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Efficient Packed Encoding Rules (EPER) for ASN.1
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Hirokr Horiucuy? Sapao Opanat and Kenyt Suzuxit

Data elements in OSI (Open Systems Interconnection) upper layer protocols and user
parts of ISDN (Integrated Services for Digital Network) are defined and encoded using
ASN. 1 (Abstract Syntax Notation One). Although BER (Basic Encoding Rules) were
widely used as encoding rules for ASN. 1, they have defects of decreasing encoding/decod-
ing time and of increasing length of encoded data due to redundant identifier and length
octets. The standardization of Packed Encoding Rules (PER) is under way to realize more
efficient ASN. 1 encoding/decoding than BER by means of minimizing the length of en-
coded data. However, PER have problems which cause decrease of encoding/decoding
time due to many bit-shift operations and increase of data length due to paddings for
octet-alignment. In order to resolve these problems, this paper proposed new encoding
rules (EPER: Efficient Packed Encoding Rules) which treat bit aligned data and octet
aligned data separately. Furthermore, we developed an ASN. 1 compiler for EPER and
PER which generates encoding/decoding programs from abstract syntax, in order to evalu-
ate the EPER. We evaluated EPER using generated encoding/decoding programs from the
viewpoint of encoding/decoding time and the length of encoded data, and ensured the effec-
tiveness of EPER. The encoding/decoding time was 1. 2~3.0/1. 2~5. 7 times less than that
in PER, and the length of encoded data was reduced to 41%~96% of that in PER.
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Fig. 1 An example of encoding data in PER.
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TRUICA 7y b - 74— FOMIMEH@ICEY
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_____________
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Fig. 3 An example of encoding data in EPER.
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®/HZRT. 2T, & ASN. 1 ZHicksd 28
&k struct Person, struct Name, struct Childen %8
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EPER RS LEBONBRYUTENR S, OF -4 B
FEMERT DI HEL S BEBOHELTS. D
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EXOHELTS. 377, 4. 3HOMMERECEAL,
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EMCHE LA L —2 0T, BIISLT, By
Fe 7= FEF STy b 74—V FICEELE
15, R Hs/BEM AT v s 0, BXU,
(a) DS XD ATTic LT, B Person O
SLEROERFIAZRT. ¢ TR, & Flist O
WRZIL T — 2 05%ESN, Ev b s F—2 BI04
75w b F—213, FNZFh, biield, ofield ®7
4 =V FICEEL, bitpos I v b« 7 4 — NV FOH
BLAIEART.

R | | PEREIE D /81 5 CEEONER |
XER %IEPER%F‘EJ vriq5 PE| Toerp verermE
BN g8 mems
® 4 PER XU EPER 3§ ASN.1 av 54 50
Bk
Fig. 4 Software structure of ASN.1 compiler
for PER and EPER.

Person ::= SEQUENCE { number INTEGER, name Name,
maleOrFemale BOOLEAN, age INTEGER
smg]e BOOLEAN, children Children OPI‘IONAL}
Name::= SDQUENCL{ first IA5String, last IA5String}
Chlldren = SEQUENCE OF Name

(a) A DB M
(a) Input ASN.1 specification

struct Name { struct field first; structfield last; };
struct Children { int number struct Name *name; };
struct Person { int number; struct Name name;

int maleOrFemale int age;

int single; struct Children *children; };

(L) ERTHCERORER
(b) Generated type definitionin C language

B 5 AT AT B R
Fig. 5 Examples of input ASN.1 specification and
generated type definition in C language.
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EPER OIS EMONIE T, BESL0E &,
W7 — & %, RHECEHOREFROMFIC, EPER
DEEOFEICHE->TEY b+ T4 —vFEA S T
vy b 74— FEIL-XL, EEEELZERSN
7 CEROMEREREOENIC, JARZET 3.

5.1.3 PER ofE{ /E5B#%oune

PER OFE/LME T, ERcHZEINHE %,
BROKEICHE>T, FELF— & 05D 5 NEK
FXIAL. O, Aligned EEER TORIZE v b o
F—2EABBED /7 1 7, Unaligned $kH0
DA 7 7 v P EBREThIEOY 7 FEESET
9. %7z, PER OESMETR, S tBoiics
BT — 2 D S EPOBE~EEETS.

typedefstruct { unsigned char *data; int bitpos;
int size;} Bfield!

typedef struct { Bfield bfield; String ofield; ERROR *err;
int asize; } Flist;

#define SetNextBitPos(Bfield )\
{ if (Bfield.bitpos) Bfield.bitpos --;\
else { Bfield.bitpos = INITPOS; Bfield.data + +;} }
#define SetBit( Bfield )\
( (*Bfield.data) |= (PATTERN__SETBIT < < Bfield.bitpos))
#define Set1Byte( Ofield, Data )\
{(*Ofield.str) = (UCHAR)Data); Ofield.str + +;}
#define SetBoolean(Flist, Elem)\
{if(Elem) SetBit( Flist.bfield );\
else ResetBit( Flist.bfield); SetNextBitPos( Flist.bfield );}

(a) HWETHERATE~I 1

(a) Macro functions for encoding

int mEPerson__per(elem, flist)
struct Person  *elem; Flist *flist;

{
Bfield preamble;

preamble.data = flist->bfield.data;

preamble.bitpos = flist->bfield.bitpos;

SetNextNBitPos( flist->bfield, 1);

SetInteger( (*{list), (elem->number) );

if ((mEName__per(&(elem->name) flist)) = = FALSE)
return FALSE;

SetBoolean( (*flist), (elem->maleOrFemale) );

SetInteger( (*{list), (elem->age) );

SetBoolean( (*flist), (elem->single) );

if (elem->children) {SetBit( preamble );
H((mEChildren__per( elem->children, flist )) = = FALSE)
return FALSE;

else {ResetBit( preamble);}

SetNextBitPos( preamble );

return TRUE;

(b) ARINAFESILEE
(b) Generated encoding functions

B 6 EPER Of5{tB%
Fig. 6 An example of encoding functions for EPER.
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e EET MR, BLU, EROSHAES = b
I NVOHEEICH T SR T EEEBERNT,
PER & EPER O HBEHI AT 7. &7, HHET,
BER®-W {# HRDRIE 17 - 7o, HlEid NEWS 3860
(CPU: R3000) %{f/ L, A5t/ 1HEQEER

ASN.1 07 » OB REEMHA SR (EPER) 02K & 1l 497

1,000 v — 7 X EHE &L - 72,

5.2.1 PER OMBESEICEYT SRHRBIOES
KENCHER L HRECERFE TIORT. gk

X Test-1 12, 3ETRLAMEAD, @, @iciEE

U, Test-2 3HBELAD, QicBEET 3. F5L KEE

MR B L OB T -2 BA & 8 ICRT.
Test-1::= SEQUENCE OF SEQUENCE { a BOOLEAN, b

INTEGER }

Test-2:: = SEQUENCE OF SEQUENCE { a BOOLEAN, b
OctetString }

T FHESEERICHE Lc s

Fig. 7 ASN.1 specification used for evaluation.

3 TmEEER

Table 3 Results of experiments.

HWMBE [ 15 S(LIRRY HE{LEF |ESRM (T -2
NES [e(msec) (msec) Eloct)
EPER 0.045 0.035 25
Test-1 | pER-Aligned 0.078 0.060 61
PER-Unaligned 0.084 0.062 44
BER 0.340 0.380 163
EPER 0.106 0.039 385
Test-2 | PER-Aligned 0.129 0.054 401
PER-Unaligned 0.318 0.223 384
BER 0.345 0.436 504

7E) - Test-1 & U Test-20D Sequence OfD B FE (3 20(A.
5.2.2 [CRAB7 O MaNICETIHREIOBES

EBOSEBET o F a VT FEHINEF— 28

FZOBBERIUTO 3B KATE 32,

[EEA] RIDEWEBAMABRLTAHEETT,
ZOBEZRBMIEVEA.

[BEB] #BERICEINIBEOEARDOEILK
XA,

[HEC] RIDEWEREAERETIEERT,
Z OERYISDITOEE.
FERoBEDSBICHE-T, EROSHES T b2

NOF— 2 BRICEY 3RS/ EERERRES XU

BEAT -2 BE2HE LERER4ICRT. 2T

T}, ##EA, B, CoflELT, #hE£h, CMIP

D m-Get BEHER, 844K MHS o IM-UAPDU,

BLY, CMIP @ m-Get BIEEREZ . 1B,

PER BXU EPER BT ARHAE v bavl D

By b F—213, THZH, 49 b, 5y |,

17y b THD, Integer HOKIL, ThZTh, 504,
2, 5@TH-7.

6. % =

6.1 TSt/ EENERMEIUFSILF-sR
(1) PER ORERICE Y 5 MSEXOFEER X
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X4 EROEBHAES 2 b a vtk 3 MER
Table 4 Results of experiments in actual OSI
application layer protocol data units.

[ meEER | FS{LAR ey |ESE | T4
& fl {msec) el {msec) B3 {oct.)
EPER 0.310 0.170 509
A GetResult | pER-Aligned 0.430 0.330 602
PER-Unaligned 0.670 0.560 558
BER 0.924 1.356 758
EPER 0.200 0.160 429
8 |IM-UAPDU PER -Aligned 0.290 0.200 438
PER-Unaligned 0.570|  0.450 430
BER 0.400( 0730 481
EPER 0.070| 0.060 124
C | GetArgument | pgR -Aligned 0.100 0.070 134
PER-Unaligned 0.120|  0.090 128
BER 0.340 | 0.400 160

) - GetResultid, SOED BB DIREFER.
- IM-UAPDUIS, 2004 7 7 v POXFHNEBCRT 1/ &
#o.

Y, EPER O 5 L L E SRR IZ, PER 0
Aligned D& LY, 202Eh, 1.2~LT45 1.4~
1.7 f5icE#E 8 -7z, $ 7, Unaligned o4 &
by, ZhEh, 1.9~8.0 {&, 1.7~5.7 EEHEE1 -
7. EPER 0% 5{t7—4 &3, PER @ Aligned @
41%~96% E1s-tc. X5, EBOGHES o b a
AR U MEERICE W T &, PER O EhE
HENEREL D, #heEh, 1L4~2.94, 1.2~3.3
g sy, FEb7—2 KL PER @ Aligned ®
BAD 84~91% EEICEM L THY, EPER OF%)
AR TE.

EPER i3, HEF—2hicey b « F—2 %
Integer MOERMEOHAIC, PER LEABREOKS
L/ ESREE B LU TF— 2 RERBETHE
INBY, EBEOIGHE v tavTit, chboE
BHPEENDENBEL, BEAEDE A1 EPER
WEMEBDEERS.

BER &0 H#kTI2, EPER OAE(l & HENMIEE
B, #hFh, 3.0~7.64%, 3.3~11.0fZicE@eE
0, FEF—-2EIZ 15%~TT% BEICERIH
Kigrstkpgrm L L7355,

(2) EPER €81} 5% Integer BOEH{b/1H S
WHENTIE, Indicator Z{FHfT 570, —25~25—1
YA DBOBRICIE Y 7 VEESRET 2 E4055 5.

UL LSS, COBATOHBIHEEIA 7 57 v b
F—42 L1320, BEOOOMBEANBRET 2V 7 ME
B 5. 7, EPER O Integer B E(L
SEBRETE, DVREF -2 BEBIET5H
RELA LD, £ 0E4S PER O/FB{L7F—4
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BX0®ELIBHT &, 2) PER T2 LI & A BIEO A
77w FELTHWADICK LT, EPER T3 Indicator
CHEAR—OA 7 F v PTELTV B, Btk
DNy 7 7 ~OEEAS, WEROER~DHEP LI
DrI—F=vy PRI EC EiIck D, PER
D Integer MO HE X D BFSL/HELHEES
RIPERTHCERBNEEZ NS, EBIZ, 10/
D Integer BIAEKEHK LI B Sequence B D gk
XA FWT, EPER & PER O&E(L,/ 15 S 0En RS
e U7c#E2R, Integer BBl —25~25—1 RISt
DIEEDOWEAFELEAE TS EPER 13 PER &b
BT L3E, BETH L6 FEEEIT 1.

6.2 EPER oSt ESumE

EPER T, # 71w b« 7 4 =W FSUBENEHOD
SIFHIEAT O, CHEE RIS, MhgkCE
BEDOHETTSH 20T, FE/HENEEEIC
RISV, %7, PER OB S MB R 2L
F— 2 DRED G EREEALHRE & ZDICHL,
EPER OFE(MBETRE y b« F—2 45 —$E L T
7Ty b e TR ENHMLTEREBET 20T, By
b Ta=FEFITF YL T 4~V FNED ST
THEAERET S ENIKRELEND BH, EPER BX
U PER 2 v/%4 5 DERT AREL/HELE S o
77 ADEBEIRBERETH-7. T4, EPER B4k
U PER a2 v/94 5 &R LCEAD CMIP DS
L/ HENE 7 n /5 A 0BEIT, VTR 6.1k =
F v FEWE T

6.3 EPER & LWER® & i#k

EHELAEAN E L 54 by =4 FES{LER
(LWER) LoD/ %, ERTHERLLIGHES
o b I VOMSHESCERIC T B E B
HBLXUORShFT—2ELHME L (R5). 2T
i, X 12) ® 3 vovq I THER UBEL/EEL
HSas s uERUE.

#£ 5 LWER O1iEER
Table 5 Results of experiments in actual OSI
application layer protocol data units

using LWER.
HMEBYES | $XHE S (1ESE |F-%
fil(msec) | Ml(mseq) | Fe(oct)
GetResult 32bit-Big Endian 0.370 0.060 1,424
32bit-Little Endian 0.700 0.280
IM- UAPDU 32bit-Big Endian 0.290 0.040 1,124
32bit-Little Endian 0.540 0.190
GetArgument | 32bit-Big Endian 0.100 0.020 356
32bit-Little Endian 0.190 0.080
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HERERE X D, EPER |3, LWER kKB 3[E—0
I — ¥R/ N4V EFE ORI (32bit, Big Endi-
an) FHBOESUEHBI D ZDTHICELESE S
OO, FELQERER, 38X, LWERICBISEN
DIADIEERESC (32 bit, Little Endian %) RO
FE/ EENEREL O EEE T, FELTF—2
Ed LWER 034D 1 L5 -%. X, LWER
37— FEM 16,32,/64 £ v @ 3%, 54 FEFE
23 Big Endian %> Little Endian /n0 2 EOHEASD
HICX 55 6 BHOERXBXEREINTV 20ICR
U, EPER QHE—DEEBEX THELUICD, EXFEXO
ORI OEMEIBENEE DI, V7 by TER
PR THELEVIFIESD 5.

.8 OIS

AT, kD ASN. 1 HEMEHSLEN (PER)
CBNT, €y bV T FEEEZBEEICT - TRHS
1L/ BN A A I BEAR, A7 5 v ME
RETBIDOD T 4 VIICKOERLF -2 EMNE
{IEBBAME D LV O RBELAERRT 57T,
7O SRR E UCERE R A B (LRI (EPER)
ARE U, EPER 3, By b - F—2 & A7 T v
b F—2 A5 UCRSERAL Integer DRFS1L
FEOERE, mEEXOHE—LEV - T E#ERD.

SEOREE, PER &oH#TR, EPER &5t
SHEHEMBEBICENT, £#0FN, 1.2~3.0 {4,
1.2~5.7 fEEEENR Y, HELF—4 KX PER ©
Aligned OIEREXD 41%~96% BEICERTS S
ZEERUI. Fi, E#fbEFEENE L LWER
EOHBICBOTS, BEHERE—D7 - FE/ /X
4 MEFOHEBTHLEVWHIBEOBE S 2K &,
EPER {3 LWER kb dbE#EFBRLTHET &
5, EPER BLHHATHEMNSHSILBENTH S EE
AB. A%iZ, 1EISTEEITOY 2 baviEse
hoMigictd 2 EPER O#EDOFEETTD FET
H5.

I DEMAEEE EERES EE ) PIER
P R, BERRRK KRICEELET.
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