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The Custom Core

The custom core is very simple. It takes three inputs a,b,c and returns an output d=a*b+c with a 4 cycle
latency. The verilog code is shown below:

module mu_add(
clk, rst, en_in,
a, b, ¢,
d,
en_outs/s,
¥i
input clk, rst, en_in;
input [8:31] a,b,c;
output [8:31] d;
output en_out;

wire [B:31] m,c_d4;

d4 bit en_out_delay {
.Clk{clk},
.rsti{rst),
_ifen_in}y,
.of{en_out)

¥:

d4 c_delay
.clk{clk},
-rstirst),
.ife),
.of{c_d4)
¥;

f/4 pipeline stages

mult multiplier {
.clki{clk},
.sclri{rst]),
-agajy,
-b(b},
-pim}

¥:

assign d=m+c_d&4;
Endwmodule

The multiplier mult was generated using CORE gen, with 4 pipeline stages and a synchronous reset. The
d4 and d4_bit are 4cycle delay clocks for 32bit inputs and 1bit input, respectively.



Downloading the board files and creating the XPS project

We're using the Virtex-2 Pro XC2VP30 on the XUPV2P Digilent board.

1. Download the XUP-V2Pro Pack from Digilent
(http://www.digilentinc.com/Data/Products/XUPV2P/EDK-XUP-V2ProPack.zip)
2. Extractitin C:\xupv2p — you should see a folder named lib

3. Open Xilinx XPS and create a new project with the Base System Builder wizard

“# Xilinx Platform Studio x|

Create new or opeh existing project

" (= {Base System Builder wizard (recommendad]
BSB

@ " Blank ¥PS project
@ " Open a recent project

| Browse for More Projects... j

Browse installed EDE examples (projects] here

ak, I Cancel | Help |

4. Create a folder in C:\ called myproj and then select that as your project directory. Also select the
previous lib directory in the project peripheral repository
E

—Mew praject

Froject file

IE:.-"m_l,lproi.-"system.xmﬂ Browse ...

Iv¥ Set Project Peripheral Repositaries

IE:JHuvap.ﬂ’Iib Browse ...

—Advanced options [optional: F1 for help)

Ok I Cancel |

5. Create a new design
6. Select the target development board
]
Select a target development board:

—Select board

* | would like to create a system for the following development board

Board vendor. [N — -

Board name: I #UP Wirtex-ll Fro Development System

El
El

Board revision: I C
Mote: Yizsit the vendor website for additional board suppart materials.

Wendor's Website Contact Info

Download Third Party Board Definition Files

| would like ta create a gystem for a custom board

r Board description


http://www.digilentinc.com/Data/Products/XUPV2P/EDK-XUP-V2ProPack.zip�

7. Select the PowerPC

‘% Base System Builder - Select Processor x|

—The board vou selected has the following FPGA device:

Architecture: Device: Package: Speed grade:

| vittex2p | [ uc2vpan BB IEES =7 =l

=

Select the processor you would like to use in this design:

—Processar

= MicroBlaze
{* PowerPC

8. Set the PPC specs:

‘¥ Base System Builder - Configure PowerPC Processsor x|

PowerPC

—System wide setting:

BReference clack Processar clock X

X X Busz clock frequency:
frequency: frequency:
100,00 MHz | 300.00 ¥| MHz [100.00 v | MHz

Fieset polarity: I Active LOW Vl

—Processor configuration

[ebug I/F
& FPGAJTAG

= CPU debug user pins only
" CPU debug and trace pins
Mo debug

On-chip memary [0Ck)
[Use BRAM]

Data:
PowerPC — | I°© =l
Instruction:

[ETCA—

Cache setup———————————
[~ Enable

For optimal perfarmance, enable burst
and/or cacheline on memany

Moare Info | < Back | Mest » I Cancel |

9. Selectthe RS232_Uart_1, leaving the baudrate/bit/parity default and unselect the other
components



¥ Base System Builder - Configure I0 Interfaces (1 of 2) x|

The following external memory and |0 devices were found on your board:
Hiling =UP Vitew-l Pro Development System Revision C

Please select the |0 devices which you would like to use:

—I0 devic

— W R5232_Uar_1
Data Sheet |
Peripherat I #PS UARTLITE vl

B audrate (bits

per secondz]; 9E00 VI

[rata bitg: ] vl
Parity: MOME - I

[~ Use interupt
I~ Ethemet_tAC Data Shest
Mote
10. Unselect the DIP switches and pushbuttons
‘% Base System Builder - Configure I0 Interfaces (2 of 2) x|

The following external memory and |0 devices were found on your board:

Hilim =UP Virtex-ll Pro Development System Revizion C
Flease select the |0 devices which vou would like to use:

—10 devic

— I DIPSws_4Bit
r Sl Data Sheet |

[ PushButtonz_SBit |
[ PushButtons_5Bi Diata Sheet

11. Increase the block ram interface controller size to 64k

‘% Base System Builder - Add Internal Peripherals (1 of 1} x|

Add other peripherals that do not interact with off-chip components. Use the
“indd Peripheral button to select from the list of available peripherals.

If you dao not wish to add any non-l0 peripherals, click the "Mest” buttan.

fidd Peripheral... |

—Peripherals

wps_bram_if_cntl_1

Petipheral: PS5 BRAM IF CNTLR Bemave

. Data Sheet
b emony size: L=

12. Leave the Software Setup to default




% Base System Builder - Software Setup x|

—Devices to uze as standard input, standard output, and boot memony

STDIN: | R5232_Uart_1 |
STDOUT: | RS232_Uart_1 =]

Boot kMemary:

—Sample application selection

Select the zample C application that vou would like to hawve generated. Each application will
include a linker soript.

v Memaory test
lllustrate system alivenass and perform a basic readAwrite test to each memary in pour system
v Peripheral selftest

Perfarmn a simple selftest for each peripheral in your systen,

13. Leave the memory and peripheral test applications to default, they can be changed later to
generate a new linker script

14. Here is the summary of the system to be created:

‘% Base System Builder - System Created x|

Belows iz a summary of the system you have created. Pleaze review the infarmation below. IF it is
comect, hit <Generate> to enter the information into the XPS data base and generate the system files.
Othenwize return to the previous page to make corrections.

Processor ppod5_0

Processor clock frequency: 300,00 MHz
Bus clock frequency: 100.00 MHz

On Chip Memory : 104 KB

The address maps below have been automatically assigned. You can modify them uzsing the
editing features of XP5.

PLB Bus : PLE_V46 Inst. name: plb0 Attached Components:

Core Hame Instance Hame Baze Addr High Addr
wpz_bram_if_cntlr #ps_bram_if_cntir 1 |O«FFFFO0OO 0<FFFFFFFF
wps_uartlite R5232 Uart_1 084000000 034 00FFFF
Processor OCM:

Core Hame Instance Hame Base Addr High Addr
isbram_if_cntlr ppe405_0 iocm_chtlr | 0=00000000 0=00007FFF
Processor OCH:

Core Hame Instance Mame Baze Addr High Addr
dzbram_if_cntlr pped05_0docm_chtir | Ox42004000 Oxd2005FFF

15. Generate and finish!



Creating the IP

1.
2. Create template for new peripheral

% Create and Import Peripheral Wizard - Peripheral Flow

Peripheral Flow

Indicate if you want to create & new peripheral of impart an existing peripheral

In XPS click create a new peripheral (Hardware->Create or Import Peripheral)

S

This tool will help you create templates for a new EDK. complant peripheral, or help you import an existing peripheral into an <PS prajsct of EDK. repository. The
intertace fles and disctory structures required by EDK. will be generated

o] %
e B

Import to XPS

—Select flo

" Impoit gristing peripheral

i~ Flow deseripti

This tool will create HDL templates that have the EDK compliant port/paramete interacs. You wil
need ta implement the bady of the peripheral,

Optian

I~ Load an existing .cip settings file [saved from a previous session)

| Browsse,

Muore Info

Cancel

sk || mews |

3. Add it to the XPS project

+ Create Peripheral - Repository or Project

Repository or Project

Indicate where you want to store the new peripheral

©

4 new peripheral can be stored in an EDK rspository, o in an %P3 project. When stored in an EDK repository, the peripheral can be accessed by multiple ZPS

projects.

€ Toan EDK user repositary [Any directory outside of your EDK installation path)

Bepository,

& Ta an 8PS project!

=l Browse.

Project, Chmpprafs

| Browse.

Peripheral will be placed under.
|7 C:hmyprofspeores

HMore Info |

| Next > I

<Back Carcel |

4, Name it madd




- Create Peripheral - Name and ¥ersion x|

Mame and Version
Indicate the name and version of your peripheral. @

Enter the name of the peripheral [upper case characters are not allowed). This name will be used as the top HDL design entity.

Mame: |madd

Version: 1.00.a

Major revision: Mimor revision: Hardware/Software compatibility revigion:

I oo = s =

Desciiption: Simnple: rultiply and add

Logical library name: madd_+1_00_
All HOL files [either created by wou or generated by this tool] that are used ta implement this peripheral must be compiled into the logical library name abowe.
Any other referred logical libraries in your HDL are assumed to be available in the XPS praject where this peripheral is used, or in EDK repositories indicated in
the XPS project settings.

Mare Infa < Back | Mexut > I Cancel

5. Choose the PLB v4.6 bus

# Create Peripheral - Bus Interface x|
Bus Interface
Indicate the bus interface supported by your peripheral &

Towhich bus will this peripheral be attached?

&
" Fast Simplex Link [FSL]

—ATTEMTION
Refer ta the fallowing dacuments ta get a better understanding of how user peripherals connect ta the CoreConnect[TM)] buzes (including PLE v4.6
interconnect and OPB/PLE v3.4 interconnect] and the FSL interface.

MOTE - Select the bus interface above and the coresponding link[s] will appear below for that interface.

CoreConnect Specification

PLE [v4.6] Slave IPIF Specification for sinale data beat transfer
PLEB [v4 E] Slave IPIF Specification for burst data trarster

PLB [v4 B Master IPIF Specification for single dats beat tansfer
PLE [v4.5] Master IPIF Specification for burst data transfer

— Mok
Zilins recommends using the new PLE v4.6 bus standard, however, the wizard still supports the OB and PLE +3.4 bus interfaces.

I~ Enable OPE and PLE +3.4 bus interfaces

More Infa < Back | Mext» I Cancel

6. Select Software reset, registers and interrupt control




Create Peripheral - IPIF (IP Interface) Services x|

IPIF [IP Interface) Services

Indicate the IPIF services required by your peripheral

3

“r'our peripheral will be connected to the PLE [v4.6] interconnect through comresponding PLE IP Interface (IPIF] modules, which provide pou with & quick way to
implement the inteiface between the PLB interconnect and the user logic. Besides the standard functions like address decoding provided by the slave IPIF module,
the wizard tool alzo offers other commanly used services and configurations to simplify the implementation of the design.

Processor Local Bus (version 4.6)

PLB v4.6
Slave

IPIC Master
Read LocalLink
Write LocalLink

—Slave service and configuration

Tppically required by most peripherals for operations like logic control, status
report, data buffering, multiple memomny/address space access, and ete.
[FLE slave interface will ahways be included)

¥ Software reset W User logic software register
I~ Readwrits FIFD I~ User logic memony space

¥ Intemrupt contral

—Master service and configuration

Typically required by complex peripherals like Ethernet and PCI far
commanding data transfers between regions [FLE master interface will be
included if master service selected).

I~ User logic master

Mare Info |

< Back | Nest > I Cancel

7. Disable the Device Interrupt Source controller and choose 1 logic interrupt

reate Peripheral - Interrupt Service

Interrupt Service

Configure interrupt handling.

x|
%

The interrupt control service pravides interupt capture suppart which captures and coalesces various interrupts generated fram IPIF, ather design blocks and user

logic into a single interrupt output.

User Logic

T I &7 T

—Device 1SC

Device ISC [Interrupt Source Controller] coalesces all captured intemal
interrupts into a single output signal You may eliminate Deviee |SC if all
interrupts come from the user logic.

[~ Use Device ISC (intermupt source controller]

IPISC

— Priority Encoder

Device ISC Priority Encoder [|nterrupt 1D register) indicates which interupt
source has a pending interrupt. It iz useful in aiding the user interupt service
routine to rezalve the source of an interupt.

[~ Use Device IS Priority Encoder service

Datashest |

—Uszer logic intermupt

Mumber of interrupts generated by user-logic: 1 vl
Capture mode: | Level Pazs Through [non-inverted) ;I

The input interrupt from the uzer logic ha: no additional capture processing
applied tait. It iz immediately sent to the IP ISC Interupt Enable gating logic.

More Info

< Back | Next» I Cancel

8. Change the number of software accessible registers to 4




Create Peripheral - User 5/% Register

Ed|
User 5/ Register 2
Configure the software accessible registers in your peripheral. _\\’3

The user specific software accessible registers will be implemented in the user-logic module of pour peripheral. Such registers are typically provided for software
pragrams ta contral and to monitor the status of your user logic. These registers are addressable on the byte, half-word, word, double word or quad word baundaries
depending on pour design. An example lagic for register readAwrite will be included in the user-logic module generated by the wizard tool for pour ieference.

User logic software registers may take full advantage of the slave IPIF addiess-decoding

Bus2TP RdR service ta generate CE decodes for all of the individual register of interest. The diagram on
Eisis Ren 0 the left shows the simplest set of IPIC slave signals to read/write the registers.
BLEZIP_WiFeq
Reg 1 a =
BLEZIP_RACE Reg = Mumber of software accessible registers: |4| Hv [1 to 4036]
e
Bis2IP_Deta e
PeBus_Daka IREgm
IPZEus_RdA:k
IPZEus_WrPck
IPZEus_Error
User Logic

HMare Infa | < Back | Mext > I Cancel

9. Leave the IP interconnect settings to the default

‘# Create Peripheral - IP Interconnect {IPIC)

Ed|
IP Interconnect [IPIC)
Select the interface between the logic to be implemented in wour peripheral and the [PIF. "__\\'/:?

“Your peripheral will be connected to the PLE [+4.E] interconnect through suitable IPIF master/slave module(s]. Your custom logic from the user-logic module
interfaces ta the IPIF madulefz) and ather sub-blocks through a set of signalz called the IP interconnect (IPIC] interface. Some of the ports are always present, some
are pre-selected bazed on the IPIF services you required, and vou can choase other optional ports ta be included in the design based on your needs.

Mote: all IPIC parts are active high.

BuzziE Lk, rBusZIP_Clk.
Peripheral Bus2lP_Reset Sunchranization clock provided ta the user
O Bus2IP_sddr logic. 201 IPIC signals are synchionous to this
PLE »1.6 Other PLE v46 O Bus2IP_C5 clock. Itis identical to the input <bus:_Clk
Slave Blodks Master O Bus2IP_RNw signal of the peripheral. Mo additional buffering
BusZIP Data is provided on the clock; it is passed through
g o Bus2IP_BE a5
£ j 7 Bus?IP_RdCE
. § £ Bus2IP_WiCE
= £ 5 |P2Bus_Data
= E =1 IP2Bus_ Rdéck
= = & IP2Bus_Widck
IP2Bus_Emar
. IP2Bus_IntrEwvent
User Logic

Fiestare [efaults |
More Info | < Back | Mext > I Cancel

10. For this tutorial we’ll leave the BFM simulation unselected

11. Select the peripheral implementation support — It’s helpful to have some initial code written
which you can just modify



+ Create Peripheral - (DPTIONAL}) Peripheral Implementation Suppork

[OPTIONAL) Peripheral Implementation Support

Generate optional files for hardware/software implementation

Upon completion, this tool wil create synthesizable HOL files that implement the IPIF services you requested. & stub 'user_logic' module will be created. vou will
need to complete the implementation of this module uzing standard HOL design flows. The tool will alzo generate EDE, interface files [mpd/paal for the
synthesizable templates, so that vou can hook up the generated peripheral to a processar system.

Mot

Peripheral (VHDL) Should the peripheral interface [ports/parameters) or file izt change. vou will need to regenerate the EDEK
interface files uzing the import functionality of thiz tool

IPIF (vHDL) V' Gererate stub ‘user_logic' template in Verilag instead of WHDL
V' Generate 1SE and=5T praject files ta help pau implement the peripheral uging 5T flow

¥ Generate template driver files ta help vou implement software interface
User Logic
(Verilog)

Moare Infa | < Back | Hext » I Cancel

12. Finish!



Adding custom IP to default user_logic generated code

The previous wizard created some code for your core — the wrappers for the PLB bus and a simple core
which allows you to read and write to the 4 registers.

Here is the input/output portmap:

module user_logic

{
ff -—- ADD USER PORTS BELOW THIS LIME ~————-————-————
/¢4 --USER ports added here
£/ -- ADD USER PORTS ABOUE THIS LIWE ----—--———--—-—-—

/74 -- DO HOT EDIT BELOW THIS LINE ———-——--—--————————
ff -- Bus protocol ports, do not add to or delete

Bus2IP_Clk, f# Bus to IP clock

Bus2IP_Reset, // Bus to IP reset

Bus2IP_Data, // Bus to IP data bus

Bus2IP_BE, /{ Bus to IP byte enables

Bus2IP_RdCE, // Bus to IPF read chip enable

Bus2IP_WrCE, // Bus to IP write chip enable
IP2Bus_Data, ff IP to Bus data bus

IP2Bus_RdAck, /¢4 IP to Bus read transfer acknowledgement
IP2Bus_WrAck, /4 IP to Bus write transfer acknowledgement
IP2Bus_Error, // IP to Bus error response
IP2Bus_IntrEvent // IP to Bus interrupt event

/4 —- DD HOT EDIT ABOUE THIS LIME -———-——-—---——--——-
¥ /F user_logic

// —— ADD USER PARAMETERS BELOW THIS LINME ——-—-——---———-
// —--USER parameters added here
ff —— ADD USER PARAMETERS ABOVE THIS LINE -——-——--————

/# -— DO HOT EDIT BELOYW THIS LIME --—-—--——————————————

f/ —— Bus protocol parameters, do not add to or delete
parameter C_3SLU_DWIDTH = 32;
parameter C_HUHM _REG = L;
parameter C_HUM_INHTR =1;

f/f —— DD HOT EDIT ABOVE THIS LIME --——--—————————--——-

f/ —— ADD USER PORTS BELOW THIS LIME —-—-————--——--————
/# —-USER ports added here
ff§ —— ADD USER PORTS ABOVE THIS LINME ——————————————-———

ff/ —— DO HOT EDIT BELOW THIS LIME ~——----——"""""--———
/f{ —— Bus protocol ports, do not add to or delete

input Bus2IP_Clk:
input Bus2IP_Reset;
input [8 = C_SLV_DWIDTH-1] Bus2IP_Data;
input [8 = C_SLU_DWIDTH/8-1] Bus2IP_BE;
input [8 = C_NUM_REG-1] Bus2IP_RdCE:
input [8 - C_HUM_REG-1] Bus2IP_WrCE:;
output [8 = C_SLU_DUWIDTH-1] IP2Bus_Data;
output IP2Bus_RdAck;
output IP2Bus_WrAck;
output IP2Bus_Error;
output [8 = C_NUM_INTR-1] IP2Bus_IntrEvent;

The 4 registers we requested and some control regs/wires:

/7 Nets for user logic slave model s/w accessible register example

req [8 : C_SLU_DWIDTH-1] slv_regB:

req [8 © C_SLU_DWIDTH-1] slv_regl;

req [8 = C_SLU_DWIDTH-1] slv_reqg2;

req [8 : C_SLU_DWIDTH-1] slv_regd:

wire [8 - 3] slu_reg_write_sel;
wire [8 = 3] slv_reg_read_sel;
req [8 : C_SLU_DWIDTH-1] slv_ip2bus_data;
wire s1lv_read_ack;

wire slu_write_ack:

integer byte_index, bit_index;



The bus to IP (Bus2IP_Data) limits you to one write per cycle so we can access only one of the registers
for writing. The Bus2IP_BE is used for make sure that the bytes in the word are good:

al-ayk E{ posedge Bu521P_Blﬂ )
begin: SLAUVE_REG_WRITE_PROC

if ( Bus2IP_Reset == 1 }
begin
slu_regB <{= 8;
slv_regl <= @;
slv_reg2 <= B3
slu_req3d <{= 8;
end
else
case { slu_reg write_sel )
4'b1888 :
for ( byte_index = 8; byte_index <= (C_SLVU_DWIDTH/8)-1; byte_index = byte_index+1 }
if ( Bus2IP_BE[byte_index] == 1 )
for ( bit_index = byte_index=8; bit_index <= byte_index=8+7; bit_index = bit_index+1 )}
slv_reqgB[bit_index] <= BusZIP_Data[bit_index];
4'bB188 :
for ( byte_index = 8; byte_index <= {(C_SLU_DWIDTH/8)-1; byte_index = byte_index+1 }
if { BusZIP_BE[byte_index] == 1 )
for ( bit_index = byte_index=8; bit_index <= byte_index=8+7; bit_index = bit_index+1 }
slv_regi[bit_index] <= Bus2IP_Data[bit_index];
4'bapg1e :
for { byte_index = 8; byte_index <= {C_SLU_DWIDTH/8)}-1; byte_index = byte_index+1 }
if { Bus2IP_BE[byte_index] == 1 )}
for ( bit_index = byte_index=8; bit_index <= byte_index=8+7; bit_index = bit_index+1 )}
slv_reg2[bit_index] <= Bus2IP_Data[bit_index];
4'baga1
for ( byte_index = 8; byte_index <= {(C_SLU_DWIDTH/B)-1; byte_index = byte_index+1 }
if { Bus2IP_BE[byte_index] == 1 )
for ( bit_index = byte_index=8; bit_index <= byte_index=8+7; bit_index = bit_index+1 }
slv_reqg3[bit_index] <= BusZIP_Data[bit_index];
default : ;
endcase

end // SLAVE_REG_WRITE_PROGC

Writing from the IP (IP2Bus_Data):

// implement slave model register read mux
always @ slv_req_read_sel or slv_regl or slv_req1 or slv_req2 or slv_regd )
begin: SLAVE_REG_READ_PROC

case { slv_req_read_sel )
4'b18688 : slv_ipZ?bus_data <= slv_reqgB;
4'b@108 : slv_ipZ2bus_data <= slv_regl;
4'bBB18 - slv_ip2bus_data <= slv_reg2;
4'b@ee1 : slv_ipZbus_data <= slv_reqg3;
default : slv_ip2bus_data <= 8;
endcase

end // SLAVE_REG_READ_PROC

Finally the read/write acknowledgements and selects are quite straight forward defined as:

assign
slv_reg _write_sel = Bus2IP_WrCE[B:3],
slv_req_read_sel = BusZ2IP_RdCE[B6:3],

slu_write ack = Bus2IP_WrCE[ 0] || Bus2IP _WrCE[1] || Bus2IP_WrCE[2] || Bus2IP_WrCE[3],
slu_read_ack = Bus2IP_RACE[ 0] || Bus2IP_RACE[1] || Bus2IP_RdCE[2] || Bus2IP_RACE[3];
assign IP2Bus_Data = s5lu_ip2bus_data;
assign IP2Bus_WrAck = slu_write_ack;
assign IP2Bus_RdAck = slv_read_ack;
assign IP2Bus_Error = B;

See the attached original_user_logic.v file for the full file.



Now, let’s actually modify the file!

For this core we want 3 write registers and a read register (the result). So let’s choose slv_reg[0-2] as the
input and slv_reg3 as the output, so lets prevent direct writing to slv_reg3 by modifying write_ack bit:

assign
slu_reg_write_sel
slv_reg_read_sel
slu_write_ack
slv_read_ack

Bus2IP_WrCE[0:3],

Bus2IP_RACE[8:3],

Bus2IP_WrCE[ 0] || Bus2IP_WrCE[1] || Bus2IP_W-CE[2],// || Bus2IP_W-CE[3],
Bus2IP_RACE[ 8] || Bus2IP_RACE[1] || Bus2IP_RdGE[2] || Bus2IP_RdCE[3];

and disable direct writing to it:

slu_regB[bit_index] <= Bus2IP_Data[bit_index];

4 bB188 :
for ( byte_index = @; byte_index <= {C_SLVU_DWIDTH/8)-1; byte_index = byte_index+1 }
if { Bus2IP_BE[byte_index] == 1 )}

for ( bit_index = byte_ index=8; bit_index <= byte_indexx8:+7; bit_index = bit_index+1 }
slu_reg1[bit_index] <= Bus2IP_Data[bit_index];
4'b@s1e :
for { byte_index = 0; byte_index <= {(C_SLU_DWIDTH/8)-1; byte_index = byte_index+1 )
if { Bus2IP_BE[byte_index] == 1 }
for ( bit_index = byte_index=*&; bit_index <= byte_index=8+7; bit_index = bit_index+1 }
slv_req2[bit_index] <= Bus2IP_Data[bit_index];

i 4 haaat :
£/ for { byte index = 8; byte index <= (C_SLU_DWIDTH/8)-1; byte index = byte index+1 )
i if { Bus2IP_BE[byte_index] == 1)
£/ for { bit_index = byte_index=8; bit_index <= byte_index*8+7; bit_index = bit_index+1 )}
e slv_reg3[bit_index] <= Bus2IP_Data[bit_index];
default : ;
endcase

if { Bus2IP_Reset == 1 )
begin
slv_regl <= B;
slu_reql <= H;
slv_reg2 <= B;
ffslu_regld <= B;
slu_regs_wr <= B;
end

and finally, change it from a reg to a wire, since we’ll connect it to our core as the output d.

A further step would be to set IP2Bus_Error if an attempt to writing is made, but since we’re also writing
the device drivers we don’t have to.

The custom core takes in a flag en_in and delays it by 4 cycles to output en_out, so as to avoid needing
to halt the multiplier and under-utilize the pipelining. The en_in is simply a flag that says “the inputs are
valid” and 4-cycles later the output of the core also has the flag en_out which says “this output is valid.”
So to integrate this in user_logic we want to keep track of which of the three registers were written to
already and we can do this by creating a 4-bit flag, slv_regs_wr which is added as before the case(
slv_reg_write_sel):



aluayﬁ E{ posedge BusZIP_clﬁ )
begin: SLAVE_REG_WRITE_PROC

if { Bus2IP_Reset == 1 }

begin
slv_regB <= B;
slv_regl <= B;
slv_reg2 <= B;
£/ slu_reg3d <= 8;
slv_reqs_wr{=0;
end

else

begin
if(slv_reqgs_ok)
slv_regs_wr<{=slv_reqg_write_sel;
else
slu_regs_wr<{=5lu_regs_uwr|slv_reg_write_sel;

case ( slv_reg_write_sel )
4'b1068 :

When all 3 registers were written we can consider this as valid inputs so let’s create a flag slv_regs ok

for th

assign

e en_in and one for the valid output, which we’ll name slv_reg3_ok) and add our module:

slv_regs_ok = (&sluv_regs_wr[B:2]);

mu_add multadd(
_clk(Bus2IP_Clk),
.rst{Bus2IP_Rst),
-en_in{slv_regs_ok),
.a{slv_regB),
.bislv_regl),
-c(slv_reg2),
-d(slv_regd), //slv_reqd=slu_regB=slv_reqi+slu_req2;
_en_out{slu_reg3_ok}

Finally, let’s add the interrupt event which will be high whenever the output is valid, so if our module is
modified to take 100 cycles instead of 4 we don’t have to write drivers which will constantly poll the
slv_reg3 register for changes:

assign
assign
assiqn
assign
assiqn

IP2Bus_Data
IPZBus_WrAck

slu_ip2bus_data;
slu_write ack;

IP2Bus_RdAck slv_read_ack;
IP2Bus_Error a;

IP2Bus_IntrEvent = slu_req3d_ok;

See the attached user_logic.v file for the full file.

We now have to copy our mu_dd project properly.

1.
2.
3.

4.

Copy d4,v,d4_bit.v,mu_add.v to C:\myproj\pcores\madd_v1_00_a\hdl\verilog
Copy the coregent multiplier mult files mult. * to C:\myproj\pcores\madd_v1_00_a\hdl\vhdl
Edit the madd PAO file (C:\myproj\pcores\madd_v1_00_a\data\ madd_v2_1 0.pao) to include

these files. Append the following lines:

lib madd_v1 _00_a mu_add verilog
lib madd_vl1 _00_a d4 verilog

lib madd vl 00 _a d4 bit verilog
lib madd vl 00 a mult vhdl

Copy the multiplier netlist mult.ngc to C:\myproj\implementation



Including the Customized IP

Now let’s add our modified madd project to the XPS project.

1. Inthe IP Catalog right-click MADD and click on ‘Add IP’

IS LU ISR CILSLL SIS UL D LS Y ILS el U S LTI S Lan

IREEPEELE R EE ==
x|
Qe
MM

Project |Applications | IF Catalog |

2@

¥
H

Drescription | IP Yersion IP Type
E- £ EDK Install - C:4xilinss 10 14ED ..

H- Analog =
Bus and Bridge

Clock, Reset and Interupt
Communication High-S peed
Communication Low-5peed
Dk4 and Timer

Debug

+- General Purpose 10
nterprocessor Communication &
Memory and kemaory Controller
PCI

Peripheral Controller

Frocessor

- Uity

[ Project Local poores - C:imypraj
- USER

5

V-v

|

A00
[=- Project Peripheral Repositoryd - C:...
- USER
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2. Inthe ‘Bus Interfaces’ tab expand ‘madd_0’ and choose the SPLB connection to be plb0

DR|ER D (iR e/ mwe@XBrls £ 8 00|

g g I@ Bus Interfaces I Portsz | Addresses |
MM Mame | Buz Connection | IP Type | IP Wersion I
T—.H]—L, 4 [+~ ppoda 1 ppcd0n 300.a
- e @ docmr dzocmm_w10 200k
- o pped M § jocar isocm_v10 2.00.b
o i {7 plb_w4E 1.02a
o - <@ poedy 8 docm cnfi dsbram_if_cntlr 300k
& [H- < oocd 8 iocm ol isbram_if_cnitlr 300k
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[ LI || B~ drocm_bram brar_black 1.00.a
e 4| || - < oy bram bram_black 1.00.a
ﬁ L] B s pils_bram i ety T_bram brar_black 1.00.a
[H- =@ fagooe oo O jtagppc_chtln 201.a
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?— - SPLB <] b |
o— ||| - A732 a7 #ps_uartlite 1.00.a
- B olack genarafar O clock_generator  2.00.a
- oo 3 sesef proc_sys_reset 200.a

3. Inthe ‘Addresses’ tab select ‘madd_0’ change the size to 32K and click Generate Addresses



10O R L L

EIZI_BHJ% '-i?ﬂ@““%é@%ﬁ“]%ﬁ??%‘“]@ X|Br|lz £)|B8 Mmoo

| '_: Bus Interfaces | Parts | Addresses |
Instance I HName I Base Addreszz I High Address Size Bus Interface(s) | Bus
ppcd05_0_docm_cnth C_BASEADDR Dd2002000 D 2003 B, | DSOCM ppcd
ppcd05_0_jocm_cnth C_BASEADDR ShHEEI00 DuaffFTF K. ]150CM ppcd
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RS232 Uart_1 C_BASEADDR WELH00 OB 400FtFE B4k > |SPLE plb0
ppcd0s_0 C_DSOCM_DCR_BASEADDR AT Ob00007 000711 4 > | Mot Conrected
ppcd0s_0 C_ISOCKW_DCR_BASEADDR [ Ob00000T00171 4 > | Mot Conrected

4. Inthe ‘Ports’ tab expand ‘madd_0’ and for the ‘Net’ create a new connection and name it
‘madd_0_irq’

[+ 52 awoc bram
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] < mactt O
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5. Expand ‘ppcd05_0’ and find ‘EIC405EXTINPUTIRQ’ and choose ‘mad_0_irg’ instead of ‘No
Connection’

- LA | EUPUA T EDH
- CA0BITGSHIFTDR

- C40BITGPGMOUT

- CADBITGEXTEST
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Mo Connection >0
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madd 0 ira

Ma Cannection

s clk s Eal
sz clk s >l
Mo Connection >l
Mo Connection E3)

The core is now connected to the bus and the interrupt is connected to the PowerPC, let’s modify the

software now.



Modifying the software

1. Let’s first add the drivers created by the wizard. In the Applications tab click on ‘Add Software
Application Project’ and name it ‘madd_test’

-+ Xilinx Platform Studio - C:/myproj/system.smp - [[Platform Studio]]
File Edit Wiew Project Hardware Software Device Configuration Debug Simulation ‘Window Help

e EAEEE R A EEEE =R =TS
|

Project | Applications IIPEataIDg | Select desired text for mare inf

Software Projects
1c J&4dd S oftware Application Project...
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Ok Cancel |

|I Generating the hardwai

Initializing FPGA on-chi

2. Right click on ‘TestApp_memory’ and deselect it from begin initialized on the BRAMSs

% Xilinx Platform Studio ‘myproj;/system.xmp - [[Platform Studio]]

File Edit WView Project Hardware Software Device Configuration Debug Simulation WWindow F
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ompiler Options B —

e BRAMS

EBuild Project

o Co

?ﬁ Clean Project sofi
- (% Project: TestApp_Peripheral i

; Delete Project, ., Der
- Processor: ppcd05_0 ! o Det

-~ Erecutable: C:hmyproftTestipp_Peripheraliexecutable. eff IMake Project Inackive o

- Compiler Dptions Generate Linker Script...

- Sources ¢

~Headers
|23 umiecl: madd_test

I =
3. Select ‘madd_test’ to be initialized instead.
4. Right-click on it again and click go to generate the linker script. Modify the heap and stack



=

Sections Yiew: Heap and Stack Wiew:

Section Size [bytes] Memory Section Size [bytes] Memory

wvechors ao 3 Heap 0x400 ppcdds_0_docr |

et 0x00000FES xps_bram_if_cnt ¥ | Stack 0400 ppe405_0_docn x|

.rodata 000000716 xps_bram_if_cnt ¥ |

_rodatal 000000000 wps_bram_if_cnt |

.sdatad 000000000 xps_bram_if_cnt ¥ |

.sbss2 000000000 xps_bram_if_cnt ¥ |

data 0x000000FE #ps_bram_it_ont < | Memories VYiew:

.datal 000000000 xps_bram_if_cnt ¥ | Memory Start Address Length

fiwup Ox00000000 xps_bram_if_cnt ¥ | wpz_bram_if_cnth_1 | 0x00000000 B4k

.sdata 000000010 wps_bram_if_cnt | ppcd05_0_iocm_cnl DxFFFFE000 32K

.shss 000000008 wps_bram_if_cnt | ppcd05_0 docm_cr| 0x42002000 3K

bss 00000001 C xps_bram_if_cnt ¥ |

Add Section I Delete Sectionl
ELF file: uzed to populate section informatiorn:

Eoot and Yector Sections: IEI:\m_l,lproi\madd_test\executable.elf

Section Address Memory

boatd 0=FFFFFFEC ppcdl5_0_jsem_cnl Output Linker Script: |C:vmyprojsmadd_testimadd_test_linker_script.|d _l
.boot OxFFFFFFFC ppcd05_0_iocm_cnl

0K | Cancel | Help |

5. Now add the sources (madd.[ch],madd_selftest.c) from C:\myproj\drivers\madd_v1_00 a\src
6. Modify madd_selftest.c by commenting out the lines related to register 3:

93 i

Q4 ®il printcf(" - =2lave register 2 word 0 writefread failedini\r™):
a5 return ST FAILURE:

=1 i

a7 £ wil printf(" - write 4 to =slave register 3 word O4ynhr'™):

Qg £ MADD wilritellaveRegs (haseaddr, 0, 4);
a9 ff RegiiValue = MADD mReadZlaveRegs (haseaddr, 0):

oo /S xil printfi" - read %d from register 3 word OVn\r", Regl3zValue):

101  // if { Reg3zValue !'= [(Xuint3Z)] 4 )

102 S

103 i il _printfi" - =2lave register 3 word 0 writefread failedinir™):
i0g S return 3T _FAILURE:

105 e i

106 £ wil printf(" - =lave register write/read passedinin\r™):

107

108 i

109 * Enable all possikble interrupts and clear interrupt status register(3)
110 L

111 ®il printf("Interrupt controller test...\n\r");

112 FegiiValue = MADD mReadReq(basesddr, MADD INTE_IPISE_OFFS3ET) :

113 ®il_printf(" — IF f{u=zer logiec) interrupt status : 0xx08xhnir™, RegiZValue):

7. Add a new source file named ‘madd_test.c’ to C:\myproj\madd_test.c:



1 #include "xparsgmeters.ht

2 #include "xbhasic_types.h"

3  #Hinclude "stdio.h"

4 #Hinclude "mwadd.h'

5

1

ir

=] int maini(wvoid) |

9 Huint3iz2 Ipitatus;

10 I3tatus stat:

11 print("-- main() man --hrhvn'i:
1z

13 if [ (Stat=MADD SelfTest(((woid *)XPAR MADD O BASEADDR)) }==XST SUCCESS) {
14 print ("Test CHE!Yn\r™):

15 toelse |

16 print ("Test FAIL!.n\r™):

17 i

15

19 print("—-- ! main() man —-Srvn"):
20 return stat;

21 i

8. Right-click on ‘madd_test’ and click on ‘Build Project’
9. Click on Hardware->Generate Netlist and then Hardware->Generate Bitstream
10. Open your favorite terminal client (Putty and connect to the COM port to which you connected
the dev board)
11. In XPS click on Device Configuration->Download Bitstream
a. If you get an error copy the mult.ncg again and retry — remember that mult was created
using COREGEN

The output should be as shown below:

& COMS5 - PuTTY

0 word 0O
o
word O
o




12. Now let’s write our own test code, modifying the original self test
13. We are going to use interrupts to read slv_reg3 so we need to include some additional header
files:

finclude "xparameters.h'
#include "xhasic types.h"
finclude "time.h'
ginclude "scdio.h™
#include "xexception 1.h"
Hinclude "madd.h"

[y Y =" U R o

14. Let’s modify main to setup the interrupts and register the interrupt handler:

g2 int maini(wvoid] {

83 Zuint3iZ Ip3tatus;

= X3tatus stat:

g5 print("-- maini] man --4rin™):

=13 #ifdef IELFTEST

g7 if [ (stat=MADD SelfTest|{(void *)XPAR MADD 0 BASEADDR)))==XST SUCCESS)
a5 fielse

a9 ¥il printf("Initializing interrupt wvector tablehrin®):

an ZExc Init():

91 ¥Exc RegisterHandler (XEXC_ID NOM CRITICAL INT,

92 [EExceptionHandler) MADD Intr Handler,
93 (void *)EZPAR MADD O EBA3IEADDR);

94

a5 if {(stat=MADD Test(((void *)XPLR MADD 0O BASEADDR)))==X3T JUCCE3I) |
96 #endif

a7 print ("Test OE!'nhr™):

ag } oelse {

=1=] print ("Test FALAIL!''nhr'™);

100 H

101

10z printi("—— ! main()] man —--%rhvn'™):

103 return stat:

104 i

105

15. In a real example we should use conditional sleep instead on a flag, but for this example we will
use a simple flag:

g [f/flay which is set by the interrupt handler
= wvolatile unsigned intr £lag=0;

16. And create an interrupt handler which just sets the flag:



11 woid MADD Intr Handler (void * haseaddr p)

1z {

13 Xuint3Z2 baseaddr:

14 uint3z Ip3tatus:

15 Xuint3Z BRegiZValue=0xdeadbeesf:

16

17 ZASIERT NOMNWOID (haseaddr p != INULL):

15 baseaddr = [(Xuint3Z) baseaddr p;

19

Z0 fSfshould be dizabling interruptz in & real example

21 IpZtatus = MALDD mBEeadReg(baseaddr, MADD INTER TPISE OFF3ET);
22 intr flag=1;

23 MADD mwiWriteRegibaseaddr, MADD INTER IPISE OFF3ET, Ip3tatus)
24 H

25

17. Finally let’s look at the test code:

26 Z3tatus MADD_Test (void * baseaddr_p)

27 {

25 int i:

z9 XuintiZ baseaddr;

30 Huint3iz RegiiValue;

31

32

33 ZASSERT NONVOID (haseaddr p != XNULL);

34 basgeaddr = [Xuint3ii) baseaddr p;

35 ®x1il printf("3oft reset test..."):

36 HADD_mReset (haseaddr) ;

37 ®il printf("CE!Yn\n\r"):

35

39 HADD Enshblelnterrupt ibaseaddr pj:

40 ZExc_mEnableExceptions (EEZC_NOM_CRITICAL) :

41

42 for (i=0;i<15;1i+=3) { //loop a hit

43 intr flag=0;

44

45 il _printf ("writing slv_regD=3d...\n\r",1i):

465 MADD mwWrite?laveRegd (baseaddr, 0, 1i):

47 RegiZValue = MADD wReadilaveRegl (baseaddr, 0):
45 ®il printf("read =lv _reg0=:d 'nhr", RegliZValues):
49

50 ®xil printfi{"writing slv_regl=id...\n\r",1i+1);
51 MADD mwiWritedlaveRegl (baseaddr, 0, i+1):

52 RegliiZValue = MADD wReadllaveRegl (baseaddr, 0):
53 ®il printf("read =lv _regl=:d 'nhr", RegliZValues):
54

55 ®il printfi{"writing slv_regz=3d...\n\r",1i+2);
56 MADD mwWritedlaveRegs (baseaddr, 0, i+2):

57 RegizWalue = MADD mReaddlaveRegZ (haseaddr, 0]
55 ®il printf("read =lv _regZ=3d hnhr", RegliZValus):
59

&0 ®il printf("expecting sdin\r",i#% (i+1)+(i+2));
a1

62 Jiin a real example a waitcgque should he used

a3 ff=leeping until an interrupt arrive, not as in this exsmple
G4 sleep(d):

65 RegizValue = MADD mReaddlaveRegs (baseaddr, 0]
66 ®il printf("read =lv reg3=%dintrc", Reg3iWValue):
67 if{!intr flag || (1¥(i+1l)+(i+&)) !=Reg3iValue) {
a5 return EZ3T FAILURE:

(1] ¥

70 H

71

72 return X3T SUCCEIS;

73 i



The output should be as shown below:

-— mwain() man —-
Initializing interrupt
Soft

maini)l mwan --

That's it!
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