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Methodology Covergroups

covergroup I_add_cg with function sample(ins_t ins);

{32" b1111111111111111111111111111111@};
wildcard bins alteven {32'b10101010101010101010101010101010} ;
wildcard bins altodd {32'b01010101010101010101010101010101};

LOCkStep SimUIatiOn Wlth ImperasDV } wildcard bins random {32'b01011011101111001000100001110111};

wildcard bins onesml

e Scope is architectural functional verification option.per_instance = 0;
o Does not cover implementation specific features (caches, branch cp_rd : coverpoint ins.get_gpr_reg(ins.current.rd) iff (ins.trap = @ ) {
Prediction’ etC.) } //RD register assignment
e Coverage model draws on the Synopsys open-source riscvISACOV
: cp_rsl _corners : coverpoint unsigned'(ins.current.rsl val) iff (ins.trap = 0 ) {
covergroup and sampling methodology o | viTldeard bins gero o
e Tests run on a Device Under Test (DUT) communicating with the wi}gcarg Eins one - %32'E@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@1i;
o el . ] ] = 132'b000000000000000000000000000000107+;
ImperasDV reference model via the RISC-V Verification Interface ey i o 132" b10000000000000000000000000000000)
(RVVI). wildcard bins minpl = {32'b10000000000000000000000000000001} ;
. . wildcard bins max = {32'b01111112112112121211211112111111111};
e Testbench collects functional coverage while the reference model wildcard bins maxml = {32'b@1111111111111111111111111111110};
CheCkS that the DUT demonStrateS Correct behaViOr wildcard bins ones = {32'b1121121112112112121211211112111111111};

endgroup

e Tests run on DUT and ImperasDV reference model simultaneously

e ImperasDV and the DUT communicate over RVVI, checking that the
DUT demonstrates correct behavior

e Lockstep eliminates the burden of generating self-checking tests
and the risk of false-positives

e Unprivileged covergroups generated by covergroupgen.py script
e Privileged covergroups handwritten from English test plans

Tests
Testing Flow

# Testcase cp_rd (Test destination rd = x1)

. Unprivileged . 11 x15, 0x2df19c49bf9d2b53 # 1nitialize rsl to a random value
U_rl]pnv;__l)?ged Coverage Ungll_'lvueged . " Ref Model 1i x3, 0xe21482b7cfc50d6b # initialize rs2 to a random value
est Plan Files ests xecutables (ImperasDV) ]+ log add x1, x15, x3 # perform operation
! A tlockstep RVTEST_SIGUPD(x5, x1)
.CSV[,, N svh testgen S GCC alf . < Mismatches
_ # Testcase cp_rd (Test destination rd = x2)
covergroupgen B S\i/meﬂllg?or 1i x24, 0x214606929e470dd7 # initialize rsl to a random value
:I P mt 11 x23, 0x2391fecd330ad053 # 1nitialize rs2 to a random value
Xt b pl.Svh (Questa) add x2, x24, x23 # perform operation
- _ t&‘ o \ ) Cg\é%rgge RVTEST _SIGUPD(x5, x2)
overpoin
Sample [I):unction Ir%tci)e\alliezre?tgi;c?n f T
Templates Device riscviISACOV
Uncij%r_lj'est SV | [.SV Base(RACgvlerage # Testcase cp_rd (Test destination rd = x31)
ode 11 x19, 0xea92d50933697752 # 1nitialize rsl to a random value
Svh ST 11 x22, 0x1d3e035cel739ac5 # 1nitialize rs2 to a random value
add x31, x19, x22 # perform operation
Privileged Privileged Tests RVTEST _SIGUPD(x1, x31)
Coverage (Hand & Script
Files Generated)
e Unprivileged tests generated by testgen.py script
Fig. 1 Architectural functional verification flow e Privileged tests handwritten from English test plans
Test Plans Results
, Feature Coverpoints RV64 Test KLOC Percent Coverage
Instruction |Type cpasm count |cprd cp.rsl cp_rs2 cp.rd_corners |cp.rsl_corners |cr_rsl rs2_corners Unprivilege d
S S X <0 |x M 252 38 100%
Sddi . - - - - - A 244 21 100%
Zciab,dfr  [233 14 100%
add R X X X X X X X F, D, Zf{hja} |1332 2284 100%
sub R X X X X X X X Zbfabcst 672 80 100%
beq B X X X X X Zkn 292 13 100%
;' alr ]R X X nx0 Zicond 28 A 100%0
i U % % i Zicbo* in progress in progress
Privileged
. .. Zicsr 187 1.6 100%
Fig. 2 Unprivileged test plan Zientr 39 19 100%
Exceptions  [249 3 100%
. . o Interrupts 187 4 100%
coverpoint covergroup Sub Feature Coverpoint Description EFndian 130 15 100%
PMP In Progress N/A N/A
Instruction Address Branch taken to an address that is an odd multiple of 2 Virtual Mem 249 18 Sv32 & Sv39 at 100%
cp_instr_adr misaligned branch| exceptionsm Misaligned PC[1] = 0 and imm[1]=1
cp_instr adr_misaligned_branc Instruction Address Each type of branch not taken to an address that is an Flg 4 Sl?e Of Coverage flles? llnes Of test COde) and per Centage Of
h nottaken exceptionsm Misaligned odd multiple of 2 coverpoints covered by tests
Instruction Address jal to an address that is an odd multiple of 2 ® The te StS, CovergrOupS, and 10 CkStep Simlﬂation methO dOlogy haS
cp_instr adr_misaligned_jal exceptionsm Misaligned PC[1] = 0 and imm([1]=1 b een d em OIlStrate d on th e OP enHW F oun datl On)S CORE_V Wally core
e Lockstep simulation with ImperasDV has uncovered 9 bugs that
cp_instr access fault exceptionsm Instruction Access Fault Instruction access fault is raised . .
were not detected by riscv-arch-test and other custom test suites
Executing instruction 0x00000000 and OXFFFFFFFF © fround bad Shlft In some situations
cp_illegal_instruction exceptionsm Illegal Instruction throws an illegal instruction exception. O me unteSted and PrOduced garbage

, . o certain illegal instructions and CSRs did not trap
Fig. 3 Privileged test plan

Future Work

The teams intends to modify the testing flow to become compatible with the riscv-arch-test framework and to fully integrate the tests into the
riscv-arch-test repository. Additionally, the teams plan to add covergroups and tests for the IBM floating point verification framework.



