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Abstract

Most modern embedded multimedia devices today are built upon heterogeneous
multiprocessor (HMP) platforms. For such systems, a common practice for the
industry is to perform static task partition during development time. However, due
to the dynamic nature of new generations of multimedia devices, this method can not
reach optimal performance when the runtime system state is different from the
assumed static state at development time. The research direction of this thesis is to
study a new fine-granularity dynamic partitioning/scheduling framework for HMP,
where the partitioning/scheduling decision of a computationally intensive task is done
at runtime. A DSP scheduler that can support this framework is developed in this
thesis. In addition, an H.264 intra-frame encoder is implemented following this
dynamic partitioning/scheduling paradigm. Experimental results show that, with
minimal programming effort, the proposed system can outperform a pure GPP or DSP
implementation when there is only one task, and even a statically-partitioned

dual-core solution when there are multiple tasks.
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f Jl%ﬁ‘— Fl"?Sr *| shared memory ° ;ﬂﬁi DSP Jifi 7 2V [y SRAM {19 FEBEI?J Flash
#{1 SDRAM - ¢F—Fm Fﬁ%ﬁ—fgu s %ﬁlﬁuﬁalﬁﬁﬂ%;‘:ﬁ% 55:7}pg@§|:*§| I
linked-list <} gf llpjcilﬁl?ﬂ%%£I R = I[E*E}T“?ﬁ—%ﬁﬂ% S R R AR

U1 Figure 8 Fr=- o

typedef struct _dspmem
{ void dspmem_ init();
uint32 base; dspmem *dspmem_alloc(uint32 size, int type);
uint3?2 size; int dspmem_free(dspmem *free dspmem)
int used;
int type;
struct _dspmem *next;
}dspmem;
Figure 8. DSP Memaory Managerment functions.

FUR s AR s g [,J?}fgﬁj[jgu I[ﬁ’ﬁﬂ (PARAM -~ SARAM -~ SRAM -
SDRAM - Flash) » F7l') 7 dspmem_init ="Kl F'Tﬂmf “i [l linked-list it ¥ ”QF[I
F%Jup =] F[m“ {FIA] o Y[l Figure 9 > F{[—mﬁﬁ&"%“ A= m?%t{l RS RI
DSP 5 fid = [ £ 0x2000 [ SARAM f* J:tl[ ’?E' A ]EI 51> DSP %II?‘IEE‘@
(7 SARAM Head Bilffiids €| s ] EUE{T%T’ 5] f%’él"%ﬁ'ﬂ*ﬁfrl#' o7
P R ELS R R - ﬁ%ﬁl%&fﬂﬁ?ﬂj—& o f§-Figure 9 I'I' =&t

Z15 {fi |ﬁ§f@ﬁu Base address £L"'| 24 bits ﬂpqifaﬁw lﬂiﬂtmlg DSP ﬁ@?'ﬁi‘ﬁ%?‘?
53 SR » IR DSP S FOUESTL M » i) DSP evR
fbyigek %7F | 24-bit U 4fH] -
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SARAM Base:0x010000
Size:0x018000
Head Used:0 Null
Type:1
Base:0x010000 Base:0x012000
SARAM Size:0x002000 Size:0x016000
Head Used:1 Used:0 Null
Type:1 Type:1
Figure 9. DSP Memory Allocation Example.

3.1.3. IR AL

FL o POTES R DSP RIS T DSP T R RS S A
A- (?iifP'JE\ﬂj) B [ e R £ - iR
BT [P 0 02 R S R i ke
FOER I RLe T LR Y S PR (dynamic loading) » [X
P ARSI P CES (ORI S Szt - CCS flH sl
» 25
e (R S PTRREE AIE (URYEI9 HTEEE) R
SET o R (PRI F T £ OSKS912 i Flash b BT pUatish = of
PRSI 5 O ST P BRI IR 1 ARM
FH o Pt ARM ﬁlﬁ Ll DSP SRR » 53— 4 DSP | TG
S AT ] - AU RSP SRR S e R 7 RSN MPULE

fi S F DSP [ ISR - S AF [ DSP RS PG R -

LA CCS ik 4

ﬁﬁi’ﬁ,?“ft common object file format'> COFF o 7 =7 [l JE g H fl 1
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3.1.3.1. COFF file structure
U TL ¥ [ 5) COFF Ailffiuff14] - —:lﬁﬁﬁl-'j%é iz i A e r“ji File
header - Section header ~ Section raw data -~ Section relocation information ~ Symbol

table ~ String table - J[! Figure 10 5. o

File header
Optional file header

Section 1 header

Section headers

Section n header

Section 1

raw data
___________ Raw data

(executable code
"~ " Sectionn | and initialized data)

raw data

Section 1
relocation information

Relocation

e e e e e information
Section n ! t

relocation information
Symbol table
String table

Figurelib; 1 COFFE File Structure.
L ek Y

£ 1 File header 7! Figure 11 T r%’ﬁ{l Version ID ~ Section {i!gf> Symbol table
[k EIFTE] 2D AT entry : [y~ lﬂ&ﬁﬁ\ﬁﬂ Optlon header - File header #!*I Version
ID i 2 {f# byte ] little-endian = F2V > ~ AEHIRL 0x00C2 > JPfUEL 0xC200 - F]

(T pYsadiftkL | big-endian ?Frfj’[zf@ﬂﬁ o

Byte
Number Type Description
0-1 Unsigned shortinteger ~ Version ID; indicates version of COFF file

structure
2-3 Unsigned short integer ~ Number of section headers

4-7 Long integer Time and date stamp; indicates when the file
was created

8-11  Long integer File pointer; contains the symbol table's
starting address

12-15 Long integer Number of entries in the symbol table

16-17  Unsigned short integer  Number of bytes in the optional header. This
field is either 0 or 28; if it is 0, then there is no
optional file header

18-19  Unsigned shortinteger  Flags (see Table A-2)

20-21 Unsigned shortinteger ~ Target ID; magic number indicates the file
can be executed in a TMS320C55x™
system

Figure 11. File Header Contents.
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COFF HffIfy Section » [ A= (6110 5 B I T8 »

1) Initialized section:

¥l raw data © JE’{K;‘?PJ?}’ ) f/[lfé%f&ﬁ% + const g o

2) Uninitialized section:

RV TH] > PUE] Section =] » T Il T3 E [ HIET

"

%W?’Ji[f‘[%ﬁ}ﬁﬁ global @l » [ LRLH [ f[;D linker fo! £ % H%\“F , "E‘I?E‘ T o

Section header Elfﬂfﬁ?“‘ 1 Figure 12> Q%Tg[ H %[ Section i €7~ Size~Raw data

f\j’?[’ + Relocation information FI[%D],[E@(T FFEROME G R 2] Ju ¥ 8

A 8 £

T

(e

1 SEERF String table #IfiY offset » 7 String table ! Bkljtfl*?f |

FEER R L O R E (R el "1“' fﬂﬂf lﬁfg + ?Wé?c'%&o YN R Initialized

section » Size #[| Raw data ﬁ‘

e )h%g%?ﬁﬁu Jlg“ﬁﬁ ffl + Uninitialized section ||}

| Size i b & E| ZFEE i Raw: data b FFII%U Relocatlon information ﬁﬂ F"f FL 75 YA

Section | Relocation informatioh » HlfSFet-Raw data H!F | Virtual address %TFQI

Tt link Ei']’ PEEFTE (relocate) £l Physical addresé o

Byte  Type Description
0-7 Character This field contains one of the following:
1) An 8-character section name, padded with
nulls
2) A pointer into the string table if the section
name is longer than 8 characters
8-1 Long integer Section's physical address
12-15 Long integer Section’s virtual address
16-19 Long integer Section size in bytes
20-23 Long integer File pointer to raw data
24-27  Long integer File pointer to relocation entries
28-31 Longinteger Reserved
32-35 Unsigned long Number of relocation entries
36-39  Unsigned long Reserved
40-43  Unsigned long Flags (see Table A-5)
44-45  Short Reserved
46-47  Unsigned short Memory page number

Figure 12.

Section Header Contents.
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Section [V {FERLILEfIFVAR S » CCS £ DSP Hrig: %+ iy COFF ﬁg | Table 1

57y [JEIfJiF;&‘ﬁé section ©

Table 1. COFF File Sections.

% Initialized | &7 | 2 [3#-

text hL B

.data L assembly 7 £ VB FIIF

bss B S BLE Y global i@y
.const L const Ay

.switch FL switch statement label table

.cinit Fl i o [V global @@(‘Fﬂi[ 1 table
pinit ol C-+H571 5 Y object constructor table
cio B C 517 Y 10 W 2]

stack B EICES stack ﬁt‘[ﬂ?ﬁ‘
.sysstack JE‘[ PV ffsEAk stack S ‘[,EL’EE
..sysmem JE‘[ heap [[EI?E' -

[f J“‘EH [&=7 release mode 7 r}—§5 H.264 Intra frame 7 }ﬁ?é‘g i %k p COFF #iff > |
1 HE text ~ .bss ~ .const ~ .switch -, cinit~ sysment > ;ﬂé fl# Section ° [ £l [ I.cinit
section £l setup C 5 gl [Iﬁﬁﬁﬁf FE< Raw data ¥/[IV Auto initialization table F%
global &@JeHIF J&[!F[l;@ » SRR U [l}il [l.bss section EJF"T[%F?EI?@:’ tl o [ﬂﬁiﬁ
o section £Li" '] ?ZF[ W [ section> b1t .sysmem Ll DH f Z [ [~ malloc
I free = “’f”' 1Z] ’fbﬁﬁm% | R o Bl 53 A7 COFF fifi iz - 6 i | f ?

"~ text ~ .bss ~ .const ~ .switch > iﬁ[’“‘[[ﬁ' section T PR [GAHRE! o

Relocation information £LEG + E1#rE M Symbol [iY Virtual address Z[| physical
address FrH |y B?}%E{i/[[['ﬁ’ M EIREAY ¢ 2 RIAVEYR o FF‘[?CZ/D Figure 13 o
ﬁ%’TEIE'@[J Virtual address ~ Symbol table index 7! Relocation type ° iﬁ]’[ﬁ‘ Virtual
address pL{ KL FrEN 1V Symbol 7 Raw data HI[IY offset » AZZf! Iiﬁ[’[ﬁ‘ offset fi'I'}

7% Relocatable field » J[] Symbol fi¥ Virtual address °
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Byte

Number Type Description
0-3 Long integer Virtual address of the reference
4-7 Unsigned long integer Symbol table index
8-9 Unsigned short integer Additional byte used for extended

address calculations

10-11 Unsigned short integer Relocation type (see Table A-7)

Figure 13. Relocation Entry Contents

Symbol table ¥![1~ Symbol ﬁ‘[?\‘ 1 Figure 14> ﬁ”ﬁjq:{%l H 2] £/ ~ Value ~ Section
number #[I Storage class > Section number H%}E[’[ﬁ‘ Symbol [ Section » [
N Section number 7L O > & i}ﬁ[’[ﬁ' Symbol L Internal Symbol » F|1345< Storage
class » JifJllkL Global F%fl Static » J[HN kL Global » ' I'| BLE Po5giadifi Reference
fY Symbol » YL Static » HIRLE AR AH{HIFY Relocation information Tﬁ?ﬂpu

Symbol

P Section number FL=0p f‘“%i‘ﬁﬂfﬁf Symbol 75 F 1| pOsgLadi A > kL
Reference X 3o Symboi » Tla-External Symbol o T | fol pl s =
(A B PSR G Symibol Tt External Symbol » gt
Resolve ﬁﬁ:‘“ External Symbol > Eﬁé@i&' External Symbol 7 % {fil st fi ke - ﬁ[[ﬁflg_l

SR T — T R S (R o

Byte
Number Type Description
0-7 Character This field contains one of the following:
1) An 8-character symbol name, padded with nulls
2) A pointer into the string table if the symbol name
is longer than 8 characters
8-11 Long integer Symbol value; storage class dependent

12-13  Short integer Section number of the symbol

14-15  Unsigned short Reserved

integer
16 Character Storage class of the symbol
17 Character Number of auxiliary entries (always 0 or 1)

Figure 14. Symbol Table Entry Contents
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[NES TLEU fF[14]279<2F " FEALIBIPE > &~ K Relocation information > fIJ[Iff
EIFFER o S T IR H G R w A VR
AT 16 2E0F A, CCS Fyﬁ“_‘ﬁiﬁﬁ' Sfft > NI4T Relocation

information Eﬁ%l%ﬁlf@}‘% » 5319 Table 2 FIPUHH

Table 2. Relocation Information

B |5 0t Reference
e Physical address | Virtual address of Symbol
FNETS B Name
Internal AR ARn global ALy~ const fhglf .bss/.const/.sysmem
lobal A#gy ~ const Al ~ text/.bss/
Internal AC | ACn fwitch sta%:‘:ment label %‘a\gle .const/.switch
External AR | AR WY object fip global Rhbj~ | function/variable
const @)y~ function name
HIIfY object i global Aghkfy

External AC | ACn

const gkl

*l H[ﬁ“ﬁ[ 5] ARn F\/ ACn: [~ %?PF"U* SUNRLt B physical address BN
offset 7 1IE [l » 4I1F kL scalar FAGEHI= FERI] 2 Sp] HERLAFIE] ARn - [fi A5
IR LRI index. (1A ORI KB E1E  FIAAE] ACh : swich
statement I - HEFEIOR ﬁ i "] label table - |fi JiF;* table [V physical address ﬁﬂ Tff

#iv ' Z] ACn > ['] external function f* address EJ[J%B;@[’E] 1 ARn °

ARn J[1V relocation information ﬁE'J"E |~ 2T 3byte fIY Relocatable field » #l *
23bit AUHIE] ARn PF“’T ¥4y o AC %Y relocation information EJ[JF? MR 2byte HY

Relocatable field » I'[5Z'5% 32bit ivffi#l * £ ACn P‘F‘lf,ﬁ o e
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3.1.3.2. Virtual Address fuZViH

Erprht ’—"I’?iﬁ*j,TElIEfJ Virtual address 2V i =4 i 55 7
1) Internal :

Symbol 4 F UiV [ Section ! » A [T Relocation information i’}
i+ Raw data #I$5 Z[%1[EY Relocatable field » Symbol ™) Virtual address T;'T
Relocatable field - -

2) External :

Symbol i HEl PR [ Section ¥l > iﬁ‘ﬂ?}‘iﬁ?%l Resolve j‘F;”[E{ Symbol °
ZE s Py Symbol table ?#‘/lﬁ][ﬁ' Symbol £ > YIHIFSE] - H][E
Value A7k (44 Symbol 7 Section number %[ Section HIfi¥ Virtual
address ° ]'HiF%Fﬁl L byte address: > Y[ Symbol T FH* function » HERL T BT
%?“r::,c‘l’lté‘rﬁﬂd: B 6 dibes s 2R RS20 R Eﬁ[@[%l‘ﬁ?ﬂk HIHEY word
address(16bit address) °
3.1.3.3. Dual-core Service Image File Format
5 M-S ARV E IR > 2 9§ Relocation information [I7EK
I Virtual address Vv H =4 > r%ﬁ“?r’i'(/[l Figure 15 EIfJ@{f%éT‘é’a’ﬁ?“ ° {%_'i_%[ﬁaf{
ARM [ OIS > RLPERSS 9 FVBHRLAI - (W I & g
F 8 RO SRR AR 4 Ko 0 18 AN BT i i
BINEATEL 2R i

ARM executable
DSP object number

Section size header

Section raw data

Sysmem information

Relocation information

Main/Initial entry point

Figure 15. Dual-core Service Image File Format
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DSP object number A » 1521 35 (PR A [ 1 DSP [osh = Al I"EJ %D {ft A

gl

FAE 7Y o 2 {lit SRt F }’* 4 721 Section> J|! Figure 16’?[ “I.7 Section size header

& 5 [P ﬁ Section iU

| .text size | .bss size | .const size | .switch size |

| .text size | .bss size | .const size | .switch size |

Figure 16. Section Size Header Contents

Y Figure 17 » 7+ Section raw data ! FT J SA[EE Hf Section FIFVEIERET| FL

o 2 S UG R 5] DSP AU AT -

| .text raw data | .bss raw data | .constraw data | .switch raw data |

| .text raw data | .bssiraw data | .const raw data | .switch raw data |

Figure 177+ Section-Raw Data Contents

Sysmem information iﬂl £% malloc #! free lﬁiiﬁlﬁ" R U#T[:Vﬁj[m AT

[ J[1 Figure 18 » & I’quﬁ M |Z]] memory.obj #1_lock.obj lﬁﬁrj {fE3gAF A > memory.obj

~ [l H*” Relocation information > I'} External AC iy 7¢ 4 F%L Sysmem i

|5 ) _lock.obj ¥t |- f[ﬁﬁf\ﬁ ]IV Relocation information > Tﬁ“& .bss Q%‘f’?{gﬁ"
J FI U

— {[& macro function [ 1 f¢ PF' o [REY yﬂﬁ‘x?&r Relocation information » [{E E|

I -

_-EH

| memory.obj ID | _lock.obj ID | Sysmem size |

Figure 18. Sysmem Information Contents
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VFiFEE[FYPYHT Relocation information - ﬂl}ﬁ%“‘%‘c Sysmem |1 External
AC > IﬁEEJ?ﬁ”\ 15~ %1 External AR - Internal AR ~ Internal AC ° [! Figure 19 > 7t
ek fBeAeF~ Relocation information £ 5 » =) a4 ﬁfﬁﬁ | HE Ip Uig

information > *jﬂfﬂi“ e el text iV Raw data o =) — i%lrf“ AT HGE > BB

ﬁ  Relocation

HE AP ARG -

External AR
number

External AR
information

Internal AR
Number

Internal AR
information

Internal AC
number

Internal AC
information

External AR
number

External AR
information

Internal AR
Number

Internal AR
information

Internal AC
number

Internal AC
information

Figure 19. Relocation Informations Contents

U1 Figure 20> External AR rﬁr %*Eliﬂ Relogatable field 7+ Raw data ¥!fiv offset »
Ffs T - W Section [ Tybe MHER B Wt b s
External Symbol F’ﬁrfﬁlE'JPﬂ[‘f[ﬁKﬁ Sﬁmﬂ FEAS N 27 = A A diER LB ID » 48 sl 9t

Fﬁﬂ}ﬁf_{,ﬁﬁi’ﬁﬁ Symbol table ¥!FZ[JN Virtual address °

ﬂw#'kﬁl

| Relocatable field offset | Type | External object ID | Virtual address |

| Relocatable field offset | Type | External object ID | Virtual address |

Figure 20. External AR Information Contents

J[ Figure 21 » Internal AR %i{l] External AR » | Ll Type &= iU Section fL

BPE TR Section 0 HiTT T El External object ID ©

| Relocatable field offset | Type | Virtual address |

| Relocatable field offset | Type | Virtual address |

Figure 21. Internal AR Information Contents
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U Figure 22 - Internal AC [SlInternal AR &2 || » 74 Relocatable field & |

2T S5|[4 % Physical addressﬁ ICEQ 16bit -

| High relocatable field offset | Low relocatable field offset | Type | Virtual address |

| High relocatable field offset | Low relocatable field offset | Type | Virtual address |

Figure 22. Internal AC Information Contents

# iz Entry point F [ [{fi o U] Figure 23 » [i% 5"~ I H fY Main function fiY
Entry point Jf » ' I'] 24 Initial function [I¥ Entry point - ZR 57t 53~ {E:,#E:’T

i

| Main function entry point | Initial function entry point |

Figure 23. Main/Initial Entry Point Contents

3.1.34. BRIV EY
F'TARM et EVFESHIGH 2 or e M (-
FIeef o3 e~ S DSP [ AR B AR OE = R - T R
Flash 582V o > A5 BT %EIEIU%‘I?‘JL?E* R ﬁ FiPPEFRY S T Section
7 Sysmem “[ 2] DSP GRS ETEEFE 0 O3~ i SARAM YRR -
El[jjflﬁ[jztl[ &l Base address - ﬁfngHf}ﬂlfr UH fi Section  Base address > ™
JFf Flash #! ol fe A lp YEPIF Raw data FI7VE] SDRAM » flt+h. 1V i fl FV Iy

P PSPV MRE T I O fi A - ﬁ VR _F i p e
I"] = 7 Relocation information fft~Virtual address IV #r71 - I'] External AR £5 {3
3
» 1248 External object ID 1 Type fffd » TV External Symbol 77t [V Section

v Base address> [ - Virtual address & » ¥’ I' | f§ [ Physical address 3 £]] SDRAM
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FE R i text section fiv Raw data ./ Base address “[I_F- Relocatable field offset

F{fjr’\j"[_&g' o

At MPUI /7 186 * £ DSP [* ‘ﬁ:t[l o F,F’?E | Relocation information F’]T
REREEIR o B T SDRAM 19 Raw data » = REEEL 0 i (10 kL
D |f_lﬁlﬁ6‘T[J DSP [iuAd> k:tl[ JﬁE'J: » DSP i]f—ﬁ‘u%aiﬁm >[I ARM ﬁ&ft System
DMA 51 MPUI ¥ it DSP [* [ SARAM = {[1f{ 1% DSP {7k DSP DMA
#<f! T Shared memory ¢ #{7% [I[] Endianism conversion ﬁll%%‘c’?‘/ byte fiy order fl-

v > HJ] Byte and word swap 8154 o

FAFLE| [ DSP 75645 <] < 211 Mailbox » %32 REGISTER_SERIVCE fi9

fii -7 > PYEY Init function A1 Main function I entry point » Fl =}l 24bit > — {5 Mailbox

i
r—
t_

SR R 48Dt IUFHEL » ] 757, Shared memory > DSP i o f 7 i
[f# Process + 2 {-Shared memory -V [Enfty point » -4 Process fo1ill 7 iUif
FIEpE &f # iz M| Mailbex [fl{d! Process TD ﬂ\r, ARM -
3.1.3.5. Invoke DSP service

RIP=PL DSP VT » ¢ M| Mailbox {if1;2 INVOKE_SERVICE (i 4 éjﬂlﬁ:t{lj

[ 53 JielfiY PID - Eg‘ﬁwajgt ,‘eig_m 81> DSP rﬁ[plfsil RETURN_INVOKE FHEIFI
R OYSY PID = (500 [ - RIS e = = ) o e =
PR o Fri Wi = - i DUPLICATE_SERVICE ATREEER gy
5 PID KRR R B SFER] - 50 DSP YL ] 53 fit Process -
™ ' Entry point rﬁﬁ%{ﬁ‘f:’??ﬂe [Esls iy PID Ersafesp JﬁF\/HJFIJ Entry point ]J;&H]ﬁ“h
k;ﬁ:uazfi%;;ﬁ pﬁ;r [Eds%] bss U] » £l global F‘\giﬂ\rf’ﬁ%ér%a% xR

PEFF™ o Tl DI T = [FIR R o plm ZE 20 — JESIRAR > B BT
%4 bl PiTipe- B J%’Wﬁ?? R ﬁ%@ﬂﬁ%ﬁi “I‘F?L‘ﬁ%li“ﬁﬂ IR
AT LY o EJ;E[ PO = Bl %3 B Process -~ AR RLY)
INVOKE SERIVCE fff 4] » el 52 i 5 « FJ T gzgup PUE o it g
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B%P‘J ' [H1x= UNREGISTER_SERVICE A Ifo1 # "?/I%P'Jﬁﬁ/ﬁf PID> }{‘éj’ ﬁ‘%ﬂf? Process
[FIEF %7 VL-{J"FF i/[lfy'\[?i:—:ﬁ\jj ’ Ej?ﬁ'ﬁﬁ@ﬁh”?ﬁ%E\'?J?ﬁéE "Fiji Process gl ] - ’9%}
] i I 4o 55 Pl Z A DSP %I[EL‘F?E' St I E R ERRAIE 5 JREE IRy
Process » [ £l ”4#:1311 i [f[ i‘FJ;%?%iﬂﬁﬁFﬁ Jﬁf" s 3:— Z[l4 <~ [lif Process

E/:Hl Ejj _?F“%MFFDSP i I[E?E'

_-El

3.2. DSP System Kernel

¢ﬂw THSRAURL T DSP HAVEES) T Ao TadiR - LA
%}i@ﬁfwﬁ izﬁ;ﬁlh Ijt‘ZLrﬂj* [E19 ARM ﬁﬁ[[ﬁ;;ﬁﬁu =
fiel » UIJFA'[ DSP I Processes [1V3£i 77 #1 DSP F,t"]g ‘f}E‘ [955 il o [ DSP_FpY 2784 =
= felkLED Ry 2T U LRIV Seheduler A ARM [ R pUEY
REARPS 7 1 Mailbox ISR FPSE! s B BB Ry 19— ] e rfe] fli ity DMA

;rf&'l °

3.2.1. Process

“ DSP ﬁwfﬁu%mf J Process Ebt & 71387 o — {lif Process ?}iﬂ{’:fﬁﬂf ) Tﬁ
”3,:’%}! Process control block ﬂé%'fﬁ,@'\iﬂ F [ﬁfjﬁ'l@?}?* o J[1 Figure 24~ ?JFWJ@ Stack fﬁ?[‘_? .
J3 I ¥ 3= IV Stack A1 System stack > [XEE System stack ?F'ﬁﬂﬂl Stack ijlﬁi[ |
ﬁ{JFW 7bit > Frl) | ‘—ﬁ‘jﬁ——,k[%ﬂ;‘iﬁﬂ 16bit = Process [Iffi& » F| Unregistered - Ready
Busy ~ IDLE » £l f[1 IDLE f«uejl ik I*%E R E AR5 38 7 Y Process ffiF] o
Process iV ID - | [H'JF%ﬁiﬁ Z EJ 32 |[Ef Process ° '] function iﬁ@ﬁjﬁ*? Fj Entry
point > [’ I’} |;Lk|g’\I By H | f' i Z P[] Initial function ! Main function fi% © Initialized
ir——,ﬂ%lmtlal function i VLT PLEEY flag © %) PY pad £LEG 270 PCB 7 &L 16
it 16bit > ZV ol H] ’”:r;f e ’Wﬁ< i PCB fi*) base address & B bA 7 PRk

HIf et -
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typedef void(*function)();

typedef struct PCB{
uint32 pc;
uint32 sp;
uint16 ssp;
enum STATE state;
int id;
function init_entry_ point;
function entry point;
int initialized;
uint16 pad[4];

‘PCB;

Figure 24. Process Control Block

By 'ifxﬂ] ﬁLEL*JFEEjSE‘%]EIUF%% » Process T 3& i~ Ejﬁﬁ‘}ﬂﬁ » &l State = JM%’T U Figure
255 — q‘ﬂi[ﬁ,@j’ B9 Process % > ﬁﬂ?} Unrégistered state ° ﬁ%t{l'k (AR5 > bl
55 [ielis Process > Tﬂﬂi‘f’?} Ready= ?r[ ARM ?Jﬁ%l DSP . {E_f{’—?Ejﬁi‘%Eﬁ : KF'?E'J Invoke
PARVAY

i ]'E[I 4 Process Ty Busy o i+ 5N Process ﬁ[ﬂ'?ﬂ Ready ° FI‘J‘JFJ«TJF&'

Invoke e Fﬂ\ FJ%EI Invoke » fiFfi* Ji}. Unregister il » [H‘?U?J?F"[Elfj Unregistered state °

register
init_service Unregistered Ready
unregister
terminate invoke

Figure 25. Process State Transitions
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[! Figure 26> iﬁf@_& DSP <35 & 32 A9 Process H g SEARAYA- 1

ki

* FI7 k4" IDLE Process » 7 DSP 12 ¢) (= {[f Ji355 & 52 /7 > DSP [lfl 7527
Sl Process » |/~ 146 f-15p 3 it f % (= - 771'| IDLE Process F13 {7 1Y -

PURLT 914 (2 Queue 1> $57 (B ERE o I ,’é’gﬁﬁE'J init_service_slot Fr[?“ ’
o & RIS WYY Process » RATEY Timer » (43 DSP 3k < pL

i o [fi] process #[1 IDLE_process lﬁ[ﬁ [‘Wy[*@fﬂ B Bz ULl N R = T

void main() {
/* System Initialization */

/* System Initialization */

idle_pcb = &pcb[MAX PROCESS];
idle_pcb->id = MAX PROCESS;
idle pcb->state = IDLE;

current_pcb =idle_pcb;

for(int i=0; i<MAX_ PROCESS; i++)
if(init_service slot() !=idle pcb->id)
process();

DSP _CNTL TIMERS3 |= 1; // Start the timer
IDLE process();

}

Figure 26. Initialization of Unregistered Process

B ISET S R39Sy Process LA T Figure 27 fIV init_service_slot fyj= g = fIv »
= I%F{g%hig? Process [I) PCB ElfJ?Ji[F'E}?* % 0 ﬁiﬁ%ﬁéﬁi =1 Eh= F1Y idle Process
A J?’?’“ EIN FL » 55 Z4 LTS Process 0 return [V Process id fLEG 1\HP—’ AL

init_service_slot fjj=" Fu=fLIE 57 8HE TR {ldf Process il ™ [y -
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int init_service_slot()

{
static int pid = 0;
uint16 *stack = (uint16 *)0x7C00 - 0x380*pid;

select pcb = &pcb[pid];

select pcb->sp = (uint32)stack;

select pcb->ssp = ((uint32)stack - 0x300) & OxFFFF;
select pcb->state = UNREGISTERED;

select pcb->id = pid++;

push_and_start();

return current _pcb->id;

Figure 27. Funtion init_service_slot()

Stack }“F[@ [ 75 fil L7 0x7€00 £} 0x0C00: ™ DARAM %[‘[?:L?EZL‘FE?J ’ Fﬁ”
Stack 7+ v DARAM > hLIKEE C55x S DSP ?’F’, 5 B HIE J SH—- TR AT 16bit
e[V stack operation » [fi] DARAM [ﬂ Eﬁ BRI 208 2V > Al 451 stack F%JL R
ﬁg JIER context switch V3% o PEE Stack Y1 [RLEE (XY address Y=

% PCB [[I System stack [I J;rF[ifﬁigh Stack ;f’m‘ﬂﬁ&# 0x300 MH fv > HiEfY S
Process ¥ 7] Jidl[iy Stack -] £ 0x300 {fat 16bit » [fi| System stack =] » PEEE {fil
Process i) Stack ?ﬁ?ﬁ%’ffﬁ%@ 0x380 > {5 Stack ‘] i 0x300 > System stack =] [[|

£1. 0x80 {f 16bit -

+ push_and startfyﬂfll ; FT[TE {77 IDLE Process pJ s a8 FL‘ A FJ
iE_fﬁHIFM PCB £i#i™ Process I PCB > lﬁﬁﬂj §-push_and_start F}“[?“{i‘i S
R T RTE ) 5T 5455 f e Process 0 — {ldkLFUA T ¥V IDLE Process » -
[tk LErE fY Process » (EIH1[_F- DSP A= 7 F~ EI’UIIQ Rl i Process 0 Tt
5“\3’61'~?“§:E_f|"?ﬁfj » #rgf s fiv Process Tﬂiuﬁﬁi DSP ffli ™ [ » < i[pl IDLE Process
FY PCB » M’ F [#2a%1[ Pl init_service_slot ffj=\ » I #rfiY Process °
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DSP -7 5fifd - ‘lj:ﬁljﬁjjr [ 471 Process > — [[itiL IDLE Process > — f[tRL
355 71 38 Y Process » i F Ifrﬁn H[I%h = IDLE_process #{! process [f[= - lﬁJ‘J Figure
28 U e fle="If1 > 7 IDLE_process Ejr[?c 'f'TPf FL| yield Fﬂ?“ ) ﬁfﬁjﬁ lﬁi]ﬁ'lfj Process
FIREHYE DSP ™[4 > =7 %" [=Queue IV —~ {5l [ =41 PCB =" ficontext
switch » IDLE Process rﬁ Jlﬂ?ﬁiﬁl U kj AAIET [ Queue » F5 77 (BB /5 5 1
WE T (BRI E dﬁﬁ'ﬁ" HELE process [zt el 7 Hgassp I"E:Efﬁ’ﬁﬂé‘[‘J”’Fﬁ’(l BRI
PR o ARFSHYT (SRS dequeue Fi WA}{—]E‘ = (% I (= Queue HIFZ[F -
Joi L yield Pz FIEAVT (= Queue BN~ T BT (2 ﬂiﬁf) YN
[=Queue NZE T [ #i= ﬁﬁfrﬁ [F11%]] IDLE process(1 %’Fﬁiﬁﬁ) o

EHEET [ Queue 115 fd5PY yield Eﬂ?“?[l dequeue Fﬂ?ﬁ ) IU\ZI;‘:‘,TE',I*E I FLIgY
mask fﬁi%a ’Ij“gl'ﬁi[";fa%t‘j (= Queue Eﬁ ) T\ ﬁﬁ?J H[’ﬁr@ﬁéﬁ ) f'éf&[%t‘fézﬁ'lfjj fﬁig[:rﬁ'lfﬂ"ﬁ

LS T fLRLT

void process() {

void IDLE process () {

int pid = current_pcb->id;

while(1) { asm("  BSET ST1_INTM");
asm("  BSET ST1 _INTM"); 1 while(1) {

yield(); - < > yield(); ——> 2
asm("  BCLR ST1_INTM"); asm(" BCLR STI INTM");
if(current pcb->init_entry point

current_pcb->init_entry point(pid);
current pcb->initialized = 1;
H
current_pcb->entry point(pid);
asm("  BSET ST1 _INTM");
dequeue(pid);

}

&& !current pcb->initialized) {

j

Figure 28. Process Running Flowchart
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PR R RO T R JE ARG P ST
2=t JEjE/HJ ) jﬂh*?ﬂ)’l if mf“ » bl— jﬁ 7] E[[Ji%?}ﬁ%lw (= J?F’ﬁgﬁi PR
g fEl entry point ?ﬁ/{_' functlon J“T\ ﬁ[ i » Bl ﬁ@%P* pLf o

—E

I (S 08 B pid + AL [ ARM IR
@IS BRI TR RS T R e SR Sl 4
=T TR 20 - SFE R U e shared memory FEEr - A1 pid
?a%ﬂv“lﬁﬁwi?ﬁ%ﬁld%éro B RIEE R ORI PO R

wrap [ BRIV B BATCR PR -

_|'r|

Iy Figure 20 » R [UIFTETEE dequant =0 » TP EY > ) 5 (L.
BRI e 7 ARM MallbOXI:[ #Ilﬁ,gl BT = Queue V] E,Iif_ﬁlgzgi
fuB2 PRSI pid - S %] shared memory, HAvEEyA - & [’[a{‘afgrfﬂl, ] 32bit iy
R R RV ﬁ%ﬁ'ﬁ@fﬂﬁq@ I o Ty RIS
2y GRS R ARMUEIRERCE i BLP A RIS - TRk
ARM FkL DMA e - 52711 wrap i385 dequant =S B= ikl 5 - (HPED
£ e %TE"%EW“ AR PRI Ry - g Bpy wrap FR= - FIR]
AELRLA |~ 7 > SN E PR RUAY compiler [ A o R (g R -

#define PARAMETER TABLE 0x600000
#define PARAMETER SIZE 4
void dequant_wrap(intl6 id) {
uint32 *ptr = (uint32*)PARAMETER TABLE +
PARAMETER SIZE * id;
uint32 p0,p1,p2,p3;

p0 = *ptrt+;
pl = *ptr++;
p2 = *ptrt+;
p3 = *ptrt+;

dequant((int16 *)p0,(int16 *)p1, (uint32)p2, (uint32)p3);

Figure 29.  Wrapper Function Example
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3.2.2. Scheduler

By v 7 DSP R s EJ it 5755 - fe 1) EORE AT Y % 2 1 2 (fine-grain
multitasking) [l 32 "ﬂ“xjﬁ“‘m flﬁ%ﬁ’:’@ﬁf [BEH PG 7 PRSI
51 ] CPU BT = - [y s ,\ﬁ;ﬂTEI’J)a:ICPUE?‘jF IS5 Ry <o IR
" CPU [ 453 it 2 19 Timer-sharing #F 5% | Timer 55 #f19 Interrupt
service routine 8 [ scheduler °

[ELE (' Scheduler £ i DSP = %7 3 Eﬁmﬁléﬂﬁﬁqr;_ [ PEHpUIS S RL
ERIPY > [ SRLEEE 2] (5 overhead ™ =[S 32 7 JRasster o - 2R
sk s SRR IR AL O(1)  PISRR] " Round-robin 9 47 » |17

= {#Z {=Queue » Scheduler FF-f’ I ELFL PLETVN — (5T [

_-E 1

~ [EQueue {LI') SAp|FY linked: list @i, [N F U HT R linked-list - f151#7
SR (=] Queue fUje i - Mg flattail U301 - SRl Queue » [LgA
7t Timer ISR ¥ 1#k% o head I BARIF| 2o tail » — 484 BUIRFS 380 5 |LE
[iE T?me %% Timer ISR > {FRETRITE =% 33#@[7}3@3’@@[,[&@ Timer ISR
Y1 overhead ° i;p;ﬂ B) tail BUFERE HIE ORI (R LU PSR 1
head->next » {EwEEE - [WATRES > £ (Y Queue HIF Y (B %
P (e [ EOR  E PELE T o PRI el S5 linked-list = -
HRRIRL T e QueueFE%P%E ToFea 2 (=R ORI R

Figure 30 L ¢ context switch ff] A9 [*=Queue HFAEF ™~ fid 7 [
@?a‘ﬁ;ﬁﬁ[ﬁjﬁfr o %= FUA Y EALL T1 ~ TO ~ T3 > context switch Eﬁ el

RI#¥rHead £i/Fl 4 Head ?FI[HJFIJW— (7 (e Bl | B RL TO ~ T3 ~ T1 -
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Head Head

@

Figure 30. Task Queue Operation for Context Switching

Figure 31 kl#rier ™ (=27 [=Queue » FUA PYEE"HA-RL T1 ~ TO ~ T3 » Frif]
[ T4 JI[l45 * Head f5[p|pvpy— {0 el %Tp;sa';r T1 [~ i T4 o™~ > A

T4 fupii > HE 4 AR assign SEET o Vi priuh = AR T1~ TO ~ T3 ~ T4

Head Head

i

Figure 31. Adding Task to Task Queue

Figure 32 pL7 [ET1 #=50 & » RIFET [=Queue HIF2[= » F'Ijuﬁl T1py ™~
[ (=TO AT V|~ W {5 T4 AR s f Uy f[ﬁﬁfﬁ@ assign 32 51 (f! Head
PP FF I TL T~ (B [ T0 » [HBEUED 1 Framework » ({17
dequeue [z i > Tl E“L#rﬁ FUEEYH DSP ff E'J@’H&ﬁfé?v_'\ — {5 (=9 fit-context
switch > ;%%Ejj Head HT}E'FT RIS T1AY™ = {52 (=T0 « [ [ Queue HNZE |~ fi

TSR TO » ) TO Rk 2 HELRYT - P (ETELTO T3 T4 -
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Figure 32. Task Queue Operation for Task Termination
[SEA$AY > context switch 5t I FE AV fif 1 MR LS 15 E Jpgrlﬁgf%gﬁﬂ push Z[ stack » SE[Z
CHh et (B stack fﬂjfﬁf % » F{1pop [HI;_I/H{J?T@»F[U]’@ o (I %‘?’T@%‘S@I?ﬁ@ ,
Jip (U R o O 2RO R (i context switch » B 5aE + S ] %7 F I fiY overhead
F 4 i TE

W67 €5y - DSP OB B > Ui Table 3 R I3 IS > ARUILE ) 55 W7o i -

Table 3. DSP Registers

Register Description
AC0-AC3 Accumulator
XARO-XAR7/AR0-AR7 Auxiliary Register

BKO03, BK47, BKC

BSAOL, BSA23, BSA45, BSAG7, BSAc | Circular Buffer Register

XCDP/ CDP Coefficient Data Pointer
XDP/DP Data Page Register
DBIERO, DBIER1

i?ﬁg: III]:EIE 11 Interrupt Register
IVPD, IVPH

PDP Peripheral Data Page Register
PC, RETA, CFCT Program Flow Registers
BRCO-1, BRS1, RSA0-1, REAO-1 Repeat Resisters
RPTC, CSR peat Beg

XSP/SP, XSSP/ SSP Stack Pointers

STO 55-ST3 55 Status Registers

TO-T3 Temporary Registers
TRNO, TRN1 Transition Registers
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USSP (F SHStackif (SORI15] » 719538 1 + % DSPHIII #4725
PYISR D Fi H Fl L‘E,IEJ Wy B PUSH £ Stack » BERF ISREf lfﬁéStack ~POP
iﬁﬁ?’?ﬁ'%’éﬁﬁj [IpYff o iﬁ%iﬁ‘iﬁ IEContext switching » §FjZ1=Y [ Ergt bl 1y
" [BV context » J[IFigure 33 » ‘F‘A"I:LFISTO_SS ~ST2 55~ DBSTAT ~ ST1 55~ CFCT
HIRETA > pushZ[[stack#! » {*|#*IPCFHIFZ[RETA - [fi J“ALRepeatﬁ FTJ ILJE‘¥§*E[J|iF

(37 CECT o 4] ulﬁéjl[qmgakg P ;E:]‘Eglpischeduleﬂ~ G2

System stack Data stack
After —» SSP=x-3]| CFCT:RETA(23-16) After — SP=y-3 RETA(15-0)
save SSP=x-2 DBSTAT save SP=y-2 ST1_55
SSP=x-1 ST0_55 SP=y-1 ST2_55
Before — SSP=x Previously saved data Before — SP=y Previously saved data
save save
RETA PC (return address) CFCT | Loop context

Figure-33. | Auto:Context Switch

YIHNES fF‘?]F%‘ngr A DSP Scheduler T &5 7 eontext switching E\JJ: ﬁﬂ Fol§E 1R E I
Ff'if W E( I > BEIR overhead ﬁ*ﬁ = .iiﬁﬁd/ =R N T
&% DSP i ﬂh’f?jﬁ’jﬁﬂ VIRFs(i.e. H.264 iV Intra frame 5 r}ﬁ?a‘af Frn 5| TUE VS

Ay 1= S M > ] Circular Buffer Register ~ Interrupt Register © Data Page Register

F[I Peripheral Data Page Register &% lilHMB7dJH B F{F' [ o Bl [N A 30
W B

Figure 34 L Timer ISR #I= fIfUAZE > ' 00 B lﬁff
) I 320 T (Yl [ stack -
2) {1 ['=Queue HITVHHEIV ™S — W {% - I[N Queue LTS Wriﬁ AT B i

IV Idle process °

3) T E I TR EL Y PCB o KR REE T[N Process iV PCB -
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4) LRIV

5) ;;E[:F[[HI%’%’ FJ"J 6 {li NOP #; F[ |

PSHBOTH XAR?7 1

PSHBOTH XARO
PSH dbl(AC3)

PSH dbl(ACO0)
PSH mmap(AC3G)

PSH mmap(ACO0G)
PSH T3,T2

PSH T1,TO

PSH mmap(ST3 55)
PSHBOTH XCDP
PSH mmap(BRCO)
PSH mmap(RSAOL)
PSH mmap(RSAOH)
PSH mmap(REAOL)
PSH mmap(REAOH)
PSH mmap(BRS1)
PSH mmap(BRC1)
PSH mmap(RSAIL)
PSH mmap(RSA1H)
PSH mmap(RAI1L)
PSH mmap(REA1H)
PSH mmap(CSR)
PSH mmap(RPTC)
PSH mmap(TRNO)
PSH mmap(TRN1)

MOV dbl(*(# head)),XAR1 2
BCC next,AR1 !=#0

MOV dbl(*(#_ldle _pcb)),XAR2
MOV XAR2,dbl(*(# select pcb))
B noswitch

next:

// head = head->next

MOV dbl(*AR1(#0004h)),XAR2
MOV XAR2,dbl(*(# head))

// select = head->pid

MOV *AR2,AC0

// select_pcb =&pcb|[select]

SFTS AC0,#4,AC0O

ADD # pcb,AC0,ACO

MOV ACO,dbl(*(# _select_pcb))
noswitch:

Figure 34.

v MOV dbl(*(# current_pcb)),XAR1
+ MOV RETA,dbl(*AR1+)

' MOV XSP,dbl(*AR1+)

1 MOV SSP,*AR1+

+ MOV dbl(*(# select pcb)),XARI

' MOV XARI1,dbl(*(#_current_pcb))
i MOV dbl(*AR1+),RETA
v MOV dbl(*AR1+),XSP
+ MOV *AR1+,SSP

i POP mmap(TRN1)

+ POP mmap(TRNO)

{ POP mmap(RPTC)

i POP mmap(CSR)

+ POP mmap(REA1H)
i POP mmap(RAI1L)

EI POP mmap(RSA1H)
i POP mmap(RSAI1L)
+ POP mmap(BRC1)

+ POP mmap(BRS1)

! POP mmap(REAOH)
+ POP mmap(REAOL)
{ POP mmap(RSAOH)
EI POP mmap(RSAOL)
{ POP mmap(BRCO0)

+ POPBOTH XCDP

{ POP mmap(ST3 55)
{ POPT1,T0

_-i POP T3,T2

POP mmap(ACO0G)

POP mmap(AC3G)
POP dbl(ACO0)

POP dbl(AC3)
POPBOTH XARO

POPBOTH XAR?7

Context Switch

[EIE Y - stack BTV

FLYECTI A (FHIEY Advisory fol TR AR I[IEV[16] ©



3.2.3. Mailbox ISR
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Eﬁ%ﬁﬁ%ﬂﬁ%ﬁﬁwﬂfﬁﬂ@% U Table 4+ RIS PR AT + 7

< I 3
AP
Table 4. Dynamic Service Command

fif 2
A2D REGISTER_SERVICE None
A2D INVOKE_SERVICE Process ID
A2D DUPLICATE SERVICE Process ID
A2D UNREGISTER_SERVICE Process ID
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ARM [ 5 7R L 4 P9

void task() { Task
while(!Command]1) Command Table
switch(Command1) {
case 1: Comand0
encode_frame();
break; ' = Comandl
case 2:
row_encode();
break; Comand31
default:
return;

Figure 35. Passive Task Framework

23 {[# Framework > 7! Figure 36,2 ifl[lfL == E{*J[F[J ARM R evR] iR 5

o F IR ARM S, 55 ARM (BRI + 8 (=] Busy wait #Jfiv-

void task() {
int frame no = 0;
for(; frame no<100; frame no++){

Task
Command Table

Commandl = 0; Comand0
request_frame(frame no); | ~
while(!Commandl) Comandl

3

encode frame(frame no);
write_bitstream(); Comand31

Figure 36. Active Task Framework
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3.2.4. DMA 5t
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SEHRYE SRS MU A rixgﬁ‘fk"?’f%’r‘? VIR [t 2
i R T o O B VRV R IRL T AU R - 7 SRAML R -
HL A e TR scratchpad SR » S AT RGRIR] RIRL S TV
"% E- Ry SDRAM GHRRERETIG el PR DN = b’r& PR R TV
TEHEEA - Wlf*“ﬂ“d‘:ﬂ%{%‘f xﬁ?tﬂ\ H Wiﬁraﬁwfﬁégr} SR
e Z5 Tl PrieT- it shared_mem.c FHZfH LA | G BRp R R L
4 TS S TR A ORI i L B 5 ﬁTEfI (o i
A U R R SO D ST addressing {150 o i) H I AR AR

A PRl compile PR {Y =1 TREESF IJL;;iE'”ﬁIJIﬁ» FUE 7] malloe jFj=*
(ENRIED Ta: i ink ’a“f:dw?rﬁ@ FEE'I%“L?E"WP’ '} Figure 37 pURH= ¥ ’g[ﬁ
=7 Mg HOP R R E Ry 428 byte IS 7 R R
ZJpY » foil'] addressing H1 i Pk Ay R ELYE > Bl (Y S [ 8bit fLEET i DSP
[ addressing J¥1 [ 16bit(2byte) I » ') & i[5 €7 ™| 256 byte » [y DSP
[</£5 ¥ addressing {1 16bit kL ARM addressing 1% 8bit Ity ff; » | o1 Il

B 41 B2 1) MEM_UINT(2) >} 4 128 {f#f 16bit -

48



share mem.c

#ifdef DSP

#define SHARE MEM 0x600000
#define MEM_UNIT 2

#Helse

#define SHARE MEM 0x20000000
#define MEM_UNIT 1

#endif

share uint8 *arrayl ptr = (share uint8 *)(SHARE MEM+0x00000)/MEM_UNIT);
share uint8 *array2 ptr = (share uint8 *)(SHARE MEM+0x00100)/MEM_UNIT);

init.c

#include <share mem.h>

void init()
{ arrayl = (share uint8 *) arrayl ptr;//(uint8 *)malloc(128*sizeof(uint8));

array2 = (share uint8 *) array2 ptr;//(uint8 *)malloc(128*sizeof(uint8)); }

Figure 37. Shared*Memory Initializatin Example
3.3.3. ¥rRI#jF2

B el HO R R S (R o T VE S H o i
P2 BRLIN L E - f ™)+ Data cache JE | [i'fj=55% coherency FIRIRE » 7] T
P EIRS flush 41 cache » F9 kLA R EH M RY RS P B i UELT o i
cache IV o [y /i € HREE] el BT 2451 "iF‘J —FJ‘:"E Jﬁ scratchpad ﬁtl‘[ﬁ\?ﬁpxj?ﬁ ,
L JOPN AP IESPRLRLAE ) 7 VRS > 27 scratchpad SR %03 (3
> SR T [ B scratchpad RG> SEFELSE BRI VKT @ it - gy
HRRLEI % SHFSAY overhead o JSERTERAIEI N o i SN B SR T Y
(DMA)pUH = T AfF2 Ry (a5~ uql[gll&'a IEEEUE jc[ [
H ]
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LI BRIV BIE R €A - B P [EVRIT | I addressing
B o Ao E FLYE {/[[%\[E’Iﬁﬁﬁug}*g LS S il addressing #16 »
£ 1 VR P B ORI SO R S
addressing FF17 o PR AFSAY T30+ BT A0 E VAR A o) —

memepy fFii -

memcpy(dst, sre, size); |:‘> for(int i=0; i<size; i++)
. ’ *((share_uint8*)dst + i) = src[i];

Figure 38. Memcpy to Looply Copy

U7 Figure 38 » )~ flil uint8 FUIIFIR A M IRIREGE » RUA PUE RS AT
V= BRPRL uint8* > {[&~[Y addressing ¥17F AL 16bit » [N FF LSRRI
share_uint8 » “J¥iEkL uint16 » (RFSFTRRATSRESA [T — 55 memcepy Hipfoldls
1] for IV HFL IR SRR E R (LS B2 iati N Y (RL L i S
H S SRR BRI R s e -

I I compiler i SR AT pattern - i % {15 memepy FZYHE {10

2 FRL DMA FZ350 4 21 L VRRORPRI T i 5 i)

TR = PR HF2 Y overhead
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3.4. Porting Issues for TI OMAP OSK5912

[REL DSP RL{ 16bit fU%EIAY > & porting %] OSK5912 {1 DSP [ » ﬁf’r@ﬂ
i B EERIRE L1 Al - 7 *j:?c‘ FEPRIF 0 2 | R BRI

LR TR SRR O TR R J%%J’DSP FY int AR~ 1L 16bit »
M~ 4&{l ~ Y x86 CPU A1 OMAPS912 i ARM #IAL 32bit - el | # [ 7 ]
R R int BIRE - 2 RS0 O 16bit fUf R TR
fEF% il %] DSP - ’aif:»gﬁt i -

Pl lﬁfl pLp Jﬁﬁ L= compiler | FTJ Ul Figure 39 > I'] C 55 ik A& E Y
DSP 47 @ > 71 [l uint16 [ORAGE=- 75 > [NEVE [T ﬁ‘:ﬁ%iﬁ%@ 16bit i’ FL'
APV > BRI R stack R 5’?73‘5“??[“‘?7@%”3%% ACn 357E%] 40bit [V
Accumulator » i’ fLiE FTH fi;iﬁﬂl/EéL OXFFFF it AND GEiET - f&b s bRl 1% 16bit
9 ﬁ €17%  SEhuEEL 8 > Rrhlcompiler SR fT-C Ui - I'] button up
TS TR R R R @r,@'m“m TR R R Y
LR b UHTRCTR | TR =52 T R A Rl S EWET%‘L‘?%ZEI?JE’?@@%@[%@ (g
(et f="l1 ﬁilﬂl[aw SEETHI a fL 16bit » Bl [ ET5EF umrrH TR = L L
16bit > compiler ;ﬂﬁgﬂ%? i “ﬁ“% 16bit » Frl"[ELF | fit” AND ?1\'“5}5? 16bit » [X

P B RN Oy

b=a<<10;//uintl6 a; uint32 b;
MOV uns(@#00h),ACO
SFTS AC0,#10,ACO0
AND #65535,AC0,ACO
MOV ACO,dbl(@#02h)

Figure 39. 16bit Left Shift
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BT YL RUASETPE ETAEN E S E G 16bit Ui pYe o KL b
compile & & & ,?«i’ﬁfj;rﬁ -?J ) i{thU\%JﬁEIEJ’F]”gp@ ]’;L‘(glﬂifrq » Y[ Figure 40 o #5380 ﬂmﬁ_
RS SR G R VR RR RIS AT S PSR TR 5 S AUTRL 32bit
[R5 75 B T PRI B ERL 32bit > S T AT - AND 3] 16bit
AU 7 g R R R T

b = (uint32)a << 10; // uint16 a; uint32 b;
MOV uns(@#00h),ACO
SFTS ACO0,#10,ACO
MOV ACO,dbl(@#02h)

Figure 40. 32bit Left Shift
T TP f#‘;’*#ﬁf‘?‘,fé Data Addressing Mode’?ﬂ BT |}[ GBEEY T Al
additions to and subtractions fromsthe pointersrare done modulo 64K. You cannot

address data across main data-pages without'changing the value in the extended

auxiliary register (XARn).”[17} : fF'[H'.iF.' fﬁ@ﬁliﬁﬁ ﬁﬂ!lﬁ modulo 64K E][ﬁ"ﬁ (£

g

iﬁﬂ‘“{éﬁ:‘ DSP £ 64K [IY page” boundary lﬁlﬁ’?‘/fi = ['[E{ﬂfiﬁfﬂ » (1)DSP fi*J stack
F[I system stack /U\”ﬁ:ﬁT‘& [ﬁj [l page F(2)malloc fj=4 53 flfugt EIEE‘E&HLFJJ F“u’?
ifj page boundary *“J[ﬂl'*ﬁ?ﬂkﬁ SFl T 64K (i 16bit (3)¥F[7FE’EJ address F fI
AL 16bit U3 Y 4 -

[0 57— [ RLES DSP EJF é’g’%ﬁﬂ & SP(stack)*[I(SSP(system stack)¥ ']
ﬁjl‘pru 8bit > PVt |[4V“EFTJ7 fi' I'J&ikL compiler ﬁIJ’L IKE o U[' Figure 41 » DSP (4
compiler {4 address Ff fIHTE & ElfJ?F’[ —?J P EE DSP %‘I?"?E‘ 2 R A gz{%l 23bit
A9 address - Fl J?ﬁ%f@%’(ﬁ& stack J—FﬁrE'J?UExJ i 16bit » F Elfrﬁl?ﬁ\ﬁ 23bit fi
address ° ?F,ffﬂ ¥ JVEY indirect ﬂfﬁ?’? %l“ 23bit I Auxiliary register XARn »
F[j ff-stack Rl 16bit 57 i %[ XARn - [FIREFIH] 16bit FufF, ,ﬁs%XARn
YRR 7 pY 16bit fi3ET R PO T TR 5 ETSE 2 overflow ﬁ"J i L [ 7bit 'F,H
12E Mg & Y address ﬁﬁﬂé}}ﬁﬁg ’ iﬁﬁ}‘:ﬂ page boundary fIUff s o
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y++; // uint8 *y;
MOV  dbl(@#08h), XAR3
AMAR *AR3+
MOV  XAR3,dbl(@#08h)

Figure 41. Addition to Pointer

PO SO RERL L 7T “BEDS 32bit > ) Figure 42 - (L3R
o (T AP 1) SRR e

y = (uint8*)((uint32)y + 1); // uint8 *y;
MOV  dbl(@#08h),XAR3
MOV  XAR3,ACO0
ADD #1,ACO
MOV  ACO,dbl(@#08h)

Figure 42. Addition to Pointer after Casting

(ETAT 32bit PUFHET > ~compiler hbg=i & {11 address Ff f b 7| 35 p J;fF[
4]+ 11 Figure 43 » ' RLOPB P28 pAS ettt UMM % 2 Y indirect #iP245 4 -
TEb LRI ﬂ&*’»‘%u XARn » Tl S RGO (71— £ - BYF compiler IR 5T
HPIERRL G RIS - T E T RS page boundary FVIELE] < 7
15_15{2;1:[':—]111 » R ET T fE553 page boundary > [fi53 i DSP S - 0 D
] CCS FTHH 1 malloc F=* » &8 e (5T ORISR T8 64K
i 16bit - FJ%’T’E HUlI=3 page boundary > fF AR5 fiE, rﬁ B N iy
MU 64K fif 16bit - ffSEt FTe 4 Sl uint32 > HESRISaRE
B EIRERY ST Tt -

y++; // uint32 y;
MOV  dbl(@#08h),ACO
ADD #1,ACO
MOV AC1,dbl(@#08h)

Figure 43. Addition to 32bit Value
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4 FESIT 264 Rt

B T R T R I BT RLE) B R
Tightly-Coupled H.264 Video Encoder([8] - &l -Fak fuFspic o T il [8]f JF i

[+ DSP [HG1% € R - 52Ut - DSP B i i (0
R Y e GPP iy~ 3T (R g single task (VMR
FetitlEEEss o #%'ﬁf{fjﬂlﬁ&;{ o [k FFUTI/ PNEVES (=" DSP PUEEEM - pE[F’—‘,’J'[S]EI’:r
HICPOR BT O S U R RS R - b
ﬁi;r VFJ'F)’TFEFJ tightly-coupled #{! loosely-coupled [I*-Zafiz B A7y > B ?ﬁ fr

ik FF”?‘D 132 10 Z AR AY 2 BR[| —H.264 Intra Encoder p@r%ﬁ .

4.1. Loosely-coupled VS Tightly-coupled System

T [8]Fr Y loosely-coupled system > J[t Figure 44 » v [ [ =[] » [ 1F |7
EFJ?*,?JF’@FFUF pﬁlﬁ?gl?&%ﬁpﬁéﬂ Pl p’lfjg‘}"ﬁ[_ﬂgﬁg’m fiztxﬁ&?ﬁ* s} ﬁ%’gliﬁ
S SERACIRRIRL T (R0 PR G LR R (R pAR B
EENA ”?ﬁﬁ‘ﬂjﬁi]ﬁﬂgf‘ ° I}Jﬁlﬂm FI[J_' [ [RELRLAEE Offline 35 H1-
119 Profiling U FIEH RO [ R 20 - (IR A RTM P
U= R =y A5 IFL}%' 1" DSP fi'f f{fﬂ Ejjﬁ“‘: DEE 2 %ﬁ%*ﬁﬁ'ﬁhﬁ_ﬁ“ﬁ'w
AT > Sl DSP =3 EUSIU IR ) lilﬂﬁﬂﬁﬁ‘* FIPEE > P B
Z3 DSP 1297 5 [ SR
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[ RISC core start ]

[ DSP core start ]

A

Video encode job

Job to DSP >

|

IOther processingl r I
/IDLE I  Video |
L = = Compressionl
| process
Receive P I_ — _I
Interrupt - l
Generate

\ 2 Interrupt
Output the
bitstream
Figure 44. Loosely-Coupled Video Encoder

E\JJ‘ [8]7Fr 1Y Tightly-coupled U #=" » I[I Figure 45 » F'l'J7% Elﬁﬁﬁf}i{ljﬁ%

—fi

YR o SR RISC [OFRETRWRIZY DSP K W DSP [9f 18 - Ryfity < &
TR (R SRR Tl T PR ER S - Rp £

BV o

[ RISC core start J .
l : [ DSP core start ]

Video encode job

Y

Job to DSP > Signal ?

l Yes

————y _——Y e

|
Processing 1 I Processing 1
Part of task | Part of task |
| |

— - wall
Generate
Interrupt

Output the
bitstream

Figure 45. Tightly-Coupled Video Encoder
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4.2. H.264 Intra frame ?ﬂﬁ%ﬁﬁ

4.2.1. gt ﬁlﬁa\rﬁﬁﬁ

~ A PIRTIV IR Y SERRTOR] » A RAT R - e
E‘fﬁﬂjﬁﬁﬁﬂp“@iﬂiaﬂ#‘* SRR SER IR BRI
o B iR ]~ FORLI R ) fl SLES DVD AP i 51" EIy E‘?T‘
KLI'} 720x480 ~ EF) 30 SR EL o F7° EE - RG] RGB A R
3byte » EIF[AEH Fﬁ”é J}{fj;%ir 30Mbyte fUEYR[E! > I'] 4.7Gbyte [V DVD Ui &l » 4
A= R i IS0 FPRVE 1 e IFSA e PRLE S ap oLt Rl -

~ P RS Figure 46 7 0 L RGBT 2 IR i
YCbCr B <1 IR o P s IR a:gmfp‘rﬁ@ RSBl N
Bitstream (U3 0 I REGAH AS HLRER I SR I R ) [

FefisIpl Y CbCr [ 7 (AR

YCgCpq [*| Prediction —> T > Q > Entropy [ Packing r* bitstream

&

Error i
Residuals!”

S Prediction="«—| T-1 <4 Q-1 |« Entropy-! |+ Unpacking [«------ |

Figure 46.  Simplified Video Coding Model
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Fi A S (Prediction) ! » K EIREAY YCbCr 55 SUASI - |
7 F? RAVTRR] o i BARYE ) 2] O » DI s E g - )
[ORRACE | I e i R e e L G Rt = b S A P S BT
ARG TR PO ] PR p-rfﬂﬂ’ﬂﬁfﬁﬁﬁ%ﬁ?ﬁa L R PERVEEE
L YRR E L [ ) T SRR PR R R R
(b SRAVPI R PR [ (ST W T BVRU VRUA Frmp A T

SRR ST B > FVRUCL R AT R S fORRRI B
| p [ (Residual) » | ([ [ 356 (Time - domain) 8 45 (Transform) | 41 5 i
(Frequency domain) » [NEL * FGEF I SFIVEAE I 1 pASERE > Al 25 1 )
S iRt SRR A (A > HRERS T BL ORI O i -

£ @1 (Quantization) Py Rlf |55 /10 R BEFOG TR B4 - O]
0.1234,5,6,7,... > T B {10 SFUaBINGG L1 0,0.01,1,1.2.2,... > 2 Rifyf
TR EURITE TR RIS AR Sl T
AR ARG -

J féflfi*ﬁ?ﬂﬁ%(Entropy coding) » ¢PRTEN[“FUATA - I') 5 (e Mol pORs TR

Al B AT VTR R PR MDA A PR SEAT VR -

T ETREORTRII e 2R R RS (IO £AY Huffman JE T ERL TS
R

IR VARSI YR, S AEE e WS pLT T A Y Bitstream -
DI TR LY YCOCr A IR PMIARIISAY ™ [ > — 4 el T

¥ YCbCr E¥F
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4.2.2. H.264 Intra prediction

H.264{9TRLE V] A Fm s » 8 e AHRRYRI B g 2Ry ~ L
IR TR PR fﬁ'ﬂﬁ{%l ﬁ‘fé THIFRRIIET -

HHEL b DU BEE > )] Intra Prediction 43 b & HifSHE!
H11 MB(MacroBlock)fVe ¥R £l - MB ['I'J ] 16x16 FyRL 4x4 [ =0 e fif 2 [ef]
AU > 16x16 P4 [HEY © Vertical ~ Horizontal ~ DC #1 Plane : [ij 4x4 315 9

FESLN 5 [t Figure 47 » £ 7 il [FIFYSERAIF] 9P DC mode

I a|lb|lc]|d 8
J]le| flg]|h > 1
Kl ilj k|1
6
Lim|[n]|o p
3 4
7 ‘(') 5
Figure 47.7. 4x4 Intra Prediction Mode
4.3. Tightly-Coupled Video Encoder
[8]FFHE L TiHY Tightly-Coupled Video Encoder » i i [[al#%- = [t = {1355 fiel = Jl

< E5 H.264 Intra Prediction | IJ[HTFU Ul Figure 47 » fol3&7% | 1] MB HfJ,?\Jli}ﬁE ’ 5“[: I
ESL Fpﬁr[l* ij MB ﬁﬁ%.f F”T;g;@ [ngu YCbCr F< th ][%EFF ? cH ES
Intra Prediction °

ﬁ’?,l‘}[S]%;;fﬁfjﬁyJ?ﬁrﬁﬁE%?‘ ' fi'I'} =% Figure 48 > F[?FZ U%l’f}ﬁfgﬁu MB Fi
B A MB R RYIOR M < 71 DSP ST 1Y MB A FARAE
PR DSP RS S USRI ERT - [ ARM S8 5200 53 I MB AR - (1
fol 21 7 [ MB ARifils 52 £ il YCbCr ﬁy\ ﬁ (> ARM IS MB . Intra

Prediction ?F LJF}TE@F Frl ] H1; MB F[JEI[ DSP Bl £ » ARM j,ﬁ;f FE[ IL
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F%’\rdﬁﬁ °

22| DSP BRI = - ) HU':'FA il FI%I ARM &5 B I MB - IHE B
MB [KELELTT ARM Epﬁ):r}ﬁﬁ” » Bl [ ARM SRR E Y MB > DSP fiEfc T
FIFI™ {9 MB £ G © ARM g HIE] 20 - )

15 » [ Iy

=g
IJLF{')F;;DSP m@ I—‘PIEMB I-‘JARMJ—_,_,—L MB F[Jijﬁ‘
FREIRRRY EIEY o SBR[

[ B
al | Taapd T T T LT
=L L L L, L]
L

—
Dx
Al Ai > AS

ARM ? ? switch 4
1 1 )
enable A1} end of row | end of frame;
1 1 1
1 1 1
> > > - »

DSP D1 D2 D3 D11 D12 Dx

>

Figure 48. Tightly-coupled Video Encoding Process
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5. PR

B Tl 3 P R BRSSP AT - 1A P
R
N fi Sk

OMAP5912 PJFEBFKJ_: W= 17 [+ > ARM ~ DSP - Traffic Controller(TC) > ﬁf

I'} 96Mhz [iuifisk 7 32 [ B ZEAH N | ARM ¥ ,F.J 5[Y Timer count fifl £3FT b o
~ ~H.264 ;’J%I-Tjﬁ%éfgl’zr%ig{/[m ;

I'] H.264 Intra frame i’ﬁ}ﬁ% » §¥FikL FOREMAN [iY 300 9= yuv ffif » /]

176x144(qcif) » QP F%:\L_f@ 26 > Slice | K3 #PH= Frame -

5.1, SREL RS

Fi > 5] H.264 Intra frame SRREHR ST I8 i ARM A1 DSP #137=
HTHREOT Py Y- ST ETChightly-coupled) 35 = 78 4 U BRI SS
S o

FIACRRR 92 5Lk FOSEEETRS 2 [XIEL ARM ] Cache » i DSP 7| Tﬁ%&
TR > Vi) 2 AL A 5 S0 ) Cache A1 ISR Aot

Y[ Table 5 o Z$ P 1) #1411 5L A _F DSP FOEEETRE 104590 ARM TR 1.4 [ﬁ o

Table 5. Encoding performance without Cache

Encoding process | Timer count %
Pure ARM 464,756,901.91 | 139.10
Pure DSP 334,118,977.80 | 100.00
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FIHRIEHTH] 1-Cache /% » SEURHIEESE 5 FIf=HRA 270 > BEGR DSP %)
I-Cache » AL H1° V¥ Ctext85 * 5) DSP [ BT RERS SARAM » 17
H| DSP i I-Cache - @ U] Table 6 < [' ') %11t ARM iy I-Cache iﬂ«j%ﬁ ,
RS v 4.4 8 - oy DSPRE OB AT SARAM » [ URA v 2.4 0 Sy

& ARM (¥ il 1~ DSP

Table 6. Encoding performance with I-Cache

Encoding process Timer count | %(ARM) | %(DSP)
Pure ARM 464,756,901.91 43732 | 334.56
Pure ARM w/ I-Cache | 106,274,430.96 100.00 76.50
Pure DSP 334,118,977.80 314.39 | 240.52
Pure DSP w/ SARAM | 138,917,244.36 130.72 | 100.00

F|9p_F D-Cache < jHFF » [FEDSP iQ?J D-Cache - [0 ' DSP [ ‘f[ '[El’fa‘g‘*k
| S IRIGREAY Frame A1V SEIEERAY Frame #igaEd. o B xﬁ[ﬂ {1t
9t Elfigﬁ'ﬁliﬁﬂféﬁ??‘i DSP PJF"}B:.:”“I“E"\?EE@ DARAM » JHZE56 A U]1 Table 7 - e
ARM F| I D-Cache & » "% H=Fl 3531 |‘ﬁ [ DSP HEJRST 421 = %F[ pﬂzﬁvlfﬂ
577 DARAM » [958 7 3.3 (Rl » i RUBLRLES ARM 1877 12 ff -

Table 7. Encoding Performance with Cache

Encoding process Timer count | %(ARM) | %(DSP)
Pure ARM 464,756,901.91 | 1,362.36 | 1,117.27
Pure ARM w/ I-Cache 106,274,430.96 311.53 | 255.48
Pure ARM w/ Cache 34,114,137.91 100.00 82.01
Pure DSP 334,118,977.80 979.41 | 803.21
Pure DSP w/ SARAM 138,917,244.36 407.21 | 333.95
Pure DSP w/ On-chip RAM | 41,597,727.35 121.94 | 100.00
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i

| Table 7

7 PO T

BERRR > [H A

» Tightly-coupled fiv ?“}{5]’ FRE [ {45 - = st {RAY Cache

FIF[ g Y1 Table 8 o Fp([*}zéf[

Z[| Tightly-coupled fiv =t

T ARM R PREVAIUE R 0T 1.2 £ P55 DSP R IREVAE TR 15

Table 8. Overall Encoding Performance

Encoding Shared _
[-Cache | D-Cache text Data Timer count %

process data

Pure ARM Off Off SDRAM SDRAM SDRAM | 464,756,901.91 | 1,696.75
On off SDRAM SDRAM SDRAM | 106,274,430.96 387.99
On On SDRAM SDRAM SDRAM | 34,114,137.91 124.55

Pure DSP Off SDRAM SDRAM SDRAM | 334,118,977.80 | 1,219.82
off SARAM SDRAM SDRAM | 138,917,244.36 507.17
off SARAM DARAM SDRAM | 41,597,727.35 151.87
A:On A:ON A:SDRAM | A:SDRAM

Tight-coupled SDRAM | 27,390,931.79 100.00
D:Off | D: D:SARAMi-D:DARAM

5.2. Scheduler ¥*=x

B R 2 %ﬁF‘fLEJP i+ DSP _Higups” Scheduler >
AR 2
frame ?ﬂﬁ%a‘ S IR

HTHIN S

E S

Scheduler %= Context switch [N~ g o

FIRRAFN U Table 9 » E 11 & SRR RAVF 153 B> RLIJF
H.264 Intra frame 5%

BT L puZEED s R 97T H.264 Intra frame st VP-F?}E'J/ 9t

ﬁ?# i ARM ¥ .} Timer count>41,597,727.35 £} Elif?oﬁlj Process

% DSP 3% H.264 Intra

5T AT T S L 55 (AT increment SETRT -

FISE =5 F’?ﬁ‘} overhead
— 721 Time quantum > 10ms ~ Ims ~ 0.1ms > %DJ‘}E*J
% Process fVZRUH ™
g ﬁ?%‘“} )7 }{—Jﬁjﬁﬂﬁ@ ARM F.JEJ Timer count I

fij~ AjfYsT DSP 3/

ZERPY Process ?ﬁﬂfi_l
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Table 9. Scheduler Performance

Process #
1 2 3 4
Time Quantum
41,607,094.34 | 82,929,499.07 | 124,071,769.4 | 165,291,004.58
10ms 100.02% 199.36% 298.27% 397.36%
43.39 86.03 128.81 171.75
41,674,910.05 | 83,354,386.41 | 125,058,149.79 | 166,656,587.36
Ims 100.19% 200.38% 300.64% 400.64%
434.35 867.77 1,302.45 1,735.49
42,376,089.25 | 84,774,984.39 | 127,159,841.64 | 169,544,797.57
0.1ms 101.87% 203.80% 305.69% 407.58%
4,417.15 8,830.27 13,245.34 17,660.40

V- [l Process ! Timer quantum % 0Lkms [N7FIE! > A= H.264 Intra frame
?ﬁﬁ%%ﬁ'@ 0.1ms Iﬁj‘ﬁﬁ PGSR Context switch™ P42 E| Scheduler U™ fy
ARM fﬁ*} Timer count > J¢Ff 5T 155 7% Context switch El’?%f'ﬁ fti] - ARM timer fLI']

96Mhz 73 = » i timer count f[fi= "] 96Mhz i fF ?Uﬁﬁ ft -
(42,376,089.25 — 41,597,727.35) / 4,417.15 = 176.21 (ARM timer count)
~0.001836 ms

PI9EE 1 DSP 43f[E! Context switch ElfJE\JJ‘ [t > U1 Figure 49 > I' | B Timer ISR
FifAY DSP Timer count 5 g LAY [E] » DSP timer £LI'] 12Mhz 738175 > B
f'JF

timer count f£|[#I'] 12Mhz » 7' 1 ?Uﬁf fi]
(0xO000EASF — 0x0000EA54)*2 = 22 (DSP timer count)

~0.001833 ms

63



Load value

018730 =h3195000d4a MOV XAR1,dbl (*(#0d4ah)) = -
018743 4499 MOV SSP.ARL (e
018745 aB31000d4c MOV * (#0d4ch)  ARD 003008: 0000 HOOU 0000 0000
016742 ©6240001 MOV ARD,=ARL(#0001h] 00300C: 0000 0000 0000 0000
01874E ed3168£000d48 MOV dbl (*(#0d48h)) ,3ARD 003010: 0000 0000 0000 00O
018754 ed319£000d4a MOV dhl (*(#0d4ah) ), 2AR1 003014: 0000 0000 000O 0000
01875A cB3s_98 HOY ARD,mmap (*SP (#1fh) ) 003018: 0000 0000 0000 0000
018750 20 HoP 00301C: 0000 0000 0000 0000
01875E 20 HOP 003020: 0000 0000 0000 0000
g}g;gg gg Egg 003024: 0000 0000 0000 0OOO
018760 20 o D03028: 0000 0000 0000 0000
00302C: 0000 0000 0000 0000
018762 20 HOP 003030: 0000 0000 0000 0000
|8 018763 4805 EE 003034: 0000 0000 0000 0000

Figure 49. Context Switch Time Measured by DSP Timer

STHIE'T ARM #1 DSP A&l AT ?ﬂ T T o ASESE DSP 58 g Y
Sl E[Uﬁﬁ f P12 [FIFY Time quantume [fif Scheduler Fl’?ﬁ“*‘*{é fiY overhead

{1 Table 10

Table 10. Scheduler Overhead vs Time Quantum

Time Quantum | 10ms Ims 0.1ms

Overhead 0.018% | 0.184% | 1.836%

5.3. DMA ¥k

S SR AL [8] 0 1 5] OMAPSO12 19 System DMA #! [ % [y 5=
AUERR 72 > 355X DSP DMA - [l &' 212% JJ~; Burst #8122 » 7L
WEUE:%@ DSP DMA 7t Burst fzCpussss o 7 SENHIE T 3.2.4 [ & Epy - I

ENDPROG [i4 2l Ry DMA (fy 1 » PSS9 VGHIOTe] i )

[fil A ETEep o

HIFE 2 kL1 Shared memory - » #ifi%% 32Kbyte %[ DSP [* jf'z[ SR R
AT o H 1L OMAPS912 KU SRS PR KL TL Py Ry
OMAP5910 - 'F"lff’[fi DMA B¢ 18] #15F kLE) 16bit iU Traffic Control(TC) Cycle

B> Table 11 fUEZIRLI | OMAPS912 i TC [ 96Mhz 38 7 3% » S ETHH i -
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Table 11. DSP DMA 16t016 Performance with Burst Mode

5910 Spec | 5910 Spec
MB/s | W/o Burst | W/ Burst
w/o Burst | w/ Burst
SDRAM->SARAM 15.858 55.473 16.422 62.923
SDRAM->DARAM 15.855 55.506 16.422 62.923
SRAM->SARAM 21.254 60.995 36.621 104.632
SRAM->DARAM 21.254 60.995 36.621 104.632

Op Table 12 fVFIAIE EHHIRLL ] 16bit FLHOF 7% 32Kbyte » fELHVIEL 8bit
i E 1 16bit FUiFs » '] Ft iRy DMA HF2 A7 | DSP #iF2pussst - =01
DSP DMA EfJg!’(j%Z~ HIEFE= - i) N ?ﬂ b Ao %iﬁf » DSP *| load-store [I*)
FHFEE - AN E B Burst £ Y DSP DMA QU Y o #1607 A

[ » ©1 DSP DMA i Burst {59 Hj 75l DSP ¢ 5 -

Table 12.-16t016 and:8tol16 Performance

16tol6 16tol6 8to16 8tol6
MB/s DSP DSP DMA DSP DSP DMA
w/o Burst w/ Burst
SDRAM->SARAM 15.000 15.858 6.015 34.722
SDRAM->DARAM 15.007 15.855 6.015 34.735
SRAM->SARAM 22.888 21.254 7.630 37.722
SRAM->DARAM 22.888 21.254 7.630 34.735

65



ﬁk?wf*ﬁﬁ

TS POEERE S Z5{5T MR A ARM ~ ¢ DSP ARG ) T S
TIPSR £ F DIl o =5 P10 At R RISC RUE BROs -
S TRES AT 953 2 AR 70 Y £ RISC — BRI RTEE ST - %
P PR o P SRR [ SRR - (T (SR E i
Pl < N DSP ¥y 2T [ERIUES AVRIE T - EURRRET) T USRI
53 fielfet o E;ﬁ RISC » I'] Vi DSP iy g4

HESRTS PV s N F | Y fo kLN KRSSHh DSP A2 - i”;ﬁlgfﬂﬁﬁl
EF5ET ARM prr RHIF IS D5 DSP B R [Qj:ﬁ‘ﬁ?lﬁﬁziup VEIREY = SRR
oA RS T A 1 SRS o [ W
ISt o [ T [ RISCU S 7 Cache %““;ﬁﬂ?f”“wm\”@ﬁfﬂﬂ R
I LRESEY 3 TI Ve I*ﬂf;:'@f’r%ﬁﬁﬁ}'uﬂﬁ DM64x =% » 4] Data Cache ¥
JV[YT DSP [ ﬁf[ﬁzﬂ ER[19] &Rl R HIlF m;*fvm}«[ﬂﬁhj\fl IFF SRl
ffli*'] » Data Cache "I’ IELFL[ %CER Iy SREEIVE S S

TE 5.2 pUEiER - JIRRES I'F'ﬁr%?rfufm DSP Scheduler Elﬁ’f}ﬁéj\é;ﬁ » 7 10ms
[19 Time quantum - - SEEHHFGEIFEYTY overhead T 0.02% = 2 44
PRS- R ot SR [PV - s A R 2T RO
Tl liﬁ 2t E'J?{F{U%ﬁi » [FIFHEE % IRAHOsE 5 -
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6.2. % 7 [ERHIH

2 o E | P [Pk AR TP -
B RIETES - Compiler
D321 Jeb TP - | ITEL RS MR R T DSP AR
(B RLI] A 7 BB EGRNVE = o UF) compiler f= FIAVSE 2 foI T (B
A R = b N Er AP TR il e R S
&2 2 3.1.3.3 £V Dual-core service image J[1fj= ﬂlﬂ!t e BT O

l@#picompller Pk ;{_JF R 'ixﬂﬁij FI_I—EJ;Eﬂ ST AL

[ éirtﬁ@'fﬁ;zrfrgwa* f J%:{‘f IF'{ ﬁfﬁﬁz“[‘ﬁvﬁgﬁ@ DMA ¥ SV gk
ARM [ {%] 8Kbyte [i3:D=Cache ﬁ?jtﬁtgﬁ'fg[iﬁ% PRIV ﬁﬁg[[aq%ﬁ*ﬂﬁ%
AL EIY Frame gawu@v:} D=Cacheyt! =’ DSP HEJRE 7 80K ([ 16bit
i ﬁ‘f e TR S DR RN P 6 Brame 84 27 ﬁ TR U ol P e
3% SV S Shared memory iV ffif Frame o J[IF=&HS5FE iR F}@?FQ
PR - 1) RS DMA (9] BURER SR MR SRR i
BT (1] D-Cache U3 » ~ W= HA DSP I FREA -

R p SEENS
SR i (O » OB ITEY 0 ¢ #"fﬁ?ﬂi%ﬁﬁum@ﬁ“

[‘Pﬂ“” Uﬁ[‘aﬁgﬂ%ﬁ 1 PPy P ﬁ[flﬁ“r’é}ﬁ: BRI SRR o 1SS
43“ (EfORERR » ) AR > I o R %%ﬂietﬂ i R

AU fe R RIS RURhIESE 7 SR R PR ) Rk

i
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