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TPUvV2 Chip

e 16 GB of HBM

e 600 GB/s mem BW

e Scalar/vector units:
32b float

e MXU: 32b float
accumulation but
reduced precision for
multipliers
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o 45 TFLOPS

DSA Google TPUZ2, 6ubnunoteka TensorFlow, DSL-
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https://www.anandtech.com/show/12429/google-cloud-announces-cloud-tpu-beta-availability

komnunatop XLA
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DSA Google Pixel Visual Core,

Halide: DSL u komnunsatop

5

https://www.blog.google/products/pixel/pixel-visual-core-image-processing-and-machine-lear

ning-pixel-2/
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DSA Barefoot Tofino, DSL P4,
DSL-komnunatop Barefoot P4 Compiler

@
on
6 z Conft+

https://barefootnetworks.com/products/brief-tofino/ 208



Mow onbIT co3gaHna DSL-komnmnaTopos

e Komnunsartop (nogmHoxecteo C99) ans MHorosgepHoro yckopurtensa (28 Hm).
e Komnunartopbl anga orpaHnUYeHHbIX No pecypcam codpt-aaep (FPGA).
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NTepaTtmneHbI noaxon compiler-in-the-loop
*{ BapunaHt DSA

Y

BapuaHTt
DSL-komnunaTtopa

J

4[ MouenmgosaHme ]
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OCHOBHbI€E cCTagmnn KoMmnunaumm

[ CuHTaKcn4ecknm pasoop ]

[ CemMaHTn4eckmm aHanms ]

'

[ [TlpeobpaszoBaHus IR ]

l

[ [TlopoxaeHune Koga ]
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TpaauumoHHble cpeacTBa pas3paboTkm KOMNUMAATOPOB. ..
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...Mano nomorarT Npu Ucnosnb3oBaHMM Nogxoaa
compiler-in-the-loop
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bbicTpas pa3paboTka KOMOUMATOPOB (MCTOPUSA)

12

METAIl |
|
1963 1967 1973 1977 1998

PEG
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bbicTpas pa3paboTka KOMOUMATOPOB (MCTOPUSA)
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METAIl |
|
1963 1967 1973 1977 1998

[ TREE-META |

PEG + tree matching
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bbicTpas pa3paboTka KOMOUMATOPOB (MCTOPUSA)

14

METAIl | [ PrattParser |
|
1963 1967 1973 1977 1998

[ TREE-META |

Recursive descent + operator precedence
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bbicTpas pa3paboTka KOMOUMATOPOB (MCTOPUSA)

15

METAIl | [ PrattParser |
|
1963 1967 1973 1977 1998
[ TREE-META | [ Prolog |

"The specification is the implementation”
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bbicTpas pa3paboTka KOMOUMATOPOB (MCTOPUSA)
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META Il ] [ Pratt Parser J [ Stratego ]
[
1963 1967 1973 1977 1998
[ TREE-META | [ Prolog |

Strategic term rewriting

2
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Kak 6biCTpo co3gaTtb NpoToTUN KOMAnnaTopa?

HaGop BcTpoeHHbIx DSL (eDSL) onsa BbipasuTensHoro onMcaHnsa gas
KOMMNUNALNMN.

e
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Kak 6biCTpo co3gaTtb NpoToTUN KOMAnnaTopa?

e Habop BcTpoeHHbIx DSL (eDSL) ona BbipasntenbHOro onucaHma gas
KOMAUNALUUMN.

e S3bIK peannsauum BbICOKOro YPOBHSA, YAOOHbLIN Anst 6bICTpON pa3paboTku
HeOOMbLUNX NPOEKTOB.
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Kak 6biCTpo co3gaTtb NpoToTUN KOMAnnaTopa?

HaGop BcTpoeHHbIx DSL (eDSL) onsa BbipasuTensHoro onMcaHnsa gas
KOMAUNALUUMN.

A3bIK peanm3aunn BbICOKOro YpoBHSA, YO00OHbINM AN ObicTpon pa3paboTku
HeOOMbLUNX NPOEKTOB.

MpocTble, Nerko peanusyemMole anropuTMbl KOMMUIALMWN.
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Habop nHcTpymeHToB raddsl

[Ba eDSL (6ubnnotekn kombnHaTopoB) Ha A3bike Python.

® parse.py: JIEKCMYECKNUN N CUHTAKCUYECKUI aHanms, TabnmyHoe onncaHmne
onepauun c npuoputetammn (PEG, Pratt parser).

e rewrite.py: TpaHcopmaumn 1 NnopoxageHne koga (MMHMATIOPHbIN BapUaHT
Stratego).

MeHee 350 CcTpoK Koga peanusauun.
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“Halt! It's simulation time!”

6

NOT ©
JZ 50
OR 0 1

NOT ©
JMP 1
HALT

Moscow %
a Python
Conft+

21 2018

https://www.reddit.com/r/dailyprogrammer/comments/1euacb/052213_challenge_125_intermediate_halt_its/



“Halt! It's simulation time!”

6 ws = many(space)
NOT @ number = seq(ws, quote(some(digit)), to(1, int))

3§ g 2 name = seq(ws, quote(some(letter)))
NOT © instr = group(name, many(number))
IMP 1 program = seq(number, many(instr))
HALT
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“Halt! It's simulation time!”

mmon [

6 ws = many(space) 61 ,

NOT © - .. . ['NOT', O],
17 5 o number = seq(ws, quote(some(digit)), to(1, int)) ['JZ', 5, O]
OR @ 1 ?ame = seq(ws, quote(some(letter))) ['OR', @, 1],
NOT © instr = group(name, many(number)) ['NOT', @],
IMP 1 program = seq(number, many(instr)) ["IMP', 1],
HALT [ "HALT']

mmon ]
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JSON: nekcnyeckuin pasdop

token = lambda tag: to(1, lambda x: (tag, x))

token num = ...

OPERATORS = "[ { ] } : , false true null".split()

operator = seq(quote(match(OPERATORS)), token("op™))
int_part = alt(seq(range_of("1", "9"), many(digit)), a("e"))

frac = seq(a("."), some(digit))

exp = seq(one_of("eE"), opt(one of("-+")), some(digit))

number = seq(quote(opt(a(”-")), int_part, opt(frac), opt(exp)), token_ num)
string co

token = seq(ws, alt(operator, string, number))

tokens = seq(many(token), ws, end)
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JSON: nekcnyeckuin pasdop
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JSON: nekcnyeckuin pasdop

token = lambda tag: to(1, lambda x: (tag, x))

token num = ...

OPERATORS = "[ { ] } : , false true null".split()

operator = seq(quote(match(OPERATORS)), token("op™))
int_part = alt(seq(range_of("1", "9"), many(digit)), a("e"))

frac = seq(a("."), some(digit))

exp = seq(one_of("eE"), opt(one of("-+")), some(digit))

number = seq(quote(opt(a(”-")), int_part, opt(frac), opt(exp)), token_ num)
string co

token = seq(ws, alt(operator, string, number))

tokens = seq(many(token), ws, end)
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JSON: nekcnyeckuin pasdop

token = lambda tag: to(1, lambda x: (tag, x))
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JSON: cnHTakcuveckuim pasoop

op = lambda o: eat(lambda x: x == ("op", 0))

tok = ...

true = seq(op("true"), to(@, lambda: True))

false =

null = ...

array = group(op(“["), opt(list_of(value, op(","))), op("]1"))

member = group(tok("str"), op(":"), value)

obj = seq(op(“{"), group(opt(list_of(member, op(”,")))), op("}"), to(1l, dict))
value = alt(tok("num"), tok("str"), true, false, null, obj, array)
json = alt(obj, array)
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JSON: cnHTakcuveckuim pasoop
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JSON: cnHTakcuveckuim pasoop
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JSON: cpaBHeEHME NPoOn3BOANTENBHOCTU

TecTtoBbIn ¢pann twitter.json (631 K6anT)

raddsl

>>> timeit(raddsl_scan, number=4)

4.21377895557

>>> timeit(raddsl _parse, number=4)
0.630117927753

funcparserlib

>>> timeit(funcparserlib_scan, number=4)

1.33097530149

>>> timeit(funcparserlib_parse, number=4)
2.08991119573

Jlekcnyecknmn pasdop B funcparserlib
peanv3oBaH C NOMOLLbI CTaH4apPTHOW

ounbnunoTeku re.
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YcTtponctBo Ha 6ase Hegoporon FPGA-Mukpocxembl

e CuyuTblBAHME OaHHbLIX C PA3NNYHbIX OAaTYMKOB.
e YnpasrieHne MHOXeCcTBOM BeHTuUnsatopos n ALED-neHT.
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DSA ans npocTtbiX 3a4ay peanbHOro BpEMeEHM

CneumanunsnposaHHoe copT-aapo (aBTop WN.E. Tapacos) ansa FPGA:

e 32-OMTHaga cTekoBasi apxXUTekTypa.
e MHOronoTOYHOCTD.
e 8-16 Kbant namaTtn koga n gaHHbIX.
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DSL-komnnnsatop “Yx”

| Python | [ FPGA |

_>[ Komnunatop "Yx"

BxogHom s3blk — KoMnunnpyemoe nogmHoxectso Python.

DSA n DSL-komnunaTop paspabaTtbiBanncb COBMECTHO.

Pa3mep komnunartopa: 1000 cTpok.

35
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Ctagnn koMmnunaunm

AST-06bekTbl — AST-TepMbl

Y

YnpoLieHne KOHCTPYKLUUM

l

CemaHTn4yeckun aHanms

Y

AST-Tepmbl — cTekoBoe IR

l

Peephole-ontummnsauyms

\

[MopoxxaeHue koaa

e
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Pe3ynbTaT paboTbl cTaHAapTHOW bMbnmnoTekn ast

def fact(n): [
rPo=1 Assign(targets=[Name(id="r', ctx=Store())], value=Num(n=1)),
while n > 1: While(test=Compare(left=Name(id="n"', ctx=Load()),
P *= n ops=[Gt()], comparators=[Num(n=1)]), body=[
n -= 1 AugAssign(target=Name(id='r"', ctx=Store()), op=Mult(),
return r value=Name(id='n"', ctx=Load())),

AugAssign(target=Name(id='n"', ctx=Store()), op=Sub(),
value=Num(n=1))
1, orelse=[]),
Return(value=Name(id="r", ctx=Load()))

Moscow %
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Tepmbl ansa scex snaos IR

def fact(n): [
r=1 (Assign(Id('r"), Int(1)),
while n > 1: While(
r *=n Binop(l>ls (Id('n'): Int(l)):
n -=1 [
return r Assign(Id('r"), BinOp('*', Id('r'), Id('n"))),
Assign(Id('n"), BinOp('-"', Id('n"), Int(1)))
]
)s
Return(Id('r'))
]

Moscow %
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YnpolleHne BbipaxxeHnmn

fold rules = alt(
rule(BinOp("+", Int(X), Int(Y)), to(lambda v: Int(v.X + v.Y))),
rule(BinOp("-", Int(X), Int(Y)), to(lambda v: Int(v.X - v.Y))),

rule(BinOp(one_of("+ - | ~ << >>"), X, Int(Q)), to(lambda v: v.X)),
rule(BinOp(one_of("+ - | ~ << >>"), Int(@), X), to(lambda v: v.X)),
rule(BinOp("*", X, Int(1)), to(lambda v: v.X)),
rule(BinOp("*", Int(1), X), to(lambda v: v.X))

)

fold = bottomup(opt(fold rules))
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YnpolleHne BbipaxxeHnmn
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YnpolleHne BbipaxxeHnmn
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3ameHa for Ha while

for_rule = rule(
For(Id(X), Call(Id("range"), [Y]), Z), to(lambda v: [
Assign(Id(v.X), Int(@)),
While(BinOp(“<", Id(v.X), v.Y), v.Z + [
Assign(Id(v.X), BinOp("+", Id(v.X), Int(1)))])
D
)

trans_for = topdown(opt(for_rule))
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3ameHa for Ha while

for_rule = rule(
For(Id(X), Call(Id("range"), [Y]), Z), to(lambda v: [
Assign(Id(v.X), Int(@)),
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D
)

trans_for = topdown(opt(for_rule))
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3ameHa for Ha while

for_rule = rule(
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Assign(Id(v.X), Int(@)),
While(BinOp(“<", Id(v.X), v.Y), v.Z + [
Assign(Id(v.X), BinOp("+", Id(v.X), Int(1)))])
D
)

trans_for = topdown(opt(for_rule))

Moscow %
a Python
44 Conft+



[MopoxaoeHue ctekoBoro IR

while_stmt = rule(
While(let(X=expr), let(Y=block)),
let(L1=1abel), let(L2=1abel), to(lambda v: [
Label(v.L1),
V.X,
GotoIfo(v.L2),
v.Y,
Goto(v.L1),
Label(v.L2)

D
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[MopoxaoeHue ctekoBoro IR

while_stmt = rule(
While(let(X=expr), let(Y=block)),
let(L1=1abel), let(L2=1abel), to(lambda v: [
Label(v.L1),
V.X,
GotoIfo(v.L2),
v.Y,
Goto(v.L1),
Label(v.L2)

D
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Peephole-ontnmnsaumus

opt_rules = alt(

)

rule(peep([X, Push(Int(@)), BinOp("+")]), to(lambda v: [v.X])),
rule(peep([Nop()]), to(lambda v: []))

e
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[Tpumep nporpammel

@host
def make _sine_table(size):

return [127 * math.sin(2 * math.pi * i / size) + 127 for i in range(size)]

sine table = make_sine_table(32)

buf = [@, @, @] * 54
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[Tpumep nporpammel

def main():
phase = @
ws_set port(0)
while True:
for i in range(len(buf)):
buf[i * 3] = sine_table[(i + phase) & (len(sine_table) - 1)]
ws_send_buf(buf, len(buf))
phase += 1
delay(100000)
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[Tpnmep KoMNMNAaymnmu

Func('main'),

Push(Int(9)),
Push(Local(9)),
Store(),
def main(): Push(Int(@)),
B Push(Global('ws_set_port')),
phase = @ call(),
ws_set _port(0) Label(12),
R Push(Int(1)),
while True: GotoIfe(13),
. . . Push(Int(9)),
for i in range(len(buf)): PushELoca(nlzi)),
buf[i * 3] = sine_table[(i + phase) & (len(sine_table) - 1)] EBIIeF
ws_send_buf(buf, len(buf)) tﬁ:ﬁ%fig;i(l)),
phase += 1 Load(),
Push(Int(162)),
delay(100000) e

GotoIfo(11),
Push(Global('sine_table')),
Push(Local(1)),
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Bonpochb!?

https://qithub.com/true-grue/raddsl

e
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