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Jasper C Apps Verification Solutions
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Summary CCoverage
Stimuli coverage

C Auto Formal for C++ code CFPV

Lint + Advanced formal checks Early Access Property checking for
for C/C++/SystemC models and Q12026 C/C++/SystemC Models
HLS designs

Early Access
Early Access Available

Available Jasper® C Apps

C2RTL CAF CFPV HLSEC
C2RTL ] HLSEC

Functional equivalence e
between C/C++ and RTL iqh- i
C++ Frontend(s) Broadest Range of Jasper® Visualize™ ngh Level SyntheS|S

Production @ Formal Solvers Interactive (SystemC VS RTL)
_

T o) Environment
—_—— Restricted
C++ Synthesis Engine

Leading Performance B = Release
and Capacity Leading Ease-of-Use

Jasper Formal Verification Platform
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Key Components

C++ Frontend(s) Broadest Range of

Formal Solvers

Leading Performance
and Capacity

&

Jasper® Visualize™
Interactive
Environment

Leading Ease-of-Use

Jasper Formal Verification Platform
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Jasper C/C++ Frontend

Excellent C/C++ language constructs and library support

- C99 and C++98, 03, 11, 14, 17 are all supported well, including template functions and
classes

- C/C++ standard library (including STL containers)
- 400+ customer C++ models synthesized without any code change (mostly GPU and CPU)

Dynamically sized structures are handled well:

- Unbounded loops, recursive function calls
- Dynamic memory allocation, Variable Length Arrays (VLAS)

Autogenerated checks for C/C++ model
- Helps catch bugs in the reference model itself
- Examples: Unresolved function pointers, C++ undefined behaviors, etc.

Support for C/C++ user asserts
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Jasper SystemC Frontend

« C++ language constructs and SystemC support
- C++ 98, 03, 11, 14 support
- SystemC 2.3.3 support
- 100+ customer HLS models synthesized without any code change

« Stratus™ High Level Synthesis (HLS) integration
- Stratus HLS pragmas (HLS_ INLINE_MODULE, METAPORT, etc.)
- Stratus libraries (cynw_p2p, cynw_float, etc.)

» Autogenerated checks for SystemC model
- Helps catch bugs in the reference model
- Example: Arithmetic overflow, invalid pointer dereference, etc.

« Support for SystemC asserts
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Setting Up Your Code

#ifdef JASPER_C
#include “

Jasper header file to be included

#endif
in() { :
e Optional:
Macro defined within C2RTL while parsing C++ code
- JASPER_C
op;
#ifdef JASPER_C
JASPER_INPUT_ARRAY(ina); : e ]
JASPER_INPUT_ARRAY(inb) Jasper methods to identify inputs:
JASPER_INPUT (op); « JASPER_INPUT (var_name)
#endif « JASPER_INPUT_ARRAY (var_name)
(int i = @; i < 32; ++i) { « JASPER_INPUT_LVAL (LHS_expression, var_name)
(op)
out[i] ina[i] + inb[i];
,  CUER = analid = SRl — JG methods to identify outputs:
« JASPER_OUTPUT (name)
#ifdef JASPER_C . « JASPER _OUTPUT_ARRAY (name)
AN S - JASPER_OUTPUT_RVAL(RHS_expression, var_name)

}
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New Capabilities

« C++ compilation profiler time and memory

Profiler (on fav-qa3)

void test2() {
#undef N
#define N 25

int hash;

for (int 1 = 0; i < N; i++) {

hash = hash << (1 % 32);
hash = hash | i;

N &ls s AR
g sle|alalzls|a|alz]s

KN

main.c
Threshold Sec ¥ ap ¥ |Filter by name Filter by name
Function Name Included Time | Self time | Included Memory I Self Memory # calls | Function Inc | Self | # caIIsI Inc Memoryl Self Memoryl
& All functions 24.18 0.00 2.48GB 0 bytes 0 Internal init 0.01%  [0.01% |1 0.00% 0.00%
Global scope 0.01 0.01 0 bytes 0 bytes 0 ; 1 i 1 T 1
= main 24.18 0.01 2.48 GB 0 bytes 1 main '99‘99% 'OAOI% | 1 | 100.00% | 0.00%
B-test2 24.18 0.14 2.48 GB 32.00 kB - test2 99.99% (0.55% |1 100.00% [0.01%
testl 24.05 24.05 2.48 GB 2.48 GB 25 | 1 T T T
99.45% |99.45% |25  |100.00% | 100.00%
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New Capabilities

« C++ compilation profiler time and memory
* Support arrays of structs or nested structs as I/O of the formal model
« Conditional interface macros

#include <jasperc.h>

int main() {
int x, y;
JASPER_INPUT(x);
if (x < 10) {

struct A { int x; int y;};
Struct B { A a; }

y = X;
JASPER_OUTPUT(y);

}
¥

int main()

{
B b;
JASPER_INPUT(b);

A arr(10]; Formal model behaves as follows:
JASPER_INPUT(arr); y jasper valid — x < 10;
y = y_Jjasper valid ? y original : free;

return 0;
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New Capabilities

« C++ compilation profiler time and memory
« Support arrays of structs or nested structs as I/O of the formal model
» Conditional interface macros

« Support for additional math functions (asin*, sincos™)
- set _cfe compile_extended math true/false (enable/disable support for difficult math.h fcts)

« Support for arithmetic datatypes (ac _int)
- Recommendation to switch from SystemC to arithmetic datatypes (sc_int/sc_bigint — ac_int)

« Pedantic mode in Jasper® C compilation
« Sanity assertion for array out-of-bound write

int array[8]; Property Table

int index = 8; W =~ | B No filter || - write_1 X
array[index] = 12; // ArrayOutOfBoundWrite violation: index is too large 7 [1ype e

ol

array[index-9] 12; // ArrayOutOfBoundWrite violation: index is negative
array[index-1] 12; // OK

\Assert(c2rtl, ... | main.cpp_ArrayOutOfBoundWrite 1
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Key Components

C/C++/SC Frontend(s)
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Jasper® Visualize™
Interactive
Environment

Broadest Range of
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Datapath Proof Engines

« State-of-the-art datapath proof stack

- Powerful bit-level and word-level solvers
> Industry-leading powerful engines

« Datapath-specific optimizations:
- Support for floating-point multiplication
to minimize manual case splits

- Dedicated handling of large integer multipliers implemented
using smaller multipliers and adders

- Word-level arithmetic abstractions, term-rewriting and
normalisation, and reductions on the size of vectors

» Specialized bit-level multiplier handling

- Special engines to verify bit-level implementations of array
multipliers, radix2, radix4 booth multipliers, with variants like
Baugh Wooley

16 Word-level

engines

General ProofGrid Engine§

@

Multi property

WHt  WHp
Single property
WHps WHs
WB WB1 WB2 = WB3
Wi
WAM
WECX1 = WECX2
WG2
WA1 WA2 WA3

Processes Per Engine 1

15 variants (processes per

engine) each for different
hardware architectures and
sequential depth
optimizations
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Datapath Proof

Tabs Window Hel cadence]

Tools Plot Tabs Window Help
isaie @ o (W] L, [
eeeeeeeeee (thread 1) |

lter m

H
Bk
HEEE
1
AEREE
£ (% (', |}

0P| oy | oc| 0P| | P
alolaln

Proofgrid support

- Manages 1000+ parallel proof jobs on a server farm
ML-based proof orchestration i il
- Auto engine/solver selection, ML-based engine optimizations | : : '

Prove cache and PPD

- Use learnings from previous runs for engine choices
- Save compute resources if design/env changes do not impact the assertion

Powerful Jasper interactive proof cockpit through proof structure —
- Assume-guarantee, cutpoints, and intermediate helper lemmas operation

AR RN E
zlzlglel=valn

mmmmmm&s&s(sgﬂmf%
Il

R
HEBEIEE

- All environment modifications without the need to recompile e 7 x
Name Type / X I IPS Result IPropagation I [&
. » . . = All Nodes o©
Proof Structure X = @ SPFMA Root [ 1:0:0 None
= 4 fma_cases Case Split I 1:0:0 All
Name Type | [ [PsS Result|Propagation | [ #xisNAN  imp(case split) Em100 Al
. = All Nodes o 4 y_is_NAN imp(case split) I 1:0:0 All
MUItlple LeVG|S Of = @ SPFMA Root [ 3:0:0 None : zD_[t)sD_NAN imp(case split) . igg All
| & 4 asm_gnt Assume Guarantee I 3:0:0 Al ::p‘z::: zp::t) — o0 :::
Assu me-guara ntee & 4 mult_proof imp(guarantee) EEm100 Al s imcase s" B L
& 4 disconn_mult_inputs Stopat [ 1:0:0 All 4 DNN imp(case split) I 1:0:0 All
4 disconn_mult_inputs.0 imp(stopat) B 1:0:0 Only Proven+Un... 4 NDD imp(case split) I 1:0:0 All
4 adder_proof imp(cumulgtive-AG) I 1:0:0 All 4 NDN imp(case split) N 1:0:0 All
4D Eplcwesmil)  EENL0 AN
- 4 NNN imp(case split) I 1:0:0 All
4 fma_cases.c... imp(case split) [ 1:0:0 All
A\ N

Stopat Operation cadence’



Latest Improvements

* New engine WHs focusing on proof search
- Use it if engines find a high bound but no proof

* Engine improvements focused on handling

- Many different bit-level multiplier designs
- More complex general designs, e.g., FMAs, dot-products, etc.

« Comparison of bit-level vs datapath engines on customer testcases:

Jasper Bit-Level Engines  Datapath Engines

Details
Tcase -1  Fixed-point multiply with variable decimal location

10 mins 20 seconds

Tease-10 Dot product (8 products of fp16/bf16/fp32 being added NA ~95 mins

together)
Tcase-11  2048-point FFT NA ~1 day (proof decomposed)
Tease-12 Dot product (64 products of fp16/bf16 being added NA 3.3 days

together)
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Jasper C Debug

* Dual debug for C/C++/SystemC vs RTL

. < fpu_imp.clock \ / \ / \ \ / \ / \ / \ /
e RTL'I I ke WavefO rm debug » led>::check_add_noDenorms ‘ \ \
. . ¥ fpu_imp.in_valid
¢} Why traC|ng N C @ fpu_imp.in_op |55 ) T | G0 ) i
. . Ba fpu_imp.out_y [32'h0000_0000 ./ {32'h7e8a 0800 32'h8000 0000  f32'h40cO 0000
(@) Drlverlload tra Clng g xs![32'ho4sa_2000 Y32'ho1dd 8000 Y32 "hao00 0000 Y32 hooof FFFN % Why (find outjreason for signal value) Ctri+W
. . Y@ ys||32'hfesa_0800 {32'h81co 0000 TJ32'h4080 0000 [)32'hooff_ffff G Relevant Lefids Quri+ Stuft+
@) Va Iue a n nOta tl On In SO u rce ) ult [32'h7e8a_0800 )32'h024e_co00 'he000 0000 1]32'h8040_0000 :?t:‘r:::e'?nalst o 2r:+:
\main.sfResult T h7e8a 0500 J2'hoade coco [132:hcoo o000 |1:2:h6od0 0000 Adgd Rgelwan:T::uUfJi:rwen Signals Ct:lzﬁ
P I I : \main.f32_add() 32"\;'3&’ 0800 J32:hoz4e coo0 _ }32'hco00 0000 []32'h8040 0000 Add Relevant Module Instance Port Signals  Ctrl+7
S peCIa I Ize d d e b u g B\ ,dd_soﬂﬂoat_subMags?2() 32'hfle8a_0800 J32'h0o76 0000 J32'hc000 0000 |}32'h8040 0000 Add Relevant Until First Difference Ctrl+8
. . . &l Highlight Relevant Difference Ctrl+9
- All variables/function-calls are uniquely
. . \ & Modify Value... Ctrl+M
identifiable and plottable A Extract Constrait..
\ Add Directed Test Point
H 1 Add Annotation C it
- Full call stack in variable names o B1 N N y y . notetion Commen
Source Pane - visualize0 \ +8 x Sourc _ COPy Signal Value
€% |+ Quetd) « ‘D* B“@Relevant 2 & EEEE v@@ [ -5 Zoom

Interactive Debug Environment feature: [ 4 atbad U 07 % 1) ED (0 7

747

« Powerful Jasper® Visualize™ l—m— = S g ——
& fpu_imp (fpu) float32_t result,

. 61 if ( !'signF32UI( uiA ~wuiB ) ) { 7480 y <= {{dUt_ N Mux'1°4 1
d 62 #else \ - —
Integrate 63 L? ( signF32UI( A 5 G ;gg
. . 64 I~
5 What_lf anaIySIS 65 0 float_subMagsF32( YuiA, uiB ); ;g% N
. 66 Y 753 sedge clock)
= g oG i i ~ 1ve out alid
5 QU|et trace g; : result = softfloat= §oF32( uiA, uiB ); J ;gg Lve_out va
69 #else 756
© Freeze and eXtend! etC' w% LI:J Hierarc o Hi‘» _-|757_] S 2 LI:J
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New Capabilities: GDB Debug

<embedded>::jasperc.2844 (visualize:1) (session._0) - Jasper Apps (.../sessionLogs/session._0) - Visualize (on vinx576) - o x
File Edit View Visualize Tools Window Help P cadence
B e Ry sEE-F -% 1100 ¢&-9 B EH-® 2 O<<Target>>:- B & .7 - Debug C/C++ with Gdb
Current:1~ Signal Browser +8x
Insert text to find  [as) a-|! 1
r em imp (em w3
= g <<Target>>::tx <<Target>>::tx pty_imp pty ]
@ x|32'hf8ee_eeee e
&
@ y|:32'heeoo 0001 Filter on name 2 0 =)
c3 2'hf8e0 0000
= a2 ¥ Name SizeValue ~ «
Ba r 32'h00eo 0000
L . : ~ ..ymousVar_3485 67 - X
~ m\main.div_radixR_unpi 32'hf8ee 0000 ~ | _vmousVar 1675 66 -
n Open With GDB (on vinx576) = Open With GDB (on vinx576) X I gdb (on vinx576) _ o x
. Cycle Number 1 Cycle Number 1 = Copyright (C) 2018 Free Software Foundation, Inc.
Source Path to Gdb gdb Path to Gdb gdb LiFen§e GPLv3+: GNU GPL version 3 or later <http://gn9.org/1ice?ses/gpl.html)
. . This is free software: you are free to change and redistribute it.
Sea| Path to Terminal xterm Path to Terminal xterm There is NO WARRANTY, to the extent permitted by law.
- main| Select Mode Use Compile Command Select Mode Use Compile Command -| |8 Type "show °°PV1"%’-" and "9“2"‘ warranty” for details.
- div c ilation C d| Use Existing E tabl ) o This GDB was configured as "x86_64-redhat-linux-gnu”.
 COMpliation Lommand | Use Existing Executable Compilation Command g4+ div_radixR.cpp -D Type "show configuration" for configuration details.
RADIX=4 -D WIDTH=32 RADIX=4 -D WIDTH=32 For bug reporting instructions, please see:
<http://www.gnu.org/sof tware/gdb/bugs/>.
U Find the GDB manual and other documentation resources online at:
p <http://www.gnu.org/sof tware/gdb/documentation/>.
; For help, type "help".
Type "apropos word" to search for commands related to "word"...
Reading symbols from a.out...done.
T Trace file loaded for this run: /home/barbara/Examples/division/Rochester-System
Hierar C/ jgproject/sessionlLogs/session_0/visualize:1_cycle_1.
h

Link SystemC 2.3.3  Compile SystemC Sources

OK Cancel

Link SystemC 2.3.3 Compile SystemC Sources

OK Cancel

Input name: x , file path: /home/barbara/Examples/division/Rochester-SystemC/div

_radixR.cpp , line: 176
value:0xf8000000, signal size:32

Input name: y , file path: /home/barbara/Examples/division/Rochester-SystemC/div

_radixR.cpp , line: 177
value:0x00000001, signal size:32
(gdv) i
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C2RTL App GUI

File Edit View Design Application Window Help
& CtoRTLE.. |=

File -Spec
BB B

Design Hierard

¢ |4 ¢|D

Spec Design Imp Design

i mul2 top imp (mul2 top)

= # genblkl
=230

cadence

Properties &
roperty Tabie verification
=[®No filter results P

M ]1ype V] Name sound |Trace|Time

RTL Setup - Formal Verification - Search
e \4( M 9 o MM'| .Search the Mess

@ | Module for mul2_top_imp

@ |Assume assume:0 ?
Assert(... out[15:0] WAL ... Infinite 0

8 #include "stdint.h"
le mul2 top ( input logic clk, rst, ing

10 int main() { Source
b : i) st oz Source
uint8 t a, b; c [7:0] sum i - :0]:
13 uintl6_t out; code code
14 generate
15 JASPER INPUT(a); genvar i, j;
16 JASPER INPUT(b); for (i =0; i < 2; i= i+l) begin
17 for (j = 0; j < 2; j= j+1) begin
18 out = a * b; mul2 #(.WIDTH(4)) mul2 inst (clk, rst, enable[©@
19 end
20 JASPER OUTPUT (out); end
21 37 endgenerate
2 ) 4™ ' L
Design Hierarchy | Task Tree | Check Interface
lsession__ol Y -@a Q@0 F
- unknown 1 0 2l | |
- error : 0
j ##2 (mul2_top imp.out[15:0] == $past(out[15:0], 2)) s
<
[<embedded>] % 5
[Total: 2 [Filtered: 2 |Selected: 1 \Validity: 1:0:0:1 |Run: 1:0:0:1
Console | Lint Messages | Warnings / Errors | Proof Messages | ¥ % Signal Mapping  Property Table |
[No proofs running | Console input ready
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Key Features

* Integration in Jasper® Platform
- Same setup, same look-and-feel, easy to get started

» Best-in-class bit-level and word-level solvers and datapath-specific abstractions
- Reduces manual work (like proof decomposition)

« Broad C++ language support with C/C++ standard library support, including STLs

- Alarge class of C programs is handled without code changes

 Verification of control and data transformations simultaneously
- No need to separate datapath (reduces required expert knowledge)

cadence



Jasper C2RTL: Essential for Datapath Verification

Intel @ JUG 2021

Data

NXP @ CDNLive India 2022
3 _ Cinfineon Exhaustive formal datapath verification of RISCV-based

| Cor ' Clantina Daint |lnite
- Conclusion Momnlieninan Infineon @ CDNLive EMEA 2023
| Formal Datapath Verificaiton using High-Level
B Results Equivalence Checking
FuAl SIVT D
"8 ST @ CDNLive EMEA 2023
echniques to check equivalence between
. C model from Matlab vs RTL for
Qinnal Prorcaccina |Pe
Journey of Datapath FV at Intel e B RTTTTT g _ ,
L timeefficientbut | Tl @ CDNLive India 2023
@ <@ L compitionwasachalenge | L gives ~40x productivity & exhaustive
| Datapath FV through | [ CoRTLthroughHLS | tion on Floating Point and Trigonometric
N L haaonre! | | RTLoRTL cquvaloce | operations
i accurate but time consuming
e S ARM @ JUG 2023
| EUsandMediadesigns |- @ O ional Verification of prediction algorithms

i are signed off using C2RTL

with C vs RTL

EDA Collaboration

non—faillri;lo—s:;i?cnoncluswe E research oriented
setups ; Intel designs helped develop tool |nte| @ JUG |nd|a 2024
5_I?ff'_f’_?_v_?l?_?_”ie__“_t__hf‘f?_e_?_’_c}f{%?_ﬁ_v_i?fiYi‘.Y.%?.?.ﬂff__? Qoftware formal for Firmware
. .IIIIIII-III
{ Tool's processes and engines | SRR, SO S S :
automated variety of : i Convergence adopted i FV expertise essential A headCom putlng @ J U G 2025
' I ti ' ! ign-off criteria ! it rt tool t ds | : q A A
L....manualpractices i {..asasgnofferteria_ | | tosupporttooltowards | RISC-v, C\/ Shift Left of Bua Finding
Formal Verificatian Central Tech Office (FVCTO) I ntel @ J U G 2025

Symbiotic relation of tool and design:
Advancing C2RTL methodology
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Jasper HLSEC

Equivalence check between SystemC design and HLS generated RTL

— ®
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HLSEC App GUI

HLS Equivalence ... I -~ I

File—————————— -~ Spec Model
BB B od

 Formal Verfication | Search

tt O 9 M ¥ |a.Search the Message Log

Design Hierarchy

¢ > |0 |

4[]

V‘“Y|{‘{|-‘ ‘E]

Spec Design

Imp Design |

{} dut (dut)

X

Signal Mapping

v[@ Property Table |

| [<enbedded>] %

3 top (top) top (top) Spec Signal Map ollgle and
Imp Signal - .
I~ Inverse Verlﬁ Catlon
ig ?C_CTOR(dUt) 1 nodule top(clock, reset, d_in, d_o Mapping Type:|No results
2
13 SC_C{HEAD({hre Source 3 input clocks Source W < Spec,
reset_signal_is 4 input reset; — . -
i;i } Code 5 input signed [21:0) d_in; COde Statu?IID VI i ¢ ISpec al ¥ |Imp Signal ¥ |Mapping
ey 6 ) < |o |d_out1(31:0] |top.d_outl[... Primary 0
}S i('” threado() 7 output reg signed | ] d_out X 1 d_out2(31:0) |top.d_out2[... Primary O
8 output reg signed [31:0] d_out2 | ! | |
20 d_outl = 9 @ 2 clock top.clock Primary Ir
21 d_out2 = 10 1 ( dge clock) beagi [ [ ;
22 wait(); 11 ’ wa‘yis‘t:?tlpziergs-i-f ?0: :912 + - : ;el-set 1: top.;e-set . Fp’rfmary L
23 while (1) { ' 12 "out2 <= reset ? 0 : d-in + @ 4 _in[31:0] |top.d_in[31:0] Primary Ir
24 d_outl = d_in + 13; 13 end N
25 d_out2 = d_in - 14
26 wait(); 15  endmodule
27 }
28 }
29 }; |
Design Hierarchy | Task Tree |
.sesslon_ol Y - @& Q0 »
- unknown : 0 Al
- error ¢ 0
determined
= d | 2

Console | Lint Messages | Warnings / Errors | Proof Messages |

i
¥ % @ Signal Mapping ! ProgertzTable|

il [Total: 5 [Filtered: 5 [Selected: 0

No proofs running | Console input ready

4
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HLSEC App Status

» Working with selected customers
- Jasper® C HLSEC App flow is working well in all engagements
- Excellent proof capacity and performance already demonstrated on multiple designs

* Frontend:
- NO gaps in ongoing engagements
- Goal: Consume all SystemC code that Stratus can compile

o 18&[% isdconstantly working on closing gaps against the Stratus™ High-Level Synthesis (HLS)
ronten

* Proof strategies

- Tuning of existing Jasper proof strategies (from SEC and C2RTL datapath) already showing
excellent results on cycle-accurate problems as well as non-cycle-accurate ones

o \Iflvl?ékﬂis ongoing for enhancing proof capacity using hints on internal equivalence from Stratus
ow

 Results/Benchmark:

- Besides testcases from customers, we are working on ~7000+ testcases from Stratus HLS
regressions to identify and close the frontend gaps.

* Debug

o NatLye debug through SystemC code in Jasper® Visualize™ Interactive Debug Environment is
working

cadence
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Jasper CAF

Auto Formal for C/C++/SystemC designs
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Jasper CAF Overview

C/C++ or
SystemC Model

Jasper® Visualize™ Interactive Debug Environment

ble [t yiow Dewon Baces Avsicanion Bei Mnaow b

mE= =
N I_._-—l
Automatic .b »

-
Formal Checks
Py
| -

pull
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Key Features

» Brings RTL-level auto formal checks to high-level design domain
- Left shift in verification productivity

« Comprehensive SystemC model signoff
- Signoff against a set of static lint and auto-formal checks
- All checks are ‘automatic’ and the user just inputs SystemC model + constraints

» Features borrowed from industry-leading Jasper® Superlint App
> Violation view (for non-formal users)
- Formal property view (for formal-savvy users)
- Persistent and highly portable waiver mechanism
- Auto grouping for efficient analysis
- Observability enabled debug

cadence



CAF App GUI

File Edit View Design Application Window Help

commonl.tcl (session_0) - Jasper Apps (.../CAF/jgproject) - Main (on jhinx13)

#& C Autoformal |-:- ]

@ session_0

- ar_covered

- undetermined
- unknown

- error

[<embedded>] %

Console = Warnings / Errors  Proof Messages

[cNoNoNo)

<No waiver data>

No proofs running

Console input ready

File Design Setup  CAF Formal Verification  Search
EQBE- DR PO ARHDABR- #H O O B Search the Message Log
Task Tree ® Automatic Formal Properties @ Analysis Browser
Name Result % ~ < B No filter Filter on name o HE| ¢9 ¢ DL 3T 4881 3 = HLS CV_OVF
- All Tasks v v v ¥ Engin'¥ 39 ////////7/HLS_UD_SHFT////1/1111111
<embedded>  [—10:0:0:0:0 g fype.—. 7 Nome Engly B°‘ °y, AR L i
<CAF AUTO .. [N 6:0:6:0:0 X HLS_CV_OVFL Assert(... hls_conversion_overflow 20 PRE 51 int shift amél'mt N -
<CAF AUTO ... - HLS_CV_OVFL Assert(... |hls_conversion_overflow_22 RE \1 42 c.write(value << Shlf{ amount) ;
X HLS_CV_OVFL  Assert(... hls_conversion_overflow_27 PR 43 sc int<8> a32 sc8 = 32; '
‘@ X HLS_ CV_OVFL  Assert(... hls_conversion_overflow_28 PRE 1 44
%X HLS_CV_OVFL  Assert(... hls_conversion_overflow_30 PRE 1 45 C-Writeéa-r‘ead(c)j(;< b-read(c)&s)
; 46 c.write(ab4.rea << b.rea
X HLS_CV_OVFL Assert(... hls_conversion_overflow_31 PRE 1 | - :
- = ( - = = 47 > c.write(al28.read() << b.read());
) Assume assume:0 ? 48
49 sc int<8> shift amount65 sc = 65;
50 int shift amount65 = 65;
51 int shift amount64 = 64;
52
< ’ 53 c.write(a.read() << shift amount65);
Total: 27 Filtered: 7 Selected: 0 violatio n: 1:0:0 =4 B —————— A =
. Violation Messages View Automati dutl.cpp
» IWalver List L)
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Jasper CFPV and CCoverage
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Formal property verification for C/C++/SystemC designs
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CFPV App Flow

_ Visualize™
C/C++/
SystemC

waveform
Design ’D

$ CFPV

e e Jasper w/Visualize™

Formal proofs

, Constraints | v

-

 CFPV App for exploration:
- Jasper® Visualize™ Interactive Debug Environment is used without properties to exercise
interesting design behavior
« CFPV App for verification:

- Used as a “classic formal” tool, with assertions and constraints written in SVA
- Metric-driven sign-off methodology (based on Coverage) on the roadmap for next year.
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CFPV App GUI

run.tcl (session._0) - Jasper Apps (...ster-SystemC/jgproject) - Main (on vinx576) - o =x
File Edit View Design Application Window Help cadence
& C Formal P... I + |
File Design Setup  Task Setup  Formal Verification  Search
BB B B F - B2Sdw #H O @ 0 B M~ Search the Message Log b
Design Hierarchy ® Property Table )|
€% 4 ¢ b0 L & Modulefor main [ f- | % < BNo filter - Filter on name o |EH P-2 @
Spec Design i;g int main() { "¢ T Type ¥ Name ¥ Engin'¥ Bound Target BotTraces Time
~ main = in. : ? :
- div_radixR_unpipe 172 #if defined WIDTH && defined RADIX E Assume ma!n check_q$13' assume ? N/A 0 0.0
| Ty 173 sc uint<wIDTH> X, y, q, r; g @ Assume main.check_r$13:assume N/A 0 0.0
174 a @ Assume main.check q$l4:assume ? N/A 0 0 0
175 #ifdef JASPER C w @ Assume main.check_r$14:assume ? 0
176 JASPER INPUT(x); e ol g o e VA 000
i;; #eiﬁ?ER ANRUT(y): g, ¢ Assert(... final_r Hp (1) Infinite N/A 0 <0.1
179 § @ Assume main.check_qg:assume ? N/A 0 0.0
180 //proves for R=2,4,8 and W=32 8 ® Assume main.check_r:assume ? N/A 0 0.0
181 div radixR unpipelined<RADIX,WIDTH,WIDTH,WIDTH>(x, vy, q, @ Assume main.check _g$l:assume ? N/A 0 0.0
182 : @ Assume main.check r$l:assume 2 N/A 0 0.0 -
183 #ifdef JASPER C ‘ y
184 JASPER OUTPUT(q); * - 2
185 JASPER OUTPUT(r); qQry+r X 3
; |, 186 #endif iC H
Design Hierarchy = Task Tree Proof Structure Total: 602  Filtered: 602 Selected: 1 Properties n: 568:0:0:34
@ session_0 PrOOf @ Q0 F
2025-11-07 22:15:09: Completed =
2025-11-07 22:15:09: Completed Structure
2025-11-07 22:15:09: Completed
-I- All node runs are complete. =
[TOP] %
Console = Lint Messages Warnings / Errors Proof Messages Y % B8
No proofs running Console input ready
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CCoverage

run_cov.tcl (session_0) - Jasper Apps (...ster-SystemC/jgproject) - Main (on vinx576) - 8 X

File Edit View Design Application Window Help cadence
. Coverage |—:- | @
File Design Setup  Coverage Setup Coverage Measurement Search
EARBr @ % B - BB @ &- H s ) b M~ Search the Message Log B
Coverage Analysis = Assert Analysis Waiver Table Console
Coverage Analysis o®
€ Models: o Statement Property = Scope: ® Local © Hierarchical = Current Instance main o
Formal Statement Local Coverage : 2882/2893 (99.62%) Stimuli Statement Local Coverage : 2882/2893 (99.62%) Checker Statement Local Coverage :OFF Excludes : 0 Selected Task(s): <embeddea
¥ oW @ &% 4 ¢ 0 L @ Propertyjasperc 2844 Y B
EX¥ Form¥ Stimi¥ Checl¥ COl  Description Source Locati¥" Expression = 107 sc biguint<B> r[B+1][R] z

m m OFF  OFF code block (119,9)-(119... (\main.div_radixR_unpipelin [0 108 for(int j=0; j<R; j++) {

m [} OFF OFF code block (118,9)-(118... (\main.div_radixR_unpipelin 109 //HLS_UNROLL LOOP(HLS::ON);

5] 5] OFF OFF codeblock  (119,9)-(119... (\main.div_radixR_unpipelin B 110 t[0][j] = s[j].range((N_2+B-1), 0);

m [} OFF OFF code block (119,9)-(119... (\main.div_radixR_unpipelin oo ﬁ; } riellil =13

[} O OFF OFF code block (139,7)-(139... (\main.div_radixR_unpipelin BO0 113 for(int b=1; b<=B; b++) {

[} [} OFF OFF code block (139,7)-(139... (\main.div_radixR_unpipelin 114 //HLS UNROLL LOOP(HLS::ON);

o o OFF  OFF code block (139,7)-(139... (\main.div_radixR_unpipelin HE 115 for(int j=0; j<R; j+=(l<<b)) {

m [} OFF OFF code block (139,7)-(139... (\main.div_radixR_unpipelin 116 /(HLS_UNROL'—_LOOP(HLS :ON);

5] m OFF OFF code block (118,9)-(118... (\main.div_radixR_unpipelin o0 E;g} lf(i{éﬂﬁibt%b ]1]“;‘]3??1<(b 1; §

= O OFF  OFF code block (119,9)-(119... (\main.div_radixR_unpipelin [ 119 ribl[j] = rlb-1]1[j+(1<<(b-1))];

[} O OFF OFF code block (119,9)-(119... (\main.div_radixR_unpipelin 120

m m OFF  OFF code block  (118,9)-(118... (\main.div_radixR_unpipelin 121 else { _

B = OFF OFF codeblock  (119,9)-(119... (\main.div_radixR_unpipelin = 122 HEHH . ﬁ{gﬂm

= l OFF code block (119,9)-(119... (\main.div_radixR_unpipelin 124 } !
(118,9)-(118... (\main.div_radixR_unpipeli 125 }

OFF code block (119,9)-(119... (\main.div_radixR_unpipelin 126 }

m 5] OFF OFF code block  (119,9)-(119... (\main.div_radixR_unpipelin r g; R —

m m OFF OFF code blg . (\main.div_radixR_unpipelin_ Hﬂﬂ 129 tmp b t[g][oli" - !
Total: 2893 Filtered: 230 SO Bd @ m i ;
Summary | Detailed Stimuli Coverage

No proofs running Console input ready  No error in console
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Summary CCoverage
Stimuli coverage

C Auto Formal for C++ code CFPV

Lint + Advanced formal checks Early Access Property checking for
for C/C++/SystemC models and Q12026 C/C++/SystemC Models
HLS designs

Early Access
Early Access Available

Available Jasper™ C Apps

C2RTL CAF CFPV
: CZRTIT R
Functional equivalence

between C/C++ and RTL

HLSEC

— HLSEC
Verify correctness of

Broadest Range of Jasper® Visualize™ High-Level Synthesis
Formal Solvers Interactive (SystemC VS RTL)

B ) Environment
— Restricted

Leading Performance = Release
and Capacity Leading Ease-of-Use

C++ Frontend(s)

Production @

C++ Synthesis engine

Jasper Formal Verification Platform
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