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Challenges of Debugging Your Own ASSP

Hard IP peripherals:

. SPI
. UART
GPIO
USB
GigE
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Processing System (PS)

2x ARM Cortex-A9 == Microcontroller

Processing System

Static Memory Controller Dyvamic Memory Controller
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Interfaces between PS and PL:
« 2 AXI| Master/Slave Ports

« 4 AX| HP Fifo Ports

+ ACP Slave Port

» 16 configurable interrupts 12.Juli 2012

Programmable Logic (PL)
== FPGA
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Another Challenge When Building Your Own ASSP:
Making Hardware and Software Work Together.

© Missing Link Electronics 12.Juli 2012
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ASSP System-on-Chip Design -
An Embedded Designers Life

© Missing Link Electronics 12.Juli 2012
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What is a Virtual Platform?

Simulate your HW
Platform in your PC S
USB UART
USB OTG
Pmods

Power

JTAG/ VGA
Debug Audio 1/O Gbe  HOMI

XADC Header

FMC (LPC)
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Pmods Slide Switches Push Switches
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Virtual Platform Methodology

/{blic:

) sc Tifo<char> *fifo instance;

prod *prod instance;

‘ write |P model in SystemC cons *cons_instance:

\ | Y, top(sc module name name, const int max size)} : sc_module(name) {
fifo instance = new sc fifo=char>("Fi70l", max size);
prod instance = new prod("Producerl”);
prod instance-=out port(*fifo instance);
cons instance = new cons| onguUmerl®):

\\\h cons instance-=in port(*fifo stance);
# 1
ﬂx_‘ Register description \\
Generate bus i/f from rdl REG dr{ |
/ ipexact register description giigg‘s _D:L? register;
& connectto VP reqwidth = 32;
reset = 0xDEADEBEEF,
l field {desc ="data register”; } data [31.0];
3 4

Develop & debug
Linux or standalone driver

© Missing Link Electronics 12.Juli 2012



Virtual Platforms Can Run Software Fast
(Sometimes Faster Than Real)

acle VM VirtualBox

Tue Jan 31, 10:50 AM B3 Deu o))

xterm

01 Direct-Aocess SanDisk Cruzer Hini 0,1 POz O ANSI: 2
[2da] 501759 S12-byte logical blocks: (256 WE/244 WiR)

Attached =csi generic sg0 type O
[sda] Write Protect is off
[sda] Mode Sense; 53 42 53 55

[sda] Assuming drive cache: weite through

+ [=dal Azsuming drive cache: write through

=da: detected capacity change from 0 to 25E300B0S

=dat unknown partition table

=d 0:0:0:0; [=sda] Assuming drive cache: write through

sd 03030:0: [sdal Attached SCSI removable disk E}

GEM: mc addr Ol yleedsOeGes Oy u0 10l

GEM: mc addr Ol yleedyOeGes oy 00 10l

++ Starting telnet daemon

+ Starting http daemon

+ Starting ftp daemon

+ Starting dropbear (zsh) daemon

++ Mounting USE Memory Device

EXT2-fz (=da): warning: mounting unchecked f=, running e2fsck is recommended

++ Mounting 50 Card Images

mount: mounting Adew/mmchblkOpl on Amntdzd) failed: Mo such file or directory
EXT2-fz (mmcblkl): warning: mounting unchecked fs, running e2fsck is recommended

T+t

) the SimVision GUI

L L e L e o e e e il

=1 Terminal m xterm m xterm m fbdisplay

© Missing Link Electronics 12.Juli 2012
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What is System(?

« Extensionto ISO C++
- Means to express concurrency
- Communication mechanisms
- Reactivity
- Concept of Time

- Event driven simulation kernel

- A modeling methodology

© Missing Link Electronics

Open Source Library managed by
Open SystemC Initiative (OSCI)

WWW.Systemc.org

SYSTEMOC™

Current members: ArM Ltd. Cadence Design

Systems, Inc. CoWare, Inc. Forte Design Systems Intel
Corporation Mentor Graphics Corporation NXP
Semiconductors STMicroelectronics Synopsys, Inc. Actis
Design, LLC Atrenta, Inc. Bluespec, Inc. Broadcom
Corporation Calypto Design Systems, Inc. Canon Inc.
Carbon Design Systems Celoxica Ltd. ChipVision Design
Systems AG Denali Software Inc. Doulos Ltd. ESLX, Inc.
Fraunhofer Institute for Integrated Circuits Freescale
Semiconductor Inc. GreenSocs Ltd. Industrial
Technology Research Institute (ITRI) JEDA Technologies
Inc. Infineon Technologies AG NEC Corporation
Semiconductor Technology Academic Research Center
(STARC) SpringSoft, Inc. Synfora Inc. Tenison EDA
VaST Systems Technology Corporation

12.Juli 2012
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History and road-map of SystemC

« V1.0-Hardware design flow

- RTL and behavioral modeling of hardware blocks
« V1.1 -Timed functional modeling, e.g. for busses
o V2.0-System design flow

« V2.1 -Transaction-Level Modeling (TLM)
~  OSCITLM Standard V1.0

. Standardized LRM as IEEE 1666 12/2005

« V2.2 -Released 3/2007
—~ OSCI TLM Standard V2.0 in works

« Future: more RTOS and software support

© Missing Link Electronics 12.Juli 2012
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SystemC Design Flow

P * C++ compiler SystemC
1. Compilation mogess.cpP C++ linker Library

—  C++ compiler transforms C++ text J *

into object code

e 2. Linkin
_ g ' _ ' _ executable * C++

—  C++linker builds executable out of objects and libraries (simulate) debugger
e 3. Execution *

— Executable is started allocates system resources
* 4 Elaboration Simulation

traces
— SystemC kernel connects and initializes design portions

5. Simulation
— SystemC kernel works on event queue until no more events

© Missing Link Electronics 10
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SystemC Modules and Hierarchy

« Modules as containers for structure
~Module = C++ class

class Adder : public sc_module {
// port declarations
sc_in<int> inl;
sc_in<int> in2;
sc_out<int> outl;

// signals, processes, etc >> ‘;

// constructor

A

A

-Instance = C++ object

Adder module_addl("al");

© Missing Link Electronics 12.Juli 2012 11
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SystemC Concurrency via Processes

« Process is basic unit of functionality
- The means for concurrent execution
- Contained in a module as a class member function
« void compute (void) {..}
- Needs to be registered with simulation kernel

- Synchronization via events

. Two kinds of processes SC_METHOD, SC_THREAD

. Example

SC_MODULE (ddm) {

void compute () ;
SC_CTOR (ddm) {
SC THREAD (compute) :
Sapsitive << inp . =
}
};

int inc = 0; // not static

ddm. hpp

void ddm: :compute () {

while(true) {
outp.write (inp.read()+inc) ;
inc++;

}
}

ddm. cpp

© Missing Link Electronics
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SystemC Model of Time

. Integer-valued time model inside simulation kernel

Unsigned 64-bit, more bits if needed
Minimum time resolution, rounded up

. Time units, enumerated type sc_time unit

class sc_time {..};
SC_Fs - femtoseconds

SC_PS - picoseconds (default)
SC_NS - nanoseconds

SC_US - microseconds

SC_Ms - milliseconds

SC_SEC - seconds

« Clock module
sc_clock clkl("clkl", 20, 0.5, 2, true);

© Missing Link Electronics
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Example Design
iIn VHDL / SystemC

° ENTITY counter IS

° PORT (count_val: OUT integer;
° clk: INOUT BOOLEAN) ;

° END ENTITY counter;

° ARCHITECTURE proc OF counter IS

o SIGNAL cnt: integer;

e BEGIN

. p: PROCESS

° BEGIN

. WAIT ON clk’event and clk='1";
° cnt <= cnt+l;

. END PROCESS p;

° count_val <= cnt;

e END ARCHITECTURE proc;

class counter: sc_module ({
sc_out<int> count_val;
sc_in<bool> clk;
int cnt;

do_count() {
cnt = ent + 1;
count_val.write(cnt);

};

SC_HAS METHOD (counter) ;
counter () {
SC_METHOD (do_count)
sensitive_pos << clk;

© Missing Link Electronics
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x J Waveform 1 - SimVision

Eile  Edit

Miew  Explore

Format Simulation

Windows H

elp

LK es[ ¥ nix[BEh- | E-)| ¢+
Search Mames: | Signal =/ | M i & ‘ Search Times: | value v||
B TimeB ~| - [o HPS'M'[EE‘E """" D[ T +||[§

Design Search

Search for text:

uart

Cansider:
With walue:

Only Signalsfariahbles

aignal Types:

Any value -

ol | |E- | =
D [

@@ Al Available Data

Look in:

Include:

All sub-scopes, down to cells =

<= Click here to search

#i SEarch M

atart/stop searching through all design data

Show results:

I the selectar below -

Oh::Path.Mame -

&y Baseline
E Cursor-Baseline

Hame -
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Mle Virtual Platform Example - Signal Tracing

(= Bazelinew=0

FF| Curzar-Baseline = 369,344,155,300,00003
Search far text: [uart® M 2=2 Ty
Mame = Cursor -
Consider: |Only Signals/ariahbles [~ | 4 - T vartn_rxd[0:7]
With value: Any value i = uart0_txd

P uart!_txd
M uart! _rd[0:7]

cal | |E |

aignal Types:
o | |5

[E]®

Look in: |24 simulator:: Ef‘ n

Include: | &l sub-scopes, down o cells =

gl Search Mow | Finished: 12 results

Show results: | In the selector helow -

Ch:FPath.Mame -

B-IFe simuiatorsc_main by _dems 2ung_psaad@ maler?

----- B simulaiorsc_main by _demo 2ing_psaand td

= E,.; simulator:sc_main.bp_demo.zyng_ps.uardl _r<d[0:7]

------ LI simulator:sc_main bp_demo.zyng_ps.uart _td

l IEes simulator:sc_main.bp_demo.zyng_ps.zyng_ps_i.uand_»
------ LI simulator:sc_mainbp_demo.zyng_ps.zyng_ps_iuartl_k
E,.; SHNHETONSE_ AR B Eing 21N _s 21 _es_funsdT v
----- [ simenatorse maii b dema g Gs 21ing ps fuan? v
IR simiatorsc_main bp_deme 20ng pE20RG ps LSicr L

IR simiiatorsc_main by demse 20g pE20G ps Falcr Ly

IR simuiatorsc_mainbp_demoe 20ng e 20ng ps LuartGar
R st At S0 Inain b _Geme Vg E ZVNG_ D3I uaer T
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mLe virtual Platform Example - Signal Tracing

M A waveform 1- SimVision

File Edit Miew Explore Format Simulation  Windows  Help cadence
= i 3 oo T L % . Ann ok I .
o BBy oA X D EX BERE h|B @ T REREHEEE RY
Search Names: | Signal = v | [ﬂ} ﬁ'ﬁ} Search Times: | Yalue - I~ | 2(% ﬁ
o
_ =l . . o —— T . N : = + -~
P9 | TimeE +| - [369,344, 185 ps » | @2~ @ S | [ i EBCO 363,344,185,300,000ps + 0 Time: SiF |0 363,344,185,306] & © .
(L Baseline=0
EF| Cursor-Baseline +=369,344,185 300,000ps
Search far text: juart® IEQ
Mame - Cursor -
Consider: |Cnly 8 ]
With value: | Any | |3 T uartD teo
= uart! _twd
Signal T =
ignal CER
4 ¥p
Loak in: | S5
Include: | &l ¢

#8  Search Mow

Shonw resul

Db::Path.Mame =

E-Es simuiator.se
LT odee idedor e

= i £
(& | 3 Zooms out fully along the x-axis in the display 0 objects selected
© Missing Link Electronics 17
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Virtual Platform Options for Zyng

* QEMU - "free" Open Source - great for SW development
runs Linux, download @ xilinx.com
* VP System Designer - for SW development
« License available from Cadence via Xilinx
* VP SystemCreator - for system realization (HW & SW)

« License available from Cadence via Xilinx

© Missing Link Electronics 12.Juli 2012
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