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OpenHW group CORE-V :  From CV32E40Pv1 to  CV32E40Pv2 

OpenHW group core-v-ver i f :
S tep&Compare to  ImperasDV 

 4 -s tage s ing le- issue in -order  p ipe l ine
 OBI  pro toco l  memory  in ter faces 
 S tandard  ex terna l  debug and in ter rupt  suppor t  

From PULP instruct ions to  RISC-V X custom extensions
Post- increment ing load & store 
ALU
Mult ip ly  Accumulate    
8 -  & 16-b SIMD Instruct ion
Hardware Loops (zero-cycle  branch)  

 Conf igurable   RTL
FPU (wi th  parametr ized latency)  
ZFINX
COREV_PULP
COREV_CLUSTER

Based on S iemensEDA OneSpin  360
RISC-V Processor  Ver i f i ca t ion  app

From Custom instruct ions descr ipt ion us ing SAIL  syntax
to  automat ic  assert ions generat ion

"cus tom_extens ions" :  {  
    " ins t ruc t ions" : [  
        {  
            "name"  :  "CV.SDOTUP.B" ,  
            "d isassembly"  :  "cv .sdotup.b  { rd} , { rs1} , { rs2} " ,  
            "decod ing"  :  "1001100 rs2  rs1  001 rd / rs3  1111011" ,  
            "execut ion"  :  "X( rd)  =  X( rs3)  +  X( rs1) [7 . .0 ]  *  X( rs2) [7 . .0 ]  +
                                           X( rs1) [15. .8 ]    *  X( rs2) [15. .8 ]  +  
                                           X( rs1) [23. .16 ]  *  X( rs2) [23. .16 ]  +
                                           X( rs1) [31. .24 ]  *  X( rs2) [31. .24 ]  
        }  

 Moved f rom Step&Compare to  ImperasDV methodo logy 
 COREV-DV ins t ruc t ion  genera tor  

Add i t ion  o f  Z f inx  s t ream genera tor  
Add i t ion  o f  320 Pu lp  Ins t ruc t ions  

 Used for  every th ing not  ver i f ied  by  Formal  Ver i f i ca t ion  
Asynchronous events  ( In ter rupts ,  Debug,  e tc ,  …)  
Pre fe tcher  Un i t  
Hardware Loops 
F loat ing-Po in t  D iv is ion  and Square-Root  

GCC upst ream upgraded wi th  320 cus tom ins t ruc t ions
Addi t ion  o f  ~200 bu i l t in  fo r  C in t r ins ic  usage
Custom ins t ruc t ions  automat ic  mapping fo r :  

Post - incremented Load/Store  
Branch wi th  Reg is ter - Immedia te  compar ison 
32-b  Mul t ip ly -Accumula te  
Hardware Loops

LLVM too lcha in  upgrade on-go ing (due date  e /o  2023)

SOFTWARE TOOLCHAINS

CORE-V-VERIF 

Formal  Ver i f i ca t ion

Conf igura t ions  5 Asser t ions  per  CFG ~400 

100% Unbounded Proves ~2 h Runt ime for  70% of
asser t ions  per  CFG  

FORMAL VERIFICATION NUMBERS

CV32E40P UPDATES
CUSTOMIZING AN OPEN-SOURCE RISC-V CORE AT INDUSTRIAL-GRADE;

EXPERIENCES AND CHALLENGES

Pascal Gouédo (pascal.gouedo@dolphin.fr) - Yoann Pruvost - Xavier Aubert - Olivier Montfort / Dolphin Design

Pasquale Davide Schiavone - Mike Thompson / OpenHW Group

Standard  RISC-V Extens ions 7
   New Custom RISC-V Extens ion s4

Standard  ins t ruc t ions114
 New Custom Ins t ruc t ions  320

CSRs21
 New CSRs8

RTL Parameters5

31 BUGS FOUND
(IMPACT OF ENABLING FPU/PULP)

RV32IM[F]C_Zicsr_Z i fence i [_Zf inx ] [COREV_PULP] [COREV_CLUSTER]


