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Discrete-Time Analysis of Throughput and
Response Time for LAP Derivative Protocols
under Markovian Block-Error Pattern

Young-Jong Cho ' - Dug-Kyoo Choi

ABSTRACT

In this paper, we investigate how well the channel memory (statistical dependence in the occurrence of trans-
mission errors) can be used in the evaluation of widely used error control schemes. For this we assume a special
case named as the simplest Markovian block-error pattern with two states, in which each block is classified into
two classes of whether the block transmission is in error or not. We apply the derived pattern to the perform-
ance evaluation of the practical link-level procedures, LAPB/D/M with multi-reject options, and investigate both
throughput and user-perceived response time behaviors on the discrete-time domain to determine how much the
performance of error recovery action is improved under burst error condition. Through numerical examples, we
show that the simplest Markovian block-etror pattern tends to be superior in throughput and delay
characteristics to the random error case. Also, instead of mean alone, we propose a new measure of the response
time specified as mean plus two standard deviations so as to consider user-perceived worst cases, and show that
it results in much greater sensitivity to parameter variations than does mean alone.
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I AT wAste X Pz [T Ygel AFH
o7 FAGd 235 #31, $Adoze] Ak
a4 A4noe Adeiol Aead Aejo] oet 44
9}t ET, +26T,& A7 HaiMe 9A T, 9 T
o 33 RHEES AR ok dh

3.2.1 ALAI 7S] 32 BRIE G5
DAGAZHY F AR AGAZHE 31-0A =Y
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B PFAFATE )83 FEF F UG BA
RGN Tp=T, +T,% & F 744 J£9 T2
2 29 31‘3} 714 o) 7] A 7Hqueueing time)
= gl Lol FAE T HeHs) A
1\ A$wso A g7 sjof e Ao, T,e A%
FEFHY e sPda$A e, Bd A4 HHE A
A 7ko} FPFRAEAIZ ) FE L - Yo wA
o] Poisson £X(7} FAFYEIE BE2< 9
M/G/1 #2 2339, T, 22 ZHE A& 2 ¢
2 A 2l generalized Pollaczek-Khinchine 2]l ¢}

8 T3 ol A = AT [21):
i Tj+|

1-AET,] ,Z EIT)

Jk=1,2,
@

E[TH=

QD) A& o858 T,9 RAEERE 23 ol &
LiR2A=

AE[T?]
ElT/1=EIT,] +m, (22)
, AE[T?]
E[T}.] =E[T} +2E[T,] m
A2(ELTIP AEIT]
2(1 -AE[T,))? 31 -AEIT,D @

w2tA E(T/1¢ EIT} )18 737 A e T8 A&
A 742 = E@E‘é-"- HA P o g}

DR AFENDY BT, A A 7R 23 =
WEES 737 o, LF/7F 2% =Yg T,
ET.9T,9 F 71 o= Rasuz:

DT, AEL SF7F 2T =P Afo) d8H
F-E A Fg o) F T H&og 270
Aoz A$HE ZH Yol edoled 9
3 P-HIEE 12 wj7 RR-ZY o] 4FHew A

T, 8 7.9 -1-51 Alzste 2 f7F By E L
YL HFHLZ AAgahzu] 7HA 9 Al7telrt

T Yo AAEYel & Wwte] $8 p2 A
09, 7HAFA L @3 AR AR EY 2
B2 B wA Y AAFT TG SHFAEA

He n+DA +n(T, +T,)2 AP EL. 2

T, (24)

{A, n=90,
m+DA 0T, +T,), n>1.

- AR SAL AL g ne gp(D +1)gm !
D +NE X2 7,9 A& A 71K 23 =i E
& 983 ol 28 4 vt

E[T,)=Alp +q(fo + )] +afi (EIT.) +EIT,D. (29
E[T=N[p +a(fy +2/ + )} +af,(EITH

+E[T} +2E(T ] EIT,). 26)
E[T}I=AN[p+a(fo +3f, +3f, +15)]

+3A2q(f, +2f, + ) (EIT) +EIT,)

+3Aq(f; + f3) (EITA +2EIT)EIT,) +E[T2) (27)
+qf5(EIT +EIT +3EITA EIT,] +3EIT 1 EITH).

o
Ei < p(D +Dg* (D +1) (28)

2 Zdn. ola g 2% BlE A& FE3UA T,
T, & FE5HAY A9RFSRT P S o
2g 78 L AIF gujoiy FFF AL olyAIT
FARHA T ANEH)AL T8 2 HIAHL I
T A

DT, AR FE:X8 277 248 L2y
AT EFF o] ZHQ o] F) Loy AFHO
2 A$de FZH Y] AR s &5 Aol 703
& 9uldte Arge Aste ARG SEE F 9
Bk} Q77 BAE =8 ol F) Aoz 4F
Ho 2 HAEHE TP x EE2VF (1<x<K)
FolA Yot x EF 01T AR AL} ANAIHE $8
P(rej, X=x)& g3 Zro] Aldtg

x~1

P(rej, 1=x)=Y, Y

n=0 ggta,+-- +a,~x

- Pl=ay A P({{=a, A)P(=a,A). (29)

s(ag)s@) - s(ay-)7(ay)

A7M (& Adol AEE Jole] &% ZHAA 2
gl Aol AgHE e $29) BAAAY 2
A¢ Behie 448 AYEFI, gicp, 1> 0
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A g (—DWASG A AHE EF Abold] S8
£ ASEA @ #2729 AFE vehle ¥ 4T
olth. o, oA A$d nilA H$ Q{7 LAHE
FZHYH ARIRE ANND L2 Y] dFol
gt @, K EF Wl ddsHe ZE 24
To] AT ol datd ¥ LFETIF
AAEIL o] gE& thEa o] FojA

K

P(timeout)=1—Y, P(rej, X=x). (30)
x=1

wehA

E[T/1=1(K + DAY - Pltimeout)

K
+¥ (xA) - P(rej, X=x), 7 = 1. 31
x=1

OT, 422 BA 50T Alo]9] EdF e A2
EYFolT ARG T AR T, G832
o] Foj e},

T,=2T,. +DA. (32)

& Q7NN T, QF7 AT H HFo2 454
o FAHE [z Yol etgolo o7 RR-X
ol FAGe =AY off g dS F3l ol
A48T Qe FZdYe JqAE A Zresidual trans-
mission time) ¢]v]&lH, 7,0 313} BWEE thE

5 o] Fojzth.
EIT 1=1- N* /(G +D). (33)

wabd (32)-(33)e £ 7,9 13 29E 4L 7tg
3 fr=dth

3.2.2 A5EAAZEe 33} ZAlE f 5

AS AN T8 A} EHE 4] fE& Ju
Ho g 7harsith T, AEE I1EH Y] AFFHL=
sG] 28 &7, $Avozy IFHIS
AswH o Jejst AeAd el weh o3 2
o] yshgt}:

1,
Negj=
forward channel L ke

s

backward channel 1p——»§¢1’—;§‘_— ;P.._.:: /

. 4 ’.\'m-, ' ’.w:)-pl. Niej=ie 1

»e ——t : - ——
P . 1/2’,2 . 1 B

(c) -—

(T2 a)1-= o] £&HEE =7t Alctel Mejo] THE T,
42
(a) A& 20| AIBEIX| $8 AT
(b) ofutet XHHO| ALSE T AUXITH Hid /-3
gloj gl 8%
(c) odutat xo| AIBED B /-ZAE U
=38R
(Fig. 4) Compontents of T according to the receiver's
situation at the arrival instance of an/-frame
(a) When the backward channel is idle
(b) When the backward channel is occupied but
the receiver has no/ -frames
(c) When the backward channel is occupied and
the receiver has/ -frames

DAL FA DL M E Ho] YL AYFHdE A
I AA Fe AR B2 8L d)e FAR
L o] dig dEHQlo] RR-ZEIYE F3 vt
2 degdn

i) EFAD S ALEHL JAT A HUE REA
(piggyback) B + U+ I-Ze o] of o] AW
FAAE Aguiso] EAA BE BHEE 4
), FAE LYol AP AF Aol RR-LH
dE T8 guEgAdol JHed 1A st
F dedd



2796 SnyRXIES =2 M4 NH1Eer

iy PAAL AERT YA JEHPUL 4
o B2l 5 Qe LEE o] e ad s A
Fuatol EAQL FHEE 1 -dy—d D), T4
o LEH Yo R dEHALe dyFger B
WA= 2ol Qe Addrt.

Aol A g,& -2 Yol YFH oz FATY =3
Ao @t BARYE o AYFALE AFdy
of Exjste ZA Y ALt mAd G ef g o
o}, o] & M/G/1 Fol & A3 2218 A &3819

b — b ) m=1,

b= { B — P (4)
¢0’ m=05

ks

o eim(_ilA)m—i

G =(1-24) T

T MS<L (9

(29 Qo oA FEF A 712 394 7t =
Alsle] i A 7HX A48 wEdte] 1.4 233 =
WEE w2y o3t 2o

E[T/]=(1-28)BAY + (**— 1){1 ~AA) BA +2A%/2)
+{1=e* (1 -2A)]GA +1AY2Y, j = 1. (36)

of EJNdE AWFALAA 24Y 5 Y& d$
259 AP AQL A FY

4. $x1 72} iy

ol oM 3RNA FEE £ L B A8
Q Nz% spenlele] FrPeiR LAP A 939
A& ML) RS FAAFE 73 F
29 A 4%E Fe APvEHZE JRUE 2
o] L;, A R AR AA 1, REUL M, &Yolx
B losy 2EL BE TS LHYY FF SOl A
O & E=Eo B2 oFE4 A% W 29
A% VA AolAT ol & A FAM o
2 Sy gy dFS 73] 2okt A B
A Lo 9L B2 Aol LZHYE AT S
o T 9 scjo] ofg eI 1,9 A S}

1.0

oS3
%

ol

Throughput Efficiency p

0.5 . . v v “
107! 1072 1073 1074 1075 107¢

Biock Error Rate =,

(O3 5) 78 HA0EHE 8 Wl BE2ELRE n,0f TSt Hoy
HEds dYeRe] AR(EHY) & de-ule
A QR AP(MY)

(Fig. 5) Throughput efficiency versus block-error rate x,
with » as a parameter : independent error case
{dotted tine) and simplest Markovian error case
{solid line)

2 A8 AEAd¥o AstEn, 1 Aojg rxYe
ML AP 2HWIEE 2EAW NEQFI
g8 ZEo {7 24E g FAHER Hy
AEATH F2uNgNRE ATE + de A9
L 3ol EAdvte Reog addrt REH2 Mo
MM E, 4, ghol F Beole M9 g8 FHEsE
(8 BW M=8<A 12828) A$A T3 A 7te]
MASAE, £, Fhol 22 A Loll= M) Frto] 9%
4 AL /A g & vt deiA st 2§ g
dob ko] Wagle] 2 FA4eole 459 F4% A
5 2 AT G A 2UArh okE) o] XA o) A}
£8 #AetvH e FEL &9 Aoh:C=64 kbits/s,
L;=1000bits, L,=32bits, t,=50msec, M=8, tn=2
¢ +2). S BERE D=7, K=9, F=18 ¢olQ =
v},

(28 D= @e-v2a2=Z v soA r& gy
HE & 9 552%8 oo s AAA$49% o
HEE =AY Ao, dE-rEST v a3 dYe
F 293 Bl 8 AP {4 A 23 §
Aol AA s o] § T8 4A AR ES2FS
b8 gy Gl aE Q5G] AT EYY
SHAYRT Pgo] $-dE AAE 23 & UD
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£T, +20T,

T T - T T T T \
0.0 02 0.4 0.6 0.8 10
Useful Channel Load ¥,

(32! 6) g0t »& meiD|E 2 8 o REXY Fly, o Of
3 MGA|ZIe] WEl(r, =0.001) S -HE 7
H(EM) ¥ OFE -5 S4(HY)

(Fig. 6) Mean and mean plus two standard deviations of

the transfer time T versus useful channel load

Y. with ¢ and » as parameters when n, =0.001 :

single-reject feature (dotted line) and multi-
reject option(solid line)

00 oz | 04 06 08 10
Useful Channel Load ¥,

(3 7) g2t r2 HWAOElZ & 0 KB FSty,oll of
B FgA|Zte| HBH(n, =001): S -HE &
(HY) ¥ OE-HE FH(HH)
(Fig. 7) Mean and mean plus two standard deviations of
the transfer time T, versus useful channel load
Y. with ¢ and r as parameters when n, =0.01:
single-reject feature(dotted line) and muiti-
reject option(solid line)

LFA ZEEEY AHF JEEHE M
153 LREDL Agsiof gt HES VY +
Uth ol F SR E S FI A3 YEAY F 9|
E d9e R A4 eFdAE AL o
Fadod & 49FE& H23)7) e dolA
o 23 YT EE20F S dEAME LFEA
g Jadsid e Fge 740 4W AFEEF
r grol L4 2) Ao MARTE JE AFT £
At

=4 o3 (0¥ De 44 98 E52758S 7
Aoz ge-vtasE 29 oA g% rg seteg
2 3 u) §8-1 933} (useful channel load) Y,9] ¥
gtoll i BN ET/3 ET, +20T, 9 W3 E
EA G Aolth. fEAdES e o4 FHUES
Lol APEs) & §EHE Ade AEEE
dujstrg ¥,=AL/C2 BAY + A (29 67)
L2 ¥ 6)AME 7,=0.001, (A& DAME 7,=0.01
E AAMEsd B, HA BE 0 {89 Mo o
2 ET/3 ET; +20T79) W3 A7t viS- A A
Ae #FY Uk o) A& a3 4,0 FEFSES
g 2, 1,9 7t 2 AAE ded AT
2 AAFA F7HAT e 9BL AT LFA o A
dE £F8 A&sx AALE Aot & A
FAZE Eole EF7t . S a0t E ASdet,
£ MY HE® ohvg 1A RHEER
ZFNNANR, gty WS o drAzZE T,9 dEA T
T2 Z7HA0 714 20 gdgo2 #3d &+ e 3
& not AASHYE @7t FARSE AGNTY ET,
%} ETy +20Ty JEE 7280} uksid §Ys &
2278 o8 ¢t AL4E e HdN0) Hg Je
3l Q7o o8] ¥ & Ve BFY 57 FolE
3, BEA L RACE $d) P e AJAd] =
Folx 7] wj&olt}. n7t Fr1eE ¢ W] e
AGAZre) AM A= oS 0. F3| V.7t
2 99 WX e (§, ¥8Fol golad+E) g9 7
2o & HEA 7 24 A5E 68 47
g=nd A(F FPLHFY AP AL
o §A] 2| (upper bound)o] S Feci= A= FFY F
Ak ojHF AFEL 53 G2 IT QFRY
o] 4EEYA LFFYRY AGAztd dF HF
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o
[N
1

ET, and ET,, +20T,

- T T T T v T T T J
0.0 0.2 04 0.6 0.8 10
Useful Channel Load ¥,

(28 8) g2t r2 Wl 2 & o FEXY £3ty,off T
Bl AMRALZL QIXIBHE QESAlZte] ¥i8} (n, =
0001) : EHQJ-HE FH(EM) & OE-HE S
H(AHY)
(Fig. 8) Mean and mean plus two standard deviations of
the transfer time T, versus useful channel load
Y, with ¢ and » as parameters when n, = 0001 :
single-reject feature (dotted line) and multi-
reject option( solid line)

ET, and ET, +207,

0.0

00 = o2 4 0 08 19
Useful Channel Load ¥,

(O3 9) ¢% r& TRI0(E{2 B W R F8ty,0f oY
B ALRX7} olX|BHE YFSAIZtel HBH(n, =
0.01) : T -75 FH(EM) R CiE-HE U
(&AM)
(Fig. 9) Mean and mean plus two standard deviations of
the transfer time T, versus useful channel load
Y. with ¢ and r as parameters when =, =0.01:
single-reject feature (dotted line) and multi-
reject option (solid line)
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