Optimization on TMS320C64x+

T. Grandpierre
(Based on Tl Web training material
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C64x+ C code Optimization

Optimizing with the C Compiler

Writing Intrinsic C code

Loop transformations

Fundamental Rules of DSP Programming




Recommended Development Flow

1 Debug first. Tune second.

1 After making sure you program is logically correct, We can use
compiler optimizer to optimize.

No
Edit | Compile -g Debug
Yes
Profile Compile -0

Debug & Optimize options conflict with each other, therefore they should not be used together
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Two Default Configurations

eneral  Compiler |Lnker| Lk Clickr |

g-fr*$(Prof_dir)\Debug" -d'_DEBUG" mv6700

General  Compiker | Linkes | Link Order | ¢ For new projects, CCS
7

[-03-1°§(Proj_dr)Release’-m6700 - |  Sutomatically creates
[+... configurations:
¢ Debug (unoptimized)
.. Release (optimized)

|-# Use the drop-down to
- quickly select build
config.
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Optimization Goals

* Knowledge of function => optimization
« Before Writing any Code

* must know what the goal is, performance, codesize,
multiplies/cycle, bytes/cycle, etc.
* Need to be able to estimate performance based
 Divide Resources on C64x+ into Function Resource Needs
« C64x+: 8 16x16 Multiplies, 4 32 bit ADDs, 2 64 bit loads

* |ldeally know alignment, loop iteration limits and loop
multiples




Optimization Path

e Need to know

Opt0

Acceptable Codesize Limit

_______________________________ Theoretical Codesize Liot____________.
Opt2

Cycles

Theoretical Performance Limit

Time

Codesize




Profiling




Profiling methods

« Code Composer Studio (CCS) profiler:

- Function level profiling with inclusive/exclusive counts
— Does not work on multi-threaded applications

 Code instrumentation:

- The C64x+ CPU contains a free running 64-bit counter that
advances each CPU clock under normal operation
(TSCH/TSCHL registers).

— CSL _tscStart() and CSL_tscRead() APls (6 cycles for tscRead)
« Simulator Analysis Tool Kit (ATK):

— Function level profiling with only exclusive counts
- Works on multi-threaded applications




Benchmark Code Performance

{mane =10 %
short a[COUMT] = {A_ARRAY!: j
short x[COUMT] = [X_ARRAY}:

int v = 0:

main(|

Lz

"y bt & & P w
Ll o ol e

-

Il | v - dotpia. =. COUNT):

i (ghort #=x, short +n, int count)

|

# Now we can benchm

Run to the
first
breakpoint

>

# We set two breakpoints, one before and another after the dotn()

fmane =10 x|
short o[COUNT] = [A_RAREAY: 11
short = [C0UMT] = (¥ ARRAY):
int v = 0;
= i o [
o | v = dotpia, x, COUNT]:

int dotp(short ®m,. short sn, int count)

iot 1;

e —




Benchmark Code Performance

Run to the
first
breakpoint

fmane =lol x|
short o[COUHMT] = {A_ARRAY): 31
ahort % [COUMT] = (¥ ARRAY:
int v = 0;
st o+ |

|_' w = dotpia, x, COIT]:

int dotp(short *w, short *p,. int count)

imt 1;

R N ]

Reset the Clock by double click the item
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Benchmark Code Performance

=10 %

short o[COURT] = {A AEEAY |:
short x[COURT] = {X_AFEEAY |:
int v - U;

< Ay Dode ®T
moin |

i v = dotpis, x, COURTY:
a5 |

=
|

int dotpishort *d% short *n, int count)

int 1: -

< R =
-
Run to the next breakpoint and get i | ﬂj

the result of clock cycles to
performing this function

. ():8750 g, ClL |

11




Benchmark with Profiler

I ' CRdss TP Cycle Accurat e Seedelor ' TFSIENCE4 M - Di-4ex (Simulabor) - Code Cemposer Shadin __-I_nl_h]

Fin Edit ‘¥ewe Project [ebug GEL Oplion | Frofle Tools DSPHEIOS WA

i |
DEE|  RE[ 0 [ ] * T Profiler Setup B4l i CE| 4% %%

Jlab2 pi =] [Debug T - EELE S S W -

Bl oBaOEEL] M2 b

0 [T . Profiler Viewer =

o | |42 GEL Flas ]

; E '-"Ef"" ; Short a[COUNI| = | RBREAY | =

4 Ha ﬂmm - short E[COUNT] = (X_ARRAY:

" -2 Doxuments il

T j?“ﬁfﬁ:ﬁu <% Me=in Chda v J
"-'I} ;__.I"r:':: 3 main| |
b Lbrares : i "
; i 'J'fj‘:'-l"iﬂ :_'l:::- ¥ dotp[a, =, COLRIT);
2] e o

b3 }.I‘l'. dotp(short =u, short *u,. iat count)

i ! int 1: &

B 4] 2

= [5] | ¢

-2 )

—————m———————m—m———-——————-—— lahZ.pjt - Dabug + i - - -
Build Complete,

0 Errors. 0 Warnings. O Remarks,

g 1 o o o, el 3
g o HUTED: g breaiport @ amaling, ool | ]
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Setup the Profiler

This is a three step process:

Click “Enable Profiling”

Dlsgtnle 2 S5

Iz cud 4

(1 Codact i bcsation Leseel Fio b for 013l Caces ard Cods Size
[ Galect Aun Tims Loop Infoimelion
[, Colbect Code Covercga and Exclusiee Piotis Data

L
o

Select the code we want to profile:

+ Functions

- Loops

|t Code Coverage amd Extclusive Frofile Data

aptivity collects the code coverage and exclusive peofile data for
rr’u-:r-am. Enable profiling befors running the program. Specoify

ional sourcs file paths For the program in mend Cption-
=Custamize, under the Drectories tab.

Select the “Custom™ Button

view Code Coverage and Excisive Profila nformation after daka
colleckion has stopped. This happens when

m The program runs to completion
. ® The program hits & profile exit poink
*m The usar disablas profiling manually
Wiew overage data by clicking en menu Profile-ranalysis Toolkit-
»Zovafage Viewar, The tool generates a log file in the sarme directory
af the pragram thatis loaded.

Read Fore =2

A

Achvities |Fasges  Coeml |mmm I]

2 =
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Setup the Profiler
CIEETTEEE
ﬁlj?ﬁlﬁﬂﬁll?lﬁﬂ

= 1] 3¢
S5 H
=01 U ! Pricdiba fior Tolal Cpcles: & Code Size
MO Tinen '2'"1'!-5-5'2"1_
B[O Timan if Excdusies Finthe Data
EO Tinm2
'S
3
+
W
M ge and Exclusive Profile Data
T e *
O daa "
MO program =

g fior the pragram in mend Cption-
reckories tab.

i Exclusive Profile nformation after daka
|Tl1's happans when

m The program runs to completion

w The program hits & profile exit pomnk

m The usar disablas profiling manuallys
Select the items to benchmark

Wisw ocowerage dakas by clicking on menu Profile-ranalysis Toolkit-
of the program thatis loaded.

Read More =2

Nehrwitias

Rwgez  Coeml | Cusken |

coda covarags and axclusive peofile daka For
F]I:':Iinq befars running the program. Speoify
o

=Covaraga Viewar, The tool generatas a log file in tha samae directory
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Open up the Viewer

Address Range  [Symbsel Hame  |[Symbol Type

Access Count eycle.CPE Incl. Total ||:]|rde.EP'lJ:E:r:I.Tmﬂ

M0eToendxicta  ([CESc sE2Erza.. (unZion

L‘% BT e Y,

o e e e e e o e e e R e S A S B e

0 i

I0edenc-Ootfs] ook unziion

il L

§ 8 d Ak |

Count

How many times we run
into this function

1

0

1 .

— — ﬁmﬁ'wau" e —

Total

Total nhumber of clock cycles to
execute this function
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Compiler Consultant

Proect | Debug &L Opbon Prafls  Tools

DGRBS Windom  Help

=10 %]

.E P, . Stk Dt oS N Conesil Eanibs- o - llﬁll'! 4“ Hgl ml E £ | -"" 'i' -:'i
Lo Erremal Wiufin Geneo]_Compler | Linker | DspBiosSulder | Link Dider
r Eapemrl s v .. - i | |
,‘F Flal Pl [ Proge... -0 -0 A WProl_ 0 ebean_EA 428 1Po_di\Debiug B8 o8 DEBUG" 4 _-]
S . g4l
T e = = _||:||i|
N i il x Calmgany Fesdhack A
E I;l*;:ltl - IF-;I E:::n:nj [ JEAREaats] . short. ® % rastric: ]
T ioadadd Al Interbstiog: IHun.g. _*:I
fi Srafd ?"““' e O Irdo Fike: {Mare =
Baild Ciean Eam [ Gensgs Dotrviza Comme i o)
D ..
7 Confiqeaion. . Dlisg ncsitics ™ Prind: Complliar 1 ks om | con i kion)|
l'_-..._-,... e ||: Ganeists Singln |leabon Yisw of 5P L oops [
2 el Bphe ™ Gensste Compiler Corootst Advce (-corsullan|
5 Pt Deparchvce |
ﬂ e Fru el Depeser o
Huree Mo Dupondoncns
— Zean alll ke Depasdarcas
[z Becert Frojec: Fileg
=
i = ¥ 15
. 1 o |t | :
O £ | H
1 _‘_'l_"l hl T Mnlonmi Inrof 1T Tmnmf s Woiohie Tt ont T TTPCTIIRT T
g o |nuTm [ [ Lyomin |
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Compiler Consultant

HEM, .

Use Ecterng Hekefi=.. .
Expiet to Madafile..
Add Fles b0 Projedt.,
Save

Chze

SJun:n:l:onhLﬁ k

LUTLEE R E =
Euid Fr
Reboid 41

Ho B

Euld Jaan

Corfiguralions. ..

iz =peeliE Cahins ., .

unchar Le e e

Gensnl  Compler | Linker | DapftieBuber | Link Order |

21 x|

-0 g1 Proj difhDeblag B4" -1 $ProLdifDebug Ga4° -d*_DEBLUG' -nw Z|

et |

(-—-consultant).

-

FeCert. Project Fies k

G0 Eenallrl |
ol

Categony
Bazic nigis |-walboe)
Sudvarced
i
Files ﬂ
Azrembly
Farzer 5 [0z
Freoiooessa)
Creagnostcs ahon]

[T Geresate Singh: Iheration of 5P Loeps (mw

[ Gererate Compiber Cansikanl Sovce [-corsukant]

Click on the checkbox Generate Compiler Consultant Advice
0E Caric= Help

17




Compiler Cunsultant

8 s LPL Crele Acturate Smileter TISI2000S - i (Simulator) - Code Composer Sthudn
Fia Edt Ve Froject Debug GEL Opbion | Profie Took DSREIDS  Windoa  Help

(SR 3" MR E SR . Q_I
ﬁem:.lmlﬁ-lm _‘”I:l-al:up

From the Profile menu, choose Viewer.

k

ke | oo DEE’EIEE“E h'd',':l:Tn:I-:l:l
LA ™ =
o |6 Do s “DoLoop . h
i =8 Projets
HRE “ gy congelt antha pit {0 voiLd t *Ihputl. short *Ioputz, SHOrt ® * Fesrydcr
| T | Dwpesradand Prajaci
Ry 1] Croaunwenks int 1 rl. Yectora:
i L9 DEF{EIOS Condlg short 1 = Welghts[0]:
I - 1 Gererated Fiss short Welght? = Welghts[1]:

i 3+ Fode =i

] z j ;ﬁ:ﬁ [ Profile Wiewer == 1 ==0 -LE /TS =[0] x|
1 & %] Doloog.c = Addy= s Bange  |Smbol Bame  |Sowce [Symbsol Type  |Access Coamt |
| ﬂg =] rasi.c
1

[%] Wk.cnd

H g
R | o3
: Bl e R
1
1
1
i [Linking...] "C:nCCSta
| [{Lanking3 £
1 -

Prafl Gomaulant | CogeSleTum

| Fuild Conplete, o TOTEF J
i 0 Errors, 0 Warningz, 0 hewsrks | Lompiing with no Error |
|
1 =
1 -
1
| LT RD, puna £ [ E | x
1 —
1
1

B & HALTED ni,cal

P === '__'_l'.'_'l_'__'_ILLJ_.l'___'l._'l._'__'_l..l.;"_'_l'_ﬂ'.l:l'_lll.'\_'l._'l._\_'l_' . —_—————- e e e e e e e e == — —_———— -'I'—'I-—ﬂ_—-l'—:l‘:i




Compiler Consultant

[ Prohle Wiessr ==

| EDE & E s

Adidve ss Bange  |Symisol Bame

|Gowmce [Symibol Type  |Access Count |

Once the Profile Viewer window appears, click on the
Consultant tah.

Pranler Ot | ComseTuw |

e Profile Viewer == 1 == Current - Cbdux CPU Cycbe Accurate Simulabor 550

T —

=10 x|

[Addres... [Symbolllame  [SLR [Extimate... [Est.. |Anabysis [Ad...| Advic = List [
Lo #1 |Toloog 17-220clonp.c B4 0 “Sofwsreppelnig disbie 2 (2)0ptons

Profler  Consultart |GI:IEE:¢TLH|= !
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Compiler Consultant

4] Profile Yiewer == 1 == Current - Chda CPU Cycle Aoourate st =_-;- :.FEJEJ
=+ Address Pange  [Symbol Bame  |Sowrce [Gymisol Type  |Accens Coamt |
.
<40
5] Once the Profile Viewer window appears, click on the
=y Consultant tab.
=
| —
Ly, Prafiler In:::mmrt G iskzeTum
oy cle Arcurste Sinudator/ TMSAIE 1o x|
= [Addres... [Symbolllame  [SLA [Estimate... |Eot.. |[Anabrsis [Adloe. | A List |
W Lo # |CoLoon [iT-z2Colooo: 64 0 Software pipeining desdes 2 (2)Cvions
4
“I
oy
The Loop Name || We take 64 cvcles to Two advises to optimize this loop

e cartaa| ©Xecute this loop
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[+3 Profile Yiewer == 1 == Cunrent - CEdux CPU Cycle Accurate Simulabor THS 2006 =10] %]

| B OD |

Compiler Consultant

{Addres_. [Symbol Hame  [SLR |Estimate... |Est... [Analysis |Ad[Hace Cest |
|_oop o Coloop 1T 220cloop.c Bd 1] ;‘ Zoflware pipeining diesble.. 1 ;lf!fl"_'q:ﬁnns

Double click on the Advice List cell for the DoLoop row.

= - = - 4t gF dF

Fiim: o [ =l=l=iY| J s [==1!

i— | Functiom Croloop

Limesl 17-22
Aol oy wiim:

= Softwans pioelining disabledica
Fedwicoy

m Cptian

ko

Cippkioenis Adwicsm: Hissing -

= penlu i |
vou are are Complling without optinnizat on=S,

Eug e i)
Bdd —oficE oF -oRleS ta woldrocam pll er build aptians

P robs e
Tou mre compilling with cpoon -g. This option can hure performancs.

L thE oo tion for deboaggieg o,

S e sl i
Famave Hhie flag fram your compilar bulld apkione.

T ——— A s i il I
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Compiler Consultant

Pl B Deodrrark Opdora Halp Tles e Wl

Adwvice Yo ow !m* Tatier | Qucd
O - W Corwrt [, k] By L]

- T

Flle: Chpne Ak
Fumctiom: DoLoap
Limnes: 17-22
Analysis:

®» ESoftwars pipelining disabledza.

Dptions Advice: Missing -o

Problam:
Yo are are camipiling withoukoebmizstion

Suqgeskion:
Add -p 2= or -oSEd bo vour comipil

Probleny
T are compiling werith opbon -g. This opk

Lige Hvis opdion for dedegoing ondp.

Suggestion

Thir cebmizvics b o the snalno s angd apeicabons appind by oo emplir

B 1T
i

]

g il

Hirsi el aalysis aed f pRaralalais

riErel D o A I DD faY Ir et
wha v

Jell il wyavale ired sphrdzslein

Himrran splimigation eeel kb erable selras
H o lle

HiZT0imgalond gnabied

Carrpie inaba-marlregd s e i hinSin =
aslckiam

Al -0l mnpm i Ceprin A on

Fervonmic e procedur sl AranyE serzan wl
LreCion s wEnin @ sipge .

K Bl o ried 7 Beihor e Smod e lise are dofrad
wihin e parre Sl

- ey iepimbadon

Ferferm i pocede sl anaqpds &gas &l
Trstlind & areira

IS A T T B T LR P | FE S 1T
s TN glie-d with ainphs coampdsr irecorlinn

Remawe this flag from wour compile

The Advice Window appears, and the Consultant tab

el ;P‘é displays advice for the DoLoop function.
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Huild Options for consultantb4 pit (Debugh

Compiler

Cenesal  Compler IL'r.k.er| CispBinsA Lilder | Link Order |

5400 --carsuksrk

Csbspore ~Barc

B
Advarced
Feaidhach
Files
dszmrhbly

Dizgnoshes

g - P 1o,_dir|\Diebug 64" -l HPro_di|\Debug B4 - DEBLG -mw

T arged Werzion:
Generals O ebig Info
Opt Speed wsSe:

Eewen

Program Lawsl Dot r

CBdsx rwE400] ™ |

Mo Dehg _:_'J
Full Symbelic D eb

=] b

HEM, .

Use Ecternal Hakefi=...
Export b Maefle...
Add Fles to Projed.. .
Save

Cloce

51uru:-:l:onhliﬁ

oM e e
Euid Fr
Riebiid &1
St Biic
Buld dean

Flana
Regizier [-al]

Locd [-ol]

Funckion [-02

Cofiguratios. ..

HaEpBecfic ESbons.,
Firmeaan Levs ighore.,

Prodect Dapendancis.,
Show Project Dependenoes

I Let’s Compiling again

# Under the Project menu, choose Build Options

# In the Build Options dialog, click the Compiler tab.
# Click on the Basic item in the Category list.

— # From the Generate Debug Info drop down list, choose No Debug.
# From the Opt Level drop down list, choose File (-03).
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Compiler Consultant

[l Mralile Wirwer ¥ ol Curronk - Obidsm OF U Cycle svormrole =5 mobabor 171552 DE ek .Inlﬁl
= Al pnn Famge | SiAn el Hanoe Eatincanad Cwile,,, | Eatinnated Sain,,, |&isalyais & il 0 i i 0 Axluics Limd
ILaap (u BT 11 n " Cipmanrdaron 5 = Aoz
-I-I oo nadela 1[5 Aad g s il
moro oo rirarean
'h cychaaiE isicn
Trieny 30 10
‘{I “Thx Dop Fex
'ﬁ (e LR e L ]
B [eee e [T 1 o ‘Dusinietoaca 6 ST
oo wriradln, ) A ig remoed
E i rmlion i) Trip oo
FEUD | O & RS
Il‘ﬂ iher or el s 2
n Softes mra -pipa lira
EX | [ =]

e e e A

# Loop Duplicated.

# Compiler is unable to determine if one or more pointers are pointing at
the same memory address as some other variable. Such pointers are
called aliases.

# One version of the loop presumes the presence of aliases, the other
version of the loop does not.

# The compiler generates code that checks, at runtime, whether certain
aliases are present.

# Compiler executes the appropriate version of the loop based on the
check




Compiler Consultant

We can profile the code to see which loop versions get selected when the code

15 executed. From the File menu. choose Load Program to start the program
load.

[ Profile Setup - P [=1
O Feom @ S
/ Pam———
Enable Profiling / FEE ZEEED
Collect Run Time Loop Information.
Select Profile =2 Setup _ =

Thie ﬂﬂtlvit"'
Profila Wi

daks =
loops, This |

tima loop information digplayed by
lar Zansultant tab, The colledad

cyclms ragquired to sxe cube
ncan be used to prioritize Compiler

Load and Execute Program pre=r h"” [commt | Gueom |
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optimization

Optimizing with the C Compiler
Loop transformations
Writing Intrinsic C code
Fundamental Rules of DSP Programming
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Compiler Feedback

« Compiler Gives several important feedback metrics:
* il =2 -loop size has this many cycles in it

* recurrence bound - minimum number of cycles
before beginning next loop iteration

X - number of cross paths used in A/B file
- L,.S, .D, .M - number of units used of each type
« .T1, .T2 - load datapaths used in each A/B file

Resource bound - minimum number cycles based
only on resources

...and loop disqualified messages
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Software Pipelining details

SOFTWARE FPIPELINE INFORMATION

Enown Minimum Trip Count
Enown Maximum Trip Count
Enown Max Trip Ceount Factor
Loop Carried Dependency Bound (™)
Unpartitioned Rescurce Bound
Partitioned Rescurce Bound(*)}
Reszcurce Partiticn:
A-side B-gide
units

units

units

units
.¥X cross paths

.T address paths
Long read paths 0
Long write paths 0
Logical ops (.LS) 4] 1
kdditicn ops (.LSD)
Bound(.L .5 L&) 3
Bound(.L .5 .Id .L& .LSD)

Mo s B RO B2

L
.8
LD

M

X

[l ol =R S
o T o T s T P I o T s O SN W

or
or

"R+

Searching for scftware pipeline schedule at
ii & Register isg liwve too long
ii = & Did not find schedule
ii = 7 &Schedule found with 3 iterations
done

|J

in parallel

Loop unroll factor. The number of times the loop was unrolled specifi-
cally to increase performance based on the resource bound constraint in
a software pipelined loop.

Known minimum trip count. The minimum number of times the loop will
be executed.

Known maximum trip count. The maximum number of times the loop will
be executed.

Known max trip count factor. Factor that would always evenly divide the
loops trip count. This information can be used to possibly unroll the loop.

Loop label. The label you specified for the loop in the linear assembly
input file. This field is not present for C/C++ code.

Loop carried dependency bound. The distance of the largest loop carry
path. A loop carry path cccurs when one iteration of a loop writes a value
that must be read in a future iteration. Instructions that are part of the loop
carry bound are marked with the * symbol.

lteration interval (ii). The number of cycles between the initiation of
successive iterations of the loop. The smaller the iteration interval, the
fewer cycles it takes to execute a loop.

Resource bound. The most used resource constrains the minimum itera-
tioninterval. For example, if four instructions require a .D unit, they require
at least two cycles to execute (4 instructions/2 parallel .D units).




-

|J

Software Pipelining details

Unpartitioned resource bound. The best possible resource bound val-
ues before the instructions in the loop are partitioned to a particular side.

Partitioned resource bound (*). The resource bound values after the
instructions are partitioned.

Resource partition. This table summarizes how the instructions have
been partitioned. This information can be used to help assign functional
units when writing linear assembly. Each table entry has values for the
A-side and B-side registers. An asterisk is used to mark those entries that
determine the resource bound value. The table entries represent the
following terms:

B .L units is the total number of instructions that require .L units.

B .S units is the total number of instructions that require .S units.

.D units is the total number of instructions that require .D units.
.M units is the total number of instructions that require .M units.
X cross paths is the total number of X cross paths.

.T address paths is the total number of address paths.

Long read path is the total number of long read port paths.

Long write path is the total number of long write port paths.

Logical ops (.LS) is the total number of instructions that can use
gither the .L or .S unit.

B Addition ops (.LSD) is the total number of instructions that can use
gither the .L or .S or .D unit

Bound(.L .5 .LS) is the resource bound value as determined by the
number of instructions that use the .L and .S units. It is calculated with the
following formula:

Bound(.L .S .LS) = ceil((L +.S + .LS)/2)

Bound(.L .S .D .LS .LSD) is the resource bound value as determined by
the number of instructions that use the .D, .L and .S unit. It is calculated
with the following formula:

Bound(.L .5 .D .LS .LSD) = ceil((.L + .S + .D + LS + .LSD}/ 3)

Minimum required memory pad. The number of bytes that are read if
speculative execution is enabled. See section 3.2.3, Collapsing Prologs
and Epilogs for Improved Performance and Code Size, on page 3-13, for
more information.
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Compiler Flags

Read SPRU187 ( ) TMS320C6000 Optimizing Compiler and also “cléx —h”
on cmd line

-mv6400+ : chooses the C64x+ ISA
-mv6700 : generate ‘C67x code (‘C62x is default)

s -mw . generates verbose soft. pipelining info
e -k : keep assembly output around
« -0i0 . disables automatic inlining

-02/-03  : function/file level optimization
-mu : disables software pipelining

-mh : allows speculative loads

-pm —op2 -03 : program Level Optimization

As we have seen, the optimizer can work miracles, but...

What else can we do with C after turning on the
optimizer?
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Provide Compiler with More Insight

 Why you program still not optimized even use —03 option to turn
on the optimizer?

1. Restrict Memory Dependencies (Aliasing)

2. Program Level Optimization: -pm —op2 -03

3. #pragma UNROLL(# of times to unroll);
#pragma MUST _ITERATE(min, max, %factor);

5. #pragma DATA_ALIGN(variable, 2n alignment);

Like —pm, #pragmas are an easy way to pass more
information to the compiler

The compiler uses this information to create “better’
code

#pragmas are ignored by other C compilers if they
are not supported




1 - Memory Alias Disambiguation

What happens if the function is called
like this?

fon (*myVector, *myVector+l)

in+4

void fon(*in, *out)

{
LDW *in++, A0
ADD A0, 4, Al
STW Al, *out++

O Can reorder memory references only when they are not aliases
1 Aliases access same memory location

O Sometimes Compiler cannot figure out two pointers point to
independent addresses or not

O Keyword restrict says pointer gives sole access to underlying
memory

void fcn(short *restrict in, short *out)
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2 — Program Level Optimization (-pm)

-pm is critical in compiling for maximum performance

-pm creates a temp.c file which includes all C source files, thus giving the
optimizer a program-level optimization context

-0p,, describes a program's external references
-pm requires the use -03
Cannot be used as file or function specific option

Without knowing which -opn option to use, Tl couldn't use -pm in default
Release config

Unfortunately, -pm cannot provide optimizer with visibility into object code
libraries

External References:

- For example, if your program modifies a global variable from another
code module, -op2 cannot be used

- Similarly, if your code calls a function in an external module (who’s
source isn’t visible to the optimizer), -op2 cannot be used (and will be
overriden)

33




3 - Pragmas and Assertions

 These are entered in the ¢ code itself

* tells the compiler what to do, overrides flags
e.g #pragma MUST ITERATE (2, ,5);

* two types of pragma:

- static: DATA_ALIGN, DATA_SECTION,
CODE_SECTION, DATA_MEM_BANK Etc.

« dynamic: MUST ITERATE, UNROLL
 key to achieving SIMD optimized code.
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3-Pragmas and Assertions

« #pragma MUST ITERATE(a, b, ¢);
* a - min number of times
* b - max number of times
¢ - multiple of ¢ times
» #pragma PROB_ITERATE(a,b); - may iterate
» #pragma UNROLL(N)
 Forces the compile to unroll the next immediate loop by n
« Assertions give information to compiler (and user)
« nassert( <rule>); e.g. short *x; nassert((int) X % 8 == 0);
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Inner Loop Unrolling

« Simple Loop

for (3 = 0; j < 2*nh; j += 2)

{
real += h[j+0] * x[i-J+0] - h[j+1] * x[i-j+1];
imag += h[j+1] * x[1-7J+0] + h[j+0] * x[i-j+1];

 Unrolled Loop
* runs 1/2 as many times, performs twice as much

for (j = 0; j < 2*nh; § += 4)
{

real += h[j+0] * x[1i-3+0] - h[j+1] * x[i-j+1] +
hij+2] * x[i-j-2] - h[Jj+3] * x[i-J-1];

imag += h[j+1] * x[i-J+0] + h[3j+0] * x[i-j+1] +
h[j+3] * x[1i-J-2] + h[j+2] * x[i-7-17;




Outer Loop Unrolling
« Simple 2d Loop

for (1 = 0; 1 < 2*nr; i += 2) {
imag = 0; real = 0;
for (7 = 0; j < 2*nh; j += 2) {

real += h[j+0] * x[1-7+0] h{j+1] * x[i-J+11;
imag += h[j+1] * x[i-3+0] + h[j+0] * x[i-J+11;
t
r{i ] = (real >> 15); rl[i+l] = (imag >> 15);

}

» Unrolled Loop

 runs 1/2 as many times, performs twice as much

for (1 = 0; 1 < 2*nr; 1 += 4) {
imag0 = 0; realO0 = 0; imagl =
for (7 = 0; j < 2*nh; j += 2)

realO += h[j+0] * x[i-7+0] - h[j+1] * x[i-j+1];
imag0 += h[j+1] * x[i-J+0] + h[j+0] * x[i-7+1];
reall += h[j+0] * x[i-j+2] - h[j+1] * x[i-7+3];
imagl += h[j+1] * x[i-J+2] + h[j+0] * x[i-7+3];
}
r{i ] = (realO >> 15); r[i+1l] = (imag0 >> 15);
r[{i+2] = (reall >> 15); r[i+3] = (imagl >> 15);




Effect of Outer Loop Unrolling

« Easy to see effect of inner loop unrolling

 Outer loop unrolling is more subtle
 provides more parallelism to inner loop
» also reduces epilog/prolog overhead
* significant for inner loops with smaller ‘trip’ counts
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QOuter Loop Unrolling

d

Multiple

Epilog/Prologs Epilog/Prologs

Kemels\l 7 are amortized

New Inner Loop Flow

Inner loop flow
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UNROLL(# of times to unroll)

Example :
#pragma UNROLL(2);
for(i=0; 1 < count ; i++) {
sum += a[i] * x[i];
}
« Tells the compiler to unroll the for() loop twice

 The compiler will generate extra code to
handle the case that count is odd

. ;I'he #pragma must come right before the for()
oop

. IUNROLL(1) tells the compiler not to unroll a
oop

40




MUST ITERATE(min, max, %factor)

Example :
#pragma UNROLL(2);
#pragma MUST_ITERATE(10, 100, 2);
for(i=0;i < count ; i++) {
sum += a[i] * x[i];
}

« Gives the compiler information about the trip (loop)
count : In the code above, we are promising that:
count >= 10, count <= 100, and count % 2 ==

 |If you break your promise, you might break your code
* Allows the compiler to remove unnecessary code

* Modulus (%) factor allows for efficient loop unrolling

* The #pragma must come right before the for() loop
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SPLOOQOP buffer and loop unrolling

» Unrolling increases ii and the dynamic length of
a single iteration

 Loop buffer not used
— i (initiation interval) > 14 cycles
- Dynamic length (of a single iteration) > 48 cycles
— The optimizer completely unrolls the loop
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fir cmpl cn + tweaks

void fir_cplx_cn (

const short *restrict x,
short *restrict r,

short nh, short nr )

int i, j, imag, real;

_nassert((int) h % 8 ==
_nassert((int) x % 8 ==
_nassert((int) r % 8 ==

#pragma MUST_ITERATE (4,
#pragma UNROLL (4) ;

for (1 = 0; 1 < 2*nr; 1
{

imag = 0; real = 0;

const short *restrict h,

0);
0);
0);
4);
+= 2)

#fpragma MUST_ITERATE (2, ,2);

#pragma UNROLL (2);

for (j = 0; J < 2*nh; j += 2)

{
real += h[j+0]
imag += h[j+1]

r{i ] = (real >> 15); r[i+1]

* x[i-9+0] -
* x[1-3+0] + h[j+0] * x[i-G+11;

oy

[jJ+1] * x[i-j+1];

(imag >> 15);

+ ¢ with pragmas and assertions
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L3: ;

fir_cplx_co.asm

SUB
ADD
DOTP2
DOTP2
LDW

MV

SUB
DOTP2
DOTPN2
SUB

BDEC
SUB
DOTP2
DOTPN2
ADD

DOTPN2
DOTP2
SUB

ADD
PACKLH2Z2
PACKLH2

PIPED LOOP KERNEL

.D2
.S1
.M2X
.M1X
.DIT1

.D1
.D2
.M2X
.MIX
.S1

.S2
.D2
.M2X
.MIX
.D1

.M1X
.M2X
.D2
.D1
.S1
L1

B18,B21,B18
A5,A9,A9
B4,A23,B21
B4,A7,Al7
*_A8 (4),Al7

A4, A19
B7,B21,B7
B5,A25,B21
B4,A6,A19
A18,A5,A18

L3, BO
B16,B21,B16
B5,A7,B21
B5,A19,A7
A6,A21,A21

B4,A19,A5
B5,A23,B21
B20,B21,B20
Al7,A22,A22
A7,A7,A19
A6,16,A23

;split

long life
;1108

’
’
14

14

[108 |
[109 ]
[109 |
[109 |
@108 ]|

[109 |
[108 |
[108 |

|108 |
[109 ]
[108 |
[109 |

|108 |
[109 ]
[108 |
[109 |
@109
@109

loop kernel

['AQ]
['AQ]

['AQ]

ADD
ADD
DOTPN2
DOTP2

ADD
DOTPN2
DOTPN2
PACKLH2
PACKLH2
LDDW

ADD
SUB
SUB
DOTPN2
DOTP2
LDDW

SUB

SUB
ADD
DOTPN2
PACKLH2
DOTP2
LDDW

.D2
.D1
.M2X
.M1X

.D2
.M2X
.MI1X
.S1
L1
.DIT1

.D2
.51
L1
.M2X
.MIX
.DIT1

.D1
L1
.S2
.M2X
.S1
.MI1X
.D2T2

B21,B6,B6
Al7,A24,A24
B4,A5,B21
B4,A19,A5

B21, B8, BS
B5,A5,B21
B4,A7,A5
A5,A5,A25
Al7,A17,A5
*__A8,A5:A4

B21,B9, B9
A3,A19,A3
Al6,A7,A16
B5,A6,B21
B5,A5, A6

*+A8 (8),A7:A6

AQ0,1,A0
A20,A5,A20
B21,B17,B17
B5,A17,B21
Ad4,A4,A77
B4,A25,A17
*B19++,B5:B4

14

’

109 |
109 |
@1108]|
@109

109 |

@1108]|
@1108]|
@109
@109
@@[108]|

109 |
108 |
108 |
@1108]|
@109
@@108]|

108 |
109 |
@1108]
@109
@109
@@[108]|

« Assembly code output from compiler —k with —disable:sploop
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C64x+ C code Optimization

Optimizing with the C Compiler

Loop transformations

Writing Intrinsic C code

Fundamental Rules of DSP Programming




Writing Intrinsic C code

» G can use instructions directly using intrinsics
+» these are like function calls
 directly instantiates an instruction
s can have direct control over instruction selection
* Not leaving it to chance

» Examples are:
< INST_NAME src1, src2, dst <=>
+ dst =_<instr. name>(src1, src2)

» Almost every instruction can be used in this way
> 1 step up from linear assembly code
> #include <c6x.h> required
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Intrinsic Examples

c = _dotp2(alal, bObl);

y = _max2 (al0al, bObl);

Im _re = _cmpy(alalO, blb0);

z = _add2(a0al, bObl);

long long h3h2hlhO = _amem8( &h[4]);

int hlhO = _loll (h3h2hlhO0);

int h3h2 = _hill (h3h2hlhO0);

long long h3h2hlh0 = _itoll (h3h2, h1lhO0);
int hOhl = _packlh2 (hlh0O, hlhO);

* Notice we use “helpful” variable names
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Intrinsic C code: memory
accesses

» The memory intrinsic functions are written using

* _amem8_const() and _amem8(), amem4() and _mem4();
« aligned and non aligned data to constant and non-constant data
« _const form allows constant arrays to be accessed
° e.d long long a = _amem8( &b[4] );

** Preserves memory dependencies in ¢ code

“+ Do not use pointer recasting to accomplish this
» can destroy memory tracking
* not ansii ¢ compliant anymore
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Memory Dependencies

short *x; short *x;
long long *y; long long *y;

= mem8(&x[1]);

/

Good code

Bad code

» The memory dependency Is preserved
“_memxyz() calls prevent the compiler from losing track
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Helpful Tricks

» You can use DOTP2 for 16-bit self-terminating counters in loops that are
bottlenecked on L, S, and D. This works when your count is <= 32768.

MV count, i ; outside the loop
P
[i] SUB i, 1, i ; inside the loop

is equivalent to

MVKL OxFFFF0001, incr
MVKH OxFFFF00O01, incr
NEG count, i ; outside the loop

P
DOTP2 incr, i, 1 ; inside the loop

» Instead of:
a = b;
; you can use the M unit:
a = _mvd (b);
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Helpful Tricks: Smart Macros

» Right most bit detection

#fdefine _rmbd(a,b)

_lmbd(a,_bitr (b))

» Bit count over 32 bits

fdefine bitc32(a)

_dotpu4d (_bitcd(a),0x01010101)

> Bit reverse of 3 LSBs

#define bitr3(value) _extu(_bitr(value),0,29)
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Some rules for DSP applications

— Avoid use of global variables in application code
+ Ultimately hurts system reliability / Maintainability

+ Performance / Compiler optimizations are often blocked by
global-ness

- Try to keep structure depths as small as possible

* X->y->Z[i]->w is very inefficient to access

» sometimes algorithms are still more efficient - e.g. linked lists, trees
etc.

* keep array dimensions to no more than 2 x[][] is enough

- Provide as much info. as possible to the compiler.
+ Restrict keywords, MUST_ITERATE pragmas, nasserts.
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Structural Optimizations

Some data structures are better
— structs of arrays are better than arrays of structs

- one exposes more parallelism with more
probability to use SIMD instructions

for (1=0; 1 < N; i++)
{
y += a_st[I]l->a * st_b[I]->b;

} \
for (i=0; 1 < N; i++)
{
v += st_a->al[lI]l*st_b->b[I];
}
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myfunc (typel input[ ],
type2 *output)

{
for (..)

{
load from input
compute
store to output

Restrict Qualifiers

« (6000 depends on overlapping loop iterations for
good (software pipelining) performance.

 Loop iterations cannot be overlapped unless input
and output are independent (do not reference the
same memory locations).

» Most users write their loops so that loads and stores
do not overlap.

« Compiler does not know this unless the compiler
sees caller or user tells compiler.

« Use restrict qualifiers to tell compiler:

myfunc (typel input[restrict],

type2 *restrict output)

Tl Training Material i3 TEXAS INSTRUMENTS



Restrict Qualifiers (cont.)

myfunc \

original loop restrict qualified loop

execution time
iter | iter |

e e
load . load

compute > |l compute load

store i store compute | load

store compute
store

load
compute
store

load
compute
store

Tl Training Material wip TEXAS INSTRUMENTS



Restrict Qualifying Pointers in Structures

« At present, pointers that are E2%EEStaEIatCIN BRI ) JUEL2
structure elements cannot
be directly restrict-qualified | BRiaiaitaid

--- neither with —mt nor by {
using the restrict keyword.

_str *t;

// create local pointers at

- Instead, create local Bl
pointers at top-level of ot % G
function and restrict qualify = P

pointers instead. // use sp and tp instead

// of s—>p and t-—>p

 Use local pointers in *tp
function/loop instead of *sp
original pointers.

*Sp
*tp

Tl Training Material i3 TEXAS INSTRUMENTS




Writing Efficient Code with Structure References

General Tips: Original Loop:

while (g—>y < 25)
{

- Avoid dereferencing structure
elements in loop control and _
Ioops. g—>p—>al[i++] = ..

}

- Instead create/use local copies
of pointers and variables when
possible.

Hand-optimized Loop:

Y g->y;

: o short *a = g->p—>a;
* Non-restrict-qualified locals do S

not need to be declared at top-

level of function. V{While (y < 25)

a[i++] = ..

}
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Example: Restrict and Structures

Original struct.c:
9 restrict does not

: help! Only -mt does not help!
* -
struct_refs(_str *restrict s) ol s & e Only applies to s, not
{ to s— data— p or to s—»data—p or

int i; — data— q -/ /A8—data—>q
#pragma MUST_ ITERATE (2, ,2);
for (i=0; i<s->data->sz; i++) cléx -0 —mw —0s —mt —mv64+ struct.c

s—>data->q[i] = s—->data->p[i]; Extracted from struct.asm:

A NGy 2%
jR* = ¥ (i*4+(*VS0) .q) = *(i*4+(*VS0).p);
;¥* — if ( (*V$0).sz > (++i) ) goto g2;

SOFTWARE PIPELINE INFORMATION

Note: Addresses of p,

g, and sz are Loop source line

calculated durin Loop opening brace source line : 18
| . g : Loop closing brace source line : 18
Qvery oo Iteratlonj ; Known Minimum Trip Count : 2

Known Max Trip Count Factor : 2

. Loop Carried Dependency Bound (%) : 11
Bottom line: 12

CyCIeS/resuH /2 bytes , .i = 12 Szhedule found with 2 iterat..
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Example: Restrict and Structures (cont.)

struct_refs(_str *s)
L _ cléx —0 —0s —mw —mv64+ struct.c
int *restrict p = s—>data->p;
int *restrict q s—>data—->q;
int sz s—->data->sz; Extracted from struct.asm:

int i; ; // LOOP BELOW UNROLLED BY FACTOR (2)

#pragma MUST ITERATE(2,,2) / g2:
for (i=0; i < sz; i++) ; _memd8 ( (void *)U$17) =
qli]l = plil; _memd8 ( (void *)US1l4);
} ; UsS1l4 += 2;
US1l7 += 2;

Hand-optimized struct.c: ‘ - if ( L$1 = L$1-1) ) goto g2;

Bottom line: SOFTWARE PIPELINE INFORMATION

1 cycle/result,

44 bytes Loop Unroll Multiple
2 Known Minimum Trip Count

Known Max Trip Count Factor
Observe: Now the compiler Loop Carried Dependency Bound (")
automatically unrolls loop and

SIMDs memory accesses 1] Schedule found with 3 iterati..
’ . W# IEXAS INSTRUMENTS




If Statements

« Compiler will if-convert loops with small if
statements:

Original C code: f (p) then x = 5 else x = 7

Before if conversion: [p] branch thenlabel
x =7
goto postif
thenlabel: x =5
postif:

After if conversion: [Pl x =5 || ['p] x = 7
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If Statements (cont.)

« Compiler will not if convert large if statements.

« Compiler will not software pipeline loops with if
statements that are not if-converted.

- SOFTWARE PIPELINE INFORMATION
p Disqualified loop: Loop contains control code
. %

« For software pipelinability, user must transform large
If statements because compiler does not know if this
IS profitable.

Tl Training Material wip TEXAS INSTRUMENTS



Structural Improvements

« Some program and data structures are better than others
— If-for is better than for-if
— one software pipelines, one doesn't

for (i=0; 1 < N; i++) if (case0)
{ for (i=0; 1 < N; 1++)
1f (case0) do_execO[1];
do_execO[1]; else if (casel)
else 1f (casel) for (1=0; 1 < N; 1++)
do _execl[1]; do_execl[1];
else else
do_exec2[1]; for (1=0; 1 < N; 1+4++)
} do_exec2[1];

- Complex control blocks or compromises pipelining
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Structural Improvements -
fast Case statements

« Complex conditional statements can be optimized
- Sometimes branching is too costly
— conditional code can be thought of as a computation

y_t = comp_res3(x,v,2z);
1f (casel(x, vy, z))
y = comp_resl(x,v,z); 1f (case2(x,v,2z))
else 1f (case2(x,v,2z)) yv_t = comp_res2(x,v,2z);
y = comp_resZ2(xX,y,zZ);
else 1f (casel(x, vy, z))
Yy = comp_res3(X,V,2Z); y_t = comp_resl(x,v,2z);
y = V_t;

— priority is achieved by conditional replacement
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More Structural Optimizations

 Certain control structures are problematic to compiler
— static conditionals should be ‘hoisted’ out of loops

— heavy use of structures and more so unions can
prevent this

for (i=0; 1 < N; 1i++){

1f (x->z[3j] == TRUE && v[k]-—>w == FALSE && 1&0x3)
{
v += a_st[i]; cond = (x->z[]J] == TRUE &&
\ vik]—-—>w == FALSE);
) \\\\\ for (1=0; 1 < N; 1++)

{
if (cond && 1&0x3)

vy += a_st[1];




Reducing Loop Overhead

If the compiler does not know that a
loop will execute at least once, it will
need to:

1. insert code to check if the trip count is
zero

2. conditionally branch around the loop.
This adds overhead to loops.

If loop is guaranteed to execute at least
once, insert pragma immediately
before loop to tell the compiler this:

#pragma MUST _ITERATE(1,,);

or, more generally,

#pragma MUST _ITERATE(min_trip, max_trip, gcd);

myfunc:

compute trip count
if (trip count == 0)
branch to postloop

for (..)

{
load input

compute
store output

}

postloop:
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myfunc.c Detecting Loop Overhead

myfunc (int *inputl, int *input2, int *output,
int n)

{
int 1i;
for (i=0; i<n; i++)
output [i] = inputl[i] - input2[i];

Extracted from myfunc.asm (generated using —0 —0s):

RIS <= 0 ) goto g4;
US1ll = inputy;

UsS13 input2;

US16 = output;

LS1 = n;

#pragma MUST_ITERATE (1,..)

*US1l6++ = *US11++-*US13++;
if ( —-L$1 ) goto g3;
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“Variable type” optimizations

« The type of variable used will affect performance
— use 32 bit precision whenever possible for control variables

Int8 count;
count = count + 1; Int32 count;
becomes: count = count + 1;
becomes:

.asg _count AZ20
ADD _count, 1, _count
EXTU _count, 24, 24, _count

.asg _count AZ20
ADD _count, 1, _count

* Need to have the correct precision for computations
— don’t declare Int32 when expecting a 16 x 16 bit multiply

— use casting for intermediate multiplications
— try to make all accumulators maximum precision of 32 bits

« Compilers give you exactly what you ask for!
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Some more examples of variable

optimizations

« Using obvious type definitions can affect the code a lot
Int32 1i;
Intle sum, p0O;
for (i=0; 1 < N; 1i+4++) {
p0 =1 + x[1];
sum += (p0 * y[i])>>16;
z[1] = (Intl6) (sum * table[i])>>12;

 This code}will use a lot of instructions to make data Int16

« Redefining types and using intrinsics, the unneeded instructions
and the >>16 can be removed. Using local variables within a

loop can free up register resources at function level
Int32 1i;
for (1i=0; 1 < N; 1++) {
Int32 sum, pO0;
PO =1 + x[1];
sum += _mpyhl (p0, vyI[i]);
z[1] = _mpy(sum * table[1])>>12;
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Complex Calculations - a+jb

« Complex data is ideal for c64x+ architecture
¢+ inherent parallelism
* but must be organized correctly

— Data structures are of the form

Intlo dataRe[SIZE], dataIm[SIZE];

- Most complex computations are linked, even if not
(more later) it is better to do this:

Intle data[2*SIZE];

— Basically only 50% of memory accesses are
needed as real and imaginary parts are loaded
together
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Complex calculation examples -
summing up

volid add_up(Intl6é *xRe, Intl6 *xIm,
Intle *sumRe, Intl6 *sumIm)

{

Int32 1; volid add_up(Intl6 *x, Intl6 *sum)
sumRe [0] = O0; {
sumIm[0] = 0; ~ Tnt32 i, s;
for (1=0; 1 < N; 1++) { for (1=0; 1 < N; 1++4) {
sRe += xRe[1i]; s = _add2(s, _amemd (x[2*1]));
sIm += xIm[i]; ¥

} }
}

* Performance can be at least increase by 100%
« Parallelism is 2x, memory accesses are 32-bit wide
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Complex calculation examples -

multiplication
Intle * xRe, * xIm, *yRe, *yIm;
prodRe = xRe[1] * yRe[1] - xIm[1] * yIm[1];
prodIm = xRe[i] * yIm[i] + xIm[i] * yRel[il];

AN

Int32 * x, *y;

Long long Im_Re;

Im_Re = _cmpy(x[1], yI[1]);

prod = _pack2(_loll(Im_Re), _hill(Im_Re));

» Performance increased by 200%
« Code size also reduces
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Summary
Tips for Developing Efficient Code

Understand/exploit .asm file comments generated when
compiling with —os and —mw.

Use MUST ITERATE pragmas and restrict qualifiers.
--- Remember, -mt does not cover structure-field pointers.

Pull structure references out of loops and especially loop control.
Reduce complexity/length of if statements.

Split large loops.
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Reference Documents

« SPRU198 -- TMS320C6000 Programmer’s
Guide

« SPRU187 -- TMS320C6000 Optimizing
Compiler v 6.1 User's Guide

« SPRA666 -- Hand-Tuning Loops and
Control Code on the TMS320C6000




