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Jongwon Lee' - Doosan Cho'™ - Yunheung Paek™

ABSTRACT

With technology scaling, soft error rate has greatly increased in embedded systems. Due to high performance and low power
consumption, VLIW (Very Long Instruction Word) architectures have been widely used in embedded systems and thus many researches
have been studied to improve the reliability of a system by duplicating instructions in VLIW architectures. However, existing studies have
ignored the feature, called VLES (Variable Length Execution Set), which is adopted in most modern VLIW architectures to reduce code
size. In this paper, we propose how to support instruction duplication in VLIW architecture with VLES. Our experimental results
demonstrate that a VLIW architecture with VLES shows 64% code size decrement on average at the cost of about 4% additional cell area
as compared to the case of a VLIW architecture without VLES when instruction duplication is applied to both architectures, Also, it is
shown that the case with VLES does not cause extra execution time compared to the case without VLES.
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1d  rl,0x100 il 1d r1,0x100
1d r2,0x104 . il 1a r2,0x104

add r3,rl,r2 add r3,rl,r2
nop nop

st r3,0x200 st r3,0x200
nop nop

rl,0x 100 Ild

r2,0x 104
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1d r1,0x100 id r1,0x100

1d r2,0x104 ld r2,0x104

add r3,rl,r2 add r3,rl,r2

nop nop
st 1r3,0x200 Ii st r3,0x200
nop i nop

cycle : t+1

(a) The behavior of a normal VLIW architecture

S
ld rl1,0x100 1
(1]
1
1

id r1,0x100
1d r2,0x104
add r3,rl,r2

1d r2,0x104
add r3,rl,x2
st r3,0x200

lmlolm]i ko

st r3,0x200

r2,0x 104

Program memory EETREST ST BE

cycle ¢

1d rl,0x100 1ld rl,0x100

1d r2,0x104

add r3,rl,r2 add r3,rl,xr2

_i—ﬁ-ll-ﬂOI-'im

S
1
0] 1d r2,0x104
1
=
s |

st r3,0x200

st r3,0x200

o ———

cycle - 1+] cycle : 142

(b) The behavior of a VLES architecture

i } fetchpacket NI cxccutc packer

Fig. 1. The differences of behaviors of VLIW architectures according to the existence of VLES
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Fig. 2. The proposed VLIW architecture

E Ol HE 718 113

HgHES ol Fd dehte HAME W¥ole] At vl
7] (Comparator) & 53} vliiso] £ZE o] B4 oF
g gobd £ Utk Y dHolo} BALE goje] Ak
o] Yx|shA HZA Agre| AFHoE HAAE| 2o
Ad dize] date] FHHT Adge] o F$ LATE
ol2i7F HAF Ao HFs o] Al Ao dd

22 Hddo] olmd Wl F7}

olg} o] & wiolo} BALE HHolo A8 Fo F
zo] A2 tES FUT F gtk gy FEdoje dE
HEols} BALE WHAE Ay Foll 7EYE + ook &
o £ $2l9 ol7|e A= VLES € AT + glojof 3t
7] wiol d=gojes AF Aoy AF WS &
& = glojof #rh &, $2 VLES #¥ Huet I ¢
BAHE dyolg FEY F e FHE s=dold AT
of gict ol & ¢J3) Walelel 1=y T3t (encoding space)
o] AR5 ¥

$27} AHE3HE VLIW o719 Zhzhe) g#o|7t 32
HE9| QlaYy FHE AMgEE FZo|th HHo IFPL
71822 o2 RISC (Reduced Instruction Set Computer) =&
o] A¥E w2n 7] Qo F71EHQ) ARE A3l
T & A7k FEScH4] $8E VLES ARE 99 1
HE, 2|3 98 9 BALE 9ol F&-E 93 2vE
& Al43iA & 3 HEE 32 HE Yo Qg Fke| T
gkl

VLES € §1% 1 HEE AA HE (stop bit) 2 AHEE
o}, VLES & A ¢8h= VLIW o7|gx & v Azt vigh ¢
Eole UZ HANAM olF olF&= WHolg A H
TAA o2 ZAlste] 43 #HZlE FEIHAT A
710 9 A9 HEHoR Ho] 7Med WAooln
A HEZ} 19 A$E HEHoR dgo] ¥t 99
€ gt (&, A% #Hle AHA HFHol9 AAHE
4 1ol Fz274 A3 #Fle TFA}) webA ¢
gl QAF #A3lelM A=A HEFL 1] Jepd wzix 2
HeEolgg 48 #7loz ghEo] H3 fuoz M
th. o & 59|, Fig. I(b)2] A3t t oA AF 39
# ol (Id r2, 0x104) ¢ AA] H|EE 0 o]7] wj&
of A Al WHe] (d rl, 0x100) ¢ 7 A8 AL o
F7 gk AR AL 4] oA 9] AF HAe] F WA
7ol (st 13, 0x200) 9] AA| H|EL 1 o]7] wFo] R WA
B30l (add r3rlr2) ¢ 37 A3 A& o|FA £dju
the Alzke] A9 sfgle] EgHer)

Oeo2 Y Weojsl BALE wiole] 7 Al4H
£ 2 HEd dig] 49uzal Table 1& olE H|Ee] ojg
e Aae vepdd, F Jl9] vlEE 727 Bl 3 B2 H|
ER ®7|std, Bl HEE WHo|7} 98207 HApEelA)
TEdhe 4E%E &, B2 HIEE F& AM8dieR oq8g
ek, FAdog dysid, B2 HEZL 0 ¢ A9E ¢
w3 BARE WH@o] BF FE AMSEA @t 42 9y
olg} g WHole] HAMRo] g Aol Fa™ u B2

lm i

132 00 & = in 2 .

KIPS Tr. Comp. and Comm. Sys.



14 BEHZIFS=ZA/EFE 2 EN Al2" H2@ H3=(20138. 3)

HEZF 0 91 2o 3@t o wi F Aol FA9
TYE7] dEo HEE o] AFE F glo] A Az}
§ 24 vavld Rulq Z3}E sladc A U8 9
Fojgk BARE FRo|7t A2 gE A FHEHE A
A wEse 42 9ol st o] A=, ol F
of 3 FFole] HAEe] +4E u 2 AANE ol AF
€ U daEd vwgc, o|d Ffds B2 vEY 1 2
A7dn.

Table 1. The meaning of two bits for distinguishing original
and duplicate instructions

Bl B2 o]
0 0 EARE, Foll @E 22 &F
EARE, o AE 9 AskEs} vwsd
0 1| dajshd dakgs dA L AY E2 of2e
FE AAEA gfow AZE o B4 24F
1 0 g, Foll fhe 24 &
1 1 22, A Zeg 7o A%

Ag7tA] ddg & oslE 7] 91§ A7 Fig. 3
of Jelt 9t} Fig. 3(a)s YYPo AHgses mE9 =
29 vlea] yolMe wjx] 2&4e vepdo 32 HE 9
dol 929 ¥ F AolAFEH A HEE Adz A
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got. Hola BALE "ol 3o el Mo
2 FAE Yoy BAlRolug BT Bl HEZ] 0 4&
¢ 4 gla, vhglE SMe 2F fdie|lmg Bl HEZe] 1
de A F oo $-27 Agse of7 E A= VLES
2 Agstnz 3= e NOP o] vhebutz] %%% geld
4 2t} Fig. 3(b)e ¢4 229 F3 Fo w52 vehd
o}, Alzke] EFo] uhel zbzhe] wW#o]o] F¢ %:-% vl %]
AeE 89 4 ook 43 Fo AHE 2E {l £F9)
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*1Zl°ll FHES B 5 vk gekA] ojEe] B2 HEZ &

=09 Ae o 4 ), vl Mul, Load, Store % # 2]

ot 48 715 FY £F°] & MEelmg A& &
Ato] 4zt i AlZhe] FEE|ojof drh. wEkA olF B
o9l B2 HEE 2% 198 ¢ + 3tk

3. &8 &%

H =Ro| M AFA Acts VLIW o7 glx & +d3}7]
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A g P REETF o5 57L& 71£dd o4
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e FA89d £=%  Processor Designer = HDL
(Hardware Description Language) =& A& F=0), o]
& Design Compiler o YJgo& &8t 7]&H of7] €A
o] st=slo HAE FAEAC 2l AtE VLIW o}
H2)9} 7]E2] VLES & A9sHA] g VLIW o}7] €A 9
A& v RIAH3) dFelE DSPstone Wlx|vlae] =
& AHg-sHglcHel.

(n) An input code sequence in program memaory
Slotl Slot2 Slot3

Slot0
o[ibAK[zNAl OobAIRAE
1
2(oA[2lal4) o

3
4

ORTGEE
11 Loadltl 2]
1ol Add]alal7]

() A code sequence in VLIW architecture without VLES

Fig. 3. An example code for the behavior of the proposed
VLIW architecture
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VLIW o}7|€|4 & NOP & 84 d#ol2 didsitzte o
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Fig. 4. Code size

A8 49 ¢ NOP & =0 ¥gA7)=d s, VLES
& A9¥8ks VLIW o}7|g3E NOP o A3 ez &
7] B o2 A% 3= 7] FA: AIE HolA €
AelA e 3= 27 2 AEE 7 64% o €

32 A¥ Azt :

Ay AL F 7HA VLIW ob7| Ao thzfA nilxv=a
HE FUF 2498 B4 o¥@ Zdye VIES 7T
A 94302 4 FAHHA £ AR Fobel I%S
U AR et S ouidck 4d FudA HA 97
ol Z2IY o EAstes WEAe FFo8 s 4
e FF 4% fue 883 Hed ol VLES #F
b= #A7F 7] HEeld. F, $e& VLES & A4
24 BAHU NOP & 2EAA AAR F& AT FF
A% fFUo A E 4E FE e Aotk wA &
A Bzt 288 F A= FF 49 /4L VLES ¢
S¥Al7] wgel F 7Hx VLIW ol7l€lAe] disix
& A8 A A7) v Aol

33 st=gof @y

Table 2 VLES ol w& F 742 VLIW o}7] €3
o st=slol M WA (cell area) FH ZAFAE depdch
VLES & A¥sts Zfel o8 43 #7130 sz 4 &
BE°| 4adly] Wi ojE2 AT 4 WA Frt Y
Ede £ 4 ok shAY 2 A vofste] of 4% Ak
o 23& AT F Ak

Table 2. Cell area of two VLIW architectures (unit : m?)

VLIW w/o VLIW w/

VLES VLES
Combinational area 426635.84 45014596
Non-combinational area 136997.53 137324.94
Total cell area 563633.37 587470.90

4.8 B

W38 Alasle AHEEE VLIW ob7ldAe] NEEE
Eol7] 9IF AT 2 < AWAHSI VLIW of7] €Al A
A8 VLES & 22|3tA] &2 A olFo] Arh. ojd] £
ERoM = o3 W] e A8AF HEAHE Eol
7] 918 VLES & 2§ VLIW o}7|dAdlN B o] 54
§ B9 AR $EE 93 A8E oA AA Y2
=5t ole] mE H4¥ AIE AAGAC 48 2R
VLES & #|&# @& 75 vl of 4% A2 F7134
9 st=sgo] g 59 BT 64% A= @I A= A
7l #2 Ed%E 2E 5 AR, =T AY ARE F7
A &4do] BAA G52 ¢ T AU
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