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Status of Vector and Bit Manipulation Support

Vector specification version 0.8-draft-20190906

Bit manipulation specification version 0.9.2

Support for all the 650+ vector and 100 bit manipulation instructions added to
STING

Work in progress



Overview of STING

e Highly configurable and flexible bare metal

‘ Test Configurations

User
program Input
. . ‘ D'iArSet/tl;atzja'T'eegts ‘ ‘ C++-based Tests ‘
o Intelligent and architecturally correct R R R L
instruction sequences complete with results ‘ Configuration ‘ ‘ Meta-data ‘ | | Generator
. b Parsers Generator
checking -
. i ‘ Test Creator ‘
e Supports constrained random, directedand, . ‘i
graph based test generation methodologies ‘ Peripheral Device ‘ | brna
b Drivers b
e Portable stimulus — simulations, emulation, \ Micro Kernel \ | Testscheduler
FPGA or silicon
e« MP and SoC ready G
[ DEVICE UNDER TEST (DUT) ]
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Stimulus Development Framework - Snippets

e Programming framework for RISC-V test development

e High level language constructs mixed with inline assembly

e Allows reservation of registers, memory and hardware threads
e Enables users to install interrupt and exception handlers

e Embedded into the instruction stream after resolving the resource allocation
constraints

e Easily integrate existing assembly and C/C++ tests
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Rendering of Snippets

21 resource
22 gpu t ®
23 base_t rbl[4]R4
24 axreg t rxl, rx2

instruction stream

26
7 snip_setup
28 ; Empty

s
=
[ ]

31 snip init

32
33 @cpu: x
34 swW %0, 0 (rbl) ; Initialize the shared memory with 0
35
36
37 snip_run
38
39 @cpu: x
40 o4 raly A ; Master cpu writes a value of 1 in the
41 ¢{ shared memory. Use any one of the store
42 ; ations for this 1769 £sgnin.d £28, £10, £11
43 1770 lwu x14, 1624 (x28)
44 sw rxl, 0 (rbl) 1771 amoor.d.rl %24, x24, (x29)
45 1772 amoor.d.ag x30, =30, (x27)
46 @cpu: * 1773 enable rve "c.sw %12, 60(x8)"
47 1A e, A : Slave cpu keeps looping till it 1774 /¢ ++anip start: snippet_id: 00000005 SNP_MP SimpleWait
48 ; the flag update from master L addi =23, %23, l&
49 6 .global start SNP_MP_ SimpleWait run_block0 120 5 0
50 do_branch: 7 start SHE MP 54 it run block0_120_5 0:
51 1w rxl, 0 (rbl) 8 1i x10, Oxl
rxl, rx2, do_branch 9 swW x1 0(x23) ]

.global end SNP_MP SimpleWait_run_bleck0_121_5 0

137

177

177

177

1780

1781 end SNP_MP SimpleWait run block(0_121 5 0:

1782 .global start SNP_MP_ SimpleWait run_blockl 122 5 0
1783 start SNP MP SimpleWait run blockl 122 5 0:

1784 1i x7, 0Oxl

1785 do_branch 119 5 0:

1786 1w x10, 0(x23)

1787 blt %10, %7, do_branch 119 5 0

1788 .global end SWP_MP SimpleWait run blockl 123 5 0
1789 end SNP_MP SimpleWait run blockl 123 5 0:

1790 /f --snip end: SNP_MP SimpleWait

1791 1w x12, 1516 (x18)

179

[}
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1h %14,

1658 (x27)

Rendering is the process of embedding the snippet into

Rendering of test intent along with different stimulus
patterns leads to increased cross product coverage

/7 K26 <— [3101)

lbu x24, 1053(x26)

fence r, io

enable rvec "c.lw x14, 32{x15)"

sb %13, -1648(x29)

fevt.w.d %11, f11, rdn

enable_rve "c.ld %13, 72(=15)"

enable_rvc "c.sw x13, 36(xl5)"

amominu.w.ag x5, x5, (x20)

// ++snip start: snippet id: 01000005 SNP _MP SimpleWait

addi =23, =23, 16

.global start SNP_MP_SimpleWait_run_blockl 122 5 1
st i i 22 5 1:

T ox7, 0xl

x5, 0(x23)
blt x5, %7, do branch 11% 5 1
.global end_SNP_MP_SimpleWait_run_blockl 123 5 1
end SNP_MP SimpleWait run blockl 123 5 1:

// --snip end: SNP_MP_SimpleWait

amoor.d x6, =12, (=22)

1d x11l, -2000(x22)

enable_rve "c.lw x14, 24(=15)"
xld, =24, (=29)




Verification Strategy

Test plan based verification

Pattern based tests — Fixed and Random

Constrained random and graph based test generation

Snippets for directed scenarios

Cross product with PMP, virtual memory, privilege mode of execution etc.



Fixed Pattern Directed Tests
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. . . ‘ 5 4 ‘ 6 # [2016] - Valtrix Technologies Private Limited .
o D ﬁ d t t f ﬁ d p t | & # [2016] - Valtrix Technologies Private Limitq 7 # ALl Rights Reserved.
e ne a a Se S O Xe In u ‘ 7 # All Rights Reserved. i it i i i in i i ‘
, 9 # NOTICE: All information contained herein is, and remains the ‘
d tt f 8 4 10 # property of WValtrix Technologies PBvt. Ltd. The intellectual
an Output pa erns Or eve ry ‘ 9 4 NOTICE: All information contained herein‘ 11 # and technical concepts contained herein are proprietary to ‘
. . ‘ 10 # property of Valtrix Technologj_eg Pvt. ]_‘q 12 # Valtrix Techr‘mlmgies Pvt. Ltd. énd may be covered by Indian, :
instruction 14 end technical conceprs contained herein 1S Forein e piene i s, o v |
! 12 4 Valtrix Technologies Pvt. Ltd. and may b . ) . : ‘ . .
‘ K X P15 & Lnfo).:matmn or reprvl:ducuor.] of L}us‘ mellr_em.elll is lstrmr_ly ‘
13 4 U.S. and Foreign Patents, patents in process 1s 4 forbidden unless prior written permission is obtained from
| 14 # by trade secret or copyright law. Disg 17 # Valtrix Technologies Pvt. Ltd. |
‘ 15 4 information or reproduction of this maj 13 :H#H#H#HH#HH##H#HHHH#HHHH#HH##H#HHH#HHHHHHHHHHHH ‘
| 16 # forbidden unless prior written permissi‘ 20 i
[ ] C th d (17 # Valtrix Technologies Pvt. Ltd. 21 # The dictionary given below defines the database of fixed patterns supported
Over e Corner Case a n ‘ 14 # : 22 % by the insr_ruitgmns defined under the bit manipulation exsensiom - ‘
H . 19 ﬂH#HHH%HHHH#*###HHHH#####HHH####H 23 & _ _ _
Inte re Stl ng Va I ueS ‘ 20 24 4 SRCfl cmﬂta{ns the data to be loaded into the first source Dpe%aﬂdA In case ‘
‘ 21 4 The dictionary given below defines the dar_aﬂ 25 ¥ an Lnstru?tlaﬂlsuppmrté allmther source operand, the data set ulull have 5R?72w
26 # field defined in the dictionary. The expected result for the input data will'
| 22 # by the instructions defined under the bit mq 27 ¥ be specified using EXPECTED RESULT field \
23 4 , 28
} 24 # SRC_1 contains the data to be loaded into tt ig I8A_CLZ CONE = { }
M - 25 # an instruction supports another source oper .
® USEfUI for baSIC testl ng Of ISA | 26 # field defined in the dictionary. The expectq i; DATATSEPTac;l[: 0xFFFFFFFFUL EXPECTED_RESULT : 0x00000000 }, :
. . { 27 4 be specified using EXPECTED RESULT field ‘ 33 { SRC_1 : 0x00000000UL EXPECTED_RESULT : 0x00000020 }, ‘
|mplementat|on | 2 3 { SRCTL | ON0DI00000UL  EYPECTEDLRESULT & 0x0000000E ).
29 Isa CLz CONF = { = { SRC_1 : 0x00010000UL  EXPECTED_RESULT : 0x0000000F }, |
| 30 | 27 { SRC_1 : Dx00D001000UL  EXPECTED RESULT : 0x00000013 |, \
31 DATA SET : | 38 { SRC 1 : 0x00000100UL EXPECTED RESULT : 0x00000017 }, ,
‘ 12 7 SRC 1 : OxFFFFFFFFFFFFFFFFUL Expé 39 { SRC_1 : 0x00000010UL  EXPECTED RESULT : 0x0000001B }, ,
| 33 { SRC_1 : 0%0000000000000000UL EXEH :g ] { SRC_1 : 0x00000001UL EXPECTED RESULT : 0x0000001F }, ‘
| 24 { SRC_1 : 0x01000000000000000UL EXPE 4 ‘
35 { SRC_1 : 0x00100000000000000L EXPECTED_RESULT : UxOU0DOOUOOUOUOOODF,” |~ -~~~ — — -~~~ — — =~ ™
‘ 36 { SRC_1 : 0x00010000000000000UL EXPECTED_RESULT : 0x000000000000000f }, |
[ 37 { SRC_1 : 0x00001000000000000L EXPECTED_RESULT : 0x0000000000000013 }, |
| 38 { SRC_1 : 0x00000100000000000L EXPECTED_RESULT : 0x0000000000000017 1},
i 39 { SRC_1 : 0x00000010000000000L EXPECTED_RESULT : 0x000000000000001b 1}, |
40 { SRC_1 : 0x00000001000000000L EXPECTED_RESULT : 0x000000000000001F 1}, |
[ a1 { SRC_1 : 0x00000000100000000L EXPECTED_RESULT : 0x0000000000000023 1},
| 42 { SRC_1 : 0x00000000010000000L EXPECTED RESULT : 0x0000000000000027 1}, ‘
® { 43 { SRC_1 : 0x00000000001000000L EXPECTED RESULT : 0x000000000000002b }, |
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Fixed Pattern Directed Tests (contd)

e Once data sets are ready, snippets
are developed to program the |
input patterns and execute the |

instruction |

19

20
21
22
23
24
25
26

© 27

28
29
30
31

L a2

e Results from the execution check- |

pointed and compared with the |

expected output |
|
 Error reported in case a failure is

is detected during comparison |
\
\

. "
) |

5 |
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33
34
35

7777777 —
R I I I A I A O A R A R O \
; Fixed pattern directed test for RV32B CLZ instruction |
import "srco/snippets/rv/rv_param blocks.pb" ]
resource |
cpu_t *® ‘
base t rbl[8]@8 ‘
axreg t rxl, rx2 '
unum_t rno = snp urandrange (0, ISA CLZ CONF.NUM DATA SET) |
iiiiiiiiiiiiiiiiiiiiiiiiiiiii Lo
. 43 snip run
snip setup \ 44
; Empty ‘ 45 Qepu: x
46
| o for index in (0, ISA_CLZ_CONF.NUM_DATA_SET) :
48 construct_inst_reg(inst = clz, imm = ISA CLZ_CONF.DATA SET[index].SRC_1,
anip init LE] regx = rxl,
- ‘ 50 regy = rx2,
‘ 51 regbh = rbl)
Repu: x 52
Write reg to mem{red 53 check_mem(val = ISA CLZ_CONF.DATA_SET[index].EXPECTED_RESULT, regx = rxl,
- - | 54 regy = rx2,
| 55 [ regh = rbl)
‘ 56 endfor
snip run LT
- o1
Acpu: x |
construct inst reg(inst = clz, imm = ISA CLE CONF.DATA SET[rno].SRC_1, |
regx = rxzl, 1
regy = rxZ, |
regh = rbl) |
snip check ‘
Aepu: x |
check mem{val = ISA CLZ_CONF.DATA SET[rno] .EXPECTED_ RESULT, regx = rxl, \
regy = rx2,
regb = rbl) |



Fixed Pattern Directed Tests (contd)

e |In case of vectors, the data sets are tested with different configuration settings,
which include

- Supported SEW values

- Supported LMUL values

- Different combinations of VSTART and VL

- Different combinations of mask register (VO)

- Different combinations of VLEN, ELEN, SLEN and SELEN
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Random Pattern Directed Tests

21
| 22
| 23
' 24
‘ 25

26
| 27

Fixed pattern tests not adequate to test all
input/source values

Limitation addressed by random pattern
tests, where randomly chosen values are
programmed into the source register

The expected output is simulated and
compared with the result obtained from the
DUT

| 46
| 17
| 48
49
|50
| 51
| 52
| 53
.54
' 55
| 56

0 axreg_t

; Random pattern directed test for RV32ZE CLZ instruction
import "src/snippets/rv/rv_param blocks.pb"

resource
cpu_t X

unum_t inp

unum t exp res

rxl, rxZ, rxd
memory t mem chkp[8]@8

snip_setup

; Empty
snip_init
@cpu: x

[ inp = snp_randnum() }

la rx2, mem_chkp

write val to_mem(regx = rxl, regh = rx2, val = 0)
snip_run
@cpu: x

1i rxl, inp

clz rx2, rxl

la rx3, mem_chkp

write reg to_mem(regx = rx2, regh = rx3, offst = 0)
snip_check

@epu: =

[ exp res = snp_sim clz{inp) J

la rx3, mem_chkp
Iheck_mem{val = exp res, regx = rxl, regy = rx2, regh = rx3)



Random Pattern Directed Tests (contd)

| 1446 // ++snip start: snippet id: 00000004 SNP_ISA SIM CLZ E
| 1447 // Snippet memory : block = DEFAULT_SNIPPET MEMORY offset = (x2B08 size = 0x8 page size = PAGE_1G |
1448 .global start SNP_ISA SIM CLZ run block0 112 4 0 ‘
11449 start SNP ISA SIM CLZ run block( 112 4 0: }
| 1450 %5, 0OxlclclaVele6B2273 . .
| 1451 clz X6, %5 1. Generation of random input
| 1452 1i %10, OxffEFcO008B0003808 P> 2. Instruction execution
' 1453 sd x6, 0(x10) 3. Checkpointing of output
i 1454 ~global end SNP _ISA SIM CLZ run block0 113 4 0 ‘
1455 end SNP ISA SIM CLZ run block0 113 4 0: |
| 1456 // --snip end: SNP_ISA SIM CLZ

/{ ++snip check start: snippet_id: 00000004 SMP_ISA SIM CLZ

// Snippet memory : block = DEFAULT SNIPPET MEMORY offset = (x2808 size = 0x8 page size = PAGE_1G

Le4sl .global start SNP_ISA_SIM CLZ_check block0_115_4 0 \
18452 start SNP_ISA SIM CLZ check block0 115 4 O: |
‘18453 1i x10, Oxffffc00080003808 |
i1:454 (1 K8, 0 ) » Simulated result
18455 1d %6, (=10}

[L84s6 l beq x5, %6, check mem pass 114 4pb check mem

‘1845? Ta X5, addr_U_U_snippet_rail ‘
18458 ld x5, 0(x5) |
18459 j addr 0 0 _snippet fail end '
lsaeo .option rve i
[R:ZE1 .option relax

[Lede2 .balign 8 . ! .
18463 addr 0_0_snippet fail: Comparison with DUT output
18464 .dword snippet fail checkpointed at an earlier point
‘18465 addr 0 _0_snippet fail end:

heee .option norvc |
18467 .option norelax

18468 jalr x5 |
i18469 check mem pass 114 4pb check mem: 1
18470 .global end SNP ISA SIM CLZ check block0 116 4 0 |
18471 end SNE ISA SIM CLZ check block0 116 4 0: |
hgas2 // ++snip check end: snippet_id: 00000004 SNP_ISA SIM CLZ I
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Random Tests with Checking

@ !3ui|d STING @ Run on simulator
image
e Pattern based tests are great spot STING —_ e
checks but tend to add lot of noise st :
in random tests |

@ Collect reference
test results

. from running
e Random tests for increased onsmulator —

coverage and interaction with
other elements

Reference
Test Results

Reference

Test Results

Parse the reference
results into a CPP data
structure

e Correctness of test execution using
cosim checking, multi pass results &) qepuia the some
checking etc. fest resultsand

COSIM checking
enabled

@ Run on DUT with COSIM checking enabled




Random Tests with Checking (contd)

| 2444 srlw w7, =6, =7 '
‘rélise;ii’vil;agisb;\}’v?si {;z’siijﬂj_”**L““&S vwsubu.vx v24, vi0, x14 |
' 8185 vsb.v v1l, (x20) ‘4'5 vib.v w20, (x27) , v0.t ‘
| g186 1wu x31, -1592(x15) ‘4? |:| sh %25, =-1607(x28) ‘
| 8187 vsb.v v8, (x18) |48 vwmul.vv w16, w30, w3l ‘
‘ 8188 vlisseg3b.v w20, (x2B),x29, v0.t 40 visegib.v v10, (x20) '
;8189 vsb.v v30, (x28) , vO0.t 153 vwmul.vv v28, v18, wl7 |
8190 vlseg2hff.v v24, (x15) ) r ! \
| 101 vsb.v v8, (x20) {51 vsssegdw.v v18, (x27),x28, v0.t L
| 8192 enable rve "c.sw %10, 36 (x8)" 152 fdiv.s  f17, £22, f13, rdn ' o741 vlisegdb.v v10, (x16) , w0.t
| 8193 vsb.v v9, (x18) , v0.t I53 enable_rve "c.fld £12, 88({x15)" | 792 visegdb.v vd, (x22)
18194 vlssegéwu.v v22, (x28),x29, v0.t lsa folass.d %12, f5 [ 2 3 g8n. 2* 28 0.t
‘8195 vsb.v w25, (x15) ls5 enable rve "c.sd x11, 104 (=8)"™ | 72 visegib.v v 3" {ng) P VUL
| 819_6‘ vlisegdhu.v v17, (x26) l5g vamoxore.v v17, v3, (x27), vl7 : :‘zi visegjﬁ.v vil, {x16)
‘319.' vsh.v v, (x8) - 157 vlseg5bu.v vd, (x8) ‘ ! viseqg owll, (x16)
B198 flw £19, -1936(x28) - 796 visegdb.v v5, (xle6)
! 8199 vsb.v v30, (x28) , vO.t 58 swW x31, 1792(x26) I 999 vlsegdb.v v19, (x27) , vO0.t
4 |59 wwmul vy w30, w27, w2l : ' ' T
| 8200 visgnj.vi vld4, vll, fl - | 798 vlisegdb.v wvd, (x22) , v0.t
| 8201 vsb.v v29%, (x27) , v0.t |60 vlsegZhu.v v7, (xle) , vO.t e | o 4, - .
8202 fsd £15, -1992(x286) 161 enable rve "c.lw x14, 24(x15)" | °°° vlsegdb.v w4, (x20)
}8233 vsb.v v9, (xlg) , v0.t 62 vsb.v w13, (x18) | 0o vlsegdb.v v17, (x28) , v0.t
. 8204 amoxor.w.rl x24, x24, (x26) ‘63 vwmul. vy vld, vd, w12 801 visegdb.v v20, (x2&)
n . ¥ L) M
\zi:s :?:r}l:uzli; \5}1{'1}5}\;16 » ‘64 wwmul.vy vld, vi2, w10 \ g02 visegdb.v v27, (x28) , vi.t
| g207 vsb.v vd, (x22) , v0.t 165 srliw x11, x10, 22 | o visegih.v v22, (x26)
! 8208 vixwu.v vé, (x20),v2, v0.t i'5'5 vwmul.vv v28, w21, v18 ‘ 804 vlisegdb.v v16, (x26)
" B209 vsb.v w17, (x15) ‘ 7 vwmaccsu.vv v10, w7, v5 803 vlisegdb.v v28, (x28) , v0.t
| 8210 vssub.vvy v18, vl7, vlé 68 vemul.vv w24, w27, w2l ‘ E:Eﬁ vlsegdb.v v10, (x8)
‘ 8211 vsb.v w12, (x8) ;69 vihuff.v w10, (x18) \ B:.’ wlsegdb.v vl1l, {X?QJ ’ vi.t
‘:ii Eigegszgv{:i; (x26) FC vslideup.vi v10, vd, 5 | 808 visegdb.v v6, (x18)
18214 vlsé;?e ST (x16) 71 viulhsu.vx v28, w30, x31 | 809 vlsegdb.v v8, (x20) , vO.t
L == (YJT‘? vlisegdeff.v v22, (x28) , w0.t ‘,,?il“ii,f"is‘igﬂ):‘fjljiigl 777777777
. T vwmul.vy v18, v2Ze, v2l
TEST — interleaved_vsb_v —— e ‘ TEST —only_visegdb_v

TEST — more_vwmul_vv

Valtrix

S-Sl EMS



Miscellaneous Tests

e Snippets developed for a large number of directed scenarios to check
compliance with the specification

- Vector register overlap for widening/narrowing instructions and LMUL > 1
- Verifying if current SEW or LMUL is legal for the executing instruction

e Cross products with existing configurations for PMA, PMP, virtual memory,
privileged mode of execution

» Configurations to generate different biased random sequences involving
vector and bit manipulation instructions
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Results/Bugs Found

Register overlap check failure for LMUL > 1

e Unexpected load/store address misaligned exceptions on randomizing SEW

» Incorrect decodes of several vector and bit-manipulation instructions

» No trap exception on executing vector atomics with unsupported SEW setting
» Unexpected VL setting at the end of vector fault-only-first load instructions

» Violation of rules in setting VL due to randomization of SEW and AVL

* Incorrect results with vector arithmetic operations

 Irregularities in sign extension of result of vector atomic operations

» Unexpected output of saturating arithmetic instructions on randomization of vector
rounding mode (VXRM)

o VXRM/VXSAT not part of FCSR

Valtrix
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Future Work

Add support for the changes introduced by newer revisions of specification

Improved LMUL randomization

Handle different random combinations of striping length (SLEN)

Enhance STING coverage manager for vector and bit manipulation instructions

Tests for Vector EDIV extension
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