Application Note: Embedded Processing

XILINX@ Reference System: Designing an EDK
Custom Peripheral with a LocalLink Interface

Author: James Lucero

XAPP1126 (v1.0) December 10, 2008

Abstract This application note discusses the designing of an EDK core with a LocalLink interface. The
Create IP Wizard application is used to create the PLB v4.6 slave interface, then the LocalLink
interface is added to the core. To create simple user logic with the LocalLink interface, the
payload data transmitted from the Hard DMA (HDMA) is looped back to the payload on the
receive channel.

The XPS LL EXAMPLE core is connected to the Master PLB (MPLB) for the slave registers and
the LocalLink interface is connected to the first HDMA block on the PowerPC® 440 processor
block. ChipScope™ Analyzer is used to verify the LocalLink loopback functionality of the core.

A stand-alone software application is included to initiate a single DMA transaction. The receive
channel is set up to accept and verify the Rx payload data is the same as the Tx payload data.

This application note describes adding the loopback user logic for the LocalLink interface,
adding the XPS LL EXAMPLE core to a PowerPC 440 processor system, and running the
software application and analyzing the results within the ChipScope tool. The Xilinx ML507 Rev
A board is used for this reference system.

Included Included with this application note is one reference system, V5_PPC440_lI_example, built for
Systems the Xilinx ML507 Rev A board. The reference system is available in the following ZIP file
available at:

https://secure.xilinx.com/webreg/clickthrough.do?cid=114065

Introduction With PLB v4.6 IPIFs, DMA functionality is not included for the user logic. The user has a choice
of connecting XPS Central DMA to the system for simple DMA or adding a LocalLink interface
to the user logic for Scatter-Gather DMA (SGDMA). For more information about DMA solutions,
see the Migration of DMA Solutions chapter in the UG443 PLB v3.4 and OPB to PLB v4.6
System and Core Migration User Guide.

The LocalLink interface is connected to the DMA engine in the HDMA or Soft DMA (SDMA). In
this application note the LocalLink interface is connected to the HDMA on the PowerPCC 440
processor block.

In this application note, adding a LocalLink interface with loopback functionality to the user logic
generated by the Create IP Wizard is discussed.

Hardware The hardware requirements for this reference system are:
Requirements e Xilinx ML507 Rev A board
e Xilinx Platform USB or Parallel IV programming cable
e RS232 serial cable and serial communication utility (HyperTerminal)
e Xilinx Platform Studio 10.1.03
e Xilinx Integrated Software Environment (ISE®) 10.1.03
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This system uses the PowerPC 440 processor block with a processor frequency of 400 MHz
and the Memory Interface Block (MIB) frequency of 266 MHz. The processor block crossbar is
set to 266 MHz. In addition, the MPLB and the first HDMA port of the crossbar is set to 133
MHz.

The reference system includes PPC440MC DDR2, XPS LL EXAMPLE, XPS BRAM, XPS
UART16550, XPS GPIO, and XPS INTC.

PPC440MC DDR2 is connected to the MIB of the processor block with a frequency of 266 MHz.

The XPS BRAM, XPS GPIO, and XPS UART16550 cores are connected as slaves to the PLB
v4.6 instance connected to the MPLB.

The XPS LL EXAMPLE core which contains a LocalLink interface is connected to the first
HDMA port. The core’s PLB v4.6 slave interface is connected to MPLB.

A ChipScope ILA core is added for the LocalLink interface signals. Adding this core to this
system is not discussed in this application note.

See Figure 1 for the block diagram and Table 1 for the address map of the system.

Block Diagram
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Figure 1: Reference System Block Diagram

Address Map
Table 1: Reference System Address Map

Peripheral Instance Base Address High Address
ppc440mc_ddr2 ppc440_mc_ddr2_0 0x00000000 0xO0FFFFFFF
xps_uart16550 xps_uart16550_0 0x40400000 0x4040FFFF
Xps_gpio LEDs_8Bit 0x40000000 0x4000FFFF
xps_bram_if_cntlr xps_bram_if_cntlr_1 O0xXFFFF0000 OxXFFFFFFFF
Xps_intc xps_intc_0 0x41200000 0x4120FFFF
xps_lI_example xps_ll_example_0 0x60000000 0x6000FFFF
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Overview of XPS LL EXAMPLE core

The user logic of the XPS LL EXAMPLE core receives the Tx payload on the LocalLink Tx
interface from the HDMA and the user logic transmits the Tx payload data on the LocalLink Rx
interface to the HDMA. For the loopback functionality, the user logic includes a FIFO. With the
XPS LL EXAMPLE core, the Tx and Rx channels transmit and receive in serial. The purpose of
the XPS LL EXAMPLE is to show how to create logic with the LocalLink interface and not to
illustrate logic for performing flow control. This section covers the logistics of the core.

The block diagram of the user logic is shown in Figure 2.
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Figure 2: XPS LL EXAMPLE User Logic Block Diagram

LocalLink Interface

The HDMA block contains both a Tx channel and Rx channel for full-duplex mode of operation.
The HDMA block is controlled by Device Control Registers (DCRs) in the processor block. In
the user logic, both the Tx channel and Rx channel are used for the LocalLink loopback
operation on the first HDMA block.

Tx LocalLink Interface

The Tx channel LocalLink interface is a subset of the Xilinx LocalLink Specification. The Tx
channel is a point to point interface with a 32-bit data width. The following signals are used for
the Tx channel. For more information, see the UG200 Embedded Processor Block Reference
Guide.

Note: For the Tx channel, the HDMA is the source and the user logic is the destination.

Table 2: LocalLink Tx Signals

Signals 110 Bits Description
tx_dst_rdy_n | 1 Asserted Low where user logic is ready to accept data.
tx_src_rdy_n 0] 1 Asserted Low indicating source is ready to transmit.
tx_data 0] 32 Transmit data.
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Table 2: LocalLink Tx Signals (Contd)

Signals 110 Bits Description
t_rem o) 4 é;f:;tr;egf Ia(;\;\; vtvr:]aetr?S ?/ch:ikc]l.bit represents 8-bits of the
tx_sof_n o 1 Asserted Low indicating start of frame.
tx_eof_n o 1 Asserted Low indicating end of frame.
tx_sop_n 0] 1 Asserted Low indicating start of packet.
tx_eop_n 0] 1 Asserted Low indicating end of packet.

A Tx frame consists of a header, payload, and footer.

For the header, payload, or footer to be transferred from the Tx channel to the user logic, both
tx_dst_rdy_n and tx_src_rdy_n are asserted Low (ready to transmit and accept data).

The header is eight 32-bits of data. The header starts transmitting when tx_sof_n is asserted
Low from the DMA engine. The header consists of Buffer Descriptor (BD) fields. This includes
the next destination pointer address (32-bits), current buffer address (32-bits), current buffer
length (32-bits), control/status flags (32-bits) and four 32-bits of application data which can be
used based upon the design. The XPS LL EXAMPLE does not use the four 32-bits of
application data.

The payload starts transmitting to the user logic when tx_sop_n is asserted Low from the DMA
engine. The payload continues to transmit until tx_eop_n is asserted Low. At this time, the
number of transmits should be equal to the current buffer length in the BD. With every tx_data
data beat before tx_eop_n, the tx_rem signal is all zeros (0000) which indicates 4 bytes (32-
bits) is transferred. However, if the last data beat is an incomplete 32-bits (8/16/24-bits) when
tx_eop_n is asserted Low, the appropriate tx_rem bit(s) is asserted Low depending on the
bytes transferred. Table 3 shows the tx_rem bit(s) associated with the amount of bits
transferred.

Table 3: Tx REM Relation to Bits and Bytes Transferred

tx_rem Number of bits Number of Bytes
0000 32-bits 4-bytes
0001 24-bits 3-bytes
0011 16-bits 2-bytes
0111 8-bits 1-byte

Because the footer is not relevant for Tx, The footer is ignored which occurs when tx_eof_n is
asserted Low.

In the user logic for the XPS LL EXAMPLE core, the tx_dst_rdy_n signal is asserted high
(source can not accept Tx data) when the FIFO is full from the payload data or when the user
logic transmits the header, payload or footer on the Rx interface to the HDMA. The
tx_dsy_rdy_n signal is asserted Low (source can accept Tx data) when the header, payload
(FIFO is getting filled) or footer is transmitted from the Tx interface to the user logic.

Rx LocalLink Channel

The Rx channel LocalLink interface is a subset of the Xilinx LocalLink Specification. The Rx
channel is a point to point interface with a 32-bit data width. The signals litsed in Table 4 are
used for the Rx channel. For more information, see the UG200 Embedded Processor Block
Reference Guide.

Note: For the Rx channel, the user logic is the source and the HDMA is the destination.
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Table 4: LocalLink Rx Signals

Signals /0 Bits Description
rx_dst_rdy_n (0] 1 Asserted Low where HDMA is ready to accept data.
rx_src_rdy_n | 1 Asserted Low indicating user logic is ready to transmit.
rx_data I 32 Receive data.
fx_rem | 4 Asserted Loyv wh'ere each bit represents 8-bits of the 32-bits
of data that is valid.
rx_sof_n | 1 Asserted Low where user logic indicates start of frame.
rx_eof_n I 1 Asserted Low where user logic indicates end of frame.
rx_sop_n | 1 Asserted Low where user logic indicates start of packet.
rx_eop_n | 1 Asserted Low where user logic indicates end of packet.

A Rx frame consists of a header, payload and footer.

For the header, payload or footer to be transferred from the user logic to the Rx channel, both
rx_dst_rdy_n and rx_src_rdy_n must be asserted Low.

Because the header is not relevant for Rx, the header is ignored which occurs when rx_sof_n
is asserted Low.

The payload starts transmitting to the HDMA when rx_sop_n is asserted Low by the user logic.
The payload continues to transmit until rx_eop_n is asserted Low which is controlled by the
user logic. With every data beat of the rx_data payload before rx_eop_n is asserted Low, the
rx_rem signal is all zeros (0000) which indicates that 4 bytes is transferred (32-bits). However,
if the last data beat is not a complete 32-bits (8/16/24-bits) during rx_eop_n, the user logic
asserts Low the appropriate rx_rem bit(s) based upon which bytes need to be transferred. See
Table 4.

In the user logic for the XPS LL EXAMPLE core the rx_src_rdy_n signal is asserted high
(source is not ready to transmit Rx data to the HDMA) when the Tx interface transmits the
header, payload (FIFO is getting filled) or the footer to the user logic. The rx_dsy_rdy_n signal
is asserted Low (source is ready to transmit Rx data to the HDMA) when the header, payload
(FIFO is emptied), nad footer are being transmitted on the Rx interface from the user logic to
the HDMA.

Creating XPS LL EXAMPLE Core and HDL

Create IP Wizard

Before adding the LocalLink interface and logic, the XPS LL EXAMPLE core is created with
Create IP Wizard. The initial core is set up for a slave PLB v4.6 interface and 8 slave registers
and a soft reset. Table 5 shows the registers in the XPS LL EXAMPLE core.

Table 5: XPS LL EXAMPLE Slave Registers

. (offset from Size in I
Register Name C_BASEADDR) Access Bits Description
. . Bit 31 - Invert Payload
Control Register 0x0 Read/Write 32 Data Bit
Bit 31 - Done Bit
Status Regist 0x4 Read 32
alus negister X ea Bit 30 - Busy Bit
Total Tx Frames Sent 0x8 Read 32 32-bit counter value.
Total x Packets 0xC Read 32 | 32-bit counter value.
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Table 5: XPS LL EXAMPLE Slave Registers (Contd)

. (offset from Size in I
Register Name C_BASEADDR) Access Bits Description
Total Tx Bytes Sent 0x10 Read 32 32-bit counter value.
Total Rx Bytes Received 0x14 Read 32 32-bit counter value.
Software Reset 0x100 Write 32 gf:et core by writing

FIFO Generator

For the loopback functionality for the payload, a FIFO is created using the Xilinx CORE
Generator™. The FIFO is set up for Virtex®-5 FPGA block RAM, the Write Width and Read
Width is 32 because the LocalLink interface is 32-bits and the Write Depth and Read Depth is
32. There is no specific reason why the FIFO depth is set to 32.

FIFO Generator creates several files that need to be included with the EDK core. With the XPS
LL EXAMPLE, the payload fifo.vhd file is necessary which contains the FIFO entity. The
payload fifo.ngc file is necessary for the implemented Netlist file.

The FIFO is instantiated in the user logic as the payload_fifo instance. The following ports are
used in the user logic design. The user logic with these ports are described in the next section.

Table 6: Payload_fifo Ports

Signal /0 Description
CLK I Connects to LocalLink clock.
SRST I Connects to core’s reset.
DIN | Tx_data from the HDMA to the user logic.
WR_EN | Asserted high, write tx_data (payload data) into FIFO when Tx

source and destination are ready to accept.
RD_EN I Asserted high, read from FIFO.

Rx_data (payload data) is valid one clock cycle after RD_EN is
DOUT o asserted. User logic transmits to HDMA when Rx source and
destination are ready to accept.

FULL 0] Asserted high, user logic empties the FIFO until empty.
EMPTY 0] Asserted high, user logic fills the FIFO until full or Tx EOP.

Designing User Logic with a LocalLink Interface

This section covers the general design of the XPS LL EXAMPLE core. Refer to the HDL for the
core for more details in the design.

Adding LocalLink Interface into the HDL

The entity of xps 11 example.vhd file is updated with the signals in Table 2 and Table 4
which are added with the direction of the signal and the bit length(s). An addition signal for the
LocalLink reset (ll_rst) is added to the entity as well. In addition, in the user logic instance, the
signals in Table 2 and Table 4 are to be mapped to each other for the user logic component.

The user_ logic.vhdfile’s entity is updated with the signals in Table 2 and Table 4 are added
with the direction of the signal and the bit length(s). An additional signal for the LocalLink reset
(Il_rst) is added to the entity. This is the same procedure as the xps 11 example.vhd file.
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State Machine

The state machine contains eight states. The eight states are IDLE, HEADER, WRITE_FIFO,
TX_EOF, RX_SOF, RX_SOP, READ_FIFO and FOOTER.

Figure 3 shows the state machine used for the XPS LL EXAMPLE core. The description of
these states is described in the subsequent sections.

TX_SOF_N=1 IDLE -
—
—

TX_SOF_N=0 & TX_SRC_RDY_N=0

——
,—»
HEAD_COUNT =7 HEADER
——
HEAD_COUNT=7 |
—
WRITE_FIFO
TX_SRC_RDY_N=1
() RX_START=0
TX_EOP_N=0
Y
FIFO_FULL=1 & RX_START=0 ‘
TX_EOF
FIFO_FULL=1 -
RX_START=0
Y
—
TX_SRC_RDY_N=0 RX_SOF
L]
——
RX_DST_RDY_N=0
Y
—
RX_START=1
RX_DST_RDY N=1 RX_SOP
L]
FIFO_EMPTY=1
RX_DST_RDY_N=0
Y
——
,—»
FIFO_EMPTY=0 | READ_FIFO |«
RX_DST RDY_N=1
i
FOOT CNT=1
TX_DONE=1 & FIFO_EMPTY=1
A
——L—
FOOT_CNT =7 FOOTER
. -~ X1126_03_121008

Figure 3: XPS LL EXAMPLE State Machine
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Idle State

The IDLE state resets most registers in the design. See the Processes section on page 9. In
this state, the tx_dst_rdy_n is asserted Low (ready to accept Tx data) and the rx_src_rdy_n is
asserted high (source is not ready to send Rx data). The state machine transitions to the
header state when the tx_sof_n and tx_src_rdy_n are both asserted Low from the HDMA. If this
condition is not met, the state machine transitions back to the IDLE state.

HEADER State

The header state waits for the eight 32-bits of the header to be transmitted to the user logic.
Once this condition is met through the header counter, the state machine transitions to the
WRITE_FIFO state. If the header is not completely transmitted, the state machine goes back to
the header state.

WRITE_FIFO State

The WRITE_FIFO state writes the Tx payload data with the assertion of the write enable signal
to the payload FIFO until the FIFO is filled or tx_eop_n is asserted Low (Tx is done transmitting
the payload).

Once the FIFO is full or tx_eop_n is asserted Low, the state machine transitions to the RX_SOF
state if the Rx channel has not transmitted the Rx header or to the READ_FIFO state for the
FIFO to be emptied (user logic transmits payload FIFO data to the HDMA by the Rx channel).

Before transitioning to the READ_FIFO state, the read enable signal is asserted to the payload
FIFO for the payload data to be available in the READ_FIFO state.

If the source is not ready to transmit to the user logic (tx_src_rdy_n is asserted high), the state
machine transitions back to the WRITE_FIFO state waiting for the source to be ready to
transmit.

TX_EOF State

The TX_EOF state alLows for the user logic to accept the footer of the Tx frame. The state
machine transitions to the RX_SOF state if the header of the Rx channel has not been
transmitted.

If the Rx header has been transmitted, the state machine transitions to the READ_FIFO state
to empty the payload FIFO on the Rx channel and a read from the FIFO occurs because it takes
one clock cycle for the data to be available on DOUT of the FIFO.

RX_SOF State

The RX_SOF state transmits the header from the user logic to the HDMA by means of the Rx
channel. Because the header is ignored, a constant value is used for the rx_data
(0xDEADBEEF) and the rx_sof_n signal is asserted Low during this state. If the destination is
not ready to accept the transaction, the state machine transitions back to the RX_SOF state.

If the destination is ready to accept the transaction, the state machine transitions to the
RX_SOP state. Before the state machine goes to the RX_SOP state, a read from the FIFO
occurs because it takes one clock cycle for the data to be available on DOUT of the FIFO (read
FIFO data is available for the RX_SOP state).

RX_SOP State

The RX_SOP state transmits the first 32-bits of the payload from the user logic to the HDMA by
means of the Rx channel. Because this is the first 32-bits of the payload, the rx_sop_n signal is
asserted Low during this state.

If the destination is ready to accept the first 32-bits of the payload, the read enable signal is
asserted to the payload FIFO for payload data to be available in the READ_FIFO state. If the
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destination is not ready to accept the first 32-bits of data, the state machine transitions back to
the RX_SOP waiting for the destination to accept the transaction.

READ_FIFO State
The READ_FIFO state transmits payload data after rx_sop_n is asserted Low.

If the FIFO is not empty, the read enable for the payload FIFO is asserted and the state
machine transitions back to the READ_FIFO state.

If the Tx channel has transmitted tx_eof_n and the FIFO is empty, the state machine transitions
to the FOOTER state.

FOOTER State

The FOOTER state transmits the footer from the user logic to the HDMA. A constant value
(OxDEADBEEF) is set for the footer except for the last 32-bits of the footer (the eighth word).

After the eighth word which is determined by the footer counter, the state machine transitions
back to the IDLE state waiting for the next Tx frame.

Processes
Most of the processes are for counters and registering events in the state machine.

The TX_EOP register is set after tx_eop_n is asserted Low. This register is used in the state
machine to signal the READ_FIFO state to assert Low the rx_eop_n signal after emptying the
FIFO (transition to the FOOTER state). The reset is enabled in the IDLE state.

The rx_start_bit register is set after the RX_SOF and RX_SOP states indicating that Rx SOF
and Rx SOP flags have been sent from the user logic for the current frame to the HDMA. The
reset is enabled in the IDLE state.

The rx_rem register is set with the tx_rem value when tx_eop_n is asserted Low. When the
state machine asserts Low the rx_eop_n signal, the data in rx_rem register is used for the
rx_rem data to the HDMA.

The header counter counts from 0-7. The counter counts when both the tx_src_rdy_n and
tx_dst_rdy_n signals are both asserted Low when the state machine is in the header state. The
header counter is reset in the IDLE state.

The footer counter counts from 0-7. The counter counts when both the rx_src_rdy_n and
rx_dst_rdy_n signals are both asserted Low in the footer state. The footer counter’s reset is
enabled in the IDLE state.

The Tx and Rx packet counters count the total amount of frames after the reset. The counter
counts when the tx_eof_n or rx_eof_n signals are asserted Low.

The Tx byte counter counts the total amount of bytes sent from the HDMA to the user logic after
the reset. The Rx byte counter counts the total amount of bytes sent from the user logic to the
HDMA after the reset.

The single Rx byte counter is used to count the total amount of bytes sent between rx_sop_n
and rx_eop_n in the current frame. The counter’s value is used for the rx_data on the last 32-
bits of the footer. The data is stored in APP3 field of the BD. This allows the software or a
software driver to read the number of bytes sent to the HDMA from the user logic. The reset is
enabled in the IDLE state.

Flags

For the Rx channel, the user logic needs to assert Low the rx_sof_n, rx_sop_n, rx_eop_n and
rx_eof_n signals at the different times. Combinatorial logic sets these flags dependent on
states and conditions in the state machine.

The rx_sof_n is asserted Low in the RX_SOF state and high in any other state.
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The rx_sop_n is asserted Low in the RX_SOF state and high in any other state.

The rx_eop_n is asserted Low in the READ_FIFO state when the FIFO is empty and Tx
channel is done transmitting to the user logic. The signal is high in any other condition or in any
other state.

The rx_eof_n is asserted Low in the FOOTER state when the eighth 32-bits of the footer is
transmitted from the user logic to the HDMA. The signal is high in any other condition or in any
other state.

Importing the XPS LL EXAMPLE Core using Create IP Wizard

Because a FIFO is instantiated and a LocalLink interface is added to the core, the modified core
must be imported using Create IP Wizard.

Open Create IP Wizard and select Import existing peripheral. Click on Next.
2. Select a valid EDK user repository. Click on Next.

3. The name of the core is the same as before xps_Il_example. Select Use version: and
select Major revision: to 1 and Minor revision: to 00 and Hardware/Software
compatibility revision to a. Click on Next.

4. Inthe Source File Types window, under Indicate the types of files that make up your
peripheral. select HDL source files and Netlist files. Click on Next.

5. Inthe HDL Source Files window, the HDL language used to implement your peripheral
is VHDL and select Use existing Peripheral Analysis Order file (*.pao). Click on the
Browse button and select the xps 11 example.pao file in the data directory of core.
Click on Next.

6. Inthe HDL Analysis Information window, select the Add Files button. Add
payload fifo.vhd (file created by FIFO generator). Click on Next.

7. For the Bus interface window, select PLBV46 Slave (SPLB) under Processor Local Bus
(version 4.6) interface. Click on Next.

For the SPLB: Port window, select Next for bus interface which are the defaults.
For the SPLB: Parameter window, select Register Space. Click on Next.

10. For the Identify Interrupt Signals window, deselect Select and configure interrupt(s).
Click on Next.

11. In the Parameter Attributes window, select Next for parameter defaults.

12. Click Next in the Port Attributes window. Because Create IP Wizard does not support the
LocalLink interface, the user logic ports in the MPD will be modified to connect to a
LocalLink target like the HDMA.

13. Inthe Netlist Files window, click on Select Files... and browse to the payload fifo.ngc
(file created by Fifo Generator). Click on Next.

14. Click on Finish to import the core.

Open the xps 11 example v2 1 0.mpd file location in the data directory of the imported
core.
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Under the Bus Interfaces section, add the following bus interface for LocalLink as shown in
Figure 4.

## Bu= Interface=
BUS INTERFACE BUS

SEFLE, BUS TYFE = STAVE, BUS STD = PLBY46
(EUS_INTERFACE BUS

LIINKD, BUS STD = XIL_LL DMA, EUS TYPE = INITIATOR |

X1126_04_121008

Figure 4: Adding Bus Interface to MPD

For each LocallLink port, add the bus switch attribute which is equal to the LocalLink bus
interface as shown in Figure 5.

PORT L1_Clk = "", DIR = I, SIGIS = CLK

PORT L1_R=st = "", DIR = I, SIGIS = RST

FORT tx data = "", DIR = I, WEC = [0:31]. |BUS = LLIHED
FPORT tx zrem = """, DIR = I. VEC = [0:3]. BUS = LLINEKD
PORT tx_=of n = "". DIE = I. BUS = LLIHKD

PORT tx_eof n = "". DIE = I. BUS = LLIHKO

PORT tx_=op n = "". DIE = I. BUS = LLIHKD

PORT tx_eop n = "". DIE = I. BUS = LLIHKD

FPORT t=x_src_zxdy. n = "", DIR = I, BUOS = LLIHEKD

FPORT tx d=t_zxdv. n = "", DIR = 0O, BUOS = LLIHED

FPORT r=_data = "", DIR = 0O, WEC = [0:31]. BUS = LLINEKD
PORT r= rem = """, DIR = 0O, VEC = [0:3]. BUS = LLINEKD
PORT r=_=of_n = """, DIR = O, BUS = LLIHEQD

PORT r=_eof_n = """, DIR = O, BUS = LLIHEQD

PORT rs_=op n = ""., DIR = 0, BOS = LLIHKD

PORT rs_sop n = "", DIRE = 00, BUOS = LLINKD

FORT r=_src_zxdy. n = """, DIR = 0O, BUS = LLIHEKD

FORT r=_ d=t_zxdy. n = "", DIR = I, BUS = LLIHEKD

X1126_05_121008

Figure 5: Adding Bus Interface Attribute to LocalLink Ports

Software Application

LL Example

This software application demonstrates a LocalLink transfer in which the transmit data is
looped back to the receive channel by means of the XPS LL EXAMPLE core connected to the
LocalLink interface.

The packet size is 1 Kb. With this software application, the number of BDs (Buffer Descriptor)
is set to 128 for both channels based upon the base and high address of the Tx and Rx BDs.
Each BD takes 0x40 of space which contains the next pointer information, current buffer
address, current buffer length, status and control, and application specific data. Figure 6 shows
a single BD.

NXTDESC_PTR
CURBUF_ADDR
CURBUF_LENGTH
STS_CRTL_APPO
APP1

APP2

APP3

APP4

X1126_06_121008

Figure 6: Buffer Descriptor Diagram
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In this software application, the TX BD base and high addresses are 0x01000000 and
0x01001FFF. The total address range is 0x1FFF. Dividing the total address range by 0x40
leaves 128 BDs for the Tx side. The same procedure is for the Rx channel which also contains
128 BDs. In addition, regions of memory is allocated for the Tx and Rx buffers.

Currently the software application is not inverting the Rx payload data. By uncommenting the
#define INVERT, the Rx payload data is inverted and is verified against the Tx payload after the
DMA operation is complete.

In the main function, the DMA instance is started based upon the base address for the DMA
engine (DCR address for HDMA).

In the TxSetup function calculates the number of BDs depending on the base and high address
set for the Tx BDs and creates a ring. The fields for the first BD are cleared then every BD in the
ring is copied with the same data for the fields as the first BD. Then the interrupt for the Tx
channel is started and the TX ring is started.

In the RxSetup function, it calculates the number of BDs depending on the base and high
address set for the Rx BDs and creates a ring. The fields for the first BD are cleared and then
every BD in the ring is copied with the same data for the fields as the first BD. The Rx available
BDs in the Rx ring are reserved. Every BD in the ring is assigned with the buffer address, SOP
and EOP flags, length, and the buffer is assigned to every BD. The BDs are written to memory.
The interrupts for the Rx channel is started and the Rx ring is started. After this process, the Rx
channel is ready to receive packets.

In the SetuplntrSystem, the interrupt system is set up for the Rx and Tx channels. Once an
interrupt occurs on the Rx channel, the interrupt routine ensures that no error occurred, verifies
that the data is transferred correctly (compare Tx and Rx buffers), and releases the BD back
into memory. Once an interrupt occurs on the Tx channel, the interrupt routine ensures that no
error occurred during transmit and then releases the BDs back into memory.

If INVERT is defined in the code, the software driver is called to set the invert bit in the Control
Register before the DMA operation.

In the SendPacket function, the packet is created with a simple pattern. In the Tx ring, one Tx
BD is reserved in memory. The BD is assigned with the Tx buffer address, SOP and EOP flags,
length, and the packet. The BD is written to memory which starts the DMA transfer.

After the DMA operation is complete, the frames sent, the frames received, the bytes sent, and
the bytes received, are reported on the Hyperterminal screen.

Included with the XPS LL EXAMPLE is a software driver. The driver contains all the functions
that are generated with Create IP Wizard. In addition, functions are added for the LocallLink
user logic, such as setting the control register, polling the status register until DMA operations
are complete, and displaying register values using print functions for Tx bytes and frames sent
and Rx bytes/frames received. The driver is included in the reference system.

Reference System Specifics

Adding the XPS LL EXAMPLE core to the system is discussed (which is already done in the
reference system). This includes setting the PPC440 processor block for a single HDMA block
with interrupts.

In addition, analyzing the behavior of the LocalLink transaction based upon the software
application in the ChipScope analyzer is discussed.

XAPP1126 (v1.0) December 10, 2008 www.xilinx.com 12
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Adding HDMA to the PPC440 Processor Block

PPC440 Processor Block Parameters

In the System Assembly View, right click on the ppc440_0 instance, then select Configure IP.
Select the DMA tab. For the Number of DMA Channel select 1 as shown in Figure 7.

= ppc440_0 : ppc440_virtex5_v1_01_a

| Addresses " Cache " Bus Features | DA | Feset " APU " Memory Controller ||E ¥ [HDL Toggle] [T Datasheet] [@ Hestore]

I Mumber of D4 Ehanne l

T¥ IR0 Coalescing F* IR0 Coalescing

R Channel Contral - T Channel Contral SRkt e [rhddy Contral PLE Priority
Dbdd O |l]xl]1l]1l]l]l]l] | |l]xl]1l]1l]l]l]l] | |lIb1111111111 | |lIb1111111111 | |0hl]l]l]l]l]l]l]l] | | ‘oo (Lo’west.'lv|
Dibdes 1 |l]xl]1l]1l]l]l]l] | |l]xl]1l]1l]l]l]l] | |lIb1111111111 | |lIb1111111111 | |0hl]l]l]l]l]l]l]l] | | '00 (Lowest) |
Dibdd 2 |l]xl]1l]1l]l]l]l] | |l]xl]1l]1l]l]l]l] | |lIb1111111111 | |lIb1111111111 | |0hl]l]l]l]l]l]l]l] | | '00 (Lowest) |
Dibdd 3 |l]xl]1l]1l]l]l]l] | |l]xl]1l]1l]l]l]l] | |lIb1111111111 | |lIb1111111111 | |0hl]l]l]l]l]l]l]l] | | '00 (Lowest) |

QK | ’ Cancel ] ’ Help

X1126_07_121008

Figure 7: PPC440 Processor Block Parameters
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PPC440 Processor Block Ports
In the System Assembly View/Ports tab, expand the tree node for ppc440_0.

For DMAORXIRQ and DMAOTXIRQ select New Connection. In addition, for the LocalLink
clock CPMDMAOLLCLK select II_clk as shown in Figure 8.

Bus Interfaces | Ports | Addresses

®

Name

i < Extemal Potts

2 Papetd] 0
C440TRCTRIGGEREVENTTY...
C440TRCTRIGGEREVENTOUT
C440TRCTRACESTATUS
C440TRCEXECUTIONSTATUS
C440TRCCYCLE
C440TRCBRANCHSTATUS
TRECHOTRIGGEREVENTIN
TRECA40TRACEDISABLE
DMAORXIRG
DMAOTIRD
LLDMAORS TENGINERED
CPMDMAOLLCLK.
CPMPPLS OPLBCLE.
CPMPPCMPLECLE
CPMMCCLK
CPMDCRCLK
PPCEICINTERCONNECTIRG
EICC440EXTIRG
EICC440CRITIRG
SPLBT_Enor
SPLBO_Enor
C440DBGSYSTEMCONTROL
DBGC440UNCONDDEBUGEY,
DBGCA405YSTEMSTATUS
DBBCA40DEBUGHALTNEG
DBECA40DEBUGHALT

PPCCPMINTERCONNECTBUSY Mo Connection

C440CPMWDIRPTREQ
C440CPMTIMERRESETRED
C440CPMMSREE
C440CPMMSRECE
C440CPMFITIRPTRED
C440CPMDECIRPTREQ
C440CPMCORESLEEPRED
C440MACHINECHECK
CPMC440TIMERCLOCK
CPMC440C0ORECLOCKIMACTI
CPMINTERCONNECTCLENTOT
CPMINTERCONNECTCLKEN
CPMINTERCONMECTCLE
CPMC440CLKEN
CPMC440CLE

s o yd6 0

{8 ystem Assembly View:

Net Direction Range
MNa Connection v 0 o3
Ho Connection v
Mo Connection ~0 [0:6]
Ho Connection v [0:4)
Ho Connection v
Na Connection v0 [0:2]
Ho Connection 0l
Ho Comnection >
ppcddi_0_DMAGFXIRD) ~0
ppcd40_0_DMAGTHIRG v
Ma Connection el
I_ck i
sys_ck_s ~|
sys_ck_s v
me_clk Al
Ma Connection Bl
Ho Connection v
sps_inte_0_lig ~|
Ho Connection 0l
Ho Connection ~0 03
Mo Connection ~0 [0:31
Ho Connection v 07
Ho Connection v
Ho Connection v [0:4)
Ho Connection Al
Mo Connection ~|
0
Ho Connection ~o
Ho Connection v
Ho Connection v
Mo Connection ~0
Ho Connection v
Ho Connection ~0
Ho Connection v
Ho Connection ~0
Ho Connection ~
Ho Connection 0l
nel_gnd >
Ho Connection ol
iterc_clk i
Ho Connection ~
proc_sys_ck. 0l

By Filters [ppied] (@, Add Extemal Port

Class Frequency Reset Polaty Sensitivity IF Type -

pPo40 vitex5

INTERRUPT
INTERRUPT

LEVEL_HIGH
LEVEL_HIGH

CLK
CLK
CLK
CLK
CLK
INTERRUPT
INTERRUPT
INTERRUPT

LEVEL_HIGH
LEVEL_HIGH
LEVEL_HIGH

CLK

CLK

CLK
ol w46 i
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Figure 8: PPC440 Processor Block Ports
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In the System Assembly View/Ports tab, expand the tree node for the xps_intc_0 instance and
double click on the Net column for the Intr port. This will bring up the Interrupt Connection
Dialog Box. Select ppc440_0_DMAORXIRQ and select the Plus button. Select
ppc440_0_DMAOTXIRQ and select the Plus button as shown in Figure 9. Select OK.

« Interrupt Connection Dialog

Potential Interupt Connections Connected Intermipts Fricrity
ppedd0_PPCEICINTERCONMELTIRD wpz_uart1B550_0_IP2INTC_Imt Lo
plb_wd6_0:Bus_Erar_Det pped40_0_DMADR=IRG

ppc4dd_0_DMaiT<IRA

(=)
@“d S

)

High

[ ak l [ Cancel

X1126_09_121008

Figure 9: Interrupt Connection Dialog

Adding The XPS LL EXAMPLE core
The XPS LL EXAMPLE core is located in the pcores/ area of the project.

Add the XPS LL EXAMPLE core by expanding the USER tree node in the IP Catalog tab in
XPS. Right select the XPS_LL_EXAMPLE core, then select Add IP.

Connecting LocalLink and PLB v4.6 Slave Bus Interfaces

In the Bus Interface tabl of the System Assembly View/Bus Interface tab, expand the ppc440_0
and xps_lI_example_0 tree nodes.

In the ppc440_0 tree node, for the LLDMAO bus interface, select xps_IllI_example_0_LLINKO.

In the xps_lI_example_0 tree node, for the SPLB bus interface, select plb_v46_0.
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The LocalLink and PLB v4.6 connections are shown in Figure 10.

mrT.

E-C-C

¥

(—;J Bus Interfaces |F'|:|rts ” Addresses |

'Ejw BIF Filters

M ame Bus Connection IP Type IP ersion
- opedd] O ppcddl_vitexh  1.01.a
RESETFFC reset_block_RESETPP w
ITAGFPC jtagppc v
MFCH oocddd 8 MACM
MFCE Mo Connection b
SCCR Ma Connection hd
MDCH Mo Connection w
LLDkAD wpz_ || example_ 0 LLIM »
FFLC440M L e
SFLET Mo Connection b
SPLED MHa Connection b
MFLE plb_wdE_0 ~
Do s plb_w46 103a
@ opcddl] ma doi? 0 ppcddOme_ddr2 2.00.a
oz feam F ol T wps_bram_if_cntr 1.00.a
oy beam i bl T brar brarn_block. 1.00.a
P fagoog ot jtagppc_chtl 20
< ragaf hinck proc_sys_reset 200a
Oy SO #ps_gpio 1.00.a
ooz e wps_inte 1.00.a
- oz § avample O wps_ll_example 1.00.a
LLIMKD 2 i evampla 0 LELGVED
{5PLB plh_v46_[0 v
T LATToaan o wps_Liart] 6550 200k
P chpreapa o & chipscope_icon 1.02.a
@ chprcope fa 0 chipzcope_ila 1.02.a
< clpck_genaralor O clock_generator 201.a

System Azzembly Wiew |

Figure 10: LocalLink and PLB v4.6 Slave Bus Interfaces

Setting Addresses

X1126_10_121008

Right click on the xps_II_example_0 instance and select Configure IP. Set the C_BASEADDR
and C_HIGHADDR to 0x60000000 and 0x6000FFFF respectively. The address range is for the
slave PLB v4.6 registers.
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Connecting Ports

In the System Assembly View/Ports tab, expand the tree node for xps_Il_example_0. Connect
LI_Rst to ll_rst and LI_ClIk to ll_clk as shown in Figure 11.

@ Bus Interfaces | Ports | Addreszzes Egv Filters [&pplied] “.ﬂ.ﬂ.Add External Port
Name Net Direction Range  Class Frequency | Reset Polarity Sensitivity IP Type
2 Entemal Ports
@ pocddd) o ppcdd0_vitexs
o A5 D plb_w46
@ pocddl) me_da? O ppcd40me_ddr2
& ups_tran i e 7 #ps_bram_if_entlr
@ yps Hram i et T_dram bram_block.
<& jfagnoc_cty 0 jtagppec_cntlr
@ iazel block proc_sys_reset
& LLDy 88§ #ps_gpio
@ yps e O ¥pa_intc
- <2ups ¥ example 0 #ps_|l_examplz
LI Rst I_rst il RST
LI Clk. I_clk Bl CLE
P D3 LB B0 ¥ps_uart] G550
& chipseape_icon chipscope_ican
@ chipseapa da O chipzcope_ila
& clock_generafor [ clock_generator

X1126_11_121008

Figure 11: XPS LL EXAMPLE Ports

Executing the Reference System in Hardware

Using HyperTerminal or a similar serial communications utility, map the operation of the utility to
the physical COM port to be used. Then connect the UART of the board to this COM port. Set
the HyperTerminal to the Bits per second to 9600, Data Bits to 8, Parity to None, and Flow
Control to None. The settings are shown in Figure 12. This is necessary to see the results from
the software application.

COM1 Properties HE=
Port Settings |
Bits per second: |ErEDI} V|
Data bits: |E v|
Parity: |N|:|ne v|
Stop bits: |1 v|
Flow control: |N|:|ne V|
[ Restore Defauls |
| ok || cence |[ ooy |

X1126_12_121008

Figure 12: HyperTerminal Settings
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Executing the Reference System using the Pre-Built Bitstream and the
Compiled Software Applications

To execute the system using files in the ready for download/ directory in the project root
directory, follow these steps:

Change directories to the ready for download directory.

2. Use iMPACT to download the bitstream by using the following command:
impact -batch xappll26.cmd

3. Invoke XMD and connect to the PowerPC 440 processor by using the following command:
xmd -opt xappll26.opt

4. Download the executable by using the following command depending on the software
application:

¢ dow 1l example.elf
5. Enterin the run command to run the software application.

Executing the Reference System from XPS for Hardware

To execute the system for hardware using XPS, follow these steps:

Open system.xmp in XPS.

Select Hardware—Generate Bitstream to generate a bitstream for the system.
Select Software—Build All User Application to compile the software applications.
Select Device Configuration—>Download Bitstream to download the bitstream.
Select Debug—Launch XMD to invoke XMD.

Download the executable file by using the following command depending on the software
application:

o gk~ 0w~

¢ dow 11 example/ll example.elf
7. Enterin the run command to run the software application.

Running the Software Applications

Running the LL EXAMPLE Software Application
After running the software application, the following output should be seen.

Starting DMA Transfer:
Tx Packets Sent:1
Rx Packets Received:1

Tx Bytes Sent:1024
Rx Bytes Received:1024

Test Completed!

Analyzing Single Tx and Rx Frame During Loopback

In this section, the header, payload and footer of both the Tx and Rx interface are examined. In
addition, the loopback functionality is verified with the ChipScope tool results.

Starting the ChipScope Tool

1. Open the ChipScope Analyzer.

2. Click on the Open Cable / Search JTAG Chain button and then click OK on the ChipScope
Pro Analyzer dialog box.
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6.

Select File—>Open Project, select No to save the new project, then select the
ppc440 11 example.cpj in the cpj directory of the project.

In the ChipScope tool project, UNIT:0 MyILAO ChipScope core is associated with the
LocalLink interface signals.

For UNIT:0 MyILAO, set the trigger by Trigger Setup—Run. The trigger is set up when the
LLINKO_LL_Tx_SOF_n signal is asserted Low.

Because the software application has been compiled, in XMD, download Il_example by the
following command and run the executable:

¢ dow 11 example/ll example.elf
Enter in the run command to run the software application.

Analyzing Tx and Rx SOF SOP Flags

1.

For Unit:0 MyILAO/Waveform window, zoom in where LLINKO_LL_Tx_SOF_n and
LLINKO_LL_Tx_SOP_n are asserted Low. When the flags are both asserted Low, notice
that the LLINKO_LL_Tx_SrcRdy_n and LLINKO_LL_Tx_DstRdy_n signals are asserted
Low (Tx transfer is occurring). In addition, notice the LLINKO_LL_Tx_data when
LLINKO_LL_Tx_SOP_n is asserted Low which is the value 0x00010203.

{1} waveform - DEV:4 MyDeviced (XCSYFXZ0T) UNIT:0 MyILAO (LA} o X

Bus/Signal

X

o

& LLTHK@ 1L Tx SOF_n

o LLINKO LL Tx SOP.

% LLINK0 LL_Tx EOP_n

+ LLINK0_LL R SOF_n
& LLINKO LL Rx S0P n
& LLTNK0_LL, Tox EOP_n
& LLINK0 LT Tox EOF_n
¢ LLINKO 1L, Rx Rem

& LLINKO LT R Data
& LLINK0 LI Tox DstRay n

© LLINKO LL Rx SrcRdy m

o

1

01002040

0000)
0000000

1

14

1o

00010203 |FSFAFE

00000000

[

1
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1

1
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000
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1

[1

KTl
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q

o[ «fu]

]

%

0

Db [o: 24

D] | arx-0): -24
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Figure 13: Tx SOF and Tx SOP Signals

For Unit:0 MyILAO/Waveform window, zoom in where the LLINKO_LL_Rx_SOF_n and
LLINKO_LL_Rx_SOP_n signals are asserted Low. When the flags are both asserted Low,
notice that the LLINKO_LL_Rx_SrcRdy_n and LLINKO_LL_Rx_DstRdy_n signals are both
asserted Low. In addition, notice the LLINKO_LL_Rx_Data when the
LLINKO_LL_Rx_SOP_n signal is asserted Low which is the value 0x00010203. The Rx
data is the same as the start of payload for Tx data.

{2) waveform - DEV:# MyDeviced (KCSVFX70T) UNIT:0 MylLAD (L) *

Bus/Signal x o
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1
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1
T

o LLINKO_LL Tx EGE_n 1 1

o= LLIHKO_LL_Tx Rem o00p) o0on| 0000

o LLIMK0_LL Tx Data s0816283| 80818283

o LLIMK0 LL Tx SrcRay n ol ol [l

o LLINKO_LL,_Tx DstRay_n 1 1o 1 0

pEspEEEF| 00010203] 00000000 g E

0| o1 0 1

00000000

[d Dl Tvff Te T« Tuf 0}

<] |oilss <] [aee0y: -1
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Figure 14: Rx SOF and Rx SOP Signals
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Analyzing Tx and Rx SOF SOP Flags
1. For Unit:0 MyILAO/Waveform window, zoom in where the LLINKO_LL_Tx_EOP_n and
LLINKO_LL_Tx_EOF_n signals are asserted Low. Notice the LLINKO_LL_Tx_Data when
LLINKO_LL_Tx_EOP_n is asserted Low which is the value 0xFCFDFEFF.
{8 Waveform - DEV:4 MyDeviced (XCSVFX70T) UNIT:0 MylLAD (ILA) ‘e ©
BussSignal X o ﬁﬂ‘ﬂ ﬁﬂ‘ﬁ 51‘ﬂIi 51‘5 5Z‘ﬂ 52‘5 5C‘Iﬂ 52‘55 ﬁd‘ﬂ 54‘5 ]
:ixni;rgi rerres s OO0 3 — ForoE
[« [ 1 T [ BT Y T Tu] M:
: |511 D] o512 0] [ax-0p:-1
X1126_15_121008
Figure 15: Tx EOP and Tx EOF Signals
2. For Unit:0 MyILAO/Waveform window, zoom in where the LLINKO_LL_Rx_EOP_n and
LLINKO_LL_Rx_EOF_n signals are asserted Low. The LLINKO_LL_Rx_Data is
0xFCFDFEFF when the LLINKO_LL_Rx_EOP_n signal is asserted Low. Note when
LLINKO_LL_Rx_EOF_n is asserted Low, that the LLINKO_LL_Rx_Data is 0x00000400
which is the value 1024 in decimal which represents the bytes sent from the user logic to
the HDMA on the Rx channel. The value 1024 matches the amount of bytes transferred in
the software application.
e —————— 7 ©
R N - ——
[<I I3 T /Y Y I Y T Tl M:
x: /544 [ D] |o:sea ] [amx-0p: =20
X1126_16_121008
Figure 16: Rx EOP and Rx EOF Signals
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Notice of Xilinx is disclosing this Application Note to you “AS-1S” with no warranty of any kind. This

Disclaimer Application Note is one possible implementation of this feature, application, or standard, and is
subject to change without further notice from Xilinx. You are responsible for obtaining any rights
you may require in connection with your use or implementation of this Application Note. XILINX
MAKES NO REPRESENTATIONS OR WARRANTIES, WHETHER EXPRESS OR IMPLIED,
STATUTORY OR OTHERWISE, INCLUDING, WITHOUT LIMITATION, IMPLIED
WARRANTIES OF MERCHANTABILITY, NONINFRINGEMENT, OR FITNESS FOR A
PARTICULAR PURPOSE. IN NO EVENT WILL XILINX BE LIABLE FOR ANY LOSS OF DATA,
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