RERAREH B REZSHRRAE
e R BN E, REXAREBIRSF AR BRI EREX,
TRRAEHE2GEFHEARX, LSRR FERHEFEBRAELES
T, TRERK, FRAGBFRIESIIRLELEABEAT
R F 3] G BHRAC

AXRBTHEOGRELIRFSR, KRAREXERGH
TAREBNRE,. BEFRATREFIRFRNHE FAEL
T, BT ARBRERORF R HE SR EXEFERRLE
EX. ATHERAGWE, £44 TVM IR Fe B A7+ 694F
SHERE, RET AR E XS RRMIEAFDE. RNE
FRHFZ TVM 0.7 oA L, Bt #iigkibit ey B X, Bk
T RPN ERBRM B 3P Fok oA 2k, 5
f& Tesla P4 ¢ GPU #4 k3t TVM topi &M XHEFE&+
27 MR EFREMANBL 511 AN ] 34T T K. £
RAW 47.6% HHEFHAEHFHREA, KX wRILXT 40.0%.

KBR—KEFIRESR, MBERNES, BARL IR

HEESES—TP311

Abstract—TVM is a deep learning compiler, that
translates the deep learning operators described by
Tensor Expression to TVM IR programs. After a series
of operator-level optimizations on TVM IR, TVM
generates the target code across diverse hardware back-
ends. Tensor Expression, a domain-specific language
for tensor computation, performs loop transformation
to operators. The result of loop transformation is a
number of complicated expressions emerging in nested
loop statements, which contain loop invariant code.

However, in the context of deep learning applications,
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the traditional loop invariant code motion algorithm
has severe limitations, first, it’s difficult to determine
the extra benefit of moving certain invariant code out
of loops; second, it’s difficult to detect loop invari-
ant code which has the different order of operands;
third, it cannot process nested condition expressions;
furthermore, there are conflicts with target hardware
compiler optimizations. The application of loop in-
variant code motion technique is constrained by the
aforementioned problems. In this paper, we propose a
new loop invariant code motion algorithm, which takes
deep learning application characteristics into consider-
ation in a heuristics way. Our algorithm normalizes the
program by manipulating the expression operands and
simplifying the nested condition expression. This paper
introduces a new cost model, which evaluates the cost
of moving certain loop invariant code while the char-
acteristics of TVM IR and target hardware back-ends
are fully considered. The algorithm is implemented as
a registered TVM pass on open-source compiler TVM
version 0.7. To testify the effectiveness and correctness
of this algorithm, we conducted experiments on TVM
TOPI benchmark with 27 operators and 511 test cases
under different input. The experimental results show
that this algorithm improves 47.6% of operators’ per-
formance, and achieves speedups up to 40.0%.
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for(i.outer: int32, 0, 4){
for(i.inner: int32, 0, 32) {
C[(i.outer * 32) + i.inner] =
A[(i.outer * 32) + i.inmer] +

B[(i.outer * 32) + i.inner] } }
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M = 1024; K = 1024; N = 1024; bn = 32
A = te.placeholder((M, K), name="A")
B = te.placeholder((K, N), name="B")
k = te.reduce_axis((0, K), "k")

¢

te.compute((M, N),
lambda x, y: te.sum(A[x, k] * B[k, yl, axis=k),

name="C")

S = te.create_schedule(C.op)
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for (x, 0, 1024){
for (y, 0, 1024){
Clx*1024+y] = 0
for (k, 0, 1024){
C[x*1024+y] = C[x*x1024+y] +
A[x*1024 + k] * B[k*1024 + y] } } }
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X0, yo, xi, yi =

s[C].tile(C.op.axis[0], C.op.axis[1], bn, bn)
(k,) = s[C].op.reduce_axis
ko, ki = s[C].split(k, factor=32)
s[C] .reorder(xo, yo, ko, ki, xi, yi)
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for (xo, 0, 32) {
for (yo, 0, 32) {
for (xi.init, 0, 32) {
for (yi.imit, 0, 32) {
C[x0*32768+xi.init*1024+yo*32+yi.init] = 0 } }
for (ko, 0, 32) {
for (ki, 0, 32) {
for (xi, 0, 32) {
for (yi, 0, 32) {
C[x0*32768+xi*1024+yo*32+yi] =
C[x0*32768+xi*1024+y0o*32+yi] +
A[x0%32768+xi*1024+ko*32+ki] *
B[ko*32768+ki*1024+yo*32+yil } } } } } }
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1: procedure LICM(T)
2: R+ ¢
3: T <+ Normalize(T)
4 for each statement S € T' do
5: if S: 2 =e A Promote[e] = L then
6: Promotelz] + L
7: if S :loop(x,e) then
8: Promotelz] < L
9: for sub-expression e € S do
10: if Promotele] # L then
11: rewrite(z, e, S)
12: RU = {z + e}
13: for each invariant [ : z < e € R do
14: if cost(e) > K A e no side effects then
15: lift invariant z < e
16: else
17: abort lifting 1
18: return T
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15: return T
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