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SCATTERSCATTER--GATHER MODEGATHER MODE

Realized:Realized:

1.1.
 

PCI9056, PEX8311 from PLX PCI9056, PEX8311 from PLX 
TechnologyTechnology

2.2.
 

EZDMA from PLDAEZDMA from PLDA

3.3.
 

IP Core from IP Core from NortwestNortwest
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PCI Express  solutionPCI Express  solution

••
 

LogiCORELogiCORE
 

Endpoint from XilinxEndpoint from Xilinx

••
 

DesignWareDesignWare
 

from Synopsysfrom Synopsys

••
 

EZDMA from PLD ApplicationEZDMA from PLD Application



EZDMA IPEZDMA IP

STANDARD PCI ExpressSTANDARD PCI Express

PHYSICALPHYSICAL
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EXISTING PROBLEMSEXISTING PROBLEMS
During operations with EZDMA  IP Core

 there are several problems:

••
 

THE LOW  SPEED  DURING THE DATA TRANSFER  THE LOW  SPEED  DURING THE DATA TRANSFER  
FROM THE COMTUTER  TO  A DEVICE  IN  FIFO  MODEFROM THE COMTUTER  TO  A DEVICE  IN  FIFO  MODE

••
 

A A ““COMPLETION  TIMEOUTCOMPLETION  TIMEOUT””
 

ERRORERROR

••
 

THE LOW  SPEED  OF  WORKINGTHE LOW  SPEED  OF  WORKING
 WITH  FRAGMENT  MEMORYWITH  FRAGMENT  MEMORY



FIRST  PROBLEMFIRST  PROBLEM
♦

 
THE LOW SPEED DURING THE DATA TRANSFERTHE LOW SPEED DURING THE DATA TRANSFER

 FROM THE COMTUTER TO A DEVICE IN FIFO MODEFROM THE COMTUTER TO A DEVICE IN FIFO MODE

DATA 0 DATA 1 DATA 2

REQUEST 0REQUEST 0 REQUEST 1REQUEST 1 REQUEST 2REQUEST 2

~ 1 us

DATA 0 DATA 2 DATA 1

REQUEST 0 REQUEST 0 
REQUEST 1 REQUEST 1 
REQUEST 2REQUEST 2

CHANGE OF CHANGE OF 
AN ORDER AN ORDER 

OF ARRIVALOF ARRIVAL

MEMORY MODE

FIFO MODE



SECOND  PROBLEMSECOND  PROBLEM
♦♦

 
THE COMPLETION TIMEOUT ERRORTHE COMPLETION TIMEOUT ERROR

THETHE
 

DMA  CHANNELDMA  CHANNEL
 

ONLY  INFORMSONLY  INFORMS
 ABOUT  THE COMPLETION TIMEOUT  ERROR,ABOUT  THE COMPLETION TIMEOUT  ERROR,

 BUT  DOESNBUT  DOESN’’T CORRECTT CORRECT
 

ITIT

P965, P45  chipset P965, P45  chipset ––
 

1 error per 4 hour1 error per 4 hour

DATA 0 COMPLETION COMPLETION 
TIMEOUTTIMEOUT

DATA 2

REQUEST 0REQUEST 0 REQUEST 1REQUEST 1 REQUEST 2REQUEST 2

DATA 1  IS  LOSS 



THIRD  PROBLEMTHIRD  PROBLEM
♦

 
THE THE LOW SPEED OF WORKING DURING TRANSFER ON FRAGMENT MEMORYLOW SPEED OF WORKING DURING TRANSFER ON FRAGMENT MEMORY

TWO   WAYS  OF  MEMORY  ALLOCATIONTWO   WAYS  OF  MEMORY  ALLOCATION

SYSTEM MEMORYSYSTEM MEMORY



 
CONTINUOUS  

PHYSICAL  AND
 VIRTUAL ADDRESSES

 SMALL  SIZE

 128 Mbytes

 32 blocks  of  4 MB

USER MEMORYUSER MEMORY



 
CONTINUOUS

 VIRTUAL ADDRESSES  ONLY

 SEPARATED ON 4kB PAGE

 BIG  SIZE

 1536 Mbytes

 32 blocks  of  48 MB

 12288 pages on block

DMA read out descriptor for DMA read out descriptor for each 4kB pageeach 4kB pageDMA read out descriptor DMA read out descriptor 
for for each block of 4 MBeach block of 4 MB



MAIN  FEATURESMAIN  FEATURES
Separate descriptors have been 

united in the special block of 
descriptors

There is a special block of 
dual-bank and dual-port memory

SIZE1SIZE1 ADR1ADR111
SIZE0SIZE0 ADR0ADR000

SIZE2SIZE2 ADR2ADR222

SIZE62SIZE62 ADR62ADR626262
CRC / SIGCRC / SIG NEXTNEXT6363

…… BANK 0

4 kB

BANK 1

4 kB

PCI ExpressPCI Express

APPLICATION FIFOAPPLICATION FIFO

FIFO 
ACCESS

MEMORY 
ACCESS

Block size is Block size is 512 bytes512 bytes

CRC and SIG protect the system CRC and SIG protect the system 
from a mistakefrom a mistake

 in the descriptors blockin the descriptors block

BANK 0BANK 0

4 4 kBkB

BANK 1BANK 1

4 4 kBkB



NEW CONTROLLERNEW CONTROLLER
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RESOLVING  OF   PROBLEMSRESOLVING  OF   PROBLEMS

The DUAL BANK MEMORY resolves the  first andThe DUAL BANK MEMORY resolves the  first and
 the second problems:the second problems:

1.1.
 

The DMA Controller sends several read requests The DMA Controller sends several read requests 
providing the maximum speed of data read out. Answers providing the maximum speed of data read out. Answers 
can come in any order. They are registered in the can come in any order. They are registered in the 
memory bank  according to their address.memory bank  according to their address.

2.2.
 

In the case of a occurrence of the In the case of a occurrence of the ““Completion TimeoutCompletion Timeout””
 error the repeated cycle of filling the memory bank error the repeated cycle of filling the memory bank 

starts.starts.



RESOLVING  OF  PROBLEMSRESOLVING  OF  PROBLEMS
♦♦

 
The The DESCRIPTORDESCRIPTOR’’ss

 
BLOCK resolves the third problemBLOCK resolves the third problem
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RESOLUTION  OF  PROBLEMSRESOLUTION  OF  PROBLEMS



RESOLUTION  OF  PROBLEMSRESOLUTION  OF  PROBLEMS



RELEASESRELEASES
AMBPEX8AMBPEX8 ADP201x1ADP201x1

Virtex
 

4  XC4VFX20

PCI Express x4

DUAL FPGA:
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PCIE Controller
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APPLICATION

Virtex
 

5  XC5VLX50

PCI Express x8

SINGLE FPGA :

APPLICATION and 

PCIE Controller



UNSTABLEUNSTABLE

RESULTSRESULTS

MODULEMODULE

INPUT FROMINPUT FROM

DEVICEDEVICE

OUTPUT TOOUTPUT TO

DEVICEDEVICE
SYSTEMSYSTEM

128 MB128 MB

USERUSER

1536 MB1536 MB

SYSTEMSYSTEM

128 MB128 MB

USERUSER

1536 MB1536 MB

ADP201x1ADP201x1

VirtexVirtex
 

5  PCIE x85  PCIE x8

INTEL P55INTEL P55

15351535
MB/sMB/s

15221522
MB/sMB/s

10771077
MB/sMB/s

10691069
MB/sMB/s
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VirtexVirtex
 

5  PCIE x85  PCIE x8

INTEL P45INTEL P45

14401440
MB/sMB/s

14201420
MB/sMB/s

AMBPEX8AMBPEX8

VirtexVirtex
 

4  PCIE x44  PCIE x4

INTEL P45INTEL P45

714714
MB/sMB/s

709709
MB/sMB/s

521521
MB/sMB/s

518518
MB/sMB/s

730730
MB/sMB/s

712712
MB/sMB/s



COMPARISONSCOMPARISONS

MODULEMODULE

INPUT FROMINPUT FROM

DEVICEDEVICE

OUTPUT TOOUTPUT TO

DEVICEDEVICE

SYSTEMSYSTEM USERUSER
SYSTEMSYSTEM

128 MB128 MB

USERUSER

1536 MB1536 MB

ADP201x1ADP201x1 15341534
MB/sMB/s

15221522
MB/sMB/s

10891089
MB/sMB/s

10861086
MB/sMB/s

NVIDIANVIDIA

GeForceGeForce
 

88008800
16431643
MB/sMB/s

12731273
MB/sMB/s

15581558
MB/sMB/s

12991299
MB/sMB/s

ASUSTEK    P5N-E  SLI               PCI Express 1.1  x8



CONCLUSIONSCONCLUSIONS

The new ScatterThe new Scatter--Gather DMA component have been Gather DMA component have been 
developed. This DMA component provides the next developed. This DMA component provides the next 
possibilities:possibilities:

1. Fast work with the fragment memory.1. Fast work with the fragment memory.

2. Correction of the 2. Correction of the ““Completion TimeoutCompletion Timeout””
 

error.error.

3. Fast data transfers to a device in the FIFO mode.3. Fast data transfers to a device in the FIFO mode.
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