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New Markets with new
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Engineering productivity / automation
Predictability on software development schedules
Unknown / unmeasurable software delivery risk
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Chip designs get more complex inc.

Asymmetric Multi-Core... Im@eras

n-Core SMP
Linux system

peripheral
CPU peripheral
RTOS
peripheral
peripheral
peripheral
peripheral
CPU
Bare metal

2-CPU Bare metal

Example... SMP CPU groups, AMP CPU, many peripherals and
other processors...
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Embedded Software Increasingly °©

Important & Engineering Intensive |[ﬁ]’]]|;®eras

Functionality of SW is defining embedded products
SW codebase size, complexity, quality requirements exploding
Engineering schedules & costs under pressure and harder to manage

Engineering Cost vs SoC Process Node t

Software —

Source: System Level Design Community 2013

HW Design and
Verification

HW Implementation
and Manufacturing

Millions
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Traditionally use a hardware

breadboard... Using GDB(s)... ||]1m|P)eraS

n-Core SMP
Linux system

peripheral

CPU
RTOS

peripheral

peripheral

peripheral

peripheral
peripheral

CPU
Bare metal

2-CPU Bare metal

Well.. You use one GDB per processor with JTAG giving access...
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Traditionally use a hardware

breadboard... Using GDB(s)... mg@eras

GDB

Debugger
Gl n-Core SMP
Linux system
" peripheral
Debugger
R A C P U peripheral
‘?tP;% RTOS
: peripheral
bug eripheral
Debugger perip!
peripheral
peripheral g"- “m‘i,
Gy || CPU .
Bare metal il
"i Dd W
bus 2-CPU Bare metal = /T
Debugger %
GDB
Debugger

one GBD per CPU

little visibility: each GDB only sees the limited memory space of the attached CPU
non-deterministic (bugs move around...)

poor control (hard to set specific places to break)

scheduling and synchronized events difficult to reproduce...

what is going on in the peripherals? ...

pretty un-manageable...
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Simulating Hardware

(Virtual Platforms) with Imperas

Virtual Platforms built using processor,

peripheral and platform models using Open

Virtual Platforms (OVP) APIs

Models are open source

Simulated unmodified production binaries

Software does not know it is not on
hardware

Runs very fast, 100-2,000MIPS
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Imperas U54-MC Virtual Platform

PLRISC @ SiFive

PN

US4-MC Coreplex

Debug Module

Boo( ROM

Platform-Level
Interrupt Control

ES1 Core 0

US54 Core 1-4

LS

L11s I

RVG4IMAC

RV64GC i

SRAM

TileLink Switch

L1D$

TileLink Coherence Manager

Banked L2$

CLINT

RISC-V 5 x core (U54-MC)

P

PLIC

UART

RAM

Under 10 seconds to get to booted
Linux login prompt!
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Imperas MPD
full platform debugger

Platform aware, multiprocessor / multicore aware
Driver-peripheral software-hardware co-debug
Event-based debug, e.g. using assertions
OS-aware debug, e.g. breakpoints on OS events

mperas
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TR US4 MC/hartd': printk: Mountpoist.cache hash table entries: 2048 (order: 2. 16384 bytes)
TRC US4 MC/hartd': printk: Hierarchical SACU inplementation 1debug (hartl) > trace -registerchange
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Select CPU or peripheral in target window and see

source, programmers registers, variables, Complete visibility in platform...
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ultra

Advanced debug/monitoring
for the whole SoC

Interconnect (AXI, ACE, ACE-lite, OCP, NoC)

A A AA

v v
Xten \ DRAM GP
controller
Trace Trace 2 Status Portfollq of
Receiver Encoder Monitor Analytic
A Y

Modules
Message Engine Message Engine Message Engine

A

Flexible &
Scalable
Message Fabric

Message Englne

Universal System
. System Block Streaming Memory

Comm Buffer
. UltraSoC IP

Family of
Communicators
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ultra@ Collaboration ||]fn]|;@eras

Simulation T ——

Imperas
’ MPD

Hardware with
UltraSoC Debug IP

—Z2mao >
P

Eclipse GUI

Common Software Development Environment
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Collaboration allows use

from concept to production

Control
configuration

File Edit Source Refactor

Navigate Search Project Run Window UltraDevelop Help

Visibility of
software

mperas

filter_compile(time, (null))
filter: modules enumerated: @
reusing index

done

S0 E BHoeos N HrQOv@ P v +EB vt D, Quick Access J ::1 @ Multicore
[t= Project Explorer 2 B % 7 ° 0| &*quartzdisplay_w_alludt | [3 juliac & = 8 || & Monitor Counters & ¥ = B || & Monitor Matc... | & Downstream .. |& Monitor Time.. | = 8
4 & multicore - int ar = -1.0 * (1<<FIXED BITS); - Time Module  Qualifier Cou. -~
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St it 2o, 7i2, iicsis ol oot W s s | 1 A
8 quantz display. w ailudy < int iten count = o 1725858200xbm1  axi monitorport (0 155544 /
= - ’ 1725858200xbml  axi monitorport 10 118421 xom2:0 [ [N L.
4 Debug a do { 20400
Bt =% zr2 = zr*zr »> FIXED_BITS; 1726452552xbm2 axi monitor port 10 0 3000000 Belel y ~ -
- 7i2 = zi*zi >> FIXED_BITS; 1726452555xbm2  axi monitor port (0 145736 s 853821361750
@ multicore.arm [UltraDebug Remote Target] “ H o e IS . 750 3
4 & quartz i core Lelf zi = ((2%Fzr*zi) >> ) BITS) + ci 1730858200xbm1  axi monitor port (0 98748 xbm21 o |
e e zr = zr2-zi2 + cr; 1730858200 xbm1 torport10 118421
 Thread #1 (Running : User Request) iter_count ++; ¥bml - axi monitor po 1}
42 Cy/UltraSoC/demos/r29340/zynq-tools/ar } while (zr2+zi2 < 4*(1<<FIXED BITS) && 1731452555xbm2  axi monitor port 10 0 |
@ multicorextensa [UltraDebug Remote Targe 1731452555xbm2 _ |axi monitorport (0 |98460 sml o |
4 (@ julia_xtensa.elf 1 *pixel = colors[iter_count-1]; 173585820(xbml  axi monitor port (0 98344
4 ¢ Thread #1 <main> (Suspended : Signa| _ pixel+t; 1si = |/173585820(xbm1l  axi monitor port 10 118421 ﬂ
i ar += pixel_size;
= main() at julia.c:38 0x6000047a } P ol ? 1736452555 xhm! axi maonitor nort 10 1] !
8. . =4 . .| Expression Type Value
< 111 3 al += pixe
) - pixel_size int 20
@ System 2 == 0 )
Sort By: | Hierarch: b ¥
& y l 1 Disassembly |- Variables £2 =0
a4 rmel (message_engine) & . % EH € N v
it G 3 ) ) 5
jemd (tm) M g Name : pixel size ~ Value -
[ pam (xopam) Details:20 110957
pam2 (abpam) o= & Virtual Console | & Conscle &2 | €] Er Default:20 3 19574 E
sm1 (sm) A4 Decimal:2e L4 » L4
[Zlvel vy &~ | multicore.start-agent [UtraDebug Agen Hex:0x14 12662
Connections = 5 | filter: modules enumerated: | Binary:16100 . 14655
reusing index
4 usb(0) Jone s @ ar int 7032
% usbOusb (route=1, flows=0,1,2) 9+ x_width int 400 -

«

Bus
activity

Views to control and debug and observe throughout the design process
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Summary iperas

Imperas and UltraSoC collaborating

Developing common software development
environment

Same for hardware based and simulation based teams

Start with simulation on virtual platforms
Use with RTL as design progresses

Use prototypes when available

Use with silicon pre- and post- production
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