BbIHOC MHBapuaHToB/Loop-invariant code motion /

Loop-invariant code motion The loop-invariant code motion optimization recognizes instructions
inside a loop whose results do not change and then moves the instructions outside the loop. This
optimization ensures that the invariant code is only executed once.

For example, the C/C++ code:

X=2z
for(i=0; i<10; i++)
afi]=4*x+1;

Jlmerunr 1

X =1z

tl =4 *x;

for(i=0; i<10; i++)
afi] =tl +1i;
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geed

-ftree-lim

Perform loop invariant motion on trees. This pass moves only invartiants that would be hard to handle
on rtl level (function calls, operations that expand to nontrivial sequences of insns). With -funswitch-
loops it also moves operands of conditions that are invariant out of the loop, so that we can use just
trivial invariantness analysis in loop unswitching. The pass also includes store motion.

-fmove-loop-invariants
Enables the loop invariant motion pass in the new loop optimizer. Enabled at level -O1

lim-expensive
The minimum cost of an expensive expression in the loop invariant motion.

}

Strip mining
Strip mining is a fundamental +O3 transformation. In and of itself, strip mining is not profitable.
However, it is used by loop blocking, loop unroll and jam, and, in a sense, by parallelization.
Strip mining involves splitting a single loop into a nested loop. The resulting inner loop iterates over a
section or strip of the original loop, and the new outer loop runs the inner loop enough times to cover
all the strips, achieving the necessary total number of iterations. The number of iterations of the inner
loop is known as the loop's strip length. Consider the following Fortran code:
DO I=1, 10000

A=A * B()
ENDDO

Strip mining this loop using a strip length of 1000 yields the following loop nest:
DO IOUTER = 1, 10000, 1000
DO ISTRIP = IOUTER, IOUTER+999
A(ISTRIP) = A(ISTRIP) * B(ISTRIP)
ENDDO
ENDDO

In this loop, the strip length integrally divides the number of iterations, so the loop is evenly split up. If
the iteration count was not an integral multiple of the strip length, for example, if [ went from 1 to
10500 rather than 1 to 10000, the final iteration of the strip loop would execute 500 iterations instead of
1000.



BetBnenus BHYTPU IMUKJIOB BCCra HCXCIIaTCIIbHBI, a Ha CTapmunx MOACHIAX
MuKporponeccopoB Intel — ocobeHHo (kcratu, OoipmMHCTBO CH  KOMIWIATOPOB IUIAT(HOPMBI
CONVEX Boo00m1e 0TKa3bIBAOTCsI KOMITMIIMPOBATH MIPOTPAaMMBI C BETBJICHUSIMHU BHYTPH IIUKIIOB).

YHUKaIPHOW 0COOeHHOCTHI0 KoMmmmriTopa Microsoft Visual C++ sBisercs ero ymeHwme
N30aBISITECS OT HEKOTOPBIX THIIOB BHYTPHIMKIOBBIX BETBICHHH. AJTOPUTM MOZOOHOH ONTHMU3AINN
CJIMIIKOM CIJIOXEH, 4YTOOBI OBITH OIMCAaHHBIM B paMKax J>KYypHAIBHOH CTaTbd, IO3TOMY, IPOCTO
paccMOTpUM MpUMEpP KOja JI0 U IOCJIe ONTHMHU3AINK, a JIIOOOMBITHRIX OToLUIeM K KHUraM "TexHuka
nu3acceMOmupoBanus nporpamM” u "TexHuka ontumuzanuu nporpamm” Kpuca Kacnepcku.

Peephole optimizations

// msve: no
// icl:no
/I geemo

A peephole optimization is a machine-dependent optimization that makes a pass through low-level
assembly-like instruction sequences of the program, applying patterns to a small window (peephole) of
code looking for optimization opportunities. The optimizations performed are:

Changing the addressing mode of instructions so they use shorter

sequences

Replacing low-level assembly-like instruction sequences with faster

(usually shorter) sequences, and removing redundant register loads

and stores

Cloning within a single source file

Cloning is the replacement of a call to a routine by a call to a clone of that
routine. The clone is optimized differently than the original routine.
Cloning can expose additional opportunities for interprocedural
optimization. At +O3, cloning is performed within a file; at +O4, it is
performed across files. Cloning is enabled by default; it can be disabled
by specifying the +Onoinline command-line option.

ycTpaHeHue 3aBucumoctein loop-carried dependences (LCD)

// msvc: yes
/1 icl: yes
/I gee: yes

for(i=1; i<n; i++)
for (j=1; j<m; j++)
afjl[i]=a[j-1]i-1] + afj+1][i-1];
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for(j=1; j<m; j++)
for (i=1;1 <n; i++)

afjllij=aj+1][i-1] + a[j-1][i-1];
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Loop tiling
// msve: no
// icl: no
/l gee: no
Loop tiling is a powerful high-level loop optimization technique useful for memory hierarchy
optimization [14]. See the matrix multiplication program fragment:
for 1=0;1<N;i++)
for (j =0; j <N; j++)
for (k=0; k <N; k++)
clil[j] = clilj] + alil[k] * bIK][jl;

JIBa mocneioBaTenbHBIE OOpAIIEHHUS K OTHOMY U TOMY K€ DIIEMEHTY MaccuBa "a",
MPOUCXOAT Uepe3 Kaxaple N onepanuil yMHOKEHUS-U-CIIOXKEeHUs. J[Ba nmocienoBaTenbHble
oOpamieHns K OJHOMY M TOMY ke dJIeMeHTy MaccuBa "'b", mporcxomar uepes kaxapie N*N onepammit
YMHOXKEHUS-H-CIIOKEHIs. J[Ba mocieioBaTelbHBIe 00PAIeHNs K OJHOMY M TOMY K€ 3JIEMEHTY

n.n

MacCuBa C', IPOUCXOIAT UCPE3 KAKAYIO OINCPAINI0O YMHOKCHUA-N-CIIOKCHU.

Two successive references to the same element of a are separated by N multiply-and-sum operations.
Two successive references to the same element of b are separated by N2 multiply-and-sum operations.
Two successive references to the same element of ¢ are separated by 1 multiply-and-sum operation. For
the case when N is large, references to a and b exhibits little locality and the frequent data fetching
from memory results in high power consumption. Tiling the loop will transforme it to:

for (i=0;1<N;i+=T)
for (j =0; j <N; j+=T)
for (k= 0; k <N; k+=T)
for (il = 1; i1 < min(i+T, N); ii++)
for (jj =J; jj < min(+T, N); jj++)
for (kk = k; kk < min(k+T, N); kk++)
cliil[jj] = c[ii][jj] + aliil[kk] * b{kK][jj];

Blocking example: simple loop

// msve:no
// icl: no
/l gee: no

In order to exploit reuse in more realistic examples that manipulate arrays that will not all fit in the
cache, the compiler can apply the blocking transformation.
Consider the following Fortran example:

REAL*8 A(1000,1000),B(1000,1000)
REAL*8 C(1000),D(1000)
COMMON /BLK2/ A, B, C

DO J=1, 1000

DO1I=1, 1000
A(LJ)=B(J,) + C(I) + DJ)
ENDDO
ENDDO

Now the compiler moves the outer strip loop (IOUT) outward as far as possible.
DO IOUT =1, 1000, IBLOCK
DO J=1,1000
DO I=10UT, IOUT+IBLOCK-1
A(L)) =B(,I) + C(I) + D(J)
ENDDO



ENDDO
ENDDO

doi=1n
doj=1m
B(j,i) = A(i,)
end do

end do

dojl = 1,n-nb+1,nb
j2 =min(jl+nb-1,n)
do il = 1,m-nb+1,nb
i2 = min(il+nb-1,m)
doi=il,i2
doj=jl,j2

B(j,i) = A(i,)

end do

end do

end do

end do

DO i1=1,N,nb

DO I=i1,min(il+nb-1,N)
(D
ENDDO ENDDO

Loop Skewing

// msvc: no

// icl: no

/l gee: no

Original Code

int i, s[N], a[N][N];

for(i=1; i<N-1; i++;)
for(j=1; j<N-1; j++;)
{

}

afij] = (afi-1,j] + a[i,j-1] + a[it1,j] + afij+1]) / 4;

After Loop Skewing

int i, s[N], a[N][N];
for(i=1; i<N-1; i++;)
for(j=i+1; j<itN-1; j++;)

{

j
" Skewed Space

afi,j-i] = (afi-1,j-1] + a[ij-1-i] + afi+1,j-1] + a[i,j+1-i])/4;



" Both loop can now be parallelized
" A Loop Interchange is needed

DO I=1,3

DO J=1,3

A, 2*) =]

END DO

END DO

Figure 7: Original loop

DO U=1,3
DOV=U+1U+3

AU, 2*(V-U)) =2*(V-U)
END DO

END DO

Cache thrashing

CoKpawjeHune croxHocTu BbluncneHmun/Strength reduction of
induction variables and constants

// msvc: yes
/1 icl: yes
/I gee: yes

for (a=0; a<0x69; a++) rla] =a * n;
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>>
tl = 0; for (i=0; i<25; i++) {[i] =tl; tl +=k; }

3aMeHa YMHOXXEHHS JICTICHHEM
for (i=0;i<n;i++)
b[i] = a[i]/s

rs=1/s

for (i=0;i<n;i=i+1)
{b[i] = a[i]*rs
b[i+1] = a[it1]*rs}

// msve:no
// icl:no
// gee:no

CHWXeHue cnoXxHocTtu BbluncneHnm Code Motion

// msvc: yes
// icl: yes, may be
// gee: yes, may be

for 1=0;1<n;it+)



for (j = 0;j <n; j++)
a[n*i+j] =b[jl;

for i=0;1<n;it+) {
int ni = n*i;
for j=10;j <n; j++)
a[ni +j] = b[j];
¥

"cokpalueHune cnoxHoctn"/Reduction in Strength

This optimization also replaces multiplication instructions with addition instructions wherever possible.
For example, in the following C/C++ code:

for (i=0; 1<0x69; i++)

>>>

tl = 0;
for (i=0; 1<0x69; i++)

geed
-fstrength-reduce

Perform the optimizations of loop strength reduction and elimination of iteration variables.
Enabled at levels -02, -O3, -Os.

}



