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1.1. EISC MICROPROCESSOR

12

1.1 EISC microprocessor

1.1.1 EISC processor overview

EISC(Extendable Instruction Set Computer)+= Advanced Digital Chips Inc.(http://adc.
co.kr, 0% ADChipszt E7)olA et Bedo] A opAEAZA, UBY 58 Fof
(embedded application)®ll ] A3}H Y& o] & A&ttt o] & f3to] EISC Z 2 M| A o}7]
gAe Mze) o 4PAY IFE FE 228 2018 FUAE 278 59
HA2HE AFTZH ol WE HEE Eole W= ARkl o2l st
Az e FehAF ZoF o] 2 A} RISC(compressed code RISC)2] 3 Wi}
ol §AFSHLE, BISCERE o] SolA) o, leri 2 Bt ZAg WY WolS
o] &3le] st A WAoo A A 2] Zk(immediate value) o] L} 9] (offset) &
AfEA H2E 4+ e Ao g 42 FomH, %ok Welold AJEals RISC
oI BAZ} Hol & 3 g ARe TAE AANATE BHE AU Yo,
EISC Z2 MM+ 5@3; RISCE} % Atetr g steglo] JE7 vl Tesitt
1ol lojA] CISCL} F-AF- 0] o=z CISC
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1.1.2 Processor Family

EISC Z2AAE 7. 1104 vebd 213 Zo] 161 E, 324 E, 641 E Z 2 A A2
2 Rol A, 328 E npola® 2 AAY A A5E 7IELE vlo]lag Z2AA Y
A ne]la 2 AEEH AAFS $3% SE(simple EISC) processor2} AE(Advanced EISC)
processorw & 2 o Zth ZF 2 A A o] T gl A s A2 Z2AA HrdE X
Shw A

High End Microprocessor

AE64K _ *50+MIPS

=1 eRobot Control

eMedia Processing

Main Stream Microprocessor
¢50+MIPS

eControl and Data processing
eGeneral OS Support

Low End
SE3208 Microcontroller
Under 50MIPS, for Control purpose

SEL608

Figure 1.1: EISC processor family

13 = W% (code density): T= EE dutd o=
=1 Z_]— Ken

FE Wt ads AL 2L ZRaPL

sQe 2ee] A7)0 A48 Fshe] At GahA,
Y 2 2= yeths 42 ovgt
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1.2 AE32000C-Lucida Overview

AE32000-> EISC & o] Al of7| " A& 2|83+ 320 E EISC o] A o7|H 24, 1L
A5/ AAY nlolaz AEE# 2 tpdst ASSP(Application Specific Standard Product)
oe] HL{S HFHo 7 Yt AE32000 o}7] € A= RTOS(Real Time OS)¥ vt o}y 2},
Linux9} 2o] MMUZ} £ 75 % QubA ol 0/S2 A48 4 gon, 288 Ogm7 7159
st ok AE32000 o718l A= ool wel 374 74A9 S+ 54 Hx 22 AAE
2718 4 QRS 1 o] Fo] §o|shet.

AE32000 of7| gl x= Z7] o3 o] Fo tHA 723t WA AE32000B ISAE A A,
SIMD-DSP 7]50] )2 7315 AE32000C o}7|d A 2 WA= gon, ) dmrd oz A}
{5 = AE320007]8Fe] Z 2 A A= B5E AE32000C HElo] Al o}7|d & 7|uto g st
9t

AE32000C-Lucida ZZA|AE= d¥bd o2 AE32000CZ 535+ AE32000 ISA revi-
sion C& 7|tes 739 wlolag Zz Aotk AE32000C-Lucida ZZ2AA = Ver-
ilog HDLZ|WF] Soft TPHEfE FHotx Jerm=, HESY, AoAe2, 7bd Zoks AT
ASSP(Application Specific Standard Product)& W] F3F t} &3t SoColl A A& 7153}

B z 2 AE 7]£9 AE32000B-Calliope Z Z A A AE32000C-Lucifer = 2 A A<}
HlEste] ol e 422) 9] TAAS FARAM, AT A AE Yol F AP
ZH AT A LA o U A4S Ho|=5 AAE Ik AE32000C-Lucida Z 2 A
Ae 2. 1.29 2 FE1E Ay 9o, AE32000C-Lucifere} 8] 2L 3}o] sF=9 o] 2 Q1
wro] gold A AFE 023t 2ok

o AMBA 2.0 AHB/AMBA 3.0 AXI ¥ A9 (A9 7}%)

o JTAGES 58 2z Edo]/studo] T A

_ 2] dE AEe e

— 8-bit ©919] SIMD 7|5 73}

— Write-Buffer®} Line-Fill BufferE %3} w2 cache line-replace 2]
— Cache locking A

— Scratch-PAD Memory A ¥
e 477 7
-4 A2 23 2 714 SRAMY 52 71742 F

~ Loop-Buffer 4§02 A3tel, T2 Felol wet 3o} A4 P2 glo] =
AN 58 s

— 349 28 TLB T2

J?i
ot

Kl

l

o 774 7hed Wi A7) A4t/mRe 24
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fast 110 S debuaaer
interface — % 99
JEISC
integer core — inst. / data
— SPM
MBMU inst. cache data cache
e inst. BIU data BIU
Master Slave
AXI/AHB interface AXI/AHB interface
Figure 1.2: Processor Block diagram
1.2.1 7]-‘5——%

e EISC Instruction Set: AE32000C
AE32000C-Lucida Z 2 A= A% 328 E EISC Wa o] Al o}7] el x] ol AE32000
%] SIMD-DSP 7% 9] 7315 AE32000C H&o] Al o}7| &l X & 7|uto 2 31 §)
o}

e DSP Capabilities

BoplA Sl A5 g G717 A3k
o] MAC<2} Sum—Of—ProdutsE]- Q% a5t A Ak
WeolE U Asha vk A% A2l S8o) 245N vine AL ALY A

F4 BEE AFUCL

¢ Memory Management Features
AE32000C-Lucida Z 2= AFSARS] ThFet 8770 F-&3517] Asto] Ao
ZFo A et WEE AT BT 75 3T 4 9+ MBMU(memory bank
management unit)2} HEo] OSE F3lo] MU HEe HdAL 23T ¢+ Y=
MMU(Memory Management Unit)< A|-&3t™, MMU®| 452 73}st7] 93to] 2
@A 9] TLB(Translation Lookaside Buffer)& Al & 3t}

O:

e Decoupled Instruction Buffer and LERI instruction Folding
AE32000C-Lucida ZZA| A= W&ol A& H49 mre {2 Ado i A5

N, ibedded mi
ew em| led microprocessor. —?E,sc
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a2

Zo|31, LERI §ejo] 282 71&57] 95t ¥o] A% BA o]
ehel Abolo] Wedo] MHE AHA 3 gk

[kl

ol

sho)

Dynamic Branch Prediction
AE32000C-Lucida Z Z A /Hb BTB(Branch Target Buffer)& 7|Wto 2 52 E7] o

g 5qsto) Br)o] W2 4% AskE A4 kw Ark

Loop Buffering

AE32000C-Lucida Z2AAE 7] o] % 715-& $31o] AP Loopg iH2 +P3he
HA A F74A QA o] o] thak H2 flo] W] WA i HIwe
2 Z2AAL $HE 5 YRS o] 4% FHL EEHE A0 AY 4R

Folm gtk

Configurable Cache

AE32000C-Lucida ZZ M A= Soft-IP FEjo] Z 2 MAZH 7|AI A7 HEHE
23T 4 Stk AE32000C-Lucida®] HAl= A QA w22 FFo thsto] zHzk 74
Al A3} o 2} write policyE 2 4 At} TS cache lockingS E3to] Wl
3] AFEE = FEo] 7jA)o A &Aoo 7 EA5HA e = 21, cache coherency
EAS9 oo uwl X FZ7H9E invalidationA] 2 4~ o} =3 73231 Line-

fill buffer/Write buffer®] 2}-&& S3lo] W2z HZ A AL a3}

Scratch-PAD Memory

AE32000C-Lucida Z2A A& 7WAI7F QX 32 $& Hof, T2 AN A7}
FZEE 8 Bopil A AT = AT E tpeFst FJej2 A F SPM(Scratch-PAD
Memory)<& Al-&stt SPM2 ZE2AM A A 1 cycled] HZ 7Fs3tEE AAE v
wefolrh.

AMBA AHB/AXI

AE32000C-Lucida Z 24 A= AMBA AHBS9} AXIZ A Qa2 g, Ab&te] @ o
w2l AHBE 7]RES R sk A|2adolu AXIE 7|HEC & &l A|2E BT A&
et}

Fast IO interface
AE32000C-Lucida Z Z M| A+ System Bus ©] 9o ¥ X 9] internal Bus <1 E 3] o]~
£ 71R 12 Attt o]E E35}o] Interrupt controller, Timer $& Direct® F2T 5

st

JTAG debugger
JTAG debugger+= EISCZZA| A oA A|F 3= ICE(In-Circuit Emulation) tj¥ 7]
ZlsomA, z2adHoA 223983 YWY T 5 = 75 AFsith

New embedded microprocessor...
Advanced Digital Chips Inc
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1.3. TOOL SUPPORT 16

1.3 Tool Support

o] AoAl= AE32000C-Lucida ZZAAE o] &3te] Bt=go]/AZEY ]S 7|ttt
St AFE 713 EDA A A =2} Software development tool chaindl tf3to] 7HeF3]

e g

1.3.1 EDA Tool Support

AE32000C-Lucida ZEZ N A= Soft IPHERS] =2 M A2, EA EDA E9 thdl &4
o] gleng AMEzLe] Hold upgl EDA £& A 3te] AT = itk o, AE32000C-
Lucida ZZ AN A& A2kl dejo wel RTL & &2 Protected RTLY} synthesis model
o] AEE ], Protected RTLo] 1} synthesis modelo] AZE uj= AlR3= EDA & &
ZF A AR Yofo Al FHsL] Ajet REllg wolof ghrt. AE32000C-Lucidat= T34
Z-Z EDA =0 tsto] £ 9 ScriptE A ¥kl glen, th-& EDA toolol] tiaiA=
24 ot AT

e Logic Simulator

— Cadence®)Verilog-XL™ NC-Verilog™, TUS™series
— Mentor® Modelsim™

e Synthesis and DFT
— Synopsys® Design Compiler™ DFT Compiler™
— Synplify® Syplify Pro™
e Static Timing Ananlysis
— Synsopsys® PrimeTime™
e FPGA prototyping
— Xilinx® ISE™
— Altera® Qurtus™

1.3.2 Software Development Support
AE32000C-Lucida 7]%Fe] SoCol A A2z E9o]E 7| aad uf t}h23 28 7/ =g 3=0]
ADChipsoll A} A€t}

o IDE(Integrated Development Environment)

— EISC Studio™ Develop Suite: EISC ZE2A A 7]8ke] A|2~H-E 7utsl7] 9
3t 53 k 317 © 2 A, Microsoft® Windows™ 3} 3ol A AL& 7453t
(19, 1.3 #&=x)

e GNU 7]1%+9] tool chain: GNU 7|¥ke] Zutd 2]/t A /A Ed o EE A& 3t}

N, ibedded mi
ew em| led microprocessor. —?E,sc

Advanced Digital Chips Inc
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— GNU C/C++ Compiler
— GNU macro assembler, linker
— GNU Debugger (GDB), Insight GUI debugger

— GNU instruction set simulator

e ESCAsim: EISC system perfromance simulator

=13

=

Sl

1l

293

I o=, 7
, olel dsfiAE &

ol
Ay ool Al

fu

Aol =&<

g O/S7F Ale=

=]
ful

Menu & Toal box

[EISC Studio] - [test.c]

olution Explorer

[FIstartPag” [Ftestc

sk 2ol Hefe], oA =
o5t @t

=

9}

7 ell

gl

bject Explorer

ihx
~|F & samobase
void main() = {& sram_base
= (1 Source Files
acklll:
vhile(1) csche_config.c.
o3
hputch(hgetch()); erls
. extenal_-merory ¢
Edit inerutc
time-c
\NindON unsigned long cre, check, i3 varte
char in_frame[20]; -
char out_frame[2]; =11 Feader Files
include/cazhe_configh
core_interrupt_disable(); inclde/exemel_nemory.h
core_nni_disable() include/register_map.h
tiner_set(); include/iirerh
- inclLde/uat h
include/uatcomple, 1
core_interrupt_uservector(); P
core_interrupt_enable(); = (3 LinkScript File
core_nni_enable(); 2] ae3000.0c:
Zleglatile uncigned <horte)( P 33 ~ (3 Independent Fles
B >

- build Connand Start ——-
C:/cygwin/bin/make —F Makefile.e binary

2032000-¢1F-gcc -g -Wall ¢ -0 bbj/2e32000.0 2e32000.c
2032000-¢1F-goc -g -Wall ¢ -0 ohj/cache_config.o cache_config.c
2e32000-¢1F-as  -gstabs -o obj/crtd.o crtf.s

2e32000-¢1F-goc -g -Wall ¢ -0 obj/crti.o crti.c

-g -wall

2e32000-¢1-goc -¢ -0 obj/external_menory.o external_nemory.c

Feady

2c32000-¢1F-goc -g -Wsll  -c -0 obj/interrupt.o interrupt.c Execute Result
In file included from interrupt.c:48: -]
51 Build | g Findi1)

Ln 2.Cd 2 UM

Figure 1.3: EISC Studio,IDE for EISC processor,for

Microsoft Windows Environment

Lucida User Guide
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1.

]
—

o

4 o] FA | thstod

A= AE32000C-Lucida Z2 A A S o] &310] st=go]/AZE S 7232} 3}
AR S0 A AE32000C-Lucida =2 M A2 A2t AL WS da37] 93 =

N,

o AE Yk B 2AE A48Tl oA thed e e Fuse

!—J

e B EAL EISC Beol A 017 8A AAL AE32000 1SA AAlo] thshe] xpals]
o210 YA forvz T AFGS H 7] $a A =“AE32000: Instruction Set Archi-

tecture Reference Guide” & ZFR3}IA A L.

-

e B BAL FEgo] B amegoldd Bed AT ARE AT N
AvAel 743 Aol skl Jeshe £
“AE32000C-Lucida: Hardware Reference Manual’ & 3!

st
QHU
s
=
=
L
)
X
-of,
>
>,
o9
flo rr

M dool oste] ARgAelA EEe AIjle] AAE + Sy

A AHgAEO] AHE ST oA BT ] gles W8 AEHS

O}, Stedo] Al R Aoy A4 Ve A LR/ EAT 5+ o,
A 71ed U& Jo 2FZ 93t FAo ts]A+= Advanced Digital Chips
Inc.oll Al AJQAA st wepx], ARGl glojA #A|7F A et AHYE 9
A AR Yool Al F2o /1 HA 7] v T

Aol YgAo 2755 LA HF eiscladc.co.krZ AZTFA|H ZA] 5=

s
r{u

£ r|r

0 0 Mo

o,

=
=

1.4.1 #H BEAE

e AE32000C Instruction Set Reference Manual: AE32000 = o] Al o}7] &l #] o
o3 AukA ol Abga) g ol thdh A A&tk AE32000C-Lucida 2 4] 4]
718k SoCo A =2 aAE A st AL AL Ao el W oo zHA s
2ol "t o] FME Fshe] Fud = Tk

e AE32000C-Lucida Hardware Reference Manual: AE32000C-Lucida®] =9
A A E AA tht AFFE A=tk AE32000C-Lucida ZE2 AN A& ©] &3}
o] SoCE A TAF 3= MEAe] AL D Qo ulg) o] BAE E3}o] AE32000C-

Lucida®] A&3 52& A0d & 9t}

142 oFo]9} 8o

1)

 TRCIED

A A RS AbE 103052 275 0] vk o, tha o] BAHeR X
F713 AFE o= o

e 0x00ff00cce} Zro] 0xE <&} o) Zo] 7193t A= 1634 eI

e ’h00££00cc Zo] *hE %A okol To] 71T AL 16155 e,

New embedded microprocessor...
Advanced Digital Chips Inc

Lucida User Guide

“YEIsc


eisc@adc.co.kr

1.4. o] ¥A| tjs}o]

19

o ’b110010108} Zo] *bE %3k Foll Zo] /YT A=

[\

W42 e,
e 2o we nih b EFOAE s2ht 80bs) 2ol 2ol B HIER B1% A
WAdes B72 4 Yok
2) 9Fo|(Acronyms)

o) BAGIAE BAY 1AAS Aol BAY BT ol B | §HEE Gk

ADChips Advanced Digital Chips Inc.; http://www.adc.co.kr

ASSP Application Specific Standard Product: &3 3-8 F oo tjjsto] HEA 97
AT = AEEF TEolR SoC AlF

CISC Complex Instruction Set Computer: 7} Zo] Wa ol & o] &3}o] T3t 5

Aol 3t Bl S Ho kel ALgIHE ob7IEA. Inteld] x860] HEA .

EISC Extendable Instruction Set Computer: ADChipsolA] 7]@= CISCS} RISCE
EAE AE3 £831 WFY 58 Eokembedded application)®l] A3t E =
=03 of7| Hl A.

RISC Reduced Instruction Set Computer: ZFeHol S 20hS W o] 2 FL &1, 9]
Welel A7 28 U0z ANAY 4wl
RISC, Sun-SPARC, IBM Powers o] )& 2 9.

SoC System-on-a-Chip: ¥F= A9 11 HAAS o]&35lo] AA A|2EL dFte] Chip
SJol AR 2

EDA Electronic Design Automation
SIMD Single Instruction Multiple Data

MBMU Memory Bank Management Unit: W22 W= 2 A H W3 9o AAS
A AsE 4

MMU Memory Management Unit

TLB Translation Lookaside Buffer

1.4.3
of AL SR X7t BRY B9, 54 npast 42 o] 3te] olF vehgy

=5

7]
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1) Az
AO] HRo|= A3 ¥ (Warning Notice) 7} S0 7tk
o] HEo] ATEL maA A Ao QoA L 223 AFELS T3eT
Joeug, WEA] 7]9sta glojof 3w, o] FE W§o] FAHE ¢ 22
A7 L5ZstAY, F8/d5 ABAY 4F= € & Aok
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2.1. OPERATION MODE 22
2.1 Operation Mode
2.1.1 Operation Mode
Z2AA 54 REE A A Bl Qold HFAE Fo)7] sl AgHTh z=
MA SZel] G2 vE F e T8 Ad 2 wRe Yo F2 AT Fof, A%
of gl A8 B mzae] s me Al A2 el WAL AL FE Aol
AE32000C-Lucida Z2AA = b5 22 F 7H4] R=F5 AUl Jrh
e Supervisor Mode (#&A ZE)
FeAt REE BE Ao HF o] A5 REZA, 089} o] A e
Y9 =250 s mrolth
e User Mode (AI82} 2 E)
A].ﬁ.;(]. SR A].B.;(]. _z_ij_aﬂo] _/r_ Ql— DI:E/\-] o]tl]- ,Q_r:v/] _;_ij_aﬂo] T5
H & REojth ARGAF REOA = ARGAM A @FH Aol tid Fvke] hs
ahul, B ALg Aol A B A 9 Aol F2oHe B$ access violationo] LA
3t} Access violation2 System Coprocessor Exceptionol] 3] @33t XA SE &2
2548< x5t v
Zy 2 AA T2 R ugl 7o) ~H 2 9lE (SP;Stack Pointer)& A Yl L
o, Yy 31 dA2H D 55 54 gALHe FHAT 2 Z2AMA S22 2ES
AHESE| RlolM= Z22eiY =J(0f oS A8 QI E Aol =0{0F2F StCt. 2pA$H
W82 29 pages Fxot7] uizich
2.1.2 =ZEAAN T8 BT ¥H
Z2AAE g HANA Z2AAY 54 RES WAs ek s 497} BB,
ZeAAe 54 =S WA 18 e 29s $Ee SET/CLR BHe o435
£ ogolth of e g mad Z2AAY 54 RES WAND & ke 3R
AU A g, o]z el ZEZA| A A T2 wgkE & 5 Jthe AFAAS =St o
B8 YA SYNC W&} Zo] AbgFojof sttt gubd o g SET ¥E S &3t Z2AA
54 mES] WRe meaY 4y 270 A8% RERY AU 95te] AL P9
ojglol= HEF AHES AHA| dfof gt
AgAp mEGN BelA RERo) A4S AHPEE o fale] £AD 4 Utk e
2 AHHEE 0|85t Z2AA T4 REE WA ol & yehdth SWI Exception
of sl 28 g AAFHA AE] @A 2 E (Status Register(SR))2] Mode bit! S 7FH 2 o7
WAsel ZAA 54 RES WRC
// process mode is changed to user mode
#pragma interrupt_handler
void swiO(void)
'SR} 15,99 ¥ EE vebdiol, A e Y& 22189 SR B8-S F23}17] v}
e et s oo Y EISC

Lucida User Guide
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2.1. OPERATION MODE 23
{
__asm__ __volatile__("lea (%sp,0), %r6");
__asm__ __volatile__("lea (%r6,84), %r0"); //RO : stack pointer where SR live
__asm__ __volatile__("1d (%r0,0), %ri"); //R1 : SR
__asm__ __volatile__("or 0x8000, %ri"); // change SR to user mode
__asm__ __volatile__("and Oxfffffdff, %ri1"); // SR[15]==1, SR[9]==
__asm__ __volatile__("st %r1, (%r0,0)");
}
// process mode is changed to supervisor mode
#pragma interrupt_handler
void swil(void)
{
__asm__ __volatile__("lea (%sp,0), %r6");
__asm__ __volatile__("lea (%r6,84), %r0"); //RO : stack pointer where SR live
__asm__ __volatile__("1d (%r0,0), %ri"); //R1 : SR
__asm__ __volatile__("and Oxffff7fff, %rl"); // change SR to supervisor mode
__asm__ __volatile__("and Oxfffffdff, %r1"); // SR[15]==0, SR[9]==
_-asm__ __volatile__("st Jr1, (%r0,0)");
}
N e e YEISC

Lucida User Guide



2.2. REGISTERS 24

2.2 Registers

AE32000C-Lucida ZZ A ANAE 9709 54 54 &) 2 2E](SPR;Special Purpose Reg-
ister), 271 2] &€ 3 Q1] (SP;Stack Pointer), 167]2] H-& & X 2] (GPR;General Purpose
Register) 7} Al &-H t}.

e SPR : SR, PC, LR, ER, MH, ML, MRE, CR0, CR1

e SP : SSP, USP

e GPR : RO, R1, R2, ... , R4, R15

2.2.1 Special Purpose Registers

AE32000C-Lucida ZE2 M A= ot 22 9719 E4 24 FAAEHS Z2AA 57
B wE 279 2 2AEHE Al-Frt

e Status Register(SR)
AE32000C-Lucida ZZ2A|A 2] AE] HAAElE Z2A| A it 7|22 Aeta
2 AAY o e FEE AU ok TH 213 2212 AH HALHY
7t 422 vehd.

7 6 5 4 3 0

31 28 27 24 23 20 19 16 15 14 13 12 11 10 9 8
Prggﬁfy‘” ‘ Version ‘ Revision ‘ Reserved I\ljl(’o:;d;é NMI‘ENI‘ vi | g |fnda n?élgcé L ‘ c ‘ z ‘ s ‘ v ‘ iisv:;":g ‘
) el Ex';a:i"” Endianess Lock Camy Zero Sign  Overflow
Maskable Interrupt
Processor ID Tag Auto-vectored Interrupt
Enable Interrupt when VI = Proc. Mode[15,9]
00 Supervisor Mode
10 User Mode
Figure 2.1: 48] dA]2€ AH
Table 2.1: ZJef S| A 2ES] 2 vE Ao 3 A% ¥
Tag Width | Description
Processor 4bit ZZAAY £7E el
Family AE32000C-Lucida ZZ A A2l ¢ AE32000 Family2 A ‘4’
= Adr
Version 4bit ZZAALY HAS JERdTH

AE32000C-Lucida ZZ A A A% 3 ke Adch
Revision 4bit =2 M A9 revisiong UEAT].

Revisione F43 o] A op7|elx g F4dolA upo]=2
2 opgA Ao A2 s 7tefxl Aotk AE32000C-

Lucida EEK‘“,'{%% ‘P Z)—% X]'\i]_rll—

N ibedded mi
ew embedded microproceszor- P EISC

Lucida User Guide



2.2. REGISTERS

25

Table 2.1: AYe} B A 289 ZF HE Ao @ A W (A%)

Tag

Width

Description

Proc Mode

2bit

Processor Operation ModeE 2] u|3lt}.

SRO] 15 A bit} 9HA] bite] T O ZA FAE W, TEA A
o] A4 52 vehdth. SET/CLR ¥ o]&3te] ZgA
A AEE HBAIZE 5 oy ol AFHA etk A
82 21288 Fx6y| viech

Bit Setting
00 : Supervisor Mode
01 : Reserved
10 : User Mode
11 : Undefined Mode

NMI

1bit

Non Maskable Interrupt Enable& 2] n|3ic}.
Non Maskable Interrupt(NMI)E Wol5d Z 1% Z2A

ok

t}.

Bit Setting
0 : Disalbe
1 : Enable

INT

1bit

Interrupt Enable& 2] n]3sic}.
9% AEYEES WopsY AAA A

Bit Setting
0 : Disable
1 : Enable

VI

1bit

Vectored Interrupt ModeE 2] =] 3lt}.
R AEHES A HAE vectored FAow T A

auto vectored Ao Z & AQIx] A3}

Bit Setting
0 : Autovectored Interrupt

1 : Vectored Interrupt

1bit

Extension FlagZE 2] u]dlc}.

Bit Setting
0 : Normal Instruction

1 : Extenstion Instruction

Lucida User Guide

New embedded microprocessor..
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2.2. REGISTERS 26

Table 2.1: AYE] FA2E Q] ZF vH|E Aol U A v (A%)

Tag Width | Description

Endian 1bit Endianess& 2] u| 3ttt
ZZ N A9 Endian AL ZAASIth o] H]EX Power-On
Configuration© 2 4] &2 F3kol] 3T 4 gl

Bit Setting
0 : Little Endian Mode
1 : Big Endian Mode
L 1bit Lock FlagE o] w|3tt}.
Locke Z 2 M A9 Automic processing FZrof] AAHC} o]
bite] AA=E o] Q&= A ZZ AN A= NMIL} INTZ} disable®
XY &2t

Bit Setting

0 : Disable
1 : Enable - Locking Mode
C 1bit Carry FlagE 2] u|3ic}.

o1 A4kl Aol Al Carry7h WA 39 A3 Ak

Bit Setting
0 : Carry Not Occured
1 : Carry Occured
7 1bit Zero FlagE 2| u|sity,
ol Axte] A7t 0l B¢ AAdr

Bit Setting
0 : Result isn’t Zero
1 : Result is Zero
S 1bit Sign FlagsS 2| n|sit}.
ol Aol At 49 B¢ AAdrnh

Bit Setting

0 : Positive result

1 : Negative result

New embedded microprocessor... ‘*E,sc
v

Advanced Digital Chips Inc
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Table 2.1: AYE] FA2E Q] ZF vH|E Aol U A v (A%)

Tag

Width | Description

1bit Overflow FlagE 2| n|3tc}.
ol A4ke] HAG oA Overflow7} HAY s ¢ A HAT.

Bit Setting
0 : Overflow Not Occured

1 : Overflow Occured

Program Counter(PC) Register

zzaAe] 28 Y& 27| HA2EZEA }Lof SaE ojof 3 Wl =
AU ok o, golzekel Z2AA A ofe] o] W] FAlo $eE
o2 ID BA A $xEE 988 7|07 PCFol AAFY, 277 2A4=

[e]
A% $7 24 F27 PCz 4AH

F9]) Obit> B/ 0" k= 7o

=
=
0]
%

Link Register(LR)

Jump and Link @219 E7](JAL, JALRYH)E $+33t= AF EAT F4a(link
address) S A3ttt 7oA B JPLREHE o] &3] LR AZH F4
2 2% £ gon, d FHE 7oA B7F wj= PUSH LR, POP PCY]
& o] Sequenced o] &3 S 9t}

F9]) Obit> 4 ‘0z 7tk

Extenstion Register(ER)

LERIPH & F3to] A5, 54 3tolv L A8 g3t o]&5 1, o] g
29 g2 SRY E-flag7b ‘1°91 2ol 2k validslt}. AE32000 Al G ZZAlA=
LERI Folding”| 5 A1U% 9ens, of7eH /vjo| 2z o7 8|4 s20]4 47
2 ARl E gtk whebA, ERS PUSHSH:E 4% ‘0'2] ko] PUSHS v, POP
o] Afele ZE2AAY TN 9T FA deth web, AAAQL o7 A
TZF A ERS dummyZ %23t}

©, UDI(Undefined Instruction Interrupt)e] 3%t} UII(Unimplemented Instruction
Interrupt) o A& T WHS AHHE AEHAA B3 52 3317 93
o] ER9 7+2 GAP(General Access Pointer) FEZ K &3}

Multiply Register(Multiply High(MH), Multiply Low(ML), Multiply Re-

sult Extend(MRE))

HA/MAC A4 2AE AFste dlANER2A 6481 E9 7|5 Adth A2

32H]E—E MH=, 3}9] 328 E+= MLZ A A Hth MAC 4] A o] HA2HE
2 accumulation registerZ A A% 1, DSP_EXT J4-& AFE3F 3% accumulator

2Load Extension Register with Immediate : x| Zt2 24 ERS &338l= WY

Lucida User Guide
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of 34 97 97 fekel MRE 84 A87} 2480w
PUSH/POP9]| 9J3te] A#/292 4 ¢l

HA2EHE A =
223 F¢ vz Hg PA2HE A 735te] PUSH/POPS 43

¢ Counter Register(CR0, CR1)
A% 7 vlwe
DSP d4ts E3H oz Adsty] 95t ARSdAn v 2

AE Y, F4 R wet 2t HES 57 WAL 19, 2.29} 3

BT mE Counter Registerd] 7} & AW E JehATH

— Auto Increment Mode

— Auto Increment with End-offset Compare Mode

— Wrap-around Auto Increment Mode

— Wrap-around Auto Increment with End Check Mode

— Bit Reverse Mode

31 28 27 24 23 12 11 0

g

A RES Q57 9o A AE2A, HEAQ

End Offset

/ Mask Counter

Mode Incr.

Figure 2.2: Counter Register®] 7 Z= % 2]

Table 2.2: Counter Register®] Z} I= Ao 9 =zt

4 9lt}. MRE
=, L_g] E}_o]
J3hof o ahet.

%] for loop &

F4 27 A

Tag Width | Description

Mode 4bit Counter Register?] 5%}

2)
Ta RES ARSI, A4
=

TA

e

Bit Setting

w2} Counter Register2]

0000 : Auto Increment Mode

0001 : Auto Increment with End-offset Compare Mode
0100 : Wrap-around Auto Increment Mode

0101 : Wrap-around Auto Increment with End Check Mode
0110 : Bit Reverse Mode

Lucida User Guide
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2.2. REGISTERS 29
Table 2.2: Counter Register®] z Zx Fo] W F2H(A%)
Tag Width | Description
Incrementor | 4bit Counter? Z=E2 et}
Counterel] Haijd Al+E AQFSth A= F& 49 gtol A
|
Bit Setting
0000 : 4
End Offset | 12bit HZ S yebdTh
Auto Increment with End-offset Compare Modeol| A & ko
2 AFgHEt} Counter Fhol HF # AA8tE A% Zero flag
7 A7 E T
Mask 12bit | 2 HIE AXg FFT AAA 2 g
Wrap-around Mode ¥ Bit Reverse Modeol|A] & H|E AL
38 Z2x] AABT} Bit Reverse Modeo| A= Mask?] =
715 8¥|E o]styk A A3tr}.
Counter 12bit Counter? zF& vEeERHdCTH
AR e el ke AU Aok o) Fkol index registersh
HalAA e AT FoE e
e Stack Pointer Register(SSP, USP)
AE32000C-Lucida Z2M A& 2 22A4 52 R0 ddses 28 2A8E
Ay 2 FAEE 28 dos) 249 AH (7 Aol PUSHE entry) 7
/\)E 2] A skt ~d 9] /\37531—_‘0? A A FAOA Y =4 HEEo g o]Fol R
Ch(PUSHA| F4:7} g4 gt
2 IOl ZZAA T2 2o e} shadowing® W, dA] ZZAA 52 &
o]9] 8] ~d A Ao’ HxIZZAAY A 2E(SCPRI3)E F3dte] HZel
7h& sttt
— SCPR13 : User Stack Pointer
Supervisor Mode oA USPel| 28 4 == sir).
222N 54 2ES A8 AsAE z2aey 2700 AT ad 2
£ AAs] Fojopnt grt. oju LEAWHE S ol&s AR Z2A A X—v 2o 3
Gei d 2AE e 43T 5 Aok 222NN ) oo Z2AN 57
REE ASE A9, 2 52 R E W48 7 LEA 9988 o8 2t 54 &
cof sigote 28 2 gS AL 5 Ak SHA|RL ofef o] oo} o] Al~H
HzzeA dALHE olgsel B2 REol W7 flo] thE £2 meo) A
FAEE AAF 2% Aok olu) N2® Hxz AN dA2HE B2 A
MVTC & e] Ag=th
N e e YEISC

Lucida User Guide



2.2. REGISTERS

30

/* initialize stack pointer */

1di _stack-8, %r8
lea (%r8), %sp /* Supervisor Stack Pointer */

lea (%r8,0), %r0
1di  0xf0000, Y%ril
sub  Y%ri, %r0
mvtc O, %ri3 /* User Stack Pointer */

2.2.2 General Purpose Registers

AE32000C-Lucida ZZ2A|AoA= 16719 W& HA2E 7 Azt HE dA2H
opF&E Ak §lo] A & Y=F AAFH Jdrk. 2H Y C Programi} 2ol Ag
o 2 RE A ALEHY ARGl oA Fo7F e FHTh 5 HAAE(RS)E frame
pointer2A] A= o] glorvg Qi ofdEe oA o] HALHE AT wl= FYE
71 &oloF 3ttt 8, 9 FH A AE(RS, R9)+= argument register’ @ AFRE| 22 <Qlz}of T
st A2 E Ak oJAEHE Fote] A T ] o] HAXEFY AbEoll F ko] ok
stoh. 270 o]/de] AR AHEE ARole RES AFES 2°HS o835ty gt

2A 8 Y &-LS “Software User Guide”E % 3}7] npebch.

e

ﬁl

Sargument register®] 7|4+ Complier ] A3} whel 23 WAE £ r}.

New embedded microprocessor..
Advanced Digital Chips Inc

Lucida User Guide

“YEIsC



2.3. INSTRUCTION SET HIGHLIGHT 31
2.3 Instruction Set Highlight
AE32000C-Lucida Z2A|A= A5 328]E EISC B3 o] Al of7] €l <l AE32000 =9
SIMD-DSP 7]%0] 733 AE32000C W#o] Al o}7| 828 7wog a1 ok E3,
binary =52 31 S¥8FS AU At B HolA = H =] binary encoding¥} 7k
st Wdo]e] F&o| teto] AHEER st WEdolo ek ApAS T2 @ FAEE
“AE32000C Instruction Set Architecture Reference Manual”< Z+%3}7] vlzhc}.
2.3.1 Binary Encoding and Mnemonic
AE32000C-Lucida ZZ M A9 binary encoding® 7+2F3l Mnemonic2 #. 2.37} Zt}h
Mnemonicoll AH&H AA|ojE2 Thad 22 2 7t
o dst
22 7 A 2E (destination register) 2 Mg #AAE F9 IS =tk A4k
AIE Aot Bl A 2E ot
e src, srcl, src2
A3 BA2H (source register) 2 WE FHA2H T PUE St Ak ALE-
He esdsg o,
e idx
Ad A # 2 2 (index register) 2 HE HA2E T e S3th? index ad-
dressingol| 4] Qldl~ ZFo g AR FH T
o offset
Z 2] Z(immediate value) 2.2 A4 ZHS 7}R o} index addressing, stack addressing,
pc reltive program memory addressing®l| A ¥ $] (offset) gtz AF2-E T}
e imm
=% Zr(immediate value) 2.2 A4 ZHS 7FRAth AAbo] AH AF2E AU LERI 94
=30l o3 2ol Aol AHEET
o list
PUSH, POP W ol AHgH = W& dlA2E, &5 54 dA28H IS el
t}.
o sftamt
Aze Qi) ASHE AZE A4S Gepith A5 oz 014 31 Aol9l gt
2 Ao,
4LDAU, STAU B L t}E o u]E 7H7th
New embedded mlcroproceesor,..-vE'sc
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sftreg

AzE Agel AEHE HEE 48

A A ste dASHE HE dALEH 59
ek 32vE HAILH 7hed)

shuE sh9] 5HIE7L ARgE T

flag pos

SET, CLR &l AHg5H = A5 #o=2 A= Al A2H2 0014 15 Abole] ZF HjE
= Uehic

or

Counter Register®] numberE YERATEH

cpno

Bz 32 2 M| A (Coprocessor) 2] numberE YEFATE 004 3 Abo]o] A4 7+ 71A
t}.

src_grp
UNPACK 12t A5 & A%d 719 U8 dA2HE S3th a9o] 03} 1
ol Agd F o] Eg AAN~HE YEhATh (ol 010 - 458 FAAE)

AE32000C-Lucida 2 A A o) A
2 AREA] F9 71 g8t

o rlo
|o

Table 2.3: AE32000C-Lucida 3 Z A A] Instructions : binary encoding

Instruction | f | e | d | c | b | a | 9 | 8 | 7 ‘ 6 ‘ 5 ‘ 4 |3 ‘ 2 ‘ 1 ‘ 0 Mnemonic
LD 0j0]0]|O dst offset idx LD (idx, off), dst
ST 0[0]0]1 src offset idx ST src, (idx, off)
LDB 00| 110 dst 0 offset idx LDB (idx, off), dst
LDS 0j0]1]0 dst 1 offset idx LDS (idx, off), dst
STB 00| 1]1 src 0 offset idx STB sre, (idx, off)
STS 0j0]1]1 src 1 offset idx STS src, (idx, off)
LERI 0|1 imm LERI imm
LDBU 110100 dst 0 offset idx LDBU (idx, off), dst
LDSU 110100 dst 1 offset idx LDSU (idx, off), dst
LD 11001 dst 0 offset LD (SP, off), dst
ST 11001 src 1 offset ST sre, (SP, off)
LDI 11010 dst imm LDI imm, dst
PUSH tlol1]1]o]o]o]o REG LIST (7,6,5,4,3,2,1,0) PUSH list
PUSH 1T ,0|11)0]0|1]O0 (15,14,13,12,11,10,9,8) PUSH list
PUSH i1/0(1|1(0|1|0]| 0] (SRPC,LR,ER,MHML,CR1,CRO) PUSH list
POP t1lol1]1]olofo]1 REG LIST (7,6,5,4,3,2,1,0) POP list
POP tlol1]1]o]o]1]1 (15,14,13,12,11,10,9,8) POP list
POP t]lolt[1]lol1]o0] 1] (SRPC.LRERMHMLCRLCRO) POP list

Lucida User Guide
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Table 2.3: AE32000C-Lucida ZZ M| A] Instructions : binary encoding(7]<;)

Instruction | f [ e[ d]c|blaols|7]6]5]4a[3]2]1] 0 Mnemonic
LEA(ASPO) |1 |O |1 |1 |0|1|1]O offset LEA (SP, imm), SP
MRS 10 1 1 0 1 1 10 imm dst MRS imm, dst

tloflr|1fola]1]1]1 | | ] Reserved
ADD 1101 |1|1]0|0]|O0 dst src/imm ADD src/imm, dst
ADC 1101 |1|1]0|0]|1 dst src/imm ADC src/imm, dst
SUB i1|1o0(1|11|0|1]0O0 dst src/imm SUB src/imm, dst
SBC 1101 |11]0|1]|1 dst src/imm SBC src/imm, dst
AND 1101 |1|1|1|0|0O0 dst src/imm AND src/imm, dst
OR 1101|111 |0]|1 dst src/imm OR src/imm, dst
XOR 110111110 dst src/imm XOR src/imm, dst
CMP 1101|111 |1]|1 dst src/imm CMP src/imm, dst
ASR 111]0]0 dst 0 sftamt 0 0 ASR sftamt, dst
LSR 111|010 dst 0 sftamt 0 1 LSR sftamt, dst
ASL 111|010 dst 0 sftamt 1 0 ASL sftamt, dst
SSL 11100 dst 0 sftamt 1 1 SSL sftamt, dst
ASR 1{1]0]0 dst 110 sftreg 0 0 ASR sftreg, dst
LSR 111]0|0 dst 110 sftreg 0 1 LSR sftreg, dst
ASL 111|010 dst 110 sftreg 1 0 ASL sftreg, dst
SSL 111|010 dst 110 sftreg 1 1 SSL sftreg, dst
ADDQ 111|010 dst 1{1]0 imm ADDQ imm, dst
CMPQ 111]01]0 src 111 imm CMPQ imm, src
JNV 111|010 ]0|0]|O0 offset JNV label
JV 1|{1|]0]1|]0]|]0|O0]|1 offset JV label
JP 111|010 ]O0|1]O0 offset JP label
JM 1|{1|jo0|1|j]0]0|1]|1 offset JM label
JNZ 111|010 1|0]|O0 offset JNZ label
JZ 1|{1|j0|1|]0|]1|0]|1 offset JZ label
JNC 1111|0101 |1]O0 offset JNC label
JC 111|010} 1|1]1 offset JC label
JGT 1|{1|j0|1|1]0|0}0O offset JGT label
JLT 11101 1 10|01 offset JLT label
JGE 111|011 ]0|1]O0 offset JGE label
JLE 1(1]0|1|1|0]1]1 offset JLE label
JHI 1|{1|j0|1|1]1|0}0O0 offset JHI label
JLS 1|{1|jo0o|1|1]|1|0f|1 offset JLS label
JMP 1|{1|jo0|1|1]1|1}]0 offset JMP label
JAL 111|011 }|1|1]1 offset JAL label
EXTB i1{1j1|j0lO0O|O]JO|JO]O|O]O 0 dst EXTB dst
EXTS i1{1j1|jo0lO0O|O]O|JO]JO|O]O 1 dst EXTS dst
MFMRE 1,110, 0]0|0|]0]0]O0]1 0 dst MFMRE dst
MTMRE 1,110, 0]0|0|]0|]0]O0]1 1 src MTMRE src
CVB i1{1j1|j0lO0O|O]JO|JO]O|1]O 0 dst CVB dst
CVS i1{1j1|jo0lO0Of|O]JO|JO]O|1]O 1 dst CVS dst
NEG 111|100 ]O0O|O0O|JO]O]1]1 0 dst NEG dst
NOT 1 1 1 OojolO0O|O0O|O0O]|O 1 1 1 dst NOT dst
JR i1|{1|j1|j0|0|O0O|Of|O]1T|O0{|O 0 src JR src
N e e YEISC
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Table 2.3: AE32000C-Lucida Z Z M| A] Instructions :

binary encoding(7| <)

Instruction | f [ e[ d]c|blaols|7]6]5]4a[3]2]1] 0 Mnemonic
JALR 1{1|1|0|l0]O|Of|O]1|O]|O 1 src JALR src
JPLR i1(1|1|0lO|O|O|O]1|O0]1 0 JPLR
NOP 1 1 1 O|l0|0]O0]O 110 1 1 NOP
SWI T|11|1(0|J0jO0O|O|JO|1T]1]0O 0 imm SWI exception_no
STEP tl1f1foflofoloflo|l1|1]o]1 | ] STEP
HALT 1 1 1 O|l0|10]O0]O0 1 1 1 0 imm HALT halt_level

BRKPT |1 |1 |t1]|oflofofofo|1][1]1]1 || ] BRKPT
CNTO i1{1j1|j0lO0O|O]JO|1T]O|0O0]|O 0 src CNTO src
CNT1 111 1{0l0j0jO|1T|0|O0]O 1 src CNT1 src
SET iT1{1|1|j0|l0]JO|Of1T]O|O|1]O flag pos SET position
CLR 111|100 ]O0O|O0O]1T]0O0]O0]1 1 flag pos CLR position
MTML 1 1 1 0O|l0|0]O 1 0 110 0 src MTML src
MTMH i1{1j1|jo0oflofO|O|1T]O|1]O 1 src MTMH src
MFML 1 1 1 0Oj(0|0]|O 1 0 1 1 0 dst MFML dst
MFMH 1 1 1 O|l0|0]O0 1 0 1 1 1 dst MFMH dst
MTCRO i1{1j1|jo0lO0O|O|O|1T]|1T|0]|O 0 src MTCRO src
MTCR1 T1,11|j1(0|j0jO0O|O0O|1T|1]O0]O 1 src MTCRI1 src
SYNC 111|100 ]O0O|O0O]|1T]|1]0]1 0 SYNC
i1(1|j1|0lO|O|O|1T]|1|0]|1 1 Reserved
LSEA 1 1 1 O|l0|0]O 1 1 110 0 idx LSEA (idx,imm), SP
LESA 1 1 1 0O|l0|0]O 1 1 110 1 dst LESA (SP, imm), dst
MFCRO 111|100 jO0O|O0O]|1T|1]1]1 0 dst MFCRO dst
MFCR1 1 1 1 0Oj[0|O0]|O 1 1 1 1 1 dst MFCRI1 dst
AVGB 1{1(1{0]0|0|1]|0O0 dst 0 src/imm AVGB src/imm, dst
AVGS 1{1(1{0]0|0|1]|0O dst 1 src/imm AVGS src/imm, dst
TST T1(1|1jo0|l0|O0O|1]1 src2 srcl TST srcl, src2
LEA 111100 |1|0]O dst idx LEA (idx, imm), dst
ROR 111001 |0|1]|O0 imm dst ROR imm, dst
ROL 1 1 1 0|0 1 (0|1 1 imm dst ROL imm, dst
MUL 111|100 |1|1]0 dst 0 src/imm MUL src/imm, dst
MULU 111100 |1|1]0 dst 1 src/imm MULU src/imm, dst
MAC 111|100} 1|1]1 src2 srcl MAC srcl, src2
LDB i|11(110(1|0|0]O0O]O offset dst LDB (SP,imm), dst
LDS 1|11 |0l1|0|0]O0]1 offset dst LDS (SP,imm), dst
LDBU 1{1|1|0|1|0O0jO]1]|O offset dst LDBU (SP,imm), dst
LDSU 1111|101 |0|0]1]1 offset dst LDSU (SP,imm), dst
STB 1|11 (10(1|0|1]0]O offset src STB src, (SP,imm)
STS 1{1(1{0]1]0]|1|0]|1 offset src STS src, (SP,imm)
LDAU 1 1 1 0 1 0 1 1 0 idx or dst LDAU CRNO, idx, dst
STAU 11110101 |1]1 idx or src STAU CRNO, src, idx
CPCMD 111 ]1(0|1]1 cpno 010 cpemd CPCMD CPNO, cpcmd
GETCn 11|10 |1]1 cpno 0|1]0 0 status GETC CPNO, bit_position
EXECn 111|011 cpno | 0| 1|0 1 status EXEC CPNO, bit_position
MVTCn 11110 |1]1 cpno 0|11 0 dst MVTC CPNO, cpdst
MVFCn 11110 |1]1 cpno 0|11 1 src MVFC CPNO, cpsrc
LDCn 1{1]1]0|1]1 cpno 10|00 dst LDC CPNO, (SP,imm), cpdst
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Table 2.3: AE32000C-Lucida ZZ AN A Instructions : binary encoding(7l<)

LDCn 111]1]0]|1]|1]| cpno 110]|0 1 dst LDC CPNO, (idx,imm), cpdst

STCn 1111|011 cpno [1]|O0|1]|O sre STC CPNO, cpsrc, (SP,imm)

STCn 1(11(0|1|1| cpno |1 ]0|1] 1 src STC CPNO, cpsre, (idx,imm)
11|10 1f|1 111 Reserved

 Jefefefefefofaaf [ [ ] ] [ [ | | Reseved |

2.3.2 Memory Access Instructions
AE32000C-Lucida Z2 A A oA A A== w22 2 B9S2 & 2400 Ut Aok

Table 2.4: Memory Access Instructions

Load Word LD (%Ri/%SP, imm), %Rd
Byte (unsigned) LDBU (%Ri/%SP, imm), %Rd
Byte (signed) LDB (%Ri/%SP, imm), %Rd
Short (unsigned) LDSU (%Ri/%SP, imm), %Rd
Short (signed) LDS (%Ri/%SP, imm), %Rd
Word (auto increment) LDAU CRNO, %Ri, %Rd

Load Multiple Pop POP reg list

Store Word ST %Rs, (%Ri/%SP, imm)
Byte STB %Rs, (%Ri/%SP, imm)

New embedded microprocessor...
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Table 2.4: Memory Access Instructions( 7] <)

Class Details Mnemonic
Short STS %Rs, (%Ri/%SP, imm)
Word (auto increment) STAU CRNO, %Rs, %Ri
Store Multiple Push PUSH reg list

e Byte, Short(Half Word), Word 3 7]2 HZo| 7534, Load2e] % Byte/Short =

719] "l o] £ signed/unsigned extension< F3| 32¥|E FH A2 A& 4 Aok
e PUSH/POP W H2 stte] W< S tho] @l A2yl thek Load/Stores &
T Atk
2.3.3 Move

AE32000C-Lucidao] A 495 el 2E|7ke] dlolg] o)% WeEL F. 2500 e o]
it

Table 2.5: Move Instructions

Class Details Mnemonic

Move Move MOV %s, %d
Move with add LEA (%Rs/%SP, imm), %Rd/%SP
Move from GPR to MH MTMH %Rs
Move from GPR to ML MTML %Rs
Move from MH to GPR MFMH %Rd
Move from ML to GPR MFML %Rd
Move from GPR to MRE MTMRE %Rs
Move from MRE to GPR MFMRE %Rd
Move from GPR to CRO MTCRO %Rs
Move from GPR to CR1 MTCR1 %Rs
Move from CRO to GPR MFCRO %Rd
Move from CR1 to GPR MFCR1 %Rd

& dAA2Ee} 28 ZolE 7Y TlolE °]FL LEA ¥¥2 AR&stn, o] FAd
A]

e 2ol tatod o15Y 5 AUtk
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o M§ AA2Eo} HE 2 AA HALHZEY HolH o]F2 23.680A RS
s},
2.3.4 Branch
w7 Yo mzade] 32L Aot $4L 4 YYonA, 24 279 ¥
z7 2712 Yl AE32000C-Lucida Z2A|AoME= = UEE FAFA7]7] 93}
td gEe 27 2718 AQ@th £7] 995e £ 2600 JaH] Jn
Table 2.6: Branch Instructions
Class Details Mnemonic
Branch Jump JMP label
Jump and Link JAL label
Jump on overflow clear JNV label
Jump on overflow set JV label
Jump on sign clear (positive or zero) JP label
Jump on sign set (negative) JN label
Jump on non-zero (not equal) JNZ label
Jump on zero (equal) JZ label
Jump carry clear (unsigned higher or equal) | JNC label
Jump carry set (unsigned lower) JC label
Jump signed greater JGT label
Jump signed less JLT label
Jump signed greater or equal JGE label
Jump signed less or equal JLE label
Jump unsigned higher JHI label
Jump unsigned lower or equal JLS label
Jump register indirect JR %Rs
Jump register indirect and Link JALR %Rs
Jump to LR(Link Register) JPLR
o 179 54 FAE U F A FEHE AFE & Uk
— PC-relative : dA PCZ2S 7|Z L2 2 offset W= E7V|5t= Wdloz 713 o
Ao ® AMEH = FE ot offset®] FEZ 32bit singendgte] B & ol 7/
kol 7bs sttt
~ Register indirect : W& FALE] Qe o83 Brshe WO BA, dy-
namic linked library 59 St4& A2 u] AFgHTE AE32000C-Lucida =
A8 TR E PCorelative HART B Be 87 AYE|7} 2A @k
e JAL, JALR ¥ ®-2 2719 AZA dA PCF<= LR(Link Register)ol] #7Fs}m,
JPLR @<= s3] 5 &+ ok
N e e YEISC
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2.3.5 Arithmetic & Logical
AE32000C-Lucida Z2 A Xl A= 7|22 & A4k o]£lo] DSPolA AHEE & Sle
oSk A4k 715 (320 E ol E = E, MACA 4, leading 0/1 count)& A&t F714
2l DSP A4F2 248 oA ThREE 5 shth
Table 2.7: Arithmetic & Logical Instructions
Class Details Mnemonic flag
Arithmetic Add ADD %Rs/imm, %Rd CZSV
Add with short immediate ADDQ imm5, %Rd CZSV
Add with carry ADC %Rs/imm, %Rd CZSV
Substract SUB %Rs/imm, %Rd CZsSV
Substract with carry SBC %Rs/imm, %Rd CZSV
Logical AND AND %Rs/imm, %Rd ZSs
OR OR %Rs/imm, %Rd ZS
XOR XOR %Rs/imm, %Rd ZS
NOT NOT %Rd Z S
Test TST %Rsl/imm, %Rs2 ZS
Compare Compare CMP %Rsl/imm, %Rs2 | CZ SV
Compare with short immediate | CMPQ immb, %Rs CZSV
Shift Arithmetic shift right ASR %Rc/immb, %Rd CZS
Logical shift right LSR %Rc/imm5, %Rd CZs
Arithmetic shift left ASL %Rc/imm5, %Rd CZS
Set shift left SSL %Rc/immb, %Rd CZS
Multiply Multiply MUL %Rs/imm, %Rd
Multiply unsigned MULU %Rs/imm, %Rd
Multiply and accumulate MAC %Rs/imm, %Rs2
Misc Extension from byte to word EXTB %Rd Z S
Extension from short to word EXTS %Rd Z S
Convert from word to byte CVB %Rd ZS
Convert from word to short CVS %Rd Z S
Count leading zero CNTO %Rs Z
Count leading one CNT1 %Rs /
o 7} dl2to] Astol| o5 WAHE flage E. 2.79] TAE 9ok
o TlREO] Q4 759 FS URs T4 AT o] 3hE Aol AP, olg) 24
72 32bit singed number”} F T}
e MUL, MULU 914Fe] %Rd+ &4 ¥4 @A 2~E (RO, R2, R4,...) T 7}s3t}.
Ve s e YEISC
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2.3.6 Coprocessor Access

AE32000C-Lucida ZZ A A= Ala®El HZE 2 Z A A o] 37 71A|8] HE =7
AFste Aol Atk BE ZAAE P2/ AT YYELS E. 289 }AH o
st

Table 2.8: Coprocessor Access Instructions

Class Details Mnemonic flag
Coprocessor Instruction CPCMD coproc_command
Move from Coproc. to GPR MVFC %Rd@QCP
Move from GPR to Coproc. MVTC %Rd@CP
Check status bit in Coproc. GETC imm4 7
Load from memory to Coproc. | LDC CPNO, (%Ri, imm), %RdQCP
Store from Coproc. to memory | STC CPNO, %RsQCP, (%Ri, imm)
Exception on Coproc. status EXEC imm4 Z

[ ]
=
<
H
Q
=
<
O
oL”u
r[o

€ dA2H 082 o] &3 dHoly A sttt

e LDC, STC ¥ H2 Al&H Hx Z2AlAe} Zo] AMgE 4 itk
g

LDC, STC W&ol Qdlx HAAEHE 28 H 9

|

CJEas

A A 2E 1 o] o] &

e EXEC HWH2 HZ ZZA AL A vEE o]&3}o Coprocessor Interrupts o
AT}
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2.4 DSP Acceleration

AE32000C-Lucida Z2AA= AT A & ZokllAY d5& FEA1717] 918 DSP
YeJol S ARGt ool £748 DSP FFolt 7284 479 DSPEXT §42 A
& 39 A8 Feiololnt

2.4.1 Multiply and Accumulation

Multiply and Accumulation(MAC) 4H 5419 A5 FA5to] toff UYrhe Aite =,
AT A &8 wokollA de] AHgH = diteltt. AE32000C-Lucida Z 2 Al AJol| A A€
HE= MAC A4k . 299 UE= o 9tk

Table 2.9: Multiply and Accumulation Instructions

Class Details Mnemonic

MAC Word MAC (%Rsl/imm), %Rs2
Short SIMD MACS (%Rsl/imm), %Rs2
Byte SIMD MACB (%Rsl/imm), %Rs2
Multiple Sum of Product (Short) MSOPS (%Rs1/imm), %Rs2
Multiple Sum of Product (Byte) MSOPB (%Rsl/imm), %Rs2

e MAC Word 914F8 2354804 A7E MAC 4ty ulola 2 ol7|dlddog 3}
o] Ho|A W ALg 2} YFANM = FLIA AFE 755

e SIMD MAC 9 4bo+= Accumulation I oA AEAS oA k7] 35Fe] Multiply
Result Extend(MRE) @A 2E]7F 2718 o2 ALgH T}

e SIMD MAC €14t9] 522 17.2.30] ypehut Qlth

2.4.2 Saturate Arithmetic

Saturate 142 8. 249} Zro] UHEA Ql wrap-around A4 ThE A AW /A4
= 233 A9 529 7hsst A /HAFE FASIES o] sl dAitelth AE32000C-
Lucida Z 2 A A A A Q= = saturate G4 F. 2,100 Lt

Table 2.10: Saturate Instructions

Class Details Mnemonic

Saturate Add Word SADD (%Rs/imm), %Rd
Short (signed) SADDS (%Rs/imm), %Rd
Short (unsigned) SADUS (%Rs/imm), %Rd
Byte (signed) SADDB (%Rs/imm), %Rd
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Table 2.10: Saturate Instructions(A| <)

Class Details Mnemonic
Byte (unsigned) SADUB (%Rs/imm), %Rd

2.4.3 Unpack

UnpackO SIMD FxoA B3 A4S FeE FEs7] 95t AHEE = WP O EA,

20 Web Word AA N4 A-8HE BESS AR L] o Fo] A8¥ L SIMD <
/&4 8L =97 Y3t AF2E}h AE32000C-Lucida 3 2 A A]+= Short(16bit) ©] ] €
B} 3%} Byte(8bit) tl o] & EF§Jell th gk SIMD 14+H& A 43t 2, o] F7kA] SIMD 3 A9
3t unpackS A @3l Unpack QAR F. 2119 Vg5 o] o, unpack 74 ol A
ALEE Ao S22 7. 250 VER I gtk

Table 2.11: Unpack Instructions

Class Details Mnemonic

Unpack Short to high UPKHS %Rsrc_grp, %Rd
Short to low UPKLS %Rsrc_grp, %Rd
Byte from 0 to high UPKOHB %Rsrc_grp, %Rd
Byte from 0 to low UPKOLB %Rsrc_grp, %Rd
Byte from 1 to high UPK1HB %Rsrc_grp, %Rd
Byte from 1 to low UPKI1LB %Rsrc_grp, %Rd
Byte from 2 to high UPK2HB %Rsrc_grp, %Rd
Byte from 2 to low UPK2LB %Rsrc_grp, %Rd
Byte from 3 to high UPK3HB %Rsrc_grp, %Rd
Byte from 3 to low UPK3LB %Rsrc_grp, %Rd

e %Rsrc_grp2 B4 HE # X 2E (RO, R2, R4,...)W AT = gloy, Ad5H F719
G A28 7 AgA T (RO-R1, R2-R3, ...)

e Byte unpack W &2 53 HA2E O 49 16U E E+= o9 16HEE -9+ B

olmg, stute] WordE 733871 HalA= 2702 unpack & o] AR&5| o] oF Fhrt.

2.4.4 Miscellianeous

AE32000C-Lucida ZZ A A= 9]0 7]<H DSP A4k o]9] o th4o] DSP ¥ dat
T 9o, % 2129 Jd5 ] 9}

Table 2.12: DSP 7] €} Instructions

Class Details Mnemonic
Average Average SIMD Short AVGS (%Rs/imm), %Rd

N, ibedded mi
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Table 2.12: DSP 7] €} Instructions(7A| <)

Class Details Mnemonic
Average SIMD Byte AVGB (%Rs/imm), %Rd
Rotate Rotate Left ROL imm, %Rd
Rotate Right ROR imm, %Rd
MIN/MAX Minimum MIN (%Rs/imm), %Rd
Maximum MAX (%Rs/imm), %Rd
Absolute Value Absolute Value ABS %Rd
Radix Point adjust Fixed Point Multiply Result Shift | MRS imm, %Rd

o AVGS, AVGB, MIN, MAX 332 %4 82268 094 73 Apole] 4 o4~
B A Zbs st
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31 2423 1615 87 0 31 2423 1615 87 0

Rsre1 Rsrez

SIMD
Multiplier ®

v v v v
| | | | |

Accumulator|

1

3
Rt |

SIMD
Multiplier

I

il @ ® |

(b) Short SIMD

4~

Figure 2.3: SIMD MAC ¢14+e] 53

_| MAX MAX
| MIN MIN
v
(a) Wrap-around arithmetic (b) Saturate arithmetic

Figure 2.4: Saturate Arithmetic
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31 1615 0 31 1615 0
‘ Hi Lo ‘ ‘ Hi Lo
31 Yy 1615 0 31 1615 0
Hi Hi ‘ Lo ‘ Lo ‘
UPKHS

(a) Unpack (Short data type)

[olz]afo] [2]e]2]e][2]2 o] [2]z]2]c]
[alefafa][z]z]e]z][2]a]2]s][o]o]o]0]
UPK3HB UPK2HB UPK1HB UPKOHB

(b) Unpack (Byte data type)

Figure 2.5: Unpack 4te] 52}

&
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2.5 Exceptions
Exception2 ZZ AN A2 AAZHQ 558 wastes RE A3 sttl. AE32000C-
Lucida Z2MAE Z 23 43859 exceptiono] TSI S A, 19. 2.6} 22 1}

AS E3) exceptione A &3t}

3/) Gtet |n(tj?jfopt Vector Tabie 2) Access Interrupt
ector address
Vector Table
<——
4) Jump to
Interrupt Handler
Interrupt Handler 5) Execute
Function Interrupt Handler

/ 1) Save context

T

Stack

6) Resotre context

Figure 2.6: Exception *]g] 773

1. Save context

Exception 247 #elo] gl Wedo] 97 Be1sted, exception #¥ o F o
HARE oA 2B A9 @A) ZeAA g 9 AP B F4E 2

g ool ATt

2. Access Interrupt Vector Table

N, ibedded mi
ew em| led microprocessor. —?E,sc
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WA exception?] FFO| AFFHE AHHE M HolBel AP, AHP=
wE Elo]Bo] tje AM YL 25288 B2 va.

3. Get Interrupt Vector address
JAE Y E e Ho|Ee 28 exceptiond A2)517] §18 AEHE WSl &
4 2HE AAT Lt}

4. Jump to Interrupt Handler
Exceptiong A edl7] $13 AAE A58 Foz Bra0)

5. Execute Interrupt Handler
ExceptionS ] 2]3l7] Y3t A HHE A5 T-E 5343} AHHPHE A5 A
A48T WE AAAHES AU Fol LB ofo 5w, exception AT o F
AHHE A2 5 WA U2 die AFd "8 dA2Ee A (1)DA A
AZH ZZAA A 9 57 99 F2E EFAIAL T

6. Restore context
AHHE W52 F+E T T o] F exception DA o] M| m2AA JHlz B+
A7,

2.5.1 Exception® &

1) Reset

=2 A 2708 B4 2TdTA @ u, RN ZRANZ P Tt A5

Folo] WART. o] AHYES Wi A9 TRANE 2758 SR 2734 &

E W18 dA2E 2 55 54 HA2EE ‘unknown'gt & 09] gto® WAH.

2) External Hardware Interrupt

I stedlo] EEolA 235t JdEYHES gt @A) AEje] PC, SR e 2telAt

A8 (SSP)o] PUSHSE & QB e @SS a3t 02 PUSHA} 2R3 el A28 S

& AHYPE WS osio] e ojof A}, A% AHPEE e T /K B0z

A YE WEE AR 4 k.

e Auto-vectored Interrupt:
AHHE W7 A e AF2A, JHHEZL AT 4 WA e
AHHE WE 2 o] 53t
SAHEZ LAY, 2 AP ES SRl et 53 Wa7t FolAn o] 7wt A E W g o]
Lo FI%r)
f3)d 522 JAHFPE A5 T4 R Eol ‘#pragma interupt_handler’ & F7}5ke] F2E & Lol
ZFA B Y82 “Software User Guide” & % 3}7] niait).
"7 2o et WA -+ gl
N e e YEISC
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e Vectored Interrupt:
T AHHE AESHA slE JEHHES HEE A EA, dHHE HH
o 922 BAstel AuE AHHE N2 o]
3) Software Interrupt
azEsjoldon BANAE AHPEES gl HeR] AAL AEA REAA
2ot o A% T2, PUAOL ystem call? Aol A$AT. W Sl
PC, SR k= ZtelAl ABI(SSP)oll PUSHS &, 2| F 9 JAHHE M5 JAHHE WY
& s
4) Non Maskable Interrupt
Non Maskable interrupt(NMI)+= QJEHE AEEZHAA nfax?] 523 T 4+ Qs 9AH
HEES ojuath T2AA 5o A5E Eojo] wABT
5) System Coprocessor Interrupt
R B2 FAqA D= AEHEESS 9 n 3ttt Memory Management Unitol <
s wAE v, e 2o F9ol S
e Access violation: &2]A JHo 2 AAHH FEE A2 REA HIsE FF
e Address alignment error:t|o|E 37|} 9] = ZEH F4 HZ9 AF
e TLB miss: TLBE AH&st 7Hd F4AE F2ota & of TLBO entry7b £ 4
A e A
6) Coprocessor Interrupt
Bz 22 AA9 HZ HAAoA E8st= JAHHEE Yudith T3 o] JEHEE o
e sy Bz 2 AAY A4 AHE pollingshe] WAND £ AT, Bx meA
A AT el BAsE QHYEE Dol dEe% ANE BE 2R AN AER
REoA H2d of LA
7) Bus Error
BEol Aotk dloly Mo B E7MEE A L /RE Yuditt 54 Foo] WE
27k 2ASHA e A9 BAT 5 A
e QE|HE WE HolE F47} 0x00000010L. 2 1A% o] 9rio,
8apA| 3 &2 5.28 3}z3l7] wpch
YEXECY % o sigetul A Wge 2362 Fxts vt
0L 8 W82 2.5.288 Fx387] nigict
New embedded mlcroproceesor,..-vE'sc
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2.5. EXCEPTIONS 48
8) Double Fault
JAHHETZL B8t AHHE AE5e|2 A Yshe AAANA 77 AT F+E5 9]
ghoh o] A% @Ak 2E(SSP)] Gl £A17F AW, AHHE AE2 Y AAS W
7d A1 7]+ Vector base register®] A o] ZxEo] Q= A AT & At}
e AEHE HWE HolE F47} 0x0000000CE LA F o] il
9) Undefined Instruction Exception
B A k2 WHel AH¥E B WSk odgfelth o] A WA et L /RE T
AN 7|7, NOP=R A28 4 glth.
10) Unimplemented Instruction Exception
o] Alelle A=l Jdoy, g HAdME FEF A X HWHE= on
o] AF JAHHEE Folo] £2ZEojAH R o oldTForA ge doldth &%
4 ol7] Astel AgdTh
2.5.2 Interrupt Vector Table
Exception®] H 2|8 $§)510] AL ABHHE A5 F4E ojgof e, of 2
HYE S8 T4 F4E= AHHE WAE HolEo &A)3t}. AE32000C-Lucida Z &
AAel AEHE W EolEe 7|EA o7 0x0 HAJo] §x|stojof 3t} o AHHPE
A8 459 &Aolu; handler hookingS < 9)3te] QE|HE g HolEe Y= HA
s Zo] Zbsatd), ot AHWUE WH o2 st FRe| Basta 2538004
AR WE wolx HALE fE AAToRN o]Fo] Aok &, E 7HA] T2 IHF
ESS WH Heol29 A7 AAHE R 0x0 WA 7%k ‘?‘JEi Eﬂ ol o]§3stofof
Atk a9, 27¢ Ay HolBe TAL Yehle, 226 A shade A2 Ho] Y= A
HEESL WY HAE o7l Aol 27Fs8< Yl Atk
AHHE HH HolES 0x0H Aol AXAIZIE AL =23 iAo Hofst=
loaderE ZZFsto 24 7153k, th23 ZHo] loader scriptol] A W E Ho]E HES %
Astd =)
SECTIONS
{
/* Read-only sections, merged into text segment: */
. = 0x0;
.text
{
*(.vects) // Location of Interrupt Vector Table
Nz143 U &< 25288 F23817] watoh
New embedded mlcroproceesor,..-vE'sc

o . Advanced Digital Chips Inc
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2.5. EXCEPTIONS 49
&— Word Size——>
Reset 0x0000 0000
NMI 0x0000 0004
INT (auto) 0x0000 0008
Double Fault 0x0000 000C
Bus Error 0x0000 0010
0x0000 0014
Reserved 0x0000 0018
0x0000 001C
SCP exception 0x0000 0020
CP1 exception 0x0000 0024
CP2 exception 0x0000 0028
CP3 exception 0x0000 002C
Reset (OSI) 0x0000 0030
OSl break 0x0000 0034
uDI 0x0000 0038
ull 0x0000 003C
0x0000 0040
Swi

0x0000 007C
0x0000 0080

INT (vectored)
0x0000 03FC
Reset (OSIROM) OxFFFF 0000
OSI break (OSIROM) OxFFFF 0004

Figure 2.7: QAJE|HE WE gHolE9o F£4
e et e YEISC
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11

12

13

14

15

16

17

2.5. EXCEPTIONS

50

29 o= gutr o g AE32000C-Lucida ZZ A A 9] firmware 2] loader script©]|
A FA 2FEE BEOZ 0x0 WA .text sectiond | XAl 7|H, .text section®] M
Lo .vectsE Y x| A]7]t= o u|ojt}. o] # 3l section symbol2 7] AH 9] H EH H sec-
tiong A& sHH, 222 F= Yo 3 sectionol| )Gt FES AAS| FoloF Aot
void (*vector_table[]) (void) __attribute__((section (".vects")))= {
reset_vector , /* VOO : Reset Vector */
nmi_autovector , /* V01 : NMI Vector */
interrupt_autovector , /* V02 : Interrupt Auto Vector */
double_fault_exception , /* VO3 : Double fault Vector */
bus_error_exception , /* V04 : Bus Error Exception */
NOTUSEDISR , /* VO5 : Reserved */
NOTUSEDISR , /* V06 : Reserved */
NOTUSEDISR , /* VO7 : Reserved */
coprocessorO_exception , /* V08 : Coprocessor0O Exceptionx*/
coprocessorl_exception , /* V09 : Coprocessorl Exception*/
coprocessor2_exception , /* VOA : Coprocessor2 Exception*/
coprocessor3_exception , /* VOB : Coprocessor3 Exception*/

};

29l T oA=& vector_tablel[]o]zt= WS .vects section®] TTEHEE A=
gom, o] L void (*vector_table[]) (void) Ao Z FHEFJOoBEF QIXE X
YA ekar, wkskzls A YA o= T ZRIHEY wWEdes & 5 Ak S, QIHYEE
=g et QUAILE Bratghs RIUA| e efe=2 2P 0{0F ettt W H o83} o
25 = JHHE e oS3 2ol AAetd Aot

#pragma interrupt_handler

void nmi_autovector(void) {

pull

context = ﬂ 78"6}3’_, AJEHE o

SRS

8+ o)% o

SEE AFHOE F7b5HE HRolth

o] progma

SORELV R
g 238 98
A2 e 0o

Lucida User Guide
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2.5. EXCEPTIONS

51

a60: 3c b4 push %ml, %mh, %er, %lr
a62: ff bo push %RO, %R1, %R2, %R3, %R4, %R5, %R6, %R7
a64: ff b2 push %R8, %R9, %R10, %R11, %R12, %R13, %R14, %R15

a66: ff b3 pop %R8, %R9, %R10, %R11, %R12, %R13, %R14, /R15
a68: ff b1l pop %RO, %R1, %R2, %R3, %R4, %R5, %R6, %R7
aba: fc bb pop %4ml, %mh, %er, %lr, %pc, hsr

JQHHE 49 24 ol thsh AA S AL “Software User Guide” & 2 3}7]

2.5.3 Vector Base

e wolag AEHE WE Heolk
o] B2 0x0 %ol 9 X3, WE
A2 4 ok &
on, ojgd £ Qe
ZZAAS 129 o)
B g7 & JdHHPEE WA
A2" Bz mz Ao 129
}HX-]-Cs]_ﬂ] ﬂfﬂ EiESE i

W Wolx HAAEHE WE EolEo 2L ROM oA RAM 9908 93
B Ao T 23 A7 BEAZ T AEHEL hookingS 7}5EHA & 4 9
e Wolsolq AT M HolE Jele g RS ABHE Be A
TLB(Traslate Look-aside Buffer) Wol] &8l oF stt}h. o] AE32000C-Lucida = & A A]
9] A9 software managed TLBE | -&3t1 gQomg WE g JA ZFo WE gHol&
Ao A TLB miss exceptiono] WA st= AL 22 Q3 double fault7} LS 4~ 97

o & o] o},

o] YA E oustt}t. V1EHoZ QEHYE WE |
ol2~E WAt JEYHE WH Heo]Eo AXE

2 712 JEHEEY HE A& o]FAIZ 5
HE2 17 278 Fx37] vtaich W wojas Alad B
1< WE W] HAAE | AEH, o] gho] AFH o]
d AHHE HE HolErREH W F4F gojth S,
A A 2Ble Z2AA ZAMAA 09 g 7HA T, HAXHE
Hol £ X7 MA=EE Aol

A Vector Base Register®] zt=2 W73l 2L <=3 9
£ X7 "WA"E Ze)A WH HolE9 W& ¢

wde] FAX AL oflth AHYHE HE Ho
At AL A S B Vector Base Register?] Zk

14
filo
(e o
o),

=0L_r‘

O
9,
v

New embedded microprocessor...
. . Advanced Digital Chips Inc
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2.5. EXCEPTIONS 52
2.5.4 Exception Priority
AE32000C-Lucida Z2ZA|A2] AHHEE AHHEE 7HY =971 &A% =7
AA YRrAoz AU e A4 £ . 21337 Zo). JdHHE 7Ho] 94 9=
22 AEOIAM Lot St 01& 2] RIHEESY 94 & ZHel=t AHSE W, 9y
o2 WA 839 JEHET AT
Table 2.13: JAEHE ¢4 <4

=9 |49 oF]

1 Reset RST

2 Bus Error BERR

3 Double Fault DF

4 Coprocessor Exception Cp

5 System-Coprocessor Exception CPO

6 Non-Maskable Interrup NMI

7 Software Interrupt SWI

8 Interrupt INT

9 Halt HALT

10 Undefined Instruction Exception UDI

11 Unimplemented Instruction Exception UIl

e e YEISC

Lucida User Guide



Chapter

Memory Configuration & Protection

o] ZollA= Hello] FEA v dAF BF 7]5< AlF st Mem-
ory Bank Management Unit(MBMU)2} &< A Al (Operating System)4=<
N MEe wWEeE AT BS 7|5S AF5t= UMemory Management
Unit(MMU)E o] §3t] ztzte] mme] Aol thste] 242 AR ot
WA A E A A3 U, Memory TranslationsS 8431 Al 7]+& 2
of thetel AYSES Bl

53



3.1. MEMORY MANAGEMENT OVERVIEW

54

3.1 Memory Management Overview

w22l &e](Memory management)E The] T2 IO o] 2 M A AdA =32 u] Z+
44 Zzado] ALl WEEE FE/Hesty, 22aWe T wel WReE
A= ™A HFS Yulgtet 2719 WA 3-8 (embedded application) & oF
= st =2 a9 vho] 3% = | (firmware level)9ho] 1 E o), 335l
9] BExx 7t S71ge) wel RTOS(Real-Time OS)U @ WA 91 Desktopoll A AFE-31H
ST AT e A7 WolAA e,

@ A B WSl el NP vholaz ZRANE T4
SAol AT A7t B4 FAA 92 Yok e mzade) 4
= Adst7] feixe zr2ae Aode sty Mg mEE Y A B
7rel B 7)so] B4R, olgd S22 siste FEo] vEe He
Memory Management Unit) ] T}

AE32000C-Lucida Z2AA& AMEARY] Aol wel 7H3 -8 wre & A4
E Ade ¢ JEE Y g #E 9L Memory Bank Management Unit3} Translation
Lookaside Buffer2 &3l 9o m, MBMU29 AL 714 F4 W3lo] Q9= st
RTOSI A AHg3t71o] A¥stn, TLBO| 4% 7Hd F4 W 7lse 233t qlon,

Wz FAo thet FH AlEsE & 7S AYstlal A RTOSY 4yt 0Sel
Al AHEE = AEE FAF] Qi o] A= 2 MBMUo| #sto] AW AolH,
TLBel| thgt AAIeE AP 572 Falstd =t

J

ﬂll

rl

¢

iy

[kl
fru

i

(]
—

o2

2
zg
W (MMU:

rr
X o gl
[> oM

:‘o wa,

d|

o

New embedded microprocessor...
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3.2. MEMORY BANK 55
3.2 Memory Bank
AE32000C-Lucida ZZA|AE= 320/ E Z2 A2 Ho 4GBe 22 99L 74x 1, o
v 2a gode W= (Bank) B2 UHo] HeHch WA e 52 EAL =1
Ao AAT 4 Yt 71 D9l oln, AE32000C-Lucida Z2A| A ol A= AA wzel
o] Z7} 512MBe] 2715 Zte & 8709 vl W3 (Main-bank) 2 vpA o)A Slrh. =3
24 HRE &8 Hsl F71E 879 AH “§E(Sub-bank)§ HAE 2 9T},
3.2.1 v W3 (Main-bank)
29,312 AN A2 Ass HRe 2a 27k Ui oA ol W nas
Kol
AFg A= Wol W3 YA 2E(SCPRY)E ZzaAgdozn mre Wi 53 E4S
AR + o
0x0000 0000 ~ 1FFF FFFF N
Bank 0 512MB
0x2000 0000 ~ 3FFF FFFF
Bank 1 o
0x4000 0000 ~ 5FFF FFFF
Bank 2 ®
0x6000 0000 ~ 7FFF FFFF
Bank 3 o
_ 4GB
0x8000 0000 ~ 9FFF FFFF
Bank 4 )
0xA000 0000 ~ BFFF FFFF
Bank 5 o
0xC000 0000 ~ DFFF FFFH
Bank 6 o
0XE000 0000 ~ FFFF FFFF
Bank 7 512MB
Figure 3.1: AE32000C-Lucida ZZ M A9 W28 FHg +2
3.2.2 B W3 (Sub-bank)
AE32000C-Lucida Z2 A A2 g 2 EXL 7|EA o7 512MB 27]2 W3 w9
2 ARSE DA, UEY S8 BoplA ol AH ATt vl R e st B2 SARL
22 HA= AL Wwy FEo FSAT SAAo AT £A7 gtk
7}_E§a —]:,—57]"?42]'8}'}5 UﬂEﬂ Hgﬁ Oﬂd‘% ?H/\] %Zﬂ'— 7]’%1’ Oé](?_‘:lg_i /\é;%.)]—(?—~ 75]_(’3_’ 7“
Al o] st E= A 273 2o w3 gm g9 AR FdA ol
=2 £ w 2o A Yol A3 = EA 7} 2 S}
e o > WEISC
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3.2. MEMORY BANK

olgldk N HA EAE Mds] AshAe B2 D92 24" T4 54 WA W

o] AR G A B2 AAxEe s AAE A vh2A AT 5 Y= WA

Uzol dgstrh o) 22 olffZ WA Wellx] 4R mre 9L W3 £47 e

£4< A=5 ART F e AE WA (Sub-bank) 2}t Bl $o] AlFHrh AHEAE

AE W3 e a/Ao] @2 2~E(SCPR8)S; AH W3 =4 # A2 (SCPR5)E T2
£y

E
o2M Ax Y3 o] AAs B 542 44T & Uk

New embedded mlcroproceesor,..'*
. . Advanced Digltal Chips Inc. Y EISC
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3.3. MEMORY BANK MANAGEMENT UNITY 7%

57

3.3 Memory Bank Management Unit2] 7|5

MBMU+ & 745 #] 922 w2 g
Al Wz e T2 540 g A
7]°s©] B &/d g}(disable) H -
upet W 227t HeEch

HEeE B 7]5g 53l 87
4= At 37E A e WEE HE

2719 BA e 22E F4 7

é—?% i}‘:}%}% HEe \H

ccess violation exception©]

73‘
7% misalign exception©] A kr},

Q

3.3.1 WEF HZ A
U2 &2 REs ARA BEet #ejat RER Us 5 glon, mie] 44 AL
He 5a 44T ¢ Utk 487 BN B4 2E Age WRle] 42T A9
7 e A kS wlRE P22 Xdtr] 93] access violation exceptiono] 2HAY 3T},

W2z 52 == wol W3 @ 2 28 (SCPRY), X W3 & X 28 (SCPRS, SCPR5),

TLB 27 | A £~H(SCPRG6, SCPRT)E ol 44T = ok 4749 $4+9+= TLBY
A > AE B39 44 > vl a9 4 Aol

3.3.2 dolg AL

AE32000C-Lucida ZZ A A= 8H]E, 164 E, 324 E T = wR o 428 4 9t} 8
HE WzZe FIole offd Aloko] glont, 168E ¢ 320 E 9] w2 3 7
Folle mlRE FA47) alignol] Aok st Aleko] ATt 16HIE Fo A5 W=
F27) 0x0, 0x2, 0x4, 0x6, 0x8, 0xA, 0xC, 0xEZ ZUofF 3y, 328 E FHZo A% ¢
28 F247} 0x0, 0x4, 0x8, 0xCZ Zvlof dtr}. W R F47} alignol] 2A = 4

misalign exception©] A gttt

3.3.3 7NA AA

f mlo
rr ~
o
o
N
Ho
-
2
oL

1y
=2

2

X,

Fat A4E AE WA Fa A 2HES 43} vas
AR £2 54 o] An W3] 2AH
=

o =
.31 W= Age] TLB7} enableo] W, TLBS) Ago] vj=e) el 2 S4o]
A9e TLBY 44 > Au Wz 44 > gae] 474

X oot
N
~ g2
td
Ach
i)
r
1o
o

New embedded microprocessor...
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3.4. MEMORY MANAGEMENT REGISTER 58
3.4 Memory Management Register
HEe e fule v 2 Akl thd AA ol9fox 7H/‘l m&2)e] 52 54
et AEE AT o] AR F4& MBS 8= TLB f{F3lo] disable ¥ o3 7
ol A R T S AR e vER] HE fHlo F2E HoFEH
9, vze) 54 2Es zeAAdA AT Fo8 Mze Y20l A9Hew A
S3heA ofFtol wet g d vEe] REst VP R EEE b 5 glon, ol R
o Asd AAE FRAE 20l ik ASAE A4 Fa - B Fo 4D FAT
Ao el Wz Pe ADEe) £4L AReis] AsA Wl W 22 2 (SCPRY)
449 2L 5 9
3.4.1 HXEg W3 FHA2H : SCPRI
H2e W3 HAss= UE(Nibble, 4HE) @92 shube] W3 443 tfsstH, &
o WIge 4% 1sd 5% 54 e 2o,
3 2 1 0
TLB En | AR | ccC
Figure 3.2: SCPR9 Memory Bank Register’s Basic Fields
e TLB En (TLB Enable/Disable)
TLBS) §3} 0|28 AR@Th
e AR (Access Right)
TLB Enc]| disableQl 7ol vt F&5tH, sid w2 e Wae H2 Asts A3t
e CC (Cache Configuration)
TLB En©| disableql 3-¢-ol et fastm, 7|4 Wl Z 2|2} Write buffere] &2 S4&
A7 D,
New embedded mlcroproceesor,..-vE'sc
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3.4. MEMORY MANAGEMENT REGISTER 59
Table 3.1: SCPR9 register
SCPRY9
Bit R/W Description Default Value
Memory Bank 7 Configuration
31 Memory Bank 7 TLB address translation
0 : TLB diable
1: TLB enable
30 Memory Bank 7 access right (only valid at TLB
disable)
31 . 98 RW 0 : Supervisor only 0000b
1 : Supervisor / User
29 : 28 Memory Bank 7 Cache Configuration (only
valid at TLB disable)
00 : Cache disable
01 : Reserved
10 : Cache enable with write-through
11 : Cache enable with write-back
27 : 24 | RW | Memory Bank 6 Configuration 0000b
23 : 20 RW | Memory Bank 5 Configuration 0000b
19 : 16 RW | Memory Bank 4 Configuration 0000b
15: 12 | RW | Memory Bank 3 Configuration 0000b
11: 8 RW | Memory Bank 2 Configuration 0000b
74 RW | Memory Bank 1 Configuration 0000b
3:0 RW | Memory Bank 0 Configuration 0000b
3.4.2 AH W3 #HAR2H : SCPR5, SCPRS
AHEH@EPA A7 Al SCPR8 HA2EE T3 AH W39 A2 A
A 3}31, SCPR5 H A A EH S %3] Base address$} offsetS A A 3= A S vlE A
A/ Ak gty A £AE A7NA GSAlole SHEA ABBI7E AAFHA %
=oll T sl ok gttty dA o] Sut=A] & Aol exceptiono] HAY s, A4
T2&e HASHA etk
T, St wiRe WA Ar o 53 54 e oY A AR B3t
TAStE e dAALR F7etA| ghom, AH W] gHo] HXA dAst
€ AL §8sA d=vt
N e e YEISC
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SCPR5

Table 3.2: SCPR5 register

Bit

R/W

Description

Default Value

31 : 12

RW

Sub-bank Base Address Bit 31-12

Base Address = xxxx_x000h

00000h

11: 0

RW

Sub-bank Size
0000-0000-0000 :
0000-0000-0001 :
0000-0000-0011 :
0000.0000_0111 :
0000.0000_1111 :
0000-0001_1111 :
0000_0011_1111 :
0000_0111_1111 :
0000_1111_1111 :
0001_1111_1111 -
0011_1111_1111 :
0111_1111_1111 :
111111111111 -

4 KB

8 KB
16 KB
32 KB
64 KB
128 KB
256 KB
512 KB
1 MB
2 MB
4 MB
8 MB
16 MB

000h

SCPRS

Table 3.3: SCPRS8 register

Bit

R/W

Description

Default Value

31:7

Reserved

RW

Sub-bank Index

000 :
001 :
010 :
011 :
100 :
101 :
110 :
111 :

sub-bank 0
sub-bank 1
sub-bank 2
sub-bank 3
sub-bank 4
sub-bank 5
sub-bank 6
sub-bank 7

000b

Lucida User Guide
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3.4. MEMORY MANAGEMENT REGISTER 61
Table 3.3: SCPRS register( 7<)
Bit R/W Description Default Value
Sub-bank configuration (indexed by bit[6:4]
3 Configration information validity
0 : invalid
1 : valid
2 Access right
0 : supervisor only
3:0 RW ) 0000b
1 : supervisor / user
1:0 cache configuration
00 : Cache disable
01 : Reserved
10 : Cache enable with write-through
11 : Cache enable with write-back
AE32000C-Lucida Z2 M Ao A& 4KB - 16MBS] 37|15 2te 5 8719 AE W3 99
= AR 5 Ak viRe WA A U R 5 SAS 2A6] AsiA AR
W3 43S Ry W3 ARFET A St webA, B2 992 243" mEe
T2 5S40l AR WA AR vire] 2 5S4 9te] w7 (masking) Aok =
Sh AR W3 AL drert 2d e RER FeEE AT &, 28 F4R
HRe] JZo] o] ofAE REJAT RS JujE e
3.4.3 W3 AA oA
7. 332 Waet ABH W3 A st dgAE HoET
/* Memory Bank Register */
1di  0x00000070, %r0
mvtc 0, 9 // CPO %r9 setting
sync
/* Sub-Bank 0 Index/Configuration Register */
1di 0x0000000C, %rO0
mvtc 0, 8 // CPO %r8 setting
sync
/* Sub-Bank O Address Register : Indexed by SCPR8[6:4] */
1di 0x20001000, %r0
mvtc 0, 5 // CPO J%r5 setting
New embedded mlcroproceesor,..-vE'sc

o . Advanced Digital Chips Inc
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3.4. MEMORY MANAGEMENT REGISTER 62
P 0x00000000
y -t
BANK 0 Supervisor / OSI /
(512MB) User access,
Cache Disable,
Write Buffer Disable
\ P 0x20000000
BANK 1 4
(512MB)
Supervisor / OSI / - 0x20001000
User access, Sub-bank 0 (4KB) ” | | 0x20001FFF
Write Back Cache, i
Write Buffer enable ‘ 0x30010000
Sub-bank 1 (16KB) ~ OX30013EFF
3 it
Supervisor / OSI /
s User access,
Cache Disable,
Write Buffer Disable
BANK 7
(512MB)
y
Figure 3.3: w22 W3} A8 W3] HA &3 oA
e et s oo Y EISC
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17

18

19

20

21

22

23

24
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sync

/* Sub-Bank 1 Index/Configuration Register */
1di 0x0000001C, %rO
mvtc 0, 8 // CPO %r8 setting

sync

/* Sub-Bank 1 Address Register : Indexed by SCPR8[6:4] */
1di 0x30010003, %rO0
mvtc 0, 5 // CPO %r5 setting

sync

AN Sof, 73 ABA/AEA BEANA F2o] 5 3L, wiite back RER F45

= HAl, write buffer7} F&st= W2 JHor F& 540 AFH WA WY IdF
d9& 9. 3.33} o] cache disable, write buffer disable & A& 3}7] YA AL A=
9 =g 33} o] SCPRY, SCPRS, SCPR5 HAAHE 2 aAsto g2 n Ast= 243}

£ e 7 Aok & ARRAE A 1 o9 thE W] AAol Bl e A e

Lucida User Guide
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Cache

B Ao Aol thd AubA el ool thste] AWsta AE32000C-
Lucidaol] AH-85 &= 74A19] of7|El A & 7 Wbyl thate] et s o
t}. 283, 2717 AAE ol AAE 298 uf FL3 A =738}
(invalidation) 2} 7R Aol E(lock)S A= ® ol tfsle] A== st}

64



4.1. CACHE OVERVIEW 65
4.1 Cache Overview
ZEAAY T2 L2 nlste] dubA o ALgEE WEEEY F% 45 (latency)
A E (bandwidth) JHh Ao S BolABR A2 452 AsAZE 8 4
qlo] frk. o]k mRANY Aol FolAUA HS o RAF D e Axelth ol @
mEe Hoe mE A% AsE & 437 $15te] AE32000C-Lucida Z 2 A Mo M= )
Aot ¥ 3 (Buffer) W2 2] E& Z2A A0 WAt otk A= Z2AA L wQl w &2
Aolell o] Qe AL 28 14 7| FX o], W wj 2 FIFO(First-In-First-
Out) W22 & s,
4.1.1 "R AS 7294 A v
MEe Asge N2 BE £ 279 MEeER AF TRR 745 Atk M=
o A% TaE 2. 410 Holt ukeh Zo] FAAE Z2AAGY ke FRe 9
349 AZ viEels S5 MEAT §Fo] Fon, {Y AS vEelE S5}
AT §Fo] E 5L AU ok
Processor
+ Register
Cache Buffer
A
SRAM
Level 1
Memory Access Time
DRAM Level 2
Flash Memroy, Leve n
HDD ..
\J
- >
Memory Size
Figure 4.1: W2 g A& £+Zx
Ao st Al2”Y] ds o] 7hed AL AFEH TRl 949 A3
(principle of locality) & 7} th= Ao 7|23t ) G F 71X FEj7) e
d of® FBo] FxHW 2wtz thA F257] 4k 78 A 94 (Temporal locality)
') AL 6FelA RS Sk
e et s oo Y EISC
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o K

A A%

oM zo] FzHw 1 2Ao] JE T F=2Eo] 2uiz F2Y Aol Brie
‘]

dJ (Spatial locality) ©]t}.

=23 tet A2, B4 A4 Fele T2 YEA e tiEe ze

SR/ HeI A B/ A Aol TRA EANY, WFY S8
Holel mRol glolA] BRH/ALA Aol A tehte 532 A

Aol Egol WaA Eri.

WA= 1

2. 42014 ol npgl Zo] m2AAS} vl wme] Apolo] 91X s v

2e|g2, 22 MM} 71 717k Level 1 Cache(L1 Cache)o] 3¢ ZEZA| A A 279
Agkst G Z7) v HS AA A AU Atk HH= FRAILE HQd wHEE e &

At 22 A F7Eo 2 A, Write-through 7] A] S

e& o vl mEe H2ol e

AlAdez st Z2AA F2 AWAIZE AAskE AL WA= 982 oo

32, 16, 8 hit block
P [t -
fast sow
Cache
t—p Buffer |«t—p .
Processor Main Memory
fast slow
32, 16, 8 hit
|t -
slow

Figure 4.2: 7| A7} 2t Z 2 A A9 w2l w R Alo]e] #A

4.1.2 Feature

AE32000C-Lucidac] W& AAL ke e EALS AU gt

o oo} Hlolg 7} FEH Ful= o}7| 8l X (Harvard Architecture)

e Virtual

index physical taged Address +%

e Non-Blocking 7JA] B A

e Pseudo-LRU 7] A] B}¢l A <418

o Write-B

e 7/l A] Lo

ack =9} Write-Through 2 =2] »7] A& Z]

S

cking 7] A

e 340 SPHoE G4 F5e AN AY L A

— 1 ~ 16KB N A] Ale]= A Y

2zzaewe AN Gt ALEe 288 o BEA AG4e] B4 Tese] Zeade) Ao TR,

tlolE e FeiE

A7 sho]of g,

Lucida User Guide
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4.1. CACHE OVERVIEW 67
— Direct-Mapped == 2 or 4-way Set-Associate 7| A] A
— Synchronous SRAME AF&3 23
e e YEISC
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68

4.2 WAl o718 A

dutA o Z = Z A A= £ 9]%H(Von neumann) o} 8] 2] @} 3P = (Harvard) ©}7] E 2] 2
27FA W& F2E ZHA A Yok Ex oW o7& Fole) WK g Atojol] W o]} o
olE A7} shitolal, P E o F|El A= WE o} o]y sfAavt EelE o] Qlth

ZEr ol o7 H A E AHE et ZEAA = WE e} HolHE f8 AHE St 3
AAIZE it} o2& 3= & W Al(Unified cache)2} ghet. 58 7HA19] W E2l&= ™
ol HolH ke & of £36tA Hth st olrH A= A|Y des TV
fote] MEolet Hole WAE Relste] ZEA A Stk webA] Al ES HEg o] A
(Instruction cache)®} d o] €] 7] A](Data cache)7} &0 9t} o]#H 3t F-3 2] ANAE £
g 7HAI(Split cache)2t Sttt & A4 PE ol WP o] A, HlolEl= dlolE
Al kel A= o At

AE32000C-Lucida ZZ2 A A= 3HE o7 X E AR5 7] wj &l & A2 F+
A=]o] glom, o] WHo, HolE e thate] SHA Alol7t o] T onjgtrt. wet
A, NS 2718 AIZIAY HA] & 7se AR ) ARE A W o] AL} dlol et
A Aol thste] Zk2h Aol & 3 sf o STt

Y 44+ WA AEEZY A WEEE 2Tt AAIY 7128< o7 EAHE o
g Qi JHAl MR El= Al Al2"oA AFEE = AEE At = AE HE
gojn, A AEEe = ZEZAA A B3 R E o] &to] NAIS AFET FE
st H2 Aol ek #elE Fqshe FiRolth B HoAes A wlReE Y ofrE
Aol sl thE the, MA AEEH sl AAM 3] AHEEE gt

4.2.1 NAL} R FHE ZX

AE32000C-Lucida Z2 A A= 7H¢ W28 & B X (virtual memroy access)E A9 g}
o] 3ol Zheks] AW FHAou JHY vEE HE REoA ZE2AAZ &85+
g ZEAA A HASE T FaAe AA B dREd JA237] 93] WRE
HES HFS AAF st

AAY A 7 vl R2e Fol tie A2l et fd 58 F4E ol&ste &
2] 7] Al(Physical Cache)} 7H F4E o] &3t= 7H4F 7] Al (virtual cache) 2 vt} =g
MAE w2 §3 o] dof] Al F2 & ¢ gloemg, Ee A vdte] 2 £x27t
W2 A g 7 FAE AR wjEol| Z ' ﬁ(proceSS)oﬂ wet FEEE SV EATS
T Renz A7 WA FH HEH(context switch)o] Yo duf uich AA 7HA]
F9S FE3} A Ak 3= wAL Tt B FAaF4 ety oy e M= e
He —T—iﬂ A (mapping)H = o] 7hsdtrg, FUT £ T4 WEol AU
2 e 49l A8t 3ol AR ThEA &85+ aliasing A4 7} £ A ghr}.
=8 A= 7 FAE B8 F4E oF &t7] ujZell =2 7HA°l wlste] 3
= L5277t o4 =2 ARE il w2 ee} FA4 AR w WEEe dA T2
A Ao HolgtE frAste FR ol Ak

AE32000C-Lucida Z2AM A& 919 =8 AAY w2 FIZoleghes AR B Al

o T4 vire 49 Az F A FEe BEF HAE M d928 B2 Ha S

o

N
/—\_4

>

New embedded microprocessor... #E,sc
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(Virtual index physical taged address) W42 AR oz =g 7JAI} &2 /(A9
1 RS Z Ao AT Q= Edo] 9rk. ALt Ytk 2. 43 AE32000C-Lucida
2 AA) A 2 BAS el 2SR, M FaR AAG BT AdAE 54
St AAe] Gl ol Fol AL Fok MMUE AH e B F47k AN B vl mel
|9+ 2895 HoFa k.

[kl oX B>

[¢)

—

Virtual
Address

> MMU
—‘ Physical
Address
AE32000C
Lucida L BIU

Cache »| Buffer

Y

»
>

Figure 4.3: 7} 19~ 9} &2 8] address

i
WAl

7HE dx E7 Bl F4 A2 724 JHeet ARG wayd 2
7} M2 e #Fe] 99 paged] F712 A= S AU A, Desktop
L Servero A Ab8H = ZEAMAS FPolls ZEAMA 7R 9 W] o
MAe v AEE nEste] dwrd oz L1 /fA 9 37]7 16KBE | XA
= 37 B2 AL Bokgu & A ¢ ofYth

N

£

5§ rlu

4.2.2 7R WE 2 7] o}7|E A

= By e gk A vEels A B,
o2 740 HT o] AREo| 779 AN el

sk A mREl= 9 449 &8
WAL HlolE, 7} Al *JFJJ B A FE
P A3HA Atk

AAE 2837 AaliA= alF Al 2hddo] ol wEe] G99 copyAA €L o]
of st=Hl, o] e T BEZF AHA BiZolth A TleolEHE H w2 oA

ol tolBE AAFstes FEQdul, drtder shto] 7hA] el FHA A4S
0] &3}7] 13te] 4-word(16 byte) o]A+e] Z 7|2 FAF Utk T3 AAe] 2= A
A7 AR 4 gl dHeolHe 27z AoEm, /HA sl B JHAl el 992 AA
271 2= YA et

WA w2 o= HAIS] A AEE YERlE AH Hl 7b 2ol Hof ok A
Elo] v EoE § & ¥ E(valid bit), B € H] € (dirty bit), 2 ¥ E(lock bit)7} Yt} G&
HE = 7HA] 2k¢lo] &3} Hol g EAsH: ALog, lOJ H B o A 2 5ol ¢fof
2 dlolHE 23t Qla ZgAA A A TFEsithE A
AA 2 Qlo] wiQl W] <tol]l AgH o e @ e e TSt A=A okdAE
2R3 = HEE JHA] 2hde] ARgAell o ste] gto] Hof X

-
=
T

New embedded microprocessor...
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Address Cache Contrller Cache Memory

hit
Ty Saus Data

Tag v word3 | word2 | wordl | word0
Tag |v|d| word3 | word2 | wordl | wordO

10

word3 | word2 | wordl | word0
Tag word3 | word2 | wordl | word0
Tag word3 | word2 | wordl | wordO

Address
Tag word3 | word2 | wordl | word0 D a;

f

Figure 4.4: 4719] 320 =2 FAH 128719 olS 717 2KB A

Tag

w
‘ Offset ‘ Index ‘
ool a

< << <

Aoz A 2 750 ANHE AN AsHel AT A48 ok,

O guroz Ane @ e 4 vordz FAHAT, 58
ol wae] Fejol utek 4% P Astel 8 word(32 byte) &
o]

[l
At

29
16 wi
Howg

77l

ord

rlo

(64 byte)Z h}e] Brolo 2 ALRaE ALE It S FHE= o
2A A7 AZD W 2ol AT, ool e 2714 AR B3

g AR YANA Zost=F dtet

rE

—

r
fr [

27F B A v WEee teoldE Ad A=

st A 7HA1S HolHE W WEERE FH 27| (write-back) 3=

A functionality)oll FTFE A &7

o] Eoll (€WHE 2 2 transparent3}rlal o] oF7] 8k} iEE-‘?ﬂC‘] ZHg Al B2 SHA
3

am sl wet 22280

[kl
[m
)
2
o
off
£
A
0=

FEfel ek o A=
oL A= w7 A4S 7R Q Z .

ANA AEEHE Z2AAY 97 2 275 St R 23S wxg ﬂEiaoﬂﬂ]
A H71-e 7hZ AT} ojw] 2 Y3t FAF B L(Tag), A4 ), &3
Al BEog2 yYro] A G thst F24 1 v, &
Wt ARG ST o] Al B2 37 NS FAolv 70 wet thE
= 2K byte, 1-way(direct mapped) 7JAlolA F4E B2, <l

New embedded microprocessor...
. . Advanced Digital Chips Inc
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£ AN W A ee 2]

el o] o) AEE AR AN B8t AN

£ A3 Qe AN AEERE ol ARE AT AA delEe] Al

SOl AAG Bek Wk AN dOE A8 s R A9 oA AN A4S0
al

WA AsfAlel A AEEH = v vzl A A 2pde] BE AHE A
A vEels BAsE 2 3W REL HloHE ZeAAA A2s Dt o g A A
el el wEE A A HEEE EAstE AL A 22 29 7] (cache line fill)
2kl ghot

WA Aol AA AESHE HA HEZE ] A HA vloletE Z2 A A AH
ALttt o714 A dloletelA] FRE HEt7] 9eto] ez FE AHE st

>~1

4.2.4 RN} W Q] w =z 2] Abole] A

a7 455 v R dRFo] AA wEE <o AFEHE AAE HAF ot
o] 182 A vl 7| Al(Direct mapped cache)Z &z A FeE LeEPH Zolt} 2
A w3 A A E w A R glolE7F A kol E2AE & U= AR 7 & sk
EAQ et A+E ovlsith

AAl wl e = Wl WE o vste] wj-p- A2 Z7]ol2
HE2o T f X miBE ¢ e B FATF AT 2
= T

= , uﬂ o] u-]]\:!ﬂ/\}oﬂ}: 7]],\]
d B2 HolEE0] 22 AL fA=E wEE

.4.5%= Y A7) 0x124

nSEHU

Main Memory

OXFFFFFFFF

OXFFFFF924

2KB Cache Memory
OxFFFFF800 (Directed M apping)
OXFFFFF924

OXFFFFF000 Ox7FF

. Tag [v]d[ word3 | word2 [ wordl | wordo 0x120

5 — (_/
—
\/_\
0x00001800

0x00001124

0x000

0x00001000

0x00000924

0x00000800

2KB 0x000000124 XXXXX 12 4
0X0000000 Tag Index Offset
YTy T, PR SRR

Figure 4.5: #]<l w227} 24 w3 AAZ ofd5 = ¥y

New embedded microprocessor...
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Lucida User Guide

“YEIsc



4.2. FNA] of71E A 72

1) AH A 7l Al (direct mapped cache)

a3 440 2ME o 9= z/\ﬂ 37 D=7} o] 2H=E UrQ]— ok odl Al 0x120 ~ 0x12F
2 EFUs F4E 7 AR o BE gEe] AFH e AL T epde AE
Foh Lz AL A Bl oA AE/stmAE/ulo]EE AEstA H=t § 279
Add gele] FRA Y& Mdd™¥stn ok B 49 B 2=9 vudt
1’0‘3}3’— UA At o] eAlo A= A wlmele] & Ao thef w <l wRe <t
|7} ol¥lgk 7} Q& & Atk Fol R g &3kl & W W= <Qtoll 7he sk
L FolA 2A shpnte] JRA] WEE <to] A & 4 Sdth
A3 ”H'” AAN(AR AHE BA AN E RETHY 4% FX27F v stz
,HolH e 127k 3t xo g nAH o] glenmg e X2 Fol7lof 5h= v ol H &)
of 3l 2l EAst= 1‘51— 735 w2 A A oA flol = 5 S (eviction)©]
sHAl F ™, o] & dlol¥ 29 F&E(conflict)® QI3 7HA] wlxe} HETh o]¥d &
AR Q1 AAIS] Asol oA d4do] BT 4 Qlth AA o] 7. 4.63 2ol
ae] T4 -Eri/‘o“’ﬂ/‘i AME e F4Y "HA(FLS tolE) 7 22 Al 2l
o= replace/\] 71+ 2@ A (Thrashing) Ao 2 Qldle] Az}st

_4

ofr

H‘U l‘lO o l‘_>:‘_,

ox Ao [ ox nZ O (g
o
ol
2
_>E,
u
fr
r_&
By
Jza
O

Main Memory
2K B Cache Memory
(Directed M apping)

\/_\
0x00001800 X800
Data 0x00001124
0x00001000
routine B 0x00000924 >
> 0x120
0x00000800
2KB routine A 0x000000124
0x00000000
0x000
do
{
routineA();
routineB();

X++;
} while (x<100)

Figure 4.6: 2~#)7d : 23 wjgd AAoA F 7 wA=HE A3

2) A= A4

A4 A AN A FolA olob] @ A 2L HelHZY FER A% WA} B

N, ibedded mi
ew em| led microprocessor. —?E,sc
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ol AR, AN Rl SH F49 dolell 24T & e AAE e RO i
ZIMel AHgHET old fXES wayelh F23, AWl 2L HA7F A=Al wet
n-way ME A4 /A2t 2} 28, 4.72 2KB 27]9] 4-way A E A (set associative)
MAQ] o2 HolZrh. 2o AA MAE 4719 Fd(way) 22 UrolA 9o, 7
2te) po] RS WolEl} AT & gonz, Gl AW v tole] FEA o

n2vt @A) Fasts de dehdh

Address Cadhe Contrller CacheMemory

Teg

Tag |v|d| || wod3 | word2 | wordl | wordd

AT

Tag |v|d| || wod3 | word2 | wordl | wordD

Index

word3 | word2 | wordl | wordD
word3 | word2 | wordl | wordD
word3 | word2 | wordl | wordD

o
| ofex |
~—

Tag
Tag
Tag
Tag

| [TT1 11
| [TTT1713
<|<|<|<
olalaloa
olala|la

Figure 4.7: 2KB, 4-way N E A4 7] Al

e 23 4704 Ad2a7t 7 7] = ALY MEE M E A AH(Set-associative) o] 213l
get. ool vm e Re ) HelE g BEs AN AZolA 47 waye] ol A1Al eelo]
= gdE £ ok AT kel MEQY FUd T Hlolgr EEL 3 way

o1t 7| A] m] 2 (conflict
Jo 2 3} o o] g 7}k 7H

A d
o AN FEB=E ALY Q%E(assoaatlwty))ﬂ T 5
Sedlole) HArEe A8 An7) SAGDE AN AHEE GUASR dAT H
AW 28o] old AL 4way ©|3tE F= A7 w@rl. AE32000C-Lucida ZEZA| A=
A g AL 2-way ME ARG AA, dway AE A4 FRAIL] AI7EA] FEfS] AHAIE
A9 gt

New embedded microprocessor...
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42, A o9 74
Way3 OX1FF
Tag \ \ \ d \ word3 | word2 | wordl | word0 | 0x124 <—
0x000
Main Memory
OXFFFFFFFF
Way2 OX1FF
Tag [v][d] word3 [ word2 | wordl | word0 | 0x124 <]
w
\_/_/_\
0x00000800 0x000
0x00000524
Wayl OXIFF
0x00000400
Tag ‘ v ‘ d ‘ word3 | word2 | wordl | word0 | Ox124 <]
0x00000324
0x00000200 0x000
0.5K B{ 0x000000124
0x00000000 Way0 Ox1FF
Tag [v]d] word3 | word2 | wordl | word0 | 0x124 <]
T A S

Figure 4.8: 4-way ME A4 7)A12] Wl wxz| vy

N ibedded mi
ew embedded microproceszor- P EISC
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4.2. A o}z € A

& MAE AHEETE S7kske B WA AEEY ¥ obyz} SRAMO]
AR B WA T Z713t) o] SRAMS] WA o] 85 = HolE 2 =Z7](data
width)ol] @2 F&= L=, WA ALETL S718h= B0l SAl th
dolB 7k A2Holof stz 295 & HelH 77 AAE E3E 7HAL
7] Wl Eolth A Fefol] w2 WA Wste HE 9 Selection Guide £-2 T

AR Jojol A 2] 3he}

=3
= @%%01% WEEE AL oy th2} Zo] vepdrt
ASE = (WA hit = / #WIRE 83 F) x 100

WA Hl2E2 100014 AFEe WMALE A 5= olof] Euff AFE F2 1]
282 AHEE 3 R A2 olokr] Euf thE §ol& m2 3 d Bl (miss penalty)
7F el v e AHA] v whe wf vl m R A AXE HelHY =S
2 skt dEle AIES o]opr] o

N, ibedded mi
ew em| led microprocessor. —?E,sc
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76

4.3 Cache Policy

AE32000C-Lucida Z2 A Ao A AF&E = 7jAe Ao =z
WA A A (replacement policy)o] th.
AN 27 AL Z2AN 27 4L T 0 HoEE o] AFAAE BAY
@A AL Ae A4 AN 48R FAow AA B2 BASRE e el
=]

Ao AHLE MEQ A wayE A€lsic)

rlr

2 7] 7 A (write policy)

4.3.1 Write Policy

AE32000C-Lucida Z 2| A= 7fA] 227] A o7 AL 719 w2 (writethrough) 3} 3 7]
Q1 2] (writeback) 25 A st}

AL 71 AL Z2AATE 27 TS Tul] HA] AFolH FHAIL}E o
of =5 dloletE A3ttt o] F-fole AL Wl W7}t 4 A=
At SR wE A W W] 2752 sk stERE ALY BH
AA R et}

271 AL FES A dolE wRE el vt AAsta =
etk mEtA FE A 2 wQl WEE s e tolEE 23T T o5
AAl 2HA2 7 F 29 diolHE Aot e, W wEes ofF d o]
22 e#d HeolHE 7HAL d= 5 At

T4 Ao A A AEEE= A HolBHE AAStH HE HEE ARSIt
metA AX DEEHE= NA wlRee v e Arold] dai/do] FA8H7] 95k
HE HEZE A" A 2l gl el Aso = vl mreld AgHct

4.3.2 Replacement Policy

A m2A] AA HEESE W HEHZRE MEL ZEE A7Fst7] A8 A
H2e] Skl A2 FEZ WA A el AEs)oF strt. AE32000C-Lucida 3
ZAAE AA 2 wA A g Pseudo-LRU 7AA 2ol wAl] dug &S AR 3
Pseudo-LUR 2 A &312]& 0|8 LRU(Least Recently Used) HEE o] &3fo] Add~
of gste] el A HEo|A FH 2ol AHESHA] b2 waye] WAl 2Fdle MEetal W
Ak A Aolth. Pseudo-LRU A &ag]E2 Al A3 Ao st=gol2 F2tstH,
Aoz wAE AMA B e 2AsHA "k

New embedded microprocessor..
Advanced Digital Chips Inc
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4.4. WA Ao A 2H 7
4.4 AN Ao A 2H

AE32000C-Lucida Z 2 A Aol A 74X &) 27 H Aol Hxoz A9 HAXHE 53

o 7haht.

AE32000C-Lucida ZZAHAE a3 2ol 37HA 2 HAIE 44T + At

e 7§ A] Disabled

e 7l A] Enabled(writethrough % 2)

e 7l A] Enabled(writeback % #])

AAY Aol FFES A= dALHE WEe B3 A4 #ALH(SCPRI), 4B
W3 A4 YA 2E(SCPRS), TLB A #HA2E(SCPR6) 3714 olth. AIE AT
] A9+ SCPR69] 7HE =31, SCPR9°] 71 EobA SCPRIOA 7HAIE Z7) ¢
WAl AR AR S st SCPR8OIA] A%71Y WA AARE A7 A4 Hol Qlokd
SCPR&° G = B F42 A2 A%71 W 7AZE A7 S2ZsAI A} (Z

HALE S AL HxarAA JALHE FALsEE 3t

ANol dBFe Fe = ohe Bz AN dA2EE A Alo] @22 (SCPRI)
o] Atk SCPR11E 7A] 2713} 83} AAAS ZEU HolHE gote FEZS AlF st
Art.

# 4.1 SCPR11 # A 2~Ee] Aot}

Table 4.1: SCPR11 #| A28 A9
SCPRI11

Bit R/W Description Default Value

31: 7 W | Target Address[31:7] -

6: 4 W | Target Address[6:4] / Target Way -

Operation
3 W 0 : address based invalidation -
1 : way based invalidation
when LOCK = 0, write-back control
5 A% 0 : without write-back -
1 : with write-back if needed
when LOCK = 1, Locking procedure
W 0 : Lock bit read -
1 : cache locking
(LOCK) Lock Control
1 W 0 : Lock disable -
1 : Lock enable
e et oen e Y EISC
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11

12

14

15

16

4.4. WA Aol GA2H 78

Table 4.1: SCPR11 #| A28 AW (A%)

Bit R/W Description Default Value
Cache Type
0 W 0 : Instruction Cache -
1 : Data Cache

4.4.1 WA B= HA U

AE32000C-Lucida ZZ2 A oA 74X Rt HAL A2 HASE= A Zo] Rrag
A A @ A 2~ € SCPRY, SCPR8, SCPR6E E3lo] &3 H Tt 7|A RS HAs = FAH S
gdutd oz o3 Zo] Aol 9t XY

1. 7§ A] Disable
2. MA 2713} - AHgAF A E
3. /MAl 2= ¥ % 7§A] Enable

A Al EE% WHAE7] AsA= AL wQd WEe Arolo HA] A
At FHA] A Bl A 2E ol F2sH7] Aol WAl 27135 Fa el oF S (A AT 2
) 53], 719 A AAlA b2 REE W7 Tu= JHA] dHE S EZJ%U] #’4%}04
Al 2713} Aol A copy-back BE Al 27|35 AH&-al of ghot. (7] A
W2 4540 Qitt)

/* Cache Disable */
1di 0x04000004, %r0
mvtc 0, %r9 // cpO %r9 setting to cache disable

sync

/* Cache Invalidation
Go to cache inval routine
*/
jal <_cache_inval> // jump to cache inval routine

sync

/* Cache mode change to writeback cache & cache enable */
1di 0x07000007,  %r0
mvtc 0, %r9 // cpO %r9 setting to cache writeback mode

syn

N, ibedded mi
ew em| led microprocessor. —?E,sc
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79

Aol 2P wWEe W3 03 62 Write-Back A/ REZ A A= 342 UE

o=

Ao 7 J)A] disable, 7} A] invalidation, 7JA] 2= ¥ 7 9 enable o HAH S 3ol &
[e]

o
—_ = - =
L=

—

New embedded microprocessor..
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4.5. CACHE INVALIDATION 80
4.5 Cache Invalidation
MAl Z 7] & (invalidation) & F| A1 Q] valid 3 0’22 ANE3sle] MAE 27|38 3= A
2 ouath AN 2718 2L ANE A AT 4P, AN RES AFT A4S,
MRS FHA] &S A St B 5 NAS FEHE 2713 slioF & w) AHSE SHA "ok
AE32000C-Lucida Z2AM A A HA] 2713} oz F4 o] HA] Z713H(Ad-
dress based invalidation)®} Way ©@¢] 7JA] % 7|3} (Way based invalidation)& A]¥3}1L
Atk A Ae] HAAAE(SPCRIL)E o] &3te] A 27131 2 2 7]5& AT 5+ 3
t}. SCPR11 Eﬂx]/\Ei ol A Foj e A2 LOCK H|E(SCPR11[1])9] 2] &}o] 7§11 ] 5 2o)
MA 2713 & 74X 2 2ASA =& Aotk SCPRI12] LOCK HIEE 0oz A
Astgem A A 27198 s AvA Z2a9 FAolch
1. 7§ A] Disable
2. WA =713}
3. /A] AA 2 7] A] Enable
A2X= WAl =O1StE o) ©oll FHA| Disable2t SCPR11°2| CPBACK H|E M
Aol 2|2 olloF StCh. 7HA] disable2 -2 HA] 27|13} FHAA WA LS
Bst7] 918k Ao)a, CPBACK M E+= 7HA] 27]3}9] copy-back REE AA 3= HE
ol k.
Copy-back BE 7HA] Z7|3}= d o] gl 7f Aol vk e Fo] ¥+ Rty 27|31 & 7
Al vlEE Y siEd F9= Wl WEZE copydt o]Fol HAIE 2713} 5t= 2o g A
Hrg el vl WEee] dAdE FAAA Stk wetA 719 A AAE 27|35 &
uj o] = copy-back RE=E & A3 oF st}
4.5.1 Address Based Invalidation
F4 HY MAl 2713} (Address based invalidation)E ARE-AF7F SPCR11¢] A F4E
A EelZh AT Jom AAE 2o AN AL 2715 A7E Aol Fa ©
9 WA 2ABE AL AT B Fa G4w 27188 FR%E 2ol7] weo
AAe] mE o] et 27137 AW A2 B T 5 gk webA AN BE
B ol thst 2718= Way &9 A 2713 FHsch
/* I-Cache address based invalidation
This program will invalidate address 0x10000000 line in I-Cache
*/
push  %rO
1di 0x10000000, %r0
mvtc 0, ‘%ri1
sync
pop %r0
e et oen e Y EISC
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/* D-Cache address based invalidation
This program will invalidate address 0x30000000 line in D-Cache
*/
push  %r0
1di 0x30000001,  %rO0
mvtc 0, ‘ri1
sync

pop %r0

/* D-Cache address based invalidation
This program will invalidate address 0x30000000 line in D-Cache
with copy-back mode

*/

push  %rO

1di 0x30000005,  %rO

mvtc 0, ‘riil

sync

pop %r0

Z7)8k9] A Alo|th. AWMA = B F4 0x1000000
o]1, FHA = B F4 0x30000009] HlolE FAAZ
L E8 34 0x30000002] W o] 7} Al S copy-back

4.5.2 Way Based Invalidation

Way @] 7fA] Z7]3H(Way based invalidation)+= AFEZ}F7}F SCPR119A A st wayd]
Mg AN ways 2713} A7l Aolth. Way &9 74Xl 2718k 4 &9 744 27
3o} g AFE A= A 27)FE & B T4 99 18R gt} dway A Y
A% Mo GRwes AN AAE 2715 T 4 o] YA AN AAE 2715

< uj Wol AHgdT

/* I-Cache way based invalidation
This program will invalidate wayO in I-Cache
*/
push  %rO
1di 0x00000008,  %r0
mvtc 0, ‘ri1
sync

pop %r0

New embedded microprocessor...
Advanced Digital Chips Inc
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4.5. CACHE INVALIDATION 82
/* D-Cache way based invalidation
This program will invalidate wayO in D-Cache
*/
push  %r0
1di 0x00000009,  %rO0
mvtc 0, %rit
sync
pop %r0
/* D-Cache way based invalidation
This program will invalidate way0 in D-Cache
with copy-back mode
*/
push  %rO
1di 0x0000000D,  %rO
mvtc 0, ‘riil
sync
pop %0
F 22852 Way &5 WAl 271319] Aot} AWA = B o] A2 way0E
2713} st Fdola, FHAlE oy ALY way0E 27|13} sk FHO|Th upA
A= ol e AN Q] way0E copy-back REE %7]3} 3H= FHlo|ch.
e o > WEISC
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4.6. CACHE LOCK 83
4.6 Cache Lock
QA =(cache lock) ol &k Z R I A 52 o RIS T =L} tloElE HAo] 2=
st & AAY AAANA FAEEE 3= W (scheme)S 2] v] ot

AA] Well locking® ZE dolEH = 7HAY wlRg <o A AFE ol 97 wE
of Wk A2’ Aesg AFeA =L, HAl v 3 EE (miss penalty)ol]l &g o 7] %]
59 9% Age BAEE AT Ak

SHA Tk WA EZ ARESHAl HH AL o] Eof E7] Wil AHS 7HE s AHAIY
7= Zo]ET}h dutd o 2 FfA] BE ALRFF= F =} ©) o] Bl = interrupt vector table,
interrupt service routine, critical algorithm of system, global variable 5 ©] 1t}

AE32000C-Lucida ZZ M| Ao|A F|A] sl WHoe gz F4 o] 7]A] H(Address
based lock)3} Way ©9] WAl 2H(Way based lock)S A Y3lH, o2 A8 ZZA A=
] Nl 2 FA oA DA 2713}, 2)70A] = 3)dlolE] 2E A Z sk $3Y st
AE32000C-Lucida Z 2 A A A F|A] 2 342 u} I} Zr}.

L 7AAS = A= A=

2. Disable Interrupt

3. 7§ A] Disable

4 AA 2 (2713} 2, dolet load )

5. 7§ A] Enable

6. Enable Interrupt

AE32000C-Lucida Z2A|A A 7|A] 22 NE AA A AT R Yo H 1 g
3 2 Ak Aol Atk DAY BE wayE AN & T 5 QAL way 9] A FL
At wayel 1/2 744 ALtk 2974 B AN FL RE wayE & F 5 Q7] w2
o Fhol g AgAlE B4 e sholof Bk
4.6.1 Lock Status Check
AE32000C Lucida Z2 A= AAS 2 6] A8 ol & 5 AA 2 ks o ne g
ZL7F ek shojof Sit}t. £35] AE32000C-Lucida Z 2 A A= EE wayol A &S & ¢
Q7 wgol ShEdlol FAol wek ARl o7 Basith

MAY WA & AElE &<l 317] s A= SCPR11, SCPR3, SCPR4 #| A 2~E o H
3l oF gttt SCPRI11 Bl AAE &= 7HA1S] & AE] FRo FZshe 9&S sttt (LOCK
=12 LOCKPRO = 0’22 A %) SCPR3%} SCPR4 #| A AE = A&zt Al 7HA 9] &
AEE deEE dAAHE 44 PHe Nz A4 dAHE FUGES G,

3direct mapped 7)Aol A= way 7} St o] 7] wj &) cache lock 7| 5S A QA 9=tk

e et oen e Y EISC
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4.6. CACHE LOCK 84
AAE A 2 A 223 oA Ew SCPRIL A AHZ 7jA1e] = A
A Ho] H3 o] SCPR37} SCPR4 #AAEE F3lo] 7jA19) 2 ARE 9o] o= A
= &9 Z 5 AUtk AREARE olFA g 5 FHAIS B AHE Folo] dete 999
g o FE Wdsto] A B FHS sRsHd Hrh
ofell 22 oAl &8 F4 0x10000009] FH ] A = AF FEA FF F
4 0x30000009] ol 74X & A2 Fdolty. a2 A & FH A Astr] § sk
A A2E 82 9 Skt
/* I-cache add lock check
This program will store address 0x10000000 lock data
in I-cache to register 8
*/
sync
push  %r0
1ldi 0x10000002,  %rO
mvtc 0, %ri1 // cpO %ril setting to add lock check
1di 0x500,  %r0
mvtc 0, %r3 // cp0 %r3 setting to access I-cache lock data
mvfc 0, Y%r4 // cpO Jir4 setting to read lock data
st %r0,  %r8 // copy lock data to register 8
sync
pop %r0
/* D-cache add lock check
This program will store address 0x30000000 lock data
in D-cache to register 8
*/
sync
push  %rO
1di 0x30000003,  %r0
mvtc 0, %ri1 // cpO %rll setting to add lock check
1di 0x501, %r0
mvtc 0, %r3 // cpO %r3 setting to access D-cache lock data
mvfc 0, Jr4d // cp0 %r4 setting to read lock data
st %r0,  %r8 // copy lock data to register 8
e o > WEISC
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sync

pop

%r0

obel Z2 a9 XL BH AAG Hole A wayel he 2 A= Aol
AA o AR A2 82 Agshel A,

/* I-cache way lock check

This program will store way lock data in I-cache to register 8

*/

sync

push
1di

mvtc

1di

mvtc

mvic

st

sync

pop

%r0
0x00000004,
O)
0x500,
O,
o,
%r0,
%r0

%r0
%r11  // cpO Yril setting to way lock check

%r0
%r3 // cpO %r3 setting to access I-cache lock data

%hrd // cpO %r4 setting to read lock data
%r8 // copy lock data to register 8

/* D-cache way lock check

This program will store way lock data in D-cache to register 8

*/

sync
push
1di

mvtc

1di

mvtc

mvfc

st

sync

%r0
0x00000004,
O,

0x501,
0,

%ro,

%ro0
%ril  // cpO %rll setting to way lock check

%r0
%r3 // cpO %r3 setting to access D-cache lock data

hrd // cpO Jir4 setting to read lock data
%r8 // copy lock data to register 8

Lucida User Guide
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pop %r0

et AHEAE oA 22 IR Y A 2 AEE e o]F BAS Fho] A9
s ARE 2Hdste]of Fhrt.

AA & BHRE 8hitE e o] Rt} ¢

olgle & 42& AEA7L Qo] £ 2 AH AR WE AA F s ARE e

SHA UERd 3ol

g
2t
2}

N

Table 4.2: 7|A] 2 AFe] AR BA

Lock M ode Cache Type L ock check Data L ock Enable
00000001 Disable
2way 00000010 Disable
else Enable
00001110 Disable
Address based lock 00001101 Disable
dway 00001011 Disable
00000111 Disable
else Enable
way 00000000 wayO0 enable
else Disable
0000xx00 way0, 1 enable
0000xx01 wayl enable
Way baselock 0000Xx10 way0 enable
4way -
00001101 Disable
00001110 Disable
else Disable

4.6.2 Address Based Lock

4AE32000C-Lucida Z 2| A= H ] 8way?] AR st=go]E 24T 5 It} 2 ways 1bite] 7] A] lock
AEE 7HABE AR ANA] lock R E 8bitZ F55HA Hrh Oway O A W] E o] Tway THA] v E o
AE7 Atk @A dway 7HA] A4

New e::bedded microprocessor... ‘?E'sc
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4.6. CACHE LOCK 87
/* I-Cache address based invalidation
This program will invalidate address 0x10000000 line in I-Cache
*/
sync
push  %r0
1di 0x10000006,  %rO
mvtc 0, %ri1
sync
pop %r0
/* D-Cache address based invalidation
This program will invalidate address 0x30000000 line in D-Cache
*/
sync
push  %rO
1di 0x30000007,  %rO
mvtc 0, %ri1
sync
pop %r0
Fl 22352 F4 99 A o Aot AMAE 8 F4 0x10000009]
HFo] MAE Fole FEHolI, FHAlE B8 F4 0x30000009 HolE FAIE =atE
= dojrk.
4.6.3 Way Based Lock
Way &9 7HA] e(way based lock)& AHEZF7F A3t wayell A3 E8] F4FH way
a7) g 49 B34 bk ol FosoF & AL way w5l AN L %L F do)
Sl 271 S=AeieR B4 way 27 B 1Y of Qe Ael
o= S8KB 4way ME AA 7IA19] AL 3 waye| Z7|7} 2KB o] 7] W&ol way
Q91 A 42 oA B el 2KBel Fel 22 Aetol A4 o) B
/* I-Cache address based invalidation
This program will invalidate address 0x10000000 line in I-Cache
*/
sync
push  %r0
N et e YEISC

Lucida User Guide



10

11

12

13

14

15

16

17

18

19

20

21

22

4.6. CACHE LOCK 88
1di 0x1000000E,  %r0
mvtc 0, ‘rii
sync
pop %r0
/* D-Cache address based invalidation
This program will invalidate address 0x30000000 line in D-Cache
*/
sync
push  %rO0
1di 0x3000000F,  %r0
mvtc 0, Y%ri1
sync
pop %r0
9 Z2IREL way T A 2] dAlolty. AMAE BT F4 0x1000000 % E
2KB &3 @] A way0E Hete FHolaL, FHA= 2] F4 0x3000000+F E 2KB
HE dlolH A way0E =l FHo|TH
Ve s e YEISC
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TLB

o] Ao A= AFEA7F AE32000C-Lucida Z2 A Aol A 71 F4AE o]
Sa} gl Qrofok s AFRHEC dlele] TRES B,
e Memory Management UnitS 53+ 7} F4 9
HE A} w2 e 75 et AR
e AE32000C-Lucida Z2Z AN A= 7Hg 40 58] F420 HES 7
23}7] 9 3}e] TLB(Translated Lookaside Buffer)E A3}, MMU
2} 5934 TLBE A4 A #Hel= 29 A A (Operating System ) o] A]
3ot} o] FoAE G A A A AE32000C-Lucida Z Z A A 2]
TLBE 28 u] nes)of 3t AMSE Sofl tisiA dgsich

o

E>

Lo

gl F4E

F2

il

-
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5.1. TLB OVERVIEW
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5.1 TLB Overview

TLB# Translation Look-aside Buffer®] ¢FxF2 A, O/S7} vt=+= #o]#] Ho]E2] IR E
HAsk= FfAlolt}. F) o] A (Paging)2 7fde] ZE2Ia WA 7P vl E AHESHL,
O/SolA mReE #Aefdted 4Ee AYdS AFSA R, 7Hd 42 J A3 o o)A
£ Fol £8 F4E WIS 95t o] A tHE L} o] A H o] EX

Aol eFdrth oygt Fxo gk H2 AA7L R HIe FELSRE, £55)
L2ZESACRE AYHE B¢ ’E}%@ Sh> 7‘%3]’7} 0101‘/]":'% AHESHIL e ZE

lfo

Aol A v o)A HolE&
ojuf AHE¥ = W|®E 2| E TLB=t F
ol O/S7} Zg 3t o]z et #HA
TLB)7} a1, TLB miss7} 2233k

273} H o)X & TLBE 7IA 1 2

1) MMU9 74

AE32000C-Lucida ZZ A A ] MMU+ ¥ 28] 5 3 ] 2] (page) T2 &2 3} paging 7]
W& 53519 W2e & #el gl AE32000C-Lucidats 4KByte ©9] 9] 30| x| & o]&3} 1,
RE WREE F4 ATl A 4, T BHIE FoX B9 R o] Fo|Fg ouldir)
AE32000C-Lucida Z 2 A A1 2] MMU+ TLB(Translation Lookaside Buffer)2} 4 A3k A
o] §yom TAE o] 9ty TLBE 0/SolA FA3 Fo]#] glojBe AREZ B A=
%] A2, AE32000C-Lucidats TLBS] #2|E a2z Eg o2 A $£33lE software
managed TLB2] HEe)E 3} At

Iy
\\l 1//

@ AE32000C-Lucida ZZ M A A 4KB ©@99] #H oA E AML-31aL
O}, AE32000C Z 2 A A] of7| &l X ApAl= A| A8 HZ 2 2 A A (System Co-
processor)2] dE]o| w2} 4KByte 3] o] A 2} 256KByte 3| o] A& F Aol AL
T Aok dubAEQl 0/S A A= £HS A#ste] 4KB o] D9 E WK g
#e] 7l5S ZA st of gt

Software Managed TLB £ Z Z A A oA &3t TLBE Software Managed TLB2]
FEHE H3tr o2 E TLB miss exception©] T3 A 29 AA= g 3 o)A <
A B E Page Tabled A TLBEZ 7]+ 5 2to] 3 Q 3}

Processor Operation Mode AE32000C-Lucida+= &8 A} B = (Supervisor Mode) 2} A}
|2t 2= (User Mode) 2 #1231 3| o] 2] 9] H2S Algote 7|5 Al&3rh. T3 Pro-
cess ID(PID)E ARESto] Z2AA 92 J22 Aldets 752 AlF 3ok
AE32000C-Lucidac] &-8% MMUE w22 53 2o net AFgH = fylol Afo
7} 9t} AE32000C-Lucidac] W22 $2 2= 7M4 w22l o] ARg o] 2o uel &
HEe 2 Reg Mt vEeE] J2 RER PRk 28 Wiy HJE BEe 4

—
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W3 Aol dojuA ¢ BEoln, M) WEE I BREs ZEAAA 4" =
425 B9 WEYE A8 T4 HEo] dojubs REolt) o3 WERE 54 BE
°of AL mire W3 d2 44 Jhedith wRe M3 Ao AAg AR 3288
Fast7) wpEch

Ef vEE JZ EE B WEY FJ2 BEAA 23 W7F AT F e WEE
G A AleEE B R 7)o wet gAY, gutgo g 7+ W3 s
F4 TR ZE2IRY A AHEAEE Eol7] A8t 7 W RE] AHE A9 5 Y8 4GB
dF9oz F= Aol ot £ WRE HT R WEE ¥3 ¢ AH WaY
Aol wet WRe F2 Astelu A WEES T AT 5 dE WEEY S
715S AlFst

A R AT BE M R 42 Bood Zeadns 44 AxdedA 2
g Hmele P BA glo] 4GB Fa AL AREA ASE £ AH. Y W=
g 4T BEE WA 99 Y Yol e A MRS AEE AAA, pages] 2
71% 4Kbtye i 256 Kbyte® & A Aol thste] A@stol ALgE & ATH(LRAQ

AE32000C-Lucida®] 7% 4KByte page%t A& 7}53lc}).

10/50) whet 9% Ak A ASE Ak

New embedded microprocessor... ‘*E,sc
v
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5.2 TLBS| 52+

AE32000C-Lucidac] A}g%+E TLBE AXE9o]9 #Ha|E W= JFejo TLBo|t}. wat
A LAAAE Z2A 20 AAA N HHAA Ho|AE TLBe YolEo2H A E 3
AL o

& 4 glov), TLB miss7t 442 1% AT 4+ Yk

o

°f

\
Wl

&

level2 AT o] 911, 1st level TLB«] AL FEdo]jdoz 3
2 9 A A A 1 eSO AT I8

EF 2z EdC7 A Fojok st W ol/vlolE w2
separated @E}S] 2nd level TLB & of thajaut Ao == 3

>
&3]
(J%)
[\
S
S
S
Q
=
=
Q
a.
)
o
H
=
os]
rr
rL}L
oy
I
b
1o
=%
-+
o
fijo
i
o
N
(e
o
2,
G

P‘_i', —;
k
rlr 50

-
M

o o
i rlo |d

AE32000C-Lucida®] TLB+= 128 entry 4 way set associative separated 3 Ej 2 -4 5 o]
Atk JAAL wEe] Fe] B2 P ok sty Z2A2E LS| APt 96t
TLBl| 38l oF grt.

AE32000C-Lucidacl| A &~z E9oj A o2 TLBE #el3st7| 935t Algate 7153 &
d S32 v= 2ok

TLB enable/disable TLBEZ A&3 2 ofRE yehdith. wd 39 9
disable® o] Jthd, T4 WS Ao] fH A ggon, o= M 49 =2 F47F
F943% e 7HES gujditt. MBMUE E3to] 24 ook 3t}

TLB Invalidation TLBE] d}i1}e] EA entry?-S A Elsle] F & 3} (invalidation) 3= 7]
e AFd

TLB enableA] 8] 52 714 F4E o|&3le HEEE HZ3E= F$ MMUE= TLBE
FH23}o] TLB hit/missE st} wkeF TLB hitgld 7 F4of t)-3-3l= TLB entry
o £8 49 A AA, protection FHE A AEEZH S} vR2e A Fylo Z7t
AZgitt Y TLB miss2bd A4 Fojo] TLB miss exceptiony S LA 294 A A9
Aol A TLB missol] thdk 2] (A3 sl o] A& 7R 244 TLBol| ¥+ 2784 page
swap) & 3 ghrt.

TLB Miss ©t33 22 729+ TLB miss® % 2]% o] exceptiono] A ZHt}.

e TLB entry miss: Q3= Ho]EY F4 AHH7}F TLB entryoll= &2]3}A]
=2 "z dHolA HolBoE &A%t A-Folth. TLB entryo] tfsh
2 9 3}

e Page fault: Y3l tlo]E] F4& AW 7L TLB entryo] 24814 ¢ow, Eg o
229 HolA HolEor EASHA ¢= AEH, T volH7t Haag) 22
Hx 719 ZA o £Ast= dFolth. Hx 719 ZFA2HEH toleE goli £

HRelg &7)31, o]z HolE ¥ TLBY entryE wA|sHH Hrh

gom,
o

A 7¢
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TLB Miss Handling TLB miss7} A3 A9 Z2 M Al= o] A" HZE I 2 AMA
o] 2] (system coprocessor exception. 542 ZR)ZE ol EolA Hr}l Ala" HE Z 24
A o Qe AlaE HZ 2 M A2l SCPR159Y HHIE 5319 1) o]H F72] exception©]
2) ojgoll A TP EA Lobdth wY TLB missol]l #&HF Aolehd, TLB miss7} A
3t M 45 &3] o] &35} page table walkingS 43 & of Hl-htﬂ TLB miss”}
QA SE 74 4= dlolE] HZol 93 miss¢l H-$ GAPgeneral access point register <]
SCPR32} SCPR4E ©]-&3te] 22 o Jlow, Wao] F2ol 93t 7 F4+ push Ype
sto] &l & 4 Qth

OL

Page Table Walk TLB missE& 23St ¢ sld 7H F4AE vfgoz B8 F49)
page tableol] H23}o] page faultQ x| ZH X k22 & &F3tr}t. Tk page fault”7} ofd
72 miss7} A 3 TLB entry©l] page table] A X E 7] E35}= TLB entry A Y-S 4
3l Hc) wheF page faultQl % physical diskol] £ 3}+= ©] ©] E] & physical memory
9} swapping(paging) ot F 2= F st A FHE page tabled} miss7 HA P A
TLB entry©] 7]} 3ttt

(

J

y
ML,

&

A

AE32000C-Lucidals 7+ = 2| ATl 714 242 2 X 457] 9
A EE TLBA}| process iden-
Al AetA A7 st

)
2)
ATt

Sto] ol mz A2l 44 FaAA Hel @ 4
tifier register® T ATE 4G A A ANAE =2

2N =
= =
Z2A2~ 29 w3 12 TLB miss $AS 43 & ¢+

TLB F % wA 33 ok 2ubd <l pseudo codeo] th.

flo

e

TLB Lookup :
TLB enable = Memory Bank Unit (Virtual address)
if (TLB enable == 1)
if (TLB address/id match)
if (write at read only region)
After TLB miss exception occurs, Kernel TLB miss handling.
else if ( user program try to access supervisor region)
After TLB miss exception occurs, Kernel TLB miss handling.
else if (data write cycle)
Set TLB.dirty.
Set TLB.accessed.
Translate virtual address to physical address in TLB entry.
else
After TLB miss exception occurs, Kernel TLB miss handling.
else

Physical address is same with virtual address

Kernel TLB miss handling :

N ibedded mi
ew embedded microproceszor- P EISC
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Check where TLB miss occurs in instruction fetch or data access?
Page Table Walking
if (page reside in physical memory)
Manages missed TLB entry
Return TLB miss program
else
Swapping(paging) between physical memory and physical disk
Manage TLB entry

Return TLB miss program

Lucida User Guide
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5.3 TLB register

TLB registeroll == 3 74] TLB index register2} TLB virtual address register, TLB physical
address register 1211 TLB miss address register7} It} TLB miss address register+
instruction fetch®} Data accessol] i3l z+z} &Rt} [Table 5.1]+= TLB registerol] o 3t

2oFe BojET),

2)

Table 5.1: TLB register’s

TLB register name

Description

TLB index register

"2stut s TLB enty® A3 & vk

TLB virtual address

register

7} F 49} TLB control flags A A 3hry.

TLB physical address

register

S

=2 FaE AFTH

TLB process identifer

register

Process IDE A A3t} o] HAAEHE HZ3H7] HA8IA

+ general access index/data register& A}-&3HC|

Instruction TLB miss

address register

Instruction fetchd o 2FA3F TLB miss® 7PAFAE
A 7F8tr}. System coprocessor exceptiono] S uf]
AE32000C= A5 A 0 2 fault 7} A 3 pehS stack
o of &&= =1, instruction tlb miss address register&
AHEEEA] Al o] pegtE AMESIE "ok Pe g2 A
|2 s ARk o] HAXHE FIoH7] SsiA=

general access index/data register& A}-g3tc}.

Data TLB miss ad-

dress register

Data access & w] 213t TLB miss®] 7H F45 AR
3ttt o] HAAHE FHZ37] Y slAl= general access

index/data registerg A& 3T}

TLB Index Register

TLB index register+= 723} %} 3= TLB entryS A A gt}

Table 5.2: TLB Index Register (SCPRT7)

SCPRT7

Bit R/W

Description

Default Value

31:9 RW | Reserved

0:

TLB select

separated TLB¢l 7% o]W TLBo H2& ZAQA v
Ehilc)

select instruction TLB / unified TLB

1 : select data TLB

Ob
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5.3. TLB REGISTER

Table 5.2: TLB Index Register (SCPR7)(A<)

Bit R/W Description Default Value
TLB index
S RW A elE TLBoJ A o1‘:‘Ei—entr}’% AElg 1oz AA s 00l
t}. TLBY ZF way: 2 32entryE A d 5 qoH,
o] Z2 TLB virtual address[16:12] = A}-&-% ¢}
TLB way
2:1 RW | A= H TLBoA A AH entry”} o] H wayoll &) 35t+= 00b
A A st 2 TLBrtt Hof dway S 7HE 4 Ut
SCPR6 property
0 - SCPR6 dEHH = F49 FAS A3 ob
0 : virtual address register
1 : physical address register

TLB select 2=+ I-TLBL} D-TLBZ ojx AL A E Vel Y, TLB index=
32 719] depth FollA o= ZS AHTAE YEPATE TLB set-& 47]9] wayZF oAl o]
2L AR S YelU o, TLB v/p address register select = A1E1E entryol] A virtual
address registerS A =& 7] 9 X physical address register& /cj":—“‘?zl'llg e o}
AE32000C-Lucida®| TLB= otUte| SRAME E06t0{ I-TLBR} D-TLBE 20X %=

= T
unified 722 AE6t0 RJALC.
3) TLB Virtual Address Register

Table 5.3: TLB Virtual Address Register (SCPR6)

SCPR6

Bit R/W Description

TLB virtual address[31:17]

31: 17 | RW | virtual page number®] A9 HE 2 xdc} 519 & 00000h

2 SCPR791A A% % TLB index §4&-& AMg-3tr}.

16 R Reserved

Process ID

A Ee e AE 7 e A st 59 by
3ol
=1

Default Value

Ob

2
Ad 4 Qo2 F o] & process IDE o]&
15: 8 RW | t}. TLBOAl = & 256709 processE +&£<
v, 0SelAE AHEEHE m2As W o) o
FE = Ao+ TLB miss handlero] A TLB entry
place® o 2 ds}A SdafA ARGSFofof ghrt.

*’ 41
[o 3o ML P
[o ot fu

fu

00h

-

\

O:

[eig
=

=
=
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Lucida User Guide JEISC

Advanced Digital Chips Inc



5.3. TLB REGISTER 97

Table 5.3: TLB Virtual Address Register (SCPR6)(A <)

Bit R/W Description Default Value

Global access
7 RW 0 : access disable 0b

1 : access enable

read only page

3l page”} read only 2 EQIA] VEFHTE 3] page
6 RW | ol th3} write =L access violation e 2 A 71t} Ob
0 : read only page

1: read / write

Page dirty
g sol 7o) Hlole7l WAE A% ARHTh
0 : page is clean

1 : page is dirty

cache configuration

00 : cache disable
4: 3 RW 01 : reserved 00b
10 : cache enable with write-through

11 : cache enable with write-back

access right
2 RW 0 : supervisor only Ob

1 : supervisor / user

accessed

s o)A 7 F2H A=A YEbATh TLB miss?]
3% replacementE& ¥ uf oW wayE replaceA|
27 AReed A8E 5 gtk

: page is not accessed

= O

: page is accessed
TLB line valid

A gkl o] Valldﬁ}x] Attt 54 TLB kel of
0 RW '?;}:]— invalidationg 33t AY, 7] AAANA A& ob

0 : invalid page

1 : valid page

TLB virtual address register+= TLBo|A] 7} 40 )3k H & TLB virtual address reg-
isters= SCPR72] AA oA 0WA] bit7} ‘022 AAF o] glojof H 7hs3ttt o A
AHE 02T 08 AP Fo $ED 4% ARE T ok 229 4Re 9o

£ FNHEL Hx

=
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5.3. TLB REGISTER

98

o 71 FA HxT: 32 bit 4 F A A page offsetS A28 A Fa
o A AA FE: FF Jgo AMA HHA
o JT A% = i 99 H2 A access right)

e Dirty page B=: 3| Aol write7} $3H Aol glomz HXE 7)o Fx 2o
o] 5 A] write-backo] 48 % o] of 3tr}.
o Accessed ZE: T H o)X 7} H 2o A=

ZAE YT u oH waye] =5 WA

msi'ﬂ

e Global Access 2 E: H o]z 28 E 93}
ZeAAEA A28 4 e 92 U
4) TLB Physical Address Register

Table 5.4: TLB Physical Address Register (SCPR6)

SCPR6
Bit R/W Description Default Value
TLB physical address[31:12]

31:12 | RW . ) ] 00000h

physical page number& A% 3}7] 9 3le] AFRH ).

11:0 RW | Reserved 000h
TLB physical address register+= TLB physical addresso] th3t AHEE 331 Qth
physical address 2=+ 7} F47) mapping 2 &8 F4 5 YeERATH
5) General Access Point Index Register
General access point(GAP)= ZZA|A A AFg3l= ohgst A 2HES AAF3FAY

BEUEH 8t7] fste] AHREHE HS ZEO|ITH
TLBE ©] ZEE °]§3t] miss7} DA T4 5

Mol A B AT & ek

A F+55d

flo
lm

ZA 29 IDE

e GAP index 0x300: Instruction TLB miss address
e GAP index 0x301: Data TLB miss address

e GAP index 0x302: Process ID register

N, ibedded mi
ew em| led microprocessor. —?E,sc
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5.4. MMU EXCEPTIONS

99

5.4 MMU Exceptions

o] HojlX = MMU st=g]o] B oA LA 7] = exception®] thal] A sttt MMU ex-
cetpione AE32000C9] W27 A2 AR} TLB entryd] FXR7F X842 S uf A
goh 24 Bew 2ol Bl B % gtk

e TLB entry miss-match

— Virtual address Miss : AE32000Co| A H 31X} 3= F47) TLB entryoll
S A ks wlf WA

— Process identifier Miss : application = 2 130 0]] &35 process identifer 7} TLB
entryol] 2] 342 ¢S w WA

— Invalid page : ZTEI A FHZ5F8] &= virtual address®} process identifer 7}
TLB entryol] &4)35}x 2 TLB entry2] valid field7} off 4 wj Ay &

e Page Protection

— Write read only region : TLB entry hit®l Aol read? 3718 page 4 <9l
writes 2ro] dojd w] A3 (Instruction TLBOA & o+g).

— Access violation : TLB entry hitQl 7-%ol user mode®]| 4] supervisor modeQt

A2® 5 Yt vRe 99 72w B

TLB entry miss—match®} Access violation &%-2 Instruction TLB2} Data TLBo|| &
=W, write read only region®=-2 Data TLBO| 9+ 2 &5 = Algo|t}. 919} ZH2 excetion
o1 AFol A MMUE AE32000Co]| 4] TLB miss exception2 <@ th 22 ¥H AE32000C =
AR exceptiono] WAYS ZZ TR AL contextE A A3 T cpl exception hanlderE
S Z3kt}. Cp0 exception handlero A= exception©] A+&o] FSlAXE FHste] 2 d3st
2] & 3 T exceptions DAAAY Z2aHoz tiA] BEFPA I}
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5.5. H/W USERE |3 TLB +4 100

5.5 H/W users 93t TLB 4

o] oA=& TLB st=9oje] Ao thafl A 3trt. TLBE 4-way 128entry(Z} way'd
32entry)2] SRAM3} 871 (instruction®} data)®] micro entry bufferE 7}A| & 2-Level 2
£ #H3st 9t} 8709 micro entry buffer+= SRAMS <R AR E HIASIe], Ko} w2
address translationo] 7}F53t= & A3

Core

Virtual Address

:{> -utlb
4 entry

——ctr—-
mlb

il
1B

d-utlb
4 entry

address

Tl
T

Physical Address

N

Cache or BIU

Figure 5.1: TLB Module TOP

TLB9| entryt 4719 SRAM sizeol] &3] 27 % +=tll, TLB SRAM®| &} entry9]
S 243t application®] A A A o] 7Hesitt. RA o] 7hedt ML v

=

-~

pd

Table 5.5: TLB T4

SRAM | & Entry | Total Entry v 31

0 - - tlb AH8 Shet
16x52(bit write) | 16 16
32x52(bit write) | 32 32

2 16x52(bit write) | 16 32
32x52(bit write) 32 64

4 16x52(bit write) 16 64 u] 24
32x52(bit write) | 32 128

TLB SRAM®] & 028 dA3te A2 TLBE AREaHA o+ A Fd3tth o
Q]9 870 ¢] micro entry buffere] 24 o] 7}53lu, o] A A X} (khlee@adc.co.kr)ol] A<
23S 37 Akt
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10

11

12

13

14

15

16

17

5.6. TLB A7 oA

101

5.6 TLB 2A oA

o] AojA+= TLB registerE read/writedh= WH 3} firmware levelo| A TLBE A o]3l=
TAE oAl B o} A A3t

o /“L
Lucida
» LB

I-core

0x20010000 ~
0x20010FFF

Virtual address

/ Physical address LR
I T 0xC0010000 ~
I

£ 0xC0010FFF

Physical Address [ ;.1 .o1 address Register
egister

0xC0001 0x20000159

Physical memory

Figure 5.2: Address Translate example

282 Virtual addressE AF&3Fo] 0x20010000 — 0x20010FFF & o] B2 A] TLBoJ
9} 8+ 0xC0010000 — 0xCOO10FFF 9§ oz w3ty o] H23t= AElS vehdth ol
3 222 317 Ys)A] TLBY ol 0x20010000 — 0x20010FFF ¢ o] tf 3t W3} entry S

3} o]ok 3t} Seperated 7% 2] TLBE Instruction TLB®} Data TLBS] z}7zhoj
S @Gl sk W entryE QA Sho] of shrt

5.6.1 TLB entry 27

TLB entryE AR dts A4 obl A2t 2

# move %r0 to stack area for using %r0

push %r0

# Instruction fetch TLB setting

TLB Index Register access

TLB select : Instruction fetch TLB

TLB index : 1

TLB way : 1

V/P Address Register Select : 0(Virtual)
1di  0x0000000a, %rO

mvtc O, hr7

H H O H O OH

# TLB Virtual Address Reigster access
# TLB Virtual Address + spare bit : 0x2000

New embedded microprocessor... ‘*E,sc
v
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18

19

20

21

22

23

24

25

26

27

28

29

30

32

33

34

35

36

37

38

39

40

41

42

43

44

46

47

48

49

50

5.6.

TLB A3 oA

102

H OH H OH OH H* H O OH O OH H OH OH OH OH H O H=

H OH OH OH H

Process Identifier : 0x01
Read only page bit : 1
The page is dirty bit : O
Cache Configuration : 11
Access Right : 0
Accessed : 0

TLB line valid : 1

1di  0x20000159, %rO
mvtc O, %r6

TLB Index Register access

TLB select : Instruction fetch TLB

TLB index : 1

TLB way : 1

V/P Address Register Select : 1(Physical)
1di  0x0000000b, %rO

mvtc O, hr7

TLB Physical Address Reigster access
TLB Physical Address : 0xC0001
Reserved bit

1di  0xC0001000, %r0

mvtc O, %r6

Data TLB setting

TLB Index Register access

TLB select : Data TLB

TLB index : 1

TLB way : 1

V/P Address Register Select : 0(Virtual)
1di  0x0000010a, %r0

mvtc O, %7

TLB Virtual Address Reigster access

TLB Virtual Address + spare bit : 0x2000
Process Identifier : 0x01

Read only page bit : 1

The page is dirty bit : 0

Lucida User Guide
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62

63

64

65

66

67

68

69

70

71

T2

73

T4

75

76

7

78

79

80

81

82

83

84

85

5.6. TLB A7 oA

103

Cache Configuration : 11
Access Right : O

Accessed : 0O

H OH OH

TLB line valid : 1
1di  0x20000159, %r0
mvtc O, %r6

TLB Index Register access

TLB select : Data TLB

TLB index : 1

TLB way : 1

V/P Address Register Select : 1(Physical)
1di  0x0000010b, %r0

mvtc O, %7

H O H H O H OH

# TLB Physical Address Reigster access
TLB Physical Address : 0xC0001
# Reserved bit

1di  0xC0001000, %r0

mvtc O, %r6

**

# recover %r0, %rl from stack areea

pop %rO1

TLB entryS A Alo] TLB index+ Virtual Address®] [17:12]2} & 43HA] A A 314
of 3t} o]= TLB SRAMY] address® AFZE 7] wj&of o] zto] tt2 A AAEH TLB
matching 235 B A31A] £33ttt TLB way+= Virtual Address 9 93} Physical Address
g o] o] AL o] FEE T2 kS 7lA of st} V/P Address Register Select= TLB
entry2] Virtual Address % &3} Physical Address & 92 A1&3}H, 31}l TLB entry S
BASS) ANA 7 9] FAS Adstel BAsolok ek
(2l A1
A9 oAl Al= Virtual Address 9§ & A7 331 Physical Address % 9& AR 3= <A
Hoj3w, o]g} 22 ¢AE EZAS A4Sttt E3 Virtual Address Register= ™ & 2]
AL A 85 9on, A o= TLB line valid bitE F4+ 12 A A 5o of gt}

21} 2ol 32l TLB entrys A 4317 Al E
1. mvte %r7 (Virtual Address A=)

2. mvtce %r6 (Virtual Address 4 7%)

3. mvtc %r7 (Physical Address A1#)
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10

11

12

13

14

16

17

18

19

20

21

22

23

24

26

27

28

29

30

31

32

33

34

35

36

37

5.6. TLB A7 oA

104

4. mvtc %r6 (Physical Address A7)

o] HZ& AAof gt
5.6.2 TLB entry 2474 ¢17]

# move %r0 to stack area for using %r0

push %r0

# Instruction fetch TLB setting

TLB Index Register access

TLB select : Instruction fetch TLB

TLB index : 1

TLB way : 1

V/P Address Register Select : 0(Virtual)
1di  0x0000000a, %rO

mvtc O, hr7

H H O H O OH

# TLB Virtual Address Reigster access
mvfc O, %r6
(type excute code)

TLB Index Register access

TLB select : Instruction fetch TLB

TLB index : 1

TLB way : 1

V/P Address Register Select : 1(Physical)
1di  0x0000000b, %rO

mvtc O, hr7

H H OH O OH

# TLB Physical Address Reigster access
mvfc O, %r6
(type excute code)

# Data TLB setting

# TLB Index Register access

Lucida User Guide
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39

40

41

42

43

44

46

47

48

49

60

61

62

63

64

65

66

67

68

5.6. TLB A7 oA
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TLB select : Data TLB

TLB index : 1

TLB way : 1

V/P Address Register Select : 0(Virtual)
1di 0x0000010a, %r0

mvtc O, hr7

H OH OH

# TLB Virtual Address Reigster access
mvfc O, %r6
(type excute code)

TLB Index Register access

TLB select : Data TLB

TLB index : 1

TLB way : 1

V/P Address Register Select : 1(Physical)
1di 0x0000010b, %rO

mvtc O, hr7

H O H OH O OH

# TLB Physical Address Reigster access
mvfc O, %r6
(type excute code)

# recover J%r0O from stack areea

pop %r0O

TLB entryE ¢1-2 Alo+= Index RegisterE 53 9] AF 3t entrye] F2S £9]3}
, mvfc & E 53} Virtual Address Register, == Physical Address Register®] &

%t

(T

H ek 2ol TLB entry®] 273 < Jaat duf= ¢arAtst= Address & A9 st
mvfc HES B3 ARE GPR %r00] o]l GPR %r0: 9A HA2E R
T ol o HAALH A ASEAe A7
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5.7 TLBE A&sl= 2213 55

Program start

TLB Mvtc %r7
initialization Mvtc %r6
TLB Mvtc %r9
enable
TLB miss
— > .
Program TLB miss
Working Handling
-

Mvtc %r7
Mvtc %r6

Program end

Figure 5.3: TLB Program Flow

[Figure 5.3]2 TLBE AHg3 wj =239 53 A xolth

. TLB initialization : TLB SRAM®] %7]3}. 12| TLB Invalidation, supervisor
stack % 9 °]Y} momory mapped I/O & TLB W3 AV d9oz2 F7] 935
TLB entryell &3t JEE v 7]Ysich

. 83 W2 TLB enable : TLB enable2 W3 ¥ 2 33t 2] 7] w2 ¥ 3 9] enable
off 2AlF<S 718 oF st}
. main program - 3§

. TLB miss &4 : TLB entryol] FAA R} 24 314 2 uwlL}, page tableo] ¥
3= page AER7F gAY, ¥3t= dl°]E 7} physcial memory®l £)3FR] ¢k ulf

A g,
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5.7. TLBE Al&3sl= =211

Kl
fu
i)
[oh
it

107

5. Software® © 2 TLB miss A 8] 3F &, fault7} WA SF A Ao 2 thA] B3 : AE32000C-
Lucidao] W#ZE TLB: 2z Egojd oz Fesls uh4l

o

o= =
TLBE Aot =9 AA+= TLB miss & dHA AEe] Ao AL F9&
71 e of st

6. program®] F& : program S5 ol 744 3 55 W £ ¢ Ik

(F AL
TLBE AHg3t7] 9aliA] TLB SRAMS] 27|38 Ht=A] 383l of sttt TLB SRAM
o] 27]3 A0l TLBY oA £33 52 HAIs7] A3 all0 & A E2S d73sch
T3 TLB2] enableA]o] TLB miss®} #HH A E2|= TLB enabled Jofl F4 4= = A
A A%sich
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5.8 0O/S 2doj t3l o A

o] oA the TR IW] FAo £ 0SeF 22 FAA HreY A
A AA3t7] 18k TLBY H Alojet BE 75l thaf| At 059} 22
o Al kernel®] 32 & 283 vRe] Y9 thE 2P O HE HIZZ Alshst
ofokat, 747t L2 O E ol E HIS 585HA] g ol et A
AE32000C-Lucida®] TLB+ Process ID(PID)2} Access right(F A3 E F3 525 A
oF2 9o FZg Alstsich

e thee meade] Sl faAHE A%elA, TLBE Agste] =219
|

ool W vEe Ay AqAE Vepith
0x0000:0000
Boot program Boot program
0x2000:000 APP #1
APP #2 x2001:0000
Ox20FF:FFF APP #1 SP
|::> APP #2 SP x2100:FFFF
0xC000:0000 APP 1 APP 1
0xC001:0000 APP 2 APP 2
Figure 5.4: t}% Z2 13 £ A TLBE o] &3 wrg &g
Table 5.6: APP 4]
APP 1 APP 2
Al & FE A 0x0000:0000 0x0000:0000
2" FE 4 0xCOFF:FFFF 0xCOFF:FFFF
TLBE 53t A|ZF4 | 0x0000:0000 —> 0x2000:0000 0x0000:0000 —> 0x2001:0000
73
TLBE %53 2~®F4 | 0xCOFF:FFFF —> 0x20FF:FFFF | 0xCOFF:FFFF —> 0x2100:FFFF
W73
PID 0x01 0x02
Global access 0x0 0x0

Boot program-= A|2®-& %7|35}5131 APP1¥ APP2E 249 35lo] Agsts 213
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]Tq— APP13} APP2E= S U3 A A FA49 ~ARFAE Z2t= 2 7Po|t) o] = Z 13
= TLBE ©|&3tA ¢ +3sH =¥ APP1Y} APP2& 28 g 49 tlo]H 7}t T&35+
Zut2A ez XS
TLBE AH&ot= A-fol+& APPlﬂ Al 24 oF &
A ZF 4ot 2EEAE 79 Zo] WA o]F T ZrINL 7MY b 2EUFAE
AHE-te] X198 gkt
TLBE AR&Aloll= PIDE AHESte] o EobA] b2 HES WA Utk APP1S 43
T2 o7z 42 $3dAY 9 F T APP1o AHEATL WAE o APP2Y AEIFE A
A28 = A$olE= PID7 X844 ¢7) Wﬂ—‘irOﬂ CPO exception©] A4 35tct. PID+
ZZ2M22 1F WS E YERU Y, TLB entryE A A 3HA XA St} PID= 9702
TE= WAt AR R 255709 H ) §& FAE e 2O FPAol= FH )
FTEote] AdAstolof gty ESE o ZRAAVE AT FFe FfFote] ARt oF
5t= 7-9oll= Global accessE A A5l A3 4= 9l Global access7t A A=A PID
FASEIL o] o] Foj Rt -r14 AAoA = Zz2 2 A F=EE TLBE 5351
5t ok o] 2 Y8 AFFEE memoryd TFE G ol 7 A FFALAE WA

<

Bl

TLB entry2] AA-& TLB A& A AE st vizich
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Buffer
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6.1. INTRODUCTION 111

6.1 Introduction

AE32000C-Lucida Z 2= HEE JZ FAGA LASHE Latency S E0]3, ZZA
At A" Ao HlolE AE E&S F/FAI717] A3l 16-Byte 2712 write buffer
2} 16-Byte 32719 line fill bufferE F31 It}
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6.2. WRITE BUFFER

112

6.2 Write Buffer

Write bufferi= Z 2 A A7} W E 2]ol] 27| (write) HZ= A]E']—% AL wWr
27) FZE A =dhs A write buffer7} AF8 7453 739 write bufferol] © o]
Ao g 27 42 ART 5 UEF FoaHN 27 JIo AR AIZE o

4+ 92 BECTH Write buffero] A4 B0l A2 HAo] MrhE S| ¢
(Z2 write buffer7} 23 A$) R 2H oo
ZZMAE 16-Byte =27]2] write bufferE& &35t = h$)(32-bit) Q] o]
HE 474 A3 4 Ak webA, AX7E 8435 A 2 A9 2 A F3ol
write-through B =¢l Z-¢ #ul olug}l, /MAlY 52 RE7} write-backQl A-$ol= 3
el A Bhele AE7) AAste] A 4 9lerm @, AE32000C-Lucidad] A= write
buffer®} HEo] 6.32)A AT line fill buffer W HE Zo] AL3}o] write-back 7] A]
FZA O ANAl mj2of 2 2ol WA A A dirty 219 FZ(eviction)o] AREE
23S a9z o7 Zo A% FAS = RFE concurrent line write-back 7]H'S A&
3ttt

AE32000C-Lucida ZZ M A= write buffer®] 52 §&& £0]7] §J3lo] SgF oz
write® A4S o HES F4E AT T e AT FolA AU + Ut oy
£ 3I/A W A 2|3t byte gathering 7|52 A3ttt 3L, write buffertol] &xjd=
HolEHE& Z2MA A 838t A% o] A3 HUF+ data forwarding 7]
gttt Wb write buffero] Z 2 A Aol A 8 F38h= ] o] Ei«l AR EA sk A Folle v
R 2REH dolHE ¢ oA write buffere] dlo]eje} 23S 2K, write buffer flushing
Aol FAF HA HolEr Zm2AME AdE £ JE=E AYst Yot

AE32000C-Lucida ZZ M| A 2] write buffer= 23l W22 Ao tsle] A 7]—
gA3ts o] Jd= F I FA435tE 1, MBMU(Memory Bank Management Unit)-S
sto] 24T &+ AUt

ém‘ﬂ
-

2 A9

o o|r

Lo] 71¥ & background write-back &-& fly-by write-back . 2% E 2T},
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6.3. LINE FILL BUFFER 113
6.3 Line Fill Buffer
Line fill buffer+= 7] A1 2] 2121 @ A|(line replace) &3S E3H 07 4331 7] 3}, 7
A& BB ZZ(eviction)d dirty line©] write buffer 2o zx|= FoF W EeZEE 7]A]
gele e volHE dolx Agstn gl Agsts Motk oled T4 53
o] Z7. 6.1004 Hojx= upe} o] 7HA] kel WAl HA oA B shE write-backol]
e AL gAFoT & = QO 2 F ) o] & concurrent line write-back 7] o]} &
t}. Line fill buffer= 7A1 9] SZ 2 &7} write back REZ AAH Ao v 443515 o,
write buffere} Z3gtsto] A=k

AE32000C-Lucida AE32000C-Lucida

integer core | integer core |
Data Cache Data Cache
eviction, Line Replace
| Line Fill Buffer | | Write buffer | | Line Fill Buffer | | Write buffer |
H Write-Back
ite buffer flushikg)
BIU BIU
e J |
Line preload \
SYSTEM BUS SYSTEM BUS
[ mEmoRY ] MEMORY

(a) (b)
Figure 6.1: Concurrent line write-back procedure; line fill buffer reads line data meanwhile
a dirty line is evicted to the write buffer.
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SPM

o] ZolA= A} LS Y HE AFE BHAstE W wlEeQl
Scratch-PAD Memory(SPM)E AE32000C-Lucida 3z 2 M| A o] A} & &3} o]
AHEshE Bl tiste] AW ete S ok

114
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7.1 SPM Overview

AE32000C-Lucida ZZ2 M A+ W22 HZo 22l+E Latencys 74 A]7]7] 930 Scratch-
PAD Memory(SPM)E AH&-3tth. SPM2 o Zg| Al o] S Aot BEe ITH8S
Algst= WEEZ2 ARM ZZ A A1 e] TCM(Tightly Coupled Memory)¥} FAFstch vk
Ao SPM2 A%l 8% =, B H A 2 w2 X7t B3t 3=, ¢ o
HE AAsted AMS-H
SPM-<L software managed cache®} Z2o] 2 E Qoo oJ3le] #e|HT}) AF AR EH &=
dlolEl /P o] & SPMo|| AT ZH real-time A|AH I 22 o & 753 SHS 99}
ofF g Alol ol AAIETE FEe FHS B T 4 QUth SPM2 dubAd o
< Aol EeHor AREH I

-

=
=
7

e

e Real-Timed} Z+2 o= 715

<
oo
of
2

275 o EeA ol
o w2 A7 Bad Welo] 4o

—whe AP D oS AAsE SHe) Aad AHYE

- A% AgH AT, WE At BeF P4 W R
o W2 A7 B d volE o

o SEHE A E 93l Exception Stack # 7%

7.1.1 Feature
AE32000C-Lucida ZZA|A o] L% SPML t}&3 zZ+e EXS 7R}
e Harvard -2 9] & of/d o]g SPM
e Integer Core?] lcycle W& o]/dtlolg HZ B!
e SPM 39 A4 7}5 : AH&A Aot= MR Y9 SPM 24 7He

o 2] Masterol Al SPM HZ 7Is (Implementation @A oA 2 A)

1 zo] wol A Hlele SPM 42 2 wlole] Mol A §ejo} SPM A2 Ao leycleo] Bgs 4] stk
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7.2. SPM TYPE 116
7.2 SPM Type
SPM-2 S§ollAe 8+ % st=go] v]gol whet thfst 27 2 JefzE 742 5 Ut
2 doAx= SPME] EFdE Aol ol A H St
7.2.1 SPM B FA HE)
AE32000C-Lucida ZZ M Ao BL% SPME 2712 Fej2 LA 4= 9oy, 19 7.12
SPMS] A4 FEHE YeERd I do
r—— " " " " " "= " = = === === === m
: I-Core :
| A A |
I ~ _ B _ |
: iSPM | > dSPM :
I 1 - 1 > [
[ ! Y \ ! o
(N i dSPM |
| : slave IF i BIU : slave IF i |
| : _______ | A 'l___ o
LA __
12 21
\ Y
< System BUS >
Figure 7.1: SPM Type 74 3|
e TYPE 1
— A4 Fole] o oA dlog SPMel HZ & 4 Uth
— A4 FolE o] &3 A T SPMeof| W oj/dlolEHE JAT & AUtk
e TYPE 2 : Implementation ©A oA 718 4+ A
— TYPE 13} Zro] 4= Fojo] o] WaoA dlolg SPMo JZ & 4 Ut
— A4 FojE o]&3f A SPMel| WP o]/HolEE AT 4 Jdrt.
— SPMoj| A slave Q1E]g| o] A& 2 Q5}7] w] o] A4 Fo]7F ofd DMAS} 2+
o2 ulAE oA SPMef| HolHE AA) & 4 Qth
— d A& AHB slave AE H o]~ X Yok
— TYPELo|A Z2¥7.19] 2Wo] F7}8 FA ot}
7.2.2 SPM gdd FA
#7.12 AE32000C-Lucida ZZ2AM| Ao A8H SPMe 99 FdAES Yetd Zo=
SPME] Ag HA-o met FEls] 7+ 2 5 e A4S ¢ 5 Atk
2SPM9| FEl+ implementation THAOl A ZA o] At P Y& 77288 FUFEE Ik
e et oen e Y EISC
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7.2. SPM TYPE 117

)

Table 7.1: Z} g} F+3

B W&
A TYPE 1 B Mastero A SPMO g Ho] gl AP RE g ug
oA SPM< o8& & Ut
TYPE 2 2B Mastero| A= SPMe] HZo] 7453 7H8 #4833 7%
< A Y3t FEfolnt
oA TYPE 1 2] X o] Masteroll Al SPMe] HZo] 7% 3t}
TYPE 2 74 A A SPMell J2 & 4 JARE 7P B stEq)
o7} 8 st}

o Helo] =F9] vlo]aE AEEHAA = 7 ulaEo 93 SPME HIehe A&
glA o] A o] AFRE A ¢F7] ulEo] TYPE 19 S]] SPMo| Ag3 Aot} FE3t
OS Fejo] dlolgl Jgo] 8 Z2aso] TEFHE= ofZgAlolHoMT FHLT

4 qlek

o TYPE 2 369 SPME 9% Masterol 4 A2 & 4 9t 398 7152 A7
v SPMo] =2 A A9 AR FAL 317 98 vz o)/ wEe] 9% Mastor
o gool bt BRHOR AFTA AA FFAAL o Folth . MPSoC 2L

o

SDMAE o]-&3to] SPMoll B ol/tloletg AR Bfole axA otk
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7.3 SPM o}7]€l A

AE32000C-Lucida ZZ M| A¢] HL5 SPML Wi g AAE AR wel A7 9
Iz YEE AFAST AFRE 4 At =, Implementation TA o] Z A H physical
SRAME] 7§48 ol-83tel, AHBAFE AAle mzade] AA5E SPM & 74 & 9
o} =3 ZF F A AEHE2 GAP(General Access Pointer)S ©]&3to] Aojdlic} 4.

H

Global Reg [23:12] Global Reg [11:0]

iSPM 0 Registers dSPM 0 Registers

iSPM 0 Registers dSPM 0 Registers

SRAM 0 SRAM 0

SRAM 0 SRAM 0

SRAM 1 SRAM 1

SRAM 1 SRAM 1

Global Reg [23:12] Global Reg [11:0]

SRAM 2 SRAM 2
SRAM 3 SRAM 3

iSPM Slave IF dSPM Slave IF

iSPM dSPM

SRAM 2 SRAM 2

SRAM 3 SRAM 3

iSPM Slave IF dSPM Slave IF

iSPM dSPM

Figure 7.2: Examples of Reconfigurable SPM

Mg GFANAE Beol/HlolE SPME PR3 o] A

o W3ol/ulolE SPM 242he ole] A <) Wme] Yof 2l (N-KB/Bank)= 74E & 9)

oo

e Virtual Addressing ¥+ A|Q9. (TLB ON <o t}d] A+ Virtual address®} Phisical
address”} 1:1 Mapping E-& E 73l of &)

e SPMS] RE register= MVTC, MVFCE AL, (FeA} REoA T A4 71%)
e SPM=2 17]9] Golbal Register2} N7]2] Local RegisterE< 7}3.

o M2 A#A EA(SPM/cache)= B Gd1A 2.

o SPM dlo]¥ °]%F

— A2 Ade] FolA FdAo s ZZMAZL LD/ST W oJ2 M HolEl o]%

— DMAS th2 Masterol] st o] o]F 73ty HE AT Z2AA B

2
H
g Fzuz 2N REd FselA ALHES I

=

— A3k A o] FAHEH Z o= Access violationo] A,
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7.4 SPM Registers

SPM AAE #33IE= 1719 Global Control RegisterS zt=t} ESE SPM2 U Fof o &
Ne] BankZ FAE 4 992122 Global Register®] Configurationo 2] 2% =+ Bank
/N4 2= Local Register Set2 zZr=t} Local Register Set: Th23 722 3709] 32bit
Register2 FAJ €T}

e Local SPM Control Register
e Local SPM Start Address

e Local SPM End Address °
7.4.1 Global SPM Control Register

Table 7.2: SPM Control Register

ADDRESS : 0x700 -SPM Control Reg.

Bit R/W Description Default

31 : 28 R Exception Status Oh
4’b0001 : DATA Access Violation
4’b0010 : Instruction Access Violation

27 1 24 R Reserved Oh
23 : 20 R iBank Size: iSPMojA] Z} bank®] physical Memory
37

4’h0 : 1 KB

4’hl : 2 KB

4'h2 : 4 KB

4’h3 : 8 KB

4h4 : 16 KB

4’h5 : 32 KB

4’h6 : 64 KB

4’h7 : 128 KB

4’h8 . 256 KB
19 : 16 R/W | iSPM Configuration Oh

400 @ ARGAFO Al 1748] wRe] Golglz K<Y
4’h1 : Reserved

4h2 : AR A 479 w e Pelgz B
(& 9E A9 AR AR IR D)

Seglol Aoz SPM G A% BF4E ZFe/] el ool f2)ste] AgIHES Frh
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7.4. SPM REGISTERS 120

Bit R/W Description Default
15 : 12 R iSPM Enable Oh
4’b0001 : SPM Enable
4’0000 : SPM Disable
11: 8 R dBank Size: dSPMo9j| A Z} bank®] physical Memory
A7)

4’h0 : 1 KB

4’hl : 2 KB

4h2 : 4 KB

4’h3 : 8 KB

4’h4 : 16 KB

4’h5 : 32 KB

4’h6 : 64 KB

4’h7 . 128 KB

4’h8 : 256 KB
74 R/W | dSPM Configuration Oh
4'h0 : ARG AR A 170 wlR e Holglz K¢
4’h1 : Reserved
402 @ ARG AR Al 4708 wR e PGolgl® WY
4N & d+v A5 A FAHA AA %5)
3:0 R dSPM Enable Oh
4’b0001 : SPM Enable
4’b0000 : SPM Disable

7.4.2 Local SPM Control Register

Table 7.3: Local SPM Control Register

ADDRESS : 0x701, 0x711, 0x721, 0x721 - Local iSPM Control Reg.
ADDRESS : 0x704, 0x714, 0x724, 0x724 - Local dSPM Control Reg.

Bit R/W Description Default
31: 12 R Reserved Oh
11: 8 R External Access: BUS ¥ @3

4’h0 : External Access Not Support
4’h1 : External Access Support
7:4 R/W | Priviedge Mode: Al-&-X} @A3%t Oh

4’h0 : Supervisor only Access

4’h1 : Supervisor/User Access

N ibedded mi
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Bit R/W Description Default
3:0 R Enable Oh
4’b0001 : Local SPM Enable
4’0000 : Local SPM Disable
7.4.3 Local SPM Start Address Register
Table 7.4: SPM Start Address Register
ADDRESS : 0x702, 0x712, 0x722, 0x732 - Local iSPM Start Register
ADDRESS : 0x705, 0x715, 0x725, 0x735 - Local dSPM Start Register
Bit R/W Description Default
31: 0 R/W | SPM Start Address Oh
7.4.4 Local SPM End Address Register
Table 7.5: SPM End Address Register
ADDRESS : 0x703, 0x713, 0x723, 0x733 - Local iSPM End Register
ADDRESS : 0x703, 0x713, 0x723, 0x733 - Local dSPM End Register
Bit R/W Description Default
31:0 R/W | SPM End Address Oh
A End Address Register®] 79 TFE=A] Start Address RegisterS WA A
A A A4 St S 3ot
7.4.5 SPM A7 oA
2% Implementation Aol A iSPM/dSPM z+z} 47] 2] 4KB SRAMS A}F-&3F SPM Con-
troller oA o)t} Z+z+E A A HAAL E3) 171, 4709 Logical Memory® A& 3=
o & Hoj3a glon
2 oA 2973 5 4719 Logical MemoryE A A8t o] & &8st oAl of
st F=o g3l Ayttt SPM #HAAE L] AAHL GAPE ©]§317] w9 co-processor
ARz A2 Beolsl MVTCS MVFCE ALg3HA Btk F709 412 SPMo| 47
st= o= vk 2t
e Physical Memory 7<= : 8 7] (iISPM/dSPM Z}Z} 471])
e Physical Memory Size : 32 KB (iISPM/dSPM Z}Z} 16KB)
e Logical Memory Bank 7<= : 7 7] (iSPM/dSPM z}Z} 374, 47Y)
New embedded mlcroproceesor,..-vE'sc
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Global Reg [23:12] Global Reg [11:0] Global Reg [23:12] Global Reg [11:0]
iSPM 0 Registers dSPM 0 Registers
iSPM 0 Registers dSPM 0 Registers Start - .
Start dRegion 0 Start
. Start End ] celon End
iRegion 0 dRegion 0 " " .
iSPM 1 Registers dSPM 1 Registers

SRAM 1 dRegion 1

m e
dRegion 0 . iSPM 2 Registers dSPM 2 Registers
iRegion 0
|

iRegion 1 dRegion 2

SRAM 3

iSPM 3 Registers dSPM 3 Registers
dRegion 3

End
iRegion 2

iSPM Slave IF dSPM Slave IF End

iSPM dSPM

iSPM Slave IF dSPM Slave IF

iSPM dSPM

Figure 7.3: Configuration Examples

e Logical Memory 39 :
iRegion 0 : 0x0000_.0100 ~ 0x0000_0C00
iRegion 1 : 0x0000-1000 ~ 0x0000_1FFF
iRegion 2 : 0x0000_3200 ~ 0x0000_3FFF

dRegion 0 : 0xC000-0800 ~ 0xCO000-0FFF
dRegion 1 : 0xC000.1000 ~ 0xCO000_1FFF
dRegion 2 : 0xC002_8000 ~ 0xC002_8FFF
dRegion 3 : 0xC002_A000 ~ 0xC002_AE00

/* Macro function */

void gap_write (int index, int value) {

asm(" lea (%0, 0), %%r0 " : : "r" (index) : "r0" );
asm(" mvtc 0, %r3 ")
asm(" lea (%0, 0), %4r0 " : : "r" (value) : "rO0" );
asm(" mvtc 0, %rd ");

/* SPM Global Register Setting */
gap_write(0x700, 0x00021021); // #on #num of memory bank: 4

/* Copy Routines */
// ¥ 1. LD, ST & AH&3te] ZZAA 7L 23 spue] dlolHE A2
(o] 39 Z} SPM Start/End Regiser& HU3dl= o] F4Z HATE v}
A&l oF S} 7t BankE Enable 3f oF3hH)
// %W 2. LD, ST & AH&3to] BUSE 53l ZEAA7F sPMol| HiolHE A&
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19 (o] B¢ spMe| FaE 3T SWEF] Memory Maps HAT Z)

20 // ¥ 3. DMA 5 ZEAN|A] o]9]e] BUS MasterEs AME-3}o] SPMol| Ul o]EE A%

1 (o] A% sPMe] Fat T ZUE9] Memory MapS FTE )

22

23 /* SPM Local Register Setting */

24 /* Setting iRegion 0. -> Physical MEM 0. */

25 gap_write(0x702, 0x0100) ; // Setting Logical BankO START address : 0x0100

26 gap_write (0x703, 0x0C00) ; // Setting Logical BankO END address : 0x0CO0

27 gap_write(0x701, Ox1); // Setting Logical Bank0O On

28

29 /* Setting iRegion 1. -> Physical MEM 2. x*/

30 gap_write(0x722, 0x1000); // Setting Logical Bankl START address : 0x1000

31 gap_write(0x723, O0x1FFF); // Setting Logical Bankl END address : Ox1FFF

32 gap_write(0x721, 0x1); // Setting Logical Bankl On

33

34 /* Setting iRegion 2. -> Physical MEM 3. */

35 gap_write(0x732, 0x3200); // Setting Logical Bank2 START address : 0x3200

36 gap_write(0x733, Ox3FFF); // Setting Logical Bank2 END address : Ox3FFF

37 gap_write(0x731, 0x1); // Setting Logical Bank2 On

38

39

40 /* Setting dRegion 0. -> Physical MEM 0. */

a1 gap_write(0x705, 0xC0000800); // Setting Logical BankO START address : 0xC000_0800
42 gap_write(0x706, 0xCOOOOFFF); // Setting Logical BankO END address : 0xCOOO_OFFF
43 gap_write(0x704, 0x1); // Setting Logical Bank0O On

44

45 /* Setting dRegion 1. -> Physical MEM 1. x*/

46 gap_write(0x715, 0xC0001000); // Setting Logical Bankl START address : 0xC000_1000
a7 gap_write(0x716, 0xCOOO1FFF); // Setting Logical Bankl END address : 0xCOOO_1FFF
a8 gap_write(0x714, 0x1); // Setting Logical Bankl On

49

50 /* Setting dRegion 2. -> Physical MEM 2. */

51 gap_write(0x725, 0xC0028000); // Setting Logical Bank2 START address : 0xC002_8000
52 gap_write(0x726, O0xCOO28FFF); // Setting Logical Bank2 END address : 0xCO02_8FFF
53 gap_write(0x724, Ox1); // Setting Logical Bank2 On

54

55 /* Setting dRegion 3. -> Physical MEM 3. */

56 gap_write(0x735, 0xC002A000); // Setting Logical Bank3 START address : 0xC002_A000
57 gap_write(0x736, 0xCO02AE00); // Setting Logical Bank3 END address : 0xC002_AEQ0O
58 gap_write(0x734, 0x1); // Setting Logical Bank3 On
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AMBA AHB and AXI

)

Zof| A= AE32000C-Lucida Z 2 A A1S] W2 Qe H o]0 tdle] AWt
she.

Jhu
<
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8.1. BUS INTERFACE 125
8.1 Bus Interface
AE32000C-Lucida Z 2 A A= A" HAZA o8] SoColA ZYA WolEodxal = ARM
Ake] AMBA Bus Z2EEE 833 9tk ol 79 AMBAMZ Auoz Adso] g
we Fd 28 AE32000C-Lucida ZZMAE o] §3to] H47 SoCE HE 4 A2 ondch
AE32000C-Lucida Processor
Use Internal protocol
W — .| 3 «
DCache 57 AE
AE3200C- ko %2 3 %3
Lucida - > 5
integer BIU %é
processor T3
part Z3
ICache -
Figure 8.1: AE32000C-Lucida Processor BIU
AE32000C-Lucida Z2 M A2 H AlE 22 ATZZAA 3204 B8 M8 Ay,
ol L1 7Ale} A=A A= HAAEFHo|AE T3t A2 M9t A4E = FEE 5
a9k
BIUE Z2AA ¥ Qeslo]ag Axg Wad zeegs WHss Y0 Agstn o
AE32000C-Lucida®] BIU+= Instruction path®} Data pathol] thdle] 2tz SR o7 LA o)
7}hﬁ}ﬂ— o]= zZZ A Al YE7} Instruction path®} Data path7} E2]|H SIHE ol7|HXE
Y3 7] wFEo|t}t o]# 3 o] fFE A|AH A% Instruction W22} Data A2 E2] 5k
TGS Jom BEFEEH A" ¥]AE Instructiond} DataZte] v Afo wrE xdo] 9l7]
wEel AA A2Y A5e FAALS Atk Do BeE AaY war WAS odFos 7
Aelok st e wsl=s} e,
e et e YEISC
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8.2 AYWHA=ZZEZF

BIU £ thg9 Z2E3S AYstn, Z2E29 A8 SoCe SA4d wtet 7435ke] AT
ATt

e AHB protocol

AE32000C-Lucida Z2AA= WA o® o] AR gl AHB protocolE AHgsho]
ohgFet 842 7HA 3 ok AE32000C-Lucida 2 A4 2] BIU+= AHB protocol & U4
A Ferol ARHEE AN J50e Adaw Ak

AE32000C-Lucida ZZMA9] 7|2 522 1 word(E+ Short/byte)E 93 2&= F2o|n,
MAY F&5odE sl 4wordE 931 277} 7153

AHB protocol2 burst transfer® A Q3tw, th%d burst modeE AUl J+&d], o=
AE32000C-Lucida Z 2 A A419] BIU+ 4 word Incremental modeE X 3lc}.

e AXI protocol
AE32000C-Lucida ZZAM A& AXI protocol 2 A 43t} AXI protocol2 ARM A}2] bus
protocol2 AHBE T} & A52 233 SoCEHAE S ¢ 3 protocolo] T}
AE32000C-Lucida®] BIUE AXI protocold 53 AHBQ]— E8 7|58 2an, 27}
HH instruction path®} data pathE XY}t (F73t= A= 715381}
AXI protocol 45902 BUSS] clel% o2 1 45el AE 2 AAANDS 2
.

I
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8.3 BIUS &3 =9 435
AMBA bus A|2oll= 55422 memory®] ¢7]9F 7] 545 FHsAL, F494 A
B5h= MASTERSH 1% 74 9oje] 979 #2718 £33k}, MASTERS] S0 <
SLAVE7} A3, MASTERS} SLAVES A28 7 BUS(BUSE F49 AEE
o] 3l= Bz o|t})E Fesl= ARBITER7} &3t}
AHBS} AXT 2% o]2]dt 74 FefE 7kAm, 7 protocolell wet § &8 A2 52 Ao
N

(2 £AE ol E 57 4

2575 et

2

AR Ald R mARIG ARA @ AFE2 AMBA spec A4S

8.3.1 AHB Qg5 o]~

AHB EZ QEslolat thew 22 9 9 Aadz 749,

e HADDR : H&E F3Fo] HIZ3d1AF 3= 45 YErdth 32bit widthE 7FR o

e HBURST : Burst modeES UYEFHATE AE32000C-Lucida®] BIUE Incremental EE& XY
By,

e HTRANSE : @A) transfer®] Ae]E veERATE

e HSIZE : A transferd ©o]g| 2] =7|E vepditt. AE32000C-Lucida®] BIUE 8bit, 16bit,
32bit2 A Y3t

o HREADY : transfer® =Zlo] &+55 ¢SS vebdlith
o HRDATA : HAZ E3 97] S2o] fo]e]2 LJEFWAT}. 32bit widthE 712},

e HWDATA : &5 §3 7] 2 tlolelE yeEbdth 32bit widthE 7FXth.

8.3.2 AXI g d o]~

AXI B2 Q8slol2t 579 Ade 2450, 4 A 0e

£
N
v}

e Read Address g : 7] 49 Alo] Al dS A

e Read Data 2@ : SLAVE?S] 7] &9 )3t 29 memory?] datas HA% W=t}

o Write Address Mg : 27] 49} Aol Al2dL ALt

e Write Data A|'d : SLAVEE 53] memory°l| 231 X}5t= dataS A3}

e Write Response g : 227] 52 tfst SHS AFwtech
=

A=Y F49 tolg 9 width= AHBS} Ed3sHA 32bit=
2392 AMBA AXI specg #113}7] vlghc}.

AE 7 Ade) 959 A
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8.3.3 2] 3] A ¢

AE32000C-Lucida ZZA|AA LA Qe o8 4Fozs AHHES AR ZZAAY
748 sl wE Aozt Sth
o AEHE
AE32000C-Lucida ZZMAlE AZE o] A HES} =9 o] 2
axzEde] AHHEE BeAY A AHEA REOA HI st &
BHE W3e g9 588 WAste AP
stEdlo] AHHPEE F st=glofo oste] A3, AHHE £ 53 g yE
o] FFHE Fototo] T JEHE MR 2o 552 WAst JPsTh =90
S HEVI At AE32000C-Lucida Z2A|A= W22 QEHHE AEEF | HZ5H
JEHE HEE Qojer} oju AHB X AXI protocols ©]-&3to] SLAVER &A=
JEHE AEE HIZsA HArt

M
=)
&
R}

o

e special cycle

Z2AA0 A WIS 9 Fo] dEjol & 287t v AHE vEHiTh

JEHETF BAste] JEHE AEEY AHHPEY A7t HHE dEFF st 4

2, Z2AA9 58S AR E3l= of# 7t WA PMU(Power Management Unit)
AojstnA B, wr LB S $5te] PMUS| A2 AlEss 4950 zaan
oluf AHB X+ AXI protocol®] 7] 53& 531o] SoCo QAEHE AEEZ == PMU
o gEE s,

mlm

AE32000C-Lucida ZZ M A& QB HE EE special cycleE #2317 $JslA i3 JEHHE
AEEEY F49 PMUY F49 HZo] 7bestoiof sttt o]#dt 49 AHH= AE32000C-
Lucida Z 2 A 49 BIU| st=9oj2 Aol 7] uf&ol], SoC FH Aol ool thgt 7 o]
a3tk (Y A SoC 5 Hst T2 EZ WA Y 4 FH HAAN A E Gzt A
w9 5t7] Hpgrt
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A.1 System Coprocessor Register
Number | R/W Description Remark
SCPRO R Reserved
SCPR1 R Reserved
SCPR2 R Reserved
SCPR3 RW | General Access Point Index Register GAP
SCPRA4 RW | General Access Point Data Register GAP
SCPR5 RW | Sub-bank Address Register
SCPR6 RW | TLB Virtual Address Reigster
RW | TLB Physical Address Register
SCPR7 RW | TLB Index Register
SCPRS RW | Sub-bank Index / Configuration Register
SCPR9 RW | Memory Bank Register
SCPR10 R Reserved
SCPR11 A% Cache Control Register
SCPR12 | RW | Vector Base Register
SCPR13 | RW | User Stack Pointer Register
SCPR14 R Reserved
SCPRI5 W Master Command Register
R Status Register
A.1.1 Status Register
SCPR15 (read only)
Bit R/W Description Default Value
Access Right (Privilege)
Hzx Z22AAe A2 43S Yetdrh A" Bz 2244
31 R = A Supervisor only o2& ‘1’2 HAHHATCH 1b
0 : supervisor / user accessable
1 : supervisor access only (default and only)
30:28 R Lype Number ) _ 001b
Bz Z2AA9 Jef WS
27:25 R Subtype Number ) _ 000b
Hzx z2AAe FYH WS
24:23 R Reserved 00b
22:21 R Reserved 00b
e o > WEISC
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Bit R/W Description Default Value
TLB configuration
ZZAA A AFEH = TLBS FE|S Yebdch
20:19 R 00+ No TLB 00b
01 : unified 4-way, 128 entry
10 : separated 4-way, 64 entries for each
11 : separated 4-way, 128 entries for each
L1 Cache presented
18 R ZZ A A A L1 cache?} Al&= A YERATH ob
0 : L1 Cache is presented
1 : L1 Cache is not presented
L1 Cache Snooping Capability
Z 2 A A A AF= = L1 cache”} snooping 7] %52 3 5F=4
17 R et L1 cache’l Al 22 vl 833t 1b
0 : L1 cache supports snooping
1 : L1 cache doesn’t supports snooping
L1 Cache Replacement Policy
ZZMAANA AFEH+= Ll cacheolA] A|FF = replacement
16 R | policy® vtebith L1 cache?} Al 3" wjvlk & &3} 1b
0 : L1 cache supports write-through only
1 : L1 cache supports write-through and write-back
15:10 R Reserved 00h
9:8 R Reserved 00b
7 R Reserved 0b
Misalign Correction Support
A 2" SCP7} st=¢)o] 2 ¢l misalign correction2 A3}
6 R +=2] Yvepd T Misalign correction 7]5 -2 data FZA]o W & o
gdch
0 : Misalign Correction is not supported
1 : Misalign Correction is supported
N e e YEISC
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Bit R / W Description

Default Value

SCP Pending Exception Number

Rla=

0000 : instruction access violation
59 R 0001 : instruction TLB miss
0010 : privilege violation exception
0011 : data address misalignment
0100 : data access violation
0101 : data TLB miss
0110 : data write to read-only region

1000 : instruction address misalignment
1111 : N / A

SCP exception©] TAsF 7 A3 exception?] £HE A%
Bt e FEolth Exception A g7t 342 4

of exception F2-& o]&3to] AqA 2|7t FEHUSS Lok

< MCRY9 end

1111b

Status of SCP Pending Exception

1 R end of exceptionol] 2]3}o] clear® t}.
0 : No pending Exception
1 : Pending Exception Exist

SCP exception¢] AsE FP o] &= 2. MCRY

0b

0 R Reserved

0b

A.1.2 Master Command Register

SCPR15 (write only)

Bit R / W Description

Default Value

31 : 16 Reserved

15 : 11 Reserved

10 : 8 Reserved

=== =

7:6 Reserved

End of exception
0000 : instruction access violation
0001 : instruction TLB miss
0010 : privilege violation exception
0011 : data address misalignment
0100 : data access violation
0101 : data TLB miss
0110 : data write to read-only region
1000 : instruction address misalignment
1111 : N / A

1:0 A% Reserved
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A.1.3 User Stack Pointer Register
SCPR13
Bit R/W Description Default Value
31: 2 RW | User Stack Pointer (USP) 0000-0000h
1:0 R Always 0 00b
A.1.4 Vector Base Register
SCPR12
Bit R/W Description Default Value
31: 10 RW | Vector Base 00000h
9:0 R Always 0 000h
A.1.5 Cache Control Register
SCPR11
Bit R/W Description Default Value
31:7 W | Target Address[31:7] -
6: 4 W | Target Address[6:4] / Target Way -
Operation
3 W 0 : address based invalidation -
1 : way based invalidation
when LOCK = 0, write-back control
) W% 0 : without write-back -
1 : with write-back if needed
when LOCK = 1, Locking procedure
W 0 : Lock bit read -
1 : cache locking
(LOCK) Lock Control
1 W 0 : Lock disable -
1 : Lock enable
Cache Type
0 W 0 : Instruction Cache -
1 : Data Cache
A.1.6 Memory Bank Register
N e e YEISC

Lucida User Guide



A.l.

SYSTEM COPROCESSOR REGISTER

SCPR9
Bit R/W Description Default Value
Memory Bank 7 Configuration
31 Memory Bank 7 TLB address translation
0 : TLB diable
1 : TLB enable
30 Memory Bank 7 access right (only valid at TLB disable)
0 : Supervisor only
31: 28 | RW 1 : Supervisor / User 0000b
29 : 28 Memory Bank 7 Cache Configuration (only valid at
TLB disable)
00 : Cache disable
01 : Reserved
10 : Cache enable with write-through
11 : Cache enable with write-back
27 . 24 RW | Memory Bank 6 Configuration 0000b
23 : 20 RW | Memory Bank 5 Configuration 0000b
19 : 16 RW | Memory Bank 4 Configuration 0000b
15 : 12 RW | Memory Bank 3 Configuration 0000b
11: 8 RW | Memory Bank 2 Configuration 0000b
7:4 RW | Memory Bank 1 Configuration 0000b
3:0 RW | Memory Bank 0 Configuration 0000b

A.1.7 Sub-Bank Index/Configuration Register

SCPRS8
Bit R/W Description Default Value
31: 7 R Reserved -
Sub-bank Index

000 : sub-bank 0
001 : sub-bank 1
010 : sub-bank 2

6: 4 RW 011 : sub-bank 3 000b

100 : sub-bank 4
101 : sub-bank 5
110 : sub-bank 6
111 : sub-bank 7

Lucida User Guide
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Bit

R/W

Description

Default Value

RW

Sub-bank configuration (indexed by bit[6:4]
3 Configration information validity
0 : invalid
1 : valid
2 Access right
0 : supervisor only
1 : supervisor / user
1:0 cache configuration
00 : Cache disable
01 : Reserved
10 : Cache enable with write-through
11 : Cache enable with write-back

0000b

A.1.8 TLB Index Register

SCPRT7

Bit

R/W

Description

Default Value

31: 9

RW

Reserved

RW

TLB select

separated TLBS 3¢ oJ® TLBell 2% ZAA el
0 : select instruction TLB / unified TLB
1 : select data TLB

0b

RW

TLB index

Agl g TLBoJA] 1™ entry &
7} way+ H o] 32entryS A
address[16:12]= AFg-F T}

00h

RW

TLB way
AeE TLBA AAH entry’t oI wayo| EAj8t=x] A A
stc}. 7z TLBubth H o dway s 712 4= Qlth

00b

RW

SCPR6 property
SCPR6| Y& F42] F45 A4t
0 : virtual address register

1 : physical address register

0b

A.1.9 TLB Virtual Address Register

SCPR6

Bit

R/W

Description

Default Value

31: 17

RW

TLB virtual address[31:17]
virtual page number®] 4§ HE
SCPR7¢1A4 A Q¥ TLB index #&

flo
N
r
v
5
B
Me
Mo

ftfo
>
ofo
%
iy

00000h
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Bit R/W

Description

Default Value

16 R

Reserved

0b

15: 8 RW

Process ID

M3 WEEoMe 7t 2eAauY Y A FA
Qon 2 ol& process IDE ©]§3lo] LESIT TLBOA &= &
256709] processE TwT F 2w, OSAA= ALt ==
A2~ HE 7} o] oJA}o 2 a4y = 7 So]= TLB miss handler
oA TLB entry placett ) A8 8kA 2ol A A5 shofof &

o}.

it

A

r o
Ay

N

00h

Global access
0 : access disable

1 : access enable

0b

read only page
3T page”} read only EE=<1Xx] yebATE 3o pageol] thst
write L access violationg AP A 71Th

0 : read only page

1 : read / write

0b

Page dirty
s sojzle] dlole 7 WAaE 7

0 : page is clean

o
nx
o
)
v

1 : page is dirty

0b

cache configuration
00 : cache disable
01 : reserved
10 : cache enable with write-through

11 : cache enable with write-back

00b

access right
0 : supervisor only

1 : supervisor / user

0b

accessed
M oA 7 AeEPd=A Uebdth TLB misse A% re-
placementE 43S w] o]W wayZS replaceA| Z A A A S
g8 5 9ok

0 : page is not accessed

1 : page is accessed

0b

TLB line valid
sl 2hele] valideh#] AR gct. 574 TLB helo] thste] in-
validationg =33t A Y, 27] AAA ARgH )

0 : invalid page

1 : valid page

0b

A.1.10 TLB Physical Address Register
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SCPR6
Bit R/W Description Default Value
TLB physical address[31:12]
31: 12 | RW . _ 00000h
physical page numberE A 3}7] §]3lo] AT
11:0 RW | Reserved 000h

A.1.11 Sub-Bank Address Register

SCPR5
Bit R/W Description Default Value
Sub-bank Base Address Bit 31-12
31 : 12 RW 00000h

Base Address = xxxx_x000h
Sub-bank Size

0000-0000-0000 : 4 KB

0000-0000-0001 : 8 KB

0000-0000-0011 : 16 KB

0000-0000.0111 : 32 KB

0000.0000_1111 : 64 KB
1o RW 0000.0001_1111 : 128 KB 0000
0000.0011_1111 : 256 KB
0000-0111_1111 : 512 KB
0000-1111_1111 : 1 MB
0001_1111_1111 : 2 MB
0011_1111_.1111 : 4 MB
0111.1111.1111 : 8 MB
111111111111 = 16 MB

A.1.12 General Access Point Data Register

SCPR4
Bit R/W Description Default Value
General Access Point Data
31: 0 RW . ) -
SCPR3°l 9J3] Index® Register?] zt< 2AY ¢S 4 Ut}

A.1.13 General Access Point Index Register

SCPR3
Bit R/W Description Default Value
General Access Point Index
o | p | GAPE BAA A2 B+ 9k AA2HE Q€% ndexz _
A2ETH GAPE H2E 4 dE= dA2E Y 7= refsec:gap
2¢ oSy By
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A.2 General Access Point
Number | R/W Description Remark
0x0000 R Backup IR
0x0001 R Backup ER
0x0002 R Backup PC
0x0010 R EAD
0x0300 R Instruction TLB miss address
0x0301 R Data TLB miss address
0x0302 R TLB Process 1D
0x0500 R Instruction cache lock condition
0x0501 R Data cache lock condition
0x0600 R Instruction Bus Error Address
0x0601 R Data Bus Error Address
0x0700 RW | Global SPM Control Register
0x0701 RW | Local iSPM Bank0O Control Register
0x0702 RW | Local iSPM Bank0 Start Address Register
0x0703 RW | Local iSPM Bank0 End Address Register
0x0704 RW | Local dSPM Bank0O Control Register
0x0705 RW | Local dSPM Bank0 Start Address Register
0x0706 RW | Local dSPM Bank0O End Address Register
0x0711 RW | Local iSPM Bankl Control Register
0x0712 RW | Local iSPM Bankl Start Address Register
0x0713 RW | Local iSPM Bankl End Address Register
0x0714 RW | Local dSPM Bankl Control Register
0x0715 RW | Local dSPM Bankl Start Address Register
0x0716 RW | Local dSPM Bankl End Address Register
0x0721 RW | Local iSPM Bank2 Control Register
0x0722 RW | Local iSPM Bank2 Start Address Register
0x0723 RW | Local iSPM Bank2 End Address Register
0x0724 RW | Local dSPM Bank2 Control Register
0x0725 RW | Local dSPM Bank2 Start Address Register
0x0726 RW | Local dSPM Bank2 End Address Register
0x0731 RW | Local iSPM Bank3 Control Register
0x0732 RW | Local iSPM Bank3 Start Address Register
0x0733 RW | Local iSPM Bank3 End Address Register
0x0734 RW | Local dSPM Bank3 Control Register
0x0735 RW | Local dSPM Bank3 Start Address Register
0x0736 RW | Local dSPM Bank3 End Address Register

e o > WEISC
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A.2.1 Backup Register

GAP: 0x000
31 : 16 R Reserved 0000h
Backup Instruction Register
15 : 0 R | Ull, UDI exceptiono] A3k H<9o] RS &g 4 r}. 0000h
NOP 1 W ol%9 IR A% 4 itk
GAP: 0x001

Backup Extension Register

UIl, UDI exception®] &AJ3t F¢2 ERS &9l 0000_-0000h

NOP 1 ¥ %2 ERS e & 3t}

ok
>
k)

GAP: 0x002

Backup Program Counter Register

31:0 R UII, UDI exceptiono] 23 A9 PCE &9 4 Qrh 0000_0000h
NOP 1 3% oj%<] PCE 4% 4 9ok
A.22 TLB
GAP: 0x300

Instruction TLB Miss Address

Instruction TLBo| Miss7} A3 329 address& AT 4 0000_-0000h

it

GAP: 0x301

Data TLB Miss Address

31: 0 R 0000-0000h
Data TLBe] Miss7} A3 492 addressg &A1& 4 it
GAP: 0x302
31: 8 R Reserved -
7.0 R TLB Process 1D 00h
' TLBE] process IDE &g 4 At

New embedded mtmnmmor...—ﬂslsc
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A.2.3 Cache

GAP: 0x500

31: 4 R Reserved -

Instruction Cache Lock Condition
3:0 R Oh

Instruction Cache?] Lock ArEjE F-olst 4~ 9Qlt}h.

GAP: 0x501

31 : 4 R Reserved -

Data Cache Lock Condition
3:0 R Oh

Data Cache?] Lock AEjE #olg 4 9lth

A.2.4 Bus

GAP: 0x600

41 0 R Instruction Bus Error Address 0000.0000h
’ Instruction Bus®] Error7} @338t AddressS &¢1d 4 9t} -

GAP: 0x601

310 R Data Bus Error Address 00000000k
’ Data Bus®] Error7} @43k AddressE& &g 4 ot )

New embedded mtmnmmor...—ﬂslsc
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[ 712 ]

S o 12
[A]

Access violation ............ ..ol 4
ADChIpS .. oviviiiiiin it ii e, 12, 19
Address alignment error.............. 47

Addressing Mode

245 Z7F WRE AR R ..., 28
AE(Advanced EISC) processor....... 12
AE32000 ......iiiiiiiiiiiiiiiiiians 13
AE32000B-Calliope........ccoovvnenn. 13
AE32000C-Lucida .......covvvvivnnnn. 13
AE32000C-Lucifer.................... 13
ASSP . 13, 19
Autovectored Interrupt............... 25
[ B]
background write-back .............. 112
BIU

AHB protocol................... 126

ARBITER ......cooiviiiiiinenn, 127

AXI protocol ................... 126

MASTER ....cciviiiiiiiiienn.n. 127

SLAVE. ...ttt 127
BTB(Branch Target Buffer).......... 15
byte gathering ...................... 112
[C]
cache locking............. ... ot 15
(@) 110 J 12, 19
concurrent line write-back...... 112, 113
[ D]
data forwarding ................ .. ... 112
[ E]

EDA ...t 16, 19
EDA Tool Support................. 2, 16

EISC ..ottt 12, 19
EISC...ciiiiiiiiiiiiiiiiiiiine 12
EISC Z2ANA o718 . ...o.o.t. 12

Exceptions
Bus Error........................ 47
Coprocessor Interrupt........ 39, 47
Double Fault..................... 48
External Hardware Interrupt..... 46
Non Maskable Interrupt ......... 47
Software Interrupt............... 47

System Coprocessor Exception...22
System Coprocessor Interrupt....47

UDI(Undefined Instruction Interrupt)
27

UII(Unimplemented Instruction In-

terrupt) .. .oiiii 27
Undefined Instruction Exception . 48

Unimplemented Instruction Exception

48

Extension Flag .................. ..., 25

[ F]

fly-by write-back ............. ... ... 112

[G]

GAP o e 98

GAP(General Access Pointer)........ 27

General access point.................. 98

general access point register.......... 93

[T]

Instructions
CLR ..ottt it 22
EXEC....iiiiiiiiiiiiiiiiinnn. 47
B N 27
JALR ..o ittt 27
JPLR ..ottt 27
LEA i 29
LERI....coiiiiiiiiiiiiiiiiinen, 27
MVTC ..ottt 29
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S D 22

SYNC....oiiiiiiiiiiiiiiiiiiiae 22
[L)
LERI

e B - e I e 12
Level 1 Cache................ooiint 66
Line fill buffer....................... 113
line fill buffer .................. 110, 111
line replace............coviviiiinn.. 113
Linux....cooiiiiiiiiiiiiiiiiiiiiiinnn, 13
[ M]
MBMU....iiviiiiiiiiiiiinnennen 14, 19

Memory Bank Management Unit 53,
54

L R=R I = 58

WRe W GRAE .. 58

WIBank) .ot 55

A2 W3 (Sub-bank) .............. 56

Memory Management Unit ... 47, 53, 89

1Y 51/ 1 6 A 14, 19
[ N]
NMI

Non Maskable Interrupt ......... 25
[ P]

Processor Options

DSPEXT .uneeennnnn.. 27, 32, 40
[ R]
RISC ..ottt 12, 19
124 0 - I 13, 54
[S]
SE(simple EISC) processor........... 12
SIMD ..ttt ittt ii e 19
SoC .« i e 19

Software Development Support....2, 16

SPM
Scratch-PAD Memory........... 114
SPM(Scratch-PAD Memory) ......... 15
[T]
B 1 115
TLB.....coocvviiiinn. 19, 47, 57, 89, 90
Memory Translation ............. 53
TLB miss....coviiiiiiiiiin, 47
Translation Lookaside Buffer..... 54

TLB(Translation Lookaside Buffer)...14

(V]

Vectored Interrupt ................... 25

[ W]
Write buffer......................... 112

write buffer..................... 110-113

[Z]
zotl

F4 &8 714 ZH(Address based lock)
83

[ 7]

Y 47, 89
Virtaul Address............. ..., 89

74 7 Al (virtual cache) ............... 68

[ -]

WS S8 Bokoiiiiiiiiiiii i, 19

[ =]

HEZ T e 54

HEE 52 B ittt 57

B A e e 89
Physical Address................. 89

= 2] 7] A]l(Physical Cache)............. 68

[ »]
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L e I = 24
General Purpose Register........ 24
GPR ..ot 24

He(offset) covvviiiiiiiiii i, 12

[ ~]

N = T 18

2D O] e 22, 24
SP ot 22, 24
Stack Pointer............. 22, 24, 29

J2] BRI ZAA o 29

[ o]

O] (ACronymS) ..o vvveveivnnnneennnnnn 19

e = = = 25

B I S 89

L5 1 =2 I = 22

[ =1

£ X ZFr(immediate value) ............. 12

A" A LA ANAl e 72

[ =1

= g#o]E AFE3lE RISC........... 12

ZZE(eviction) . ovvviiiiiiiiii i, 113

[ 7]

Al
associativity) .....oovviiiiiiii. 73
conflict.................oiiiiill 72
conflict miss...................... 73
copy-back &= .......... .. ... 78, 80
LRU(Least Recently Used)....... 76
Pseudo-LRU ..................... 76

Way @] 7lA] &(Way based lock) 83

Way @] 71A] &(way based lock) 87

Way @9 7JA] %7]3(Way based in-
validation) ...........oooiiiiiiii . 80,
81

+7t4 2 </ (Spatial locality)..... 66

2 A 73 (replacement policy)..... 76
TE] W] E](dirty bit) ..ooveeenennn.. 69
Z v E(lock bit) ..., 69
2 9 g E] (miss penalty) ......... 75
U2 g (miss rate) c.oooiiiiiiiiinn, 75
=3 7] A](Split cache)............. 68
ME 97(Set-associative) ......... 73
2@ A (Thrashing) ................ 72
Al ZHA A9 A (Temporal locality) .

2 7] A (write policy)............ 76
A< 719 *H4]) (writethrough)...... 76

& A2 7| Al (Fully associative cache)

73
& B E(valid bit) ...oeeneein... 69
HeE(hit rate) ...l 75
F2 T8 71A] Z(Address based lock)
86
F2 49 AMA] %7]3H(Address based
invalidation) ............. ... ol 80
A9 2] 92 (principle of locality) 65

71

217 1] 7] A](Direct mapped cache)

ZZE(eviction) .. covvviiiiiiiii, 72
A e e e 65
A HOTE viee i 69
WAl 2Fel X}-%-7](cache line fill)

2 = 80
NAl Z(cache lock) .....cvvunnnn.. 83
AL BIEE] e 68
TNAL ZE] e 69
Al Al (miss) cvvvviiiiiiiinnn.. 71
L T e 78
MAl AS(hit) oo, 71
FHAL 2N e 78
MAl Z7]%}(invalidation) .......... 80
MA AEEZS] . oiiiiiieinnnnn.. 68, 70
A BT e 69
%% 7NAl(Unified cache) .......... 68
ST A e 78
S 7149 w4 (writeback) ... 76
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e ittt ittt 12

[ =1

EL B2A GAAEH o 24
Counter Register................. 28
CRO ...oiiiiiiiiiiiiiiii e 28
7 2 3 28
Extenstion Register(ER)......... 27
Link Register(LR)................ 27
Multiply High(MH).............. 27
Multiply Low(ML) ....ooovvvn... 27
Multiply Register ................ 27
Multiply Result Extend(MRE) .. 27,

40
Program Counter(PC)........... 27
Special Purpose Register......... 24
SPR ..ttt e 24
SSP ittt i e 29
Status Register(SR).......... 22, 24
L ) P 29
ARl BIAIAE 22

[ =1

0] (Von neumann) ©}7|EA] ...... 68

ZEANA S B i 22
Operation Mode.............. 22, 25
Supervisor Mode................. 22
User Mode..........covvivivnnnn, 22
A BT e 22
AFEAE B i it 22

[ 1]

S = (Harvard) oFZ1EA ..ot 68
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