SHREE
FE. 4 (comp, deD)
WEREHHIFF.
wet . EREEM
BUPAT: WRERERE
AR B TR R R P B

i

TEEGARI, 5] RN BV HAT B, WA REANEEES proA t (DAL FE S 70 2R t #0 B
WS M

Th2.2 MAERMEER d i, FAE—MNEEEIEN n-1, WIEEIRERN d NFEDT k.

5B Sk

51# 2.3 AR EAN SN AT L, WA RIS proy t ARERER B A
I %) t A R M.

Th25 AT A d I, A DNRPISRTE, H msg BAME0y n-1, AR I8N
do
RIS A & AR5 BRSO HE KAn), ARJE PSR NAE B AR

BVFPAT: TEBRAHAT

HRMEE:

I 8] 52 4%

O R R, BUEERAE R A VAT BB 2k i K.

@R ARG Bk O STHEARTA REH SR A 0, @— %71 B RS Az 4]
I 2R 220 1 AN R AAL, 5 SO BT VI VAT B 2 281 (1 s RIS [R] (5 8 KIS
ZIMFE )

Flooding S¥EMIEAE BN (FERPEIEF):

—BEE M B RAT pj DAMIETRESRE. LA pr 7786, RiE M BIHFIESE. X pi
FLREBEE M (AR msg RE TKE pjd B, pi KiE M Bk pj SMIFTEHE-
)|

msg & &

2m-(n-1)> msgs. m & RGHEELE, ERHEZIA n(n-1)/2.

WA 44 O(D) D—MEE

Alg2.2 Ha3d A RS

AEIN . KIE— msg,pi IKEIRE pj, HULENEE—A msg B, [AI% parent, iA45 5
Boxt, HAhI K reject.

Wk :

N AR e RIA R —45 5?2 ((EiE)

SIE: BERELE SSAE G N pr AWTIE, [RIMZEEBN, A AF1ERAMAHARIZE 5 pi A1 pj
{15 pj £ G H 2 M pr Ak I (BL R ETHK pj vlak), {H pi Arlik. FR G H—45 8 M pr ofik
M HACHE SR EIE H AR parent B (KR EE M IR [\l 5 parent J5 4 2 A K G H,
RVFPAT, BEIRISAE), Frlh pi (9 parent B EBEAHATFIM nil, 10 pj ER S LERE
i EH O parent 28 H, T2 pj K1k M F pi(line9), PHZPATZAEHI, I msg 08 &



pi B2Us, 1 pi ¥ E O parent B R E N jo T)E!
Th2.7 X TRA m KO MER D PN, %8 Rk s, AE—A msg EFRHEA O(m),
I [B] EZR R O(D) 11 735 B R B2 X 2 11— R AR R

Alg2.2 fERIPARB ] TAE. Hatr kil T 72058 R, SR ARRE, St
(2 B — 5 Je— AR BEAR SR (BFS)I
Lemma2.8 7E[FGHEAIT, Alg2.2 [EHRAEVFHAT MG — AR AN pr ) ER LI 2R BFS
e
Th2.9 X THA m FUEAEK D MINLS, %8 — MR AL AE— N EPEIEE msg 2
JetEh o(m), BRI R 24 O(D) Nk 2 —H# BFS #.
12 B HE R EE
W5 2.2CRAE P ANC AR AT 5 . A Tk 18] 8 24 M AE R0 F D s A
HAS [, B 2 e 4
RABMED:: FSMRPHA: HEERME O(m). FRIZZME OD)D £ERZ, m 2
i
CEEE: FRBMREE: msgn-1. timed /ERKE
HATE
O : HEFZEN msg B 4<% O(m+n); BFS #f, d=1, d<D, #kia]&E 2
O(D+d)=0(D)=0(1).

S HAEEEN msg B 2440 O(m+n); Al d=n-1, JiT LARHAE] & A%k
O(D+d)=0(d)=0(n).
1-time B 2« ME LA FE T(n)=0(D).

¥ +8 iR DFS A«

[ % R YA R % m BT SREAEE — N K IE msg, A3 MBI — 4> msg 5, ) parent,
K reject BIEHH KK m FIBE. FEE—NBERZE m, FRIAR child. B4
BB KT m,pi &1k,

Fyit DFS B EF I —AN45 A, TG Alg2.2 FRRE, REIER L R BmE— 2 G 4

Mo
W] DFS A2 1 .

1. &M REM pr AT, (2R EE parent &, BIC&KIETE M, HOorE.

2. T BOEAEERR, PL Y parent 52 Pi, (HMEACHS P1 4310 Pi &i%— reject ifij Pi
KU E] PL R[4l [ <parent>{5 B, ALK PL A child, 7 &

3. TFEET RABSS SUMAR : PL, P2 F1P3. P2 FlP3 & PL B EAARLE M. PLG
[ P2 Ji%k M, P12 HAL 4 P2 [ R 5] —A><parent> I R[] P3 ik M. P2 {X#E L)
i KIS m Rk M 54 & PLiREl<parent>. FTLL P2 {145 fi g kizde T P3
PIIPAN ik el

Th2.11 WF— ARG m 408, n DEEARIMNLE, DRSS ERRRRTI S, 7R — M AR 24
PERIH B E 24 M2 O(m) it 545 513K 3 — 4% DFS #.

UEBA Alg2.3 11 DFS AW (F8EMR) BRI ZMN O(m).

FPAER: %Y, R\EE, FEHREAE—MNHEEM or Parent or Reject)fEA&4T .
HEREE—EHEERE R, ARG S, B A B S B B e A #8aE, Frbl,



AEEZNMCBEBER—RRRBEOHR, FTUNRERESHEERE B
FBARIRAL

B 2.2 F 2.3 MEETE MZAHIAE BN I, TR AFE— NSRS R AR B 313 (Leader)
AFEAE leader B, 3 AT EMRAAE A2 ARt :

g e iR A R -
TG EMRFIE DFS AL b, S T 4505 546 il JABL, R AR ) L
Bk 2.4 AF8 e ARG A

FEANGE A R R, R RIS AR E ORI DFS ZE R . 25 PIRE DFS Ak B B
] — 5 5 (R AL I, %735 AR IR id K DFS B, #IME A E S id B2 E 2
KK leader IRAE MHT ) id.

N4 R KBRS, KECOH id RESEE—AE. WRARBMER id B, 18 S 4R7E
i) leader b, BRIE KHIBMER

SEH: T NEA m &L n NSNS, BRBSHIT SEIEE p A, HP D ERK
HI S BRIt MR B 2R % 9 O(pnn2), BRI 24 2 O(t+m).

513 212 % Pm 2T B RMEELE R P RE R AIRRFRIGE B 17 PR 1R IR BV
ITH, 5L 2.4 MIER N Pm [1)—4R DFS # .
5| H# 2.13 E R PRBE N EZFPATE, RA - MEEBZRLIMEAN—E B IR

HESE M BIREN R, SR E LG CORME—H DFS . ik, Alg2.4
fty msg H 241 E £ & Alg2.3 ff1 n f5: O(m*n)
P 2k 2840 T Alg2.3 ) msg E 24 O(m)s.

BHRERG:

5 5EMR DFS 4 B

I 1) 42 28 R 8 A 2 M350 O(m).

A8 EMRFiE DFS M

HEERM: ARBSINTSIE p A, Hb ID ERKE RSN At RN E
HIRFERN O(pn?), Alg2.4 ) msg ERMEEZ & Alg2.3 1 n f%: O(m*n)

PR 25 O(t+m), LT Alg2.3 1) msg E M O(m).

ik

B —AMREIRES RAEN leader. (RIMLALERASUME, A4E. TAERID 5 TSI BEE
— RN ARIEIRE: IS

XFHRGE, PFEELRIBEHEE.

UER: ARRISSERIATRENE  FIPEIERARTRENE IMHE M 51505 P FR A
fE, ZREEREIN: AR 4 IR 2 HE

EANRRINR APRS FrE BB THRRS, 8—RE PTRENER. K&,
BWFERRN msg HRRSHEA. — ks, FEES, FE!

E[SSBIE

Bix R RN n>1 K3F (FE550), A BRE ER—NMEZRD, BlTHREAESN leader.
FARRFEPHERE —FAIBEE, BER LA RAE—KEEHRIT.

512 3.1 73 R EEAHE A RNEFIVTE, XTE—R K FALESHRSES K’



ZERI A E A
Th3.2 XTSI LR leader &3, NEAEEBDHNELEL.

L2 M &5 9N P

S 3 b leader ZEZA AIRRAY msg HAE TN Q(nlgn) , HEVEN G Z msg iR AT &
K1,

e BAME—bRRAF . IWER/AMRIRFF I URTE E 3

By EE: BAPRRRT id, 3E—AE—RRRESHL, BSHR/D n TGk, MR L HE %S,
BI51 N B A kbR AR A R —AVIRAS .

B EE: A n FEA id X N—AREHL, MEE LB S EES, G nAEXR
— MRS

—AN O(N2)BiE: BB EERS Pi &S Ao 48R 06 5 A B OARIRFFI msg, FSERFH A A0 E 1
msg, I B CRBINFE KA AR fE, BWEI. BI—NEVFHAT &% O(n2))> msgs.

-l
n+ Y (i+D)=0) /AT Emsg

O(nlgn) 3 : &b BEAAT , 7655 | B Bt — /N b B 28 B o 3L 214842 (1) I BN leader, 4% leader
JEAATLLEN T —B B BRIRES R A4 240 E k3% msg, #5PHIAIR BT reply ) 4%k .
7t phase | H.:

— MR A B msg HH B2 R 4%2' Kid % msg FaR [E] reply #iid 2!
HZDANEREEFE? 1=08H n A, 1=1, IGE leader NEFI

513 3.3 XEAN k=1, 7E phase k £, IGET leader 1% £ 4 n/(2k+1).
Th3.4. FE—NFIPH leader EHHE, H msg 44 O(nign).

lg(n-1)

n
4n+ 4.2'Y——+n<8nlgn
.le( )2'*1+1 J

phase0 msg A 4n, 21k msg A n.

TFIREE

o Z5IE A — R, HiZH AL e, HARS DT M) BTG msg 4%, M) o #7452 open.
THREAR D RBVFIE BT, BlEn]gef R o,

Th3.5 X T4 n KEMRRFFES NN ), FFE D HREFFRFTAE R, 206
=N AR, Hrp i M) ME R, X

M(2)=1 n=2
n, 1,n
M(n)—ZM(E)+E(E—1) n>2
PLR 925 FIERH Th3.5.

BITE 3.6 AR MBI RIS, 17— MBI RRREOSE R, R A A
—ATFURE, S B4 msg M. OHOIERD

SEFRFRA R FR 1. 5 MR ETF LRI T FAE P H A send YH &, BIAbEE 84—
A msg ZHIAKIEF — msg CEIALTE 2% 5 BB A 5| & send Bh/E)

Be B 2B IE”IICT ep Fl eq): #BRITIL ep Al eq 4b, &F msgs efeteidzd, 1Mk
BRI LIRS .



Wr s 3.8 FAE— AR W o4, HHH (0/2-1)/2 4 msgs #4208, 61620364 &—14>
FRARE, Hodep 2 eq 2T

Bgh: Th3.5 HER AT 434 3 25
1) /£ R1AIR2 #gi& 2 NMMSZIREE, &0 2M(n/2) 4 msg: 61 62
2) SR BEN—NERILACE: ol o203 (EEMIAE K o3 )
3) SRIE(n/2-1)/2 BN msg #AEL,  HOREF ep B eq 2 HFI1: o1 62 63 o4
R FRATEME T — AR, HhE/DH 2M(n/2)+ (n/2-1)/12 4~ msg #3210
GNP
HEEZME: 0(n2)—0 (nlogn) —Q(nlogn) (FFH

FP3E [ id &/DE]:

e ) LR B

EF BN msg EAMEN O(n) A (msg A, @ AT id {EAHDG)
LEik

1D R H FARRRT 2 18] LA 5%

2) IHIRSZPR CRIE T &k, FEROUM TR RN ARET id B [50E
AFERIRT LR, 2ATE Q(nlgn) 4> msgs.

k72

1) msg FERZHEN 2) FREL info ABOR B F 82U msg, 782848 B K Y HF B AESREX info
AFTHE PN, msg B2k E EFON O(n) BT xE LA, EUR A0 A

1) BB ZRAP IR RS RITE TR, e RS (FEIE n)
2) WA HRATHET AR, sFEDHEY CEHREE n)

FPHHERERELF O (n)
EHEN (BT B phase B—PMHBAE n#):
n S, EEIR PR/ id A leader, % phase 517, BB n #8415, 7F Phasei(i>0),
EAEE A id A0 MIGE A, MAZ4E 50N leader, RS0, Bt /N id HI4SE Skt
leader,phase %t H BLH T n AN s AR E ATV EUE -
2Rtk
Msg B 2=ME: 15H n A~ msg #kik, IR MR O(n). EREIX n A~ msg #1:27E4KE] leader
IR Phase HL & %11
I (RS AP ARG T 3R K/NFIEE B MR ERF, AW KANA n, SRR i, WA
BEHATRBCN: n(i+1), AP >0 /ST A 53R AN BARR A BUE AR
id A i BI4E S A phase i R ? 45 S EAANKLER I id BOME, 7E id=i fIRHEAIEE SR id
BB (phase) T n #.
BREE (R B:
LEFRAIER RN, 2.5 DA, &[G TARR
ACER S AT AEAE A L R EE O, AT DR — AN AR BERR A msg S5 i
kB,
LIETARF A msg UIARIEE# R

T id R0 BT AR msg, TR ANEIGZ msg BT S E RS R B R — AN A EE S
ZHT, BRIER 2-1 %
2 N IRAEFIS JE 30, AU N —ANEEA e B B, AR RS B R MR IR 4G IR R IE— A



Ml msg, 1% msg ¥ KM TLAER .

34— NG BB A BT B — AR msg, WHES RAS S5 EEE, R EME— relay(i%
R)fa e BRI R B msg.

HEEANBZ G, %% leader REES S5 REPHITH, WAFBRKRERNSRFE R
ik leader,

SEHR:

1HAPE H B msg BT ARSI A S,

2.JEIR

Note: — > msg BiA—MEENT R G, EEINERPA Y SEREER. —4 msg £

PN BE R REBUCZ AT RALFE 1st BrBe (WM msg, FRFER) , fERIE - MEEIT A
ZJA, EHAET 2nd BB IFLL 20 AR R (AR E msg,  EIR)

254K BRKTHEEFME/D id (BFEEC) M msg

BRAER: BRER id RTHMEES] (except self) B

Alg3.2 [P leader 2%

g1 3.9 eSS AT, RAR/N id B ARl B3 Ol id. 15 E M RIREE A
B msg, HUE M A E O leader 45 &, BISYEIER.

B EVEHATH, msg 7 N =ANRA.

F— BB msg(MalE msg)

HEIs e leader (19 msg N E CUREE I B2 A (e 4 i R IR RO 2B B BE msg
=3 & leader [¥) msg HE H I EE BB 5 (B4 leader H O HIIK) R FI 2R B
Bt msg.

5|38 3.10 H—HK msg BEEZ N n: BN AAEE—MEEZH K —A msg.

513 311 W pi AP IFIEPATHEIERI S Sh i3t —Ay, HEzhECh v, 45 pj BEE pi N
KOS EL), T pj Bl 28— B BLK) msg AR T 28 rk #6. 3.12 =K msg BHEZLZ A n.

B —=F msg: leader HEANH R B2 )G, FrA JEMEE msg
B2 3.13 fE<idi>iR[E pi 2 )5, ¥A msg K.
B# 3.14 F=HK msg BHEEL A 2n.

Th3.15 FAE—ANEH K leader AL, H msg EREEL A 4n, 1N O(n).

B3 3.13 &1, 4 leader #20H|H O id I, HEZ& L XRAESE B EIERT A
ZJEH O(n 2%, Hrb i & leader (UARIRSF. 24 i=0 I, N O()%e.

Db SRR

L ARG, BFRERET id, T id BT 0 T A ()
2. EATH—MAEFG E 77 AEH id, B id $E msg IR Z K.

RATAEMEE msg BIEIR 21-1 #?

FEARTH B2 (id B/ DT sk 28 4 Leader, Leader 17 s ¥H J8. 1) % R B 53¢
P

UAMBEUELEE 3.2 RN TR R ?



J7% 1 W0 relay AR E, PREVH SR KT RAER, KEEREH O(n*2n)
[&J9 O(N*27i+n-N), n VR8T =%, N B KT S5

T2 2: RENREIR R ECH f(id)=2" BRI A O(n*2") ek f(id)=c*id %,
{(EPSESi &/ QPSS =R A DE =

PR BRI EIER T 7 Q (nign) (PR &R % 1 57)

LK 0 T TV S A R T 5 A2 [ 1

2457 — MR AR T L, W' 75 2 Q(nlgn) 4™ msgs;

34 —ANEEH, IREEER LS, (EMT id, WS msg B4 I8 A Q(nlgn).
FARSHRE, ERPAUSHER (RPRISFHREE):

FP BN AR RN R N RS H, FARPREFTEWMRSE. FP0 TR T
eI SIS ST BRI AL, (H B 1 B R B A R AT . H R R S i b 4 R
B, FEEBRREE T AR S EER RE R A

P BERAFHIFEERENBARREER TN Qnign) B EEAMKS T LLE
B BRI

RFE NI, T ERE R — 3 U PAT , PR 4G m RIS £ 07 i Fa e 11, 25 R IT
ST /RIS, [FRDRER L, BRI VAT 58 4 R YIUA T B 52 3o
ULEE: # 3 R1 b4h i pi A1 R2 B pj 7E& A A L EAMFE AL E, WK pi F pj 2T
FCfy, B: VCACHSS g B REEH R/ id 4 R EER A .

—AMNEVETEH MR R BEE ERAEERATN, WiZEER_RET RN .

LIFPAHEL: RHEEAS A, xi<xj, M HALY yi<yj A x0xL... y0 y1 ... J P54

24T M FEFSEN IR RL A R2 ERAVIHATE, RIEFIFER msg (5 FIRE Do
msg HIRERE: msg (AT A 3%

3 RAES Kk R EAT ML FEFR SR —A msg 448, HEFE R BEAEN—A leader
&k,

47T AT RARERL: RS

5AVEAT WAL FEEEXTULHED (45 AT AL

BERETHEN: SXFEMKIF RL A R2, EXNULE KT A7 exec(R1)F exec(R2)H
AT RIGAERL. B — Rk R 53 EARIRAF 2 M A R AE G, TS B id BTG,
L R R TAR RS I L

ETHERTH:

REBEPA SG PSR, e A Bt FFE AT N,

note: Zf 1 BZ n 48 BLRFEILE] msg, Lhr L SEHEER: HREEHRRTTA 0 KA.
Bt —RAEATTIRFEM IR EHT msg &%, MIZRRTAR, A RN EE
Zfr) (active) .

Def 3.3 7E— M R LI —NPATHE, F4 r BV active 1, FHIZPATIEE rfcH, H—
M RRIE—D msge 4 RN ERCEHE, H n R k4> active % .

—ANEET AU AR S R B RAT AR

— AN SRS kK AN EERZ PR AR T B k20 X8 BEIREAN: ERERE
TEEBhH A RERAT .

53 3.16 ¥ R1 f R2 BIXKFEMHIFAIA, # Pi Al Pj 4052 RL Al R2 LA M k-4
JEHIBEAS T 55, ABATLE exec(RI) IS 1 B 55 no e B Pi BT i 64 7 51 FIE exec(R2)FIEE 1
I nke B P T R BT S M .



R FHA id Z A n AR PSR BB n, SRS RS IR Z TR 2,
HRHA id MZEESLRT n WAE BRI

513 3.17 % R RAZMI (& E—NFE), Pi fl Pj & R L EAFEM k-A0EHPE 45
M. U Pi AT Pj 7E exec(R)FIES 1 FI5 rk & A ABIKAT A,

Th3.18 XFFHA n>8(n & 2 MF), FA1E—AK/AN N n FE Sn, (E1ExH N EF B F P
leader AEE¥E A, 7£ Sn b A FIEVIT B L% msg KIS H A Q(nlgn).

(DR L4 Pi AT R’ Pj AT k S shEe 4T AL

(2R LIy Pj A1 R* 14 Pj HIRT k A EBEAT AL

(AR T B KA1 R P, WIHAT NAERT k A 32 3h4e BLARAL

512 3.19 XFFTA k<n/8 LLEEEA™ Sn ) k-2 /4 N, 7E Sn 15 N PRI k-28 AR A4k
(B4 N A E) KT nl(2*(2k+1))

5# 3.20 7t exec(Sn)E, F@hFeMIEH E N n/8.

513 3.21 X FVKE[L, n/8], fE exec(Sn)HIHE k N EANEH, £/ nf2*(2k+1)> msg # K
i%. H5IH 3.20 f13.21 &1, 1F exec(Sn) HLRI% msg HIEEEDN:

i 6] 52 PRI T 5
Defd.4 #HXHMERM n, MPRIRFFEE T AAKESAN, KA n K3 ERBEZ A
(BCIRET TR 0, AR A AR a7 (3 18] 52 ] time-bounded).

BOVE I A AR T id, ACZBRTERORAN n, B id ATRE R TEARIE N EN R A T AR %
£,

IF B AF 1) 52 R 49 [0 45 0022 4 misg 2 4 P10 T S i B A AR

W BoF ) 52 PR BRLVR BRSO T BB 0 B0« AT SR 15 ) 1) 52 PR AV 1K) msg & 44 R 5t Q(nlgn).

B Q (nlgn), Th3.18 3iiF.

Def3.5 ¥ R1 1 R2 R2EEMANK/INA n BIFEM T, HRXTULEHIZE S5 exec(R1)A
exec(R2)MIEE 1 & t 5 HAMPIAT N, WIEZEE M A XTI RN n BARIRFFES S &3t
T t-EhE o

g1 3.22 % A £ NBATHECA r(n) M R SZ BRI FE 5L, XT84 n, 1R
H n2+2n 4~ id S Cn, 15 A Cn ER—ANET r(n)-LLE M EE, X B n 23K/,
Th3.23 XM G EIZZHIBEH G leader SEZEVE A, LIRS n>8, n 2 MTiw, fFA1E
— AR/ N IEE R, 73 A 7E R _ERIAEGFAT LK% Q(nlgn) > msgs.

Happens-before
H-DAG A [F] LA &
LRGP RN, W ARG R 2 R B0, mTEASE 2P 1o Bid
RGERIE. EFNEARREMAE H SR E KR B4R 2 —800.
I H 5 SR B 7P % RR S —A—BUHI R PR R ?
1) {E<H [ DAG LR
2) Onthe fly: Lamport $2H T g2 R #5742 9 5k
Lamport B3k AR . BN ER e TS, AR my TS. msg I8k m.TS.
R AN



TRPAT —AFAN, KB SR B2 1%
AL msg B, B H SRR BTG R msg.
Lamport HEMISEI: B msg I BT s BRAVBCR VNI T A B+
Bt AR E AR BRAL. WMARRIEF: 1.1 1.2..21
TR AETEEREAEREH BT, 6% E CRATHEER RN 1; BlutE R TE e TR AE
HTH B EZ B SRHECMEM £ 1 SR
SR, AEeEE SN BRAE I 2 A 2 B 2 B R R
SIANFERNE: VT
my_VT: AT A 5 0 ) S L
eVT: TAHA I E
m.VT: &4 msg A [n] &8
ALY e VT Fl e VT 2 A A LUET,  FR 1) iR 4 3R 5 R 11 !
[EE=GN RN O S
el.VT<V e2.VT iff el.VT[i]< €2.VT[il,i=1,2,...,.M
el.VT<V e2.VTiffel. VIS VTe2.VT H el VT#e2.VT
elVT=(54,13) e2.VT=(3,6,42) e3.VT=(0,0,1,3)
el. e2 BRI CHRA/N), e3fEHRFT LT el (el FrafEHAAT e3)
TREIBE A A R R AP B ANAE I3 msg B BIIVRT, EAEHHE FABIR msg 3k
BIEAER (PRI IRIT
24l FIFO 815 (1 TCP) #7 H IALBRZRUS B — N5 x 1) msg (H AR EIHL /N 5 1)
msg I, T ZE SR A 3 B 28 A8 I A3 A 1k
RIAEAE: YR P ERFEE, HAH: ZEBET msg.
M P AGEREE m, EERFWIERARE THEAHSE EREE m*, fff m<ym.
Fy %t earliest[K] R /~7E P b, 079 5 k BEAEAE K msg R BT 7t
blocked[1..M]: FHZERAFIELAH, RN EZ— B
earliest[K] =1k, k=I1,....M
blocked[k] ={} » k=1,...,M/4F B IE B\ 51 B ¢
not_earliest(A,B,i) A& AT &I AR, HALSY S0 1 earliest[i] AL k B, BPASEE K B
ETF S 24N
il BB, A EEfT.
D Wiiat: fEARHT R (self) b, Refigm RAEERRE T 5 k B msg 1B BA7 (i 7E A
Hufr) earliest[k]H, linel #J4H 1L IEH
2) MEERERUITE B AR SRCR B T p B9V E m i, 47 5,6: 7 blocked[p] ™t msg,
] earliest[p]#f B N m FIRTEL, XRZAKRAM p EASH B R msg B RIA M, 5 F AR
H2FEK) msg AR ?
MPHZERNSY k (45 blocked[K]) HEZSH, K6l 8 75 A bk FH % «
Ik msg & m, 7E self B HADY &0 (B self fl k 2 4b) JoB FLTEL earliest[i](RP E
m.timestamp=earliest[K] 5 /M) msg Al G f%id, WIVHE m 2 ERHZER) . BEiy, m nl24f%
i, m BN (7 9.
LFHZERASY k AFEER, R EREMERR, ZPALEA EERE earliest[i] ) msy F/EAR %
3B, NIEE mJERHE,
FIREETTRE S R A 2 AR RN R IE VR msg, xR AESEEN.
HIBHIRLA : 22— KB RN RIS VR B msg, 23K AESEE. 2N R A Rk ) 70 A7 3



R, N R AR S R AR S, X T ERALE S R R — B AR S ST —
FH LA PR SR 5 28 i DA B2 PR R R AR B Sk Ll e e R &

SR et
SOUIN: RS WHE JHE O(nd) BRI
k &F RS IR R 4 O(nign)

FEEH: AES) WA n(i+l) THE: O(n) EwB/PRIRAT
Y151 THETARRES, EEMERM B R O(n -2) #HE: O(4n)

HERAL (bit) ERMERIBMEERM AR NS
HEEER M RNRERE. RRHEEERL 7 RK—OGEN B NS E B 2B R
GEAL BRI 18] o



