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System Integration Issues

m Matching I/O Specifications

— Voltage Standards

— Timing Requirements

m Connecting the Block Interfaces

— Control Signal Types

— Control Signal Assertion Levels

— Data Widths
— Transaction Timing

m Domain Crossing
— Interface Domain
— Clock Domain

B Time
— Develop
— Change Orders
— Verification
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SOPC Builder
From Concept to System in Minutes
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il CPU
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Timer
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Embedded System Integration

Ethernet
(Bus Master)

Processor

(Bus Magter) Interrupt
32-Bit Controller

32-Bit

Address
Decoder '

SS2IppyY
ereq

Slave 4
32-Bit

Slave 1 Slave 2 Slave 3
8-Bit 32-Bit 16-Bit
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SOPC Builder: System Design

HRAltera SOPC Builder - EXT_CPU
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SOPC Builder: System Integration

L™ Altera SOPC Builder - EXT_CPU M= 3

Fle Systemn Module Wiew Took Help
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SOPC Builder: Integration

SOPC Builder-
Generated
Avalon™

Switch Fabric

Arbiter

Width-Match

Processor
(Bus Master)

32-Bit

Address

Decoder

Arbiter

Width-Match

Interrupt
Controller

Arbiter

Width-Match

Ethernet

(Bus Master)

32-Bit

Data
Multiplexing

Arbiter

Width-Match

Wait-State
Generation

Arbiter

Width-Match
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Avalon Interface

m An Open Standard
— Simple, Synchronous Interface

— Switch Fabric Interconnect
e Controls Signal Timing
e Matching Logic Levels

m Many Signal Types Supported
— Peripheral Uses Only the Signals it Needs
e Any Combination of Signals Possible

— Support for Arbitrary Setup Time, Hold
Time & Wait States

m Switch Fabric Generated in SOPC
Builder
— Eliminates Tedious HDL Writing

— Increases Intellectual Property (IP) Re-
Use

— Decreases Development Time

44SOPC
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Avalon Signal Types
reset
chipselect
address
byteenable
read
readdata
write
writedata
data
waitrequest
readyfordata
dataavailable
datavalid
flush
begintransfer
endofpacket
irg
1rgnumber
clk
resetrequest

All Signals Available
In Positive or Negative
Form
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Avalon Switch Fabric

m Peripherals Can Be Dedicated or Shared
— Shared Connections Arbitrated on the Slave-Side

m Simultaneous Data Transfers Boost Throughput

System CPU

DMA

Masters

(Master 1)

(Master 2)

i
=

Avalon Switch Fabric |

| 1

CLILE
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SOPC

Builder:

System Generation

¥ Altera SOPC Builder - ref_32_system -1o] x|
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SOPC Builder: Applications

1™ A ltera SOPC Builder - ref_32_system o =1
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Interfacing External Processors

® Incumbent Processor e
or Digital Signal Processor
Processor

m Add System Elements

. External Processor Interface
_ Peripherals | External Processor Interface
. Avalon Switch Fabric
— Custom Logic

— Accelerators

m SOPC Builder Accelerator
Glues it Together

m Missing Element is the
Interface

)a{SOPC
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Classes of Processor Interfaces

m Complex & Simple Interfaces

— Complex

e PCI(X)(Express), Rapid /O™ & HyperTransport™
Technologies

e Solved with Specialized Logic Blocks & Software
Protocols
— Simple
e Common on Most Embedded Processors
e Address, Data, Chipselect, R/W control, Etc.

e Simple Software Control of Memory-Mapped

Peripherals
)ya(SOPC
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Processor Interface Issues

m Bus Frequency, I/O Timing, & I/O Standard
— FPGASs Are Rich in I/O Standards
— FPGA Tools Provide I/O Timing

— High-Speed Busses Require High-Speed Design
Techniques
e See High-Speed Design Seminar Notes

m Control Signal Matching
m Data Transfer Latency
m Clock Domain Crossing

}34 SOPC
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Simple Processor Interface

m Maps FPGA to a Memory Region, SOPC Builder
Decodes Each Element

m Operates Synchronous to the Processor’s Bus Clock
m Translates Processor Signal Types to Avalon Equivalents

CPU-to-Avalon I/F
Data

Aress ‘ M

Control

External
Processor

>
S
(@)
58
[¢D)
S0
_L
c 9
cc
(4]
Q
X
LLl

)a{SOPC
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Intel PXA255 Example

Altera® FPGA

Intel PXA255 Visual
Display Unit
A ¢ ' (LCD/VGA/ SVGA)
] T <« Backplane
sy Marary Interface
e 10/100/1G EMAC
:g 4—— (Or 802.11x MAC
% ; *E;ﬂ&:‘?;b.' - e Q_J
; EE Systomn Bus - - o > llJ:SBV\ZIO/
% - sE POMCIA I a""% S irewire
TN = | = N
. e Il scates | Corir T st c,__{ Pushbu ttb n S)
5 o = UART
— == 9 ﬂ .
— aceas| [oz 753 Q Integrated Drive
ces o =} | ¢————————> F|ectronics (IDE)
L[ e [T 11 o
| Lo <« Custom

Peripheral

Motor Drive
> (PWM / Stepper)
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VLIO as an Avalon Master Port

m Intel PXA255 Variable Latency 1/O (VLIO) Uses a Bi-Directional Data

Path, RDY Signal to Add Wait States

m [nterface Separates DATA into Read Data & Write Data Paths

RDY waitrequest
nPWE write_n MA [25:0])
MA[25:0] address [ n:2] nPWE
DQM[3:0] byteenable[3:0] MDI[31:0]
writedata[31:0] nOE
MD [31:0]
MD [31:
readdata[31:0] [31:0]
nOE read_n DQMI3:0]
MEMCLOCK clk EXT_IRQ
RESET reset MEMCLOCK
- RESET
EXT_IRQ Irq
WORLD _
2004 © 2004 Altera Corporation
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waitrequest
address
write_n
writedata
read n
readdata
Byteenble[3:0]
irg

clk

reset



Relevant Verilog Code to Implement

module ext_proc_if (

//port declarations
)
/Isignal declarations
assign a_write_n =e_pwe_n;
assign a_read n=e_oe_n;
assign a_addr = {e_ma, 2'b0};
assign e_rdy = a_waitrequest;
assigna_be n=e_dgm_n;
I/l work out the bi-directional data bus
/Il if output enable is low, then get the data from the readdata path of the Avalon switch fabric
assign e_data=('e_oe_n && 'e cs n)? a_data read : 'bz;
/Il assign the Avalon Switch Fabric write data path to athe a_data_write net (i.e. the incoming data..
assign a_data_write = a_write_data;
always @('e_cs_n)

begin

if le_pwe_n) a_write_data = e_data;

end

endmodule

y4a4SOPC
%&RLD © 2004 Altera Corporation Mﬂ a
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EMIF to Avalon Master Port

m Texas Instruments (TI) DSP External Memory Interface (EMIF) Uses a
Bi-Directional Data Path

m Interface Separates DATA into Read Data & Write Data Paths

Altera FPGA

ARDY waitrequest

ARDY waitrequest

AWE n write_n ADDRESS [21:2]) address
ARE_n AWE_n write_n

ADDRESS [ n:2 .
BE[3:0] DATA [31:0] writedata
. ARE _n read_n
writedata[31:0]

DATA [31:0] DATA [31:0] readdata
AOE_n readdata[31:0] BE[3:0] byteenble
E_CLOCK clk EXT_IRQ irg
RESET reset E_CLOCK clk

EXT_IRQ ; irg reset reset

WORLD =
2004 © 2004 Altera Corporation t.,
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Relevant Verilog Code to Implement

module ext_proc_if (

//port declarations
)
/Isignal declarations
assign a_write_n = e_write_n;
assign a_read n=e _read_n;
assign a_addr = {e_addr, 2'b0};
assign e_rdy = a_waitrequest;
assigna_be n=e_be n;
I/l work out the bi-directional data bus
/Il if output enable is low, then get the data from the readdata path of the Avalon switch fabric
assign e_data=('e_oe_n &&'e read n && 'e cs n)? a_data read : 'bz;
/Il assign the Avalon Switch Fabric write data path to athe a_data_write net (i.e. the incoming data..
assign a_data_write = a_write_data;
always @('e_cs_n)

begin

if le_write_n) a_write_data = e_data;

end

endmodule

y4a4SOPC
%&RLD © 2004 Altera Corporation Mﬂ a
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Simple Processor Interface

m Advantages

— Simple as Wires—1 Logic Element (LE) to
Control Data Bus I/O Direction

— Easy Access to Peripherals for the Incumbent
Processor

— Limitless Options for Adding Components

m Restrictions

— Processor Bus & FPGA Logic Operate on
Single Clock Domain

— Processor Must Honor waltrequest

Pzi SOPC

WORLD =
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Removing Clock Domain Restrictions

m State Machines Pass Transactions Between Clock Domains

m Processor State Machine Initiates Transaction
— Waits for Avalon Master State Machine To Complete

m  Avalon Master State Machine Initiates Transaction with Avalon Switch Fabric
— Waits for Avalon Switch Fabric to Complete

External CPU - Avalon I/F

Data
External _4 Processor
Processor Address State |M
_< Machine

Control

SOPC

WORLD =
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State Machine Control Diagram

itrequest = 1

H_Write
H wait =1

H_Done OR
H_Finishing OR

Waitrequest = 1

<
Z.
Q
2
o,
&
A\Y

o

H_Finishing H_Read O
H wait=0 H_Write =

External CPU or Digital Signal
Processor (Host) SM Diagram

SOPC
%ISRLD © 2004 Altera Corporation MEE{A a
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State Machine Control

m Advantages
— Processor & FPGA Operation Decoupled
— Each Side Free to Operate at f,;,

m Restrictions

— Adds Size & Complexity to Core
— Adds 3-5 Cycles of Latency per Transaction

34 SOPC
H y(\J’OociRLD © 2004 Altera Corporation Mﬂ -
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Removing waitrequest Restriction

m Fixed Timing Between Processor & Interface

— FIFO or DPRAM
— Additional Logic Required to Move Data In/Out of FIFO / DPRAM

m FIFO-Based Interface

— Single Address, No Random Access

— Excellent for Data Streaming Applications
m Dual-Port RAM-Based Interface

— Allows Fully Loaded Memory with Random Access
— Excellent for Multi-Processor Applications

WORLD =
H 2004 © 2004 Altera Corporation @,



FIFO-Based Interface

€

27

FIFO Used to Stream Data to/from a Fixed Destination
— Custom Accelerators
— Streaming Devices
Data Movement Controlled by Nios Il Processor, DMA Controllers, Custom Logic

FIFO Depth Affects Data Throughput

CPU-to-Avalon I/F

External

Processor Address

J0]ela|3ddy

SOPC
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DPRAM-Based Interface

m DPRAMSs
— Random Access
— Mailbox Access

m DPRAM Has Fixed Cycle Timing

m Data Movement on DPRAM Slave Controlled by:
— Soft Embedded Processor
— DMA on FPGA
— IP Accelerator Data

— 7

Address

Control

CPU-to-Avalon I/F

Nios 11 [¥
FPGA
WORLD

2004 © 2004 Altera Corporation

)a{SOPC

28

>
(%)
(@]
o)
1)
-
=
o
=]



Combination of Interfaces

N Val‘lable CyCIe — CPU-to-Avalon I/F
Interfaces

External

— Random Access  [ERESEatiis
Peripherals

— Control Variables

m FIFO/DPRAM F.FO/DPRAM
— Low-Latency
— Streaming Data -

m Use External Processor | CUST-O
Chip_Selects to Select T
the Interface | -

Control

=5 MEM_N

)a{SOPC
;'(\]'004R = © 2004 Altera Corporation A.Iirm a
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Interface Bandwidth & Throughput

m Determined by Your Processor Bus
— Width of Bus, Frequency of Bus, Number Cycles per Transfer

m Dedicated or Shared Peripheral
— SOPC Builder Easy to Define
— Slave-Side Arbitration

m Latency
— Processor: Inherent by Design
— Processor Interface: Depends on Type Used
— Avalon Switch Fabric: O Cycles, Combinatorial
— Peripherals: Defined by the Peripheral

WORLD =
H 2004 © 2004 Altera Corporation @,



Summary

m Multiple Processor Interface Options
— Simple Processor Interface
— Asynchronous Interface with State Machines
— FIFO-Based Interface
— DPRAM-Based Interface
— Combination Interfaces

m SOPC Builder Automatically Integrates
Additional Components

— Converts Your Concepts into Systems in
Minutes

Pzi SOPC
H 2"’(\3’004RLD © 2004 Altera Corporation Alirm a
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Additional Resources

m SOPC Builder
— Included in All Quartus Il Products

m Evaluation Nios Il & IP Cores
— MegaCore IP Library CD
— Nios Il Embedded Processor Evaluation
Edition
m www.altera.com
— Literature Section — SOPC Builder
— Complete List of Application Notes

— Wide Range of Tutorials
}‘4 SOPC
H %&RLD © 2004 Altera Corporation Mﬂ
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Multi-Processor Systems
Address these Challenges

m Increasing Application Requirements
— Single Processor - Faster Clock Rate = Higher Power
— Multi-Processors = Slower Clock Rate = Lower Power

— Execute Tasks in Serial or Parallel for Highest
Performance

m Expanding Product Functionality
— Custom-Fit Processors for Specific Functions

m Simplify Application Software
— Limit Code to the Task at Hand

}34 SOPC
H y(\J’()oziRLD © 2004 Altera Corporation Mﬂ a
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Multi-Processor Architectures

m Multiple Independent Processors
m Host with Off-Load Processors

m Serially Linked Processors

m Multi-Channel Processors

}‘4 SOPC
H %&RLD © 2004 Altera Corporation Alm -
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Multiple Independent Processors

m Main System Processor
— Primary Application
m Secondary Processors
— System Monitoring & Reporting Functions

Monitoring
Processor

. SDRAM
Main Controller
System

Processor
~[

ya4{SOPC
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Off-Load of Host Processor

m Application or I/O 0
Requirements Not Being | /10
Met by CPU General-Purpose /O

Processor /O
m Add an Off-Load CPU

/10
/10
m Additional Off-Load

CPU(s) to Further o
Off-Load
Addre_ss Performance OF [RSTANI Oftoad ). . 10
Functional Requirements EUEWIY — o
Resource IS | Rammgilile
«— |/O
Processor
«— 1/O
}‘4 SOPC
H %()?RLD © 2004 Altera Corporation MEE{A
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Serial Processing

m Application Divided into Sequential Tasks
— One Processor per Task
— Simplify Software

m Processors Communicate Through Shared Data/
Resources

> -

Shared Data
Resources

)a{SOPC
g’(‘l,oociRLD © 2004 Altera Corporation Mﬂ a
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Multi-Channel Processing

m Develop a Single Cﬁu
Channel Solution

CPU
m Replicate to More
Channels E % :'

CPU

}‘4 SOPC
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Master/Slave Processor System

m Master Processor
— Running Operating System
— Primary Application(s)
m Slave Processors
— Operate Under Master
Processor Control
m Examples

— Load Balancing in Web
Server

— Control Processor with
Multiple Processor Engines
for Packet Processing

}24 SOPC
%{9“'—" © 2004 Altera Corporation Mﬂ a
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Design Considerations

m System Development Environment
— FPGASs
— Soft Embedded Processors
— System Development Tools

m Inter-Processor Communication
m Resource Sharing

m Software
— Project Management

— Collective Run & Stop Control
)3 {SOPC

. ‘ WORLD _
2004 © 2004 Altera Corporation
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Altera’s Product Offerings

Co

HARDCOPY"

R [pe—

LOW-COSt IHiglh=-Density. Structured
FPGAS EPGAS ASICs

SOPC
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Nios: Most Popular Soft Processor Ever

m Over 14,000 Kits Shipped

— Qver 4,000 Unigue Nios® Licensees (Companies)
— More than All Other Embedded Soft Processors Combined *

m EDN Hot 100 Product of 2003

m Keys to Success
— Complete Kit
— Simple, Capable CPU
— Easy to Use
— Low Cost ($995)
— Perpetual License
— No Royalties

* Semico: Soft-Core Processor Licensees

)a{SOPC
;'(\]'004R = © 2004 Altera Corporation A.Iirm a
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Nios || Overview

m Family of 3 Processor Cores
— Performance Over 200 DMIPS
— Cost as Low as 35¢ of Logic |

m Powerful New Software Nios 11

Development Tools

— IDE/Debugger, RTOS,
TCP/IP Stack

m Complete Portfolio of Development
Kits
— Stratix® , Stratix Il & Cyclone™ Kits
— Application-Specific Expansion Boards
)A{ SOPC

& 2"’(\3’004RLD © 2004 Altera Corporation Alirm a
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Processor Cost vs. Performance
300

HardCopy® Stratix
250 A

Stratix Il

Stratix

Performance
(DMIPS)
= = N
(@) ol (@]
(@) (@) (@]
| | |

Cyclone

o)
o
|

O I I I I I
$0.00 $1.00 $2.00 $3.00 9$4.00 9$5.00

Cost of CPU Logic

)24 SOPC
%&RLD © 2004 Altera Corporation Mﬂ a
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FPGA Processor Core Advantages

Low-Cost Complex
Embedded Solution Embedded System-on-a-Chip

Processor? How Many Processors?

Cyclone Series & Nios || Economy
CPU < 20% of Device
20 DMIPs

=
As Low as 35¢
] -~

Stratix Il EP2S5180 & Nios Il Fast

CPU 1% of Device

b SOPC 220 DMIPs (each)
;'(‘l,ooclRLD © 2004 Altera Corporation A.Iirm a
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Development Tools — SOPC Builder

M altera SOPC Builder - mutex ;Iglil

File System Module wiew Tools Help

System Contents | hare "cpul” Settingsl Mare "cpul” Settingsl System Generatiunl
POl Alters SOPC Builder - _ - . . : |—
E: el s Target: INIDS Development Board, Stratix Pro (EFP1540) ;l Target Device Farmily: |Strat|x 'I Systemn Clock Freguency: |50
-Avalon Modules
i N?os Il Processor - Altera Use Description | EBaze | Enicd IR IRQ|
—.‘_ Mios Processor - Altsra C u rocessor - Aftera Corporation 0x00910000 | 0x003107FF
ﬁiﬂdges o v |E cpul_jtag_uart JTAG 0x009108A0 | 000910347 1
H-Communication v |H epul_memory On-Chign Merfyy (RAK or ROM) 0x00900000 | 0x0030FFFF
s [V |& cpud_sdram SORAM Cogllfiler 0x01000000 | 001 FFFFFF
—® SPI (3 ire Serial) = nter r 0x00910800 | Ux0001 U51F 0
— @ UART (RS-232 serial OCESSOr - Afters Lorporation 0x00900000 | 0:x003007FF
2 CAN 2.0 Network Co v | cpul_button FIO (Paragio) 0x00910860 | 00091 0a6F | HC
el [v | cpui_high_res_timer Interval tmer 0%00910820 | 00081 053F | HC
b Dl S [v | cpul_led_display Character | (16x2, Opirex 16207) 0xD0910880 | 00051 055F
O HB250 UART - CAST cpul_memory [ SRAM 0x00600000 | Gx00GTFIFT
— HOLCT Marager-UP) = seq_pio (Parallel 110 0x00910890 | 00051 055F
—2 :32 Eus Ic:ﬂorrt:oller "j - 7 ext_flash Fla=sh Memory (Camnmon Flash Interface) i 000000, | 0x007FFFFF
. - |1 Interfars .’ | ext_ram_bus Ayalon Tri-State Bridge
—I—I | hw_mutex Interface to User Logic 000910870 | 000910573
Al fovailable Components I |v shared_uart LART (R3-232 serial port) LEEIR [0 FOPRu e L]
tz)| QD| 'D| < |
Aol | & Check | 4 flove Lp * flove Down
7} Done checking for updates.
Exit = Prey Mext = Generate

)a{SOPC
yg{gn =L © 2004 Altera Corporation Mﬂ a
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Host-Side Arbitration Scheme

Masters
CPU O

CPU 2

Shared Bus

P

Custom
Shared Accelerator

!

Shared
Memory

Shared

Slaves Memory

Memory Peripheral

Bottleneck

Arbiter Determines
which Master Has
Access to Shared Bus

)a{SOPC
%{9R = © 2004 Altera Corporation A.Iirm a
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Slave Side Arbitration

Local Local
Resources Resources

Masters CPU O

Local

Resources

CPU 2

Arbiter Arbiter Arbiter Arbiter
Custom
Slaves Shared SUEIC Mailbox Accelerator

Memory e Memory Peripheral

Arbiter

Simultaneous Operation for All Masters

)A{SOPC
WORLD .
2004 © 2004 Altera Corporation
49
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SOPC Builder — Slave Side Arbitration

=0l x|

1™ altera SOPC Builder - mailbox

File Swystem Module iew Tools Help

systern Contents | Mare "cpu_0" Settingsl Mare "cpu_1" Settings | System Generatiunl

€

50

All Awailable Components

o el e

adi. | @ check |

A fove Up |

w fove Down |

T oew e Do o
P1510 Hios Development B“‘"—l Target: |Ni|:|s Development Board, Stratix Pro (EP1540) =l Target Device Farnily: Im System
P1540 Hiog Development Boar
P20K200E Hios Development B — cpu_0 finstruction_master (avalon)

hernet cpu_(0 J data_master (&valon)
xtra Wtilities _1 finstruction_master (avalan)
ibre Channel pu_1 §data_master (avalon) |
thl:cg:;l::‘:;l;r;zl:‘;s Uz Module Mame I Description Base End I IRG EI
= Wu_0 . Mioz Il Pracessor - Altera Carporation
—®@ AMD 291800 Flash for EP ruction_master Master port
—@ DOR SDRAM Cortroller Mec _master Master port
— @ EPCS Serisl Flash Controller jt=g cebug_mocule Slawve port 0x00000000 | 0:000007FF
— @ Flazh Memory (Common Fla 4 El cplgl_memory On-Chip Metmory (RAM or ROM)
— @ IDT71%016 SRAM for EP20I o Slave port 0x00002000 |  Ox00002FFF
@ DT 6 SRAR v E cpul Mioz || Processar - Altera Corporation
— @ Legacy SDRAM Cortraller in=iMlction_master Master port
— @ On-Chip Memory (RAM or R clat rriaster haster port
L@ SDRAM Controllsr ta U _rociuile Slave port 0x00000000 0x000007FF
icrocontrollers v Bl cpulll _memory Cn-Chip Memory (RaM or ROk
Other - 3 Slave port 0x00003000|  0x00003FFF
pCl | = =hilfed_memory On-Chip Memory (Rakd or ROM)
Peripherals —7 Slave port 0x00001000| 000001 FFF
SB flash_0 Flazh Memaory (Comman Flash Interfac... 0x00300000 0=00FFFFFF
4 | | > M state_bridge_0 Avalon Tri-State Bridge

cpu_0 and cpu_1 use the same reset address.

—

Exit

= Frey

Mext = |

Senerate |

SOPC

WORLD
2004

© 2004 Altera Corporation




Inter-Processor Communications

® Memory Management
— Access Control
— Data Integrity
— Amount of Memory

Buffer

Write Read
>

Read Write

Shared Memory

)a{SOPC
%{9R = © 2004 Altera Corporation A.Iirm a
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Sharing Memory

m Potential Problems with Shared Memory

Buffer 1

Buffer 2

: _ : :
write > Corrupt Data! p write

Buffer 3

Processors Writing to
the Same Buffer
yaY SOPC

WORLD =
2004 © 2004 Altera Corporation m a
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Sharing Memory

m Partition & Allocate Memory by Processor
m Limit Access Iin Application Software

Buffer 1 read

—

Buffer 2
read ‘ write

Buffer 3

write

)24 SOPC
%&RLD © 2004 Altera Corporation Mﬂ a

53



Sharing Memory — Mailboxes

m Software Protocol Controls Exchange of Data
— Flags Signal Data Ready or Taken

m Independent Data Buffers
— N * (N-1) Buffers Required

e N = Number of Processors Assumes All Shared

Buffer A

Write Read
>

Buffer B

Read y Write

Shared Memory
)a{SOPC
;I(\]'[)O4R = © 2004 Altera Corporation A.Iirm a
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Mailbox in SOPC Builder

€

55

1™ sjtera SOPC Builder - mailbox

File System Module View Tools Help

System Contents | kdore "cpu_0" Settingsl hlore "cpu_1" Settings | System Generatiunl

P1540 Hios Development Boar
P20K200E Hios Development B
hernet

®tra Lilities

ibre Channel

egacy Components

ath Coprocessors

— & AMD 2904300 Flash for EP
— @ DDR SDRAM Controller Meg
— & EPCS Serial Flash Contralle
— @ Flazh Memory (Common Fla
@& IDT71%016 SRAM for EP20I
@ IDT71V416 SRAM

@ Legacy SDRAM Controller
— @ Cn-Chig Memory (RAM or R
& SDRAM Controller
icrocontrollers

Other

PCI

Peripherals

All Available Componants

L1 Iw LU LS L i e Do
F Y
P1510 Hios Development Bl:lar_I

Target: |Nins Development Board, Stratix Pra (EP1540)

— cpu_0 Finstruction_tnaster (avalon)

— cpu_0 [ data_master (avalon)

|=| Target Device Farmily: IStratix vI Systermn

— cpu_1 finstruction_tmaster (avalan)
|— cpu_1 ! data_master (avalon)

Lze I Module Marme Dezcription I Baze Ercd I IR EI
|w E epu_l Mioz Il =z0r - Altera Corporation
instruction_rmaster haster port
| data_rmaster haster port
ftag_debug_module Slave poart 0x00000000 0x000007FF
|w * = - mary (RAW ar ROht)
ort 0x00002000 0x00002FFF
|w = epu_1 Mioz Il =z0r - Altera Corporation
instruction_rmaster haster port
data_rmaster haster port
ftag_debug_module Slave poj 0x00000000 0x000007FF
ﬁ = cpu 1 _memory emory [RAM or ROk
lave port 0x00003000 0x00003FFF
| [ shared_memory Onyhip Memary (Rakt aor ROk)
! =1 e port 0x00001000 0x00001FFF
Flazh Memary (Common Flash Interfac.. 0x00300000 Ox00FFFFFF

<=

1 -, !
4——4——4—{B tri_state_bridge_0

Avalon Tri-State Bridge

PIEIE

Add | B Check |

A Mlove Lp |

w fdove Down |

— -

cpu_0 and cpu_1 use the same reset address.

Exit = Prey |

Mext = |

Zenerate |

{SOPC

WORLD
2004

© 2004 Altera Corporation




Sharing Resources — Mutex

m Controls Access to Shared Memory &
Resources

TR Buffer 1

Structures

Buffer 2

SOPC
%ISRLD © 2004 Altera Corporation MEE{A a
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utex System in SOPC Builder

1™ sltera SOPC Builder - mutex _I— _ID il
File System Module View Tools Help
| hore "cpud” Settingsl hore "cpul” Settingsl System Generationl
ol Altera SOPC Builder - - - : : ;
E: Interface to User Logic — | Target: INIDS Development Board, Stratix Pro (EF1340) j Tlarget Device Farmily: IStratn{ 'l System Clock Frequ
—Avalon Modules . i
@ Mios || Processor - Aftera — cpul §instruction_taster (avalon)
@ Nios Processor - Alters C e Idata_.master .(avalonJ
. — cpul finstruction_master (avalon)
bridges X — cpul / data_master (avalon)
o CE L I — ext_ram_bus (avalon_tristate) ‘
& Avalon Tri-State Brid
ommunication Lze | Maodule Matne Description Baze Ericd IR IRQl
ryptography I E cpub Mios Il Processor - Altera Corporation
Display instruction_master Master port
P1C20 Hios Developmen data_rnsster Mazter port
P1510 Hios Developmen fao_debug_module Slave port Ox00310000 | 00031 07FF
P1S40 Hios D pren I — & cpul_jtag_uart TG UBRT 0200910840 | <0091 0547 1
P20K200E Hios Developn Ird O & cpul_memory On-Chip Memary (RAM or ROM) 000900000 000G0FFFF
hernet v 1)——‘# [ cpul_sdram SDRAM Cantroller 0201000000 O<01FFFFFF
wtra Utilities v = oS, B cpul_sys_clk_timer |Interval tmer 0x0091 0800 | (320091 051 F [0
ibre Channel v = cput Mios Il Processor - Atera Carporation
egacy Components instruction_master Mazster port
ath Coprocessors data_raster Master port
emony fao_debug_module Slave port 000900000 0:009007FF
@ AMD 291800 Flash Ve [ cpul_button_pio PIO [Parallel 10) 000910860 050091 056 | HC
@ DOR SDRAM Control | [T —p————p & cpul_high_res_timer |Interval timer 0x00910820 | 00031 083F | HC
@ EPCS Setisl Flash Co il . [ cpul_led_display  |Character LLD (16%2, Optrex 16207) 0x00910680 | (<0091 0aar
@ Flash Memary (Comrt v = & cpul_memory D71 va1 G SRAM 000600000 | 0x00GFFFFF
@ DTTYME SRAM for v H cpul_seven_seg_pio |PIO (Parallel 110} 0x00910890 | 00091 053F
@ DT7V4HE S, . v [ ext_flash [Flash Memary (Comman Flash Interface) & 0x00000... | OxO07FFFFF
@ Legacy SDRAM Cont v E ext_ram_bus Avalon Tri-State Bridoe
@ On-Chip Mamary (R& avalon_slave Slave port
@ SORAM Cortraller G I
4 +—+ B hw_mutex Inter face to ser Logic 0x0091 0870 00051057 3
[+ shared uart _ 0x00910840 | 0x0031055F | HC | 4
All Awailable Compenents
@ | 8| 85 O
A | @ Check | & blove Lp | w Iove Down |
Dane checking for updates.
Exit = Frey, Mext = | Generate |

)a{SOPC

WORLD =
2004 © 2004 Altera Corporation d.,
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Software Development Challenges

m Software Development
® Maintaining Hardware/Software Coherency

m Partitioning Software
— Sorry, That's Your Job

}‘4 SOPC
H %&RLD © 2004 Altera Corporation Alm -
58



Nios Il Integrated Development
Environment (IDE)*

m Features
— Project Management
— Editor & Compile

— Debugger Nios'1] o
— Flash Programmer ID INTEGRATED DEVELOPME
ENVIRONMENTigy

m Single JTAG

Communication Link
— HW/SW Download

— HW/SW Debug
e SignalTap® Il Embedded Logic Analyzer

e JTAG Debug Module
— JTAG UART

m Advanced Hardware Debug Features
— Hardware Break Points, Data Triggers, Trace

}3‘ SOPC * Based on Eclipse Project Integrated Development Environment (IDE)

WORLD =
H 2004 © 2004 Altera Corporation @,
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Nios Il IDE: Project Management

Software
Templates

* Provide Easy-
to-Use
Examples

» Users May
Add Their Own
Templates

Software
Components

® System
Library
Customized to
Hardware

 Painless
Configuration

€

60

2004

{SOPC

WORLD

B New Project

E uf'?(':ﬁfﬁwtfﬁﬂ?ﬂmm mutex.c - Nios Il Integrated Development En\mgpﬁen{‘

Finish-t e th t it & default systen fite 5
File: Egllt rl{l‘g\flgEéEéea Search Run SroE]éiéJt ol indow Help .g{x >
|j".- (=REN E SE [N =, T " - i B W B Feat res:
izt I e ﬁellu orld_0 * * o= - u "
) 4+ Projed v X ‘Welcome readme, kxk o) ale_ucosi_simple_. ., @ mukex.c X @ alt_ucosii_simple... || = Outling .
B | 7 o O5_EVENT mutex; || u sdon * Project Manager
== [ o stdiboh . .
% || = [Ty [ 120 L, . °
+ 5 Mios 11 Device Drivers :I st Edltor &' Compller
#Seg Telashiardware = fentlh D b
[ L]
sofE Bufiler Bineries Whdiniosll_cyclone 1czn\urf Ihm h\% Bk ‘éﬂﬁ o ol s.ys)'a\t_alarm.h e Ugger
& Release iSRS NS B timeh
CPL: =3 [ i
S| - | = U oty * Flash Programmer
h includes,
SEIe‘;t Pmﬂed:i ex:r;iule =g Em@@m 1nt. inito8DataStructs (void) ; Bl alt_ucosii_simple
Colht Bifdry ion 5
Chestofie) - alk_ucosii_simple Erfﬂfsﬂmbrogram it nntstceﬁoefafne'llo-sal?ks BECl 5 & escchars.h
Flash Tagks e T &151: 1 (void) ; #  TASK_STACKSIL
:‘Z‘I‘I"D LagtD ”‘a‘r‘: eation.stf Detalls | ||_int 0penDEV1ces {roid) ; & initialize_task_stk : O5_STK[]
Hello uCTER I{. DDd o This extample prints "Hello from Nios IT' to the STDOUT & taskl_stk: O5_3TK[]
1 n_all \rf;ﬁsi\ Es‘ju'sll-:ll:s)t(d Lkl Rl ck for the presents of cshle on the 3 & taskz_stk: 05_STK[]
b iy = This estample rinsar: he fis 1Y GESHdS ] E if the cable is attached and "JTi #  MUTER_PRIGT
3 Full_festured'y.and Jow_cost example designs, This I i 3
ﬁgj'gg,}imﬁf:igeaux excampla s withof WEHBE the Micr i (OB T R TS, I 1 _ T?“'S'E?Sk Se) Gty Cl e # INITIALLZE In I ft r
WCIOS Tutorial Requ\resaqTDOLK ks of the LTD. & TASKI_FRID C u e 0 Wa e
Web Server ~ #  TASKZ_PRIC)
rary ke : 05| p t
ol T Components
i & jtag_uart_hs
R [iao. * LWIP TCP/IP Stack
<Hock |1nd initCreateTas ® taC
I int displayLIpTim
BT v [T = . by scrlg openDevices
while (1) - | @ kaskl(void®)
{ = 55+ MicroC/OS-Il RTOS*
< = initialize_task I C ro
) = -
g Eul\d [ucesi] =
CURP LIy &1L &Ry [ u\:s;gu CUNL I _CIETK.
il 12 B LG chzcic. o - o Altera ZIP FS
Compiling mutex.c... e E e a
Linking ucosii.elf... it
Creating gensrated app. Ik .
Build| completed . .
< | & _ * Nios Il Run-Time
C/C++ Projects | Navigator Tasks | C-Fuild  Properties | Console

Integrated Software
Project Management

* MicroC/OS-Il requires a separate license for product deployment!
© 2004 Altera Corporation

Library
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Nios Il IDE — Multi-Processors

*

m Multiple Processors .
S U p p O rt Click Firish to create this project with a default system ibrary @

Mame: | ntp_client_0

m System Library P ——

Path; | CPresentationsiSOPC_World_2004\standardisoftwareintp_client_0 Browyse,.,, |

Customized to the

SOPC Buider System: | C\Presentatons\SOPC_World_2004'\standardstd j Browse. ., |

SOPC Builder Project = . =
— H W/ SW C O h e re n Cy glﬂ?g:{dpégge;gmﬁ = ‘ MTP Client program acquires time from an MTE Server ‘

Custom Instructon Tuto

Count Binary Details

BIREILS This NTF Client uses the indusiy standard sockets -
. SS I g n e g I O n S O a Flash Tests _ interface o TCR/IP. The software is ightweight IP

Helo Freestanding running on MicroC/OS-I1,. The design requires the

Hello LED presence of an NTP server on the network, You can

Sh ar‘ed Memory to :.Z.::g mgﬁgfﬂs-ﬂ v run this example on the standard or full-featured =
Individual Processors
— Linker Script s | i | LR | e

}34 SOPC
H %()?RLD © 2004 Altera Corporation Mﬂ a
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Nios Il Hardware Abstraction Layer

HAL Mailbox Routines

m inter_processor_mbox_init()
— Initialize a Mmailbox

m inter_processor_mbox_get()

— Copy a Message from Mailbox. Block
Until Requested bBtes are Available.

m inter_processor_mbox_tryget()

— Copy a Message from Mailbox. Fail if
Requested Bytes are Not Available.

m inter_processor_mbox_ peek_item()

— Copy a Message from Mailbox. Fail if
Requested Bytes are Not Available. Do
not Remove the Message from the
Mailbox.

m inter_processor_mbox_put()

— Copy a Message to Mailbox. Block until
the Message Can Be Placed in the
Mailbox.

m inter_processor_mbox_tryput()

— Copy a Message to Mailbox. Falil if the
Message Will Not Fit in the Mailbox.

m inter_processor_mbox_peek()

— Retrieve the Number of Bytes Available
for Getting from the Mailbox.

34 SOPC

HAL Mutex Routines

m inter_processor_mutex_init()

— Initialize a Mutex, & Associate it with
the Supplied Hardware Component.

m inter_processor_mutex_destroy()

— Destroy a Mutex, Disassociating it
with the Supplied Hardware
Component.

m inter_processor_mutex_lock()

— Acquire the Lock for the Mutex.
Block until The Lock Can Be
Acquired.

m inter_processor_mutex_trylock()

— Acquire the Lock for the Mutex.
Return if the Mutex is Unavailable.

m inter_processor_mutex_unlock()
— Release the Lock for the Mutex.

WORLD =
H 2004 © 2004 Altera Corporation @,
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Nios Il IDE: Debugger

Basic Debug

* Run Controls
» Stack View

* Active Debug
Sessions

Source View
» Breakpoints

» Code Position

Memory View
* Variables

* Registers

* Signals

€

|- Debug - alt_irq.h - Nios Il Integrated Development Environment

File Edit Mavigate Search Run Project Tools window Help
B-HES GlE-%-%-|| ][ e- B ¥ &
= %Debug i3 | PRk | B S R x || s varishles

—_—

= Xﬁ; hello_ucasi_0 Mios 1T 155 configuration [Mios IT Instruction Set Simulator]
= ('3;? Mios I1 EIf Debugger (4/9/04 11:4& AM) (Suspended)
=@y Thread [0] {Suspended: Sianal 'SIGTRAP' received. Description: Trace/breakpaint trap
= 2 0S_Taskidle() at alt_irg.h:114
= 1 OS_Strlen() at os_core.c:1269
& Mios II Instruction Set Simulator (4/9/04 11:48 AM)

o [unid” parg= 0}
P intcpu_sr=1

< 11l » | | Wariables |Breakpoints | Epressions |Reqisters | Memory | Signals
[E] welcome readm... | [Slakt_uc... | [ mutexc [elak_uc.. [Ehelo_.. | [€ak.. X :E Qutline 8
alt_irg disable_all (void) ~ # _ AT IRQH|
* i | = errnoh
alt_irg context context; o niosz2.h
o ak_types.h
NIOSZ EREAD STATUS (context): # ALT_IRQ_EMAEEED
» NIOSZ WRITE STATUS (0): # ALT_IRQ_DISA@ED
# ALT_MIRQ
return context: (@ alt_irq_contextlint
H @f alt_jrg_enabled@oid) : int
@l alk_irg_inik{congl woid*) : void
s L ] W@ ak_irg_reqgisterfilt_u32, void®, void) ¢ int
* alt_irg enshle =all{) re-enable all interrupts that cuv| @5 alt_jrq_disable Blitvaid) : ALT_INLINE
ra I (2 @5 akt_irq_enable_WI(alt_irq_context) ; void
3| Consaole [Mios IT Instruction Set Simulator (4/9/04 11:48 AM)] [ ] Bk

Hello from taskl
Hello from taski

Console | Tasks | C-Build

{(SOPC

WORLD

2004
63

Integrated, Broad
Capability Debug

© 2004 Altera Corporation

Features:

* Project Manager

* Editor & Compiler
* Debugger

* Flash Programmer

Debug Scope
Debug Targets:

» Hardware (JTAG)

* Instruction Set
Simulator

e Logic Simulator
(ModelSim)

Debug Scope:

* HW/SW breakpoints
* H/W Data Triggers

» Watchpoints

* Instruction Trace

/AYO[S RYAN,



Debug — Multi-Processor Support

m Collective Launch & Terminate

Debuqg - hello_seqg.c - Eclipse Platform _ O] x|
Fil=  Edit Navigate: Search Project Tools Pon Window Help
IS-HB a3 -%-%-|®¢||cc-= -] 2
zshl {33 oebug E. 0= [ N o o | R e | B R R v x
% .
% [=]- ﬁ hizllo_led_rulti_1 Mios IT HwW configuration [Mios 11 Hardwar&]
’g E @@' Nios II EIF Debugger (8304 10:23 4M)
—_— [=]- Ej] Thread [0] (Suspended)
------ = Z alt_main() at hello_led.c:24
= 1 zero_bss_end()
Ei' <terminated:> Nios II Download output (5/9/04 10:23 &M)
& nios2-gdb-server output (8904 10:23 AM)
= ’ﬁ} hielho_seq_mulki_0MNios ITHW configuration [Nios 11 Hardware]
B é@ Nios II EIf Debugger (8/9/04 10:23 AM)
A/ % Thread [0] (Suspended)
= 2 alt_main{) at hello_seg.c:30
i -= 1 zero_bss_end()
: m <kerminated= Nios I Download output (5/9)04 10:23 AM)
' & nios2-gdb-server oukput (8/9/04 10:23 AM)
|Writable Insert |3EI woh

)a{SOPC

WORLD

2004 © 2004 Altera Corporation Alm a
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Multi-Processor Systems Using FPGAS

m Multi-Processors
— Address Increasing Application Requirements
— Expand Product Functionality
— Simplify Software Development

m FPGAS, Nios Il, SOPC Builder
— The Perfect-Fit Solutions

34 SOPC
H y(\J’OociRLD © 2004 Altera Corporation Mﬂ -
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Additional Resources

m Nios Il & IP MegaCore® Functions

— Nios Il Embedded Processor Evaluation Edition
— MegaCore IP Library CD

m SOPC Builder
— Included in All Quartus® Il Products

mwww.altera.com Literature Section

— Multi-Processor Systems with Nios |l Application
Note

— Nios || Handbook

— SOPC Builder Documentation

34 SOPC
H yg{)ociRLD © 2004 Altera Corporation Mﬂ -
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m SOPC

Multi-Processor Systems
In FPGAs: Implementation
& Debug

© 2004 Altera Corporation m a



FPGAs for Multi-Processor Designs

= Three Configurations
Performance = Hardware Acceleration
= Custom Instructions

= Single or Multiple
= Standard Peripherals
= Custom Peripherals

= On-Chip Processor Debug
= SignalTap Il Logic Analyzer
= Performance Analysis Plug-Ins

Fastest Time = SOPC Builder
to Market = The Perfect-Fit Solution

H 2004 © 2004 Altera Corporation @,
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Thank You !
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