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A Study of Processor Development Environment
for Instruction Expansion Using RISC-V
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Abstract: In this study, we investigated the realization of an environment for efficient instruction expansion
of general-purpose processors with the aim of supporting the development of processors for specific applica-
tions. Currently, processors for Al and the IoT are required to have low power consumption and enhanced
security, which are specialized for specific applications. However, the development of such processors is costly
in terms of design time and human resources. In this report, we use the Rocket-Chip processor architecture
and RISC-V as the ISA, which has custom instructions that can be newly added to RISC-V. We created a
program that automatically defines discriptions of custom instructions for RISC-V and its simulator using
Perl.
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FIFDAIRETH 5. 2 DHORHIZ, WA X A BHHE
INTVREZETHS. HAXLMFEHEESERIC
ERTE2mDTHD, FEMARICMIZEHOWmS
HETLIEMARETH B, /2 RISC-V DFEELX LT,
Rocket-Chip 238 XL T\ 3. Rocket-Chip 1 BSD 7
ALY ADT Y =T —=FT77F % ThHH, UCB t SiFive t:
HIBHFE L T3 RISC-V 2523 % SoC(System on Chip)
T®H%. Rocket-Chip 12t RISC-V O 5 A & AtiHEHAR
W& TS, %72 RoCC(Rocket Custom Coprocessor) &
N2 H AR LARERNI T 72 L =2 BRI ONTE
D, LWL AN=FY = 7IC8OE LR EZEMT 5 2
CHARETH L. L LA S, RISC-V OBtk %E 5k
BT 270103 FIERINRAENIFEL, AETIEE
TEIEBRIC O W T DL 21T - 7.

22T, KX OMKERT. 2 #iTlk RISC-V O
45 ¥ Rocket-Chip OBEEIZOWTIRR 3. & 3 HiTldh &
Z o n e SRR OREFELIREZITS. HAHTHE
AziTw, B5HTARDOE L DZRRS.

2. RISC-V, Rocket-Chip BIE

AREITIX, AL THWS RISC-V &, ZH%ISA L
THET 57 —F 727 F v Rocket-Chip DFFEIZ DWW Tib

N5,

2.1 RISC-V

RISC-VIZL YA XEEX LT32,64, 128 ¥y FDIEER
79 Z e [RET, WORMSREZ VW2 22 T16 By b &%
RTE2HEREDH 2 ISA TH 3 [2], [3], [4]. RISC-V X
PERD ISA kbR, Hflitkz @ 2 K 5GHENTED,
PR E AWM S OBESERY 5 &, £REEIE Fica
YR N RFEERAG IR TE S, £, MmO M
HIZED CPI(@ddhizhdruy 734 7)) 7L
2D, EOWHRERHZ 2 XOREFEINTVWSE. T RLy Y
YIE—FRELTIE, 32,64,128 v FEMHTE 3.
2.1.1 @9 7+—<IvEhk

Hanty bOFA%E T 500, RISC-V O@MT7 +—
<~y MZOWTHATS. B 1icmf7+—~<y &R
3. RISC-VO@HE Y b7 4 =L FIELIAXEDN 32,
64,128y FTH-oTH 32y NEETHD, ZDT +—
~v MIR, LS, U 4fEICMZ, S, UxHEZEL
B, JDO2BEIHBINTVS., ZHZX D EET Zm
BHREHT 2 LY ZAZEe, IMEDOHEEC X - THEVWS T
BZEMTES. 1sl, 12 1Y — RV I A&, rd \ZEER
RBEBNT 2T RAT 4 32— a LY R&, imm ZEMHE,
opcode lZARa—KERLTWVWS., ETDH7+—<v b
WZBWT, LYRZReARa— ROy Midzmicy
58T, Ta—FREZITRD LOFRFTENATVWS.
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RISC-V TEHZEINTWVWAARI— FEHE 2 12R-F. F
Ra— FZ 8 BEAEINTED, mAEA FI2koT
DA Ra— BRI TS, BT ARa—FK
ZEOMAE S LIE, funct?, funct3 IZERIDMEZE EFE S
ZZilkoTKRAlENSG. T/, @R Y 74— K
D 1,00 By FEIKZEFLTOMRH 0x3 DETRES N
TED, CIHEDOMBDADZNLNDEEFD.

2.1.2 @Sty
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5. £/, HETHHATZLIZAXIZ0DEREEIN:
LIYARE, BEWEE R T 2 3SLEORHL O A ZHH
BEEXNTW3.
2.1.2.2 {ER&S

R1IF2019F 12 13HO@mH Ly PRI 7 ho—&
TH5. MIRIFERE G, A BRI EVIHLT
RO OEEERITS 7+ I v 7id, F, D, Q IERIZHKE
B, fEREEE, A SR OBV NBUR B TH 5. £, MDA
AYATLDESIRTEZRINShar#EtrsRkboh
57 —%T7F v DI, BAGHIXZOEF AL
D RAREE NI A T ERRBFEET 5. Z ORI
32 By FOALIRIE L TWRWA, EARGS & A U
ISA ¥ Xh T3,

ZhPAMC B R LR gt VIR, SIMD fiwx
G PINEREBIFMEL, IhbldskFEEINETEL
oTW3. RISC-VIIBEDWEIHNT VWS ISA TH
LER5.

2.2 Rocket-Chip

B 3 12 Rocket-Chip DHIIEX % R3. Rocket-Chip i,
RISC-V % ISA & L7z CPU &% Tile £ MHEN 2 2 716
DY, AXINNRTHEREINTZXEY 2HD SoC 7—F 7
JF ¥ TH5 5. arBrYELEL, MEOHEEEK
FTRIEHAEETH S, T/, L2 F v v aRI0 &
E71ciE, SiFive tHA3EF L 7z TileLink & FEEN 5 7 1
FardBfEbnTns, ZUTED, HEOTAX—FTAN
ARALAVLATTFNANL R DAk — L > MafERBFEE X
NTW3. ST 3% RISC-V Omifix, A5, KR
SDOM, A, F,D,CTH%. 7FLv>r7E—FiX32,
64, 128 B v MIXIGLTW3.

Rocket-Chip i »—F v = 7R E5E L LT, Chisel[6]
LIS T 7T 3 vV FEE Scala DMDIABEFFEE H
W3. Chisel TldZ7 vy 2, Vty MEEE2ERT 2 HH
DL, java BED LTI IREERELHVWSE Z e
TZ 5. Rocket-Chip 2455k 5 % B3 Chisel OFfiFd3 4
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Tove| 31 [30|29|28|27|26|25|24|23]22|21] 20 |19]|18|17|16]15|14|13]12|11|10|9|8] 7 [6]5]4|3|2]|1]0
R functy rs2 rsl funct3 rd opcode
| imm[11:0] rsl funct3 rd opcode
S imm[11:5] rs2 rsl funct3 imm[4:0] opcode
B |imml[12] | imm[10:5] rs? rsl funct3 imm[4:1] | imml11] opcode
U imm[31:12] rd opcode
J [imm[20] | imm[10:1] | imm[11] | imm[19:12] rd opcode

Bi1 @afm7+r—~<vh
Fig. 1 Instruction format
inst[4:2] 111
R 000 001 010 011 100 101 110
inst[6:5] (>32b)
00 LOAD LOAD_FP |customO| MISC_MEM | OP_IMM | AUIPC OP_IMM_32 48b
01 STORE | STORE_FP |customl AMO oP LUl OP_32 64b
10 MADD MSUB NMSUB NMADD OP_FP |reserved|custom2/rv128| 48b
11 BRANCH JALR reserved JAL SYSTEM |reserved|custom3/rv128| =80b
2 ARa-—F
Fig. 2 Opecode
®1 @AVALb
Table 1 Instruction List
- Tile
Base Version Status
RV321 2.0 | Ratified FEEhE L1l | | RoCC
RV641 2.1 Ratified e
RV32E 1.9 Draft
RV1281 1.7 Draft
- - L1D
Extension | Version Status
M 2.0 Ratified y Y
A 2.1 Ratified
¥ 2.2 | Ratified TileLink/AXi4
D 2.2 Ratified Bridge
Q 2.2 Ratified A
(@] 2.0 Ratified
L 0.0 Draft y
B 0.0 Drat | L2 to 10 Network |
J 0.0 Draft <>
T 0.0 Draft
P 0.2 Draft AXI-DRAM
A\ 0.7 Draft

£ 72555, Verilog &
x5,

3. REFE

ZHDIAAL L THWS ZL BT

ATk SR 2+ RISC-V £ Rocket-Chip %

Awzz T, FREMRF L ety ORI
HoBHZTo/. B 43 REFETHRILRICE 7R
W, BIEPBEREDIZRLESDTHS. Y7 by =7
(SW) #TIEX RISC-V D775k, HARLGDDE
TEMERRICHWA Y R 2 L —RIZFEMZA 5. £z —F
v =7 (HW) #TlX, # A& 4diT% Rocket Core HH
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3 Rocket-Chip outline
Fig. 3 Outline of Rocket-Chip

HLLE, 7787 —&e LTHEET 3 XS BEMER
33,

3.1 YI7hUTTEADEM

SW HADIENMIE, C ¥ C+4+D7 k¥ 77 Z2E T riscv-
gnu-toolchain ¥, ZOENWEMHERZITS > I 21— & spike
% &t riscv-tools EFHENZ LARY R VIS LA R R L
TOEFEEITo72. spike NIX, B AR L@WHOEER
Y, meORFEICEHT %2 MATCH, MASK, DECLARE
Dvrar, ThoreflAEOEIERLZEFRCZEBML
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riscv-toolsi
|_Simulator | | _Assembler | [gyy

Rocket Chip }

| Accelerator | HW

Rocket Core
| AL || unit |

X4 RERTEOME
Fig. 4 Outline of Proposed Method

PC Default+a
mem_reg_wdata
|_‘ ALU
ex_rs(0) —\
>
ex_rs(1) —/
\div
>
ex_imm]| /

5 ALU Ok
Fig. 5 Extension of ALU

. £RT7TRITIANG, mRREDT AL, HRAXA
AR DER 2B L 7z,

3.2 N—FUTT7EADEM

HW EBADBINZDWTIRN S, Rocket-Chip N\ DL
FCRDIBIMZIE, 1:ALU OHLR, 2: B Unit Z{EmK, 3:SCIE
DIEBR, 4RoCC ~NBIMD 458D 2Rt 5. /2, Hid
TA5FIEE LT, HREXLGTDOHAHETE EIRR DGR H
NETH 3.
3.2.1 ALU O#i3k

12HIE ALU Z4RR$ 5 /7ETHS. B 512 ALUOD
X% /RS. ALU NOMIEMSE 28NS 2121, %X
3D/ OB MHFIRT, o7k e lERIEFICE
ZTH5.
3.2.2 EH Unit O{ER

2 OBIEH L < & Unit BT 2 HETHS. K61
B Unit OISRZ RS, 1/0 L QUHGIRE ST Y 2 —
NEERL, ALUNDANGESZERTIIE L. F,
XEYRT—=IANOHENIE, ALU Lo NEEE~ILF
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Unit

V

PC

|_‘ ALU

ex_rs(0)

V

ex_rs(1)

\jiv
>
ex_imm]| /

B 6 %M Unit
Fig. 6 Dedicated Unit

PC

L

ALU
ex_rs(0) p—

>
ex_rs(1) —

\ﬂv

>
ex_imm /

SCIE

>7

B 7 SCIE Ok
Fig. 7 Extension of SCIE

TV IYTERSESL L THEET .
3.2.3 SCIE Oikik

3 D HIX SCIE(Simple Custom. Instruction Extension)
ZARRT 21 TH 5. B 712 SCIE O EN Z R T .
SCIE (& 2019 fFFENTBM S iz b R & L w5 & O IR
BTHY, ALUDH <L F L7y TEREIAXEY
ATF—=I\HhEns. FEERRERNEL, 4T T4 >,
IARA T4 2D 2BENFRETH 5. HET2I12F, £
B wZZ8E L SCIE ZfEHrTREIREBIC S 2 BN DH 5. Fe
FCiRIZIZ, Chisel ZHISRWATHERETE % X 5 Verilog
BHEZ 2077 A%MAL TWS 70, Verilog & W TRIA
TZ 5.
3.2.4 RoCC

BRIZ RoCC ZHWAHETH 5. B 81T RoCC DAY
BERT. RoOCCWE7 771 —&2THY, HHELRUME
FEITTr e TR rEENMET SR HINE LT
FFEfiTtw3. RoCClnterface Z/ LT CPU a7 5,
RS1, RS2 DR ¥ 2 &L T — & cmd ZZHD , HEAGR
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(T ™
Rocket RoCC Accelerator
Interface
Processor
= 1
Core g SN ey Eg
cmd
I
resp
mem.req
Ll I_I(
D-Cache _
- -
> >
mem.resp|
. J

B 8 RoCC DMZE
Fig. 8 Outline of RoCC

ERDD7 RLREELT — X resp ZiRT. 7—XDPH
B D1, valid, ready, busy (§5Z AW THIHIX ATV 3,
%7z, RoCC 2*5 Rocket 27 DF v v a2 XEYR FPU
WCHEHREL, H2E%2E L CHEHBEWURZTOE 2 Z & b6
TH5.

RoCC &, #RXLAMTHDOARIA—-F1DIZDF 1D
D RoCC 25T 5 Z MW TE 5. Rocket-Chip T, BE
WZH Y T D RoCC BFEEINTNWSEODOT, bz LHFE
LTHESTIRENDH L. F72 RoCC I, status LI AKX
D mstatusxs 12 0 LA DHEZFREL, DWAXLGDEHE

T332 TCEHETS. B 91X RoCC THEIET2@MHD
74—y bTH%. RoCC THNET 2MBDT7 4+ —< v
MIR XA TDATHS. funct3 & AR LmahFEH
TEBZUVIRRERT. iz, funct? ZHWVW3 Z & TULHE
DOERVARETH D, 1 DDA Ra— FTHEMOMEEE
KETLZ e TES.

3.3 E&H

DUFTId 3.1, 32 TN LLREFiEEL, abs @H
Bl 5. RS1 Ot fHEZEE S 5. funct7=0x01,
fucnt3=0x07 T custom-0 D F R — K23 2 BHE
DHBERSI W TTH 5.
3.3.1 VY7 bUz7EOETR
3.3.1.1 spike

spike ND abs i OEHEFEIRIILIT O X S ICER L /2.
sreg_t tmp = sext_xlen(RS1);

if(tmp < 0) WRITE_RD (sext_xlen(-tmp));

else WRITE_RD((sext_xlen(tmp));

9, TSR Y R & tmp IZ RS1 OIEZ TS5
LLUTHNT 2. I tmp DIEZ B L, B85 ERK
BEML, TN SEE Z D% ISR LT
RD L IR RIZEXIAL.

R BRER~ 27 n 23 5. B 10 12 abs a4
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DYy b7 4=V REER LI~ v %/RT. MATCH,
MASK O~ 271X, sty b 74— K% 16 EBUICE
BLERRza—ReRoTW3b., MATCH X7 a—
FIEHST2EY b 74 — L FOIERERLIZBDTH B,
funct?7, funct3, opecode DIEZ ZDF F, ZHhLA % 0 &
L7l 725, abs aBEBINCTT % & 0x0200700B & 72 5.

—} MASK 1%, Ta—FTHHATIVE Y MIBEZRE
T 5720DHDT, funct?, funct3, opcode DETDE v b
lel, #ZhlA2 0 L=2RDEE 725, abs BT
13 0xFE00707F ¥ 72 5.

DECLARE 3 MATCH, MASK ¥ ai55 D& 1% 51802
EFET D78 T, abs i DEHNCT 2 AT ORIRE 5.
DECLARE _INSN(abs, MATCH_ABS,MASK_ABS)
3.3.1.2 7EY73S

RIZTHYTIADH AR LAMTDENE T 3.
EHD~ 27 1l, spike THEEL - 3EEE AW

7Y T TAD abs HDERILT D L S 1FR L 7.
{7abs”, ”1”, ?d,s,t”, MATCH_ABS, MASK_ABS,
match_opcode, 0 }

Wz 5 D%, S kR at, HHT AR Y
K, 232 MATCH R X O@mSE2 RT3 2 E#E, pinfo
B o TV, FHTZIART Y Fid~vraz2HWT
f8ET 5. F7z, pinfo lHHIZ 0 & INSN_ALIAS OWTh
POEEES.

3.3.2 N—F7Ux7EOEEH

3.3.2.1 ALU D3R

X 11 12 ALU ICEHIL 7= abs @5 QLG R % 77T
ALU THRO@HOEE 5 ¥y bACHRL, fHA16 12
abs M HEIRLTWVW5.

WUERLARTIE, rs1 O MSB 22 TOE v b & HEthivamE
METW, 02 1 2MET 2. HfiEEOH 2~
FIL 7 RELTERIETNS.
3.3.2.2 EHH Unit DEM

K 12 1T abs i D A% $ 2 Unit Dt &R .
ALU OHEIRFERICMA T, B 2—1 2 1/0 ZH L E
FELTW3S.
3.3.2.3 SCIE Oii5&

& 13 12 SCIE ~JBHI L 7z abs 5 DYLIREE IR Z R T.
verilog CAUHEIRZBML TW5.
3.3.2.4 RoCC

1412 RoCC NEM L 7= abs i Dt 2R 3. RoCC
DI0IE, EREINEET 22— LOMKTHHETS. b
IAAMEERS . Deache W ZEH L TWiz .

4. B LIEHAX LGS

AEHTE, FIMTRELLFEZHOTEEZITV,
H:fb*ﬁ;ﬂt?‘%) R2WICHELEIAR LGS ERT. HE
BRI B S e LTHEELR. F/= fact, pow

it
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31|30| 29| 28| 27| 26| 25| 24| 23| 22| 21| 20| 19| 18| 17| 16| 15| 14| 13| 12| 11| 10| 9| 8| 7| 6] 5| 4| 3| 2| 1] 0
funct? rs2 rsl xd [xsl|xs2 rd opcode
roccinst[6:0] rs2 rsl 1111 rd custom0/1/2/3

9 RoCC TEIffF2@mB74+—~<v b
Fig. 9 RoCC’s Instruction Format

¥y h%S[31|30]20|28]27]26|25]24]23|22]21|20|19]18|17]16]15|14]13]12
aBs |ofofofofolo]1] rs2 is1 [1[1]1
7

MATCH 0 2 0 I
MASK F E 0 |
eyt®s|11[w0[o]s[7][6[5]4a[3]2]1]0

ABS rd [oJofol1]of1]1

MATCH 0 I 0 B

MASK 0 | F

10 abs fiHOE Y F 74— F
Fig. 10 abs Instruction’s Bit field

val SZ ALU FN =5
def FN_X
def FN_ABS = UInt(16)

def isAbs(cmd: Ulnt) = cmd === FN_ABS

val abs = (io.in1 ~ Fill(xLen, io.in1(xLen-1))) +
io.inl(xLen-1)

val logic_abs = Mux (isAbs (io.fn), abs, shift_logic)

val out = Mux(io.fn === FN_ADD || io.fn === FN_SUB,
io.adder_out, logic_abs)

11 ALU OikiRaCd
Fig. 11 Extended description of ALU

val SZ ALU FN =5
def FN_X
def FN_ABS = UInt(16)

def isAbs(cmd: Ulnt) = cmd === FN_ABS

class AbsUnit(implicit p: Parameters) extends
CoreModule()(p) {
val io = new Bundle {
val dw = Bits(INPUT, SZ_DW)
val fn = Bits(INPUT, SZ_ALU FN)
val in1 = UInt(INPUT, xLen)
val out = UInt(OUTPUT, xLen) }
//ABS
val abs = (io.in1 ~ Fill(xLen, io.in1(xLen-1))) +

io.inl(xLen-1) io.out:= abs
if (xLen > 32) {
require(xLen == 64)
when (io.dw === DW_32) { io.out := Cat(Fill(32,
abs(31)), abs(31,0)) }
}
}

12 EH Unit Ot

Fig. 12 Description of Dedicated Unit

M, B 15 I1IRTHY VR ERAWTL— SR X8
L TEELE 72 SWIEHADHRZX L5 DB

© 2021 Information Processing Society of Japan

setinline("SCIEUnpipelined.v",
SIIIIII

|[module SCIEUnpipelined #(parameter XLEN = 32) (

| input [${SCIE.iLen-1}:0] insn,

| input [XLEN-1:0] rs1,

| input [XLEN-1:0] rs2,

| output [XLEN-1:0] rd);

|

| /* Determine if the custom instruction is 0 or 1 */

| wire customO = linsn[5];

|

| /* Mux the operands. */

| wire signed [XLEN-1:0] rhs = rs1;

|

| /* Perform the computation. */

| wire signed [XLEN-1:0] abs =rhs >=0?rhs:
~rhs+1;

| wire [XLEN-1:0] result = customO ? abs : O;

|

| /* Drive the output. */

| assign rd = result;

|

|endmodule

""" stripMargin)

13 SCIE ORIk
Fig. 13 Extended description of SCIE

x 2 FEmw

Table 2 Implement Instruction
name | behavior
abs rd = |rsl|
inc if(rs1 =0) : rd = rsl 4 1,else: rd = rsl 4 rs2
dec if(rs1=0):rd=rsl —1,else: rd =rsl —rs2
pow rd =rsl"rs2
fact rd = rsl!

1%, 3.2 DUEZEBHETITS Perl 70275 A% ERR L -ff
HAL7.

4.1 EhfERESR

H AR LS OEEMERRI, riscv-tests LARY b U &

SErOER LNy Fv—22, RTILY I 21 —X&
verilator Z Wz, I 2L —RDOH T 745, A
AR N DOFEAT L HAEMR 2 L L 7.

RoCC IZ X 2w WFITIE, WET —& 2 H1X¥ GTK-
Wave % W2 HER DT o 72, B 16 I fact @4 T 10/%
FITLRROWE T — 2 2R3, valid (EEHNEDM CPU
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class AbsRoCCModulelmp(outer: AbsRoCC)(implicit p:

Parameters) extends LazyRoCCModulelmp(outer)
with HasCoreParameters {

val cmd = Queue(io.cmd)

val funct = cmd.bits.inst.funct

val doAbs = funct === UInt(0)

val doRead = funct === UlInt(1)

val abs = (cmd.bits.rs1 ~ Fill(xLen, cmd.bits.rs1 >>
(xLen-1))) + (cmd.bits.rs1 >> (xLen-1))

val doResp = cmd.bits.inst.xd

val stallResp = doResp && lio.resp.ready
cmd.ready := !stallResp

io.resp.valid := cmd.valid && doResp

io.resp.bits.rd := cmd.bits.inst.rd
io.resp.bits.data := abs

io.busy := cmd.valid || busy.reduce(_||.)
io.interrupt := Bool(false)
io.mem.req.valid := Bool(false)

® 14 RoCC Otk
Fig. 14 Description of RoCC

when(stateReg === process){
when(count === 0.U){
stateReg := output
} .otherwise{
fact := fact * count
count := count - 1.U

}
}

B 15 v xOLbH)

Fig. 15 Counter description example

2755 RS1 OfE 10 25 X, stateReg 23 0x01 D7
HEFITLTVD Z DR TE.

4.2 H®

% 3,% 4, % 5,% 6, & 7 Chisel, Verilog it TD %%
T AT RS ALU Z24R5R S 2 /5EIE, WNEOHRRD
AL DIDMDITIEL IR TH R D RVIIARETH -
7. BH Unit 2ER T 2 7K, HLLEY 2 =L EIER
UECER 2 T 2 B D % 728D, Chisel & HW7z3tb T
X 2 BHICEEREDNZ L #2572, SCIE 23RS % /I T
&, PORBINI I RZ LAMHEHDEY 2 —1D7=,
HH Unit 2R3 2 ik 3 % &, Chisel sRibidA
77 %. L2 L, Verilog TOitibE X RoCC N\DithE
WCRNT 2 H/HICZ W, 20U SCIE X EH Verilog st
LTED, fhoFzikik v 3E W Chisel 225 DZEHTIZ LWL
PHErEZBNS. RoCC W2 77T, RocketCore
YORHIEEERL Y ZAZD7 FL AR YD & Vil
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FEORAREITHICR DL { o7z, Chisel ¥ Verilog & D
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144039 ns

clock=|

io cmd bits rsl[63:0]=
io_cmd_ready=|

io cmd_valid=|

io resp bits data[63:8] =
io resp bits rd[4:0]=|

io resp ready =|

io resp valid=|

reset =

stateReg[1:08] =|

16 RoCC 1252 L7 fact DT — &
Fig. 16 Description of RoCC

R 3 abs MHICBT 2 XFATRILEK

Table 3 Comparison of the number of characters and lines in the abs instruction

T8/ SCFHR Base ALU Unit SCIE RoCC
Chisel 46511/1844003 46522/1844661 46541/1845205 46536/1844862 46549/1845185
Verilog 246692/16964301 | 246720/16967397 | 246747/16969446 | 246960/16977016 | 248157/17073546
£ 4 inc MHICBY 2 LFATRILER
Table 4 Comparison of the number of characters and lines in the inc instruction
T8/ SCFHR Base ALU Unit SCIE RoCC
Chisel 46511/1844003 46522/1844663 46542/1845238 46537/1844893 46567/1845603
Verilog 246692/16964301 | 246712/16966475 | 246733/16967896 | 246961/16977055 | 248217/17072174
R 5 dec MWITBI D FATHLILE
Table 5 Comparison of the number of characters and lines in the dec instruction
T8/ SCFHR Base ALU Unit SCIE RoCC
Chisel 46511/1844003 46522/1844664 46542/1845240 46537/1844899 46567/1845603
Verilog 246692/16964301 | 246740/16969558 | 246761/16970982 | 246973/16978333 | 248217/17072174

R 6 pow MHITBI 2 XFATHILE

Table 6 Comparison of the number of characters and lines in the pow instruction

T8/ SCFHR Base RoCC
Chisel 46511/1844003 46577/1845843
Verilog 246692/16964301 | 248209/17183549

R T fact MWITBIT B XFATHLILE

Table 7 Comparison of the number of characters and lines in the fact instruction

178 SR Base RoCC
Chisel 46511/1844003 46577/1845863
Verilog 246692/16964301 | 248209/17183549
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