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EDMA3 Prioritization and Debugging

Henry Yiu

ABSTRACT

The EDMA3 is a high-performance, multi-channel module for the TMS320C64x+ DSP
that allows you to program a wide variety of transfer geometries and sequences. In
addition, it interacts with the switch central resource (SCR) fabric to compete for bus
and read/write access resources. The EDMA3 prioritization scheme is summarized and
various program registers are introduced in this application report. Additionally, how to
use the EDMAS3 debug capability to view its internal operation is demonstrated on a test
program running on the TMS320C6455 DSP starter kit (DSK).

Project collateral and source code discussed in this application report can be
downloaded from the following URL: htip://www-s.ti.com/sc/techlit/spraagl.zid
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EDMAS Introduction

1

EDMAZ3 Introduction

The EDMAS controller consists of two major blocks, the EDMA3 channel controller (EDMA3CC) and the
EDMAZ transfer controllers (EDMA3TC). The EDMA3CC serves as the user interface, to prioritize
incoming software requests or events from peripherals, and submits transfer requests (TRs) to the transfer
controllers. The transfer controllers are slaves to the channel controller responsible for data movement;
they issue read/write commands to the source and destination addresses programmed for a given
transfer.

There should be only one channel controller per device, but there could be several transfer controllers. For
example, the C6455 device has four transfer controllers and the DM6446 device has only two. The
number of event queues corresponds to the number of transfer controllers. Event queue 0 submits
requests to transfer controller 0 and event queue 3 submit requests to transfer controller 3, etc.
and shows the transfer controller and channel controller block diagrams.
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Figure 1. Transfer Controller Block Diagram
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EDMAS Prioritization

2 EDMAZ3 Prioritization

shows the prioritization diagram from the TMS320C645x DSP Enhanced DMA (EDMAS3)
Controller User's Guide (EPRU969).
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Figure 2. Channel Controller Block Diagram and EDMA3 Prioritization

As mentioned in the TMS320C645x DSP Enhanced DMA (EDMA3) Controller User's Guide (EPRU964d),
EDMAS prioritization is based on the following priorities:
* Channel Priority - Used when events arrive simultaneously and they need to be submitted to the four
gueues.
« Trigger Source Priority - Used when one DMA channel is associated with more than one trigger
source.

» Dequeue Priority - Queue 0 has the highest priority and queue 3 has the lowest priority. Which queue

is used is based on what is programmed into the DMAQNUMn and QDMAQNUM registers.

» Transfer Controller Priority - Every transfer controller has a programmed system priority that is
implemented when multiple masters in the system are going for the same endpoint. This priority comes
into play at the SCR when several masters are submitting requests to the main SCR. The priority
setting ranges from 0 to 7, where 0 is the highest and 7 the lowest. The priority setting is in conjunction
with other bus masters on the device.
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Switched Central Resource (SCR) Bus Priorities

3 Switched Central Resource (SCR) Bus Priorities
The transfer controller priorities are also the SCR priorities and control how each transfer request
competes with other bus masters in the same device. shows the system priority setting for the
DM6446 device.
Table 1. DM6446 Default Bus Master Priorities
Priority Bit Field Bus Master Default Priority Level
VPSSP VPSS 0 VPSS PCR Register
EDMATCOP EDMATCO 0 EDMACC QUEPRI Register
EDMATC1P EDMATC1 0 EDMACC QUEPRI Register
ARM_DMAP ARM (DMA) 1 MSTPRIO Register
ARM_CFGP ARM (CFG) 1 MSTPRIO Register
C64x+_DMAP C64+ (DMA) 7 C64x+ MDMAARBE.PRI Register Bit Field
C64x+_CFGP C64+ (CFG) 1 MSTPRIO Register
EMACP EMAC 4 MSTPRI1 Register
USBP UsB 4 MSTPRI1 Register
ATAP ATAICF 4 MSTPRIL1 Register
VLYNQP VLYNQ 4 MSTPRI1 Register
VICPP VICP 5 MSTPRIO Register
The C6455 bus master priorities are summarized in [Table J; however, more information regarding these
priorities can be found in the device-specific user's guides and data sheets.
Table 2. C6455 Default Bus Master Priorities
Priority Bit Field Bus Master Default Priority Level
EDMA3 TCO 0 QUEPRI.PRIQO EDMA3 UG
EDMA3 TC1 0 QUEPRI.PRIQ1 EDMA3 UG
EDMA3 TC2 0 QUEPRI.PRIQ2 EDMA3 UG
EDMA3 TC3 0 QUEPRI.PRIQ3 EDMA3 UG
SRIO 1 PRI_ALLOC.SRIO Datasheet
EMAC 1 PRI_ALLOC.EMAC Datasheet
HPI/PCI 2 PRI_ALLOC.HOST Datasheet
Megamodule Master 7 MDMAARB.PRI Megamodule UG
The master megamodule uses the master DMA (MDMA) of the megamodule's extended memory
controller (EMC). The master DMA is typically used for CPU/cache accesses to memory beyond the L2
level. These accesses are in the form of cache line allocates, writebacks, and non-cacheable loads and
stores to system memory.
There is also a megamodule slave that uses the slave DMA (SDMA) of the megamodule's EMC. The
slave DMA provides access from resources inside the megamodule, to the system masters found outside
the megamodule, such as DMA controllers, HPI, etc.
4 EDMAB3 Prioritization and Debugging SPRAAQ1-August 2007
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Testing EDMA3 Debug and Prioritization Features

summarizes the priority level within the megamodule.

Table 3. C6455 Megamodule Priorities

Priority Bit Field Bus Master Default Priority Level
CPU to L1D ,L2, EMC 1 CPUARB.PRI, 16 CPUARB.MAXWAIT Megamodule UG
IDMA channel 0 0 fixed Megamodule UG
IDMA channel 1 0 IDMA1_COUNT.PRI, 32 IDMAARB.MAXWAIT Megamodule UG
User Cohere (Global) 0 fixed Megamodule UG
User Cohere (Block) 7 fixed, 32 UCARB.MAXWAIT Megamodule UG
Megamodule Slave X defined by master, 1 SDMAARB.MAXWAIT Megamodule UG

4 Testing EDMA3 Debug and Prioritization Features

Based on the priority settings in the previous section, the dequeue and transfer controller priorities have
the most important and frequent impact to the system's performance. The channel priority and trigger
source priority should be short and can get resolved quickly.

A test program has been written to find the priorities associated with the EDMA3 and SCR. This program
is modified based on the dsk_app project that comes with the C6455 DSK. The important features are
listed below:

* Inthe bl i nkLED function, the CSL functions are added to print out the staus of the four queues,
especially the watermark values of each queue. The watermark tracks the entries that have been in
queue n since reset or since the last time of the watermark. The function then immediately clears the
queue watermark back to zero. Since the LED blinks every second, the function prints out the
watermark every second this program is running.

» The load function is modified. Instead of adding a CPU loading, it adds another EDMA channel so that
it continuously copies a memory region from the gLoadSr cAddr ess to the gLoadDst Addr ess
location.

» Inthe edmal ni t function, the QUEPRI register is modified so that TCO has a highier priority than TC1,
TC1 has a higher priority than TC2, and so on. This can be modified to test out various conditions.

You can use this program to modify various parameters of the EDMA channels and test the effects with
respect to the EDMA channels.

5 References
» TMS320C645x DSP Enhanced DMA (EDMA3) Controller User's Guide (EPRU966)

 TMS320DM644x DMSoC Enhanced Direct Memory Access (EDMA) Controller User's Guide

(EPRUEZY
» TMS320C6455 Fixed-Point Digital Signal Processor (SPRS274)

« TMS320DM6446 Digital Media System-on-Chip (EPRS283)
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Appendix A

Appendix A C6455 DSK Test Code for EDMA3

A.1 C6455 DSK Test Code

The following code was modified from the DSK example.

/*

* dsk_app.c (version 1.00)

*

#i ncl ude "dsk_appcfg. h"

#i ncl ude "dsk6455. h"

#i ncl ude "dsk6455 | ed. h"

#i ncl ude "dsk6455_di p. h"

#i ncl ude "dsk6455_ai c23. h"

#i ncl ude <stdio. h>

#i ncl ude <csl . h>

#i ncl ude <csl _edma3. h>

#i ncl ude <csl _intc. h>

#i ncl ude <csl _cache. h>

#i ncl ude <soc. h>

#i ncl ude <hw . h>

#def i ne BUFFSI ZE 2048

#defi ne PI NG 0

#defi ne PONG 1

#def i ne LOADBUFFSI ZE 128

#defi ne EDMACHANO 3

#defi ne EDMACHANL 4

#defi ne EDMACHAN2 6

/| #pragnma DATA_SECTI ON (gAvai | abl eChannel, "nmem ext")

/| #pragma DATA _ALI GN (gAvai |l abl eChannel , 128)

/11 nt32 gAvail abl eChannel [ MAX_ CHAN] = {3, 4, 5, 6, 7, 8, 9, 10, 11, 18, 19, 21

/1 22, 23, 24, 25, 26, 27, 33, 34, 35, 36

/1 37, 38, 39, 41, 42, 43, 46, 47}

#pragma DATA_SECTI ON (gLoadSr cAddress, "nem.ext")

#pragma DATA ALl GN (gLoadSrcAddress, 128)

I nt 32 gLoadSr cAddr ess[ LOADBUFFSI ZE] = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12}

#pragma DATA_SECTI ON (gLoadDst Address, "nem ext")

#pragma DATA ALl GN (gLoadDst Address, 128)

I nt 32 gLoadDst Addr ess[ LOADBUFFSI zE] = {0, O, 0, O, 0, O, O, O, O, O, O, O, O, O, O, O}

#pragma DATA_SECTI ON (gBuf fer RcvPing, "nem ext")

#pragma DATA ALl GN (gBuf ferRcvPi ng, 128)

Int16 gBufferRcvPi ng[ BUFFSI ZE]; // Receive PING buffer

#pragma DATA_SECTI ON (gBuf f er RevPong, "nmem ext")

#pragma DATA ALl GN (gBuf f er RevPong, 128)

I nt 16 gBuffer RcvPong[ BUFFSI ZE]; // Receive PONG buffer

#pragma DATA_SECTI ON (gBuf f er Xmt Pi ng, "nem ext")

#pragma DATA ALl GN (gBuf f er Xnt Pi ng, 128)

Int16 gBufferXnt Pi ng[ BUFFSI ZE]; // Transmit PING buffer

#pragma DATA_SECTI ON (gBuf f er Xnt Pong, "nem ext")

#pragma DATA ALl GN (gBuf f er Xnt Pong, 128)

Int 16 gBuffer Xnt Pong[ BUFFSI ZE] ; // Transmit PONG buffer

/* Codec configuration settings */

DSK6455_ Al C23_Config config = {
0x0017, // O DSK6455_Al C23_LEFTINVOL Left line input channel volune
0x0017, // 1 DSK6455_ Al C23_RIGHTINVOL Ri ght line input channel vol une
0x01f7, // 2 DSK6455_Al C23_LEFTHPVOL Left channel headphone vol une
0x01f7, // 3 DSK6455_Al C23_RI GHTHPVOL Ri ght channel headphone vol une
0x0010, // 4 DSK6455_Al C23_ANAPATH Anal og audi o path contro
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0x0000, // 5 DSK6455_Al C23_DI GPATH Digital audio path control
0x0000, // 6 DSK6455_Al C23_PONERDOM Power down control
0x0043, // 7 DSK6455_AlC23 DIAF Digital audio interface fornmat
0x0081, // 8 DSK6455_Al C23_SAMPLERATE Sanpl e rate control
0x0001 // 9 DSK6455_Al C23_DI GACT Digital interface activation

H

/* Intc declaration */

CSL_I nt cCont ext i nt cCont ext ;

CSL_I nt cEvent Handl er Record Event Handl er [ 100] ;

CSL_I nt cnj i nt cObj Edneg;

CSL_I nt cHandl e hl nt cEdma;

CSL_I nt cd obal Enabl eSt at e st at e;

CSL_I nt cEvent Handl er Record Event Recor d;

CSL_I nt cPar am vect | d;

CSL_Edma3HwDmaChannel Set up dmahwSet up[ CSL_EDVA3_NUM DVACH] =

CSL_EDMA3_DMACHANNEL SETUP_DEFAULT;

CSL_Edma3HwSet up hwSet up = {&dmahwSet up[ 0], NULL};

/* dobals */

/* Edma nodul e */

CSL_Edma3Handl e hModul e;

CSL_Edma3hj edmabj ;

CSL_Edma3Channel (bj chObj Load0, chObj Loadl, chObj Load2;

CSL_Edma3Channel Handl e hChannel Load0, hChannel Loadl, hChannel Load2;

INEEEEA AR R R R R EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

/1 Loadi ng Channel Paraneter RAM setup

INEEEEA AR R R R R EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

/* PaRAM settings for sets 69 (loading) and 68 (loading reload) */
CSL_Edma3Par anSet up gPar anSet upLoad0 = {

CSL_EDVA3_OPT_MAKE /1 option - oPT
(CSL_EDVA3_I TCCH_DI S, \

CSL_EDMA3_TCCH DI S, \

CSL_EDMA3_I TCI NT_DI S, \

CSL_EDMA3_TCI NT_EN, \

0, CSL_EDVA3_TCC NORMAL, \

CSL_EDMA3_FI FOW DTH_NONE, \

CSL_EDMA3_STATI C DI S, \

CSL_EDMA3_SYNC_AB, \

CSL_EDMA3_ADDRMODE_I NCR, \

CSL_EDMA3_ADDRMODE_| NCR),
(Ui nt 32) &gLoadSr cAddr ess, /1 srcAddr - SRC
CSL_EDMA3_CNT_MAKE(4, LOADBUFFSI ZE), /1 aCntbCnt - (ACNT, BCNT)
(Ui nt 32) &gLoadDst Addr ess, /] dstAddr - DST
CSL_EDMA3_BI DX_MAKE( 4, 4), /1 srcDstBidx - (SRCBIDX, DSTBI DX)
CSL_EDMA3_LI NKBCNTRLD MAKE( 0x4000+32*68, 1), // linkBcntrld - (LINK BCNTRLD)
CSL_EDMA3_CI DX_MAKE( 0, 0), /1 srchDstCidx - (SRCClIDX, DSTCl DX)
1 /1 cCnt - CCNT

b

/* PaRAM settings for sets 71 (loading) and 70 (loading reload) */
CSL_Edma3Par anSet up gPar anSet upLoadl = {
CSL_EDVA3_OPT_MAKE /1 option - oPT

(CSL_EDVA3_I TCCH_DI S, \
CSL_EDMA3_TCCH DI S, \
CSL_EDMA3_I TCI NT_DI S, \
CSL_EDMA3_TCI NT_EN, \
0, CSL_EDVA3_TCC NORMAL, \
CSL_EDMA3_FI FOW DTH_NONE, \
CSL_EDMA3_STATI C DI S, \
CSL_EDMA3_SYNC_AB, \
CSL_EDMA3_ADDRMODE_I NCR, '\
CSL_EDMA3_ADDRMODE_| NCR),
(Ui nt 32) &gLoadSr cAddr ess, /1 srcAddr - SRC
CSL_EDMA3_CNT_MAKE(4, LOADBUFFSI ZE), /1 aCntbCnt - (ACNT, BCNT)
(Ui nt 32) &gLoadDst Addr ess, /] dstAddr - DST
CSL_EDMA3_BI DX_MAKE( 4, 4), /1 srcDstBidx - (SRCBIDX, DSTBI DX)
CSL_EDMA3_LI NKBCNTRLD MAKE( 0x4000+32*70, 1), // linkBentrld - (LINK BCNTRLD)
CSL_EDMA3_CI DX_MAKE( 0, 0), /1 srcDstCidx - (SRCClIDX, DSTCl DX)
1 /1 cCnt - CCNT
SPRAAQ1-August 2007 EDMA3 Prioritization and Debugging 7

Bubmit Documentafion FeedbacK



http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPRAAQ1

*L‘ TEXAS
INSTRUMENTS

www.ti.com
C6455 DSK Test Code
b

/* PaRAM settings for sets 73 (loading) and 72 (loading reload) */
CSL_Edma3Par anSet up gPar anSet upLoad2 = {

CSL_EDVA3_OPT_MAKE /1 option - oPT
(CSL_EDVA3_I TCCH_ DI S,
CSL_EDMA3_TCCH DI S,
CSL_EDMA3_I TCI NT_DI S,
CSL_EDMA3_TCI NT_EN,

0, CSL_EDVA3_TCC NORNAL,
CSL_EDMA3_FI FOW DTH_NONE,
CSL_EDMA3_STATI C DI S,
CSL_EDMA3_SYNC_AB,
CSL_EDMA3_ADDRMODE_| NCR,
CSL_EDMA3_ADDRMODE_| NCR),

(Ui nt 32) &gLoadSr cAddr ess, /1 srcAddr - SRC

CSL_EDMA3_CNT_MAKE(4, LOADBUFFSI ZE), /1 aCntbCnt - (ACNT, BCNT)

(Ui nt 32) &gLoadDst Addr ess, /] dstAddr - DST

CSL_EDMA3_BI DX_MAKE( 4, 4), /1 srcDstBidx - (SRCBIDX, DSTBI DX)

CSL_EDMA3_LI NKBCNTRLD MAKE( 0x4000+32*72, 1), // linkBcntrld - (LINK, BCNTRLD)

CSL_EDMA3_CI DX_MAKE( 0, 0), /1 srcDstCidx - (SRCClIDX, DSTCl DX)

1 /1 cCnt - CCNT

— o — — — — —

H
IR R R R R EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE]

/1 McBSP Used Paraneter RAM setup

INEEEEA AR R R R R EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

/* PaRAM settings for sets 12 (transmt) and 67 (transmt ping reload) */
CSL_Edma3Par anSet up gPar anSet upXntPing = { // PaRAM Set Structure for transnmt ping buffer

CSL_EDVA3_OPT_MAKE /1 option - oPT
(CSL_EDVA3_I TCCH_DI S,
CSL_EDMA3_TCCH DI S,
CSL_EDMA3_I TCI NT_DI S,
CSL_EDMA3_TCI NT_EN,
14, CSL_EDMA3_TCC_NORMAL,
CSL_EDMA3_FI FOW DTH_NONE,
CSL_EDMA3_STATI C DI S,
CSL_EDMA3_SYNC_A,
CSL_EDMA3_ADDRMODE_| NCR,
CSL_EDMA3_ADDRMODE_| NCR),

(Ui nt 32) &gBuf f er Xnt Pi ng, /1 srcAddr - SRC

CSL_EDMA3_CNT_MAKE( 2, BUFFSI ZE) , /1 aCntbCnt - (ACNT, BCNT)

(Ui nt 32) 0x02900004, /1 dstAddr - DST

CSL_EDMA3_BI DX_MAKE( 2, 0), /1 srcDstBidx - (SRCBIDX, DSTBI DX)

CSL_EDMA3_LI NKBCNTRLD MAKE( 0x4000+32*66, 1), // linkBcntrld - (LINK, BCNTRLD)

CSL_EDMA3_CI DX_MAKE( 0, 0), /1 srchDstCidx - (SRCClIDX, DSTCl DX)

1 /1 cCnt - CCNT

— o — — —

b

/* PaRAM settings for set 66 (transmt pong reload) */
CSL_Edma3Par anSet up gPar anSet upXnt Pong = { // PaRAM Set Structure for transnmt pong buffer

CSL_EDVA3_OPT_MAKE /1 option - oPT
(CSL_EDVA3_I TCCH_ DI S,
CSL_EDMA3_TCCH DI S,
CSL_EDMA3_I TCI NT_DI S,
CSL_EDMA3_TCI NT_EN,
14, CSL_EDMA3_TCC_NORMAL,
CSL_EDMA3_FI FOW DTH_NONE,
CSL_EDMA3_STATI C DI S,
CSL_EDMA3_SYNC_A,
CSL_EDMA3_ADDRMODE_| NCR,
CSL_EDMA3_ADDRMODE_| NCR),

(Ui nt 32) gBuf f er Xnt Pong, /1 srcAddr - SRC

CSL_EDMA3_CNT_MAKE( 2, BUFFSI ZE) , /1 aCntbCnt - (ACNT, BCNT)

(Ui nt 32) 0x02900004, /1 dstAddr - DST

CSL_EDMA3_BI DX_MAKE( 2, 0), /1 srcDstBidx - (SRCBIDX, DSTBI DX)

CSL_EDMA3_LI NKBCNTRLD MAKE( 0x4000+32*67, 1), // linkBcntrld - (LINK, BCNTRLD)

CSL_EDMA3_CI DX_MAKE( 0, 0), /1 srcDstCidx - (SRCCIDX, DSTCl DX)

1 /1 cCnt - CCNT

— o — — —

b

/* PaRAM settings for sets 13 (receive) and 65 (receive ping reload) */
CSL_Edma3Par anSet up gPar anSet upRcvPing = { // PaRAM Set Structure for receive ping buffer
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CSL_EDVA3_OPT_MAKE /1 option - oPT
(CSL_EDVA3_I TCCH_ DI S,
CSL_EDMA3_TCCH DI S,
CSL_EDMA3_I TCI NT_DI S,
CSL_EDMA3_TCI NT_EN,

15, CSL_EDMA3_TCC_NORMAL,
CSL_EDMA3_FI FOW DTH_NONE,
CSL_EDMA3_STATI C DI S,
CSL_EDMA3_SYNC_A,
CSL_EDMA3_ADDRMODE_| NCR,
CSL_EDMA3_ADDRMODE_| NCR),

(Ui nt 32) 0x02900000, /1 srcAddr - SRC

CSL_EDMA3_CNT_MAKE( 2, BUFFSI ZE) , /1 aCntbCnt - (ACNT, BCNT)

(Ui nt 32) &gBuf f er RevPi ng, /] dstAddr - DST

CSL_EDMA3_BI DX_MAKE( 0, 2), /1 srcDstBidx - (SRCBIDX, DSTBI DX)

CSL_EDMA3_LI NKBCNTRLD MAKE( 0x4000+32*64, 1), // linkBcntrld - (LINK BCNTRLD)

CSL_EDMA3_CI DX_MAKE( 0, 0), /1 srchDstCidx - (SRCClIDX, DSTCl DX)

1 /1 cCnt - CCNT

— o — — —

b

/* PaRAM settings for set 64 (transmt pong reload) */
CSL_Edma3Par anSet up gPar anSet upRcvPong = { // PaRAM Set Structure for receive pong buffer
CSL_EDVA3_OPT_MAKE /1 option - oPT

(CSL_EDVA3_I TCCH_DI S,
CSL_EDMA3_TCCH DI S,
CSL_EDMA3_I TCI NT_DI S,
CSL_EDMA3_TCI NT_EN,
15, CSL_EDMA3_TCC_NORMAL,
CSL_EDMA3_FI FOW DTH_NONE,
CSL_EDMA3_STATI C DI S,
CSL_EDMA3_SYNC_A,
CSL_EDMA3_ADDRMODE_| NCR,
CSL_EDMA3_ADDRMODE_| NCR),

— o — — —

(Ui nt 32) 0x02900000, /1 srcAddr - SRC
CSL_EDMA3_CNT_MAKE( 2, BUFFSI ZE) , /1 aCntbCnt - (ACNT, BCNT)
(Ui nt 32) &gBuf f er RcvPong, /] dstAddr - DST
CSL_EDMA3_BI DX_MAKE( 0, 2), /1 srcDstBidx - (SRCBIDX, DSTBI DX)
CSL_EDMA3_LI NKBCNTRLD MAKE( 0x4000+32*65, 1), // linkBentrld - (LINK BCNTRLD)
CSL_EDMA3_CI DX_MAKE( 0, 0), /1 srcDstCidx - (SRCClIDX, DSTCl DX)
1 /1 cCnt - CCNT
H
/*
* copyData() - Copy one buffer with length elenents to another.
*/

voi d copyData(lnt16 *inbuf, Intl6 *outbuf, Int16 |ength)
Intl6 i = 0;

for (i =0; i <length; i++) {
outbuf[i] = inbuf[i];

}
}
A R R Interrupt Service Routine -------------------- */
/*
* edmaHwi () - Interrupt service routine for the DMA transfer. It is
* triggered when a conpl ete DVA receive frame has been
* transferred. The edmaHwi ISR is inserted into the interrupt
* vector table at conpile tine through a setting in the DSP/BI CS
* configuration under Scheduling --> HW --> HW _INT8. edmaHwi
* uses the DSP/BI CS Di spatcher to save register state and nake
* sure the ISR co-exists with other DSP/BI OS functions.
*

/
voi d edmaHw (voi d)

{
unt32 intr;
static Ui nt32 pi ngOr Pong = PI NG
static Int1l6 xmt done = 0, rcvdone = 0, |oaddone = 0;
/* Check for pending EDVA event interrupts (IPR) */
intr = *((Ui nt32*)0x02a01068) ;
SPRAAQ1-August 2007 EDMA3 Prioritization and Debugging 9
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if (intr & (0x1 << EDMACHANO))
{ | oaddone = 1,
;ff (intr & (0x1 << EDVACHAN1))
{ | oaddone = 1,
;ff (intr & (0Ox1 << EDVACHAN2))
{ | oaddone = 1,
if %i ntr & 0x4000)
{ xntdone = 1,
;ff (intr & 0x8000)
i rcvdone = 1;

if (xntdone && rcvdone)

{
if (pingOPong == PING
{
pi ngOr Pong = PONG
11 copyDat a( gBuf f er RevPi ng, gBuf f er Xmt Pi ng, BUFFSI ZE) ;
SW _or (&processBufferSwi, PING;
}
el se
t
pi ngOr Pong = PI NG
11 copyDat a( gBuf f er RevPong, gBuf f er Xt Pong,
SW _or (&processBuf ferSwi, PONG ;

}
rcvdone = 0;
xmt done = O;

}

if (loaddone)
{
| oaddone = 0;
}

/* Clear CPU interrupt event 72 (EVTCLR2) */
*( (Ui nt 32*) 0x1800048) = 0x00000100;

/* Clear processed EDVA event interrupts (ICR) */

*( (U nt32*)0x02a01070) = intr;
}
A R R R Threads -------------cmmmmmi it
/*
* processBuffer() - Process audio data once it has been received.
*/
voi d processBuffer(void)
{

Ui nt 32 pi ngPong;

/* Get contents of mmilbox posted by edmaHw */
pi ngPong = SW _get mbox();

/* Copy data fromtransmt to receive, could process audio here */

if (pingPong == PING {
/* Toggle + #3 as a visual cue */
DSK6455_LED toggl e(3);

/* Copy receive PING buffer to transmt PING buffer */

CACHE_i nvL1d (gBufferRcvPi ng, BUFFSI ZE*2, CACHE_WAIT);

copyDat a( gBuf f er RevPi ng, gBuf f er Xnt Pi ng, BUFFSI ZE) ;

CACHE_wbL1d (gBufferXnt Ping, BUFFSI ZE¥2, CACHE_WAIT):

} else {

10 EDMAB3 Prioritization and Debugging
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/* Toggle LED #2 as a visual cue */

DSK6455_LED t oggl e(2);

/* Copy receive PONG buffer to transmt PONG buffer */

CACHE_i nvL1d (gBufferRcvPong, BUFFSIZE*2, CACHE WAIT);
copyDat a( gBuf f er RevPong, gBuf f er Xnt Pong, BUFFSI ZE) ;

CACHE_wbL1d (gBuffer Xnt Pong, BUFFSI ZE*2, CACHE WAIT);

}
}
/*
* blinkLED() - Periodic thread (PRD) that toggles LED #0 every 500ns if
* DIP switch #0 is depressed. The thread is configured
* in the DSP/BI OS configuration tool under Scheduling -->
* PRD --> PRD blinkLed. The period is set there at 500
* ticks, with each tick corresponding to 1ns in real
* time.
*

-~

voi d bl i nkLED(voi d)

{
CSL_Edma3QuesSt at i nfo;
/1 int record[64];
11 for (i =0; i < 4; i++4)
/1 record[i] = *( (Uint32*)(0x02A00600 + i) );
i nfo.que = CSL_EDVA3_QUE_O0;
CSL_edma3Cet HwSt at us (hMbdul e , CSL_EDMA3_QUERY_QUESTATUS, &i nf o) ;
LOG printf (&race, "Queue = %l WM = %", info.que, info.waterMrk);
info.que = CSL_EDVA3_QUE _1;
CSL_edma3Cet HwSt at us (hMbdul e , CSL_EDMA3_QUERY_QUESTATUS, &i nfo0);
LOG printf (&race, "Queue = %l WM = %", info.que, info.waterMrk);
i nfo.que = CSL_EDVA3_QUE_2;
CSL_edma3Cet HwSt at us (hMbdul e , CSL_EDMA3_QUERY_QUESTATUS, &i nfo0);
LOG printf (&race, "Queue = %l WM = %", info.que, info.waterMrk);
info.que = CSL_EDVA3_QUE_3;
CSL_edma3Cet HwSt at us (hMbdul e , CSL_EDMA3_QUERY_QUESTATUS, &i nfo0);
LOG printf (&race, "Queue = %l WM = %", info.que, info.waterMrk);
hModul e- >r egs- >CCERRCLR = CSL_FMKT( EDMA3CC_CCERRCLR_QTHRXCDO, CLEAR);
hMbdul e- >r egs- >CCERRCLR = CSL_FMKT( EDMA3CC_CCERRCLR_QTHRXCD1, CLEAR);
hModul e- >r egs- >CCERRCLR = CSL_FMKT( EDMA3CC_CCERRCLR_QTHRXCD2, CLEAR);
hMbdul e- >r egs- >CCERRCLR = CSL_FMKT( EDMA3CC_CCERRCLR_QTHRXCD3, CLEAR);
/* Toggle LED #0 if DIP switch #0 is off (depressed) */
if (!DSK6455 DI P_get (0))
DSK6455_LED t oggl e(0);
}
}
/*
* load() - PRD that sinmulates a roughly 20% dummy CPU |l oad if
* DIP switch #1 is depressed. The thread is configured in
* the DSP/ Bl GS configuration tool under Scheduling --> PRD
* PRD | oad. The period is set there at 10 ticks, which each tick
* corresponding to 1ns in real tinmne.

/
voi d | oad(voi d)

{
volatile Uint32 i, j, kkk;
if (!DSK6455 DI P _get(1))
{
for (i =0; i < 1; i++4)
{
/* Manual ly trigger the |oading channel */
/1 CSL_edma3HwChannel Contr ol (hChannel Load, CSL_EDVMA3_CMD_CHANNEL_SET, NULL);
(hModul e->regs->ESR) | = (0x1 << EDMACHANO) ;
/1 Wait for submission to transfer controller.
11 whil e (((hModul e->regs->ESR) >> EDMACHANO) & Ox1);
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(hModul e->regs->ESR) | = (0x1 << EDMACHANL) ;
/1 Wait for submission to transfer controller.

11 whil e (((hModul e->regs->ESR) >> EDMACHANL) & Ox1);
(hModul e->regs->ESR) | = (0x1 << EDMACHAN2) ;
/1 Wait for submission to transfer controller.
/1 whi l e (((hModul e->regs->ESR) >> EDMACHAN2) & Ox1);
/1 Check for missed event and clear if necessary.
11 if (((hModul e->regs->EMR) >> EDVACHANO) & Ox1) {
/1 LOG printf (&race, "DEBUG EDMA event m ssed.");
11 (hModul e->regs->EMCR) = (1 << EDMACHANO) ;
I }
}
}
}
/*
* main() - Main code routine, initializes codec and starts EMDA transfer
*/
voi d ednmal nit()
{
U nt 32 i, reg, regh;
CSL_Edma3Par antHandl e hPar anBasi c;
CSL_Edma3Par antet up Par amLoad;
CSL_Ednma3Channel bj chObj Xnt, chOoj Rev;
CSL_Edma3Cndl ntr regionlntr;
CSL_Ednma3CndDr ae regi onAccess;
CSL_Edma3CndQuePr i queuePri Setting;
CSL_Edma3Channel Handl e hChannel Xnt, hChannel Rev;
CSL_Edma3Cont ext cont ext ;
CSL_Edma3Channel Attr chAttrXmt, chAttrRcv, chAttrLoad;
CSL_St atus st at us;
/* Disable global interrupts */
HW _di sabl e();
/* Install HW handler */
HW _di spat chPl ug(4, (Fxn)&edmaHwi, 0, NULL);
HW _event Map(4, 72); /1 EDMA3CC I NT1 for (DRAEl: region 1)
C64_enabl el ER(0x10);
/* Module initialization */
status = CSL_ednma3l ni t (&context);
if (status !'= CSL_SOK) {
printf ("Edma nodule initialization failed\n");
return;
}
/* Edma nodul e open */
hModul e = CSL_ednma30pen( &ednmaCbj , CSL_EDMA3, NULL, &st at us) ;
/* Setup the DRAE masks
* DRAE enabl e(Bits 0-15) for the shadow region 1.
*/
regi onAccess. region = CSL_EDVA3_REG ON_1 ;
regi onAccess. drae = OXFFFFFFFF ;
regi onAccess. draeh = OxFFFFFFFF ;
CSL_edma3HwCont r ol (hModul e, CSL_EDMA3_CVD_DVAREG ON_ENABLE, &regi onAccess);
/* Setup QUEPRI register */
queuePri Setting. que = CSL_EDVA3_QUE O0;
queuePri Setting.pri = CSL_EDVA3_QUE_PRI _0O;
CSL_edma3HwControl (hModul e, CSL_EDVA3_CVD_QUEPRI ORI TY_SET, &queuePri Setting);
queuePri Setting. que = CSL_EDVA3_QUE_1;
queuePri Setting.pri = CSL_EDVA3_QUE PRI _1;
CSL_edma3HwCont rol (hModul e, CSL_EDVMA3_CVD_QUEPRI ORI TY_SET, &queuePri Setting);
queuePri Setting. que = CSL_EDVA3_QUE 2;
queuePri Setting.pri = CSL_EDVA3_QUE_PRI _2;
CSL_edma3HwControl (hModul e, CSL_EDVA3_CVD_QUEPRI ORI TY_SET, &queuePri Setting);
queuePri Setting. que = CSL_EDVA3_QUE_3;
12 EDMAB3 Prioritization and Debugging SPRAAQ1-August 2007
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queuePri Setting.pri = CSL_EDVA3_QUE PRI _3;
CSL_edma3HwCont rol (hModul e, CSL_EDVA3_CVD_QUEPRI ORI TY_SET, &queuePri Setting);

/* DMA chanel --> PaRAM mappi ng, queue assi gnnent */
/1 dmahwSet up[ 14] . par amNum = 12;

11 dmahwSet up[ 14] . que = CSL_EDMA3_QUE_1;
/1 dmahwSet up[ 15] . par amNum = 13;
11 dmahwSet up[ 15] . que = CSL_EDMA3_QUE_1;

CSL_edma3HwSet up( hMbdul e, &hwSet up) ;
/1 --- Setup Loading Channel 0 ---

chAttrLoad. regi onNum = CSL_EDVA3_REQ ON _1;
chAttrLoad. chaNum = EDVACHANO;
hChannel Load0 = CSL_edma3Channel Open( & hCbj Load0, CSL_EDWMA3, &chAttrlLoad, &status);

/* Set up paraneter set 68 as EDVA rel oad */
hPar anBasi ¢ = CSL_edma3Cet Par anHandl e( hChannel LoadO, 68, &st at us) ;
Par amLoad = gPar anSet upLoadO;
Par amLoad. option | = CSL_FMKR(17, 12, EDMACHANO) ;

CSL_edma3Par anSet up( hPar anBasi c, &Par anlLoad) ;

/* Set up paraneter set 69 as EDMA */

hPar anBasi ¢ = CSL_edma3Cet Par anHandl e( hChannel LoadO, 69, &st at us) ;
Par amLoad = gPar anSet upLoadO;

Par amLoad. option | = CSL_FMKR(17, 12, EDMACHANO) ;

CSL_edma3Par anSet up( hPar anBasi c, &Par anlLoad) ;

/* Set up channel and queue rel ationships */
CSL_edma3HwChannel Set upPar anm( hChannel Load0O, 69);
CSL_edma3HwChannel Set upQue( hChannel Load0, CSL_EDVA3_QUE 1) ;

/! --- Setup Loading Channel 1 ---

chAttrLoad. regi onNum = CSL_EDVA3_REQ ON _1;
chAttrLoad. chaNum = EDVACHANL;
hChannel Loadl = CSL_edma3Channel Open( & hbj Loadl, CSL_EDWMA3, &chAttrlLoad, &status);

/* Set up paraneter set 70 as EDVMA rel oad */
hPar anBasi ¢ = CSL_edma3Cet Par anHandl e( hChannel Loadl, 70, &st at us) ;
Par amLoad = gPar anSet upLoadl;
Par amLoad. option | = CSL_FMKR(17, 12, EDMACHANL) ;

CSL_edma3Par anSet up( hPar anBasi c, &Par anioad) ;

/* Set up paraneter set 71 as EDMA */

hPar anBasi ¢ = CSL_edma3Cet Par anHandl e( hChannel Loadl, 71, &st at us) ;
Par amLoad = gPar anSet upLoadl;

Par amLoad. option | = CSL_FMKR(17, 12, EDMACHANL) ;

CSL_edma3Par anSet up( hPar anBasi c, &Par anlLoad) ;

/* Set up channel and queue rel ationships */
CSL_edma3HwChannel Set upPar anm( hChannel Loadl, 71);
CSL_edma3HwChannel Set upQue( hChannel Loadl, CSL_EDVA3_QUE 1) ;

/1 --- Setup Loading Channel 2 ---

chAttrLoad. regi onNum = CSL_EDWVA3_REQ ON 1;
chAttrLoad. chaNum = EDVACHANZ;
hChannel Load2 = CSL_edma3Channel Open( & hbj Load2, CSL_EDWMA3, &chAttrlLoad, &status);

/* Set up paraneter set 72 as EDVMA rel oad */
hPar anBasi ¢ = CSL_edma3Cet Par anHandl e( hChannel Load2, 72, &st at us) ;
Par amLoad = gPar anSet upLoad2;
Par amLoad. option | = CSL_FMKR(17, 12, EDMACHANZ) ;

CSL_edma3Par anSet up( hPar anBasi c, &Par aniLoad) ;

/* Set up paraneter set 73 as EDMA */
hPar anBasi ¢ = CSL_edma3Cet Par anHandl e( hChannel Load2, 73, &st at us) ;
Par amLoad = gPar anSet upLoad2;
Par amLoad. option | = CSL_FMKR(17, 12, EDMACHANZ) ;
CSL_edma3Par anSet up( hPar anBasi c, &Par anlLoad) ;

/* Set up channel and queue rel ationships */
CSL_edma3HwChannel Set upPar anm( hChannel Load2, 73);
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CSL_edma3HwChannel Set upQue( hChannel Load2, CSL_EDVA3_QUE 1) ;

/* --- Setup Transmt Channel (MBSP1l transmt, param 12) --- */

/* Channel open */

chAttr Xmt . regi onNum = CSL_EDVA3_REGQ ON_1;

chAttr Xmt . chaNum = CSL_EDVA3_CHA XEVT1; /1 Channel 14

hChannel Xmt = CSL_edma3Channel Open( &hObj Xnt, CSL_EDMA3, &chAttrXmt, &status);

/* Set up paraneter block 67 as EDVA transmt ping reload */
hPar anBasi ¢ = CSL_ednma3Cet Par anHandl e( hChannel Xnt, 67, &st at us) ;
status = CSL_edna3Par anfSet up( hPar anBasi c, &gPar anfSet upXnt Pi ng) ;

/* Set up paraneter block 66 as EDVA transmt pong rel oad */
hPar anBasi ¢ = CSL_ednma3Cet Par anHandl e( hChannel Xnt, 66, &st at us) ;
CSL_edma3Par anSet up( hPar anBasi c, &gPar anSet upXnt Pong) ;

/* Set up paraneter block 12 as EDMA transmt (start with copy of ping) */
hPar anBasi ¢ = CSL_ednma3Cet Par anHandl e( hChannel Xnt, 12, &st at us) ;
CSL_edma3Par anSet up( hPar anBasi c, &gPar anSet upXnt Pi ng) ;

/* Set up channel and queue rel ationships */
CSL_edma3HwChannel Set upPar an( hChannel Xnt, 12);
CSL_edma3HwChannel Set upQue( hChannel Xnt, CSL_EDMA3_QUE 1); /1l McBSP can only use TC1.

/* --- Setup Receive Chan vnel (MBSPl receive, param 13) --- */

/* Channel open */

chAttrRcv. regi onNum = CSL_EDVA3_REGQ ON_1;

chAttrRcv. chaNum = CSL_EDVA3_CHA REVT1; /1 Channel 15

hChannel Rcv = CSL_ednma3Channel Open( &hObj Rcv, CSL_EDMA3, &chAttrRcv, &status);

/* Set up paraneter block 65 as EDVA transmt ping reload */
hPar anBasi ¢ = CSL_edma3Cet Par anHandl e( hChannel Rev, 65, &st at us) ;
status = CSL_edma3Par anfSet up( hPar anBasi ¢, &gPar anSet upRcvPi ng) ;

/* Set up paraneter block 64 as EDVA transmt pong rel oad */
hPar anBasi ¢ = CSL_edma3Cet Par anHandl e( hChannel Rev, 64, &st at us) ;
CSL_edma3Par anSet up( hPar anBasi ¢, &gPar anSet upRcvPong) ;

/* Set up paraneter block 13 as EDVA transmt (start with copy of ping) */
hPar anBasi ¢ = CSL_edma3Cet Par anHandl e( hChannel Rev, 13, &st at us) ;
CSL_edma3Par anSet up( hPar anBasi ¢, &gPar anSet upRcvPi ng) ;

/* Set up channel and queue rel ationships */
CSL_edma3HwChannel Set upPar an( hChannel Rcv, 13);
CSL_edma3HwChannel Set upQue( hChannel Rcv, CSL_EDVMA3_QUE 1); /1 McBSP can only use TC1.

/* --- Enable EDVA region interrupts --- */
regionlintr.region = CSL_EDVA3_REG ON_1 ;

/1 Set IER for channel 15, 14, and |oad channels.
reg = 0x0000C000;
regh = 0x00000000;
i f (EDMACHANO < 32)
reg | = 1 << EDMACHANO;
el se
regh |= 1 << (EDMACHANO - 32);
i f (EDMACHANL < 32)
reg | = 1 << EDMACHANL,;
el se
regh |= 1 << (EDMACHANL - 32);
i f (EDMACHAN2 < 32)
reg | = 1 << EDVMACHANZ;
el se
regh |= 1 << (EDMACHAN2 - 32);
regionlntr.intr = reg;
regionlntr.intrh = regh;
CSL_edma3HwCont r ol (hModul e, CSL_EDMA3_CMD_| NTR_ENABLE, &r egi onl ntr);

/* Loadi ng channel event clear and enable */
CSL_edma3HwChannel Cont r ol (hChannel Load0, CSL_EDVMA3_CMD_CHANNEL _CLEAR, NULL) ;
CSL_edma3HwChannel Cont r ol (hChannel Load0, CSL_EDMA3_CVD_CHANNEL_ENABLE, NULL) ;
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CSL_edma3HwChannel Cont r ol (hChannel Loadl, CSL_EDMA3_CMD_CHANNEL _CLEAR, NULL) ;
CSL_edma3HwChannel Cont r ol (hChannel Loadl, CSL_EDMA3_CVD_CHANNEL_ENABLE, NULL) ;
CSL_edma3HwChannel Cont r ol (hChannel Load2, CSL_EDVMA3_CMD_CHANNEL _CLEAR, NULL) ;
CSL_edma3HwChannel Cont r ol (hChannel Load2, CSL_EDMA3_CVD_CHANNEL_ENABLE, NULL) ;

/* Transmit event clear and enable */
CSL_edma3HwChannel Cont r ol (hChannel Xnt, CSL_EDVA3_CVD_CHANNEL_CLEAR, NULL) ;
CSL_edma3HwChannel Cont r ol (hChannel Xmt, CSL_EDVA3_CVMD_CHANNEL_ENABLE, NULL) ;

/* Receive event clear and enable */
CSL_edma3HwChannel Contr ol (hChannel Rcv, CSL_EDVA3_CVD_CHANNEL_CLEAR, NULL) ;
CSL_edma3HwChannel Cont r ol (hChannel Rcv, CSL_EDVA3_CVD_CHANNEL_ENABLE, NULL) ;

/* Clear CPU interrupt event 72 (EVTCLR2) */
*( (Ui nt 32*) 0x1800048) = 0x00000100;

/* Enable CPU interrupt event 72 (EVIMASK2) */
*( (Ui nt 32*) 0x1800088) = 0x00000100;

/* Re-enable global interrupts */
HW _enabl e();

/* Manual ly trigger the |oading channels */

status = CSL_ednma3HwChannel Cont r ol (hChannel LoadO, CSL_EDMA3_CVD_CHANNEL_SET, NULL) ;
status = CSL_edma3HwChannel Cont r ol (hChannel Loadl, CSL_EDWVA3_CMD_CHANNEL_SET, NULL) ;
status = CSL_ednma3HwChannel Cont r ol (hChannel Load2, CSL_EDMA3_CVD_CHANNEL_SET, NULL) ;

/* Manual ly trigger the transmt channel */
status = CSL_edma3HwChannel Cont r ol (hChannel Xnt, CSL_EDVA3_CVD_CHANNEL _SET, NULL) ;

/* Manual ly trigger the receive channel */
status = CSL_ednma3HwChannel Cont r ol (hChannel Rcv, CSL_EDVA3_CVD_CHANNEL _SET, NULL) ;

voi d mai n()
DSK6455_Al C23_CodecHandl e hCodec;

/* Initialize the board support library, must be called first */
DSK6455_init();

/* Initialize LEDs and DI P switches */
DSK6455 LED init();
DSK6455_DIP_init();

/* Cear buffers */

menset ((voi d*) gBuf f er Xmt Pi ng, O, si zeof (gBuf f er Xnt Pi ng) ) ;
menset ((voi d*) gBuf f er Xnt Pong, O, si zeof (gBuf f er Xnt Pong) ) ;
menset ((voi d*) gBuf f er RevPi ng, O, si zeof (gBuf f er RevPi ng) ) ;
menset ((voi d*) gBuf f er RcvPong, 0, si zeof (gBuf f er RevPong) ) ;

/* Start the codec */
hCodec = DSK6455_Al C23_openCodec(0, &config);

/* Start the EDVA controller */
edmal ni t();
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