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A METHODOLOGY AND AN ENVIRONMENT
FOR STEPWISE REFINEMENT-ACCORDING TO-
DESIGN DECISIONS.

Miao Xu and Tang Zhisong

(Institute of Software, Academia Sintca)

ABSTRACT

The program development preoccess of stepwise specification, transformation and verifica-
tion consists of two transitions. -One is from the informal requirement to the formal specificaiton,
the other is from the formal specification to.the algorithmic implementation. The key point in
the development process is how to make design decisions. In order to maintain and adapt soft-
ware and to verify, not only should the specification and the implementation be recorded, but
also the design decisions made during the development. We give two examples to demonstrate
this methodology and how the design decisions take role in it. An environment which includes
several subsystems called SPEC, PROT, VERI, and OOMM is implemented to support the
above process.
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‘BTG THEFRT B E2MEXTRY 4 TE ., ELRBEN I E
REBBPHEAFRGEIIBYGBFBSAESER AEBMEEABTRAH
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B XITMTHBEZBRITRENER. T XAHTILAHTFREHAZES R
MEFE MATENAFPRRONGTUEH BAeSBHPOE B
H 8% 1 Pt 5E (design decision),

XA LEBEEXNYIRENTFRHA. XYZEREN T HEREERZEY
BELOEBEAXYZERBEGER N FEBEETRAHRER NBERAX
LB, FAXUBEER —WEFEEMERT Bl XF-BHENE
E NS HTHEHFHELENL—# CRER—TELZT. BEkZ4 B
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MAERMEFTRBFF RIS E P B LR ME

EBRF—AAEZE AMBEENLAFRR YAMEEENNERR
MBHHE ZEEMMAL TRMALAHENR HITREX-BXLE #®
REHARERAN I HERE, ZHE ANTUREBENTENA B
BEHAFRUTNASZRANEARR E8 - THBELXWEAHRKE
T@ﬁﬁﬁ%ﬂﬂﬂZF AfVEIT B % i kB 35 E B 1A A,

#qLE ~MRBERUHRENEHAETHES NI RE, & K%&
#&Eﬁﬁiﬂﬁﬁﬁ EHERAARRT BREBI -1 EEMAH N
B PATH B FF

RERE BMTUEL BHAFRHRIIEITUANARENIERNS
B —EARAPERIANERD IR-AEBRAEEXABRRAEAS

© FEBREESAHISUR  http:/ www. jos. org. cn



1990 4 % 3 3 RUE¥R ~17-

Lo Lmﬂsz
o
} 1 1
e Py
/ ~
I, \\
____’/__ \>
!7 .‘ . == P TERE g
/ ‘i 8
I { l t Iﬁiﬁti Lfﬁikﬂl j

REIRE RIOKZAHURERRALE ST RABXHRA AT
BB ZHBENE,

2.1 i@ 3+ IR 3£ (design decisions)

ERAT —1MFIBEniERz e ANTHBEH ISR EFBS X
8 R G, XEBE L E BRI AR HRT R E,

EEMRANITRS BHZEHRBTILRITRE XEBEHERERERIT
SETHEEES CTIEFEBESNEAUASEMMERERHNEBEEREN
%0, HIE RHRERE—A S EE

B, RAENEFE#THAFSIEEGTFRAIBIHENRITRER
MRBRAEBHERAER, FEBHFENZEASHTHEAE MERRK
HROEUABRBEFUAEATHENBULEPMERSHNE B R,

BNEZENANNEN RAEHFERNEHN ErERITRE HABEDMN
FH8,

EHEH BIITREEEEARAMf —FHEERTIBPE-IRESHIL
T ARG M RE A Z N5 W B E (Separation decisions),

—THTR OATEREEFHREE HEFANAHEE R4
MELZLEHE IHEEAFANBERRARELER. BA EEFTAEE—
RBMELELE BEUEFEPEMHETERS TERMNBET —MiFNE, X
BREFBRGTHIER S — D — N EEE

A-HRAUVRER, FAMEIEAL4E THREML—H#H— LKt R
Bk “Hiez” . PinEABINF FLERINS—1ER B
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E—TRR ARMESHE(N 127 )it B A5k E R EF N
FirSHE, XxE—MHHELRE
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REL ABRE——BEPNRES I P REFH - BRF.

BRE2 REXMARE-——EXFABRF)EEEFIBEF)EE -
EFXFE BEREXRFERZFIBEN) BERMN,

REG HABRE——BRBEFHBH— DB BH— N HRE LK

22XHITR

EELRAELBPARANE —RABAPRROEE AR D KR
FENKARRBEHER A RARSRABAUNEELRMNE B,

EXEEEMEDMAEHITEIER—— N ERBRXAER NEB2IN
B HTRIBELHNTEIBTHLERR SERRHTONBFAR B
B W2 A K — B ¥ AE 8 o AR

Rilt, WE—FANFEBATHZIRAOHBNERITE UREHX—
HEWIR HOAERE-HELIERIE - IBRNEZRZTA(RS),

RNMBH/KT L IR

MFEM—TAENEEREE - 2# BREHRM - EaHRE
REAEFTH WEABBN TAERNEABERLIRE FEEEMR LN
B SH-TELHNEANBELERERRIENE HELHBHTH
B — 4 IE 5 19 B X 1 3R,

EVNROWENBE T BE-—MBEINRREBIANETRAEZASR
MBS, XYZ/SDLE—®PDLERAY UXYZ/EB TN SR AR D E W HH
MBE. CREAMERANL S, HXYZ/SDLEMNEEA BB RFAK LA
Bbhwa—» BHERIQELBPHNARHIA.

SPECE— P X RHELSBAIBNAE X/FHERFALIB I XHH
BHE CRUFIENBATHRE S IR, SPECREUFH L AN NHX
EFAANTE —#HR2EFBELTHXFXAREERLANER, —FR
NHzHh “WXHE . RTFHEECHLHNBEITR,

OOMME TR TFEBERBFAABHN TN ERABEEARNBRERE
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58 BENEAEZER ERERE#XTHFEANBEHAXIHNFEAFURFR
& E .

X#, HMBSPECHOOMM, BMIENMURHERE EIRSXHAMLT
B {EE NI

EXYZHED EH —AIVERINTFRSE CHEFIBIAE-THERE
REX—BEBREGHEENE~-PMBK,

PROTFRGERATHHETRELERHIREFERY SHEFIUXHREHER
FREGWH BTU - GREEHERENFTEETEEEREE LY,

BH, XYZ/EBEA SN FHAIRODEER T LM, XYZ/EFHH KT L
ERFAEHBEHR BTUEZRRANBFITH FAZXLERBEAEE
MEZHREZETHIN SHEETFZLEREFROAELAUE#T—H
H R A,

XYZEHEXABENRAAFTF TREANERALR RNIBHIBERXLRAI%
. M TRAEWTIEA

bh=yAp=Q(QAlL = =)

REPRKMFE QEYNME v HBREXATSHEAMNES, @WLUEO BT
B, WA UARBHT AER RFAEXAFALE FAoaHREREDE
Q. ¥R ZH XM,

§3. XYZ/SDL

AEg A8, FERMNERFRET LIRS =EHEE HEXF
FTREGERELHEBAE MEXATHERROAZ @ Z BHEAMNZE
REOC MM TR B W BB — BT B

MF-TRGEREHHRE FTRE-KTZW MEZRZRBUHER,

ERVTERS ARBIRITAYLRYES HUARBAMNSEREANYG
& BEAIMAENIBETULAR -RT MR WEERBERX AFIHH
MERFIATHRTHNESF ZFANMEFEZEA —RHESTLURANEREANN
EEAWN HEFRIHTIBHTA FEAMNRSBEREL. RELBANE
2 A AT .

ERLEBE FMURY RMNBEZE—FEH CTATUXTSHELIBRFH
FAER MAABPFPRFHABEHMAOFEAFTRIBAHR FAREIA.

RINKXAOE—MPOLEXMNEST, RNOHZHXYZ/SDL FHARMTER
TEMIEE G S8 L HE S

XYZ/SDLERXYZ/EEF SHEEAMNBREBEFNE S, XYI/ENAB KA &2
fRAR WAAXERWELSZRERANASR ROTULEARETH—
AIERMERE-TRE AHTUEEE—-ITLAZRN. EAMFIHENBY
AABERESKE. TERNG L — 6 FREH:

X R AB B 3B — B K &R U7 A9 b
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(1) Rix 7 xR IETE X &

Yith: REFRZHNEB-—THES0O,

(i) 2 % 7 &% %1 B S)= B4 &y gy Hsi).

(i) # U # % W SG)=> A J5 77 W 5G) B R(), 7 & % ACK() 4 R £ ¥,
(iv) 05 7 & % ACK(i)= & & % 2% 7 8 # ACK(i).

(v) B3 7 B ACK()=> R 5 k& 77 & ES(i+1),

R IEFEEAREERRAEANS, FREF\FEHERKRL §5)
Init = o {sender} ACCEPT CACK (-1}}

{sender} ACCEPT (ACK(j)) = o ({receiver} ACCEPT (scj+1)}

receiver ACCEPT (sci)) = o R(i) = 8(i) A {sender } ACCEPT CACK (i}})

§4.SPEC — — M X # L&
HERW NS

SPEC RXYZ F A — N F R LK, M kX (A &E i 1T 18 3R (specification), B [A]
B SCF R, X B R T AT UL B 1 38 (Specification) A XL IE X [ K B AR
RHER CHBARNEEZA IRBTXY/ERFLARNRENE EHE
R ZRIESTERE L, SPECHRITEBRERARIREL /LM
B IRRY—-BoERREdRARAIBRNE NI RUAEAMNEEN
By, ATEAPBFELHRERENB M ER SPECERBBH{TH M HERN
THR: XYZ/SDLMZAWHBHBEXYZ/BENEHRER EXRBBXYZHET
MEEFRELTLUHNBEFRALERIREFVURBRERER -BRESHEE
¥ E—RBK.

4.1 k5 B (Section)

ERMOHBLEABLERES BIHRIBEK E—RBEMNEAEMREI L
PR HMERLIBNELTR T2EBBRITRST HIABREHA -
A RTRE.

ESPECRES RIMMAAWHEKRRUE—PIER E—1TAHEPHEE—1
BEREAZE BHURABESPECREEAMNRERN ERIXHRELPHIH.
MERLIBMBER RNBITHEANGEH(—ITAHE-—TER), XHR
WELCXTEMTHALIE I E.

. SPECHE “l@—/1 kKW, “RE—THW . ‘EE-—1TAE (ER
FLEFERABMOAE)ENE BTUBRIAEHN BUIRR mEA
—AMER BHm—A TR MR- HRE BT RE IR '

4.2 X

ESPEC #, R{IBUPMH XM —HEMBZAMIXHE RAXRFLER
TR H—#AXFXH RE—BEXTHXH TLUARFLE
AL AT B 2R 55 R

4.3 P F Bk AU IR B 88
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SPECERFAHUNAREBE — P RXYI/SDLEERHN SN NRARE,
AR RBETUREEMEAMANL F - TRXYZBENEEHWN SN
ZHmBE. ERLIBNTHNE EXFEANBTREIRFARNEAN
# BEWEMABXYZSDLMEHWAER. YHRINERFE UHERN
BXYZ/BEHZHWRABRE XA T ABERRRMEHLNBAFTAUEXTR
AFTR HEHRBEREINE

§5. B F

#lF1 AB W
RIMHAB—THFRMNXTABM UM ELSRHE MNEEANRF®FRI
REMMATHXYZENENAERF, RIVEBDAABRS B R K (level), &
—PREREEL-ERHNE—-SHL BHENLEBATESHEY.
AT B R B A9 AR R 0 [ BR AR

TRANSMIT  accEpT

S ]C: recuiver

ACCEPT TRANSMIT

i B E B
¥ F M & 3B 77 (sender) Bl £ W 7 (receiver) B H, R {1H:
{1). channel-1: 7
[] ~ {sender} TRANSMIT (5(i)) = ~ o {receiver} ACCEPT (S(i))
/* Nothing comes ount that was not put in. */
(2). channel-2:
o {sender} TRANSMIT (§(i}) = o {receiver} ACCEPT (§{i))
%f F M receiver B sender B 3F i 1% 7B 2 {11,
1. #3528 B ¥ 0 (level 0):
(1) grfE: %8 2 8T8 3% R o 2L X4k R, ,
Q) FFéamR: NERT xHN-BEERERBBERTEYR XQH
LR, Bu, REEWFANRE.
(3) 7 = 1 ke

service — 1

¥ n: (I§|=n<N) = ¢ {|R|=n)

/* R follows S when both growing */
RERSHFIBREZATHERITNEWK, NEEHRAKXKE,
service — 2:

¥ n < [R| R(n)=8(n)

/* R is an initial subarray of s. */
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5(i)

- .
sender . recejver

ACK (i)

2. HiiR B R 1(level 1)

(DRE: BEBFAMEWRFEIS KT LBRIAE

(2) #3B: middle stage - 1:

Init = o {sender} ACCEPT (ACK(-1))

PRMNBEERITHE, REHEHEW T (ACKLL)) Y/

middle atage — 2:

{sender} ACCEPT (ACK(j)) = o {receiver} ACCEPT (§j+1))

middle stage - 3:

{receiver} ACCEPT (5(i)) = o (R(i) = S(i) A {sender} ACCEPT {ACK(i))
—HIAX—BR RIOIWAEREFSER TR FLE. FXLE X
—BREBR-TEBEFTARYUTNESHER BHERBRERSERAR
RARETHABERERTHENTR ILREREIFL2RNOHRZ I PEHER
(middle stage) 1# i & [ A,

3. #i & B & 2(lever 2):

MRE: AR EREFRERS

(2) 43 1 &9 8 3%

sender — 1.1:

Init = o ACCEPT [ACK(-1))

X Ff ACCEPT BB {E & (R X ) WA B,

sender — 1.2

ACCEPT (ACK(j)) = ((~ ACCEPT (ACK (j+1)) = o TRANSMIT (S(j+1])} Until
ACCEPT (ACK (j+1)})

PERETEUIE PEBMACKELNGRIZE WRERKRIE+14
iﬁ.ﬁ.E@;ACK, BREFTREEEZEIHMAHEE ZI—EBETHEIAERIEHNIHE
ACK *

receiver — 1.1:

ACCEPT (S(i)) = < (TRANSMIT (ACK{i))AR{i) =S{i})

PEERFEEIF I HEZR REMZT-HEATHHEE. Y/

receiver — 1.2:

TRANSMIT (ACK(j)} = ¥ K:0 <=k <=7 :R(k) =8(K)

PRBBEEFRETHFE AMNEHNTELS BREKRE EERF
RBBERTRAMEZNGFANE, */

4. 3R R K3 (level 3): #5 3 3R R W .,

(1) B &

BB #FHA TR, “lastconfirmed” B— A ARERF I HFES TR,
BAERAMASHNAURNENHEMC BT, HEXZFHHE AX
BRI F—ITER “next” AXERT A ELEAWENFFS, FAX
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THEMEAHEERLN REFTRBF - T UHBORETFRNBELZHEAN 4
EURBANHBHARS HoRmMBs— T8, RY{A “Ib=label i”
KAFTRE —-RE, “lb=start” LT EB R E, XMW, Ib=I1A0 <next-last-confirmed
< 1A ~ ACCEPT {ACK(next)) R B X — I RE, EXITRETAE “next” I 4
BMESHEEDNEHERERCHER MARBRBATHIMEY R %,

(2). 3 ¥ 3k
Ibs J2 J2 3% 7 YR 75 8 i A A&

.sender — 2.1:

Ibs=start => o (last-confirmed=-1A next=0Albs=I1}

[TEMERET. BECWBISC) HIATHES, Bl X7 ERKXSO) Y

sender — 2.2:
lbs=11A(O <next-last-confirmed<=1)A ~ ACCEPT(ACK({next))=> o (TRANSMIT
(S{next)) Albs=12)

[PIMRShext) EH O ZH, FEAMKRBRIL REFTRERRE ZRAR

BEBEAD=RHRE EX—RET, ZEFSHBERX MR IAATHE

B

*/

sender — 2.3:

Ibs=12AACCEPT(ACK(j)}A(j>last-confirmed)=> o{last-confirmed=jAnext=j+1Albs=1}
sender — 2.4:

Ibs=12A ~ ACCEPT(ACK(j))_=> olbs=11

[TOMRBEEFLETFh=24MRE FARWHNEMERAGE A& Db=N

MREBEBERBEREFTEEFER) Y/

&2

AR FWRTEFTRhstacked BRERELZB AT THHE K MEF
EWFS 2 #E Bk,
W 0B TR E b

receiver — 2.1:

Ibr=start = o lbr=I1

receiver ~ 2.2:

Ibr=11AACCEPT(S(i})A(i>]ast-acked) = o [TRANSMIT ((ACK(i)))AR(i)=S(i) Alast-acked
=iAlbr=11)

5. i iR 2 K 4 (level 4):

(1). B+, WL B W3 —— A — 4~ i B 1% M start(i), cancel(i) F time out(i) £

XTHOMTHBHNFTE,

(2). % B B 3%
sender -3.1:

lIbs=start = o (last-confirmed=-1Anext= OAlbs=1)

sender-3.2:

Ibs=11A(O <next-last-confirmed<1} = o (TRANSMIT(s(next))Astart (next)=ttAnext
=next+1Albs=12)

sender-3.3:

lIbs=12Atime out{i)=tt = o (TRANSMIT(S{i)}Astart (i}=ttAlbs=I12)

sender-3.4:

Ibs=I12AACCEPT(ACK(j))Aj>>last-confirmed => o {cancel (j) = ttAlast-confirmed
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=jAnext=j+1Albs=11)

RBFRAShext) 25 REFREX—HE LN R 3 H# Y nex
B fE. R R R B BIS(next) B & A fF B, M i B %5 & last-confirmed if ¥ H
VLA, Tinext B & B M1, B M next:ast-confirmed=2, Sfnext) X —H B R EEH
O P (8 A <next-last-confirmed<1 Bf F & % Slnext) X —H Q) REZIH R EFF R
#ES(next), MR BRI HA—-—HBKRBRIAER Nirel 8@, 22X HFER
X—¥H8.

(3). B 28 &9 1 3

add a timing devices:

timer — 1:

start (i) = (o cancel (i) Il ~ canel (i) until timeout (i})

timer — 2:

timeout (i) = [} (start (i) ff A timeout (i) = ff A cancel (i) =ff)
BEHFRE,

6. f iR B K5 (level 5):

(1). RE: MERAHWAFSHETRE BWFFERFREL.

(2). # 3

BRRF

sender — 4.1:

Iba=start => o (last-confirmed==-1Anext=0A]lbs=l11}

sender — 4.2:

Ibs=11A(0<next-last-confirmed<=1) = o (TRANSMIT (S (next), n)A start (n) =
it A next = next+1Albs=12)

sender — 4.3:

lbs = 12Atimeout (i')=tt=> o (TRANSMIT (S(i), i’)Astart(i’}=ttAlbs=12)

sender — 4.4

Ibs=12AACCEPT {ACK({j'})A j >last-confirmed=> o {cancel (j’}=ttAlast-confirmed=
jAnext=j+1Albs=11)

where n=next mod 2;

i=last-confirmed+ (last-confirmed+i’) mod 2

j=last-confirmed+ (last-confirmed+j') mod 2.

B

receiver — 4.1

Ibr=start => o (last-acked=-1Albr=I1)

receiver — 4.2

Ibr=11AACCEPT (8(i"))A(i>last-acked)=> o TRANSMIT {ACK(i")) AR(i)=g(i)Alast-acked
=inlbr=11)

where i=last-acked+{last-acked+1')Jmod2

HEX—RBRWKZAL, RATHE # TRANSMIT (s(i)) & TRANSMIT(S(i), i) ¥ 8 5.
7. #R B X 6 (level 6):

(1) B fE: 18 b B  4k 25 W 47 19 XYZ/E B 7,

(2) ¥ 5 R

sender:

sender - 5.1:
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Ibs=start = O{last-confirmed=-1Anext=0Albs=11};

sender — 5.2:

Ibs=11A{O<next-last-confirmed<=1) = O(n=next mod 2Albs=12);

sender — 5.3

Ibs=12= O(TRANSMIT(s{next),n)Astart{n)=ttAnext=next+1Albs=13);

sender - 5.4

lbs=13Atime out(i’)=tt=> O(i=last-confirmed+(i'+last-confirmed)mod 2Albs=14);
sender - 5.5

lbs=14 = O (TRANSMIT(S(3), i’)Astart(i’ )-tt/\wlbs*l?.)

sender ~ 5.6:

1bs=RBAACCEPT{ACK(j’)}=> O (j=last-confirmed + (j’ + last-confirmed) mod 2Albs=15);
sender - 5.7: .

Iba=I15Aj>>last-confimed=> C{concel(j'}=ttAlast-confirmed=jAlbs=11);

receiver:

receiver — 5.1

lbr=start = O (last-acked=-1Albr=11};

receiver — 5.2

Ibr=11AACCEPT(ACK(i")) = O (i=last-acked+{last-acked+i’) mod 2Albr==12);
Teceiver - 5.3

Ibr=I2A(O<i-last-acked<=1 = O (TRANSMIT(ACK (i)} AR(i)=s{i) Albr=11);

BlFz BB RE
RABFHHARBEIBPERE BNASHE I MAELRPE

B BR A B R E, MR 8 B0 L B2 B9 S A, 4 BE B9 8 38 W 50 Techn. Rept.
LS-CAS-XYZ-89-5

LEZERKIL

BitsE: BA,SMIERRA®RERL L.

L WRRB K

RiITRT WhE-BER EABBHZE BET—RERH44, |E
Bloc RiCR BB LUMWFERH,

3. R B K3

RE HBEITESRLASAFIEE RRENHR M ‘WETEH
B, BELRBROHET AEFE—TIRE ‘BiREREFWR. " £
MEAMEE AR IRXRATRERR, ALBAEREA - EHPER
WL, “BEEELR ARMREFRNEMN FAMA “LEDwEE
# &

4. R 2 K 4

RE: BRI GERAWNED BEX—RBZHW RIMBTRA—I%
e EX—BRIOMAZ—BH, KM calup M cal-down B HA R F R AL
ABERKRGE E. M TFHR “upli)” M “down(i)” BRMNKEHBENER

5. Wik E WS

RE EREMAREBHFTZE ILFRNEMR. RON=Z4H
HRFEERZMFER, & “wHEHER WHwl) X—FERZKE UG XN
X MHFZE BIRUGE YR
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SNENTUEAEERNRENBRRE B QETASER RHL
“Boor” , . “up” B “down”, RE “WEFH#R A MHERHNE P
“u” . “D” B AA, ﬁ"ﬁﬁ%;ﬂ:—F HEBHE.

6. HRRWe :

RE: BERBERERXYZ/E,

MR A AB HhiX Y 1E R

HTRERR XERAHBER2HERRLMIEN K 2K Techn. Rept
IS-CAS-XYZ-89-5

BR2ERRBXRL
ME&2ﬂ’Jﬁﬁﬂhf§§ﬂE£1ﬂFE’3$ =, B middlestage-1 MR A B . T
mama\exmﬂuamm—mwzmmm . Eﬂmxddlestas&z REBIE

middlestage-3
(1) {sender} ACCEPT(ACK(j) = ((~ {sender}ACCEPT(ACK(J+1)) =0 {aender}
TRANSMIT(S(j+1)) Until {sender} ACCEPT(ACK(j+1)))
gender - 1.2
(2) {sender}ACCEP'T(ACK(j))
: - middlestage-2 B O 4
THERMESZQ) X P A Unil B
WK BRERT B,
(3) o {sender ACCEPT (ACK(j+1))
HEAERESSE — KX
(4) o {receiver} TRANSMIT (ACK(j+1)) _
(3) channel-1
(5) o {receiver} ACCEPT (5(j+1}) -
HefiRE: BAEZAR .
(6) (O ~ {sender} ACCEPT (ACK(j+1)) _
(8pL] ~ B}
BEUntil ¥R, AUl R, BHO~B WATA B, ®RINA
(7) [J(~ {sender} ACCEPT (ACK(i+1)) = o {sender} TRANSMIT (s(j-+1)})
{8) (o {sender} TRANSMIT {S(j+1})
(6)\ (7)
PhHEHEMBIARE
{9) o {receiver} ACCEPT (S(j+1))
(8) channel-2
SHEXHMME RAITLUEE
{sender} ACCEPT (ACK(j}) = o {receiver} ACCEPT (S(_H-l))
B middlestage-2
T T # {77 ¥ UE middlestage-3
(1) {receiver} ACCEPT {8(i)) = o< ({receiver} TRANSMIT(ACK(i))AR({i)=5(i]} =
(2) {receiver} ACCEPT (5(i)) _
midd lestage-3 B FF
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(3) o {receiver} TRANSMIT (ACK(i)}
(1), (2)
&m%@iTﬁﬁﬂ%*%Iﬁ '
¥ — F Wi
W B A o {sender} ACCEPT (ACK(i)) BI1EH
{receiver} ACCEPT {5(i}}) = o {sender} ACCEPT (ACK(i))
BP middlestage-3
f Puk L § 7
R F R, B,
[1 ~ {sender} ACCEPT (ACK(i))

—'?,d:ﬁﬂ‘]il‘.%%{uﬁm?uﬁﬁl.
‘[jo{under}VTRANSMIT {S(i))
R E BRIHEEEE?
' [:Io{sender}TRANSMIT(S(i)):» o {receiver} ACCEPT (S[i))
ALEEWAAF, BOA
[Jo{receiver} ACCEPT (s(i))
O o{receiver} TRANSMIT (ACK(i)}
R R R 2
o {sender} ACCEPT (ACK(i))

HALERAME RIS
{receiver} ACCEPT (S(i}) = o {sender} ACCEPT (ACK(i))
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