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= (4.13)
mp ( 1-Gvs(2)) {2-Go ( Gvs(2))}

TEXIOoN %, €OFEYmMLIR(L Y, L1 LR W 1D ZRANT

Mrs=Mas+ Mys

(mp+ 0p 3)(mp+s +1)+ m p 2 {os 2 -(ms +s +1)2 }

2m oy {1 - € ~-mp ( mp +s +1)}

(4.14)



L3, THRbLE, FHEZBER Y » FABFLHORHEHHK. v PR
DE, EREZESOCTIKY —E2BFHMAGOFHESBRICLIOREZTNS
Ehbhb,
—H AN—T v bR, =20y rEEET SDOICFEHm,s[slots] ZH
BIaino. RULIDEANT
1 1 -¢
7= = (4.15)

Mys mys + 8 + 1

THEIOoHB, AN~y PRI —EXEFHAMIHAOE ULrBEANTHIEN,

4. 3. 2 H-—EXREHFHAEDDH B 6o-back-N FH

2Ny FPOERZXRERET, BEL 1 KRTLIK

(@) 7% v F OIERLSEEAFRB Yy 7y OXBICESITIKERT SR 0
v P EQ,

() Ny 7y DRBRESAESDORENRDTE2ETIKERT 50y M B
Vi

() EERDER»SXERPACKESERETIEITILRBT SRy ¥
s

Nollb, TRHLE, EEEET, i

Ty =Qy +V, +s (4.16)

THEZoh5,

9. BERXFRANNYy 7y ATRPTRXuy P RQ, ORHERD B, 7 v
FOY —ERKHENY Ty DEBICES L EELOEENRDYTHETIRB
TE5R0y FBV, EEZNE, EXRFBANYy 7y ATRPIT Xy FEQ,
ORBBEKGes(2) BOTRKEHAMLRAU 2), LI)OFHEFRICLTRDOX
kDO B,

(1- mp mvg) (2-1) {1-G» ( Gvs(2))}

Gag(z) = (4.17
mp ( 1-Gve{2)) {z-G» { Gvs(2))}

() 2 qu +n"lD 2 anz ng
Mag= - (4.18)
2mp (1 ~mp myv,) 2

HU, Gvs(2), My BO5TIKov,? BENENHRERV , OBEK. ¥,




RoCiIKDEkET 5,
FCCABRRCBTABEEKGw, (2) 2D 3, b1 KRT LS,

Ve =Vs — 8 (4.19)
ThHb, BBEEEV: s Ei3UTHhisNo,
Gve(z) =Guvs(z) 28 (4. 20)

E15 5, R4 2001 (4. 10) 2 RATHIE.
(1-¢) zGs (2)
Gve(z) = (4.21)
1- ez Gy (2)
EB, ZOEHMy B LTI v HA W 1) OBEBICEHEBL., Fic. R
(4.11), L 12)2EHNT. ¥

ng‘:mVs'— S

meg + €8s + 1
= (4. 22)
1 -¢

(1 -¢) 68 2+ ¢(ms +s +1)?
Ung =0'Vs2 = (4.23)
(1-¢€)2 '

&5,

EEEBET, ODHII, BEEHRQ, &V, BV THE D0, R4 16),
A4 1N E=HNT.

Grg(z) =Gag(2) Guvglz) z°*

(I- mp Mmvg) (2-1)2° Gvg{z ) {1-Gp ( Gve(2))}
= (4. 24)
mp ( 1-Gve(2)) {2-G»p ( Gve(2))}
TEIO5Nh5B, TDOEHEM 3R (4.18), L22DBSTIC(L2DEHNT

Mrg=Mag+ Myg+ S

(mp+ 06p )(mpg+ es+l)+ myp 2 {0 2-( ms +1)%+ 5% }

2mop {1l - ¢ -mp ( msg + &5 +1) }
+s (4. 25)
BB, THRbE, KU INOHEELERI, FHRXEEZ T » +BEFELH
O EDE, Sy PROVE, RBREELSTIRY - 2R EHMIHONXY
ERBICLDRESINBE I ENDD B,
—H. A=y i3, RUL2DEHNT



7= = (4. 26)

THEXoh5,

4, § TFTHEEBELSCICRIL—~Ty MFlE

AFTHR. 787 v P OBFESHZFH 4 [pakets/slot] ORTY Y RH LT 5,
BEAE LT, 27 v FR1000[bits], EXEBESO[kbits/sec] | RIREIEQ.
4 [sec] (s=20(slots]&753) OHFEEHLICEXL S, R4 2 ~4.9 Ky -
RHEHM DS 3 Stop-and-Wait HRE ST IGo-Back-N HFRD X EBER %R
T, AR OBAAROKUIRE-RWICEFEAROERERT Z NbI 5, £ T,
Fi<Go-Back-N HFROBHICDVTHRE LTI, B 6 3y — X EFHHPM D A
DEHRBDO2FECs 2= 05 2/ms 2 21352 —F X LTEEY - RUHH
fime KR T2 EHEZEBEOEEBNODTHSE, ARLD, y—E i
HHEAHORLEHmMs KWL TEDODHK s 2 DEMT 3K ONTEHEXE
BEMDOEMTE2HFRONE, Tl vy—CREFRHEIH & LTREAL
RTY VHRHP—ERHERELTD, THOORRHOMTRZDOHMICHED
EDRNIEdbbhb, €£2TC. UBRAHTRY —CREBHEIHALE LU TEN
BHERETZIEKT 2, RAT KRSy 7BRAKK T 2 REREE
OELEROTN S, My FRDE e=(DFE. ¥ -~ REFHHMOREEE
WKEIAESIIEHENIKRITX S, A< 'Thhid. 20FHERELLIL,
Ty — X EFHHRMm, QBN TEEBKELZRL TS, R4 8K JE
y JBEE Ny y PROBRENS 2 —9 & UTEYY — X BEHHBIICN T 2F
PHEZEBEOEMLEROTV 3, ARKSNT, Py 7BEEFEYy—EX
BN ERNSOEAKRESY — R BEFHROBMAIEEEXEEIC
EXZZ3EBRINIEOIRENIREINT S, B4 KREREZEsICHT S
EHEEBEEOELERNTH S,

Y — b R EHBOH 3 Stop-and- Wait HFRIKDVOTHERMICIZ LR OBH
PWRENBZEHDHLZ ~4.5 K0bH 3B,
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in slots

st
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st
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in slots
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4.8 v —EREEFHHB Db 560-Back-N HFRickir 3
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40P / 1
3 / | mB=0
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¥ 4 ’
o 30k // l
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o 20
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C Y/ —=-=1=0.2
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10p A=0.01
€=0.05
0 i L.l 1 21114 L 1t 1 2113
1 10 100
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R4 9 - 2EFHMDH 5 Go-Back-N FRicHiF 5
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B4, 10~4. 13icy — & R EEHFHIAM D & 5 Stop-and~ WaitFH K73 & UFicGo-Back-
NBFRDRNV—=Ty LR RT, - XA D &H 5 Stop-and- WaitHR
Tt =Ty i3y o FRORICIH DO TEY Y — & X HEHHM S &
BEOKEEZFLIRITIA(RLI, 411D o —FH. - X EHHEOH 3
Go-Back-N HRTik. AN—7 v P REHY - BB HHMOEFLEHENICR
HAIEIRBA (LY o Fheo AN=T 9 b2y FERODROKSOHEHE
TEREBEICIRINIBTFORL 13X 0bh 3,

0 0
_]0.001 1
- €¥10.01 |
0.1 —g—
0.08 s=20
- N
‘5 0.06
a,
Fo
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e
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0 L roiftl R EEEIITi J L iinn
0.1 1 10 100
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Throughput, n

0 LA L Loy

-4 1073 1072 1071 1

€

10

4. 13 Y-t 2 RHHAMDO D 5 6o-Back-N FRICH T 5
ANW—Fw bRty o FEROER

4. 5 #&

HABIEYRFLICHEATAIBOFBERELT, Ny v FRERIET 7 £X
TAHRBICEKMBE,. WbWway -~ XEFHEHHEXETSARQLIROELRNIILE
B 20 TERET -, ¥ — R BEFHHDOH 5 Stop-and- Wait HRE 5T
Go-Back-N HRIKDOWVWTr 5y 7B ZTV. BREEL AT 2 BEHKE
ANV—TFy P RER U, FHEXZEER Sy v ABXIHOEHEHEHK. 7
v PROR, EREERGTEL ¥ —CREFHMIAOEH EDBICK - TR
EXINBTEERLE, B, PHEZBEEZSTIKANV-7y F HIELRES
FRHOTRE L, 2ORE. -V XEFHHMLI GOXEHHRBLFICAEZ G
BERVT, EORBOTYEXBEICEI ARERI/NIOL I ERbh ok, &
foo A=y P NEYY -2 BFHRHOXELEHBENICRT IBRTFIREH
o



EHE HMOBEVRTALAICEHATZIBRYREEHER
ERAAOHEEREAL

5. 1 #&

o

ARETH. FBIRCENHABEVRTFAKEAT IRV RHEBEXREXRS
AROBELWET L2HADRIZT I HUDIK, F—EEXVXFLTHVDS
5 EHEGo-Back-N ARIKHBVT. 1 HOr v rER UL TEBEOIE—%4
EEO U F 2 kD FORHERBEEOELVRENTEE L
BOoRG G 6 D AT R ¥y PREIRAT 7 2 X TAEIC. BEE
DHNFS ey 7OEERID Y — X EFHMAETZRATC, 7 v tO
AC—ARRETELOFEHHICOVTERT S ™ ., 5.2 TR, vy tDa
E—{&&%1T 5 Go-Back-N FROGEXEBEREETNTV 5, BREHRICS
TREEETO. N7y tORZEENHFOREAREERL T3, TREANT,
1 BOy » PEHLTEBEOa Y —%2EXT B &ICXD Ny FOEYR
EBEEOUENTELILARLTNS, $h, FHEXREBELR/NMITID
ORBaC—Rizry RVE, EREZEDAL ST, REXNZ 5y 7
FERCBULTREINAIENELOHELB -TWVE, THDLLE, PS5y 7HE
DEVESKRIBERERICIABKLD50T, | ANV OEE (BX) TO
ROBENBLLALICEROa -2 EETEZIENET LW, —H. + 5
Ey 7FEOBVEANREENRD L ERBERENZIIC-KEZERBLT
PIROCEO2E—~%EXTAEIELHELE LY, B, EANKRATE Ny » b
BORIBEVEIKTEA 05, a8-BR1 05 2KEMTIHATONry
PEOE, BREEZSCI ISty 7FELOBBEENTN S, 5.3 TR,
Y — b R BB OB 3 60-Back-N SR TEHEXEBELSTIKAV-TF
w POWEDKDIKAE—EEEHVAILOPREDNTEREIT- T35,
ERXBEELGFBELOFKEAN—Ty rOBRITBREAVT, a8 —EXFROFH
WEAEYYy — v X BHEHRE L 7y » VRDRIRXVET, Bic. xv—7y
FAERAKT 2B, FHEXBEARNMT2a - BEZNZNEALT
WE, EORRE. Y - EBHPMAER LR CARTRIZRNICRD



T30, FHEEEBECHALTI Y FVRDVBOIDAKEFVWHERTESN L
Bo —H. A= PiCBELTH Yy FBOFEOILBHNENERIOER &
WA ENRENS,

5. 2 Ty bDOOIE—REEZTTSGo-Back-N A%

5. 2. 1 @m&EFoba
REBICSIIEEFHIROLBD TH 5,

(1) BFELLAAY y P IEEGRA Y 7 >y KERT 5,

(2) Ny 7y KEREINTVE Ny » PICHUTERBEAISIERICEREZNEERAE
(afl) ¥F20a—-%2HEELTEET 3,

(3) Ny 7yORBIKBETE Ny » BT 2afOar - KA LTIRT
NAKESMHEZIN T hid. BEREEE2HE T2, Bkidxs» 7
@) 1K,

(4) BRINTL 3HBEBICACKEEND NI, 2OBEATIRIERIET 3
Ny FRENy Ty HOOHEETSE, ThEUE, SOy PO E— BT
AHBESREHL, RO,y » POa - KHETI3HRBESTEET S,

-5, BERCBI I EXFHERIROEBDTH S,

() BELL2E—DBRVBRBETS,

(2 bLdBOBRBEINSEE, NAKESE2ERXL, £0a v —%HET 3,

(3 BLHBELLZEXNZL, ACKEBAREZEL. 202 —-%32HT 3,
ZOPB. Oy PEXRIBT A2 —DRVBRBREFROEXEIE M
HICEELAEL,

5.1 iKF v+ AV ECOBEO—~RERT,

5. 2. 2 GERABESHORIK

BITICEB L TRV A REEKRIIRT,

() ForridRoy +t dBER—FEOBRMRMICHH L TRAHAT %,

(2) %y PEAny PTERKMUB—~BAHCR - THET 2, ZOBEK.
EH, BOoVRKPIKEZNENG) (2), mp, BS5UIC ey ? &TF 3,
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(3) 74 » PEB—ET, X0y FRERELVHDE L. Xuy FOBRKBEIH
HMLCTEEEh B,

(4) 77 9 POBRORRV y PTEIMVICHE P TRET 5,

(5) BES( ACK/NAK) BEEBHECRT SO, BORELLY,

6) EZWEE( —2Da—EERTHIOZOHRBIESLRIETSETORR
y F¥) B—FT, sAay b 235, f-T. RBIESERETHETIK
EXT&sar—Baik, 1Sas<sB3xUERITIHbDLET 3,

() EXFRANy 7 yBBRTHAREL, COHRIBERRE,

2Ny P OEREBER S OBEFER 0y P ORERBANY 700N
£ZXN3ETCREBT A0y FRTHE, COEREETIZ, K51 ITRT &
o
(1) %7y FORFERISEXFRA NNy 7y ORBIKELEITRKERT X1

v F¥Taq <

(2) RERKES & & ( ZXHBE) »oREVXRDTI2ETCIKERTZ X0y
FET. .

() ZEBHLOOACKEEEXRETHIETIKERT SRy F - s,

DORB. TRbL, BEEER.

T=Tq +T: +5 (5.1)

TEZXo6h b,

7. EEBRANy 7y ATEP TR0y BT, OHHERD B, Ta i,
Ny FPORNENSZORBIKCELIFITERBLIR 2y FRTH B, KO 1 1.
Ny bl OERXBEBEIO. TOEX (FX) FIKRO v P #20FEFEL
RBEERLTVSE, ARLOBEOLHBIIE, TOYRF ARy bDY —
CABHEZOI E—BOEXBENLCRERIE TORER Yy F Ty &EX
FEEEERCB T E2RLANETVTRTENTE L, COEFMIIDONT
ORWFEE LT Tousley and Wolf OFHE O RFATE, Ny 7 >y ATERD
TRy FBT, OBA G (2) BHERDKIITKDBON B,

Gril) = (1- mp my )(z-1) {1-Go ( Gv (2))} 5. 9)
myp ( 1-Gv (2)) {z2-Go ( Gv (2))}
Fh. TOEYmMq i3,




ocp 2 my +mp 2 oy 2 my

mrT 2mp (1 -mp mv ) - 2 .9
ThHb, HL. Gv (2) . myv KoUK oy 2 RHRBERT OBEK. ¥HL
SUIKNREET B,
22T AFRKCHT 2BEAMG, (2) 2R 2, RIIKRTXIIE, N7y
PO EEHOBERICELSRERICZEINALETEE, OLEIKET S
Zuy P kidk=j(a+s)+aTHD, COFRRORET SR IIProb {Tv
sk} =(p%) I (I-p*) THEALNZ, #-T, BEEKT OBEXK
Gv (2) %,

o0
Gy (z) = l“ZE,Prob {T. =k} z*

1
18

(pa) § (1—[]“) Z.i(a +8) + @&

Ji=

Z a
=(1-p% ) (6.4

1_pcza+s

L1155, TOEYmMy LoV HEKov 2 B EhEN

a+sp®
my =Gy ()= (5. 5)
1- p*
ov?2 =G, (1) +my-my?
(a+s) 2
=p® —— (5. 6)
(1-p *)?

2B, T R(G. 4 ~(5.6) #2X(.2) + 0.3) KHEATSHIELIKLDA
FROGEFBRA NNy 7y NTEP TR0y rBROJHNRBON S,

Kic, EEPCEET 220y P BT ORHERD S, T B, 7y + D
A —OEREFHBINTHORDTIETICRBT IR0y FRTHE. B
5.1 KART I, SOy b B jEAEOHXKO i EEOR vy P TRHE
ENBELE RERKELLZRny FEKkIIk=j(a+s)+i THD, TOBRNE
CAHEEProb {T=k} = (p %) ' p "' (I-THA SN B, #¥->T\ BRER

T, ORBBEBG (2) &,
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08

GTr (Z) =

k

Prob (T, =k} z*

]
o

o0

— p (pa) J E"pi—l(l_p)z i(ed +s8)+1i
j=0 {=l

z(1-p* z )
=(1- p) 5.7
(I-p2){(1 -p“z°*)

LB, EOFEHmM T,

Mre= + (5. 8)

k185,
EREETONHIL. BRERT. . Tr BOUK sREhZEMUTHS T
Eho, RG.D, G.ABSTIKEG.T) ZRANT,
Gr (2) =Grq(2) Gre(2) 2°
(1- mp my ) (1- p) (z-1) z =**
mp (1-pz)(1 ~p %z %*%)
(I-p*z% ) {1-Go» ( Gv (2))}

(5.9
(1-Gv (2)) {z-G»p ( Gv (2))}
THEIOND, 2OEHmMm, IRG.3) &£(5.8) 2HNT
mr zmTq+mTr+S
1 a-sp*® 6p 2my + mp * oy ?
=s+ - + - (5.10)
i-p 2(1-p ) 2mp (1 -mp my )
El 3,
5. 2. 3 WEIPF—HLIREBEFHEZEIERYE
2Ny PORBRHAEHAORTY R ET B, THbbL,
Gp (z) =e 2G-1 (5.11)
mp =dp 2 =2 (5.12)

CoEE, EHRAEBERIAG. 100X D,



1 2sp® (1-p *)+Ap® ( a+s)?+ A ( a?-s?p? ¢)

1- p 2(1-p®) {(1-p*)-A( a+sp®) }
(5.13)
E15 5,
My 20t 85 2ADK Anax 13RG.1) XD,
1-p ¢
a-ax = (5.14)
a+sp®
Ti)b\ Cﬂlixw—-j’v F‘:*H%j—éo au\ax\( %%*‘:?6aopl 74
1-p*°
max{ } (5. 15)
-3 a+sp¢

2BETAHOT, IhidBruneel and MoeneclaeyD R 9 & —FKF 3,
—KF. Ao (iR B3iIcoNT
1 sp?
me Ss+ + (5. 16)
I-p I-p°
ENB, B3EHRaKBUTHERARIBERTHI 20 0a-+sDEERNENS,
TRbE, BBHENA IS5y 7FENBODTENVEERF » XA NVERICKREHN
HHDOTC, 1 HOEE (BE) TELKZEINIHRBLTEANRIKRELTS
IO FOBRF » ANEBEBLAOVTNyr » POaAE—2BBL XL &KLY
EHEEBELANILSTEEIEE2ERLTV S,
BEEOAKIHLTCRG. INEBR/P T2 —Hap: ( ChERF2E-K
Optimum number of copies& i) i
2sp® (1-p*)+4dp”® (a+s)?+ A ( a?-s?p? ¢)
min {
o (1-p*) {(1-p*)-A( a+sp®) }

b e

THEAON3, THbE, REIE-—IZ, 7 v FROB, RGBS T
REINBFS5 ey 7BENL>TREINL I ENDD B, CDEEIIBLN
AEHEERELTREEHEXEME (Optinun average transmission delay)
mropt EV I

ABTE. 7o P ORFERHFRRT Y vy RAHTHEIBEEEZL 5. RERAL
LTt %47 » FE%1000[bits], ZEFHEZ0[kbits/sec] | M EHE %0, 4
[sec] ( “hids=20(slots] iKY T 3) &LLABHBEEHLITRYT, K5 2Kk
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BREEHEREEN, ope DS by 7EEACKTEEERT, ThidR

GINERETARBa e —HERDT, ChERAOTRG. 1D L REFEEE
EEEELLTRDEDBOTHS, ARIOBESHM LI, PS5y 7BEOE
Ltk 2 RBEEHEXEEDORELIL. BEXGo-Back-N FR( a=1: BH) X0 b
BOOTHEI &I 3, RS 3KRRELHELBELE I DORB2
¥ @t ERLTNB, 7y FRAVERLIEREENEZIONBLE, PS5t
y 7 BERUTREINZ I C-—BEEETE LI D EHEERBENKE X
B edtbhd, T8bLE, REINZ 5y 7BEBUTERF v 2 VE
BEXy 9 FOaE—REICHOTERNL AT » FROBOHZZREDDT
HbBo. B5.4 3% » PRVROBEIKHTIRELHELEBEERL T 3,
B Go-Back-N ARICHNT, KHERIF v MROROELICH T 2ED
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(af) ¥20a—-%FRLTERET 3.
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4) <y 7y DRBICHETZ 7 » FCHTIHBBEOIC—icHLTINRT
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EREBRICIT o
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5. 3. 2 GEEABES/HERIN—Tv ORH

BITICE LU THOBREZKICRT
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@) 7y PRy P TERBUB—BIFREE->THET S, TOBEK.
¥, HEEENENGo (2),mp, 00 * ETF B,

3) 7y PRR—ET, Zny FREFLVDBDET S, ¥/, Xuy OB
BMEICEBL TERET %5,

() 9y POIEC—DRVIFRv Yy PITERKENENHILICHER e TRET S,

(B) %y FAEBICT 7t X7 5OV —EXEFHHMOR SR —BIHICH
S0 OB, FH, HEEENENGs (2),ms, 05 * T3,
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@) EXFBA Y 7 yBERTAREL, SNRIBRRIL,
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(1) 7y r OHBFERISEERBANN Yy 7y ORBRKESIETIKERT 3R 0

v Q.
(2) Ny 7 yORBREE-NLEEHDOREPRDT2ETIKERT SRy
R.
(B) EERDERLSEERNACKESERETHEITKEERT SRy P H
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Dolib, THRLE, EXEZR
T=Q+R+s (5.19)
THEZ o0 5,

EESBRANYy 7y ATRP TRy rRQDHAHGa (2) 115.2 BIELERIK
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G. () = (1- mp my ) (z-1) {1-G» ( Gv (2))} (5. 20)

m o (1-Gv (2)) {z-Go ( Gv (2))}
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dp *my+mp 2 gy ? My
Me = - (5.21)
2mp (1 -momy) 2
TH3S , BL, Gv (2),my, RO oy ? BHEBEEKRV (ZhR%Fy v b
DT 7t RHBIOSZDIC—HOEXRDEITOERBR oy FETH5 : K
57 2KR) OBBER. EHLESTELETHD, 2hEh
(1- €*)2z* Gs (2)
Gy (2) = (5.22)

1—8“ 7% *SGa (Z)

my + €% s+a

my = (5.23)
1-¢¢
(I- €¢*) o3 2+ €¢* (mp + s+a)?
gy 2 = (5.24)
(1- ¢%) 2

LT AY (-
Fh, EEPEEETARuy FBRRODAGr (2) BOKICEDOEYmM:e i3
ZhZEh
(1-e)z (1-e® 2z %) Gy (2)

Gr (2) = (5.25
(1-e2)(1- €% 2 ° *SGjs (2))
ms + €% s 1
mg = + (5. 26)
1-¢“ 1- €

TEALNE )
EREENHC (2) R (5.19)1C (5.20) & (5.25) B HL T,

Gr (2) =Ga (2) G (2)z°
(1- mp my )(1-€)(z-1)z =*'(1-e% z ¢ )
myp (l-ez)(1- €%z % **Gs (2))
G s (2) {1-Go ( Gv (2))}
(1- Gv (2)) {2-Go ( Gv (2))}
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mr =Mg +Mg + S

op 2(1-e®)(ms + e® s+a)+mp 2 {(1- €¢¢) o5 ?

2mp (1- €¢®) {l-e®*-mp (m g +€® s+a) }
+ €% ((mpy +s+ a)?} mg + €€ s-a 1
- + + + s (5.28)
2(1-¢%) 1- ¢
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1 1-¢°
N = = (5. 29)

my meg + e¥s + a
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_ 2(1-e®)(ms + €®8)+ A {(l- ¢%) o8 ?
Xopt,mr=MmM1 N
@ 2(1- €¢* ) {1-e® - A(ms + ¢° s+tax) }

+ e (mg +s+ @) -(mp + €9 8)2 + a?} :|

(5.30)
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@ op1, 7 (Number of copies for largest throughput) &\, R(5.29) kb

1-e°
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