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* Meet the demand of quality & time-to-market for your RISC-V proj

"ﬂ‘.
= Easy code reuse and wrdest customers Base 7rom
IAR Embedded Workbench, the complete IDE toolchain === >

i i G o 8

* Fit the needs of both memory size and necessary performance
by the outstanding C/C++ compiler

R

* Improve the code quality and find potential issues earlier
by the integrated C-STAT analysis

= |dentify low level bugs and provide graphical visibility to all SoC resource
by the powerful debugger
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IAR Embedded Workbench
Complete C/C++ compiler and debugger toolchain

Most widely used development tools for embedded applications

User-friendly IDE features and broad ecosystem integration

Industry leading code optimization
technology

Comprehensive debugger

Integrated code
analysis tools

ISO/ANS| C/C++ | — [
compliance with e
C18 and C++17 ' Functional @7

Safety




Support for 12,000+ devices
Different architecture, One solution

All available 8-,16- and 32-bit MCUs

Cortex-MO
Cortex-MO+
Cortex-M1
Cortex-M3
Cortex-M4
Cortex-M7
Cortex-M23
Cortex-M33
Cortex-R4
Cortex-R5
Cortex-R52
Cortex-R7

Cortex-R8
Cortex-Ab5
Cortex-A7
Cortex-A8
Cortex-A9
Cortex-Al5
ARM11
ARM9
ARM7
SecurCore
8051
MSP430

AVR H8
AVR32 STMS8
RX ColdFire
RL78 HCS12
RH850 S08
78K MAXQ
SuperH CR16C
V850 SAMS8
R32C

M32C

M16C

R8C



Compliler optimizations

C Source % X=Y - 15;

Compiler

% I IELEERL L SN High-Level Optimizer

Code Generator

=

Low-Level
Target Code Optimizer

a3, sp
Tui oo’ o | Assembler
lui a0, 0x80002 Assembler
01001000111001101001 Object Code
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Controlling optimizations

Multiple
optimization
levels for code
size and
execution

speed

The linker can
remove unused
code

Option to
maximize

speed with
no size
constraints

Multi-file compilation allows

the optimizer to operate on
a larger set of code

Category:

General Options
Static Analysis
C/C++ Compiler
Assembler
Output Converter
Custom Build
Build Actions
= Linker
Debugger
Iget
Simulator

Options for node "welcome”

Factary Settings

[®] Multi-le Compilation
Dizcard Unused Publics

Diagnostics  MISRALC:2004 MISRALC: 1998 Encodings Extra Options

Language standards
ISO/IEC 14882:2015
(C++14, C++17)

ISO/IEC 9899:2018 (C18)

ANSI X3.159-1989 (C89)

IEEE 754 standard for
floating-point arithmetic

Balance between size
and speed by setting

Language 1 Language 2 Optimizations  Output  List Preprocessor
Level Enabled t_ransformaﬁons:.’
() None [#]Common subexpression elimination
) Low Loop unralling
u Function inlining
O Medium [~]Code mation
@ High [] Type-based alias analysis
[+]Cross call
Py Mo size constraints
I Ok, | | Cancel |

different optimizations
for different parts of the
code

Well-tested

Commercial test suites

=  Plum-Hall Validation test
suite

= Perennial EC++VS

=  Dinkum C++ Proofer

In-house developed test suite
>500,000 lines of C/C++ test
code run multiple times

» Processor modes

=  Memory models

=  Optimization levels

SYSTEMS




Speed, size or both?

Optimization Effect
Common sub-expressions  Speed T  Size |
Loop unrolling Speed 7  Size 1
Function inlining Speed T  Size 1
Code motion Speed T  Size —
Dead code elimination Speed —» Size |
Static clustering Speed 7  Size |
Instruction scheduling Speed !  Size —
Cross call Speed | Size |
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e Size

— Compared to more complex instruction sets, RISC-V have
some challenges especially when it comes to code size

— Arithmetic with higher resolution than the natural data size
yields larger code

— Absence of carry flags and instructions to save and restore
multiple registers are other examples

* Speed
— When it comes to speed, RISC-V is relatively competitive
— More speed optimizations come in future releases

Our initial target will be on reduced code size for small embedded
systems. Our main focus have always been to supply the best
balance of code size and speed on the market.




GCC attributes

 In extended language mode, the IAR C/C++ compiler supports a selection of
commonly used GCC-style attributes

« Usethe  attribute  ((attribute-1list)) syntax for these attributes
* The following attributes are supported in part or in whole

alias aligned always_inline constructor
deprecated noinline noreturn packed
pcs section target transparent_union
unused used volatile weak
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Custom Instructions

.insn r op7, f3, 7, rd, rsl, rs2

.insn r op7, f3, f7, rd, rsl, rs2, rs3

* The '1n_sn dlreCtlve generates .insn r4 op7, f3, f2, rd, rsl, rs2, rs3
custom instructions which are vy o7 6w ven aor

nOt d”'eCtIy Supported by the .insn i  op7, f3, rd, rsi, expr (rsi)
assembler .insn s op7, f3, rd, rsl, expr (rsl)
.insn sb op7, f3, rd, rsl, expr
° - - op2, op7
¢ The ° 1n5n dlreCtlve Can be -insn sb op7, f3, rd, expr(rsl) P uns?gned immediate
. . . insn o r rs expr 2 or 7-bit opcode
used to inline assembly code in ™" ° ©°P7 3 rd rst. e i
.insn u op7, 3, rd, expr N

unsigned immediate for function code
2-7 bits wide

programs written In C and C++ ., i op, rd, expr
° The .insn dlrectlve generateS .insn cr op2, f4, rd, rsi

rd, rsN
] ] .insn ci op2, f2, rd, expr ’r‘e . .
gister field
|nStrUCt|0nS On a” RISC'V .insn ciw op2, f3, rd’, expr integer (x0-x31) or FP (f0-f31)
Instruction formats .insn ca op2, f6, f2, rd’, rs2’ Rd’, rsN’
.insn cb op2, f3, rsl’, expr compact instruction reg. field

integer (x8-x15) or FP (f8-f15)
.insn c¢j op2, 3, expr

- insn cs op2. 3. rsil’. rs2’. expr expr: immediate expression
* Please refer to the RISC-V ISA specification : P<, ? ’ ? P

sections 2.3 and 12.2 for details on bit-layout
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Code quality: C-STAT static analysis

« Advanced analysis of C/C++ code

* Fully integrated within IAR Embedded
Workbench for RISC-V

« Check compliance with MISRA C:2004,
MISRA C++:2008 and MISRA C:2012

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

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

« Support for command line execution
« Extensive and detailed documentation

€ GPIO - 1AR Embedded Warkbench TDE - Arm 8.20.2

w | C-STAT Messages

0| severity: [Al <] Fiten

Messages: 80

- ax

CWE (Common Weakness Enumeration): http://cwe.mitre.org
CERT (Computer Emergency Response Team): http://www.cert.org

2

m

File Edit View Project ST-link Tools Window Help
No@Re = LEE DC Q>%r2< 0 >00 ROG-=0 -+ ¢
Waorkspace w 3 X | sim3Z2idoc nucleo.c | stm32fdoc_hal_gpio.c x
[5TM3ZFdmeNuclea -~
i 5 . 228 temp |= ((GPIO_Init->Mode & GPIO MODE) << (pesition * 2U)):
LaS 229 GPIOX->MODER = temp:
E ®GPIO_I0Toggle - ST... v 230
i Doc 231 /* In case of Output or Alteynate functicn meds selsction +/
|- i Drivers - cnze 1 rio fntn wane amroor ooy 1 senta T
I ’—E\_; BSF [ 14R Embedded Workbench Help for ARM ==
EETMIZFY  m
[ | L@ Bsmse e 2 &
| i CMEIs Hide Llocate Back Forward Home  Print
L.I_E E-STM‘EEF“"" Conterts| Index | Search | Favorites|
IAR Syst
BEanele | hekomdtoi stems
|ARR-inv-index-ptrpos
C-STAT checks : Descriptions of checks - ARR-inv-index-ptr-pos
ARRneg-ndex
ARR-uninit-ndex
__as_get_base
__as_get_base (C-RUN operator) . .
oot bass (opertor) ARR-inv-index-ptr-pos
__as_get_bound (operator)
__as_get_bounds {C-RUN operator} i
s make_bounds (C-RUN operstor) Synopsis
__as_make_bounds (operator) i i
ESCIT character constante A pointerto an array is potentially used outside the
asctime array bounds
asctime_s
asin Enabled by default
asint
asinh Yes
asinhf
asinhl . .
asinl Severity/Certainty
asm
__asm
asm filename extension)
__asm (anguage extension)
asm, __asm (language exdension) Medium/Medium
Assembled lines only (Include listing settir
assembler cods Full description
caling from C
;as”e‘rr;‘gn;“:"r"'l‘lr?: A pointer to an array is potentially used outside the
GRIO_IDToggle assembler comments, texd shle in editor array bounds. This might cause an invalid memory
assembler control directives access, and might be a serious security risk. The
Build :::Z:E:::S:?fgﬁifs application might also crash. This check is identical to
assembler control MISRAC++2008-5-0-16_f, MISRAC2012-Rule-18.1_d
Messages CFl drectives for common blocks
Analyzing configu CFl directives for data blocks Coding standards
Undating build & CFl directives for names blocks
poaling BUle Il | | CF| directives for tracking resources an CERT ARR33-C
Starting G-STAT CFlfor stack usage analysis)
main.c conditional assembly
i i See also Ctyle preprocessor drect Guarantee that copies are made into storage of
¥zing : C-style preprocessor sufficient size
data definition or allocation
main.c definition of CWE 118
. for callframe information ad
Improper Restriction of Operations within the
Build | Debug Log Display Bounds of a Memory Buffer
4 n
Ready

Message
m BHS argument is ininterval [0LINF] which is out of range

m RBHS argument is ininterval [0LIMF] which is out of range

m RBHS argument is ininterval [0LINF] which is out of range
~= 1 stm32fdx_hal_adc_exc (B messages)

m BHS argument is ininterval [0LINF] which is out of range
m BHS argument is ininterval |
[
i

m RBHS argument is ininterval [0LIMF] which is out of range

# 11 stm3Zfdo_hal_dma.c (27 messages)

= 11 stm32fo_hal_flash_ex.c (1 message)
m BHS argument is ininterval [0LINF] which is out of range
stm32f4c_hal_gpi (3 messages)

m RHS argument is ininterval [0LIMF] which is out of range ...
[

m RBHS argument is in interval [(LIMNF] which is out of range ...
[
i

m FHS argument is ininterval [0IMF] which is out of range ...

m RHE argument is in interval [(LINF] which is outof range ...
0LINF] which is out of range ...

m FHS argument is ininterval [0IMF] which is out of range ...
m RHS argument is ininterval [0LIMF] which is out of range ...

Check

ATH-shift-bounds
ATH-shift-hounds
ATH-shift-bounds
ATH-shift-bounds
ATH-shift-hounds
ATH-shift-bounds

ATH-shift-bounds
ATH-zhift-hounds
ATH-shift-bounds
ATH-shift-bounds
ATH-shift-hounds
ATH-shift-bounds

ATH-zhift-hounds

Sevel £
Mediv
hedic
Medi.
Medit
Mediy
Medliy

Mediy
Mediy
Mediy
Medliy
Mediy
Mediy

Mediy

Found 3 instance..

Ln 255, Col 1

System

CAP NUM OVR

m Array pointer GPIOx' is accessed with index [32.33] whi.. ARR-inwindex-ptrpos  Medi=
m Array pointer 'GPIOx' is accessed with index [32,33] whi..  ARR-nw-index-ptr-pos  Mediy
~E 1Y stm32fxx_hal_rccc (22 messages)
#1211 stm32fde_hal_roc_exc (F messages)
m BHS argument is ininterval [(LINF] which is out of range . ATH-shift-hounds hediy
m FHS argument is ininterval [LINF] which is out of range .. ATH-shift-hounds ediy
m BHS argument is ininterval [0LIMNF] which is out of range . ATH-shift-bounds hediy
m FHS argument is in interval [LINF] which is out of range .. ATH-shift-hounds ediy
= m Possible division by 0. Divisor has potential range [0,63]  ATH-div-0-pos High
= m Possible division by 0. Divisor has potential range [0,63]  ATH-div-0-pos High
= m Possible division by 0. Divisor has potential range [0.7]  ATH-div-0-pos High
~= 1 stm32fdax_nucleoc (1 message)
m Yalue assigned 1o variable ‘keycomvertedvalue'is newv..  RED-unused-assign Low
- 1 systern_stm32fdoce (2 messages)
- ™ Possible division by 0. Divisor has potential range [0.63]  ATH-div-0-pos High
-3 m Possible division by 0. Divisor has potential range [0.63]  ATH-div-0-pos High ~_
4 n L3
Find in Files - qx
Path String Mate..
Vstm3ztdoc  temp = GPIOx->A. GFIO
hetm3Zfde  GPIOx->AFR[po GPIO
Lhetm32ides.  GRIOx->AFR[po..  GPIO..

I



http://cwe.mitre.org/
http://www.cert.org/

Debug & Trace probes

I-jet I-jet Trace (4-bit MIPI20 model)
JTAG/SWD speed 48 MHz 100 MHz
Download speed (RAM) 1.89 MByte/s 3.73MByte/s
SWO max. bandwidth ~30 Mbps ~60 Mbps
Available trace memory 64M or 256M bytes
Trace max. bandwidth - 1.2 Gbps
Max streaming speed 48MByte/s ~380MByte/s
Power sampling resolution ~160 pA ~160pA
Power sampling rate 200 ksps 200 ksps

I-jet Trace(16-bit Mictor/MIP120 model)
100 MHz

3.73 MByte/s
~60 Mbps
256M or 1G bytes
11.2 Gbps
~380MByte/s
~160 pA

200 ksps
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RISC-V debugging

IAR supports the latest complete RISC-V debug spec, currently v0.13
— Any additional updates will continuously be supported

Automated discovery of implemented debug features in a MCU or SoC
— Implemented debug features like available HW breakpoints, supported extensions etc. is read on connection

Interrupt and exception catching
— Configure interrupt and exception catching
— Distinguish between different priority levels and exception types

Set different types of breakpoints
— Watchpoints, set breakpoints on data
— Set conditional breakpoints

Single step both on C/C++ and assembler level

Full low-level access to all registers, memories and resources on RISC-V SoC
— Low level powerful SoC-oriented debugger on roadmap

Script/macro execution capabilities
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Source and disassembly level

Debugger debugging

e come - IAR Embec Workbench IDE - RISC-V 1.11.1 -
H File Edit View Project Debug ljet Tools Window Help
C-like macro system [ ~ - _ ~
Built-in Si | DN R@ = XE0 DC 24 Qo852 < P00 RO-=E640 0 3rr il r03-.
ul t_ln Imu ator Workspace ¥ B X | coreplexip_welcome.c x c_stat.c plic_driver.c init.c welcome.map P || Disassemnbly ° ¥ B X Stack1 v R Xx
RTOS awareness Debug g [metn0 W Gow | | | Memay : se [l
, 1o | e e ce) - 0 e : : : Stack usage
Trace Files @ . 120 PWMO_REG(PWM_CFG) = (PWM_CFG_ENALWAYS) | (PWM_CFG_ZEROCM isassembly Location Data Variable Value Type Frame
) @ welcome - Debug v 121 PWMO_REG(PWM_COUNT) = ©; 40400328 157D ¢.addi ae, -1 0xe0002710 | 10000 int 0] main
|1 il bsp 122 b+ OXBBOOAFE4 @XCDCDCDCD
‘ [) fe300prei_d 123 // The LEDs are intentionally left somewhat dim. 48400330 @605 c.addi a2, 1 ©xBBOORFES  @XCDCDCDCD
| Binite ® 124 PWM@_REG(PWM CMPO) = if(b > @ 8& g == 8){ ©xBOOGAFEC 0XCDCDCDCD
‘ B plic_driver.c 125 ) () 4pdoe3s2  e1e61713 s11i a4, a2, ex1e CXBOO0GFED  OxCDCDCDCD
- [l plie_ : 126 ] while(1) { 48400336 8341 c.srli a4, ox1e OxBOOBOFF4  OXCDCDCDCD
{1 Ml cstat 127 velatile uinté4_t * now = (volatile uinté4_t*)(CLINT_CT 40400338 C719 c.beqz a4, 0x40400346 o Cr
‘ [ c_stat.c 128 uinté4_t then = *now + 100; s
) o 42400334 01051713 s11i a4, a0, @x10 OXBOGOOFFC 0x4B40082A
o lisre :;g while (*now < then) { } 4p4p033E 8341 c.srli a4, exie
oreplexip_... . 4p400340  E319 c.bnez a4, @x40400346
D k bl ;.?utput g; = :fg.:_? o8& b ==8) { e
OCKable L—- B welcome.map 133 gH: 40400342 @585 caddi a1, 1
[ welcome.out & =4 -
. 134 } i E
windows and BSE 16(g> 6 8 == 6) { sosoo2as 167 codti a2, 1 Xpressions
136 8- PHMB_REG(PWHM_CMPL) = @XFF - (r >> 2); Watch 1 . :
137 b++; Expression Value Location Type M t
tab groups 138 |- } 40460344 01059793 s11i as, al, ex10 . = 1[6:15] Gint16.E oni Orlng
|welcome O 1390 if(b > 0 8& g == 0) { 4240034E  83C1 c.srli as, ex1e S :0[0:15] TG R
140 rH+ 40400350 8789 c.srai as, 2 g = 32[6:15] int16_t
Registers 1 vax 141 b--3 48400352  8F1D c.sub a4, as <click to : -
Find - Gioup PwM . 142 - X 49400354 26005787 lui a5, @x20005
? ° i:i 48400358 02478793 addi as, as, 6x24
PUMB_REG(PWM CMP1) = - (r>> )j 4046035C 398 a4, 0(as
ame Value Acmss- 145 PMO_REG(PWM_CMP2) = OxFF - (g >> 2); PWMG_REG(PWM CMP2) = e:F:u- (g » 2;- o .
A [# PuMBCFG  oxope01400 ReadWrite 146 PWM@_REG(PWM_CMP3) = axFF - (b »> 2); SEROFFosTTS T NG V bI
eglste rS PUMBCOUNT 0x20000277 ReadWrite 147 4400, — 0 bt arla eS
PuMOPWMS  oxgooceese ReadWrite | < > v EEnER Gk sl By &b GED Lok
[ PUMOCHPO  ©x000000FE ReadWrite ConEsd GEE c.srll a5, exip 1 H
[ PWMOCMPL  ©x000000F3 ReadWrite ~ Terminal /O v ax ConE) Gl Gl Eh Variable  Value Location Type MOn ItOI'I ng
®PumecHP2  oxcee0arC ReadWrite  [g,o Log fle: Off St L) s Exp EB ol i 10000 x8000DFEQ int
[# PUMOCMP3  0x200000FF ReadWrite oatle 4640036C__ 26005707 Lud 85._0x20005 r 50 a1[e:15] uint16_t
Welcome to the E31 Coreplex IP FPGA Evaluation Kit! Breakpoints - QX g 13 ae[@:15] uint16_t
- b (2 a2[e:15] uint16_t
T Locati Extr: . .
ype | Loca or? 2 = now ©x0208BFF8 a3 uint64_t volatile *
S o h t d @ code  coreplexip_welcome.c:124.3, type: "default (auto) L 1921881 OX200BFFS uint64 t
I I I OS e @ code  coreplexip welcome,c:144,5 when "r % 50 == @ ... then 1920682 2111 uint64 t
! () Code  coreplexip_welcome.c:139.5, type: default (auto) Code & data
Terminal I/O it Culcoes | Opons.. =
Bt e 0 breakpoints

Build Debug Log
Ready Ln 142, Col 6 UTF-8 CAP NUM OVR
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More features will come:

Wﬂomoagz + 2

Value is 64 when PC is 0x08003202
Access type: Write
Access time: 1s 936629.25 us (92958204 cycles)

EHEHEHEH

= Current max 98 at 331337.75 us (15904212 cycles)
© . o= 1s Current min: -98 at 1s 234336.02 us (59248129) cycles) | _
— |

2 t t } t } } t

E- 0.0005120= 0.0005%122= 0.0005124= 0.000512e= O0.0005128= 0.0005130= 0.00051

| Fl

© [O)[T (= [E) e
Function FC Samples FC Samples (%4)
core_state_transition 3401 30.33
rmatri=__rmul_rmatris 1342 11.97
matri=_rmul_rmatri=_khitextract 1176 10.49
crous 1140 io0.17
ee_isdigit 851 7.59
core_list_find BE5E C.25
core_list_rewerse 5ag .24
matri=_sum 430 3.84
core__bench_state 386 3.44
core_init_state 186 1.66
core_list_mergesaort 162 1.44
matrix_add_const 158 1.41

= rmatri=_rmul_swect 112 1.00

% matri=_rmul_const 105 0.94

= core_khench_list 76 0.68

< croulB 72 0.64

S crmp_icx 48 0.43

Code Coverage

O] 5l & &

Data log, Interrupt log, Function profiler, Code coverage, etc.

Code Coverage (%) Code Range File
=l % Fibonacci(Program) 86 .7
~-F ¢ Fibonacci(Module) 100.0 Fibhonacoi.c
= ® Utilities{Hodule) g6 .4 |Hilities.c
-H ¢ GetFib 50.0
‘@ 4 InitFib 1a0.0
‘@ 4 PutFib 31.7
-3 ¢ _ dbg break{Module) 100.0 __dhg_break.c
~F ¢ dbg mmdwrite(Md. .. 100.0 __dhbg_sdwrite .
-F @ _ dbg xxexit(Mod. .. 33.3 __dbig_xxexitc
-F 4 __dbg_zrwrite(Mo. .. BE.7 __dbig_xxwrite o
<
Disassembly
Goto |OxE0000000 Memory v
C  Co.. Disassembly
_ 1ar cstart_init_gp:
__ilar program_start:
< bl 20000000 800001EB7 Iui gp. 0=80000
& i 20000004 01618193 addi gp. gp. 0O=la
<& S 20000008 ao0o01137 lui =p, 0x80001
& iy 2000000C oanioliz addi =p, =p. 0=x30
& N 20000010 2A4CD c.jal _low level init
& S 20000012 oons0zes beqg al, zero, 0x20000018
& i 20000016 22BD c.jal _ dar data_init?2
& all 20000018 goopos13 me all, zero
< |l 2000001C 2225 c.jal main
& i 2000001E 22CD c.jal exit
L I 20000020 gonoooar b O=x20000020

wolid PutFib{uint32 t out)

{




Demonstration
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Thanks for your attention!

www.lar.com/riscv
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