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Advanced Architecture using DIAM for Improved Performance of
Embedded Processor

Jonghee M. Youn' -

Sechul Shin™ -

Youheung Paek™

- Jeonghun Cho™"

ABSTRACT

Although 32-hit architectures are becoming the norm for modem microprocessors, 16-bit ones are still emploved by many low-end

ProCessors,

for which small size and low power consumption are of high priority.

However,

16-bit architectures have a critical

disadvantage for embedded processors that they do not provide enough encoding space to add special instructions coined for certain
applications. To overcome this, many existing architectures adopt non-orthogonal, irregular instruction sets to accommodate a varety of
unusual addressing modes. In general, these non-orthogonal architectures are regarded compiler-unfriendly as they tend to requires
extremely sophisticated compiler techniques for optimal code generation. To address this issue, we proposed a compiler—friendly processor
with a new addressing mode, called the dvnamic implied addressing mode(DIAM). In this paper, we will demonstrate that the DIAM
provides more encoding space for our 16-bit processor so that we are able to support more instructions specially customized for our
applications. And we will explain the advanced architecture which has improved performance. In our experiment, the proposed architecture

shows 11.6% performance increase on average, as compared to the basic architecture.

Keywords : DIAM, Dynamic Implied Addressing Mode, Embedded Processor
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444 BEHEIEE=ZK A H16-AT H6=(2000.12)

1M 8

s ZRAHMES BF ©] HE oA AL
FAE Alo]2E o] F7] A ujf- AT fAQl 2UE
S PEA Ak ot 27| "ol B YutE Z24
ME $sted 22 RME o7 EA7 diFFe] vlo]laz
ZzAAe EFol Hu Asdlx= BT 16HE o}
37} o3 d3] AFEE I Qlth &k 16 E o} E A=
FY Fzto]l FESHA AFHZA vk Aol Atk
o] Aok AT A} HESYZ M 22 5
gk o E2l Aol Rofel g Yuid= Z2AA e disf
Ae 234 FAZ € F Ak ysid geits =
ZAME 9oz el ofEeAlolde] 3 4TS
4A1717] e Altd odd B3 ol XEY T de
CISC Woz galsy] wgelrt o] AE 55357
8 % 54 9uds T A Wi A8 o=
4 B=(dedicated addressing mode)E AMEFHch o] of
EA REE AMESHY 2z gEole oHUA=ES E2
AAe A AL 7HsE tEsle] dHALE FAA dRE
gk AL2 8 5= QA Fh

Ag o= ReE o¥U= P=e] £5 FY F
A= Fdol A7) Yol A FH| FH <t H B
& gHace erde =g ¢ 139 FUE R
& 4 9t} olAg A9y f8AM F 6Ny HA=
B 47, F4b7l 2709 dlole #HAZHE Za e
Freescale DSP566xx [9]5 ##nrzL g8 #HAzEHELS
FAoI g 9l W= E AR 4 gl Wi
o Fa71e 24 giAle] EEelw AZAEo] Urk A
DSPa66xx2] B4l Wael: S22 eHA=e] uAdS
918t o7 3 vlEwW 27%t (28 1) DSP366xx
o] ADD B3e Zulg Jeplch (28 D& T3l 370
o] BIE(J]]) 7} &4 oHA=R ALEEYS, XA 9N
N=g QaiyE o1 3 sl HE@T AHEEE RS
#lE 4 rh

ukeko] W& o=@y mE=e] 583 Feet AzEks
EAA o]j=#4 R E(implied addressing mode) S AFE-3
o A2 oHAUA=EE V&) YHElMe 2 HET 8
x5 BHx oHJP=E S E oW HER #TH
Ba7t eS¢ F ok |t Az e 24 A
A2 2ol EAsl7] wjFo] B2 A4 a7t gk

Autd oz Mg oA EEE AU} A
s=glo] AR AE FUso] HHold wet EFHom
Hyg)5o] 9l HRA (heterogeneous register architecture)
& ApgE) ole Zhzbe) #A2HE H2Ado] HRA
2 AbgstE ZEAAMY deoly sz EEZZ A oA

In

23 1% 15 3 7 B 0
[ DATA BUS MOVE FIELD To a3 Jialﬂ 00

(32! 1) Freescale DSP566xx 2 ADD Haof

AgEckE ZAg ougch Wagojo] digh x| AE o}
Hxe] o]AALE HE Z2AM7 FHwHolx] & HH
o] FAgTZASA, Instruction Set Architecture)E 7F*| %=
£ @b efuksbd Zhzre] AR AH #HYe AlgE FE=
kol 9li= WH#Ho] vt} tpE27] wjFo|ct Hutdel Aol
M FE2EAE AaFelr ¢ ISAE 9% Z= 4
4& RISC ¥4l ZzA2oM UHsE AxH [SAR
o #4 o ol ¥31YFE 7%k Hopdeizt ¥
ol& MeEga} FAlo] WHo] ztzte] oHA=E S8 &
e dALHE A oF st7] diEo|tt oA Hu}
7t 2L Al ZE YA F 7HA] SA(F, 3%
Az g2 898 BF dFof shje AE ond
t}. Phase coupling ©12til E2]< o] &4l NP-hard &
A otk olH A+ [3, 8lelM phase coupling °l d
g Awg dme]Fo] glod HRAE Z4zhe] gadole] o
HA=E g8 Eakso] gle dAAE BAE o] AHA
stA] @& A 2Ee] &gl oM FE EHAMIe U
wAtE ZEE A ZF o] Ao Rurh A8 o
g4 229 Jd e oHASES A=Y EL F
d e AT ZE B FAE dDd] HFeA v
=7] wjiol Hude] g o)A Eaopa & 4 Ak

Aitell distel eHW=S] FE FoA4 JzZPsE A
@y Fe REFL FES] A oA hEezR

i e |0 A

2 gz
7 g o oo #EE HFAHA de Foole 2
HASE AR ol Eolth HE nlouyg] ditel 3

Aol evAErE BagAgt & sfe] A2 oHIs &
Az HWEFE 22 9Xd FHFoEAN F A9 o9
A= wlolug] QAE A== & & ok Az (1Y
2)%= ZSP400 [111914rX 7} 9% Ax9f Xz o=
2 ALgEr),

o] W] AL TAM7} L 2 Q39 FL
A7) 9s] HE ol=yA REd oEdE AL HF
k= Aot} o2 ] =AY HAAHE vS Y
F dE FAxEFH ISA & FAE F Stk 2 F 7l
o] RHUEE 7HR &= WHolE FA ¥ 2-address ZE=E
BE B2 move ¥ E TFIE dHE 72 9l
o}, o] A 71&E9 UlES 2537 &l 37149 move A
kg Seubsly] wfolc), $-2le] AFte] w2 2-address
ey gt o 3-address ZEHTH AL F wAR
e move BHOE 72 dd (2 3L WA vz
IDCT (inverse discrete cosine transform) 9] ZE=& 2o
1}, 2-address ZE7} 3-address Z=ofAE EH Q83 2

4 db

and rN. Y : rN &= Y
or rN. Y : X =Y
xor rN. Y : rN =Y

(% 2) ZSP 400 & HHA[11]



/I x5=x8-(W1+W7)*x5;

I x5=x8-(W1+W7)*x5;
mov rif ril

add r10 r11 ¢7

add r10 r11 mul r10 r10 r5
mul r10 r§ subrSr8ri0
sub r8 120

mov r5 r§

(a)2-0{E A ZE (b)3-0{EY A R E

(32! 3) IDCTE 3t 2-0{=8A IE vs 3-0{E3A 2=

Mol move 4kl F7t¢ A& & F Atk

B =R diiEe Z2AA oFHEV §&
gojgl 7 16HE YHits Z2AAME Al &
Adsls day T FAE A7 S AEE st
Ak olzig 53& dAslv] 918 DIAM (dynamic
implied addressing mode) °l2til ¥l 2§ o] =4
Beg A¢HY [21]. DIAMS A83td Zhzhe] galej:
o2 F e eHAER uleluig] A J1FES 1
gy 2R A A oHASE dAH oz &) W
ol gutrog F Jj9 oHA=E ALEsE AMNE o
2o}, ghef Al WA eHA=Tt Hasiohd Hud ATt
DIAMo| Alg = Zlojth A= A WA eHA=E: 3
o] YJERE FARL ZZAA ¢t Ralg 91X A
ek 48 Aol o] eHA=E suglojd oA
SA2REH AFEHor 7HHgch A DIAMS H#Hojd
A eHW=E7E Yepgx] gths oujeA ®BEe FA
A ooj=ely RE[d. (28 Do 547 esjA=]st b
fAketh 22y DIAME AHSstes e ii=rl BE9
A3 g AL 1A A 2E FHog nE= HA
e Aotk (28 D& A2 B9, A4 o=d4 R=
S AMESHE 2342 eHAsE B=A s Az 2H

Abgslop gk &% DIAME AMEstH oHAci:
&AM b @ dAZHE $Ho 7HEE F At o
2 oluleA] BEFe] WS SIAM(static implied addressing
mode)elet sk, I wholiE DIAMO. 2 g i)

2 =g s 2ol A 2% & Z2
Mgl ofRA Qlag T FAE thFEEA diskd
=g Aol 3% S22 16 HE Z2AAe] 7]
ob7| A & A7fstaL, 4%el A= DIAMS A3l of7)
dx]o] tste] dydict 5FoA = DIAMS 293 A=
& op71El Ao diste] ddsta, 6, 74 4z dddn
o} AEL vehdch

2 ok

Prg

]

[

2 #HY uF

SrelM W A3 wol AA EAse TRANES
SIAM %3 F 49 oAA=E s gyols TPl
= A ojudd ool YAHRAS AUgozA 9=

9 3 £AE FuPG 48 5o gxE NzAe

UHICIS TEHIMO M5 BAS AT DIAMS T3S 07K 445

(digital signal processing)Z $13+ LSI Logic 168 E 9]
9l ZSP4002 DSPel 53tel w#Hol& A9 €1 9
eo] olzmgg FAFTh ZSP400L T e 7= #A
El(guard register - gl, g0)¢} 16702 #A =6 & 7F#1
Atk W8 Az %S 3 e R2ME HAZEHZ
A" F A, (], 0 8 (2, 13) & A2 Abed
g ook z2El3 ZSP400 7123 kY 2 F2)¥
gk oluUzgl gL Bag DSPol St M= F e &
s gHolz Qlasgth & &Y ZSPA0S =%
v 2 o]¢l MAC(multiply and accumulate) < 1§t 2
A2 MACE 49l eHA=E 87387 wiol 2-o=
g2 48 Hes7] M (2” 944 BAAAE A
 go] F sle eHd=o] oiste] SIAM & Alggicth
0& H33 date] F 79 oHA= HHYolr QlI:=
7] wio] HE L F5A1H o=y WS dE ¥
AR oz A= ojopgic) whebrd Ax eHA=e] YES
A5zl 21% moveBHele] F7HAHQ1 F77h wAsHA
ok

Thumb ISA [4] = 32HE ARM Z2AH|Alo]A 168 E
dzde] FHE /KL Atk afEAT o] AL 324

E ZguMolA 16HE ISAS EFtsle] #x]3517] 9siA
= e} o] 320 E WAelel F5EA A A
th QlEy FIe] BF uFd 16HE HHol= aAE9)

SR gt 1670 AALE FolM 2 dubgt
et W& o=dE AHEET oA 193] spill
code§ F7HAZ ot} Tga g A=E Fo]7] 9
g g% Aug 2= Y4 SagFe] 27d Aotk
Thumb £3 16H|E HHolE §l8) 2-oj=e& £9E A}
|37 wEol ZSP400 FAE S & 7R ok (2
d 5elAM HefAE= Z3 Ze] MIPSI6 [5]= ARM-
Thumb3} frAME H W4e AL 7] 9ol Thumba}

MACA mac.a r&, rY {g0 rl rO}

10} +=rX *rY¥
MACBE mac.b rX, rY fglrdrd) +=rX " r¥
MACN.A macn.a rX, rY {g0rl rO} -= rX * r¥
MACN.B macnb rX, rY [gl¢r3r2) -=rX " r¥
MACZ.A macZa rXe rY.e [g0rl r0) += X "rY +r(X+1)"r(¥Y+1)

(% 4) ZSP4002| MAC HEOE

MIPS32

I-type i £ J R T- T
MIPS16

MIPS32
RBetwvpe v Rl SR
MIPS16

MIPS32 1
J-tvpe o T — —_—
MIPS16

(22! 5) MIPS32 VS MIP16
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Ze gdg sz

2 =29 2 AdA e F ol eHy=ER
vlolujg] kg 91:=3dHE DIAMS Abggith o7
A8 ol=ddE 98- HRAG 9A8kA & ad ¥
e F7HE = otk DIAMS ARS8t Z2AME o
L EEHR FE AHE A AuHQ ISAE FAE &
A7 wFel Hadele] BFHE Y 5 ok A8 o
=YAdE AMEEE 7]E9 HRAES B4 day 71y
(dispersed decoding mechanism)2 A}&3& 7 ko] glch
A d2d FAE FF doly Y FXNE BFsA
TEL FHoR oFF F ¢lA UEC gy Hgd
Alo] E&3< o] 2AFHE e AL AEsA €
ot 22y DIAMS 9o AFse 93 tag #
AE FAT = denz sl=goizt Hupde] Waol £
AZgel g =2AE5S ded Ad F g =3 £
o] ZR2AME AMIADIAME A6k H#HolEo] 3709
SHUEE 7HA7] wEe] 7|EHog3-o=dx I= ¥
WS 7R 287] gl $29 7|4 2EE 2-o=8
2 FEA AREE F7F move H#H o7t B asit

3. 71232l oI7IE X

FEL 718 e2 A¥AHQA RISC B4 16HE =
2AME RS T, vdo] fELANEE AT 3
Folo] #4e AEdAT oA AxdA 5F ofEe]
Aoldol wisle SEFE BHE F7HE7]de A=2T
Fdo] FFdide AE A HA o] BAE HA]
g8l 7124 ol71€ Ao DIAMS F7}stich o] #ol
A 712HA oM E ALEE 16HIE L2AAM] T
ZE AYdr. olojA & FeA = DIAME A3y 9]
& 71&9] o7 AA 7} oA FAAMESA A dHald =
& Zelrh, miclo] & AT fE AL oA ¢
23 Ay €8, 2832 dolEF LHE XFAt o] of
AR 29 48 ALE AE IE=AA 2]
gk a287] o vite] fEAlde] HEa v&
o #¥ =W WHFY] MM AL FEo xS #
HA 71242 o7l HH E HARlsHAT

31 of7|H X 7ign s8S 2t EE

71829l o}F|dlA = Cowarerl [12, 18]2] tztel £9l
Processor Designerg AH8-3te] 7id=1th ADL(architecture
description language) ¢! LISA20 [16]& 7IHleg &H=
Processor Designere 2E T|ARQ] dAle] g 7w &
7S &3} [17]. Processor Designers #AHA|EH 7154
o} F7HAQ Z2AES o459 BAE el7IdA e HDL
(hardware description language) ZEE AA gl QA=
FE+ Synopsysih [2019] Z3}1A<Q1 @4 E<1 Design
Compiler(DC) & AHg3lo] AolE #¥(gate level) oAl
A4 b5tk gee AZES ] AW =FE Hch

xzadg de WA 28 $7e UwAz
BolEg tiwa @k

sl B ol(lasm) 9 tyxoj4E2(ldsm): 2tz
o7l el Ao thale] ojAlLa] HaHo] YL QHHE
FER(EE 2BAEIEE o] fdz) Wil

£o.

- FA(link): W8 F7 FFAYA oJsiA 2oz
PAolu dixe] FEE AojAY 7|& o
-HEAE AHEE ISA Al Ed#HOIH(db): WAt
dolg] Fo]Zge] UL XTSI Al A
o] Algdol g AF .

32 7|259l of7|E|x|2| =&
71RAHQ ol7ldHe) BHEE oplel hasiolglnt,

A" Az AHE A% o7 €A vro] ofEA
olde] 7d REL A&Ho Ay S Z=
ZAMZA ATt

“16¥E dolelsh o) Ha mmzANEN 2E
Abol =, wrapper die 223 79 £RE Fo|7] ¢
ste] oAkl s A

- 3t = o} 7] 8 3 (Harvard Architecture) (1-IMEN,
1-DMEM): 7|23 of7|dx= H#o] sz}
diolg dxe]7t Ze]=ojdnt o3& WHo vm
2]9} dlog] mRele] FA H2o] 7hsdte vz
WG ES FFA7]7] et 3 DMEM2 $7]
o} 2715 98ty shte] AjEH TEE AMLEE F
718 vl®e] HZE 7FEY. e IMEME H] &7
Al v =& 7RI

- oA g mo] ZekQl(FE, DC, EX1, EX2, WB):
71229l  o}7|dlx=  Fetch, Decode, Executel,
Execute2 12]it Writebacke] b4l GAIZ A=<
alt}h. Execute@ Al EX13 EX2 F @2 #elH
o sled F43 vz Aidse] dE didE B
H 20 AAAEE 71A 7] W&ol

-AF dA2H HAd(169 EF, F A9 ¢ E
Eg g s £7] XE): A4F HALH UL 16
Mol #A2H £23 4 shte] ¥E HAZHE
7FA 3 gl o] HAAEH FHde ghie] F o] ¢
719} shtel 7] 9341 F 8t

R vEe] FE: 7]EHQ) op|d A= RE vRE
7t Z2AHA el 91A5H7] wEe] M PRI F
Astz ek £=£3 A v AF Ao sy
0Sell 9% JAHHPE A9 22 95 A2 & 3
FA g o FE°] At

33 7I2H¢el op7|E x| ¥
(29 6)9] &5 tolojayL mojxigl GAE, mE
g £&E, dA2 34, diolg 2 a2z 7)5HY



£ L
(38 6) 712%¢l op7|Hx2| E5 Clojo{a[21]

FHEL T3 EHJAIEAE FE, DC, EXI,
EX2 zelm WBe 58t do|zegleg FAHZ, 7
HeolE L FE wAldlM vma25E x5 DC 94
oA Wiz} Aol Ao} AEE 7 RES| ALg
Branch, jump 2|3 call WHojEL dolZeqle] &8
A< 98l DC @Al BUEE ozl sk dx2e
AAES EX1 oA 8783 1 A3 EX22 o5 ¥rh
FA% ALU 283 weg Aiase dA 22 Ade
ZFA 3 9l7] o] EX13} EX282 THgch olAe ZA
2ol AL ZFY 4 AU EX2 & do]HE AL o}
st AlE op7|d) #HA2H FHde 2= AL WBH
Al A St

4. M8 93

4.1 DIAM(Dynamic Implied Addressing mode )2| 7H'd
DIAME AMg3te WEoles gy 2ok

cufoly ] AME A 379 eHA=(EAE A
T ek A" A shvhE ARSEch

cAAFQ eZAS AMESle dRE] Q44E 3 W
9l ol=#4 X =(displacement addressing mode)S
A3t}

ez gole] e XA Ei= PHHole EFHR A2
HE (28 DA dehlie 23 go] g3o = <

Memory
®F( | OPCCDE | D srcl sre2 DIA Memory
DPL
¢ — . Update 2DPC Mo
Unit
1 ACDD 1 !4 5 (Y -
2 ~. DPC 2 i
o 2 )
3 SUB 1 7 (381
DA 3
Referencing
Linit —_

(28 7) DIAM 2] 7Hg

UWCIE Z2MAMEl M5 Sas 2T DIAMS ZE3 0171 447

Qe D vEd o8 gAHez ALgE £ 9ok =3
DIAMS AH&38te] 3¥i# o3 =7t DIAZE #2€ d
22 Mpay ¢ dAHez AFALh Mpan & 23
217|9t 7b5% wRe]l2 DPC(dynamic program counter)
of ojsjx EIE Frh Myagtell 478E DIAM & Vi
t ALU ¢4t 53432 gA2zHe F4&, w2 Aike
=M g EE branch9 22 HHE $I% DPCY F
7} gkol © 4 itk WEHo] <¢te] e D HEE MpawZt
DPC ©l ¢aix FEIE HiE= 3o FAH A=
& Vo € 73 glERe digte] yEpdich D ¥ ET}
y slo] gloW DIAM #H%E #AE DPCE FA
DPCE Mpuw Sl & 5214 eHAd=e] A 913
E vehdth SA13 ewA=e] gro] i ¥ wj, DPCE
DPC dHlo|E o] oJsir F7teach £ F 7o) 4
2 HA=E fsto QUIEVL 275 =d, ol 16719
PR~ BEh T o] A2 e A=E 9JEiA AL
7] wj&olrh

42 DIAME At2sts dE@ole 2R

¥ 45 wHo](Candidate instruction) Ipray £ DIAME
AbgEhs Walojeltt, o] e gt go] F e 2§e
2 FAd

- 55 Ao}t B7Fs % o] E(Non-control-flow instructions,
Ioan©): ALU E= v]22] gaols3 go] 22 3
co] Ao EFE v F fle HHo st

» 3F A7t 7Hed WS (Control-flow instructions,
Ioan®): jump, call? o] 42 =9l Ao &S
v 4= gle "alo]Solr)

43 opF|E X T4

4.3.1 DIAME Al&3h= o}7|€lA 9] 4

(29 8)olM Hojx= 727} Zo] DIA #=x ZXE F
gst7] 9l&) FE ¢k DC @4 Alelol DIA =i E2A|=

|
Reterencing
|

FE/DIA DIAS D
Opcode
D-bit
letech
De eeting Coerands
Part
e e e e T R T T S R R, l
] I
ool f I '
i ( | 1 )
I | I
] I
] I
! DIA .
1 1
1 :r||r-I||i;r\' | DA
I (Mpiaa) |
I l
I I
l

(3% 8) DIA CHA2| DIA &= Zx|[21]
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DIA/DC DC/EX1

| Branch W
| Logic

Opcode

Taken

” _.cwenwﬁcyawe_[ .

Add —
Voia

(22 9) branchofl CHet DPC H|0|E[21]

N2g dolzelgl dAE F7Hgch DIA #x FAs
DIA @A) s1xstx DIA #& H&3 DIA #Fx ¥22
2 FA€d DIA & 582 D HEZ} AR opdAE
gt DC 9AR waz=e oHIA=E ALk
DIA #x ¥ 8& DIA & H&oA d&€ DYEZ A
4 A% DPCE dHclEST Mpawd xSt Vo &
7b4&th DIA ©AlelA el Aake Haolel FFpaw
w3 Iyt ol weEb gtk Ina'© oA D HlEZL
A o DIA 3% 58L& Mpan o 745 714 87] 9
d DPCE #=% 4, MpanE A2 Vong 7HH2th
Vo £ 237 dl#A 289 F4, load 9 store %&e]2
2xA gk == DPC 571 @ol 8 4+ 2tk DIA #=x 2
AZEE 7ML Vi £ S3aADORZ o€ Foth
e D HE7L 24 wE DIAMS AHEsHA ¢ 9
dojxd Aasw DPC EF F748HA gtk I’ Ol
A= DPC7Z}control flow W shel] whehba] 10]v} 2 o]4de]
gurd Z71 € 5 Aok (2 DolAE branch H#E ol
a4 DPC7t gldlelE5:= dlE& BoFEch Vi ¢ DPC
@< DIA ©@Aldl 2= DIA #Fx FA2FE DCE ol F
€t} branch 7} HelE 2 o DPCx= @Al DPCel k3t
Vo 9 $o 2 ddolE gk o] Zfol st Yol
B o]& FAE #jZ23sl7] $13 branch B#Ho] FHeo| W=
Al NOP ##oj7} 4tglslejef gtch branch 7t HolE =
7| @¥gkg Wi DPC 7F Ian ot A 193 F7herh
I 8 2E o 4o E 913 DPCe] A o7}
H|Sz5hA A &-fch

4.3.2 DIAME AHE6H= o}7]8l 9] &5 tlojoj1d)

DIAME Apg-3h= o}7]elafi= 7] £ 2l o}7] € 4o DIA
9AE F7F & 5, DIAMI} Zo] 3%k DIAMS A
£3h= o}7|ElA 7} 7| RAQ ofF|dlH g} thE HE Tty
) goh R wa), slo]lZelel DIA wHAle DPC eE]n
Mpian 7 Z=7FE 91k 5 @A, DC, EX1 2] REX2 @A
So] 2Hx o#AU=, @AM gt Fi= DPC AdlolE gk
of tlgt 7149 ARE Adstr] fla) ot A AL

(2% 10) DIAME ARZSt= OFF|EX2| E5C10|0{ 13

E3], DPC &< {ddlo|E&7] 9§ DIA QHolE 37}
DC ol F7t5 1tk

(2% 10)2 DIAMo| F71¢ o}7]dlx o] &% tho|ejn
HE HolFr)

4.3.3 DIAME AH8-3H= op71€13) 9] ISA

(2% 11)2 DIAME AME38HE of7dlxel o3 ISAC]
3 HEL HoFEd A WA 4L Vo FEHE ¥
gol 2FE vehin, 7 HA 4 4zt WHoE Y
itk =3 (2¥ 1DAAN BRAFR e FZ4ELS
Ipam ol £ 72 Moz E849 e MHE €9
Dt DIAME £ D v EE o]}
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and
AR | D dest s
%O
511
sl
sra
add|
andi |
c{j. | ]
Aun P nCoc o dest immS
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subl L |
ldw
Idb
LDST Idbu | D base imms
stw |
sth
o S i D dest ‘ sre
Mac

(32 1) DIAME AFESH=S ISA

5. DIAC (DIA+DC) At23t= S E OHFIHA

ool $elt= 57 solzelelolA DIA e Az
WAE #7kshe op719AYl DIAME AHeh ob7d
£ AEasT. DIAME AH8#o2M at Alo2g 2
o3 Ag ATk o] AMelMi olv] A%E DIAM
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5.1 DIAC(DIA + DC)

DIAMo ©lM= M2E dolZelgl ¢AlQl DIAE F7}
7] wiiol 29 Elsleo]l Eolu &A7F wAs s Th
S ofEFe Aol Hal A 7]EAHQ o7 g Aol n]EA
Ay AzHEHEe 7HE X 29 g9 HFRe 9
7 grh olze ZolE move HHolo] Mol o)A
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AHICIE Z2MME M5 BAS 213 DIAME ZI=ES 0tF1=H 449

DIAC
PP . ..C1. .- OO
FEDIA DI&DC DCEX1

S (e

(22 12) DIAC (DIA + DC)

52 ¥&o| FIRES X3}

AZE o718 DIAMy & 718AQ1 o7 g3 o] A
DIAM®HS 371§ DIAM, Btk 238 Elqle] Zolg 4
oftjel, T4 Wi JFE EI FoFo FFH duo
7 FAEA HE olfrE 2EAHoE so]Zieelo] F ¢
A FAE7] WFelx, FAZHCZE branch 9 jump
a8 call 7 #2 27199 #d o (2Y 19e
w718 @ole]l W& F 7bA] o}7] € A (DIAMo, DIAMy) 9]
Fa& vawste JeRfUch
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addi L 7 4

bre beop I

=

(3% 14) 27|00l w2 mo|=atel H|m

337 W £7] B@ofel &N £ e w
DIAMx 7} DIAMoEH & 28 A7 742 E = Zlojoh
ol EE #7] B¥ojol H&o| Hu2 F FHA JIe
Ed 2A 9%E vAA E4

6. & #

o] oM 2-=d2 of7| el X e} DIAME AHE-8l:=
o}71€14 (DIAMp), 28]3t A E At o}7] €l 3 (DIAMy)
o] Fs& vung Aot 2-oJ=# 2 ofF|HHE HE of
EHAE AHESHA] @&2-o=d4] BE ISA AlE A8
i1, DIAMy # DIAM, & DIAM*F A 3-oj=g4d R =
ISA A& A&tk $2152 YMib= Ajxgloz da)
o2izl dE o ““31“1'5'-91' 7o i AdEd ofF
Wixotze] AL F3sAh <E 1>olAe AP A}
48 ofEFgAelAS velm, (2§ 15)F #Wxviza
ofZe Aol e == A4 HAHE YeERAT

WA vl of FEjAlel AL (¥ 15)0A Bejz= At
Zo] C 223EE SoarGen [22-23] ZHFd=]oA A4€
DIAME #H&¢ {82 =% Cowarerl2] Processor
Designer o] &8 H&A]7Ich ojdEeE T3 YA€

CE 1) MEol| AL2E HIX|0(3 ofZ2|AH 0| M

Name Description Source

Image compression scheme
by estimating the current
cell based on the
neighbors values, then
stores the difference

Compress

Multimedia

A general linear bl

recurrence solver
The Debaucles
4-Coefficient Wavelet filter
to vector all.n] containing
complex numbers

Linear

Wavelet

Tri-diagonal elimination,

L5 below diagonal

— = Livermore Loops
Implicit, conditional

LL17 i
computation

. Coware Cawae

C Code SoarGen Assemily Code Processel Processar
= Compiler g AN (D! pesigner (TP Braylode B3| pcer
Assembler {Simulator}

(33 15) Hix|o|Z ==O@o| IS M IYH

dlelujg] =+ Coware Processor TlH] 7(A| B o H)&
S8t Aol &A )

6.1 M= v|m

A1%52 Processor Debugger?} Synopsys Design Compiler
£ Abgste] FA € WA Processor Debugger & AE
sto] T3 wWHole] & Ak 2¥ ohg Design
Compiler& AM&3ste] A2 28 Elo|Y & et A4 4
8 A2 og AF go] Alted [19].

(Running Time) = (Dynamic Count * CPI) * (Clock Time)
CPI =1

<E 2>oME Ztzte] gHolo df FH BFHo AF
o} AA APAIZFE e

ATt AFE 2-oj=d2 opF|H A bluHE T
o}71 813 &(DIAMy, DIAMo)®] A3 At v]goln}. <&
3> 7t op7|d A th¥ A+ AFHE YEIY. DIAMy
oMe] EE wixviA Aol Fopxl AL HAY
At AASIDIAMooIM % YuH A Compressoll 4
& Aol FotAt. DIAMoE H¥ 35%9 4% Fd
vlaf A&A ngtE ob71E A} DIAMy = 116%2 A
Aeol FASUT. (29 16X A AAE 2=

(B 2 S5 B et AAIZHH R

Dynamic count Running Time(ns)

2-address | DIAM,, | DIAMy | 2-address | DIAM,, | DIAMy,

Benchmark

Compress 1999 2002 1887 51974 | 53453 | 4887.33

Linear 662 598 57l 17212 | 15966 | 1478.89
Wavelet 479 462 440 12454 | 12335 | 11396
LL5 428 402 385 11128 | 10733 | 99715
LL17 820 730 708 2132 19491 | 1833.72




(& 3 37 &x

Normalized Time
Benchmark
2-address DIAN, DIAMx

Compress 100 10285 94.03
Linear 100 92,76 85,92
Wavelet 100 99.05 91.50
LL5 100 96.45 #9.61
LL17 100 91.42 #6.01

Running Time(Normalized) |

- 100
£
& EH
=
g S0
& 85
B8O
Compress Wavelet LL17
|
= Z-addreﬂ 100 100 100 100 100
DIAM{O) 102.85 52.76 99.05 96.45 91.42
| = — | | 1 !
" DIAM(N) 54.03 B5.92 91.50 B9.61 86.01

(3% 16) Fxel ds &3

(% & DIAM HZ Edo{2| vl

Total Instruction | Instruction Count with |Percentage of Instruction
Count DIAM(Count of ‘NOP') with DIAM
80 1520 2%

2 Yetiiglth #7182 <H 4>+ DIAMy oM £ 9
E“"? FolA DIAMe] Hg® wHol9 v &S Yehhd

obfdl 3L 3HA Y= NOP WHolo J+4E ww
QF 2% Axoltt, o} ghislA A3} 54 %= SoarGen
Compiler7} fa#lol= fthd 30%~40%7HA 2o @
Ao oAtgch

62 2 Efo|
Processor Designer 2458 A44%¥ HDL Z=+ Synopsis
Design Compiler & Alg3le] A€ <E 5> &4

F doj1 29 golw AuE Yehdch
(H 5 &8M % 33 elo|2 3B

2-address DIANO DIANMN
Point Incr. | Path | Iner. Path | Incr. | Path

Clock i o s e 5 S
clk_main(rise_edge) e “ = o) " )
0 25 0 25 0 25
library Setup time | -0.05 | 245 -0.05 245 -0.07 | 243
data required time 245 245 243
data arrival time 261 266 259
slacki VIOLATED) -0.16 -0.22 -0.16

YHICIE Z2HMC 45 BAES 2B

DIAMZ| T3 OFF 19 451

4 23 YEodlclock_main ©]25ns2 A5 glth
DIAMx @] slack Ztol 2-ol=#l2 o}7|elxe] g3t 5
&7 0.16ns 7} Yoi=d o]z DIA ¢ DC 2 F 719
gdolZelel tAE FAE HA 2 ElolYol: QS
7| A etk 2AE 2.

7.4 B

o] =EdA & DSPE 13 71€€ 16 HIE 7]
A ob7l9A % DIAME AHg-shs ob7]HA<1 DIAMo
& 4989, DIAMo 9] 4%& A& 4717 9%
ob7l8|4¢l DIAMy & A¢talsich DIAMo &% el
DIAMy E£¥DIAME AHg3tnz d& o=y glo] 3-
o=d2 ZEE AT & Uk f29 AYelA
DIAMyE HFHOZ DIAM, o HlsiM o 7%, 2-0=
g ob7lEAd usME1L6% 4 FEE ZHAfTH
¥ 947 Hz2e 84 478§ Ve DIAMS # o
221 xe A9 I=E TEUE HAYY Ve
DIAME §13iAN F7bsl= dlmeld d@ st=slole) 83
4g si@shs Aot
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