Stay ahead with the latest advances
In RISC-V development tools

Shawn A. Prestridge
US FAE Team Leader, IAR Systems
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|JAR Embedded Workbench for RISC-V

» Complete build and debug toolchain for RISC-V

» User-friendly IDE features
and broad ecosystem

integration
IAR Information Center for RISC-V

» Qutstanding performance
through sophisticated optimization
technology

« Comprehensive debugger

* |ISO/ANSI C/C++ compliance
with support for C18 and C++17

 Integrated static analysis
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Device support

Supported base instruction sets:
- RV32| Base Int instruction set
- RV32E Base Int instruction set (embedded)

Supported extensions:

integer mul & div

atomic instructions
single precision float
double precision float
compressed instructions
DSP and Packed SIMD

TOoOT>»Z

Device support for RISC-V devices from:
- Andes

- CloudBEAR

- Microchip

- SiFive

- Syntacore

- GigaDevice

Options for node "Simul

Categony:

T

Static Analysis
CfC++ Compiler
Assembler
QOutput Converter
Custom Build
Build Actions
Linker
Debugger

et
Simulator

AFI'LI
| LibraryOptions2 | Stack/Heap | MISRA-C:2004 | MISRAC:1998 |
Target | Qutput I Library Configuration | Library Options 1 |
Device
RV32IMF

Andes
CloudBEAR
Generic
GigaDevice
Microchip
SiFive

* v ¥ ¥y v v v

Syntacore

RV32EM
RV32EMA
RV32EMAC
RV32EMAF
RV32EMAFC
RV32EMAFD
RV32EMAFDC
RV32EMC
RV32EMF
RV32EMFC
RV32EMFD
RV32EMFDC
RV32IM
RV32IMA
RV32IMAC
RV32IMAF
RV32IMAFC
RV32IMAFD
RV32IMAFDC
RV32IMC
RV32IMF
RV32IMFC
RV32IMFD
RV32IMFDC
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Compiler and optimizations
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Compiler design

 Proprietary design based on over 37 years of experience

« Based on a platform that is common among different targets to handle
global optimizations, etc.

 Target unique backend for specific adaptations and optimizations

« RISC-V specifics:
— Primary focus will be on adding standard extensions
— Initial prioritization is on code size
— Canary stack protection
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Compiler technology

Multi-file compilation allows
Language standards
ISO/IEC 14882:2015 (C++14,

the optimizer to operate on a
larger set of code

C++17)
. Options for node "welcome” Ed ISO/IEC 9899:2012 (C11,
Multiple C18)
optimizations ANSI X3.159-1989 (C89)
levels for code Categony: :

i d IEEE 754 standard for
Size an. General Options [ ult-tle Compilation floating-point arithmetic
execution Static Analysis Dizcard Urused Publics
speed S _ _ : :

Assembler Diagnostics  MISRA-C:2004 MISRAC:1558 Encodings  Exira Options
Optimizati i .
SLL::;::-IE;E;:erter Language 1 Language 2 OUptimizations  Output  List Preprocessor Major features of the We” tested
: Build Achons Level Enabled transformationsiy— . optimizer can be c o ,
The linker can - Linker (O None [+ Comman 5|..|bexpressmr1 elimination controlled |ndIV|duaIIy orlglmerﬂa”t\e/stl%wtt_es ost
remove unused Debugger () Low [+] Loop unraling um-Hall Valigation tes
code Oiedun Gt i suite
Simulator @ High i Type bosed alias anclysis @ - Perennial EC++VS
& [ Cross cal Dinkum C++ Proofer
. = ® | No size constraints Balance between size In-house developed test suite
Option to >500,000 lines of C/C++ test

and speed by setting

code run multiple times
Processor modes
Memory models
Optimization levels

maximize

different optimizations
for different parts of the
code

speed with no
size
constraints

(1] | | Cancel
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Compiler optimizations

x =y - 15;

C Source

Dead code
elimination

Compiler

X
e neeizier oo N High-Level Optimizer
Code Generator

Low-Level
Target Code T
), 00 () Optimizer
C.ADDI A0, -OxF
Assembler
Link time

SW A0, -0x4 (GP)
. optimizations
I 01001000111001101001 Object Code

Linker —

Loop
unrolling

Peephole
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Debugging

The IAR Embedded Workbench for RISC-V offers a fully
integrated debug solution

- Built on the same C-SPY debugger interface
that is used in the IAR Embedded Workbench
for different architectures

- Built in Simulator
- RTOS awareness plugins

- Support for C-SPY debug macros that can be
used to automate debug sessions

- IAR Systems I-jet debug probe SUPBort _
;3“’ party debug probe support will be added in
uture releases

- Trace support
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D e b u g g I n g Integrated debugger for source

and disassembly debugging

C like macro system
Built-in simulator

pry——p— ET— T —_—_—_ T = |

File Edit View Project Debug ket Tools Window Help

DR @ = XE0 OC 2 Q>%-E<0 0 NE AB=6cO 0 Il rQa-C
Workspace ~ # X [ Tmennterruptc x | + | Disassembly - u % Stackl -ax RTO S
Debug - | |maing 1 Gow + [Memary [stacke -)[ ] aware
8 [ * Generates 20 int: ts. -
Files & - g ||, Conomes @0 ansermme [ER— = Lacation Dafa Varioble Value Trace
B @ Timerinterrupt - Debug 10 | * Device: For this example, use the SiFive E31 Arty 35T board. 404003E0 43040493 addi =i 0x0000000D
Timerinteruptc u | o+ L 404003E4 8526 s -0 | DxB0000FF4 0x40400400
Output 12 # Interrupt ve is example, use single vector interrupt. 404003E6 209D c.jal pr: 0x80000FFE 0=00000000
| B Timerinteruptmep 13 ¢ B L } . I  cnoble intefiMpt(); % Euable iny | OBOOOOFEC Dx404003E2
\_?_E-r_,mg,‘mg”upmm E . m,?fnZi/do</,z<Enses/,ﬂsouz< ense.txt for detailed 404003E8 30046073 cerrsi P Exggggiggz Egigzgsigg
B Output aren 404003EC 4551 c.1i all = 2
[ atomicrvaZiacn.a i: :/ while (counter ¢ 20]; /% Wait loop * | 0x80001008 0x00000000
0x8000100C 0x40400020
| Ddbgnaziena o s Langunge ~ excenged 404003EE  FFELAG03 1w a2 3 =
| Ddivazien.a & 404003F2  FEAGGEE3 bltu azry ac usage
I:Eeﬂﬂrwﬁtwd B einciuce <ocaiom = __disable_interzupt(); /* Disable in
0 Timerinterrupto 21 #include <stdint.n> 404003F6 30047073 csrrei
Dockable 2 tinciude cnbeinsice.n> prints ("Done\n’ ) ;
23 404003FA 00848513 addi an
. 24 finclude <SiFive\ice3larcy.h> 404003FE 2089 c.jal pr
W|ndOWS 25 for (varl = 0 ; varl < 10 ; varl ++)
26 4define CPU_FREQ 20000 40400400 4901 c.li s2
—@ 2 var2tt;
and tab 28 stabic volatile uint_fast&_t counter = 0; & 40400402 0405 W) I Bl —— D
29 void main (void) " = B
M printf ("Result: Zivn', [varl + v oo -
gl’OU pS i€ ainte ¢ varl = 1; 40400408  OFF47593 andi al | Expression  Value Location
b pince £ varz = 2 4040040C  952E c.add an counter 20 0280000000 .
4040040E  COZA ¢.swsp an <clickto add>
34 printf("Start\n");
35 _ enable interrupc(}; /* Enable interrupts #/ 40400410 01048513 addi ad
e 40400414 2825 . jal pr:
37 while {counter < 20); /* Rait locp */ for (varl = 0 ; warl < 10 ; varl ++)
38 40400416 0905 c.oddi s2
39 __disable_interrupt(y; /* Disable interrupbs #/ for (varl = 0 ; warl < 10 ; varl ++)
el Drince("Done\n") : 40400418  DFF97513 andi a0
a1 4040041C 4529 c.1i al
2 for (varl = 0 ; varl < 10 ¢ varl +) 4040041E  FEBS42E3 blt an
3 H {
1 varz+: 40400422 40F2 . lwsp ra
e printf("Result: 2i\n", (varl + vard) |3 40400424 4462 c.lwsp s0
92 40400426 44D2 c.lwsp sl
Gl 40400428 4942 c.lwsp =2
@ 40400423 6105 c.addilésp Oz
=0 prermph sexv o 4040042C 8082 o.ret o
[ Timernterrupt <1 i ] V| ] J v i J '
Breakpoints w o X Terminal VO ¥ B X Registers1 w 0 X locls v ox
Coplex Type Loeation Output Logfie: Off | Finet ~  Group: [CPU Registers (481} Variable Value Location
® Code Timerlaterrapt| o T vart 'Lt (0=08)  s2[0:7]
o Done Name Value Acc® | varz ‘Nt' (009) s0[0:7]
breakpoints Done za R aceo0an
Recult: 5 sp 0xB0000FFD
Result: 7 gp 0xB80000002
Result: 9 tp 0200000000
Result: 11 s0/fp 0200000009
Result: 13 sl 0240400430
s2 0200000006
. s3 0200000000
emihoste 51
- || s5 0200000000
terminal 1/0 ' =
s7 0200000000 g
Input s8 0200000000 Reglsters
Buffersice 0 s9 0200000000
s10 0200000000
< i » | Build | Debug Log | Terminal O ar m - ] D < i ] v
Ready Ln 45, Col 7 System CAP NUM OVR
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Debugging

IAR Systems I-jet debug probe

- Supports RISC-V and Arm cores

- Hi-speed USB 2.0 interface (480Mbps)

- Target power of up to 400mA can be supplied from I-jet with overload protection

- Target power consumption can be measured with ~200uA resolution at 200kHz

- JTAG and Serial Wire Debug (SWD) clocks up to 32MHz
(no limit on the MCU clock speed)

- Support for SWO speeds of up to 60MHz

- Unlimited flash breakpoints (*to be added for RISC-V)
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Advanced debugging and trace capabilities

Edit View Projet Debug Simulator Tools Window Help

MR = 4XEO DC 1< Q2 K s < > [ [ [ ] ®cOinIridr0a-t
¥ B X Findin Trace v o X Watch1 v q
Q& & Timestamp Trace Read Addr Read Data Write Addr  Write Data * | Expression  Value  Location Type
Timestamp Trace Read Addr Read Data Write Addr Write Data ™ Se@ 300002F2 c.:[al DoForegroundProcess m uint_fast16_t volatile
545 §00002F2 c.jal DoForegroundProcess <click to

BT e TR DL VEG‘ Cily (LA 598 8ee002r2 c.jal DoForegroundProcess

635 80e0002F2 c.jal DoForegroundProcess

688 B800882F2 c.jal DoForegroundProcess

DoForegroundProcess Registers 1 -1

776 508882F2  c.jal DoForegroundProcess Find ~| Group:| CPU Registers [SB1)

DoForegroundProcess:

e RS cesst e v 815 5@@@A2F2  c.jal DoForegroundProcess v
== Name Value
x i iti x
pace -3 Ser.laIPorlIMerrupt‘( x | Utilities.c ¥ | Disassembly 8 ra Ax800002F4
i i _ SiFive -~ |main() ) Gaw | | Memory ~ sp @x88003820
1lating SerialPortinput - SiFive
58 ~
~
LRI 59 /% Increment the current number in the Fibonacci sequence. %/ c Count  Disassembly tp ‘axespeeEaa
AdvancedDebugging 60 ++callCount; BBRGRIEE  3F39 c.jal InitFib s8/fp 2x80000008
@ SimulatingATim... 61 L} 300002F6  AB11 c.3 @x500002F4 s1 Bx08EA0000
62 DoForegroundProcess(); 52 8460020000
-2 i output 63 /* Main agpplication for interrupt simulation tutorial 800002F2 2015 c.jal DoForegroundProcess 53 BxEEEDERDD
P @SD " 54 * prints the Fibonacci sequence. while (callCount < MAX_FIB) s4 Bx00000000
e imulating... 65 - S . 880@02F4  FEA1ASE3 1w a8, -@x16(gp) - Aennassns
# [ Simulating... 66 int main(void) LT seeeezrs  asas c.1i al, exa < >
@ simulatingSe... = o . . ) ‘EL s@@@eaFa  FEBSBCES bltu a@, a1, BxBEEBEIF2 e -1
68 /% Initialize the serial port and the Fibomacci numbers. ¥/ disable_interrupt();
69 InitUart(); - - o . T & &
=t Tnitrib()} SB0B02FE 30847873 csrrei zero, mstatus, B8
B tiities.h 71 ! return 8; Code Cov... Code Range
] Utilities. 72 /* Loops 'forever’, taking input when interrupted. */ ® o ¢ SimulatingSerialPort...  36.8
41 B Output 73 while (callCount < MAX FTE) b 5oP00384 4082 c.lusp ra, oxcC ,
. AR . @ SerialPortInterrup... 100.8
— B simulating... 74 il 30000306 6141 c.addilésp exle Aot
= @ Utilities(Module) 86.4
Lg M simulating... & 75 DoForegraundProcess() ; RRECEa0IEERREAE2 Const B & GetFib 56.8
B Output v 76 1 __set_bits csr(_CSR_ 9x0880008000 ); oif o gz " oxEBBEICC-Bxi
—_—— - = 77 _ disable_interrupt(): InitUart: if ((n > ) . ot - B!
view SimulatingATimerl <[+ | o =l saee0spA 5521 c1ui a0, 8 . ¢ retval = Fib[n-1 BxB80882D4-Bxi
—————— 11| < — e v e Goeaesen b2zl X R i
- v x # return retval; @xBBOAA2E G- B
@ InitFib 100.8

[ @ PUtFib 91.7

N EPaPE @ dec = 18u, xBEBBELCE-Bxi

CPU Clack (50 MH2) @ if (out >= 1@@8EU) xBERRRLCE-Oxi

® putchar('#'); @xB80009102-0xi

[d t1: 0.0 us (4000 cyeles) @ putchar('\n'); BXBOOOO1DA-Oxt

[_writ] ! t2: B4.76 us (4238 cycles) & dec *= 18u; BxBLBBA1ES-Bx{

[d putchar 5| [putchar 3] 12 [putchar ot A7 s 238 o d d d [d @ while (dec <= out) BxBAABALE G- Bxi

K __wri] __wri] K _ Putiib t2 - 11): 4.76 us [238 oycles) [_wri [__writ] [__writ] [__writ] |__writ] [« ¢ while ((dec /= BxBBABALEA-Bxi

putchar | 12 [putchar 23] 12 [putchar 23] 12 [putchar 33| 12 [putchar 33| 12 [UartReceiveHandle | 12 [putchar putchar putchar putchar putchar & temp = out / dec; BxBBBABLFE-Bxi

DoForegrd| [DoForeground [DoForeground [DoForeground [DoForeground |DnFurEgrDundPrDDEé | [DoForeground [DoForeground [DoForeground [DoForeground [DoForegroun & putchar('@’ + (... BxEBBBALFA- Bxt

UartReceiveHandler I I - @ out -= temp * dec: x30000204-Bx

388075s 8.008676s @.600877s 8.000078s 2.800079s ©.600080s 8.000081s @.0008525 8.008083s @.000084s 8.608085s @.2000865 @.808087s 8.008088s @.800080s @ putchar('e’ + (... OxBOBEO2OC-Bx]

> < >

on Profiler v I X Interrupt Log v & X Terminal /O v

3 Time Interrupt Status Program Cou... Execution Time A || Output Log file: Dff

ion calls Flat Time  Flat Time (%) Acc. Time  Acc. Time (%) ™ 400.80 us TIMER Triggered 2x30000252 ~
‘oregroundProcess 1293 31745 47.5 96718 144.7 466.00 us TIMER Enter 6x%5000011C

erite 1413 1695@ 95 a 17488 27 5 484.76 us TIMER Leave 8x50000258 4.76 us ~

*Nexus IEEE-ISTO 5001™ compatible trace
- - - -

THINGZ SYSTEMS



race

IAR Systems I-jet Trace debug probe

Supports RISC-V and Arm cores
- SuperSpeed USB 3.0 interface (5 Gbps) Fully compatible with USB 2.0 (480 Mbps)  —=--7"" 7"

- JTAG and Serial Wire Debug (SWD) clocks up to 100MHz
(no limit on the MCU clock speed)

- Up to 150MHz trace clock

- 64-bit time stamp with CPU cycle accuracy for timing analysis

- Support for SWO using Manchester and UART, at up to 200 Mbps

SECURE 9IAR
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Code analysis

IAR Systems C-STAT static code analysis

- Complete static analysis tool fully integrated in IAR Embedded Workbench

- Intuitive and easy-to-use settings with flexible rule selection

- Support for export/import of selected checks

- Support for command line execution

- Extensive and detailed documentation

- Checks compliance with MISRA C:2004, MISRA C++:2008 and MISRA C:2012

- Includes ~250 checks mapping to hundreds of issues covered by CWE and CERT C/C++

http://cwe.mitre.org/ https://www.sei.cmu.edu/about/divisions/cert/index.cfm
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Advanced toolchain for RISC-V
« Sophisticated compiler technology

« Comprehensive C-SPY debugger including ‘
Simulator e

» Built in static code analysis C-STAT
More than an ordinary toolbox

—
&
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