TpynHo BbITh MPOLLECCOPOM:
annapaTHas peanusaums Java um
mctopums picolava-ll

Wnbs TaspunuH, CuHTakop

mailto: ilya.gavrilin@syntacore.com
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O cebe

*  3auumaiocs Managed-runtimes 8 Cuntakop
* O6byuatoch B Maructpatype MPTI OPKT

* CoaBTOp NopTa KOMNUNATOPA

Maglev(Chromium) Ha RISC-V

* Yenekaioch paspaboTkoi annapatypesi

g SHntacore“‘ © 2026 Syntacore. All trademarks, products,

RISC-V cores and tools and brand names belong to their respective owners




[Ipobnema npon3BoanUTENBHOCTH

* Mol npuebiknu, yto Java pabotaet Ha geckrone
unu B obnake

* Yto penatb ecnu xeneso cnaboe?

* JIT notpebnset pecypcos bonblue, 4eM Yy HAC eCTb

* [lnatdopma MOXeET 3anpeLLaTb reHePMpPOBATH
MCMNONTHAEMBIMN KO,

S Suntacore“‘ © 2026 Syntacore. All trademarks, products,
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A noMHuTE, KaK BbINO?

void Interpreter::main_loop(interpreterState istate) A{
while (!stop) 1
switch (opcode)
case opc_1laload:
array0op arr0Obj = (arrayOop)STACK_OBJECT(arrayOff);
jint index = STACK_INT(arrayOff + 1);
ARRAY_INDEX_CHECK(arr0Obj, index);
SET_STACK_INT(
GET_HEAP_INT(arrObj, index)

);
UPDATE_PC_AND_TOS_AND_CONTINUE();

}

* Jlna ucnonHeHmns ogHoro BamTkoaa B XyAleM cnyvyae npuaeTcsa NpouTH BeCh switch
* Peanusauum untepnpetatopa obHoensoT cocTosHUe JVM kaxabii war

Ssntacore“‘ © 2026 Syntacore. All trademarks, products,
RISC-V cores and tools and brand names belong to their respective owners




A noMHuTE, KAk BbINo?

void Interpreter::main_loop(interpreterState istate) A{
while (!stop) 1
switch (opcode)
case opc_1laload:

array0op arr0Obj = (arrayOop)STACK_OBJECT(arrayOff);

jint index = STACK_INT(arrayOff + 1); aload 1
ARRAY_INDEX_CHECK(arr0Obj, index);
SET_STACK_INT( PC iload_2
GET_HEAP_INT(arrObj, index) .
) : 1aload
UPDATE_PC_AND_TOS_AND_CONTINUE():
s JVM
1 state

* Jlna ucnonHeHmns ogHoro BamTkoaa B XyAleM cnyvyae npuaeTcsa NpouTH BeCh switch
* Peanusauum untepnpetatopa obHoensoT cocTosHUe JVM kaxabii war

X Suntacore“‘ © 2026 Syntacore. All trademarks, products,
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M namsate He 3abygpTe

oo TTTTTTT T - runtime
 Java 6antkog He Tak NpocT Locals constant pool
: ; 1000 —
Run-Time Data Areas: . | this| 42
* PC Register | :
e JVM Stacks ' , ik
* Locals : 2 —— ,
e Operand Stack : - —.— 1load_1 o
* Heap : : getstatic #7 €«— |
e Method Area 1 _ T
* Run-Time Constant Pool : ' —> ——
* Native Stack (optional) . :
' operand :
i stack j iastore
&S Suntecore” e e




Java is a platform

Java isn’t platform independent; Java is a platform.
- Bjarne Stroustrup

Link: https: //www.stroustrup.com/bs_fag.html

S ‘ Suntacore“‘ © 2026 Syntacore. All trademarks, products,
RISC-V cores and tools

and brand names belong to their respective owners



https://www.stroustrup.com/bs_faq.html

Java is a platform

Java isn’t platform independent; Java is a platform.
- Bjarne Stroustrup

* JVM bytecode yem-To HanomuHaeT accembnep 6. The Java Virtual Machine Instruction Set

HEKOWH apXMTEKTYPb 6.1. Assumptions: The Meaning of "Must"
6.2. Reserved Opcodes

6.3. Virtual Machine Errors
6.4. Format of Instruction Descriptions

* Onucanue atoro Habopa komaHg — JVMS §6
* Ho sToT accembnep BknoyaeT runtime -KOHTPAKT:

* linking 6.5. Instructions
* exceptions
* monitors JVM Specification 25

Link: https: //www.stroustrup.com/bs _fag.html

S Suntacore“‘ © 2026 Syntacore. All trademarks, products,
d tools
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https://www.stroustrup.com/bs_faq.html
https://docs.oracle.com/javase/specs/jvms/se25/html/index.html

Y1o Takoe ISA?

* Apxutektypa Habopa komang (ISA) -
abCTPAKTHAS MOZeSb, OnpeensoLwas 4
MHTepPenc B3AMMOAENCTBMS C ANNAPATYPOM

MpuknagHaa nporpaMmMa

OnepaunoHHaa cucTteMa

[MporpaMMHbIN
YPOBEHb

ISA onpegpenser: v
* CeMaHTUKY MHCTPYKLUMI U UCKITIOYEHM ApxuTekTypa Habopa =
- 0
* Habop Habnopaembix COCTOSHMM KOMaHA T T
@
* [MNpasuna nepexoaa ynpasneHus v o 0
C o
-
MnKpoapxuTekTypa >
Y

JVM Specification 25

Onsnyeckoe ycTponcTBO

g SHntacore“‘ © 2026 Syntacore. All trademarks, products,
: RISC-V cores and tools and brand names belong to their respective owners
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CpaBHMM QPXUTEKTYPSI

[lonpobyem cpaBHUTL NONYNSPHbIE AEMCTBUS:
* Pabota c nepemeHHbIMM
* [JlocTyn k MaccurBam

* Bbizos dyHKUMM

class Example {
int foo(int i) { return i;}
int bar(int[] a, int i) {
return foo(al[il);
Iy

Ssntacorem © 2026 Syntacore. All trademarks, products,
- tools

RISC-V cores and and brand names belong to their respective owners



CpasHum apxutektypsl: RISC-V

[Tonpobyem CpaBHMTL NONYNsAPHbIE AENCTBUS: RISC-V:
* Pabota c nepemeHHbIMM * PerncTtpbl ons XpaHeHMs NnepemeHHbIX
* [octyn k Maccusam * Maccus cTaHOBUTCS 0fpecom B NAMSTH
* Bbizos dyHKuUMI * @DyHkuus npeacTaenseT coboi MeTky
class Example { # a0 = int[] a, al = 1

int foo(int i) { return i;} slli t0, al, 2 # tO = 1 * 4

int bar(int[] a, int i) { add t0, a0, t0 # tO = &(a) + tO

return foo(alil); w a0, 0(t8) # a2 = &(tO)

Iy call foo

1

. Suntacore“‘ © 2026 Syntacore. All trademarks, products,
2 RISC-V cores and tools and brand names belong to their respective owners




CpasHum apxmTekTypsl: JVYM

[Tonpobyem cpaBHMTL NONYNSPHLIE AEHCTBUS: JVM:

* Paborta c nepemMeHHbIMM * Crek + MOCCHB NIOKANbHbIX MEPEMEHHbIX
* [ocTyn K MOCCHMBOM * Maccus - crneunansHas CTPYKTypa

* BbizoB PyHKUM * @DyHKuMS - BbI3OB C PA3PELLIEHMEM

aload 0 # this

class Example
P 1 aload 1 # int[] a

int foo(int i) { return i;} : :
int bar(int[] a, int i) { iload_2 # 1

return foo(al[il); iaload # a[i]
1 invokevirtual #7 # foo:(I)I

X Suntacore“‘ © 2026 Syntacore. All trademarks, products,
RISC-V cores and tools and brand names belong to their respective owners




CpaBHMM QPXUTEKTYPSI

RISC-V:

* Peructpbl ons XpaHeHMs NepemeHHbIX

* Maccus cTaHOBUTCS agpecom B NAMSTH

o @®yHkums npeacrasnset cobor MeTKy

# a0 = int[] a,
s1li t0, al, 2

add t0, a0, tO0
w a0, 0(to)

call foo

. | Syntacore”
- RISC-V cores and tools

al = 1

# tO = 1 % 4

# t0 = &(a) + tO
# a2 = &(t0)

© 2026 Syntacore. All trademarks, products,
and brand names belong to their respective owners

JVM:

* Crek + MOCCHB NOKASbHBIX NEPEMEHHbIX
* Maccus - cneupansHas CTPyKTypa

* @DyHKUMS - BBI3OB C pa3peELLEHUEM

aload_0 # this

aload_1 # int[] a

iload_2 # 1

iaload # ali]
invokevirtual #7 # foo:(I)I




3onoTas peanusaums - Het, "xenesHas"

Java execution o

—>»  CTekoBbin CPU

—> JVM ISA

> Forth based

> Conpoueccop

> ARM Jazelle

—> TpaHcnauus

S Suntacore“‘ © 2026 Syntacore. All trademarks, products,

RISC-V cores and tools and brand names belong to their respective owners

CyLiecteyer MHOTO MOMbITOK UCMOMNHATL Java-banTkon

B XXenese
* Forth — ogmH n3 MepBbIX CTEKOBbLIX A3bIKOB
MPOrPAMMMUPOBAHMS

* ARM Jazelle —pacwmpenne ISA ARM,
nossonstoliee nepenasats Java-6aiTtkog B
COOTBETCTBYIOLLMA CONPOLLECCOP




3onoTas peanusaums - Het, "xenesHas"

Java execution

—>»  CTekoBbin CPU

JVM ISA

—>

Forth based

> Conpoueccop

ARM Jazelle

TpaHcnauus

S Syntacore”

RISC-V cores and tools

© 2026 Syntacore. All trademarks, products,
and brand names belong to their respective owners

CyLiecTByeT MHOTO MOMLITOK UCNONHATL Java-baiTkoa
B Xenese
* Forth — oaMH U3 NepBbIX CTEKOBLIX S3bIKOB
NPOrpAMMMUPOBAHMS
* ARM Jazelle —pacwmpenne ISA ARM,
nossonstoliee nepenasats Java-6aiTtkog B
COOTBETCTBYIOLLMA CONPOLLECCOP

CerogHs NOCMOTPUM HO BAPUAHT CTEKOBOTO
npoLueccopd, KOTOPbIM HAMPSMYIO UCNoHaeT BanTkog
Picolava-ll: https://github.com/ekiwi/picojava2-archive
Ncnonnset Javal.l (classfile ver. 45.3)



https://github.com/ekiwi/picojava2-archive
https://github.com/ekiwi/picojava2-archive
https://github.com/ekiwi/picojava2-archive

Kak caenats npoueccop (B LOMALIHMX YCNOBMSIX)

Xouy co3gaTbh nNpoLleccop B JOMALLHUX YCITOBUAX. Y MEHSA
eCTb NaanbHUK NPOBOJIKa U KYCOK KpeMHUsA. Kak caenatb
npoueccop?

Yo-Yo Croanoeckui Yueruk (119), Bonpoc pewéH 5 net Hazag

. JlononHeH 6 ner Hasag

I'Ipoc*ro A HUYEINo He NOHUMAID B 3NMEKTPOHUKE U pelWwnn Ha4yaTb € NPOCTOro

b 14 Hpasurca " @ x

Ssntacore“‘ © 2026 Syntacore. All trademarks, products,
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Kak caenats npoueccop (B LOMALIHMX YCNOBMSIX)

Xouy co3gaTh npoueccop B AOMALUHUX YCITOBUAX. Y MEHS
eCTb NaanbHWUK NMPOBOJIKa U KYCOK KpeMHUsA. Kak caenartb
npoueccop?

Yo-Yo CrosnoBckui Yueruk (119), Bonpoc pewéH 5 net Hazag

. [JonontxeH 6 ner Hazag

npOCTO A HUYEINo He NOHUMAID B 3NMEKTPOHUKE U pelWwnn Ha4yaTb € NPOCTOro

b 14 Hpasurcs L] @ x

* 3auactyto dumsmyeckne LubpoBbIE YCTPONCTBA ONMMUCHIBAKOTCS HA CMELMUANbHbIX S3bIKAX
paspaboTkn annaparypsl - HDL

* Mpumepsl nonynapxeix HDL: Verilog, SystemVerilog, VHDL

Ssntacore“‘ © 2026 Syntacore. All trademarks, products, 17
& RISC-V cores and tools and brand names belong to their respective owners




A 4TO Mbl CO3OAEM?

4 ) 4

val io = I0(
new Bundle A
val a,b,c,d,e,f =

Input(Bool())
val out =
Output(Bool())
3 )
'jr_-\\\ val in@ = i.a | i.b
U_O val inl = i.c | 1i.d
- val sel = i.e " 1i.f
i 0.0ut :=

Mux(sel, inl, in0)

Im

bnenuoTteka Y _ OnncaHue cxemsl

S0

Nlornyeckass cxema

Ssntacore © 2026 Syntacore. All trademarks, products,
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[1pMBbLIYHBINM 93bIK OBLLEHUS

* CeMuac cyuecTByeT OOnbLIOE KONMYECTBO A3bIKOB U PPEMMBOPKOB A1 ONMUCAHMS
annaparypesi

e Chisel — 6ubnuoteka + DSL Ha ocHoee Scala

class IOPorts extends Bundle { // WHTepgelic 6noka
val addr = Input(UInt(8.W)) // 8-6uTHbili BXx0od (nposoda)
val data = Output(UInt(32.W)) // 32-6uTHbili Bbix0OD
val en = Input(Bool()) // ynpasnsawiyul cU2HT

1

class MylMod extends Module { // AnnapaTHbil 610K
val io = I0(new IOPorts) // obbsaBeHUe nopToB b6/0Kd
io.data := io.addr // cBA3bIBAHUE MpPoBOOOB

5 Syntacore”
RISC-V cores and tools

© 2026 Syntacore. All trademarks, products,
and brand names belong to their respective owners




XenesHas abctpakums

class IOPorts extends Bundle { // WHTepgelic 6noka

val addr = Input(UInt(8.W)) // 8-6uTHbili BX0od (nposoda)
val data = Output(UInt(32.W)) // 32-6uTHbili Bbix0d
y val en = Input(Bool()) // ynpasnawwull cueHan
class MyMod extends Module { // AnnapaTtHbil 670K
val io = I0(new IOPorts) // obbsaBeHUe nopToB br0Kd
io.data := io.addr // cBs3biBAHUE MPoB0OOOB
N ~ * OcHoBHas abctpakums — Mogynb
addr[8] {: E— e DyHKUMM MOXHO MCNOML3OBATL ANS
- MyMod ————— data[32] pa3geneHms Normkm
E— * B HekoTOpbIX MOAYNSIX MOXEM OMMCHIBATL
en[1] — e

» coefMHeHne MoayIen

Ssntacore“‘ © 2026 Syntacore. All trademarks, products, 50
& RISC-V cores and tools and brand names belong to their respective owners




MHA9 NNOCKOCTb MbICIHU

* He Bce npuBLIYHbIE ONEPALMM NETKO PEANM3OBATL B ANNApAType
* YMHOXeHWe ABYX NPOM3BOSbHLIX YUCEN — MOTPEOYET MHOTO NIOMMYECKMX BEHTUIIEN
* HekoTopblie onepaummn, HaNPOTHB, CAENATb KPAWHE NErko

multiplier 0 positive |—>»

MUX —>» result

negative —>»

) 1
multiplierx2

cond

multiplier * 2 = multiplier << 1 result = cond ? positive : negative

S Suntacore“‘ © 2026 Syntacore. All trademarks, products, 1
RISC-V cores and tools and brand names belong to their respective owners




[lonpobyem uTo-TO HONUCATL

Software way:

uint32_t ishl(uint32_t val,
uint32_t shift) {
assert(shift < 32u);
// ishl(x, n) = x * 2’n
uint32_t base = 2;
while (shift > 0) {
if (shift % 2 == 1) val *= base;
base = base * base;
shift = shift / 2;
1

return val;

* Peanusyem onepauuio nobmtosoro nesoro cagura ans integer
e Cpeur 6bonee yem Ha 31 He MMeeT CMbICHA

Ssntacore“‘ © 2026 Syntacore. All trademarks, products,
- ols
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[lonpobyem uTo-TO HONUCATL

Software way:

uint32_t ishl(uint32_t val,
uint32_t shift) {
assert(shift < 32u);
// ishl(x, n) = x * 2’n
uint32_t base = 2;
while (shift > 0) {
if (shift % 2 == 1) val *= base;
base = base * base;
shift = shift / 2;
1

return val;

Hardware way™:

uint32_t ishl(uint32_t val,
uint32_t shift) A{

assert(shift < 32u);

[/ shift = {1 + 2 + 4 + 8 + 16}
if (shift & 0b0OOE0O1) val *x= 21:
if (shift & 0b0OO10) val *x= 22:
if (shift & 0b0O1GO) val %= 24;
if (shift & 0b01000) val *x= 28:
if (shift & 0b10000) val x= 21¢:
return val;

}.

*: TpueMansHble else 6rokn HamepeHHO
OnyLUEHbI

* [lopxopbl Npy HANUCAHMM KOAA OYAYT HECKONBKO PA3MUYHbI
* Paspabotumnky, yepes kog, HyXHO YMETb BUAETb NOTMUYECKME SNIEMEHTHI

Ssntacore“‘ © 2026 Syntacore. All trademarks, products,
- ols

RISC-V cores and to and brand names belong to their respective owners




Jlormyeckas cxema

io_in

: ,—j* B
0 00
d 0:1 | 0x0 io_out
1:31 0:3 | 0x0
2:31 0:7 » 0x0
4:31 0:15 LA
0:30 8:31
- 16:31
0:29
0:27
I 0:23
io_shamt 0 I 0:15
L ] |
2
3
4

* [loaxogbl NPU HAMUCAHUM KOAA BYAYT HECKOMBKO PA3NMUYHBI
* Paspabotunky, Yepes Ko, HYXXHO YMETb BUAETb NOrMYECKME SNIEMEHTHI

g SHntacore“‘ © 2026 Syntacore. All trademarks, products,
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Xopouwero nyTu!

Single internal
processor bus

0 Conrol igal
* Boiumcnmtenu npoueccopa obpasyiotr Datapath | re [
* Bbluncnutenm onepumpytoT AAHHBIMKM U3 PETUCTPOB s L. ] ===
MU WMH OOHHbIX " e ——
* Perucrtp - none 3agaHHOM AnmHbl, HGbICTPO -
LOCTynHoe npu pabote Pl — R
* B pycckoi nutepatype: onepauMOHHbIM aBTOMAT —
Eoaith RO
Select MUX
B
R(n~1)
* Ho onepaumnoHHbii aBToMaT becnoneseH 6e3 S
YyNpaBneHMUs - iy —
Vv

Single Bus Organization

E Suntacore“‘ © 2026 Syntacore. All trademarks, products,
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Xopouwero nyTu!

Single internal
processor bus

AN Coutrol signals
* Jloruky ynpasnexune onpegenset control unit | al [
¢ ,D,eLIJMCIDpOBbIBCIeT KOMCIH,EI,y M HA OCHOBE MMKpOKOD,G A::c S mm
0OET KOMOHAbI HO UCMONTHEHME " Lo ——
Memory
* Mukpokoa — NnporpaMma peanmayroLas -
- MDR
MHCTPYKLMKU npoLeccopa ines R
* B pycckoM nutepaType: ynpasnsiowmi asTomat e 3
Constant 4 RO
Select MUX
—_— B
— ALU
KOMaH[bl ———— 5 - R(n~1)
—  Ynpasnswouwwuii OnepaunoHHsbIN Bon/ Ginria
aBToOMaT apToMat BbiBOL, |
I - TEMP
Y -
\Y4
Single Bus Organization
E SHntacore“‘ © 2026 Syntacore. All trademarks, products,
RISC-V cores and tools and brand names belong to their respective owners




Kog, HO o4YeHb MANEHbKN I

RS1 « stack.pop() // arrayref iaload [arrayref, index] => [value]
RS2 « stack.pop() // index

if RS1 == 0 raise NullPointer
AREGO « RS1 + 4 // arr size Stack
man r
if RS2 < 0 anage
raise OutOfBounds

LEN ¢ MEM[AREGO] 4 A4

RS1 RS2
OFFSET ¢ RS2 << 2
REG2 ¢ AREGO + OFFSET 4
if RS2 > LEN RS1 = 0 > $(RS1+4)

raise OutOfBounds ‘i ‘¢

VALUE ¢« MEM[REG2]

null AREGO
stack.push(VALUE)

S ‘ Suntacore“‘ © 2026 Syntacore. All trademarks, products,
RISC-V cores and tools

and brand names belong to their respective owners




Cdepuuecknit KOHb B BOKYYME

Ox3FO00000
* Picolava-ll npepoctaBnset Ham MWL agpecHoe
npocTpaHcTteo, agpecyemoe 30-6uTHbIMM Ymcnamm (1GB)
* Het BUpTYyanmsaumm
* HenpepbiBHOE appecHOe NPOCTPAHCTBO
©x00000000

S Suntacore“‘ © 2026 Syntacore. All trademarks, products,
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Cdepuuecknit KOHb B BOKYYME

©x3F000800
* Picolava-ll npepocTasnset Ham nuwb agpecHoe
npocTpaHcTteo, agpecyemoe 30-6uTHbIMM Ymcnamm (1GB)
* Het BUpTYyanmsaumm
* HenpepbiBHOE appecHoOe NPOCTPAHCTBO
* AnnapaTypa nonaraercs HA NAMSTb:
* Crek fomnxeH bbiTb PACMONOXEH NO KOHKPETHOMY
agpecy
* O6beKTbl LOMXHbI UMETb B MAMSTA ONPERENEHHYIO
CTRYKTYpPY
* Heobxopuma nporpamma, kotopyto byaem
MCMNOMHSTD
©x60000000

E Suntacore“‘ © 2026 Syntacore. All trademarks, products,
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Hayano Hayan

Ox3FBOOBOO .
I10/free
Ox30000000 __ °
::=:====::¢5¢=:=====-‘
Ox03fffffc
frames <«
[ ]
heap <
Ox0010006060 .
kernel.code
Ox00000000 reset.code
E SHntECDre"‘ © 2026 Syntacore. All trademarks, products,
RISC-V cores and tools and brand names belong to their regpective Sere

Hy>Hbl ABe 6Q30BbIE MPOrPAMMBI, HAMUCAHHbIE HA

bantkoge:
reset.code

* [lpnMBOmAMT Npoueccop B ApPXMTEKTYPHO-

onpeneneéHHoe COCToaHME

e OTBEYOET 30 MHULMANUIALMIO CTEKA
kernel.code

e OrtBeyaeT 3a Ky4y M annoKaumm Tam

* [lpoune dyHkumMM npm HeobXxOAMMOCTH

[ns B3aumopencTeus ¢ BHELHUMM YCTPOMCTBAMM

pe3epBUPYEM BEPXHIOKO YOCTb QAPECHOTO
NPOCTPOHCTBA




[Ipobyem BbI3BATL PYHKLMIO

Ox3FOOO000
I0/free
Ox30000000 o
OX03fffffc .
frames
heap <
Ox00100000
kernel.code
Ox00000000 reset.code

S Syntacore”

RISC-V cores

© 2026 Syntacore. All trademarks, products,
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S

args

<

local vars

return PC

prev VARS

prev FRAME

prev CONST_POOL

FRAME (KOHTEKCT PYHKLLMWN)

—— 1nvoke context

operand stack

<— OPTOP(BepLUMHa CcTeKa)

and tools and brand names belong to their respective owners

VARS (MaccmB nepeMeHHbIX)

| €— OPLIM(orpaHuynTenb cTeka)




A 4to Tam ¢ heap

Ox3FO00000 ,
S
I0/free K
©x30000000 __
\\:f - arrays
OxO3fffffc ;'
frames ! objects
A MVT
heap classes
Ox00100000 "
kernel.code x~x heap structure
ex00000000 | "ESEt-code
S Suntacorem © 2026 Syntacore. All trademarks, products,
RISC-V cores and tools and brand names belong to their respective owners




Jloywka xokepa

invokevirtual
indexbytel
Ox5F000000 Constant pool: indexbyte?
10/ free #1 = Class #2
#2 = Utf8 Main
0x30000000 #6 = UtfS ()V
f&
GX%HH:‘?\/““ #14 = Utf8 sayHello
frames #32 = Methodref #1.#33 // Main.sayHello:()V
#33 = NameAndType #14:#6 // sayHello:()V
public static int main();
Code:
stack=2, locals=2, args_size=1
heap ..
0x00100000 9: invokevirtual #32 // Method sayHello:()V
12: return
kernel.code
9%00000008 reset.code * Kak annapaType NoHaTb, YTO Bbi3bIBATH?

- © 2026 Syntacore. All trademarks, products,
=) | Suntacore g . IEil

and brand names belong to their respective owners




Jloywka xokepa

invokevirtual
. o . indexbytel
0x3FO00000 public static int main(); indexbyte?
I0/free Code: )
stack=2, locals=2, args_size=1
0x30000000 __
S 9: invokevirtual #32
Ox03Fffffc
T 12: return l
TrapTable[i]
heap l
’
9x00100000 - class tbl public class invokevirtual A
0x00020000 public static Method
tpaps = - o Il ]|
kernel.code . invokevirtual:"(Qv" { ... }
0x00000000 reset.code

S Syntacore”
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Jloywka xokepa

I

public static int main();
Code:
stack=2, locals=2, args_size=1

.;. . .

invokevirtual quick

index

nargs

9: invokevirtual_quick 5, 1 // index =5

12: return

class tbl * _quick MHCTPYKUMK HE MPUBOAAT K BbI3OBY

traps o

OX3FOOO000
I10/free
OXx30000000
~_ =
OX03fffffc
frames
heap
OX00100000
system
Ox000260000
kernel.code
0x00000000 reset.code

S Syntacore”

RISC-V cores and tools
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A yto c Cne

Ox3F000000 struct s { int a, b; };
10/free int foo(struct s si1, int x, int y) {
0x30000000 int local = x + vy;
=¢:====,;§¢;====== int arr[2] = { sl.a, local };

Ox03fffffc

int *xp = &X;
frames

P

return *p + sl.b;

}

aggregate stack
void bar() {

heap struct s s2 = { 3, 4 };
foo(s2, 1, 2);

Ox00100000
system }
Ox00020000

kernel.code

* Kop Ha Cut MOXHO KOMMIMAMPOBATL B OAMTKOA, U
reset.code
6x06000000 MCnonb3osaTb NMbo Kak meTku, nnbo kak JNI meTogb

S Suntacore“‘ © 2026 Syntacore. All trademarks, products, 26
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A yto c Cne

Ox3FOO0000

Ox30000000

I10/free

Ox03fffffc

::===:::$55:;=:====:

frames

P

aggregate stack

heap
Ox00100600
system
Ox00020000
kernel.code
O0x00000000 reset.code

S Syntacore”

RISC-V cores and tools

© 2026 Syntacore. All trademarks, products,

struct s { int a, b; };

int foo(struct s
int [local) =

s1] int| x,| int

X + Y,

(9

int larr[2]l = { s1.a, local };

int *xp =

&X

return *p + sl.b;

1
void baP()-{___
struct S SZ
foo(s2, 1, 2

cTeke

and brand names belong to their respective owners

).

I

13, 4}

* He arrperaTHble 3HaYeHMs MOXHO XPAHKUTL Ha Java




Yckopsiem Haw npoueccop!

Ox3FOOE000
I0/free
Ox30000000 _ o -
§fﬁ\ o
OX03FFfffc
frames o stack cache —64 entry
l'lh.'l~.'. _J
aggregate stack reesremmeeeeeee ~
heap
6x00100000 el data cache ~ 1-16 kB
system .
Ox00020000 e,
kernel.code
000000000 reset.code y

S Suntacore“‘ © 2026 Syntacore. All trademarks, products,
and brand names belong to their respective owners
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CerogHs 6e3 npoueccopos

* Paspabotka xenesa — gonrmi npouecc

ITOT MameHb}«n@Ma’Hé}ép byaeT ctoutbiHaM 51 rog

g SHntacore“‘ © 2026 Syntacore. All trademarks, products,
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CerogHs 6e3 npoueccopos

* Paspabotka xenesa — gonrmi npouecc

* Boicokue TpeboBaHMS K MHXEHEPAM
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CerogHs 6e3 npoueccopos

* Paspabotka xenesa — gonrmi npouecc

* Boicokue TpeboBaHMS K MHXEHEPAM

e CrommocTb owmnbkn B Xenese — ﬂUI'OﬂVI, A KAK 310
OrpPOMHAS Mbl CKAKHYJIK

C0 150 ThiCAY

K 20 MUINTWOHAM?
PE3KOBATO
[U1A 30 CEKYHA

g ‘ SHntacore“‘ © 2026 Syntacore. All trademarks, products,
c RISC-V cores and tools
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CerogHs 6e3 npoueccopos

* Paspabotka xenesa — gonruit npouecc
* Boicokue TpeboBaHMS K MHXEHEPAM

e CrtomMMocTb olWMBKM B Xenese — Lt 3
OrPOMHQS S

* CroxHble onepaumm NpUXoanTCs
SMYNMPOBATH

S Suntacore“‘ © 2026 Syntacore. All trademarks, products,
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CerogHs 6e3 npoueccopos

* Paspabotka xenesa — gonruit npouecc
* Boicokue TpeboBaHMS K MHXEHEPAM

e CrommocTb olwnbKU B Xenese —
OrPOMHQOS

* CroxHble onepaumm NpUXoanTCs
SMYNMPOBATH

. R
) {
A /
\ R g
£ R, i
4 e

[lonpobyem cHOBa BEpPHYTbLCS K NPOTPAMMHOM
pPeanM3aumnn, Ho yXe C HOKOMNEHHbBIMU 3HAHUIMM
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A noMHuTE, KaK BbINO?

void Interpreter::main_loop(interpreterState istate) A
while (!stop) 1
switch (opcode)
case opc_1laload:
arrayOop arrObj = (arrayOop)STACK_OBJECT(arrayOff);
jint index = STACK_INT(arrayOff + 1);
ARRAY_INDEX_CHECK(arr0Obj, index);
SET_STACK_INT(
GET_HEAP_INT(arrObj, index)
)
UPDATE_PC_AND_TOS_AND_CONTINUE()

}.

* Jlna ucnonHeHmns ogHoro BamTkoaa B XyAleM cnyvyae npuaeTcsa NpouTH BeCh switch
* Peanusauum untepnpetatopa obHoensoT cocTosHUe JVM kaxabii war

Ssntacore“‘ © 2026 Syntacore. All trademarks, products,
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MuTepnpetrpyem no wabnoHy

* Cpenaem ans kaxgoro banTkoga — class DispatchTable 1

public:
obpaboTunk Ha acccembnepe enum { length = 1 << BitsPerByte }:

* Cpenaem Tabnuuy, B KOTOPOM orivate:
COXPOHMM appeca Bcex obpabotunkos  address _table[length];

*  Kaxgpiit 06pabotunk moxer Bbissats ~ PUDLLC:
address* table_for()

crnegyowmni: yepes Tabnuuy R urn table: }
void TemplateTable::iadd() { bi

pop_1(x10);

pop_i(x11);

addi(x10, x10, x11);
push_i(x10);

dispatch_next();

Ssntacore“‘ © 2026 Syntacore. All trademarks, products,
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MuTepnpetrpyem no wabnoHy

* Cpenaem ans kaxgoro banTkoga — class DispatchTable 1

public:
obpaboTunk Ha acccembnepe enum { length = 1 << BitsPerByte }:

* Cpenaem Tabnuuy, B KOTOPOM orivate:
COXPOHMM appeca Bcex obpabotunkos  address _table[length];

*  Kaxgpiit 06pabotunk moxer Bbissats ~ PUDLLC:
address* table_for()

crnegyowmni: yepes Tabnuuy { return _table: }
void TemplateTable::iadd() { bi

pop_1i(x10); > call(table_for() [++pc]);

pop_i(x11);

addi(x10, x10, x11);

push_1i(x10); void TemplateTable::imul()

dispatch_next();

Ssntacore“‘ © 2026 Syntacore. All trademarks, products,
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MuTepnpetrpyem no wabnoHy

* Cpenaem ans kaxgoro banTkoga — class DispatchTable 1
public:

obpaboTumk Ha accceMbnepe enum { length = 1 << BitsPerByte }:
* Cpenaem Tabnuuy, B KOTOPOM private:

COXPOHMM appeca Bcex obpabotunkos  address _table[length];

*  Kaxgpiit 06pabotunk moxer Bbissats ~ PUDLLC:
address* table_for()

CNenyoLWMi: Yepes TabnmLy { return _table: }

vgld TemplateTable::iadd() { bi

pop_1i(x10); » call(table_for() [++pcl);
lpop_1i(x11);
addi(x10, x10, x11);
push_1i(x10);

void TemplateTable::imul()

dispatch_next();

Ssntacorem © 2026 Syntacore. All trademarks, products,
- RISC-V cores and tools

and brand names belong to their respective owners




MuTepnpetrpyem no wabnoHy

* Cpenaem ansa kaxgoro banTkoga — Clﬁ%? DispatchTable 1
public:
0bpaboriuk Ha GCCC6M6”ep? enum { length = 1 << BitsPerByte };
* Cpenaem Tabnmuy, B KOTOPO/A private:
COXPAHMM afpeca Bcex obpaboTumkos address _table[states][length];
* Kaxgbit 06paboTymk MOXET BbI3BATh pUb}I:CLIC: table_for(TosState state)
.. addressx table_for(TosState state
crnegyowmni: yepes Tabnuuy { return _table[state]: }
void TemplateTable::iadd() Fi
pop_1(x10);
lpop_1(x11); 49 > int(42)
addi(x10, x10, x11);
push_1i(x10); x10 reg int(14)
dispatch_next();

f stack

S Suntacore“‘ © 2026 Syntacore. All trademarks, products,
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MuTepnpetrpyem no wabnoHy

 Cpenaem gns kaxgoro bantkoga — Clﬁ%? DispatchTable 1
public:
. C()Z6PO6OTWK6HO GCCC9M6”ep? enum { length = 1 << BitsPerByte }:
aenaem 1d ﬂVIL',y, B KOTOPOM pr\ivate:
COXPOHMM aapeca Bcex obpaboTynkos address _table[states][length];
* Kaxabit 06paboTuMK MOXET BbI3BATH public:
CnenyiowMit: Yepes TabuL address* table_for(TosState state)
Y - Hep Y { return _table[state]; }
void TemplateTable::iadd() { Fi
/g Xi?xil??lds nt enum TosState { // describes the tos cache
ngz(xlo ;10 11) - btos = 0,ztos =1 // byte, bool tos cached
: : : ctos = 2, // char tos cached

update_tos(itos, itos); e
dispatch_next(); ggmbeP_of_statesl

Ssntacore“‘ © 2026 Syntacore. All trademarks, products,
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A yTO c Bbe3onacHocTblO®

void TemplateInterpreter::notice_safepoints() {
if (!_notice_safepoints) A
_hotice_safepolints = true;
copy_table((address*)&_safept_table, (address*)&_active_table,
sizeof(_active_table) / sizeof(address));

dispatch_table active_table safept_table

\— A A _/

Ssntacore“‘ © 2026 Syntacore. All trademarks, products,
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A yTO c Bbe3onacHocTblO®

void TemplateInterpreter::notice_safepoints() {
if (!_notice_safepoints) {
_hotice_safepolints = true;
copy_table((address*)&_safept_table, (address*)&_active_table,
sizeof(_active_table) / sizeof(address));

}.
}.
dispatch_table active_table safept_table
iadd —> imul —» safepoint
A
notice

5 SHntacore“‘ © 2026 Syntacore. All trademarks, products,
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BoiBOAbI: NpoM3BOAMTENBHOCTL

* LLabnoHHbIM MHTepNpeTaTOp XOTb M TPebyeT Bpems ans reHepauum obpaboTUMKOB,
paboTaeT 3HauMTENbHO BLICTPEe zero

* 3aTpaThl MO NAMSTU HE OYEHb BESTUKM:

$ java --XX:+UnlockDiagnosticVMOptions -XX:+PrintInterpreter

Interpreter

code size = 98K bytes
total space = 98K bytes
wasted space = OK bytes
# of codelets = 280

avg codelet size = 359 bytes

Volker Simonis: Template- vs. C++-Interpreter shootout

S Suntacore“‘ © 2026 Syntacore. All trademarks, products,
d tools
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https://web.archive.org/web/20090214031632/https%3A/weblogs.java.net/blog/simonis/archive/2007/11/template_vs_cin.html
https://web.archive.org/web/20090214031632/https%3A/weblogs.java.net/blog/simonis/archive/2007/11/template_vs_cin.html
https://web.archive.org/web/20090214031632/https%3A/weblogs.java.net/blog/simonis/archive/2007/11/template_vs_cin.html
https://web.archive.org/web/20090214031632/https%3A/weblogs.java.net/blog/simonis/archive/2007/11/template_vs_cin.html
https://web.archive.org/web/20090214031632/https%3A/weblogs.java.net/blog/simonis/archive/2007/11/template_vs_cin.html

BoiBOabl

* CerofHs NOCMOTPENM HO ANMNAPATHYIO PEANU3aLMio Java U CMOMK YHUTHU XMBBIMMU

* Y3Hanu, Kak pa3pabaTbiBAOT Xene3o

* [loHsnK, Kak NoONyYeHHbIM ONbIT MOMOFAET YyYLlWaTb MUHTEPNPETATOP

A"

JVM Specitication 25 PicoJava-Il (archive)

g ‘ Syntacore”
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https://docs.oracle.com/javase/specs/jvms/se25/html/index.html
https://github.com/ekiwi/picojava2-archive
https://github.com/ekiwi/picojava2-archive
https://github.com/ekiwi/picojava2-archive
https://github.com/ekiwi/picojava2-archive

Cnacubo 30 BHUMAHMeE!
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Backup
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Co3paéM BCeneHHyto

0x3FB60000 y
* Ham 6bl XoTENOCh MMETH CBSA3b C YCTPOMCTBAMM BHE NPOLECCOPT

I0/free * Bbigenum gng sToro yyactok namatu

0x30000000

§fﬁmﬁ:

¢ Coobwmm npoueccopy, rae y Hac byger crek
* Ham HeobxoanMbl perncTpei

File reset.code:

public final class reset

extends java/lang/0Object A4

public static Method reset:"()I" {

// Write OxO003FFFFC to OPTOP register
sipush OxFFFC;
sethi Ox003F;
write_optop;

kernel.code ..
reset.code }}

Ox00000000

! © 2026 Syntacore. All trademarks, products,
yNniscore
ols
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Co3pgaém Bo BCeneHHoM heap

0x3FBO0000 * Kog sppa ponxeH NpepoCcTaBnsTb CUCTEMHbIE GYHKLNUM

10/free * ppo He poNXHO BbITh KOCTYNHO HaMNpsaMyto M3 Java
OX30000000 _ bipush 42;

m¢:===5;¢5$====“~ jsr Kernel;

OX03fffffc ‘

frames B SE—

Kernel:
iload_1; // load request number

bipush 42; // #42: static storage alloc
if_icmpeq AllocateStaticllord;

heap <

0x00100000 iload_1; // load request number
bipush 43; // #43: Resolve the class
1f_icmpeq ResolveClass;

kernel.code

Ox000006000 reset.code

goto Unimplemented_Request;

- © 2026 Syntacore. All trademarks, products,
. Suntacor& Y P
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Tbl He nponaéw!

Ox3FOBB000 * [lpu HONUCOHUKM KOQO NEPEMEHHbIE M3ONMPOBAHbI B
I0/free CTeke arrperaTos
©x30000000 * Ho kTO MewaeT HaOM NOMYYUTb BOCTYM K CTEKY MO AApPecy?
\f
~I

Ox03fffffc

frames

P

TakK  XXuBem

aggregate stack

heap
Ox00100600
system
Ox00020000
kernel.code
O0x00000000 reset.code

E SHntacore“‘ © 2026 Syntacore. All trademarks, products,
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Tbl He nponaéw!

Ox3FOBB000 * [lpu HANUCAHMM KOAA NePEMEHHbLIE M30NMPOBAHHI B

I0/free CTeke arrperaTos
0x30000000 * Ho kTo MewaeT HOM NONYYKUTL JOCTYN K CTEKY MO AAPECY?
Ox03fffffc

frames i Address

aggregate stack
> USERRNG1 < USERRNG2
heap

Ox00100000

system
Ox00020000

kernel.code

0x00000000 reset.code Data

S Suntacore“‘ © 2026 Syntacore. All trademarks, products,
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[loyyBcTBYEM CEDS pa3paboTyMKaMM Xenesa

[lonpobyem paspaboTtaTth Kof, KOTOPLIM byaeT NPOU3BOANTL NOOMUTOBLIN CABMI BNEBO
(ishl): uint32_t ishl(uint32_t val, uint32_t shift)
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[loyyBcTBYEM CEDS pa3paboTyMKaMM Xenesa

[lonpobyem paspaboTtaTth Kof, KOTOPLIM byaeT NPOU3BOANTL NOOMUTOBLIN CABMI BNEBO
(ishl): uint32_t ishl(uint32_t val, uint32_t shift)

* Onuwem Haw Mopynb
* Bxogpi:
* BxogHoe 3HauyeHune — 32 buta
e Cpsur — 32 buta
* Brixon:
* CpeuHyToe 3HayeHne — 32 buta

val io = I0O(new Bundle {
val (in, out)
val shift

(Input(UInt(32.W)), Output(UInt(32.W)))
Input(UInt(32.10))

+)

Ssntacorem © 2026 Syntacore. All trademarks, products,
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[loyyBcTBYEM CEDS pa3paboTyMKaMM Xenesa

[lonpobyem paspaboTtaTth Kof, KOTOPLIM byaeT NPOU3BOANTL NOOMUTOBLIN CABMI BNEBO
(ishl): uint32_t ishl(uint32_t val, uint32_t shift)

* Onuwem Haw Mopynb
* Bxogpi:
* BxogHoe 3HauyeHune — 32 buta
e CpBur — 5 6ur
* Brixon:
* CpeuHyToe 3HayeHne — 32 buta

val io = I0O(new Bundle {
val (in, out)
val shift

(Input(UInt(32.W)), Output(UInt(32.W)))
Input(UInt(log2Ceil(32).W))

+)

Ssntacorem © 2026 Syntacore. All trademarks, products,
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[loyyBcTBYEM CEDS pa3paboTyMKaMM Xenesa

uint32_t ishl(uint32_t val, uint32_t shift)

{
assert(shift < 32u);

// ishl(x, n) = x * 2’n
unsigned int multiplier = 1;

for (unsigned i = 0; i < shift; i++) {
multiplier += multiplier;

}

return val * multiplier;

* [logpymaem, kak nepeHecT 3TOT KO B AMMNAPATHYIO PEAfU3aLMIO
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[loyyBcTBYEM CEDS pa3paboTyMKaMM Xenesa

uint32_t ishl(uint32_t val, uint32_t shift)
1

assert(shift < 32u);

// ishl(x, n) = x * 2’n

multiplier

unsigned int multiplier = 1;

for (unsigned i = 0; i < shift; i++) {

multiplier += multiplier; 2
1

return|val * multiplier;

multiplierx*2

* [looymaem, KOK NEPEHECTM 3TOT KOA B AMMNAPATHYIO PEASIM3ALMIO
* He Bce onepaummn B Hawem kope 3PDEKTUBHBI
* [lonpobyem nepenucats Kog MHAYE
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[loyyBcTBYEM CEDS pa3paboTyMKaMM Xenesa

uint32_t ishl(uint32_t val, uint32_t shift)
{

assert(shift < 32u);

// shift = {1 + 2 + 4 + 8 + 16}

9AT3TSOod

if (shift & 0b0OOO1) val *= 21:
if (shift & 0b00O1O) val *= 22:
if (shift & 0b0010O) val *= 24:
if (shift & 0b01000O) val %= 28: MUX
if (shift & 0b10000) val %= 216

<«— ©9dAT1ebau

(_

return val;

<

puo09

« MUX(cond, pos, neg) = cond ? pos : neg

RNEEN

* Tenepb Mbl FOTOBbI CTEHEPMPOBATH KOA,

Ssntacore“‘ © 2026 Syntacore. All trademarks, products,
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[eHeprpyem cxemy

class BarrelShifter(val w: Int) extends Module {

val io = I0(new Bundle {
val (in, out) (Input(UInt(w.W)), Output(UInt(w.l)))
val shift Input(UInt(log2Ceil(w).W))

)

var x = 1o0.1n

for (i <- 0 until log2Ceil(w)) 4
X = Mux(io.shift(i), x << (1 << 1), x)

1

10.0Ut := X

* [lenaem caBWr YHMBEPCANbHBIM, MCNOJNb3Ys FTEHEPUPYIOLLMMI LUK
* Cneunduumpyem 3HOYEHMS NO BCEM NYTIM MYNbTUMIIEKCOPA
* [OTOBBI NOCMOTPETL HA MONYYMBLUMIACS PE3YNBTATS
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