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I. EISC 470

Hole 52 UehdlE Op—Code st 1 52+-&
#h= Operand® A, Operandi= T8 bit
string & o]of| 2Ju]E F-ojdh= 712 Op—Code©]
t}. @2} OperandE Op—Code9} S 2Q1 bit
string © 2 #143&}H Op—Code7} B2 3= zo]
7 Operand g sk 9] 72 AAS ks
T 9tk &8 #A)AEHER : Extension register)
o} 3 28| 1(E : Extension flag) 2= A 2-$ 7
HE EYste] 1g ooz oj2ist HHo] 7
25 8% Ao] EISC (Extendable Instruction
Set Computer) ]t}

9 microprocessors AY] Q7o) whkA
16/32/64 bit®] vhekdt bl Fositt Iy
16/32/64 bit microprocessor] H&ololx Op—
Codet Y3l Operand Zojgto] Yapa},
EISC %o} T2+ Operand Zo|& Q3 Zo|
HE 9] Hol2 #7go] 7FeslE R 16/32/64 bit
microprocessore 5 Y WHo] 12 E AAE

o g,

I1. EISC €&

EISC microprocessor®] 83t E2-8- 583 &
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Small code size

Scalable Architecture

Simple instruction set and hardware
Speed — high Speed

Saving — power saving

1. Small code size (High code
density)

Embedded application®l4]= microprocessor,
memory 2 1/0 circuitZ} 39 ASICH
integration®+= SoC (System on Chip) 71&©°] &
5] Zg38ltt o]gjgt ASICAIN 7Hd W WS A
A 3}= 70| program ROMo|t}, 12| P2 ASICY|
7VAS 7] QA= program sizeE Eojof &}
1, 0] & ¢allA}+= microprocessor?] code density
7} Folof gtk

3 9EA V)= $A4% EH O E micro—
processor operating frequency”} GHz @17} =
2 it} o]&A core frequency T 343l 78t
1 QA% memory access time®} bus bandwidth
= olH% F7t £EE we A & gk itk PCI
bust oF 33MHzel &1L §1.oH #Ze] PCI-X
© 133MHzE 532 8kt Sl

o] 3 T TS v Akl Aoz Ao,
system performance &l 743 2 bottle neck
o2 thFE 1 it

0|13} bottle neckS A7) #s)A bus
architecture®] tigt A7-9t tJE4] data bus
traffice Zol= 7]&o°] F3}t} Data bus traffic
£ 80%7} program code®|™ 20%7} data®]c}. w

2}A, code density® %ol A°] data bus traffic
< Eole Frggt 7ol

EISCE &9 BIL7}t & short length Operand
< 7}A]= 16 bit fixed length instruction &2 74
slo} 9o, B Q¥ Operand length %5 LERI
instructiong& A1) OperandE &35k 4
& AMESEEE program size”| 2ot Zt) £, code
density”7} & & 711tk

2.Scalable Architecture Scalable
16/32/64 bit microprocessor
architecture

RISC architectures 32 bit fixed length
instructions ARESFE R 16 bit microprocessor
o AR&3}7)9ll+= instruction length?t WF- ZojA]
A8ksla] ok} BEFE 64 bit microprocessorol &
maximum length Operand’} 16 bit= A3t =2
AeA ook, wekA RISCE 32 bit
microprocessorol] A0 F A £ QlE
architecture©| v},

CISC architecture™ Operand lengthel] W& T}
F71¢] Op—code & 7FA& B3bet instruction set
£ 7}1¥ % 64 bit microprocessorolls A EEHA4]
4t

T3} 16 bit fixed length instruction®]W limited
variable length instruction® 7}l )32
microprocessorA = long length Operands %
sk Walo] A3l okobA 64 bit micro—
processorelli= 28k Ytk

& £ Tensilicat 16/24 bit length
instruction set2 A3t} webA 16 bit micro—
processore] 24 bit length instruction W5 A7)
o] E&#olx drh EF 24 bit length
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instruction®|A = 16 bit o] 4o] Operand= 2
- PC relative immediate data load instructions
ARg-stt}, mh2kA 64 bit microprocessors
Tensilica architecture® A&skAW 16 bit Zo]
o4 B BE OperandE 64 bit® Z&s}o{of 3}
22 g&3o]A gt

16/32/64 bit microprocessorol4 Op—Codes
95 493t &, MOV/Load/Store/ADD/
SUB/Compare/ADD/OR/XOR/Branch/Call or
Jal/Shift % Op—code? FFE 16/32/64 bit
microprocessorl| WehA] 21|71 itk

724 Operand lengtholl= d7 & jo| 7} Qlct.
Z, Operand length= word length$} YA|sEAL
word lengthB.th Zt}. o))t Apo| Mol = B8}l
short length OperandZ 7F4 & instruction®] &3
HE7FEE AL 35HA Aol

EISC= o218t 16/32/64 microprocessor?] &
A& wrgslolA, OperandE Q3+ dowg &3
k= 20|22 16/32/64 bit microprocessor 5
FollA a&Aolck

16 bit EISC microprocessorellXi= ‘LERI
#immd12' 2 12 bitE ERellA &3, 32 bit
EISC microprocessordllA+= ‘LERI #immd14’ 2
14 bit 42 ERE 2stth. &, immediate data
computation instruction®|4] Operand length+=
4/18/32 bit length @12 713 A3+ Operand
lengthZ 4178 &= Q)t}.

3k 64 bit EISC microprocessordlA+= LERI
#immd12’ 2 12 bit @92 ERE g3t} nlabA
4/16/28/40/52/64 bit length ©¢| 2 H A9
Operand length& 4178 = itk o]of] gkt 7]
9] 64 bit microprocessor+ 16 bit, 64 bit 27F]
length Operand¥h2 A #isjjo} 3t 2 B Q &1/
program size® Z7FA 7] 1, o] wEhA

performanceXs A3He 1, AHARE Zrlsh= &
Aol A

vrol7bA EISC architectureoAls 16/32/64
bit microprocessorell W& instruction set®| ¥3t
7} AR 9o v & &4} microprocessorit 71Ekst
A o2 word length microprocessor® ¢ 7}
ek Qle A4S 7R

3. Simple instruction set, simple

hardware

EISC* 16 bit fixed length instruction setZ 7}
Aw, 374x] Op—Codedl| &+ 719 instructionT+&
WA 1 Q2P 2 instructiond] 7} Atk &,
Operand lengthell W& 32} 7)) instruction Tt
£ a7t 9L 2R instruction F7F 7€
microprocessor K.t} At} wlebA hardwares}F 7+
&3} 1, operating frequency’} EoMARZE
performance HE8F ot

8709] registerE 7FX]& 32 bit simple EISC]
SE3208% o]9} fAFek ARM~7TDMIE B sl
v 2tk

SE3208 ARM—-7TDMI
No. of register 8 8
Instruction 16 bit fixed 16 bit fixed
Multiplier 32X 32 32X8
No of Gate 25K 40K
Operating Freq.  50MHz 40MHz
Design VHDL Hard macro

L.

o4

9] o] 8w A 0.35 micron CMOS 3742
AMEFBI 0w, SE32082 VHDLE AAIgt] 343
3l Zoln] ARM—7TDMIE= ARMA}lA A 3-3t
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hard macro AR&3ISIth 3] multipliert= 22
gate count’} Q3 3| Eojr}. SE3208
performance® ¢35t 32 X 32 T4& AMgstaL
UCHAE 32 X 8 multiplierE &3 ARM—
7TDMIX.r} total gate count”} 2,

Yt o 2 VHDL A= optimization®] o
Q1A] £ B 2 hard macrodl) B)8}] gate count’s
% 7}¥8t1 operating frequency”?} =4 Wtk

olglst 2o 78t SE3208°] ARM-
7TDMIC H]3te] gate count®} operating
frequency X tids] $<=31A) vlm Aapr} vk
o}, 3HH FY 3 frequency E 7 2 Qv Sl =
SE3208¢)14+ PC relative immediate data load
instructions ARFSHA] @0 B2 o] W& data
dependence’} gl2.28 ARM-7TDMI H.t}
performance”} 5t} SE32083 ARM—7TDMI<]
code density & B8t

4. Speed (high Speed)

EISC+= 16 bit fixed length instruction setZ 7}
A, 714 Op~Codedll & 7}9] instructionTh&
71 Q10 2 7 instruction] 7 Atk =
Operand lengthell W& o1& 719 instruction& J
= "7} 12U R instruction 7} 7]& micro—
processor Rt} At} wWebA hardware7} 7heks}
1, operating frequency’} EoX =& per—
formance 53 oAt}

5. Saving (power Saving —
low power)

Microprocessor? power consumption&
implementation®} realization®l] &% 2j&sh}. o

£ 59 pentium chip®| desk top £9°] §
book &0 Q=) o] 52

A3 note
2 A% architectureo]th
o] 9} Zo] microprocessor? Mg Ar=
implementation® realization®] 5% S dk=
t}. 84 architecture level M % low power
consumption®l} thgt m2}7} 2 Q 3},

CMOSeOIM A8 A5 logic status7} ¥ 3k}
A wAgsit), & CMOSOlA A8 A% PdEPd =
C X V2 X F2 Fojxt}. C= CMOS A& 34 %
oAl WAS1= capacitance©| I, V&= 28 ¢k 1
2|1 Fe & Fagoltt,

oJ7]1M Cet VE W= 71L& implementationd}
realization®] AH A0 F BHEo 9 omn
architecture®}= a3} F= 22 2114914
CMOS =3 2] ¥i3} Faj<po|t}.

webA] architectureod 28 £28E Wr] 9
M A AHE LT3 logic gate countE
EO| =5 gfojof 3=t 0]F A3ME hardware?}
¥8A Hi= 7271 Holok gt} ERZE logic
gate YEH ] A7t A5 HglehA] YL F slojof
k=], o] 8 ¢JaA1i= data bus traffic WEolo}
B}, webA program sizeZ} 2+ architecture 2
high code density architecture?} S 7-¥Ith

EISC+ 71 microprocessord] H]3}o]
hardware7} Z+&38t1 code density7} &
architectureo] 28 W& 2927} AL architecture
ot}

III. EISC °}718j3 9] 71& 7iid

EISC architectures= 7FZo] Operand& %3
317] 984 2 YA AEHER) ¥ 22 T 1(R)
£ ARSI} 32 bit EISC microprocessorolA=
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32 bit FFEALELE AM-SITE i PR AR
848 OperandE 7198 24 g2 2 Elol] &
& Operand”} 7|9 5lo] Sl A& UEhlle Zo] &
A Zzoltt 3t F3 YA ek AT
Operand g loaddhH= W#ol7h ‘LERI HHgol2 o
23} o] o}

Instruction Mnemonics : LERI
Instruction Format : LERI immd
Instruction Representation :

bit 15-14 =01
bit 13—0 = Immediate data bit 13—0
Operation :

If(E flag is 0 ) Load %ER with sign extend
immediate data
ELSE %ER = %ER << 14 + immediate
data
Set E flag

34 T 1= LERD HHAE F3hd 1)
53, OperandE &8k ZE BHoollx= 0]
#}. Low end 32 bit EISC microprocessor?]
SE3208°1A] load/store ol thest 2ol 4
Eis=g

Instruction Function : Load/Store
Instruction Representation :
bit 15—14 =00
bit 13—11 = Operation
000 : Sign extend 8 bit load. LDB
(Index, offset), dst
001 : Sign extend 16 bit load. LDS
(Index, offset), dst
010 : 32 bit load. LD (Index, offset), dst

011 : Zero extend 8 bit load. LDBU
(Index, offset), dst
100 : 8 bit store. STB src, (Index,

offset)
101 : 16 bit store. STS sre, (Index,
offset)
110 : 32 bit store. ST src, (Index,
offset)

111 : Zero extend 16 bit load. LDSU
(Index, offset), dst
bit 10—8 = Source/Destination register.
%R0 thru %R7.
bit 7—3 = Offset bit 50 if 8 bit load/store
Offset bit 6—1 if 16 bit load/store
Offset bit 7—2 if 32 bit load/store
bit 2—0 = Index register. %R0 thru %R7.
Effective operand address : EA
If (E flagis 0 ) —— EA = Zero extend offset
+ Index register
If (Eflagis1l) —— EA = 9ER <K 4 +
Offset + Index register

o)¢} o] &3 el ~ete} B =ef 0] ostod
7pA70) OperandE F@sHd B W0l S 16 H]
E 17 do)z %d3ks Zlo] 7hssitt.
IV. EISC "] A& £

BISC Wole] 29 542 e)shd okt ek

1. General purpose register

RISC= o2 32709 W& dlA 2B 71X aL
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At 0142 RISC A7k F2 =™ 1980 t] Zof
T2 ARSI 1H<1o)7H C/PASCAL/APL 50|
R=d], PASCALY} APL-2 nested procedure®
& g3t dojoltt, webx] RISCE nested
procedure® A g3}7]of Aget 25 TIAA H
ek a8y dalle C/C++/Javart 2 AMEH
0]& ¢lo}+= nested procedures 518314 gFeth
upebA| RISC A7 BAlehes 1E #4de 71A H
F=

31 MIPS—R30002 32719] 32 W E @A A&}

7R3 gty 23 57l A8 EQ1E, 29
YOlE], 27 58 Ashs 55 tALER AN}
loix] B8 HAAER = 27705 ARE3EaL §irk
1= EGCS C/C++ HAALHZ +4 319
MIPS—R30002] W8 #IAI 28 ol W o]
g 2Mdet, o) o]g3ke] C/C++ Fojuey] ¢
$X|}L L2 1 A5k e A E ek

Ml e

R

(® 1) MIPS-R30000{IA] 2{X|AE} 0 THE 220 &4

7t AR 22T F717F AR, o2 S A& 7
olabd W& Ux Aek7} 16702 457} 277091 A%
9} vlwate] T2 7% F7) load/store RITOAIA
Z zpoj7} glek. webd AE320007 AE64000
EISC micro—processor oM 16719 B4 €
AXERE AAsISi.

3 8709 W #xAER= load/store ¥I%7}
oA ] g&2]o]ARt oo ul#st] hardware7}
hsl ABE low end Al7gell 2 et mhebA
SE1608/SE16108/SE3208/SE6408 & simple
EISC microprocessor T-ellAE 8702 H-E- A~
ERE A48Tk

Ao HolA} o5 B B pa{9] XF 3 BAle
167] FAAERE AR5 W3 st MIPS—R3000
Aol & ARG

2. Load/store machine

<E 2> 1671 B4 dA 2B 7= MIPS—

No, of -
Re;s:)er Program size Load/Store Move R3000 &E:L%‘ioﬂfﬂ kst 3301 A]“g‘ HEE _‘?‘_?_]_\:]‘
27 100,00 27.90% 22,58% :
24 100.35 28.21% 22.31% (B 2) 1670 U8 |XIAEH MIPS-R30000IM HZH0| AR ¥z
22 100.51 28.34% 22.27% :
20 100. 56 28, 38% 22. 924% instruction Frequency
18 100,97 28.85% 21,93% move 20.27%
16 101.62 30.22% 20.47% lw, sw 28.27%
14 103.49 31.84% 19.28% nop 7.26%
12 104.45 34.31% 16.39% addiu 7.53%
10 109,41 41,02% 10,96% li 2.93%
8 114.76 44.45% 8.46% lui 3.76%
sh, sb, 1h, Ib, Ihy, lbu 1.98%
bnez, bne, beqz, beq, bitz, ..... 6.69%
J, jal 10.36%
<E 1>ojA =23 371 He dR|AE} 27 ir 179%
- - ddu, subu, and, or, xor, nor, negu 3.33%
o] AL = oz A 2= 0] addu, subu, and, or, Xor, nor, neg :
7H 2 73 = 1002= éﬂ-ﬂ TZ]E‘ L}E}Lﬁj‘ ME}-' andi, ori, xori 2.17%
-8 gA 28 71 ZobAH load/store BIES} Jalr 0.17%
. . _ o1 slt, sltu, slti, sitiu 1.70%
2O8 =7 ]7 }' 57 }-‘?_]_—D}- Load/ store< t}ﬂ_‘_,j_ﬂ 1:] = sll, srl, sra, sllv, srlv, srav 1.40%
2g FRBIER dlolE] Af Fof AAAQ F3= mult, wlty, div, divy 0.09%
break, mfhi, mflo 0.12%

]3I} bl ex| el 7} golx]w o] Aol
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Ao},
EISCE BE it B3 A ~E oIS
Kol

7HH, w2a] Y& load/store BHZ A3t
3h= load/store T-%= 7FAt}. Load/store %5
7HEE Stedof7t desiA L ek 53 1

SmEA g4k
3. 16 bit fixed length instruction

E 29014 ‘move’ HH7}20.27%2] AHE- W=
£ ¥o|1 it} AE32000/AE640000014 8|2 ~E}
T 16700122 9 AN AE 2 BA R AE &
#oll 22} 4 v|Er} d sttt wWeb 'move’ HE
o]& 16 H|E Ho| B2 2@ 9t

16 B|E 1174 o] HHol 5 ARg-std st=glo|7}
geste] Xk, 2] W3 o]+ ‘move’ HEo 9}
o] 16 H|E 114 o] gyo|2 HHE = glont
Load/store &9} A LHAUE BFHol= o
A Y A eI Zo)E Zieksbd 16 HIE 14
o] HHol g m¥slr|7}F &olslA| it

<E 2>91M 32 B E load/store’} WA
load/store®] 93.5% % A{rsta ot wehA
load/store B4 B4 A87] A8 <& 3>
o ‘tw(load word), sw(store word)’ 2] AR 54
< HQlth

<E DM lw, sw’ BH 60.9%7F A8 L
JE|E ARE-8E Stk o] A2 Ao W W Ag A
F7} 2"ol| A x| welnh AU A AEE
AHgSHE polle 3 HIE QA0 R 77%2] B

(B 3 ‘lw, sw ZZHo| EY

Offset iength Stack pointer(60,9%) Index register(39.1%)
3 bit 43.2% 71.0%
4 bit 72.6% 81.6%
5 bit 88.1% 89.6%
6 bit 90.5% 91.5%
7 bit 95.7% 93.5%

£ 28T F vk o)A F2AY 277 3A
2 A% Uehl, st A5 AR ok MEE T
ohdlo]] MAsh= A0 THIEE TS S/

Tt A e HAT FHQ liload immed—
jate)” HHol= < DolA 2.9%F AA|eh A
o) FH W= <TE 4>9) At

(B 4) ) HEOIM g9 A8 Bl

Constant range Frequency
-32 —- +31 72.4%
-64 —— +63 86.9%

-128 —— +127 93.6%

~-256 ~~ +255 95.2%

others 100%

EHEFE T HP09 93.6%F 8 BIE AT
ZREEF U

ol o2 HE ‘lw, sw BHHJA F o] &
EZAE PN B Ao] A eHAs |
Hojo] 24 WITT} s Ag 8118 4 gl o
23 AL ‘addiu, slti, sltiv’ HHo] SeHe 2
5302 Yehdth

o]9} Zo| & o] LT 5 QHA=E 7}
AE@Ho HITIL B8] sou R F2 o] 93
A} A4 NS 7 E Pl g gty &
& A Aeke 24 T 75 AMgslE 7) dojo] @
HA=E 5@ ik

webA EISCE 28 WiTr) 52 &L esis
£ 7HAE= HHoRES A28k code density7} 5
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5] £ 16 H1E 24 Zo] §oIS TAL % ek

4. Stack related features

<E 3>oA lw, sw' o] @ZA Ho7t A
g Z1E] 9} Q1A A 2ERE AMESh= 735l &
Ak zfo]E Ho|xu It} o)A C/C++/Java &
olofe) B4 A et Ag w7t A8
01747 } miiZolth

B R0 RISColM = A8 IRIEE t&i
Z*«]O}Z] oy Wg YR AEk shtE AE ¥Rl
2 ARk Qi) o]3§ RISC F+22& 16 bit 232
AS AREEHE R CE 350l Bl vle} Zo] Ut 94
I} 28 GG TRERA| ohol = FA7}H HA] odgkeh

w3k SH-3, V800, ARM 5 RISCE} CISCY] %
7} 7-2% 7FA%E microprocessor oA & 28 %<
E1S s R oA = gtk

EISCE & do] e HUEES 7= HHo e
Ao)atal LERI HH|2 4le] Zo] eHAEE =
Fohs TRo|ER WHo] 471 71&€ RISC E‘ih_
2}, webA instruction code spaceol] 9377} F%
i), o]t Aot 2" oo T3 5o Uik o
3 T} & 18l BISColiE A8 IS
Hrg 2Esiglon, 28 9o el APt
W) 8 HE S Aot

J#E 2 BISCE ¥ dAAEN] U475 S+
At AMEHA] o m g A oA AR
7Fs 3 At dRA 2 e AR A el Blete] Bk

o2 &9 ARM-7/82 16709 #IXAEFE 7HA]
A%k R15(PC), R14(SP), R13(LR) 2 370¢] &)
AEFE B B2 0 2 AREStT QU sk AlgHE 2
0]9] oHAMERS FHE 4 9lar 7] o] LHA=
= PC relative immediate data load P& AR
sfodof st E ALY HRAERE s o] 73

rﬁli r°"

.nf

_1_4

@k webd ARM-7/800M= AA1E o= 127]9]
RS P BN s b S s A P B 3 S

w2by EISCy 1310 Adel7t Agah=
& AR 2B g7 RoH, A8 S EEFOR A}
43 5 QIEE 2|l FEE IFdo] Hude
of &-&4o| At

5. Other instructions

< 2ol A B7) HHole) Wit} 6.69%0)
th o]& a&AoE x4ty HsiA EISColMe
A, AR, AR, OMEZ 99 4] Z) 15 ARES)
o] 0158 23310 14714 2 7] Aol & we
ok

3] Ak @A ol = 485%7} 2 QHAL
Zojo| 1 51.4%7}F 3 LHAT HH = ZARU
t} 3 e ;W= HHo)E ‘move’ BHI 2 LHA=
geolo 2oz A 4 9tk AE32000/
AE64000< 16719 W& dA2EHE 7HRIEE =
2] Ak At WHoli= 2 e HAT AL kA vt
o]l SE AlE EISCE 8712 4 AR ek 7}
AEZ 3 eHAE a5 7xITh

FA HEol= ¥ wsE oy HEn|tie) 5
B 58§ HoloA ARg Tt 53] wor, 74
vk o) whe} 52 & 2ol 2jol7t Atk ol F A A
7Ieksto] EISCelldE SE16108& A8k F4
ol & 74t

32/64 bit EISColH ZZ 244 Al 4718 A
ek 4= glom, 7o FEZAAE W8 YA LE
9 U AR 2EE TRt FE2AN 0 S
A2E FEZAAZA AT A, Tho] Tl A,

IEEI #e] 5o AAR B E st Fesrd

A QAb7lE FZRAA 1ol oJste] Tt

J&W 32 2 A XERE o] g3to 20 vl
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V.EISC 2= E$)¢]

252 16 bit ©]4+ microprocessoro A=
C/C++/Java 5 high level language S ARg-3}o]
program< 7N&3tch webA] high level language
ofl 2§+t architecture® 7b4 o 3t}

C/C++ compileri C/C++ source file&
compile3t] assembler source file-S 433t} A
¥ assembler source file2 assembler”}
assembled}*4] object file S A3t} o]HA A
AdE st EEE 7 01439 object file linkof] 2]8}od
library £} link ¥ ©]A] execution fileo] A/d € ct,

EISCH] instruction seti= C/C++ programe
compiled}o] BAE instruction?] £ WEE A
SHA| E4ete] At <& S, load/store®)
Ed /1571 25-30%01 ©] 2= MOVES} 8| 71
o] AR5+ instruction®]th. Load/stored] 4
< B} AYsHA 3P heap area?} stack area®l]
load/storesh= £40] thZ1},

o]2]3t M-S 1#3lod EISCOIME heap area%t
stack area®l| load/storedh= instruction®] 2]
o} Qict.

$HH compilerol X assembler source fileg A3
33 o instruction? Operand length7} A7 =]
o= 7397F Aok -5 high level languages
librarye] utility 2 interface program 5-& 2MJ3}
o] F11, AR&A} programellA] 015 SEER=WAlE
AREskaL Qlt). wEbA link o] el instruction?]
Operand @< A4S 4= itk

2389 %2 microprocessorol* Operand
lengthe]l wehA] TR instructiong ARS8 91O

23 BA7L s

Intel 8086 A€ 2] C compilerel*= Operand
lengthell WA small model, medium model,
large model, huge model $2& modelg &35t
1, model®]] W2k 42 TR instruction set= A}
3= st

o ¥-22] microprocessoroiA= assemblerA]
of &A% X 9 Operande 71¢ 71 Zolg]
operandZ 7 A2 g 71481 object codeE
3%tk o2 AL v E&A coded 93}
+ o] QAT link Alell @75 ABAIEHA] 947) w
o E7Hsk SHo] Qltk

o] ¥ EAl= C++/Java 5 object oriented
language”}&e8haA t< Ak 1 gl

EISColME BE ol OperandE AMFE
Re=F olgjgh FAls WA A=t F,
compilerell] assembler source file 3413 wj
+ Operand length®]l %310} assembler source
£ st} o] dAolM+= LERI instructiong A
2342 o=t} Assembler?} object files AT
9| Operand lengthol] w}ehA] B2 2 &= LERI
instructiong AJ/d gk,

1A d] assembler @APIA Object lengthS &
A & &t #d| o] OperandE 7Md3te] LERI
instructione 443tk 7)1 linkellA Operand
length”} 84 5]o] LERI instruction®] 47} A4 =
W oju| ojF 0 F o] 7t LERI instructions
relaxationA171t}. o]} Zo] link 9] relaxation 7]
& AM-3PE 34 24 9] LERI instruction e AR-
g4 gl

EISC* high level language compilerel] 285t
instruction set& Zt&3 9lon ZE Zo|9
Operand® T3 g 4= 9l o link?] relaxation 7|
52 o83t A9 coded YT F omR
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high level language compilere]] 2 &-s}c},
ADCOA+= free software®E ©]&3}¢] EISC
compilerE 7W2315it}. 7k EISC software &

S ohes 2

Host Platform | [BM-PC-Linux, IBM~PC~Window-95/98/Me/NT, SUN

Object File format| ELF

Cross assembler | Binutils-2.9.1

Cross loader | Binutils-2.9.1

Binary Utilities | Binutils—2.9.1

Cross C complier | GCC—-3.4.5

Cross Ct++ complier | GCC-3.4.5

ANSI C library | Redhat(Cygnus) Newlib-1.8 2

C Math library | Redhat(Cygnus) Newlib~1.8.2

C++ library GCC-2.95.2 (LIBSTDC++-2.10.0)

Cross debugger | GDB-5.0
uC/08-2.0
Redhat(Cygnus) eCOS -~ Under development
V-IDE for Window and Linux
K-development for Linux

Real time OS

IDE(Work bench)

VI. EISC CPU| 344 7|

ool H A9 EISC microprocessore] &%
712 v At

1. On Silicon ICE (OSI)

Microprocessor core”’} ASICel| integration &
£ SoC Fokel A= ICE(In Circuit Emulator) & 4]
A7} Yk ool asith ol st FHOFE
Motorolarl2] BDM, ARM®] IceBreaker 5°] $)
o}

$HH o]H 3 ICE module 7ikA]ofwt 2 Q 3
©]= microprocessor iAol £ Q8 27}
9l circuite]®}. wWehA, ICE module 7+t
hardware®]l &Jate] 712421 7153k 7T &5
A== Aol 8 7-¢ch

N
poh o L

rui

ICE7} F&sh= 71d-& A3 B4 host system®)
target system®] 25 A, #ejehs Fxoloh.
o17]4 host system< PC Hi= WSOZ AM-Ap7}
debug program= G8A)71= systemo |, target
system< debug tldo] %= microprocessorg
¥ &35 system©]|t} Host system< target
microprocessor] 22 74, B3] YsiM 2
Q3% hardware® AHE-8HAl =& ], ©] hardware
module®] BDM, IceBreaker o]t}

EISCe A= ol2f st ICEE A d3st7]| Y3t
virtual processor A4 3}, virtual processor?}
host system¥} 5A1E 8FHA target processorg
77, B 3k= architecture S ARSI

Processv 5 ¥4 resourced 7HA 1
program= 5331= object 2 A& 4 Qe =9
Al resource® 7FA7] YA SHHA
process mode$} stack pointer ¥ stack area”’} 2
L3t} o] Y3l EISColX+ OSI mode, OSI
stack pointer& 714 1L 1.

o213k EISCE] ICE module¢! OSI(On Silicon
ICE)+= #439] hardware® remote debug 7]

<+ A F3FEE program 7HE-E £o]3H it

2. Multiplier, DSP and SIMD-DSP

Multiplier+ %& gateE Q% sh= 533t
circuite]t}. ©ebA] EISC microprocessors E-5o
whebd TR multiplier @ DSP 7152 7FA] 22 Atk

SE1608 —— 16 bit low end simple EISC
MICroprocessor ’
16 X 16

multiplier

= 32 signed/unsigned integer
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SE3208 —— 32 bit low end simple EISC
MICroprocessor

32 X 32 = 32 signed integer multiplier

AE32000 —— 32 bit EISC microprocessor
basic model = 32 X 32 = 64 signed/
unsigned integer multi—plier

32 X 32 + 64 = 64 signed multiplier
and accumulator (MAC)
DSP model = 32 X 32 = 64 signed/
unsigned integer multiplier
32 X 32 + 64 = 64 signed multiplier
and accumulator (MAC)
Next address generator, Reverse
address generator

DSP XY model = 32 X 32 = 64 signed/

unsigned integer multiplier

32 X 32 + 64 = 64 signed multiplier
and accumulator (MAC)

Next address generator, Reverse
address generator

Dedicated DSP X/Y memory ——
Maximum 256K byte

MAC, address generate, reverse
address in a single clock

Vector instruction

AE64000 —— 64 bit EISC microprocessor
basic model = 64 X 64 = 64 signed
integer multiplier

64 X 64 + 64 = 64 signed multiplier
and accumulator (MAC)
SIMD—DSP model = Quad 16 X 16 +
64 = 64 MAC in a clock

Dual 32 X 32 + 64 = 64 MAC in a
clock
Next address generator, Reverse
address generator
Dedicated DSP X/Y memory ——
Maximum 8M byte
MAC, address generate, reverse
address in a single clock
Vector instruction
SIMD instruction = Pack/Unpack,
Add/Subtract,
Saturated add/subtract, Clamp,
Compare,
Extract/Substitute/Replace,
Shift/Rotate,
Repeat/Convert

3. Power management

Embedded system®l|A4] power management=
3] £ Q3 7]&olt, Power management
unit (PMU) & microprocessord] A& &1 9lo]
o it}

o}& $3l EISCAlM = exception®| A8
= microprocessor AFEl7} ¥glEhE special bus
cycles WAt Ade] #iskE PMUCA ¥ £t

4. Java accelerator

Java¥ internet application systemellX Q3
language°lth. Wb Javall J—codeE FEZQ
2 Ak o] Fesitt

o]& A%k J—code¥E hardwareZ T33h= %
213} JIT (Just—In—Time) compiler o|-&3k=
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2o Qlek. A574A]9] A5 A3} JIT compiler7}
J—code hardware emulator®.t} Ad5°] 943 3
o7 »yEF Qlek T¥d) JIT compilers B
RAME I8 % gt} mfebr RAM &-3o] 42 Fo)
£ AlFoNM = J-code hardware emulator7} E
ajtt.

EISCeIX & J—code hardware emulator”}
+ model?®} & model Aol A software
compatibility 7} X% ¥+ Java accelerator
instructiong 7}4] 32 31t}

Z, EISC Java accelerator instruction< J—
code hardware emulatorZ} $12% J~-code
E-z% oz ;q o}u;} J-
code hardware emulator’} 31 2H software® 5=
ZJ31A] gl o] & o] §3k= F2o|Th

J—code hardware emulator+= @A 7fg=o|th

software interpreterg& &

5. Cache

EISC cache= application systemell w=bA o}
¥t T4 02 H o] et

Cache= core architecture2} ¥

A~ T
49 0]_4

T R el
571891 g)Zojr}, w3t Ad3]  silicon
areas AASIEE ofg] 7HA] 215 TR CE &
st} 25 AAstelok gtk

°0]Z 93} EISC microprocessor &5 whe}
A g7} 22 cache T2 /NEakth Cache
sizes= silicon size®l] Wb AR HE Ao B2
BAEHA] k=Tt

SE3208 —— 32 bit low end simple EISC
MICroprocessor
Unified, 2 way set associative, write

through/back, without snooping cache

21

A IS BOIREZEMAMEISC) - (

AE32000/AE64000 —— 32/64 bit EISC

microprocessor

Instruction/Data separated, virtual
address indexed physical address
tagged,
2 or 4 way set associative cache.
Write policyx ‘write through/back
without snooping’, ‘write through with
snooping and write back without
snooping’ B ‘MSI' & Aglsic)

6. Memory management unit
(MMU)

EISC MMU%E memory bank control logic3}
TLB2} 2 levelZ A% o] 3121, memory bank
control logic 32 bit EISC AE32000914 &
512Mbyte 8 bankZ T/ =le] $lo1A, TLB7} e
model E3= non—TLB region®l4] memory bank
attribute g 74 2J gt}

TLB+: SAS(Single Address Space) model®
MAS (Multiple Address Space) model®] 2 7}%]
7} St} SAS modelolAE 4K/256K byte/page,
4 way set associative map, software
replacement 7-F°|tk, MAS model®l|4+ block
TLBS} page TLBY] dual TLBZ T-4=o] 2loH,
memory bank 9$ZE MAS F+xZ 7[X|d,
hardware/software replacement’} 7}&-8}+ #
9] OS F-Zoj|A wo| ARE3h= shared library %
DLL& &&2 2 A dsh= 727 Ho §ivk

o]g]gt EISC MMU= 71 Hdst systemol|A]
embedded—linux ¥+ Window/CEE x]9& 4
e T o|2717A) FAE g e A S 7

)31 Qi
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7. Floating point co—processor

Floating point &4k high quality audio”} €&
HEEWA embedded systemoME Zo| Q5]
o 9ltk

EISCE &t 4707k4] 2] co—processor & A4 &
T Sl&, co—processor#0< system control
co—processor® cache/MMU/OSI 59] 71%5-& X
3, co—processor#1< floating point co—

processore]t},
EISC+ IEEE—754 single/double precision
floating point format-S ARE-3I},

8. EBUS (EISC BUS)

EISC core$} peripheral deviceZ interfacet
internal bus®]t}. Peripheral devicex EBUS—
to—PCI bus bridge, EBUS—to—AMBA bus
bridge, DRAM/SDRAM controller, EBUS—to—
AGP bus bridge, Fast—IO controller 5¢] 3t}

VII. MCU Trand

ARM?] 7]& kS ARM—tdmi7| &g HlEho F
code densityE #°]1 micro—architecture 97
o] 8 3tz Uk 1A ARMS ARM7, ARMS,
ARM9,ARMI10 59| 1/d53le]] 79 sh= 3hH 9
Foll gto]dA S Fof Aeo|A Strong ARM,
XScale 7H2Hgict.

ok g ARM Fofof DSP, SIMD, jazelle
= A5EMCUE 71 1 3tk

Mips9 7l %3 ARMI @2 ASE
(Application Specific Extension ) ZZ2AXZ 7

95k itk R-30008 74o g b33t HHo]
S Smart MIPS 70} bule—tooth #o]S
eRAsk L2 A4 A 22 1 R—40007) 8k SIMD
DSP &) 2k Q1= MDMX 7} 3D 224
w05 7k Q1= ISA-3D ZRAME S ik
)3 MIPS, 8] FA18-2 64bit—4000A44 2]
43xx,45xx,46xx ASE o]t}

VIIL. 590l A vfo] A2 = 2 A|A
£ SN0k 3= o]+

D 2147] g Feshe &
o) & olgka g 4§ E‘ 7&
S MCUE & A8

2) A AR R v=, dE, I3, 5Y, 2~

& & ARETe] Z214Q) nlo] A7 TR A

A o7 |8l A S Afretal Y

3) A GAeAM e A& o7 e

Tiko] o] Fof A1 9l

U HEEA] B 7], S 9 AAelA

< AF7HA LFER o] AR MM E o]

Foj2 dZ3)A} (Intel, Motorola, ARM,

71e2N A=}
o] SoCel|A]

m

Ao} AT

_1

MIPS §) Brh o v 218 e 4= gl
Mzyo g ‘:H 1 o)
4) A 7155 A7 AR FH License Aleke:

o *l%%‘_i’ﬁ, simict ggele 2HEE
A 3t} 231 Y A9

5) 2= A oEelA s, 93} Azt U
TE 7AYo ,
T vlo|2 Z2 A< ol7 A gl H 7]
=Y 7|2 HY, Ve Y 5 Fo2 A%
Ap Ak A A o5} A R w2

REEA A S8 ARRlo] et e AE

i
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IX. dle]gF 2 EISC
microprocessors

oo]t]y A& EISC architectureE 2]-8-3F tjok

3t embedded microprocessorS 7iakar 9ok

1. SE1608 (16bit EISC CPU)

ZA embedded
microprocessor A&l volume market share
7} 70%0] ©12% th 23 AlEelr). Ziloge 2807}
Intel®] 18051 ol9jell= o2 Frprt of2) F72) 8
bit microprocessor coreS &3}t Itk

I3F 16 bit microprocessor® Hitachi®] H-8,
Panasonic®] MN10200 5 %2 AlEE°] 31014 8
bit microprocessor®} 74 low end markets ¥
d&aL it

29 o]% 8/16 bit microprocessord
instruction set®] C - high level language®l] 23+
3A golA IR assemblerd AbE3H
program-= 78l glek, Wb gate countZ}t 2
1, 57} w2 A high level language compiler
of} 2933k 8 bit T 16 bit microprocessor’} &
st} ogfgh APge] ool 83171 A3t 16 bit
Simple EISC microprocessorg! SE1608-5 7HgF
SHA| H ek

SE1608< 7709 general purpose register, 6

8 bit microprocessors

702) special purpose register® 7k 11 9101 16
bit fixed length instruction set®® 5o} gt} &
3116 X 16 = 32 signed/unsigned multiplier2} 16

bit barrel shift¥E option©.2 Z¥311 9/t

Gate counti= multiplier$} barrel shiftg 23}t
o] 7K gate°]™, VHDLE A%+ model®] 0.35
micron CMOS #74°|4 50MHz clock 2.2 F2}-5t
22

C/C++ libraryE GNU GCCZ compiled}] 16
bit microprocessorE-4] program sizeE H]i3}H
TR} 2} Host system [BM—PCellA Linux
Z AH8F92.H, ANSI C standard library+
Newlib—1.8.0& AM3E AL, C++ librarye
SGI(Silicon Graphics Inc.) o4 781311, SUN
WSell A Ag3sH= LIBSTDCH+3 AMg-315i T
Newlib& ANSI C standard library<! libc$
floating point library$! libm® & 2@t} B R
o] 24|+ program size S byte® FA8H Rlo)s] &
T3] 4= SE16088) program sizeE 10022
SFotE w2 AthA 1 program size©]th

Newlib-180 | Newlib-180 | Libstde++ oy
fibc libm 2100
o [ |
| | [
] T | | e [

H-8/300& HitachiAtoll A 7igt 16 bit
microprocessore] 1, MN10200-2 PanasonicllA]
N8t 16 bit microprocessor®|th. ©}&2 CISC
TF2o]H variable length instruction setE 7} 1
9lc}. Wb hardware”} 3151 A ASIC library
2 A=A FET

8 bit microprocessoré} v+ o]&58 GCC
compiler7} 9l A= =38 4= glgith 18 780
2} 18051& VHDLZ “dAJsto] @443k 242} 10K,
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8K gate?} £ Q2€ Tt} o3& SE1608¢4
multiplier9} barrel shift& Z8}3& w9 7K
gateith & 327} 22 9S vEhdt &,
SE1608 7]& 8 bit micro—processor 2.0t #4
hardware7} 7retalch.

SE1608< 16 bit EISC microprocessor® 7|&
8 bit microprocessor2EFE hardware?} 73}
o, 16 X 16 = 32 multiplier?} 16 bit barrel shift
£ 71 Q0P 2 low end DSP €02 % AR
o] 7}5-814, 0.35 micron CMOS®lA 50MHzE &
Z31= high performance®]™, C 5 high level
language compiler®l 2188t microprocessor©|th.

wzbA 7129 8/16 bit microprocessors thA|
sto] AL AE AT A oz Ak

2. SE3208 (32bit EISC CPU)

Embedded microprocessor Al%ellx 30MIPS
0|3} performance®] microprocessor?] Hf-&°]
80%E g AOF FAFE I Yk

SE3208< ©]#]3t low end 32 bit micro—
processor Al 2% 2 it

SE3208% 871¢] general purpose register, 6
719 special purpose registerE 7FA 1L 312 H, 16
bit fixed length instruction set2 AREgH}

3k 32 X 32 = 32 signed multiplier$} 32 bit
barrel shift& 2t¢11 Qlth

Gate count= muitiplier &} barrel shiftE ¥gs}
o] 25K gateo]™, VHDLZ A A3 modelo] A3
0.35 micron CMOS 3714 50MHz clock &
&t

SE3208%} Al A& sh= AlFC %+ Pana—
sonic®} MN10300, ARMS} ARM~Thumb, LSI
logic/NECS] MIPS—-16 5°] 3tk MN103002

variable length instruction set®]=2 hardware?}
48 @do] glom, ARM-Thumb¥} MIPS—16
£ long length Operand® Z&3}7] 915t PC
relative immediate data load instructiong& AR&-3t
t}. wEbA] SE3208¢1 Blste] performance”}t Rt
Code densityt= MN103002 SE3208 5.t} &7 4
o1}, ARM~-Thumb$} MIPS—16- 8] S35}

SE32082 32 bit simple EISC microprocessor
2 30-50 MIPS ©]&}¢] performanceE ZQ 2 3}
= 529 embedded marketel] Zelsl = Sk
g AFolc}. AAALe] vlate] hardwareZt 2}
1, code density7} AW 229, performance?}
i

F S 7RI 3,

3. AE32000 (3243-5- 32bit EISC
CPU)

High code density, high performance 32 bit
embedded microprocessor®]th, o] A&
volume2 249k high profit marketo] 2 2 -
9] microprocessor YAEC] T ootk

AE32000- 16702 general purpose register,
7709 special purpose registers 7FA| 1 ¢lom,
16 bit fixed length instruction set-& ARE-3HC},

L3 32 X 32 = 64 signed/unsigned multiplier
9} 32 X 32 + 64 = 64 multiply and accumulate
(MAC) % 32 bit barrel shiftZ Zk331 Qow,
DSP instruction® DSP X/Y memory% option&
pAS e

AE320002 7]& RISC/CISC microprocessor
2l B)walo] code density?} =31, hardwareZ} 7+
@43k, performance”} O WA, Ay 477} ¥

o,
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4. AE64000 (I243-5 64bit EISC
CPU)

High code density, high performance 64 bit
embedded microprocessoro|t}. ©] Al &
embedded marketolA F23 AX& AHE 3
2 AYE 22 B microprocessor JAEC] O
B ofolth

1388 F& RISC/CISC architecture= &&3
9l 64 bit embedded microprocessorg TFH3}7]
ofa}- Aol Yt

o]o]] ¥kste] EISCE 16/32 bit %4t op2} 64
bit microprocessorol| = &&4o|t}

AE64000 167112] general purpose register,
7712 special purpose registers 7FAlI 10H,
16 bit fixed length instruction set& Apg-3Hc},

=S 64 X 64 = 64 signed multiplier?} 64 X
64 + 64 = 64 multiply and accumulate (MAC)
2 64 bit barrel shiftg 2t51 9lom, SIMD—
DSP instruction® DSP X/Y memoryZ option.S.
2733 it

AE64000& code density’} &1, hardware”}
Vs, performance”} 0 WA, AE 25271 A
2 64 bit embedded microprocessoro|th,

X3 &

Architecturex= A7 AVdS TEH 02 ouls}
= 20 = instruction set] 25t} T APl F E
g ¥o] Zt} Instruction< operations WeER=
Op—Code field®} objectE YER+= Operand field
27490

Op—code ®E microprocessorollx] Z%2]o)

A UMC|= ol R IR MAEISC) - 625

t}. &, 16/32/64 bit microprocessoroiA, &=
RISCS} CISC ¥ |55 £8&% 74 architec—
tureE 7FA= EE microprocessoroA] Op—code
T 3FAU REC] Bk

& £ ADD/SUB/Compare/Shift/ Branch/
Shift/AND/OR/XOR ¢ operation Z&
microprocessor?} 74| 3 Itk

Operand+ register, offset @ immediate data
£ 233} o]2{3 Operand®] o= F Qo) e}
A, microprocessordl|A wabAd HEls=d)|,
instruction set®] 3 Y= & FAFS}HA short
length Operand®] £& RI%7}F 4] VERdTh

EISCE instruction®] o]2f3t £43-& g3 o=
el 25 7RIt £, EISCY instructions
16 bit fixed length® ¥oj 3loH, ¥ vIw7t 5
< short length OperandZ 71X 1 it %3
extension register (ER) 2} extension (E) flagE ©|
fslod F Qo webA instruction?] OperandE &
et

Z, EISC+ 16 bit fixed length instruction set
& 73 B ae) wpeba] .2 8 Zo|gkE Operand
Z 8442 & instruction set®] §7F 2o,
hardware”} ZFekste] o},

3t 53 Q 3 Operand”} instructiond] E&+E]
A gomME FEH 07 BE o9 OperandS
B8 4 910 F code densityZ} ets] 2 &
A& 7tk

yol7bA LERI folding circuit& =3k
performance ZA] 3441 4= Qlch

EISC+ Op—code$} Operand”} the A& 7}
e Aol A]lslo] 0]58 AEHOE FEh= T
ZE 7N L Y2EZ 16/32/64 bit micro—
processor 2ol &-&2Q] architectureo|tt.

oflo]e)F Ao 4= EISC architectureS -3t
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16/32/64 bit EISC microprocessorZ 7f4Hs g2

Ao o)=L hardware’} 7+eH3l T, code

density/7F =21, A8 A~%7} A1, high perfor—

o] 3|

2 o1zlx He E3] A3k
mance® 273H= embedded ®oboll 53] A - ST ~ 1661 QAR SRR S
3t} e TOTED iead ~ 19 ISISD 8 A BT

1983 AMIEA} HhER| A AL

-
2y
= 19e6t AMEA} Hlel el (AAE)
199014 APEEIR} MlHT
199344 MATAL PMATH

199844 @OO[CIEA Hp AR
2001 ~ Sx) @ofolCi&A SOC AR EAE & CTO
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