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Mean Peak Mumber of Engineers on ASIC Projects

The 2018 Wilson Research Group Functional Verification Study

Moore’s Law: The number of transistors on microchips doubles every two years

Moore's law describes the empirical regularity that the number of transistors on integrated circuits doubles approximately every two years.
This advancement is important for other aspects of technological progress in computing - such as processing speed or the price of computers.
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Life Post Moore’s Law: The New CAD Frontier
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Keynote, MICRO 2023) 9
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# Ranking Programming Language Percentage (YoY Change) YoY Trend — pH== K &
SNBSS, HEEESHEGE. Al
1 Python 16.925% (-0.284%)
2 Java 11.708% (+0.393%)
N N = A2 (=)
; o MANES, EERS (5)
4 JavaScript 9.859% (+0.306%) )
5 C++ 9.459% (-0.624%) v
— x\ E :\ ||/<|:| 2l — __ )1
6 TypeScript 7.345% (-0.554%) z-;jJIL‘:\.ld:l (== IXUW_: uﬁ'ﬂ_j:;:‘l'fj- (Huuﬁ'ﬂ_)
7 PHP 5.665% (+0.357%)
EEE
8 Ruby 4.706% (-0.307%)
9 C 4.616% (+0.208%)

10 C# 3.442% (+0.300%) EWﬁ*EiE%_aBEE Eﬂg
mERR. SRS
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AJLA4E RTL BB ERNERRESS (BRICTF:
Python, Java, Scala, C++ #0 Go).

IR ERRTLLAESEREIRMAGNEFE, SHNFEES
ORIIERZNE: E

DUT.so

Verilator
VCS

2 Shared
libs

SRR
C++ {{75.

2. C++ O mIFIsonSE
3. JLFRERREES A LURAREEES

4. HAd

EAILR B

THRitbhik: https://github.com/XS-MLVP/picker

import UT_RAS as ras
import ras_pins as p

# import RTL as python module (UT_RAS is generated by picker)

# pytest automatically recognizes test functions start with "test"
def test_ras_push_compress():
# The RAS (Return Address Stack) module in the BPU supports identical address compression.
# When pushing the same address, the stack pointer TOSR_value does not increase.
# Test start:
dut = ras.DUTRAS(waveform_filename="RAS.fst", #
coverage_filename="RAS.dat") #
dut.init_clock("clock™) #
ras_func = p.RASPins(dut) #
ras_func.reset() #
meta = None
for i in range(5): # 5.
stack_top, meta = ras_func.push(@exleeeel)
assert meta["TOSR_value"] == 8, "TOSR_value should be zero" # 6. check result
dut.finalize() # 7. delete dut

1. new DUT (RAS module)
can coustom wave/coverage output name
2. init clock
3. bind dut with wrapper class
4. reset dut

push same data 5 times

Pytest izt{X53

HTFPythonFPytesttEZRXI&ELL BPUAIIELRH
ZS IR NF S5ES py thonEv it —2

v fl
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# DUT wrapper functions (rest, pop, push, commit, redirect) based on pins




Sioh SIEER T Bpicker

// A verilog 64-bit full adder with carry in and carry out from UT_Adder import *
import random

module Adder #(
parameter WIDTH = 64 # LR EFTEBEHIE

) ( def random_int():
input [WIDTH-1:@] a return random.randint(-(2**63), 2**63 - 1) & ((1 << 63) - 1)
g £l
input [WIDTH-1:8] b, JEr
7, =
input cin, ﬁﬁbﬂ%ﬁgRTL : ;gl"’;ythm*d?ﬂ?ﬂ’;: %f’;ﬁ
ef referce_adder(a, b, cin):
sum = (a + b) & ((1 << 64) - 1)
carry = sum < a

output [WIDTH-1:0] sum,
output cout

)3 sum += cin

carry = carry or sum < cin
assign {cout, sum} = a + b + cin; return sum, 1 if carry else @
endmodule def random_test():

# LYEDUT
dut = DUTAdder()
# BOAFH T, FIBRET 2T DG, 2E F— X LT, EX0 TFEBER, (AEAdder 2 & HES, FrLl 7
# PR A Immrite () 7 B CG G IR IE AT %
dut.a.AsImmWrite()
dut.b.AsImmrite()
3 R dut.cin.AsImmWrite()
picker export Adder.v --lang python e cin o
for i in range(114514):
a, b, cin = random_int(), random_int(), random_int() & 1
# DUT: FfAdder 57| fIGHE, SAEIEAIHE-EG (FFRFHE, AEFEFERA, Adddt. Step()d{7Ha)
dut.a.value, dut.b.value, dut.cin.value = a, b, cin
dut.RefreshComb()
# ZEEY: HHER

ref_sum, ref_cout = referce_adder(a, b, cin)

|-- Adder.fst # JiATFEIENF

|-- UT_Adder # IREEE
| I"" Adder.fst.hier > assert jut.sum.val;e == r‘ef;sum, "sum mismatch: ﬁx{du;sum.value:i} !=}GT{PEfESUZ:X}II .
R = A — assert dut.cout.value == ref_cout, "cout mismatch: @x{dut.cout.value:x} != @x{ref_cout:x}"
oo g2 NS = - —
l I UL e SW'ng_/JTcH/wrapper;/ﬁL s - print(f"[test {i}] a=ex{a:x}, b=ex{b:x}, cin=ex{cin:x} => sum: ox{ref_sum}, cout: ex{ref_cout}")
| |-- __init__.py # Python ModulefI#J45 1k X1, H2EERTE X X1 & At
| |-- 1ibDPIAdder.a # 17EZ4L/EHIE1F dut.Finish()
— ’ o o = 0 " "
| |-- libUTAdder.so # # Fidut base /AL ibDPI 5 /EH 4 Pythoni{&iR print("Test Passed")
| ~-- 1ibuT_Adder.py # SwigZ:/k#IPython Module . )
| if __name__ == "__main__":

‘-~ xspcomm # xspcommZif/E, [EEXSFFE, Amm BRI
“-- example.py # 7HIfCHE

random_test()

MACES (BEERED) 13
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HITRIASR ameest)

def test_rg(self, callback3) -> None:

=\ SAS # CLk 7/ AL AT
;Elg-step D 3 : self.dut.init_clock("clk™)
calf At caad ualua = ealf CEER

Ste WEQTHEH‘_ :&H; async def send_req(self, is_push):

" Fi i v/ self.port_dict["in valid"].value = 1
self.port _dict["in cmd"].value = self.BusCMD.PUSH.value if is push else self.BusCMD.POP.value

B .og% self.port_dict["in data"].value = random.randint(e, 2*#8-1)
- await self.dut.AStep(1)

APl

Ur?dees:'lal;si await self.dut.Acondition(lambda: self.port dict["in ready"].value != 1)
selt.port_dict]| in_valid" ].value = @
iE MEBZEGIE -
= | ] : °

(&
E,E

bar if is_push:
Verilog RTL self.model.commit push(self.port dict["in data"].value)
Module

async def receive resp(self):
self.port_dict["out ready"].value = 1
await self.dut.AStep(1)

clk

await self.dut.Acondition(lambda: self.port_dict["out_valid"].value != 1)
self.port_dict["out_ready"].value = @

_ BIREANELE

if self.port_dict["out cmd"].value == self.BusCMD.POP_OKAY.value:
self.model.commit pop(self.port_dict["out data"].value)

self.greater += 1
else:
self.less_equal += 1
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XiangShan-BPU UT-Test Report
3 DEADENELT l

Started 2024-08-14 15:07:49
BPUH, 555 TAGE Uitk Ended 2024-08-14 15:10:13
HETHRS Duration 0:02:23.785423
¥ TOFI Tn MRS S TSR, R SRR, R e R R O, SR : =
B R Total run time  0:09:54.940490 Y ailed
PRk R, LCOV - code coverage report test_case 6 9
« FTB: 3 passed
* TAGE-S #33.2: T4 Currentview: top level - out/picker out TageSC - Tage_SC.v (source / functions) Coverage Total Hit
+ ITTAGE Test: merged.info Lines: 99.7% 3621 3611
. RAS: i W ! TestDate: 2024-08-14 15:10:19 Functions: - 0 [
TAGE-SC2.1 | TO FHIFIUH
RUEAER G scan | To Lumum LCOV - code coverage report
= Current view: top level - out/picker out RAS - RAS.V (source / functions) Coverage  Total Hit
'||F I B ! i . -
31 TAGE-SC23 | Tn(1 < n < 4) THMIEN Test: merged.info Lines:  100.0% 401 401 Line Coverage Functional Coverage
uFTB # - - — Test Date: 2024-08-14 15:10:19 Functions: - 0 0 < Z z z : - - il
R pe MEBT Coverage Rate HintLines Total Lines Detail Coverage Rate Hint Points Total Points Detail
e 1;;1111 o LCOV - code coverage report 94.77% 19656 20741 View Details 91.36% 148 162 View Details
MR Current view: top level - out/picker out FTB - FTB.V (source / functions) Coverage  Total Hit
Test: merged.info Lines: 100.0 % 703 703 = o S
301 Wi Test Date: 2024-08-14 15:10:19 Functions: B 0 0 > FTBiftestsftest_fth_predict.py 0100:04.517853
> FTBltestsltest ftb_update.py
H@irPH :
et LCOV - code coverage report > ITTAGE/testsitest alloc_train.py 0:00:02.602200
# Current view: top level - out/picker out uFTB - FauFTB.v (source / functions) Coverage  Total Hit . ITI'AGEltestsltest_alt_pred.py 010G Bl652e
w Test: merged.info Lines:  100.0% 1058 1058 > ITTAGEltests/test_main_pred.py 0:00:01.159620
TAGE-SC24 | Tn(l<n<4) Lk 2 -08- :10: ions: -
&q_ n(l <n < 4) LHEHUEH Test Date: 2024-08-14 15:10:19 Functions 0 0 > ITTAGEltestsltest_random.py n e
uFTB 1.1 | ! ——
WFTB12 | TAGE-SC25 | Fistthiiffi Uiz LCOV - code coverage report > ITTAGEltestsitest_reset.py [EJ 0:00:00.804142
— - 7 i : :
uFTB 1.3 :igi i;: T;::Eﬁigé;iﬁ Current view: top level - out/picker out ITTAGE - ITTage.v (source / functions) Coverage Total  Hit > ITTAGEltests/test _saturation_train.py 0:00:01.514940
—LIFTB 1.4 s _‘Hﬁnum‘ e | Test: merged.info Lines: 99.5% 578 575 > ITTAGE/testsitest_src_pred.py 0:00:01.2 2
' — s Test Date: 2024-08-14 15:10:19 Functions: - 0 0
| TAGE-SC 2.9 | useAltOnNaCtrs {7 28 > RASItests/test_ras_base_func.py 0:00:00.502889
3.1.2 14
+ . ine d d i 11.82013¢
grEY TAGE-SC 2.10 | Wi us i+ 82 1 ine det : i"::::r:?e; by CIRCT firtool-1.62.0 . > RASltestsftest_ras_commit_func.py a a 00 R0L
TAGE-SC2.11 | SHAMUIEHAEA aluay: § : {(f:EZ?d;X:nSﬁ?gi' to adapt well known macros for register randomization. > RASltestsftest_ras_redirect_func.py a a 0:00:03.313642
I H 4 “ifdef RANDOMIZE MEM INIT
TAGE-SC2.12 | VRS HIMPIPTIHT 5 _“define RANDOMIZE > RASltestsltest_ras_spec_func.py E} B 0:00:03.386082
6 2 er_\dlf // RANDOMIZE MEM_INIT
W e :  Stodet oy oMIEE > RASltestsltest ras_update_pop_1.py [ 0:00:04.024587
m 333 sC 9 “ifdef RANDOMIZE REG_INIT
H : “defi 0:00:03.908092
u1=‘l‘|3 2.2 SC HETAIMI AT % TAGE K1A A TA 1 © endif 77 AANDOVIZE nes T > RASltestsitest_ras_update_pop_2.py @ S see
. i 1 f
= U TAGE INFIMERI, LU covalsun i 13 | SpReECgRRe > RASltestsitest ras_update_push 1.py B 6} 0:00:03.959704
14 : /I RANDOM may be set to an expression that produces a 32-bit random unsigned value.
%333 3 e o o > RASItests/test_ras_update_push_2.py E§ B 0:00:03.914478
| u 2 S vt T RN > TAGE-SCltestsitest with_case.py EJ ) 0:02:54,065259
18 : i ) 2:54 8289
W | : // Users can define INIT RANDOM as general code that gets injected into the - - Py
TAGE-SC 3.1 | RilM&f TotalSum H-3LIEH > uFTBItestsltest with ftq.py £ 0:05:11.592426
> uFTBltests/test_with_raw.py 0:00:06.009721
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