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Fault Diagnosis and Tolerance for Asynchronous Counters
with Critical Races Caused by Total Ionizing Dose in Space
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Abstract

Asynchronous counters, where the counter value is changed not by a synchronizing clock but by outer inputs, are used
in various modern digital systems such as spaceborne electronics. In this paper, we propose a scheme of fault tolerance
for asynchronous counters with critical races caused by total ionizing dose (TID) in space. As a typical design flaw of
asynchronous digital circuits, critical races cause an asynchronous circuit to show non-deterministic behavior, i.e., the
next stable state of a state transition is not a fixed value but may be any value of a state set. Using the corrective
control scheme for asynchronous sequential machines, this paper provides an existence condition and design procedure
for a state feedback controller that can invalidate the effect of critical races. We implement the proposed control system
in VHDL code and conduct experiments to demonstrate that the proposed control system can overcome critical races.
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Fig. 1. Fault tolerant corrective control system

3.2% EX ¥ 35 1F Hof7|

B Aol A= [7, 9lelA Ak 7ML vigew 4 (1),
(2)9] n-* ¥%7] 71E7F AE A Ho|~ W goﬂ PARE
B g8 = WA A

flol BHH e FAS T F YR HFi
[e)

w3 Ao)) ) ze%d_% Aese o deE e F
53 (stable reachability)’[7]°]
o} x<} y7P H| & 7] #2 :(AXXo,f)ﬂ 7= 499 F

9lsh mE Ex

1o
dp
Y

“Fefea Ak
= wuruEA 7 EAEE

Egrbseitta g,
s(x, t) =y, tEA"

Aoi7) 9 22 12 o gste] oy gE xolA y
29 4 EA4g AN Sl A Gl WAl 2w e
A el xel A€ o S 4 pEAT Holow zeyel
el e Slolahes gt A4, 5 s(xb)=72} 31
FAEA Aol BAe 7 19 AFZ A28 Bob o
S xOH/H oI5 §1e bell vkg3te] z il y= Holate
g3t 2ol
4 9 XA S ) 8 2 e B
F b Y Ay §

ojuff o} =& FAITIE UH
FH oy x25H A ow

oZi

o
!:J

< &AL O AAE S AEE
& V12, Y1018 3 ofE] BAZE A -gtt

s(x, w) = i

S(Y1, w) = V2

s(yk1, W) =y

a3 19 24 Ao}yl ol e thewt gk vl

7 ok e xz Aelshd Ce
w s]% Qo] v=bz whAw

C
Ce 948 b tial to] Pass +
X

°of /A A4 ws AYsH ZE sxu)=y1 = Fo]gt
e e gro] yiE uh= &3 CE to] FHA da
wE QAL wE WE TE AN FHA F7 A
s(ynw)=y22 eoldith to] wixeh e w7hA] o] &2to]
APHE s 23 Ay y2 Tgait o] dk 01314 al
4 Ao} HAHE BF FY glo] HlET|H LR o] FojAnE

Ay £ )¢ ““}E‘i} wEhA HFZ A" 5 ok
el xol A 9 8 bE W A tS ok AEH y2
Holgl= AAE FZFHY F sdxb)=yeh= Ao EZ o]
A Hs. = =9 stable recursion ¥Ho|Th).

Yol A wA AolE A el do|v) EA)Eh=
U5 7] 7hElol] HEA7It) WA 24 (2)25F v]57] 7
+E ol oo HHE tE e ”Eﬂi—r‘ﬂ R5 oty
072 ERrbseites AMS & =tk dE S 0<i]]

<n-19] 5 A 9} X8 A4S 4 O)F olgsel 3
7 xelA 57 g Ho R Bebbs SEE s A
392 gl 2o v

S(Xi, Qidi+1"" " qj 1) = Xj (5)

ER ol FEsel b Bks s she 99
EYE 4 QT ofdst o EAw

s(xj, ajaj a1 ai-) = X (6)

H57] 7128 Se Ao F AdEHRte] A 2l
& ;T BAsng AdEZ Hol~E fld e 1L
4 I8 wg Aor) CE Y 4 ok

A g gol~g doy)= He-438 2% (x,a)S o
Al AZFsrA) dlol2e] AR n7h /M F AE the A
FElE 2 (Dol A Ao JE {z,.2m) T ]9 YA
zoltHl<i<m). z=x.1°1H JHEE7F A4 52s Aol

B2 opR WA Aol7t BAdA Wk = xolH 2ol
A AEAEel 1 F8 AL ANA 23 T4 Yol

51



ol

SHRX| SA| A SE =2X 2012, Vol. 22, No. 1

J

A otk Wls7] JREE7E 75 WA |k m
ehx ZEE dolas glelr] fsiMe= JheH Z7b
Xnan) oA (za) 2 Hold 25 wA A7} 2hgste] %
S A BH zolM 54 B xa=2 Al HolAlAo &
o ziol A xeaZbA o] EE7bsAdE A (5)9F (6)°] Bt
B qjele] AdEZ weolx Aol g wA Alo]7|7t
g =A%

g S5 wAg Aer] Co AR s v 2k

D HE57] 7-E 28 zdA xea 2 HolAI7E g Ao
718 Gt &t Cy,...Cos 5 A3

2) Cp,..CS join AXHI0] “Vv7&2 Agste] C=C,V -V
Cng YHETH

3) C& o3 o] &gtk

7h 27F b Z23 (xha-)l EEE Ce 1y &2
Hgkth SRR A2 o] WA Holmz A
zZF glo] 9% 9= vE IR Ao fE uE Atk

) 9 48 v=a st Eol9 S7F A= Z2F (xa)oll Al ol
s C= g I xE 5 oL dEE 3530k

h 29 ths M ETE xen®E #SEH SV A 52
gk Aoln& Ce ol Alo] 528 Hdstx] g+t

&) 29 oF kA et z=xeadl 22 BEFEH CE G
Fits Teste] HFE A2HE 5904 xa R ©0]FA|
A AEEA o]~ FH53,

offt N

2 o

(0 ox

wg Aojzle] A AA B e A2 v A At
Al Zedth A (D] 2 A7l Cr,..Ca?t &
A Aoluz AJE Hgol 7148 7hHsAdol Atk ahAIRt )
71 WAl FElE Fole dvbAel 7IE01E AHESAY
& FHE T ol&dte] Cy,..Cul 22 3 sk
WL 55 283td Co A e a8 2 =+

e,
4. FPGA M ¥

4.1 5% H|S7| 7+2H

B =g Aete A ElA dola FES $3 uF
Alej7]e] &84 dZ3tr] Y8l VHDLE o] &35t 2
HE AAsh Al A=A 53 vls 7] J-HE A
o} 2% 2+ 53 vlE7] IRE Z=(AXx,,0)e FH EE

=(state flow diagram)°]t}.

a7 2. 3Ed ol st Qi 53 M) TheE
Fig. 2. 5-step asynchronous counter with critical race

52

FeE 29 48 "3 A={apanazazadol™ e 3
T2 X={xo,X1,X2,X3,x4} 0| T} T& 18| Y& U2 == I =
28 xpa)?d (xa)ollA AEH  deol~E  JXIth
(xpa)? (xpa)2FE Z7F Oohg = JE o A G
E 47 {xe, x3t 7 {xo, x3} T 3prtolm] Fh2E|9 2HE Al
vtk 71 gho] Al mpHith M ZolA =Kol A EH ¢
ojxe] WAL 93 WAlE T o HlE7| FFE-H
FElE TAsHE AE BIETE FA6l WHEA] el BatA e
AlZE A A(time delay)<S 7HA& d 710 = Stk 29
2HEl(step)o] T 7 Qlem 2 VHDL ZE= A 7+ A=
A BEGDE FH3T 2 AFdME x=000, x;=011,
x0=101, x3=001, x,=111% e} H|EE A3t} 18y 3
7t x99 E a1 & ol 2 ol wejl= 011—101
22 49 e vE F Ji7F Al npojop sl whek
EFASE AIE A o] wAste] e HEVL F3F HE
Hrh o =4 2 ghe] Wt & 0110012 Ae] o]
= &7 AF3 kA x=101 Al x3=001S thg <t
A Az A FHo] #olarh dojd 4 ) ol A
Yol = (xpa)e v O FE7E x09 x5 T FERIE
delel gro] versE AAINTALE (xga)olA Lol
AYEZA #o)ax BSEhA s F

(xpa)s dZ 5o wAg Aolr] AA AHS AHsict
(xpa)® ohg A FEHR x7b oW GdARl e

Hule wg Ao 525 FEdok stk A (6)3 19 2=
FH ZE xollA xE AR EdetA st 9gE
EY tEA'E FoW tmazamea ©)th T X7t oHH AHE] xg
ol t5 PYNE T xp7HA] 2 W AR= S FHE x,
xo, x10|th t& ol&ste]l AYEH HolxE FHIE 4
49 wg A7) e TS5 o] AA s,

Z7] E ol J9 G2 =7 b Al xpoll 2135k
JH L EER o] Este] A EA #lo]2~o WA tiH] gk
th 29 29041 xp0] g AEIY W o Y= apelth
A HA gol27) ofy dojubA] gtenz G2 ¢ 4
g vE JUE vE7] 7hE el gl e ool A
Ciol e ol & ok &3 T nve ol Zo] Ao

A},

O (Eo,x,v) = o, V(x,v)EX*A\(x1,a0)} (7)
o (%0,x1,80) = T

O (81,x1,80) = T

nZox,v) = v, V(x,v)EXxA

A gollA G2 AFEE #Holie HAS v
Q5 1= o] ol A ar= v $ AE] I = Fho] x2 U
20 AGAAQ1 e 2ol AYHJriE onjo]m R
Ci2 tA] 27] AJH o= Eopgtt) I dH oA Ci
A o5 4= vE WA flo] Al 9E uE 2R dd
(relay) 3=t}

o8, x,a1) = & (8)
b (%o, x0,a1) = o
n(EL,x,v) = v, V(x,v)EXxA

Ciol o giol 2 ol 2% 4ol adl M ar= vkl 5
FE A= gk xes WThAL sk G AP EAE ol

o WA s Ao HolF AY 22 o] YaE



olr

P A

S Ak Aol YHo R o Agste] wA S A
3} |tl=4o]lm2 o] HAA 9] B Ael(auxiliary
state) U] 7|7F BR3H11] CiY BE FEIE T, &, &, &
2} A e)gir}

AYEHA glo]27t dojdtk ¥ Cio] B Y2 (x3,a1)]
ol e oA 9E (xsan)

[e]
= Tt 2
T to] AMA Fa azs Ao YHEoR FHE LE A
ojgh Fo &= (o] 7 I P2 aiE FAHTk
d(Exza) = & 9)
d(Toxza1) = &2
n(t,xs,ar) = as

CEHE Ao 98 azs P2 v]E57]
A E2 A xg Aol@th. s e MEMo 2 e
Ci2 LollA o2 &7 £ to] FHA 94 as
dEoz Witk = A oA Cio o9 neE vt 2ol
olg

P (Eaxsa1) = T3 (10)

d(gxga1) = &3

n(&xga) = ay

olg] 2o 2 duel syt Aof 1 A8 Ao F
oo AYEH HE7] JheH e HE 54 dH xd
Edsta G2 x7] BE HeR AT AF7A] 4L
gk Cio] BE wy 42 A9 &9 glo] vlsv|do® &
27kl o] R}, gy ER o AR A= 1Y 19
HFZ A2 S e 23 (xpa)olA ZBEA o
27 AN E AAAeR the b AH xo® Holshe
7Hed 23S Fste Eavte] #=E Flojth

ghA (xga)oll A LAsHE A EA Hol~E glole A
A71E Cott 3hAL (xgapolA] EAstE AYEZ dHolA~E
Ael7] HsiAE ol B & ILEVL o) FshE
x3oll A 838t G e xe7kA Bl ke o E
2E S Zholof st} 4] (6)7 1Y 22HE o] g 2E
g o t'=aza0lth t'E o] &3 o A Ao 3

& Goael dig Alol7) ol A 43} st

o
f

=

O:
o

=

o

42 Ay Zo

929 vlE57] FhEeE 2 ATl Ak A A
o]7]5 VHDLE 43 % Altera Cyclone FPGA=R &
sto] A9s AT 19 32 s(xg,a))=xs dlo]2=7t @
APE o A7) Crol Aol Y t=azauacars AEA 7F
TE 27t x4, Xo, X152 A B FE xpFE EgsE AF
ABRE BHAFT 1A yoyiye> 7B AE HES
yehddk 2% 3(a)v= 43 Z34E 100nsec =AY (scale)
2 BEAE ol 17 3(b)i 40nsec ~AUR VERA
Aot} a7 3(b)ollAE F=3k wAg Aojo A Ao Jge
2 AR ap, a), as, ag AT HAS AT AFER =H
ste] e AT

A7} t=400nsecoll Al 7F-E =7} xi(=011)o AL w] a
o] JEHAY. AT FheEHE AEA ol 93
54 AH xo7) obd x3(=001)Z o]t} olu] 17 3(b)
o A7} 1ol Al Ale]7] Crol S Tt Aol Y4E ag
S DN A 4 A FY a3 25T SAskE AS
BE5E F o o= A7) Co] FEstr] Az ke

+Hof o|gt F2[EIH 2lo|ATF EMSHE HISY| FIRHE <F 1T BX 2 =5

o3, C1& A7t ol o A4 the Ao P B
9l5le] FHLEE xo(=000)% Holah ek Aol7] e

Al AlZE ol A Ao g as

WAAA THeHE

xi(=01D) & Holgth viAlgtez AlZb ol Ciol ofsf vl

B a0l FAHOEA THEEZE 54 EIQ xo(=101)°]

Egdta g S5 Aol A2 FrAh 28 3= Al
t

o 97 2ed

=agasaoar ®] Tl Aol wAHoR A

gto] 7HEEE SA3E x(=10D& =2t she AAS

2 wolEth

6 %100 nsec

[ R U QU

28 32 36

a8l 3 s(xpa=xz #lol=7t HAG A9 18 S5
A Aol Ag Ak (a) 100nsec =AY, (b) 40 nsec

=AY

Fig. 3. Experimental result of corrective control for the
critical race of s(xj,a;)=xs: (a) 100nsec scale and (b)

40nsec scale

53



B X| S A 28 5t

(]

rir

=X| 2012, Vol. 22, No. 1

oA AJo]7] Cio] 4719] Ao Y& (t=asasaoa)) S FHH=
g Ad A7 t5-1=448-408=40nseco|t}. wEtA 172
Ao] Y-S HEUE A7 10nsecH =olH, o= 4= 7l
9] =2] AlelE Hur7Hgate delay)dll s|Fsk= Al7belt)
whob A upa|gho] GIvhH o] A o= “07AIZke] Aloj7} 9

‘¥t

LT

L Wit

l y() : : wwu‘m.‘ Frb Ak ke
0 1 2 3 4 5 6

x100 nsec

28 32 36 40 44
(b)

% 4. s(xgar)=x3 #ol&=7t T e 13 55
WA Aol 43 A3 (a) 100nsec =AY, (b) 40 nsec
AL
Fig. 4. Experimental result of corrective control for the
critical race of s(x4,a4)=xs: (a) 100nsec scale and (b)

40nsec scale

x10 nsec

54

a7 4= sxgan=x3 dlo|=rF BAS v Alol7] C7t
Aol A t'=azars AL 7FH ZE xE AN F
2 AH xo= BHule AY Zdas B9 Zlelv JREEF
xy(=11D°l A& W a7k A=At AeEd go] 2ol
o8l x3(=001)= Holgitt. ojmj Corb & AX(AZ t)
g & Aol A9 azard FAAA THREETE HH GE xo(A]
7} tg)oll meske s wAgth 2709 Aol 4 asas R
e o 48 A7 t5-16=430-410=20nsec 2.2 ko] A
W v R AR AL HlEr|dS RAAE e S
3] F#k

5. 248

Aol debd oz Qe A = vk & =l AR

| =2 wilel o e e A
o= A Alejeltt. 29 A (model matching), T3 =
SHinfinite cycle) A7 59 BHoz AMEHIY A A
oj7]= A EA wolas Qo S5 ReRk 44
SHA o] 8 ¢ 5E BT Hls7] JReE e S T
Ashs AE dolag B AT = e dH I=
W Ae)7)17h 7 E=AFT ol =M= 53] |
7] FHeHONAM dojub= AdE A dolxe] vyt wA
Aei71e] Ag 5& VHDL =2 Fdstas AdgAor o
oA

it
o

Foo=

[1] C. Carmichael, E. Fuller, P. Blain, and M. Caffrey,
“SEU mitigation techniques for Virtex FPGAs in
space applications,” Proceedings o MAPLD99,
1999.

[2] T. Vladimirova, “Reconfigurable system-on-a-chip
based platform for satellite on-board computing,”
Scientific Conference “Space, Ecology, Safety” with
International Participation (SES 2005), pp. 10-13,
2005.

[3] S. H. Unger, “Hazards, critical races, and meta-
stability,” IEEE Transactions on Computers, vol.
44, no. 6, pp. 754-768, 1995.

[4] &4, 4389, ‘&5 HAgE o83 ¥4 E Rate
Monotonic 2~AZEH ] ANAFXNE F3F AA ) %]
Al HERE] =] A21E8 1%, pp. 120-127, 2011.

[5] R. Koga, J. George, G. Swift, C. Yui, L. Edmonds, C.
Carmichael, T. Langley, P. Murray, K. Lanes, and
M. Napier, “Comparison of Xilinx Virtex-II FPGA
SEE sensitivities to protons and heavy Ions,” IEEE
Transactions on Nuclear Science, vol. 51, no. b,
pp. 2825-2833, 2004.

[6] L. Sterpone and M. Violante, “Analysis of the ro-
bustness of the TMR-architecture in SRAM-based
FPGAs,” IEEE Transactions on Nuclear Science,



<3 dAls FHol| olst 32|l allo|AT7 EMSHE

olr

HISY| Jl2E S 2% DY EX Y 3%

vol. 53, no. 5, pp. 1545-1549, 2005.
[71 T. E. Murphy, X. Geng, and J. Hammer, “On the

PN |

control of asynchronous machines with races,”
IEEE Transactions on Automatic Control, vol. 48,
no. 6, pp. 1073-1081, 2003.

[8] J-M. Yang, “State feedback control of asynchro-
nous machines with nondeterministic models,”
IEEE Transactions on Automatic Control, vol. 54,
no. 5, pp. 1072-1076, 20009.

[9] Z. Kohavi, Switching and Finite Automata Theory
(2nd ed.), New York: McGraw-Hill, 1978.

[10] ]J. Peng and J. Hammer, “Input/output control of
asynchronous sequential machines with races,”
International Journal of Control, vol. 83, no. 1, pp.
125-144, 2010.

[11] J.-M. Yang, “Corrective control of asynchronous
sequential machines in the presence of adversarial
input,” IET Control Theory and Applications, vol.
2, no. 8, pp. 706 - 716, 2008.

2t 2(Seong-Woo Kwak)
1993 : =8| =Y A7 L AR5 5

(3D

19954 : @=78) 49 A9 AR Fet)
(334D

2000 : BT %9 Q7] DAAF5}
(F8tapAl)

2003~ @A) AL AArEst)
B

Aol ¢ AAZE AlaRl g g 9 S5 58 T
YA zE A7 w57 o 3
E-mail : ksw@kmu.ac.kr

2™ ol (Jung-Min Yang)
1993 : st 8l7| =l A7 A8k

(&3

1995 : gk A8 7]l A7 RS
(F3AAh

19994 @ gh= 9379 A7 DA skt
(&b

2001 d~ @A o7 RER ekl HAleetat
Hal

Aok ¢ vlE7] Al wg Ao}, AAIZE A"l 2 %
@R SR RHRy AgA AT
E-mail : jmyang@cu.ac.kr

55




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


