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What is post-link analysis and
optimization?

When compiling some program, the compiler
turns the source code into 'objects' containing
machine code

An optimizing compiler can run different
transformations and optimizations to the
source of each of these 'objects' to produce a
faster/better 'object’ (for example, instruction
scheduling)




What is post-link analysis and

optimization?

When the compiler finishes producing the
'objects’ of a given program we need to 'link’
them together to produce a single library or
executable binary

hat's the job of the 'linker' that combines the
objects produced by the compiler

The linker doesn't typically run any optimizations
on the output file (for example, doing
instruction scheduling for the entire program)

the GCC community are now working on a
linktime optimization framework
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What is post-link analysis and
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What is post-link analysis and
mi ion?

Here, we are disc%gs!:llr@ ![ ea E)Irgpe'ss of doing analysis
and/or optimizations after the linker has finished its
job (that is, doing them on the output file), In
addition we do optimization that changes the code
to something completely new

We are at an advantage of being able to work on all
the objects at once and on the output binary directly

We are at a disadvantage of not having the vast
knowledge the compiler had such as aliasing
information (knowing if separate memory references
point to the same location)
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What is it good for? - motivation
Producing an 'optimized’ binary file that runs 'faster

Collecting accurate profiling information / frequency
statistics

Knowing which static and dynamic data have been
accessed

Program verification and Code coverage

working on optimized binary while any changes
done during compile time may change the
generated code

...Many More!




Free (as in Freedom) tools

Unfortunately, F/OSS is lacking on this front

There's no F/OSS post link optimizer for the ELF
file format (the one used, among other, by the

GNU/Linux OS)

Post-link analyzers lack certain features
compared to Free (as in Beer) offerings




Free (as in Freedom) tools

The SOLAR Project from the university of
Arizona aims at developing link-time and run-
time code optimizations for Intel's
architectures

http://www.cs.arizona.edu/solar/
This work started in the PLTO Link-Time Optimizer

Alto is a free Link-time Code Optimizatier, but
only for Alpha/DEC :-(

http://www.cs.arizona.edu/projects/alto/



http://www.cs.arizona.edu/solar/
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Tool for the dynamic instrumentation of
programs

Functionality similar to the popular ATOM toolkit
for Compag's Tru64 Unix on Alpha, i.e.
arbitrary code (written in C or C++) can be
injected at arbitrary places in the executable

Does not instrument an executable statically by
rewriting it, but rather adds the code
dynamically while the executable is running.

We will Focus on another tool, Valgrind




Valgrind
http://valgrind.org/

GPLed (version 2) instrumentation framework
for building dynamic analysis tools which
provides various debugging and profiling tools
such as Memcheck

Translates the program into IR (Intermediate
Representation) which is given for the 'tools’
for transformations before being turned back
into machine code for the CPU to run




Valgrind

Requires debugging information in the binary
Works best with -O0 (no compiler optimizations)

The 'binary' we want to investigate will runs 10s
of times slower than its native speed

Supports x86, AMD64, PPC32 and PPC64
architectures




Valgrind Tools - Memcheck

The most popular valgrind tool

A memory checking tool for common memory
errors such as:

Use of uninitialized values/memory
Memory leaks

Reading/Writing freed memory or off the end of
malloc'd blocks




Valgrind Tools - Cachegrind

Does cache and branch simulations of the
program

Can collect statistics about L1/L2 write/read
misses

Detects mis predicted conditional branches
Detects mis predicted indirect branch's targets




Valgrind Tools - Callgrind

A profiling tool that can construct a call graph for
a program’s run

Collects the following data:

number of instructions executed and their
relationship to source lines

caller/callee relationship between functions and the
numbers of such calls




Valgrind Tools - Others

Helgrind: tool for detecting synchronization
errors in multi threaded code. (such as race
conditions and deadlocks)

Massif: a heap profiling tool

Can measure the size of the program's stack(s)




Free (as in Beer) tools

Post-link optimizers can improve the
performance of the program by 10s of %

Some tools can work on any binary even if has
been aggressively optimized by the compiler
and has no debugging information

There's such tools for every major architecture

We'll be taking a closer look at the tools
produced at the IBM Haifa Research Lab




FDPR-Pro

http://www.alphaworks.ibm.com/tech/fdprpro

A feedback-based post-link optimization tool

Collects information on the behavior of the
program while the program is used for some
typical workload, and then creating a new
version of the program that is optimized for
that workload

performs global optimizations at the level of the
entire executable




FDPR-Pro

Since the executable to be optimized by FDPR-
Pro will not be re-linked, the compiler and
linker conventions do not need to be
preserved, thus allowing aggressive
optimizations that are not available to
optimizing compilers

It Improves code and static data locality

Reduces cache miss rate
Improves branch prediction rate




FDPR-Pro
Collecting profiling (Training)

In this phase the user runs the instrumented
executable

The user runs it with a usual invocation
command, the same way he would run the
original executable

fdprpro does not run in this phase

The user should choose representative
workload in order to receive good optimization
results
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~ FDPR-Pro

Running FDPR-Pro from Command Line — Typical
Example

> fdprpro —a instr myexe —f myexe.prof —o
myexe.instr

> myexe.instr

> fdprpro —a opt myexe —f myexe.prof —o
myexe.fdpr




FDPR-Pro
Optimization Phase

The are 5 levels of optimization, -O is the basic
one, -O5 is the most aggressive

basic optimizations include:

Code Reordering
NOOP removal
Branch Prediction Bit Setting




FDPR-Pro
Code Reordering

Reduce the number of |-cache misses

Reduce t
Reduce t

Reduce t

ne number of I-TLB misses

ne number of page faults

ne branch penalty

Improve branch prediction




l Code Reordering — The basic FDPR-

Pro optimization




High Level Representation

GCC 4.0

" misc opts

GCC Passes
front-end :
generic trees
par?e trees T
l gimple trees
7
into SSA
middle-end v
generic trees SSA optimizations
| 7
L Out of SSA
......................... y
back-end S gimple trees
RTL | Imaching™ 5
desa:rip‘“’fiongenenc frees

loop optir'nizations

loop opts

v

vectorization

v

loop opts

A

J misc opts
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" FDPR-Pro
High Level Representation (HLR)

HLR is not (just) a layer for optimizations

- Platform independent layer for data flow analysis
- Serves in the analysis of Binaries

- Development of cross platform branch table
analysis
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FDPR-Pro
High Level Representation

Includes

AbsAsm

Similar to RTL (register transfer language, an IR close
to assembly language) in compilers

Support aliasing for memory resources and register
alias sets

Extendable to support SSA (static single assignment
form, IR in which every variable is assigned exactly
once) - using virtual registers

Partial CFG (Partial Control Flow Graph)

Encapsulated calling convention and ABI information
Not restricted to single procedure
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Abstract assembly

addi r3, r4, 100 Id r3, 50(r1) stdu r31, ll}[rl}
r3 Temporary resource r3 Memorvy resource Memory resource r3l rl Temporary resource
rd 100 rl 50 rl 10 rl 10
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Abstract assembly

( continued )
Machine independent representation

Well suited for calculating constant values

Virtual instructions

def/use instructions which are used to specify calling
ABIs.

future use can also include phi functions for SSA-form

Polymorphic instructions

By replacing resources in an instruction the instruction
may change all-together

For instance a /load instruction may change to a move
Instruction 30

Support caching




PCFG representation

Define all non-
volatiles &
define all
resources used

for parameter
< passing

return(epilog)

Use
parameter
passing
resources

Define the
return
value and
the
volatile
regs

Use
foo’s
return
value
and use
non-
volatiles
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FDPR-Pro
HLR Pros

a cross platform frame work for data flow
optimizations/analysis on binary executables

Optimizations written over HLR increase
performance by:

Operating on inlined functions in their new context
(more on that later)

Operating on scopes larger than single functions
makes development of new optimizations easier
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- Code Analyzer

http://www.alphaworks.ibm.com/tech/vpa
An Eclipse (a platform containing, extensible
framework and great IDE: eclipse.org) based
plugin that can display feedback-directed
performance information about a given application

Based on FDPR-Pro performance tools (its engine
for analysis and instrumentation)

Displays assembly instructions, BBs (basic blocks),
functions, CSECT (Control Section, unified group
of code/data) modules, control flow graph, hot
(high execution count) loops, call graph, and
annotated code.

iy




. Part of VPA - Visual Performance Analyzer

Code Analyzer

Able to read in profiling information generated by
the tprof (reads tprof/oprofile through the
ETM/OPM formats) or FDPR-Pro

Can map given assembly (or machine) code back
to its source code, when source files are
available.

Can instrument executables or shared libraries in
order to collect accurate frequency statistics

Supports a variety of binary file formats: XCoff, Elf
file formats containing Power PC code, jita2n
ndiles, ox Ist files (AS400) and z/OS LM files. 4




CodeAnalyzer

Provides several views of the input

bi n ar & Perf Visual - Eclipse Platform = =8 x|
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Hot |oops 7% 0[0¢10004158] DxI00040Fc  OxBOGI0068 | hwer3 1041
'"n[udmlea] 010004100 0xB8630000
%l 0 [0c10004170] 04 | 90810044 | st )
Ca" graph ':': 0 [0x1000417¢] OXI0004108  Ox3OBIHF addierd 3, A
% 973656 (010004120 0x1000410c  Cx26040001  cmpl crD,00. .
& DI0NSI0 OATBIONZD  bectd, OKIO..
Annotated source code 1 sben
j:j ey 010004114 OB addcrd 3,3
i i : OXIO04HLE  DZBOH0001 gl rD, 0.
DISpatCh group formatlon = Ellmsw[ﬂarm%w) 0000411 Oe40B100L ble o), Gx10... —T
- - - - E 43311 [uzil:cdisec]
P 0x10004120 Ox3063Fb additr33,5
Plpellne SIOtS and funCtlonaI units u«:a:a;l[m:;u?s:in]u 0x10004124 Ox2B030005 gl D, 0. ‘
. WI004123 Di0B10006 blewd, Ox10... K
T3 573685 [0x10004714] |*
B o oontrse] S| oawein:nusoonarn b otoonurco r————
A BT e ]
(@ lemor Log 3 Consoe| By A= l='!EI "Inmuﬂnnﬁmwm 2N
(Lt | teseage | Pugrin | Date | ' Brmhcﬂaivmpmﬂ,l
To Address [ court

11/24/08 - | |

35



Code Analyzer Features

Showing Disassembly of The Program
Program tree of an EXE

Colors Indicating Hotness of Code/Function...
Grouping Info

Performance comments
. Statistics about the program

bidirectional mapping between source code and
assembly

11/24/08 36

Editing Mode (changing instructions...)
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Code Analyzer

ample View

CodeAnalyzer - INTERMNAL - C:A\FDPY¥_Project_Single_Frame" TestCases' XCoffTestFiles',DebugInfo’ ix.32.base - Eclipse Platform - |ﬁ| Iﬂ
File Edit Mavigate Search Projeck Spu Timing ‘Window Help
[ |2 W BN DA | @S REDE #@Eoml | &-0-8 R -0 i i b LR |- - - - -
=g -Program Tree &2 Navigator| | = E| [ source Code 22 Eeown <)==;> ¥ =0
= = | l’n\z ll. l.- | @ - | File: xldmem.c Function: .mark Index: 1119 BB: addr: 0x10004d4c size: 8(32) DPY_Project_Single_Frame', TestCases\XCoffTestFilesDebugInfoylixidme
[ File: xldmem.c Function: .mark | address | Opeode [ Mremonic [ com... [ Freq. [Graph =] ] /% deacend as far as we can o/ - |m
B2 phrgl.s _I E| FUNCTION .... ha while (TRUE) {
= #PTRGL [ 0x10004d08  Ox7c080za6 mflr ro .mark. 4 E
1 E-22 «idmerm.c C 0x10004d0c  Oxc9421FFa0 st Pl -96(rL) /% check for this node being marked =
' A : ic: /Di bly Vi e lohis-
= .mark - if (this-»n flags & MAREK)
nnotated Basic_Block/Disassembly view M
| oxinonsdis  oxeosin07e Iz ¢3, 120(r1) bF
| O10004d1c  OxZ5030000 crpli crd, 00,13, .. /% mark it and its descendants */
5 1 L 0x10004d20 | 0x40820008 bne crl, 0:x1000... T Z else {
. 7 BasICBLO... | g
- =
ram tree of an executable file: oo samomice — bodoosern A | _ [o e ine nod -/
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.cvesymbal 44 BASIC BLO... E tmn = nrew:
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cveubr | ‘oxioo04dsc  oxessanoo: Ibz r3, 1¢F3) : S =
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strsave L oxioonad4s  ox41sz0008 beq cro, 0x1000.., ¥ A 3 -
| cvstring 7 BASIC BLO... | % -
| findmem L ox10004d4s _0x480000cc b 0x10004=14 s | / /% otherwise, follow the right sukli B
| .strallac 4 BASICBLO... ¥ else if (liveedrithis) f =
ofile [ Dx10004dd4c  0xS0210040 lwz r4,64(r1} this->n flags &= ~LEFT: -
| newvectar 0004ds0 s FE(r1) I twp = prev: -
newobject | oxioom4dss  oxesms<nnoi Ibz 13, 1(r4} prev = this:
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ovflonum | oxiooo4des  oxEos10040 hwz r3,64r1} 7 else -
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- T —— 1
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CaConsole | ] Comments 52 Error Log S o= B 1nstruction Properties 52 et
= Cv_scription | File | Function | Address 1| Branch Frofile | walue Profile.  Dispatch Info |Latency Info |
£ Haot Funct!nn Call ko 010004408 sdldrnern.c wrnark 0:x10004ch =1 Slot 2 I Slot 3 I Slot 4 I
#* Hot Function Call ko: 0x 10004750 wldrnern.c .mark 010004465 CRLogical_odd
#™ Hot Function Call bo: Ox100046a0 sdldrmerm.c .mark, 03x10004dbe mkspr_0_addfm. ..
#™ Hot Function Call bo: Ox100046a0 sldmerm.c .mark. 010004235 _ _1_...
A Hot Function Call ko: Ox10004d08 P f m C t 0x10004F50 FrU_0_odd 1 =
A Hat Function Call to: 010005160 er ot Hn ce onfmen S 0x10005860 FPUDod — e
A Haob Function Call ko: Ox10005160 sl COMSE 031000550 - - - Branch_any
£ Hot Function Call bo: 0x10005160 sddmern.c .cons 0x10005924 D -I . H H f T
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. Inskructions - (xcoff) i3z o2

E—

——— = =

Code Analyzer

Instruction Editor

== |

File: xldmenm.c Function: .livecdr Index: 937 BB: addr: 0x100040e4 size: 12{48) exec: 973686

address

Q100040044
010004043
0x100040dc
Ox100040e0

Qx100040e3

0x100040e4
0x100040e5
D1 00040ec
01 00040F0
0x100040F4
0= 100040F3
0= 100040Fc
010004100
0x10004104
0x10004105
Q100041 0c
Ox10004110

EByvtes
Ox30020001
Ox00000104
0x00057374
Ox617473

000

0x7c0502a6
0x93e1fffc
090010005
0x2421FFbO
Dx83e20070
0x90610063
0x80610063
033630000
0x90610044
<308 3FFFF
Ox28040001
Dx405810020

P

7 UNREACHED

= FUNCTION .livecdr

Disassembly Comment Freq. Grap
5k
ats =
I

st r31,-4(r1)

shw r0,a0r1)

shwi rl,-30(r1)

Iwz r31,112(r2)

skw r3,104(r1)

bz r3, 104010

bz ¥3,0(r3)

shw r3,68(r1)

addic r4,r3,-1

crmpli cr0,0x0,r4,0..,
ble cro, Ox100041...

-= 0x20007f54

h’ 38




Code Analyzer

overview of frequency distribution of BBs

B 1nstructions - (xcoff) i3z 52

and Iinstructions

= O B static Color Bar i3

File: xldmem.c Function: .sweep Index: 981 BB: addr: 0x10004494 size: 7{28)

Address Bytes
D 10004454 Oxa0610048
0x10004495 Dx3063FFFF
Dx1000449c 206100458
Ox100044a0 Ox80610044
10004424 0385830001
Ox 100044 a5 070840001
DOx100044ac Ox40820120
Ox100044b0 Oxa8830000
0x100044b4 Ox38640000
0x100044b5 Ox2c040006
0x100044bc 020310050
0x100044c0 Ox41820018
0x100044c4 Ox2c030005
Dx100044cS Ox4182006C
N1 nnindd-r— M2 2Nnna

4

Disassembly

lwz r3,72(r1)

addic r3,r3,-1
shw 13, 720r1) 1207000
lwz ¥3,68(r1)
bz r4,1{r3) 1207000
andi_r4,r4,0:x1
bne crd, Ox100,.. 1207000
Ibz r4,0(r3)
addir3,r4,0
crpi crd, Qed,r, .
st r4,80(r1)
beq cr0, 0x100,..
crpi cro, 0x0,r, .,
beq crd, Ox100...
crani_crfl D) v P
>

Camment Freq.

.

1207000

e

I
.

"""""""‘““““““““““‘|||‘“\““‘\ d
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Code Analyzer
Comments View
used to display the comments (which can help you
edit the code, investigate various performance
problems ...etc) collected by loaded profile file. It
provides the file, function and address of the
instruction which is tagged with specific comments.

.
=] Comments £

L B W0

Top 50 comments that match the Filker

Description File Function Address |
Hat Funckion Call ko 0x10003248 wlsubr.c Jlevarg 0100071 2¢
Hot Function Call ko: Ox 10007240 wlsubr,c lmatch 010007 19¢
Hot ToiZ Load Instruction: 0x10002468 xleval.c lsave 010002463
Hat ToiZ Load Instruction: 0x1000248c wleval.c lsave 0 1000248c
Hot TOC Load Instruction: Ox100024b0 wleval.c Jlsave 0 100024k0 J
Hot TOC Load Instruckion: Ox 10002408 wleval.c Jlsave O 100024hE
Hot ToiZ Load Instruction: 0x100024d3 xleval.c lsave 0 100024d3
Hot TOZ Load Instruction: 0x10002c1c sleval.c levlist Ox10002clc
Hat T Load Instruction: 0x10002e60 xlesval.c .evfarm 0 10002e60 j
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Cell PPU (Power Processor Unit) FFT code with performance

ogr.. &8
e lﬂz Il li.
=

File: main
= trighunc
£ trigfunc
= ppu_pthread_function
- |5 ppu_pthread_function
—+~ main
8 main
= _ libc_cau_fini
H-[F _libc_csu_fini
= _ libc_csu_init
£ __libe_cau_init
= _savefpr_14
- [E| _savefpr_14
= _savegpr_14
- _savegpr_14
= _restfpr_14
= _restfpr_14
= _restgpr_14
+ _restgpr_14

>
e

ansole 3

FAle: main Funclion: main Index: 269 BB: addr: (k180208 size:

Address

C ox1802e
C 01802

C 0x1802e...
C m1802s .
C x1802e .
C 0x1802e .
C 0x1302e...
[ (1802e .

&
01802 [ 048000, | bi 0018, E 0180 [ 16777215 [l

C 0x1802¢...
[ (x1802e
L mx1802e

C Cx1802e...
C ei1302s
C <1802
C 0x1802e..
C 0x1802e...
!‘ (18028 .

<

Opcode

(eBfelE..
(x53610.
CxS0010...
(xcbe10.
Odfftb 028
Cudffff OS2
Cdfff 0672
(fc 20X 8.

Ceffc1c0...
OdfcHfE2a
Ohc48000.

OcFclee...
Ooffde(8..
dfc 018
Cooec 00K ..
CdfE0d0..
(oe4 05 0.

lyzer

Comments View

VEr sl rstructions - prejft X & Instructions - (spe}ft_spu

comments:

= ﬁ

Mnemo_

xonsrr.. A
stwr27,..

stwrl 2.

Ifd £31.2

fsub 131, .
foual £31,
fmul £21,..
fmrf1£31

Commenrt

Freq.

Grap ;

y %

|

e | =t
i b b
gg

e § biln ) e Bl {
(=pl fup ]

o

AR

i
m
m

b | it
F’%
ﬁa

=k | k| &
m

%‘
m

(= p]
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] Source Code 332 Q o> 1 _g 1
D:\Test Programs\fft c
float trigfunc(int in) ~

ouble X;
{ (dooble)

x = in) *

main(int
t 4, 3: =
fmem:

neycles:

log2 spus, num spus;

[l - s

fadd £30....
faddf11.
bl &x018... M

fFax fOF3...
fadd 130
frspf30f .
fsubs i,
fempu cr...
blecr7 ... &

nt elapsed microsecs; Z
Comments d cime:

:gtt Eﬁnﬁgﬁ.ﬂcﬁ;i:tﬁfaﬁ;%%zzm: DESAESTAN: W) B
Hot unconditional branch with a cold falthru to: (01803740 1, hi_real, lo_ ;
[T nodemask t mask;
| | int max_nocde = 0: =
|| g
| | =
16777216 || if {(argc == 6) { E
16777216 | | Z ncycles = atoi (argvill): =
16777216 }| |v . princflag = atoi (argvi2]) «

N < >

FE SO GUinmnin vt d L SUILUES 1 RLNUGLIGH 13 EUi e &0 DUt O

tumed by LNI: fit ¢

thToFile - D:A\TestPrograms
129 End=129

tumed by LNI: ffit c

i - Instruction Properties 223

E

Branch Profile || Value Profile | Dispatch Info fz_Latenc}- Info

Slot © Slot 1
BRU BRU

?




~ Code Analyzer

Comments View
Cell SPU (Synergistic Processing Unit) Pipeline Stalls

rne Ean 1 OOis WVINaow nelp

- HUEFBNMh DEJ A a3 XERER &l H-P-8: R-F@® ic . im i @H

BR oo . 2 Navig..| © O || @ Instructions - [ppe)fft {3 Instructions - (spepfft_spu X = O || source Code 3 (|30 v | BT ==
= 1RHle: processB8192_816 Funclion: process8192_816 Index: 68 BB: D \TestPrograms\fft_spu .c i T
= laz l.. l.. Address Opcode Mnemo. .. Comment Freq. Grap ™ ! La = (1 << LLs);: -~
C exitee Be1c182..  airS8rs... Z idx = LLs + leadbits -
= C ox10do Oclelc2.. airk9r6 . ;:‘/’% cS5ptr = cosSlsb[idx]:
Fle: process3192_816 C Gx10d4 42324, iarB22.. & ->mir. ;}:7’: sS5ptr = =ginSlsb(idx]:
B-E ted ~ E for(i = 0; i < Ls; ++i)
&8-B start [[ 1048 xOFSfaabf  rotmairb. int 3, mi, irs:
== ._d;jlgbal_.jora_aux L ociode (34002 lgd r120... M mi = mirror arrayf[i]
- [E __do_global_dtars_ai |— Gec10ed cFSfa8. rotmai 16 .. cs = spu splats(cslv
=-{Z> call___do_global_dtors_z L ox10e4 c35500... hbr Oc10... an = spu_splats (snlv
&-B cal__do_gobal do [ Gx10e8 x480fc . cotréir. irs = i* (r+r);
| == frame_dummy L ocidec (bc3b948 . rotghyrl . _ for(j = iras>>»2; j <
&2 frame_dummy [ 01000 | (x182%. [and 10 EN ~ [43868160 | int k;
=& .—:a||_f.—=.m.g__dumn-.|‘\. C 104 O<0F608... shlir9rl... Ji_\._ register wvector [
=+ call_frame_dummy [ ex10F8 x18178... ar8r9r34 |Comments _ - gister wvector [
5 & puamaiis Lot oown s ASESESwodmons seshMeean | fouater vector -
#-[2 process8192_0 [ G100 18174, arbs/5/53 — EEEEIEEE 7 gister wvector f
B stagel L 1104 0<38974... lgxr3s9.... ;;7".: register wvector £
H- = sagel C @108 (e3b820. rotaby rd... ;"‘2 register wvector f
== lé!-rl}cf:s;E'ISE_B'IE C ox110c x3b818... rotgby rb. ;‘f/;f' register wector £
%2 process8192_816 C <1110 (bc58c12.. fmr5s87.. & % register vector f _
2= >0 1114 MmA%n1?  dmrIrRR | 42868160 | b R
< I > < ' > < *
& Console 33 = & L) - Instruction Properties &3
= 89 =895 T
i::a'lrzl’u"EﬁeE;:IEQrchrijhm.u'pa.ca.edrtors Instructions Editor & 7aec 7aec ° Branch Profile || Value Profile | Dispatch Info Latency Info
File retumed by LP!I: fft_spu.c Even Odd
%f;ﬁf‘g;g@'ﬁd;% 35"- estPrograms N FPLi Single-Precision (SFP) Load and Store {SLS)
ACTIVE editor com ibm. vpa ca.editors Instructions Edtor& 7aec 7aec FPU_DO"'HF_FMQOH {SFF) Branch Hint (S I__S}- .
File retumed by LMI: fit_spu.c Roating-Foint Imteger (S_FF'} Branch Resolution .I_SCN}
getPathToFie - D\ TestPrograms Simple Fxed Poirt (SFX) Channel Interface [SSC)
Start= 9% End =895 Word Rotate and Shift (SFX) Shuffle {SFS)
- Byte Operations (SFP) Load NOP
Bcecute NOP

0° & & 0 BED 34E4 14E6 55E6 N EBNNSOE6 4066 44E6 :

) T N — — —




\

<

Code Analyzer

Grouping — instructions grouped in Power5

- Instructions - (xcoff) i3z o2

address Ewvtes

O100003535C
Q100003540
Ox100003544
Ox=1000035345

I

L

[ 0x10000350
| ox10000354
| oxi1oo000358
L ox1o00035c
[ 0x10000360
| oxi0000364
L 0x10000368
I
L
<

010000356
0100003570
Ox1000035374

Ox 35600001
0x9061015c
0x50510195
0x 7032000

D1 0000354C Ox403500050

Ox5061019c
0x5031015c
0x5454103a
Ox7Fce3z20ze
0x35500001
Ox35a00000
Ox43005c71

Ox&0000000
Ox2c030000
Ox40520010

File: #lisp.c Function: .main Index: 24 BB: addr: 0x1000033c size: 5{20) exec: 1

= O
Disassembly Comment Frec#
li r3,1
skwe 13, 348(r1)
lwz re,405(r1)
cmp cr0,0x0,r3,r4
bgecrg, Oxtoooo.. | . [1
lwz r3,412(r1)
lwz re, 348(r1)
rlwinm r4,r4,0x2,...
bz r3,r3,r4
li v, 1
li 5,0
bl 0x1000&FdS lload
ari 0, rd, 00 m
cmpi cr0,0x0,r3,0 m
bne crd, Ox10000, ., (0 -

>

f




Code Analyzer

Graph View example

-_ﬂ_wié_Statistics g -Prog'am Tree T Hawigator — O

raph Options

Display Mode: Sort graph bar= 1 Filter walues unc

Show Count il Descending ¥Walu 2 [

Instruction Executions Graph

20000000
=
T 15000000
=
& 10000000
=
[
S000000 l
0
 {ub sl fprnmadd tdi subfic
Instruction Dpcmdeﬂﬁfa:ne
< >

File Heat Graph Function Heat Graph  Inpstruction Mix Graph |Comments Graph



Code Analyzer

Cell example: inserting branch hint

11 BASIL BLULK ||'I
[ 0xbad 0x34060082 od 12,704(1) 1000980
[ v 04000103 o320 100060
[ ou6ad OX3H0a8082 odr2,672(1) 1000580
[ oebac (4800c102 k223
l: (b0 i brnz 12, 0x5ec

Uil fTerdd
=

/s BASIC BLOCK

L 0vébd 0393762 lr 12, Ocalf Comments

[ gt ORI0L i Insert branch hink instruction to fr Laken tar
|

[ Nvihe NN e N -

Branch hmt bits mn the Cell SPE are the equivalent of the branch prediction bits that are used on the PPE.
However, with the lack of profiling mformation, the compiler cannot always determumne if a hint bit 1s needed.
Hunt bits on the SPE processor usually have more mpact on the performance with compate to the PPE
processor, as there 1s no hardware m the SPE to support branch prediction.




BProber

http://www.alphaworks.ibm.com/tech/bprober

Framework for binary level instrumentation
Profiling
Program monitoring
Program verification and coverage
Program patching

No need for changing source code or recompile
Supports very large programs, which may exceed 32MB of code

Handles both 32-bit and 64-bit program files, compiled with aggressive
optimization options, including profile-based and linker optimizations
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BProber — Features

Enable user’s “plug-in”
Built-in Code-Coverage
Built-in profiling

11/24/08
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BProber — User's “plug-in”

Enables the user to execute his own instrumentation code in designated locations
Specific address <INSTR_ADDR...... >
Prolog/Epilog of a function <INSTR_PROC..... >

User’s instrumentation code (stub) is written in high level language and compiled into
' shared library

The shared library is linked to the executable

Call to the stub are inserted in the program

Overhead due to environment preservation before/after the call
Reducing overhead with gated instrumentation
Controlling/Reducing saved environment using specific flags

11/24/08 48




BProber
Enhancing User’'s “plug-in” Ability

Additional Directives

Compound directives on where to insert stubs
<ALL BB ....>
<ALL PROC ....>

Enabling Gated instrumentation — limiting number of times the stub is calls and
reducing overhead

<GATED_INSTR_....>

Predefined stubs
Performance Monitoring stubs for AlX
Tracing stubs (on the work)

11/24/08
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BProber — Built-in Code Coverage
Obtain Code Coverage Data Analyze Code Coverage ‘

BProber

11/24/08 50




BProber — Built-in Code Coverage

Function level coverage or finer grain of basic block
coverage

Map to source code (when debug information
available)

Filtering of functions to reduce overhead

Customized coverage — fine grain BB coverage on
specific functions

Enables very low (5%) overhead (experimental)
Using self modifying code

11/24/08 51




BProber
Example of the FOCuS coverage display

1135 $endif S /Bn53a
1136

1137 S printf("\n\nCCL started\n"):

1138 for (j = 0; j <« MANTHRERDS: j++) [*@ndac®/
1139 Jf for (3 0= 0; 9 <€ 1p §4+) /*Bnd6cE/
1140 {

1142 ) S*End6c*/
1143

1144 $ifdef 35330 S /Bn53a
1145 memset (logmsg, O0x20, sizeof (logmsg) ) ; fiBnalda
1146 sprintf (logmsg, "z-CC4 Ending. “\n"): S /Eneda
1147 LOG_EVENT (LOG_INFO+LOG USER,brief, regqID,logmsg): //Bneoa//@n74c
1148 return 0;

1149 felse

1154 #endif

1163 f* Perform initialization recuired bv the CCA Manaoger. This includes the =

11/24/08 S
Covered partialy covered I not covered
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BProber — Built-in profiling

Edge Profiling at the Basic Block level
Register value profiling
Integrated display of profile with assembly code

Profile can be used in Code Analyzer for performance analysis and in FDPR-Pro
for performance optimization

11/24/08
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Overview, IBM's tools

1T

\
‘ Binary Code
SRR (-) | Anevsis and Optimicaton | () | ECHERRANEREE
- Infrastructure ).
<

—

o O
(@]
o T - @3
Platform Migration




Post-link optimizations examples
The Light Weight Approach
Based on feedback information

Requires only local information for each
procedure

Immediate callers
Call sites
Immediate callees

Scaleability

Short completion time
11/24/088ing|e path

\ Simple data structures




Light Weight Optimizations

Inter - Procedural Optimizations
Killed Register
Intra - Procedural Optimizations

Non-used Caller-Saved Register

11/24/08
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Killed Registers Optimization

call foo call foo
call foo call foo opt
R27 <- 7 R27 <- 7
foo: foo opt:
save R27 C ..
o add R27,3
add R27,3
foo:
save R27

call foo opt
restore R27

57
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Using Renaming to Enable it

call foo
call foo
R27 <- 17

foo:

save R28

add R28,3

foo:

call foo
call foo

R27 <- 7

save R27

add R27,3

58
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Reducing its code size

foo: foo:
ééil bar éﬁére R28
R29 <- 7 call bar opt
... restore R28
gal: R29 <- 7
ééil bar 9 gal: o
R28 <- 12 c ..
... store R29
bar: call bar opt
save R28 restore R29
save R29 R28 <- 12
restore R29 bar_ééé:

restore R28

bar:
save R28
save R29
call bar opt
restore R29
restore R28 59




Reducing the code size even more

foo:

ééil bar

R R28 <- 7

gal:...

bar:

ééil bar
R28 <- 12
save R28
save R29

iéétore R29
restore R28

foo:

ééil bar opt
R28 <- 7

gal:...

ééil bar opt
R28 <- 12

bar_ééé:

bar:

save R29

féétore R29

save R28
call bar
restore R28

60




foo:
save R29
save R30
save LR

call bar )

add R29,34

* R4 is not used in foo
* foo contains only cold calls

foo:

—

Non-used Caller-Saved Register
Volatile Registers Optimization

save R30

save LR
save R4
call bar
restore R4
restore LR

add R4, 34

61




Function Inlining

Pros:

Instructions reduction in execution path

Additional optimization opportunities after inline
(Constant propagation, Scheduling...)

Reducing branch penaltiesCall

On return — indirect branch, requires target
prediction

Call

11/24/08
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Pros:
New potential after inlining

» Plain Inlining is currently one of the most significant optimizations in FDPR-Pro
- Gives potential:

Copy+Constant propagation potential
« parameter passing and return value ( will also reduce register pressure ).

« A weighted mean of around 20% (tested on some selected benchmarks) of the parameters

passed to function are either constants or copied registers.
Code motion from callee to caller or vise versa
» Shrink wrapping, partial redundancy elimination, loop invariant code motion

« Code can be moved, usually from the hot inlined function to the caller which is usually
colder

- for example a loop calling an inlined function
Dead code elimination
Register Reallocation

63



Function Inlining

Cons:

Increasing code size

Physical limitation (embedded systems)
Duplication of hot code that can increase cache conflicts

11/24/08 64




heuristics for Inlining

Size (small function, inlined traces fits to L1 line)
Single/dominate call

Path Based Selective Inlining (ILB: ICache Loop Blocking)

For more info see: Aggressive Function Inlining: Preventing
Loop Blockings in the Instruction Cache

11/24/08 65




Synergy of Code Reordering and Inlining

Code reordering rearranges basic blocks in consecutive hot
chains, removing part of the Icache conflicts caused by
aggressive inlining

Relocating inlined cold code

Function inlining creates better opportunities for code reordering
by extending its scope across function calls

Enables to have larger traces of BB

11/24/08 66




Inlining Performance Result

Comparing 4 inline methods with ILB:

all - all executed functions that were somewhat hot

hot - all functions that are above the average heat

dominant - call that execute than 80% of calls to the function.
small - only small size functions

Implemented with IBM FDPR-Pro - a postlink optimization tool.
SPEC CINT2000 using train profile and ref measurments
Hardware

IBM Power4

AMCC 440GX




Performance Results — Power4

B inline all exec funcs @ inline hot funcs
35% E inline small funcs O inline dominant calls
30% OILB i

25%
20%
15%
10%
5%
0%
-5%
-10%
-15%

[l

gcc pars twolf perlb bzip2 crafty vortex eon gzip gap vpr mcf  Avg




Performance Results — 440GX

1009% B inline all exec funcs @ inline hot funcs
° Hinline small funcs Oinline dominant calls
80% OILB ]
60% I
40%
20%
0% 1-!!1':{
-20%

gcc pars twolf perlb bzip2 crafty vortex eon gzip gap vpr mcf Avg




Number of Inlined Functions

10000

1000

100

10

1

M inline all exec funcs
Oinline small funcs

DILB

Hinline hot funcs onl

Oinline dominant calls

gee pars  twolf

perlb bzip2

craft vortex eon gzip gap

vpr

mcf

Avg




Summary

Post-Link Optimizations can give us huge
performance gains

Post-Link Analysis gives us much more anylzing
options and permits us to investigate, among
others, linker code and compiler-optimized
code

F/OSS is still lacking on this front, although
valgrind and the SOLAR project sounds
promising
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