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Overview

e Next generation integrated performance analysis and code
optimization tool. !

e Extends existing performance measurement, analysis, and
visualization technology.

e Combines run-time performance statistics and program
source code visualization.

e Help to understand which high level serial loops could
benefit from improved parallelism.

e Provides enhanced loopmark listing functionality and
dependency information for targeted loops.

e Assists users optimizing code by providing variable
scoping feedback and suggested compiler directives
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Overview

e Take a program library as input to enable browsing source
code with compiler optimization information. Enhanced
loopmark functionality.

e Use -h pl=/path/program_library and -hwp flags to
create a program library.

e Can also take performance data files *.ap2 containing loop
work estimates to assist with navigation to loops that are
good candidates for parallelization. This procedure is
explained in the loop instrumentation section.

e More information can be found in man reveal after loading
the perftools module and in the hands-on sessions.

e Requires codes to be compiled with CCE

\



Reveal

New analysis and code

restructuring assistant...

4 )

Uses both the performance
toolset and CCE’s program
library functionality to

provide static and runtime
analysis information

\ J

/Assists user with the code
optimization phase by
correlating source code with
analysis to help identify
which areas are key

\candidates for optimization

Key Features

Cray Inc.

/Annotated source code with h
compiler optimization
information

* Provides feedback on critical
dependencies that prevent
optimizations

A\ s

/Scoping analysis

* Identifies shared, private and
ambiguous arrays

» Allows user to privatize ambiguous
arrays

» Allows user to override dependency
analysis

A\ s

& -
Source code navigation

* Uses performance data collected
through CrayPat




Reveal with Loop Work Estimates

CScADS 2012

w vhone.pl )

File Edit “iew Help

~Navigation
4 TopLoops
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parabola fa0 [~]
FARABOLA
Loop@7s
riemann.fa0
RIEMARNM
Loop@E3
sweepzf@0
SWEEPZ
Loopi@4s
Loop@4a
sweepy. 0
SWEEPY
Loop@32
Loop@33
sWeepx2 130
SWEEPX2
Loop@z8
Loop@23a
sweepx] B0
SWEEP
Loop@28

[ )

~Source.
2|
New to Reveal?
Try "Getting Started"”
in the "Help" Menu
~InTo

vhone pl loaded. vhone loops.ap2 loaded.

Cray Inc.
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Visualize CCE’s Loopmark with Performance Profile i
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Sz ) Performance Loopmark and optimization | ‘
w vhone.aid ) feedback annotations :

T FojE e
ol M/parabola.foo
3 parabola.f20 E
=  3352% PARABOLA . e
Loop @24 1887500 Vrd do n = nmin-2, nmax+l
Loop@30 diffai(n) = aln+l) - ain) I
Loop@36 26 enddo
Loop@44 27
Loop@s3 28 ! Equation 1.7
Loop@67 29 ! da(j) = DL * (a(j+1) - a(j)) + D2 * (a(j) - a(j-1))
Loop@ys 1687500 Yrd 30 don = nmin-1, nmax+l
Loop@s4 3l da(n) = para(n,4) * diffa(n) + para(n,5) * diffa(n-1)
X b 1?-;3: F_"“*R‘“‘SE;D 32 da(n) = sign( min(abs(da(n)), 2.0%abs(diffa(n-1)), 2.0%abs(diffa(r
. riemann.
[+ 11.21% remap.fa0 23 enddo
E g;;: I:::rlzer:ffgn 35 ! zero out dain) 1f ain) 1s a Llocal max/min
- S 349, eyolve 190 1687500,V rd 36 do n = nmin-1, nmax+l
- 5 34% EVOLVE I- 37 if{diffain-1i*diffain) = 0.0) dain) = 0.0 E
Loop@2>
Loop @36 -Info - Line 24. . .
Loop @58 O Aloop start!ng at I!ne 24 was unrullgd 4 times.
Loop@70 O A loop starting atline 24 was vectorized.
ppmlrfa0 — .
e 4 mm )] Compiler feedback

vhone. aid loaded. vhone. ap2 loaded.



Visualize CCE’s Loopmark with Performance

Profile (2)

ile

w About Reveal ﬂ| ¥ vhone.aid g|

<€ | Full List s ] £+

PRITIE Y
[prin.fa0
remap.fa0
riemann.fa0
states f20
sweepx] 20

= SWEEFPX1
Loop@z2a
Loop@2a
Loop@32

q = = = = =

Loop@s3
P osweep:2.f20
P osweepy.fan

Info - Line 32
O & loop starting at line 32 w

[ A loop starting at line 32 w

doi=1.imax
33 n=i+&

37 v () = 2uyil.j.

40

43 ¥a (n) = zali
44 d (n) = zdxii)
45 poin) = max

Integrated
message
‘explain support’

31 1 Putstate variables into 10 array

34 r(ny = zrofij.k
35 p(ny=zprii
36 uoin) = zuxiip.k)

38 Woin = zuz(i.j.k)
33 £y =z, j, k)

41 ¥ali(n) = zaii)
42 dxin) = zdx(iy

sweepx].

k)

k)

Fgammi+0 S*u
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B ) ) B
OPT_INFO: A loop starting at line %s was unrolled.

The compiler unrolled the loop. Unrolling creates a number of copies of the
loop body. When unrolling an outer loop, the compller attempts to fuse
raplicated innar loops - a transtarmation knewn as unrall-and-lam. The
campilar will always amploy the unrall-and-jam mode when unralling an outer
laop. literal outsr loop unralling may occur when unralling o satisiy a

user directive (pragma.

This massaga indicatas that unrall-and-jam was pafarmead with raspact to tha
idaptitad loap, A difterent messade s (gaied when literal outar loogp

unralling i= pefdormed, as this transtomation (s far less likely o be

beneficial.

Faor sake of illustration, the Tollowing contrasts unroll-and-jam with litaral
outer loap unrolling.

# 434 ptmpipdges/pdges tha 81/b1d dirbuild 84 ndbipdgesipdges_ftnmsg o

Do =110
Doi=1.100

Al =Bl + 420
EMDDO
EMDDO
bod=1.102

Dol= 1,100

Afld 3= By, Jy+ 420 lunrall-and-jam
Al Ty = Bil ey v 420

ErDDO

EMDDO

Do J=1,102
Dol=1.100
Al Jy= Bl Jy + 420
EMDDO
Col=1,100
Al deTy = Bl d+e1) + 420
EMDDO
EMNDDO

Ilitaral autar unrall

The litaral autar unroll code patarma the same sequance of mamoly oparations
as the ariginal nest while the unrall-and-jam transtarmation interleavas
operations from outer loop iterations. The compiler employs literal

outerloop unrolling only when the data dependencies in the loop, or a control
flow impadimant, prevant fusion of tha raplicatad innar loops, Litaral outar

loap unralling i ganarally not desirable. Itis provided to enaure expactac
behaviar and for thase rare instances where the User has delarmined that it

Is beneticial

Explalin other message. . | |

update using PPML

Liamem imdn mmemel e e Fme maarm s

I LT T B A

vhone. aid loaded

3 Close
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View Pseudo Code for Inlined Functions

< | Full List Cl{} 5
- " ol
vhlmods.o [~] 21
zonemod.o g2
[ boundaryfa0 83
[ dicon.fa0 24
Podump.fa0 as
Foevolve f30 g5
[ flatten.fa0 a7
B forces.fa0
b images.fa0
- initfon =
b GRID =2
b INIT Inlined call B8
b parabolafan sites marked =
b el #00 28
“Info - Line 88 88
O A divide was turned into a multiply by a recipro 28
O A loop starting at line B8 was unrolled 4 times. 28
O A loop starting at line B8 was vectorized. 28
O The call to grid was textually inlined. a8
g8

(1]
(1]

noycLe
ncycp
ncycd
ncycm
nfile

I Set up grid coordinates

it /@0

logo

call grid(imax,xmin,xmax,zxa,zxc, zdx

ldirg

t326 = 100

t527 = 100

$I LS8 100 = 0

1vdep

do
zxa(l + $I_LB88 100)
zdx (1l + $I L88 100) 9,9999998e - 3
zxc(l + $I_L88 100) 4,8999999 - 3
$1 188 100 = 1 + $I LS8 100
if ( $I_L88 100 »= 100 ) exit

enddo

0,9999998e -3

B9 call grid({jmax,ymin,ymax,zya,zyc,zdy)
80 call grid(kmax,zmin,zmax,zza,zzc,zdz)

vhone. aid loaded

@
ii

Expand to
see pseudo
code

|

* §I_L88

+ [ 9,999
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Scoping Assistance — Review Scoping Results BRSSO,

Parallelization inhibitor

File Help messages are provided to \,
- [ r with analysi
~ vione.aid °| assist use th a alysIs
~Navigation ' % — umn.’eg
« |F Il List = | i - C
LS & ~Source - home/iusersheidi/demoLM/sweepy.fo0- paee. 10w | Scome b
5 OICON 15U — = = = ] Alray IR ast detining ibecation not knomn %01 variable that is live on et ¥
subroutine sweepy IS FREL a5t dstining iteration not known for variable that s [ive on ext: Y
_ -l q Array FAREL 35t detining ites3fion Not known 101 vanable that 15 Ive on et ¥y
- SWEEPY . . isy Scalal Shared
Loop@32 3 ! This subroutine A e g
4 ' After call to s Scalar  Shared
Loop@33 . 5 | If only two dj rowems Sear Snaea
Loop@37 Loops with B | After hydro u o S S User addresses
LDDp@ES SCOpIng ' npey Scalar  Shared ! !
L 43 : : A R Pigh  Scalar  Shared parallelization
oop@ information are i moQ  Amy  Shaa issues for
Loop@63 highlighted — red i M Amy  Shaced
Loop@77 S erls L | GLOBALS i e unresolved
- sweepx2 f90 ist use global mr Al Shared variables
- SWEEPYD assistance use zone :: ::: ::::
Loop@z28 LUSe Sweeps ay  Amy  Shared
Loop@29 use mpi o i S v
Loop@32 ' )
Loop@33 IMPLICIT MOMNE
Loop@44 _
LUUD@EB T :
3 sweepx1 190 el sl = |
[ volume f30 ’ Insert Droctive i Show Disective l K gose |
B states fa0
f riemann.fao v =
loading /homefusers/heidi/demolLivhone. aidivhone 22T




Scoping Assistance — User Resolves Issues
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OpenhP Tips

Reduction in an inlined function

loading /homefusers/heidi/demolLivhone. aidivhone 22T

b Secoping conflict with inlined variable e —————
~ Scoping conflict with locally visible array fName | Type  Scope  inio (
An array requires conflicting scopes at different locations. Isweepx2.fo0 ' Atray [RAESL st defining heration not knomn sof variable hatis live on ent .
It may be possible to declare and use a different array for the private w. Ae #0284 defring Raralion 198 Known for var bl B1al |8 e o1 et
array uses. LUUP over each row. . ; :l::" — FAREL 35t detining teraton not known o1 vanable that 1 Inve on et ¥
] Stalar  Shated
4 Close :.m :::: ::::
neftc  Sealwr Shared
Sl rpey Scalar Shared
31 | Put state variables i | .-" oo
32 do m =1, npey e Anly, S
. . m Amay  Shared
31250 33 do 1 =1, 1sy ® Ary  Shars
. . mo Amay  Shared -
125000 34 N=1+1sy*(m-1) +| ae sy cnaces on variable 1o
, 35 rin) = reeva(l,k,i,j 2 » S
Use Reveal’s B Pl ance
36 pin) = recv2(2,k,1,j 0 00p
OpenMP .
lelization i 37 uin) = recv2(3,k,1,j
parallelization tips 38 v(n) = FEEV2(4.k.1, ]
S 39 win) = -{SJk;i;]somnf
Loop@33 40 f(n) = recv2(6,k, 1, ] T e | gy,
Loop@44 _ 41 enddo
Lun 58 oLl
b swepe@x‘l fa0 Info - Line 28 '
PRT B A loop starting at line 28 was notvectorized because it contains a call to subroutine "ppmir' on line 55. [~ ]
B valume 30
b ates 60 Loop has been flattened.
b 5 ales. 90 Loop has been flattened.
rnemann. M |
L S | | D)
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¥ vhone.aid © | example OpenMP
~Navigation directive
: | [oom] [
4 [Full List > ]i}
I-Snlrrce - home/users olLM/'sweepx1.f90
. e # k‘ Op ] rec! \ " . B v‘“‘ uuuuu IT‘I]l
ISOMP parailel do defaultinons) & 28 do k =1, ks
ISOMP&  shared (gamm.send).Zox 2N Zpr.210,2UX ZUY. ZUZ.2XJ) - _ X . sweepx1.f20; lines 29 =63
Iuow’a {astpiivate (dv. dx0 & 19,7, U, 4w, Xa,530) 0 29 do J =1, js .
nfo
30 [sF8 Array Priva LastPrivate of array may be very expensive.
31 ! Put stat dx0 Array Private LastPrivate of array may be very expensive.
32 do 1 =1,1 = Array  Private LastPrivate of array may be very expensive.
13 n o= 1 + f :rray Eriva:e stiriva:e 0: array may ie very expensive.
B rray rivate rivate of array may be very expensive.
- 34 I {n} =| r Private WARN- . ‘vate of array may be very expensive.
5 Copy Duectwe | K Close 35 p (n) = u Private WARN-La e of array may be very expensive.
36 uofn) 4 v Array Private WARN-LastP of array may be very expensive.
= Sweepdd =50 37 v (n) & w Array  Private WARNEL astPriva Jrray may be very expensive.
- SWEEPXQ 38 w {n} =.._ [y— [y [y P U A |)]
Loop@28 39 f (n) <  First/Last Private - Mo
Loop@29 40 [] Enable First Private [Non? -
Loop@3z2 | Enable Last Private
41 xalln) =
Loop@33 d
Loop@44 42 el | oo AN l
A2 - i —
Loop@s8 o o
. Insert Directive Show Directive x Close ‘
= sweepx] fa0 -Info - Line 29
- SWEEP1 B A loop starting at line 29 was notvectorized be
Loop@28 Loop has been flattened.
D oo e been fatened
| nonif3? |4
loading /home/users/heidi/demoliMMvhone. aid/ivhone_22.T. .




