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Tnis ragort cantains tne ctranscript of & mecnanical
veritication of the 3rennina orotncdl (Stanninu 753, A

deseriotinn Nt this protocol, as sell 3s conplete ancunentation
on the metpods useaa, C€an na found in 4 separate report [DiVito
821, teference to tnis renort is necessary, since tne tollowing
naterial is not self=containet’, TIne Transcrionts thenselves were
produced by tne noyoIr~¥00re thearen orovar [Bover 7914
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Proof of V{ CIRAGBPURDYLT

(I#5PLIRS (AnD L,IM PRT,.OUT)
3148 BC¥,uT)
KToIn PRTLIUT)
(VNLLnds ACR.I& ALY 0uTH)
Joid

A
A GUF

(I=ITTAL 319

This forauia can ne simpiified, using Lhe ahpreviations SENDERLEXT,
Anpy, and IT#PLTES, to:

(14PLIES
(A, D (CORSTISIR T (QUaTE SELNIN
(adyTe BERUALD
BET,0UT)

CQUOTE SEUNG) PEKT,OUTY I

(FoLbLaYs ACK,IH
SOIRCEYDY,

anien «o simplify, TR AT FILLN®S, IVITIAL,FARPLY,
INTITIAL O NuBEC . FilLia8, R R 3FdT T, FILLOAS  LATEST,,OOa3ISTENT,
PAaAPPR , LATFST, 19171AGRANGE, Aand INTIFAL,TRANS, and opening ud

RFECSIVER,SXT and ToTVIAL, to:

-

del olle

13009 conses
4,913 seconds
G.0 seconds, Tarpaze collection time
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rhis formula can ne simrlified, usiny tne aboreviation SgNDER.IHUT,
ra tne foliowing six news conjechtures:

Cage 6, (PAAPP (L00TH (Latoly 2ULLYY ),
wnicn simplifiss, crening un P4APFP, TO3
T,
Cage B, (NigBix? 9],

This simplifies, clearly, to:

Cage 1, (FuLu2s5 (Rauar (30074 (120079 4ILL) )
etuTe (leduls 3ULLIYY,

wnicn siaplifies, 2preningy un the definitlions of RANGE and FIOLLOAS,
to:s

[
Cage 3, (CUYHIITEAT (QUOLE SEAYT)

(UDOTFE Failald

(DUDVE (LU ITE MULLY )Y,



shich a2 Simplify, openinno up 384P Aand CANSISTENT,
Le
Case 2. (FuUAL (DIGTH NULLY)

(1200TE
(FAPPLY (uil TE
(HAJGE

M836)
(LATEST (3UNTHE

(UNTE

58470)

up the detinitions of
£tos

nuening
walJATL,

Tnis sinplifies,
RAsGE, FaPPLY, andi

I
CEGiUAL O D)
(IF (AL ML) b

NULLI D)

{ynre
(2uTE

(1aunTHE
(13unTeE

(13yn7TE

SKIF,

NULLYIYI)).

LATEST,

(eyayL (RuTE (10U S~dbi))
(0TS CpaUYLe NuLLd )
53
(iF 550D [U‘QT‘% (ladaTe NARD
(17 (EOUAL (DU ( ST (LATEST (QUITF SEANG)

(AUITE
(3uR1 0
(LF (EAUAL (HIGHEST (FAPPLY (QJuTE
{2UNTE
(3471 93]
(SEGP (9J40TE
{(E3UAL (DOH

(5K

(1an
(L3Y
J3)

aTe NUL

(1f

T)

neeninag up The tfunction

This simplifies,

Wekolle

1052 conses
2.57 seconcs

(12UOLE N

13333
{QUITE (10UOTE

EJUAL, tol

SEQANMDI
(1JUOTE

HLLIN I M

NOLLIY )

NULLYYI)
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Proof of VY CHENDEREZ

(L9PLIES (SRYDER,INT S0URCE ACK, I PKT,00T STATE UYACK WEXT
Qb gity TUT)Y
(SENDFR,EXT STJRCH ACK, 1N PYXT,0UT))

Inis conjecture can ne simplified, usini tne aporeviations
SENDERTNT and IxMOLTeS3, to:

{(TwPLTe3
Ay
(PRAPD QURLM)
(MUMAERD NEXT)
(FOLLMNS (RANGE GUEHE) PKT,0UT)
{COMATATENT (AYOHTE SZ3aD)
(U TE FudAL)
PRI,0UT)
(Zalialh 80IIKCE
(FAPDLY (3HOTE A88G)
(A2500 (LATEST (2007TF 32I87) PKTL.JOU1Y)))

13

(FOUAL HFAT O
CENURL PR, UUT (ZU0TE (1QUDI0F AULLY D)
(ROQUAL wiUgds (QUIOTE (17U3TE NJLLYY)
)
(1F (384P PaT,0407)
(i¥ (}Zﬂ}'i*‘\fe ()f“’ (LS LaTes37 (th;g SEND) PKT.J;JI‘))}
{(Su3i v=ExIiy
(TE («3HAL HIGUEST (FARPPLY (QNOTE REINOY PKI,DUTY)

S9Ad] wEIlT))
(I8 (5euP DUEJE}
(S2uAL (DU CLST GURIJE)) (SUBL NEXT))
)
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(B3EGDER,E4T 800 Ce ATK, LY FRT,Oul)),

whien siwelifies, nrening uvo LATESYT, RANGE, S5EGR,
FAPOLY, & idL, and COVaIa3Teny

Hathoile
1999¢ conses

13,578 8ecCconds
3,281 seconds, aarhage collection tLimne
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Pront 0of V{ CRENNER 3T

(IMBLIES (A5D (5FLDER,IIT SiduCe 47K, 10 PRT,7uUT STAPE (4ACK

3
A8 I TOT)

TATY)

This conjectures ¢an ne simnlifieqd, using tne Aappreviations
SEuDeERInl, AN, and THRPLIS, Loz

(TupyleES
(AND

(PHARD DTUR)
~ o
= 4



(FOLLI=3 (RAXGH

(CONaTETHYT

AUEITE) PRI, NUT)
(OunTE

550m7)

(303 TH EJUAl)
(Eaiial A0URC
(FApRD mR5G]
{LATHST (UDTE SeN

(e
(nausy
(IF (E2UAL

(R50AL

wEET
PRT,OUT (QUNTHE
(NTE

(1od
(10unr

DIF NULLDD
GiITEE 5OoMNAdLLY D)
20 PRT, 0T
(eQJAL (POM (L3T (LATEST (QUITHE
(3ua] 8FATY)
(wiatlAf, (HIGHEST (FAPPLY
(35U HNEXT))
(3FP QUEJE)
(E3UaL (0¥ (LST J2UETE)
T)

¥
(IF (5%
(1w

(1¥ (il

(1e

¥

=1
(MUHBERD ACK)
(TLE£8S3P2 Jaubd(lxs

(SRENDER, THT

ACH )
AupiurE

(A9% WCK .1

PRT VT STATE UGACK N&XT
(UPpFL glipde Al

T*’-’T} } I

whicn sinmplifies, rewriting with tne lemmnas LST,
FALLOWS . RANGH UPPFRR, and BLAPPIPPeR, and expand
UPPRR, FULLDaS, 5FGR, RANGH, PRAPP, SENDER,INT,
SOUAL, Aand CUMETSTEYT, to:

T,
Gelolle

24249 conses
20,704 seconds

0.0 secnnds, Jarbage collectinn time

M) PRTL,DUTINI)

33

SEINDY PKT.OUTI)

UTE SRANDY PAT DUTI)

) (SUR1 NEXT))

HPPER,
ing the
LATEST,

functions
FARPLY,
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Froof of VI TRENDFREA’

(LAPLIFS (AN (SPRDER,INT S0URCE ACK,IN PXT,UT STATE nACK
M XT JUEdE TOT)
{#timReRE ACK)
{(ERUAL ACK NEXTH)
{RENDER, [T S0URCE
(AR ACK,In alK)
PYXT,UUT
(RUNTE TDLED
ACK nNEXT
(NULID
Y )

fhis conijecture can ne sinplified, using ftne apnreviations
SENDER, TaT, aXd, and IaPLIES, to0:s

(T»PLIFS
(A9D
(PHAARE OQURUF)
(UM FEED TeXi)
(FOULLM#S (@A0GE JUENe) P
(COMBTATEST (LUOTFE Sk
) o

(FAPOLY (QUUTE 438%5)
(KAGGE (LATEST (RUDTE SENND) PYT.JUTI)))
(T
(E0HAL wERT )
(IF (£0uAL PKT,0UT (QUNTE (LOUDEE HULL)))
(£0UAL GUETn (UWATE (10UNTE 9U0L)))
F)
(IF (S7QP PaT,00T)
(IF (£0UAL (DDY (L3T (LATEST (0UITE SEAWD) PKT,001)))



(3081 6EXTY)
CLF (RUAL (HIGHEST (FAPPLY (QUUTE SKQA¥Y) PKILOUT))
(BUAR1 NKATY)
FOR OQURGE)

QU%b (20N (LS wilElde)) (SURL NEXT))

{;4

C1F
{

%

g
St

)

AR

KLK MEXT) )

o TN T RiUKCE
(PR alCK,IN ACK)
PRT DUT
(0TS IDLE)D
ACK N&XT
(R aTa (1aidnre ALY
LT,

e

anicnh simniities, opening up FubLO«3,
ATF

$E4P, KANGE, PWAPPR,
5T, FARPLY, EndAL, ang CJNs1S Y

SENDER,INT, LAT reMy, tos
o
LY

*40&:333.
216584 conses

18,537 seconas
3,347 seconds, marnage collection time
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10

(Jota PET, DT (RAMGHE QUEUR))
STATe UnNAE HNERKT QUEUS TOT))

rhis conjecturs ¢an re simplified, usin3d the anhreviations
SFHDER 17 .T and I4PLTeS, tozs

(L%AF D TURUE)
(HuMeFRD NEYTY
(FULLTRE (RALGY JUEUg) PRT,OUT)
(CUBSTSTENT (QUOTE SEU8D)

(QUAITE EQUAL)

PET,01)
(FGUAL 80UrCo

(FARRLY (JUOTE M38G)
(EAXGE (LATESST (2UOTE SEQHNND) PKLIL,DUTII)

(TF

(EAUDL WEXT 0]

(IF (LQUAL PET.0UE (GUDTE (19U3rE MLLLYID)
AUl QUEUL (GUOTFE (1QuCTE NULLY YD

¥
(IF (S5FQP PRT NUT) '
(EF (&DURL (Do (LST (LATEST (QUITHE SEQN0) PKT,0UTI))

(30431 ~EXTH)
(LF (FOUAL (HLTZAEST (FARPLY (QUOTE SEINDY PaT.0UT))
S84 HEATY)
(IF (oFuf UEIR)
CEOUAL (DO% (LSI SUEBUEY) (3UB1 4EXTY)

T
3
)
FYyi
(HEVADSR , THNT SailpCpe ACK . I
(01 PAT 0T (KAGGE 20ETEDY)
REE:NE 1’\3"‘—\,(_:14 NEemdr 3iE e ]\}I))p

-5

whiﬂﬂ simplifie
PISFUR,  FaPPLY,

fina witnh fthe lennas 4IGRPQI,JOIﬂ FOLLOWS,
FARELY, FAPPLY, J}iu’ LATEST  JOTH,FOLLUAS,

T nIIN F LU, :‘Lf.a,)l’u}.d"]i o2, and

3 tne ftunctions RAHNGE, Spop, JOIn, FOLLOWS,
BAT, TaPPLY{, FLUIAL, and CONSISTEST, to Six

{
t}«f ’3%)' F:
i@
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Case &, (IxPLTus
CAND (FAaAPR ilEte)
(W1 ERP GELT)
(FOLLUYS (RANGE 0HZJF)
(COWBIRTEIT (SUOTs 583N
(T &
PR T, 0UT)
(AT (wadal w540 0)
(5700 PaT, GUT)
(eNUAL (D0 (L3T (LATEST (WITE Sk0x0) PRIL,OQUTYI )
(3uU31 oExXTH)
(ROUAL (AI00KST (FARPPLY (QUOTE SFSMI) PRT,OULTY
(301 wEZ T
(w7 (3FEap QUSUEY )
(S0UAL JQUEUE (O0BUGTE (13077 HILLYYY)Y,

wnien again simplities, orening up tne Hdefinition of PMAPP, to0:
.

Cage 5, (TwPLIES
(ALD (praPe QUHEUED
(GITaRERE ,\E,’&T}
(FOLLOAS (RANGE NU=ud) PKT, I
(CORSISTEAT (230TE 3FEIY)
(aU07TE L4UAL)
Pl 0uT)
(AT (FQUAL NEXT 023
(oGP PKT  UT)
(ROGAL (DN# (LST (LATEST (JUITE. SEAND) PKT,0UT)Y))
{(BURL HEXTYI)
(E0UAL (HIGHFST (FARPLY (QUIGTE SKINJ) PRT.OUT))
(SLAL NEXTI)
(EAuAL (DOAa (L3 JUeJEY)Y (SURL 8EATH)
(07T (580 QUZJEY I
(TiTAL, DMOEUF (QUUTE (13UOTE “ULLIYIY .,

shicn we agaln sirplify, openinag no P¥APP, to:
U,
Case 4, (I»PLTES

(ARD (PUAPR WUETE)
(P RERY HRXT)
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0T (FOUAL NEAT 0))
(SF32 PRT, O
(edurl (i (L8T (LATEST (AUITE S#ANN)Y PXT.0OUT) )
(50%1 @¥XT))
(r3uAL (RLIGHEST (FAPPLY (JULTE S5uN0) PrT.OUTY)
(3u81 nEATY)
(FouAL (D0 (LST QUEIL)) (5u31 NEXT))
(SF P DHEJE)
(2%,P (NLET QJUEUR)))
(MPATEF (LST (HLST OQUFUEIY)).

However this simplifies again, expanding PYAPP, o1

[
L]

Case 3, (I=PLTES
{ARD (PHARR GURUE)
(S 3ERS WFXT)
(FOLLOYS (R&UGE QUFUFE) PKILOUT)
(CHaSI3TraT (QddTE SZIND)
(UuUTE Z3Ual)
PRT, 0OUT)
(407 (Haifal, NEXT )
(3FQR PET,0uLD)
(g al, (DOoY (LST (LATHEST (YUOTE SEQMNT) PKT,.0UTYII)
(SURT WEAT))
(E20AL (HIGHEST (FaPPLY (2007w 3EZ0NJY PKT,OUT))
(5081 ~E&T))
(ROUAL (DO (LST QUEJEY) (SURL WELT))
(584P QUFUE)
(3707 (GLAT QURdF) )
(LE358P (00« (LA3T (WL3T 2UEUFE)Y D))
(ofs (LAT 2UEUE)II),

S

But this simelifies again, unfolaing the definition of P%APRPP, o012

SN R AAPE U ED
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Casgse 1,

However this simplifies agaln, unfoldinag the fuynction

GQKL:“-

25
(Fadal
(

simplifies analn, unfoalaingt tne function BP¥APP,

(:T “DL.A?";S
(A0

(AR RD HEXT)

(FOLLOYS (RANGE QUFEUE)Y PRKT, OUT)

(UORBESTEST (QT0TE 524830)
(GdUTE £330y
PKI,NUT)

(0T (Fygldal, Xl 0))

(SEQP PRT, OUT)

3

(SURT NEXTY)

(e Tudy (AIGHEYST {(FapPLy (UDTe 38350)

(SuB) wEaAT))

(=OdAl, (DA (LST U8 14)) (Susy uRXT))

(5#
{

G0 IETE)

T (3208 (LSBT QTEUE))Y)
LT GUEUE)

TOTE (LaUoTe wiLhb)N)),.

o

{(P¥ARR GURTED

(NHMAERE 4EXT)

(FOLLONE (RANGE OUFURE) PKT.0UT)

(o033 TEST (dure 5298
(0BT BIJALD
PaT,00T)

(s (FQUat, SEXT G6))

(500 PuT 0OUT)

to:

CHOUAL (Dom (L3170 (LATESIST (JUDTE 3SEIND)

{edUAy (HIGHEST (FAPRPPLY (QUOTE SFELNN)

(Buny HEXTIY

(ROUAL (Do (LSY Iedda)) (Sull NFXT)

y
{(~F P DURUY)

(APATRE (LST QUELE)YYY.,

0

DAL (POM (L3T (LATERT (QUNTE 3e0n0) PKIL.OUTY))

P T, 3T

PKTL.0UTY )

PRTLOUTI

APF, to:?



26435
PEIEE
3:375

conses
secnands
secanis, aarnajge

collectinn tine
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Proof of ¥C FRIRNDLRE T

(THPLIMS (SENDAR,INT 30URCT ACK, I
JUBUE TOT)
(SEMDER,INT (ApPR S0URCE
ACK LN
(ARR PRT.OUT

{DUTGTE sy

HE58)

i

DL O NERAT)
ITHE QUEUN NEXT
rOT ODELTAY D)

Tnis coniecture can be simplified, using tne
SEHNER,IwT and T=PLTRS, Lols

48 (RASCE JUEUE)Y PRI 0OUT)
TENT (GUDOTE Seidni)
(AutTE FallAlL)
PET,0UT)
SMIRCh,
(FAPPLY (JUUTE
C?\‘ﬁ;»\sﬁa

(";‘:,J}A{J
HBRG)
(LATEST (2UNTE
(1w
(EQUAL ~EXT
(LIF (mRUAL
(F AL

{})
PKT,OUT (QUATE

(NYDIE

(10UdIVE
(LauUny#

LSHWIE

PKT eI

(PACKET

14

T sTATH UNACK »~EXT

K35

AE3S HEXTY)

Aappreviations

SEINDY PET,,OUTIIN

HULLY))
MULLY MY
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)
(IF (BFUD BAT, 0OUT)
(1% (FOUAL (DUY (LET (LATEST (QUITE SEQaD) PKT.JUTI))
(SR WEXTY)Y )
(17 (pURL (HIGHFST (FAPRPPLY (0IHGTE SEJND)Y PKT, 0OUTY)
(SUBL HEXT)Y
(1F (3FGP JUEUE)
(wdUal (Dus (LS QUETEY)Y (5UBL wEXTI)
T

)
1Y)

(GFUNER,TAT (AP SOURCE =853)
ACY Ty
(APR PKT.OUT (PACKET MFSS NeXT))
(2U0uTE all3Y)
HHaACK
(amizl 2xXT)
(#1THE QUETE JEXT (PACKET HE3S ~FXT))
(PLUS TuT DELTAYY),

This simnplifies, Aapolving the lemmag L3T NETLP, wITME LESBE,DIML3T,
DM uPATE, SUPL,ADUT, LST,.sI[7Hk, ‘ﬂQPr.hAPpS], APPLYZ,ENAL,
SFONMULPACKET, aPELi1,32 360, FOLLIAL AP, 0, FILLUSS,APR,
FOLLONS S8 ME , FOLLU IS, TRANS, FuG,"rALR, uST.APx, YuS1.APHR,
PAAPP ,wlTHe, HITAS E0UaL,D0r, LT, aLST.1583P, and

CONSISTENT APR MUT, 14, and Q@ninw o LWS8P, SLial, DOm, HIGH
MAX, FAPPLY, LATEST, C0s313Tayl, Cus¥313T=NT2, Iy, RAGGE, 9PMAPD,
SENDERIWT, SWuR, ana FJILLUwE, to the £21llowing 231 new 90als:

Cage 23, (THPLILS
(anD (EHAPE LUEUE)
(HTMAERP yEXAT)
(FILLOYS (RANGE QUFUEY PKT,0UT)
(CONBLIETESD (QIgTE $9380)
(aUaTe =71JAal)
Pl 00JdT)
(0T (FQUATL MEXT 0
(3FaP BRT.OUT)
(AT, (POHF (LST (LATEST (NUNTE 3820403 pPXT,0UHTYI))
(5U31 wEXTY)
(AL (HIGHEST (FRPPLY (20T 3FMaNG)Y PRT.0OUTH)Y
{(3UA1 SEXT))
(T (Be0p GUEdKY )
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(RAUAL QUFUE (aUOTE (13U Te aULLYYYY,

wniecn we again simolify, exvanding tnhe definition of PHAPP, to:

Case 22,(1#PLTES
(AN (Al Siede)
(SHRRERD 4EAT)
(FALLO%A (RadGE QUFJE)Y pPKI O
(CINSIBTEAT (QUaTE SEaND)
(LddTe EAUALD
PET,OUT)
(T (RQUAL NEXT 01)
(BFR&P PRT OUT)
(EQUAL (DO® (ST (LATEST (2UATE SEQED) PKTL,0UTI))
(3UBRL NEXT))
{EQUAL (HIGHEST (FAPPLY (QUOTE SEQAU)Y PRT.OUTY)
(Sual NEXTI)
(33 GURIEY)
(O VISTHTENTZ (QUaTE S£440)
JoTs Faudin

PACKeT MESS MEXTIY),

¥nicn agaln simnlifies, using i(inear arithmetic, applving
SFEUNOLPACKE T, APRLYL, SEInT, NIG8eERP, 38280, ani
CINELISPENTZ2, L8532, 4T3HEST, Aand opening up the functionsg PYMAPR,
- nd FOLLNLS, to:d

Cage 21,(T#PLTRS
(AL (Prapn OEUR)
(vgspEre NEXTY
(FOLLNaS (RANGE QUEUE)Y PRKI.0UT)
(CONSTATRT (QUATE S5«080)
3

PRI
DT O(EAUAL HEXT D))
BOP PR OHTY
TSTAL (DA (LST (LATEST (QUOTE S8IN0)Y PRT.OUT)I)
(8Un1 =EXTY)
(P dl (HTIGHEST (FAPPLY (UOTIF 3€3wD) BXT, 0UTY)
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(Sﬂﬁi
(l?r ‘Tﬁ (\Y“{.\D

VEXT))
METRON ?“))}

(L0UAL (APR (gAPPLA (L0Te 45335) :
(RA&GR (LATEST (DUITF SEN0) PRKILOUTI))
M B8
(FaPely (JU0TE ¥35535)
(RAMGE («4TITHZ (LATEST (JUNTR SEQND) PRT.0UT)

This a3aail
iemmas
LLBTAFR,
R»‘sff‘?{;i*

R

o
®

Cages 20,(T4P

(4

(e

Sway,

NIZAT

(PACKET %558 NEXT)2)13),

n simplifies, vusing linear aritrnmeric, apmolving the
APD ,LATESY, #ITHFE LESSP, DU, LET, R¥G,mPATR, L3T, APR,

PACKET, and untolding #waPe,

P
Ty g

FOLLOAS,

dﬁd Af} 14\{1"“%)\?,
ana FAPRPLY, Lo

LWies

AN
(P¥APP 1U5UE)
(LMRERP HEXT)

i; u; a3 ( ﬂ"}(ﬂ‘é
(CONS13TEnT (J

ngua)

rL00T)

AT (WaATL “ﬂ%f

{
(SF P PKT,NUT)
(eddbdlL (Do (LST (LATEST (QUITE SE0a70) PXT . JUT)Y))

(AR NFx D))
L (HIGREST (FAPPLY (ulUDTH
(AR “EATY)

SELIUY PRT,.OJT))

(AT (SEYF 4UEH))
(37 (LESSP MeXT

(0nH (LST (LATEST (LUDTE 5EINU) PKT.NUTIIIID)
CUDATH wWXT (t) CKET “E3S J?XT)))
wnicn we again simplify, rewritinag witn DOM_ NPATR, and expanding
tne 1efinitinas of PrAPR, <ANGE, SEIP, and ?}I e o
ia
(“_asﬁ iﬁ’('{"ﬁphtgq
(AT (PHADP 2008
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(4R RP wEXT)
(POLLONS (RANGE AUEUR) PKILOUT)
(CNYSISTIEAT (LHOTE 833493
(QUDTy Z2724aL)
PRT 04T
(50T (Fatal HeXT 0))
(3F32 PLT,0UT)
L

¢

(ENUAL (PO (LST (LATEST (QUdDTF SEAD) PKT.OUTIN
1 NEALD))
AFAT (FAPPLY (4OTE SEoYd) PKT DUTH)

9

{LFB8P NEAT
(P (LST (LATEST (QUITFE SEQnG) BPRL,U0UMIIN)
(FOUAL (D% (LT (LADFEST (4UITE SEuMY PLT,DTY )
MeY ) ) e

BRut tris AgAain sinplifies, using linedar aritnmnetic, to:

Cagse I1n,{IaPLIES
(4D (PHAPP QUEUR)
(GHARERP NEAT)Y
(PILLOYS (RANMGE NURUE)Y PKT,.0UT)
(COMSISTEAT (QUTS 36£2000)
(GUUT EIJAL)
PET, DUT)
(i (EUAL NeXT 2)3
(SEGP PKT JUT)
CEOUAL (DO® (LET (LATEST (QOTE 8E1240) pRT.0UTIY)
(8U31 NEXT)
(AL (HIGHEST (FAPRLY (QUUTE SEQNYY PKT.OUTY)
(Sugr HEXT)
(0T (82232 QUEdE))
(LF88P (HIGREST (FAPPLY [(JUJTE BFUNQ) PxT,JUT))
HEXT))
(FOTAL MEXT 8FEXT)),

i

which aaain siwolitiles, using linear aritnmetric, to?
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(Al (PHARPP QUZUED
(Litadrze wEXT)
(ENLLUAS (RAGGE DU IS RET 00T
{C”;Si&i“ﬁ? (03T SEaNg
(0T €
PaT . 0UT)
( I o(Zaliate NEATDT 0))
(SFEGP PRT,0UT)
CRAGAL (DU (LST (LATEST (DUDIR 383NN PKIL,0UT)Y))
{(3U31 §EXTI
(1AUAL (HIGHEST (FAPPLY (UOPE 3Zw¥0) PRTIUT))
(3uUB1 HNEXTI)
SEQP QUEUE))
EGf (FAaPPLY (JOTE 32£24D) PKLL,0UT)I))

This again simplifies, ausinag linear aritnmetic, to:
T,

Casa 1o, (I4PLTES
(AYD (PMADDE DUEJE)
{“f"»:ﬁ"kr’ NEXTI
(FOLLTa3 (RARGE drEY PKT,0UT)
(CONSTETRENSED (QUDIR SETHD)
(330TE £3404a0)
PRI ,0JT)
(NOT (eRdd £LT7 9))
(3500 KT, ulT)
(Faial (0% (LST (LATFEST (QUQTL SEQHUY PRT,,OJT)I)
(5081 NEXT))
(R00aT (HTGHEST (FAPPLY (QUUOTE SE3wnd) PKT.0UT))
{31181 NEXT))
(40T (8F 4P QUEUE})
(3m0Pr (FARPLY (QUOTE SEIND) P‘(I’ 2Ty
(20T (LF382 (HIGHEST (FAPPLY (QUOTH SEQNDY PRI, OUT))
NEATY))
(AL (HIGHEST (FARPPLY (3074 3FEGNu) PaT,0UT)I
NEXTYI,

ymien we again sivwelify, using linear aritnrmetic, {03

Te



24

Case 15, (TYPLTES
(ASD (RMaPpR QUpl)
{a IMBERY YEXT)
{(FOLL2AS (RANMGE QUEUEY PKI,UUT)
(CONSIBTERT (wddTe $73932
(QUQTE £23UaL)
PRT, U™
(30 (EQUATL NaXD 0))
(AELP DT, OUT)
(EUAL (POY (LST (LAaTZST (AWWITE SEQad) PKILOUTYI)
(S5U31 «EZXT
(E20AL (HIGUAST (FAPPLY (QUOTE 38aNJ)Y PXT,O0T))
(31421 HEXT)I)
(AL (Do (L30 JUETSY) (SUB1 &NEXTIY)
(FOLLMYS (RANGE (NITHE QUEUE HEXT (PACAETD ¥ESS H4EXT))I)
(4PR PRTLOUT (PATKET MESS NEXTIID,

o

*

anicnh again sinplifiles, using linear aritnmetic, soplving

WITHE  LESSF O, 08T, RyG MPAIR, LST APH, NLST APR, FUOLLOWS,TRANS,
FALLUda,8AT, FIALLUYGE,APR, anlt FulLlNa3,4PR, T4, and expanding
KANGe and L[s, to:

Te

Caga 14, (InPLIES
(anih (ewmape QUELGE)
( I3 RP WEAT)
(FaLLOws (RAMEE QUE
(U 3ISTENT (3dyTe 5
(2diTe &
PET,OUT)
(Fadan JZEXT 0))
(SFLR PRT,.OUT)
DAUAL (Dud (L3T (LATEST (JUDTE 3e200) PETL.00TY)
(5421 NEXTI)
{300, (HIGAEST (FAPPLY (JUJOTE SEadd) PrT,DUIN
(3131 NEXT))
(DgY (L3 JUETJ=) ) (SuB) NEATIN
Ul Te 3RS 1)
TOTE S00UALD
Al

(PACKET MR35 JEXT)Y) ),

Thig again siwnlifies, usingd linear aritnmetic 3and aopplving
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Tad3pRP 3END, 3and

Case 13,(THPLTES
(atiy (P=APRD

HANGE JiEds) F

HET O (AUOTE Spa
(JUOTE Eglal
PRI,OUT)

(HOT (A, SEXT 03

(30 PKT,3UT)

(RAUAL (04 (LST (LATEST (20078 3EaN0Y PKT.0UT)))

(3Usl WNEXTI)

(FUTAL (HIGHEST (FAPPLY (2WOTE 3e7H0) PRT,0UTY)
(SUB1 NEXT))

Lo(p04a (LST QUFRUE)Y (3u81 MEXTI))

(FulA
AP (FAPPLY (QUGTE M35%

1
{Eauan (

(RANGE (LATEZST (RUDTE 3EQuD) PKI.0OUTI))

M S53Y
(FapplLy {(AUDTE H356)
(RANGE (#ITHE (DLATEST (QuUOTH S8Q40) PKT.0OUTS

SNEAT
(PACKET ME38 MEXTII))Y).

However this simplifies anmain, usina linear aritnmetic, applying
PAAPP LATEST, #1THE,LEDSP.UNA.LST, RUG,¥PAIR, LST,APR, WNLSTV,APK,

4330, PACKFT, and ARPLY1,.,#55G, and expanding tne functions xAnGe
anag FaEPLY, Uo:

Ts

(AND
(RHMADD ilwile )
(SURPBERP HFX
(FILLT4s (RAMGE RUFUR) PKIL,J0T)
(U308 1ma T (JUTE sZ92:40)
(00T =20UALD
PRT,0UT)
VpOCKIEAT MEXT 0))

\
Tap BRT,OUT)




(2dAL (DU (LST (LATEST (NUIIS SEI40) PXT,uUT)))

(B8l wEXTY)
(F AL (HIGHEST (FA2PLY (2UTE SEN0) PRT,IUT)Y)

{301 wFiT))
SIAL (DUY (L8T QUEIE)) (Susl NEXT))
(407 (LESSP NEXT

(ONM (LST (LATEST (GUN0TE 3280) PKT,. 00T

(e 00AL, (D0 (¥YPATR SFXT (PACKET M85 wrRXT)))

SRWATIY)

Inis simplifies aagailn, rewrliting witn DAM «wPATR, Tol

Case 11,.(1sPLTLR
(AaD (BMARY QUEUE)
(T3 RE WEAT)
(FTLLGAS (RAGE QUEUE) PKL,OUT)
(CONSIBTENT (QUOT SEUND)
(QUaTE £230AL0L)
PRT,OUl)
(w07 (FUUAL SNEXT 0))
(SEaP PRT . OUT)
(AUAL (Do (LST (LATEST (JUITE S[ECH0) PKTIL.OUTYIND
(SURL ¥EXTI)
(EQUAL (HIGHEST (FARPLY (QUOTE SEGI0Y PRKT.OUTY)
{5031 MEXT))
(RJUAL (DuM (L3 JUedEY) (8SuURt MEXT))
(90T (LESSP Nl (D24 (LST GUEHEYI)ININD
(FUUAL (oD% (MPATR NEXT (RPACKET #8358 NEXTI))
f“s'_:t(r} } 2

This simplifles aagain, applving L4 ,4P4IR, to:

5
4 a

Case 10,(IPLTHES
(AHD (PaPP GITEJE)

{ailaBpRe aExT)

(FOLLJs3 (RAWNGE QUEJE) PKT, LI

(COANSISTENY (QJOTE S8
(GUGTE E204AL)
PRT,OuUT)

(H0T (FEQUAL JEYT 0))



#icn

Case

xnich

Cagea

3

“

L]

&

(SELP PXT,.00T)

(wdUAL

(COuAy

(LA
(LE35P

(3

(puM {(LST (LATEST
{SURYT NEXTY)
(HIGHEST (FAPPLY (LUQOTE SEINU)
(SURT NEXTI)

(D (L3T QUEHEY) (SURL HEXT))
NTAT
(D
{L3T

(QUITE

(LST (Lalel3p (AuUNTS Se240)

e XTY),

atain siunlities,

Te

(THPLTES
[ SR S

(80T

adaln simnlifie:

Is

(IAPL %8
(A=D

(PPARE
(i aERp
(FOLLOwS (RANGH
(CONBLISTENT

Ay {(HIGAEST

Jsing linear arithmetic, to:

SELERIE

NEXT)

QUEUE) PRI, AUT)
(GUOTE SEINU)
(QUITE wdudil)
PRT.TJTY

{(FEalal, NEXT 033

POPKT,0UT)

(DM
(5481

(LST (LATEST (2uNTH
MELTI)

(FAPPLY (Q2UOTx

(SURL GELTY)

Lo(D0o¥ (LAT aueile))
(HIGASST (FAPPLY
EATY)

QE;\T)),

RGN

(’?,:;%i N
(21T e 8

[T

XT3
10

ilinear arithmetic, toi

¢ {Jsin;

[ NIELE)

SuF OLGJOTE 3E3N0)
(auare £30AL03
PRIL,OUTY

PKT 0UT)

(LATEST (3JOTE 3Z4d42) PrlT,.n0

SERWEN)

23

SENNU) PET.UUTIN

PKT,0UT))

PET,JUTINID)
dTYY)

PRT.1U1) )

PRT,UTY)

PXT,auf))



3
-

g

{ i {
(3HG2
(ENGAL

FR—

Dfl'

e Ly

(R 3ty

CinT (5%

(WOTTAT, MEKT

inis again simolifles,

Casa 7, (14PLI®R

(AMND (Prape Y
(NP
(FOLLTYTs 5
{(Ca95T5Tw

PRT  0uUT)

Potlatl, pe L f

0l

(D™ (L30T (LATEST (UNTE SEUND)
(S HEXT))

(HIGHEST

(FapPyy

(881 A&7

2
[
L

Lo ‘
Sk

‘1&T}}

23 (LS

alada)d

(siar

Y (5uR
TE 3£

(FAPPLY (AJOTE

XOSELNDD

1 wEXTH)

24

PRKTL0UTI )

PLT, 20T

WY FPXT.0NUTY)Y N

usingy linear asritinmetlic, tos

BLED)

N XT)

(RANGE g

N (JOTE
(JITE
AAI.udi

TFiJAL GFEAT N

o0 (LT (L

(51131 NEXT))

(Fadal (d

IGA28 0 (FaAaPPLY (QUOTE SEAND) PXT, O

(30041 NEXTY)
(¥ AT (D% (LST ﬁjwnf)) {
(Se7R (FAPPLY (NUDT

CNUT (LT3

HEATY))

JeY) PRT
S574 )
E3ial)
)

3

APEST (Q

£ 3EIND

3P (AL34E3T ( ApPR

(EQUAL (HIGHEST (FAPPLY (3040TE

MEXTYT,

whicn aqgain siwplicies,

(A@ﬁ (pHARR

using linear

GUEITED

{FOLLOWS (RANGE QUL
(CONRI3TENT (GUOTE

3
(2dOTE =

NGRS

BoTe

JEQNG)Y PK

3081 NEXT))

) PXT,u
3 SN P

JEING)

Ty

T.MTYY)

1)

OTE SEINJY PRT,OUTY)

PRT . UUT)

arithmetic, to:

3
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}
(waidlal N Ly Q)]
P PRI,OUT) _
A (Do (LST (LATEST (JUJTE SEQYD) PKTL0OUTY YD
{331 SEXTH)
(=aUAL (HIGHEST (FA2PLY (QUITE SEUNJ) PKT.OIUL))
{581 HELT
CEOUAL (DoM (LST QUEdsY)) (SuUR1 NExT))
(LFSEY NEAT (DO% (LST QUEU%) I
(LA (ons (L3T DUEIR)YY HEYXTY),

whicn amain siwplifies, usinyg iinear arithmetic, to:
i,

Case 5, (T#PLTuS
(AMU (PeAPRP QUEUR)
(1JHBTRP INZAT)
(FOLLMGS (RANGK WUETE) PKT, OUT)
(CONMSISTENT (QUDILE 58080
(GJars Eglan)
PKT.0UT)
(FQUAL #gXT Q)
(FOUAL PRTOUT (QU0Te (1007 ~NiTLLY )
(FOUAL QuURUE (AUITE (13737 ~ULLYY )
(EaUAL (APR (QUOTE (130aTe NHLL)YY mMeE38)
(FAPPLY (DUOTE “35%)
(RANGE (»I1HE (LATEST (NUNTE S<Q#0) PKIL.0UT)
NEXAT
(PACKET MESS HEXTINIIN) .

gt this again simplifies, rewriting vitn «TUAE,ZERO,2, RNG.HMPALR,
LSTeaPi, ML3T,nPk, MSHG,RACKET, APPL Y1, 45385, and ApPR, FIUML, and
prening uod tne Jdefinitions of PHMAPP, YI¥BERP, RALGE, FOLLORS,
SEWS, COnSL37EsT, LATAST, LDOAAIN, T4, JOIY, and FAPPLY, to:

(SgdnL (aloTe (1adaTe wdb b))
(FARRLY (3UaTs M83G6)

(SUJTFE (12007 ~ULLIYIY

fnis again siwolifies, openinag up tne definitions of su3p, FAPPLY,
and PEOLAL, to:

e
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Case 4, (IxPLTeS

Cay
(oD (P4AUD OLEUT)
(wuH AP 3';”,\'1')
(FUOLLONE (RALGE Usley BT, 04d7T)
{CONSTSTHIT CIJUTE 5¢0n7)

(N0TE £21141,)
PRI 1T
(=adal, eXT J)
(PG IAL PET,0OUT (QUITE (12d3TE MILLYY)
(~GUTAT, QUREUR (QUJ?& (120375 wdLL) )
(MOT (2£2uAL (Do (ST (LATEST (QUITE SEQND) PKU.OUTYD)
031313
(EQUAL (Nuv (LAT (LATEST (QUDTY 3£4a810) PKT,UUT)))

Bt this again simelifies, exranaint tne definitions nf PMAPP,
WIMBRARP, RAMGE, FOLLOWS, 8K0P, CONSISTENT, LATEST, LST, vdd, and
EOUAL, to:

Cage 3, (T4PRLTES
(26D (RHARPp GURTE)
(HUHA3ERE NEXT)
(FOLLgws (RANGE QUEUY) PXT,0UT)
(CORSISrEaT (QJITE 52380
(}{;L)TFI L‘;Q\}A{J)
PXT, NU)
(mOgaL Xt 7))
(m2ijAL PXT,0uT (Qul
(edudl QUELE (JUDL%
(DAL (DOM (L3D (La
Jl)
(RUAT, (D704 (MPAIR NEXTD (PACKET ME3S X))}
Ne X1 Je

TE CLQUGY“ NOLLY )Y
C12U0TF JULLY )
tr:sr (AITT [SEUA7) PXT,00TYI))

Bt this sinolifies avgaln, aspriving D= _#PATK, and expanding the
tunctions PUADE, WM3FRT, RALGE, FILLIaS, SE4P, CONSISTEAT,
LALEST, LSY, 2J9%, ang dL, to:l

Case 2. ([#PLTZS (44D (PUAPP QUEIE)
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L3
fe

(HUMAERP NEXT)
(FULLOWS (RANGE 2JEUR)Y PKT, NUT)
(COA5TI8TENT (QJDTE SEGRD)
(3JNTR BQUAL)
PRKLL,20T)
(FUAL NEXT 0)
(FRUAL PET,OUT (2007 (1uJuTE xULLIYYY
(Fafal JURUE (217276 (150078 vaulh)))
(NUT (SEWP (FAPPLY (QUITe S58.%J) PKT,OUTIY
(EAUAL wEXT NYEXTY),

whien avain simplifies, using linear arithmetic, to!
i e

JEUE)

Case 1, (IMPLIES (axp (PmApP O
(HUMBERD Mg XT)
(FOLLOwS (RANGE QULIIE)Y PrRT, OUT)
(CONSTEZTERT (JUNTE SEQNT)
(RUDTE EQUALD
PE i,
(FRQUAL NEXT )
{FAUAL PRT,OJT (3.J07TH (13U0THE ~ILLYY )
(EaUAL WUEUE (QUJle (12U07K a3JLL) )
(SEQe (FAPPLY (DQU3IE SEQMT) PXIL.JUIYIN)
(EDUAL (HIGHFST (FAPD2LY (UOTE SFEeMYY PRKT NUTH)
NEXT)),

which again sianiifies, expaniing PEYAPP, Mutd®xP, KANGE, FOLLOLS,
AEGP, COW3IATELT, ang FARPLY, toz

.
G.E:Q{:;O
171457 rconses

94,17 s2conds
19,2464 seconds, aIarnadge collection tirve
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Vi Proof Lodg

R O e R e S e P L RN TS

Pront ot ¥V( TR CELIVRERELS

(RFCFIVER  T0T (alihi)
(L0
( *‘;;Ixi'_x)
"

(1))

This conijecture can oe simplified,

RECEIVER, 12T, to tnree new

Cage 3, (PHAPL (WilJaTas (12300Te

wnicen siaolifies, expandinag
Y
Case 2, (Mu¥MpBERe 0],

snich we clearliy,

Cagse 1, {(I~PL
el T SRvD)

R ldal)
(1witgTi

(1IF
(FOLLOWE (QHGTE

(UPPFH

(iaidarte
{(LATEST

133
(Ir

(L=58F

(rEACH

nsinng
conjectureas;

Vid
(UDTE st

(RdATE

NULLYY Y,

the definition of PY¥APP,

:,‘QHLSTA} }}

L))
.- %)y

(LATEST (QUDTE SFIND)
(200Te (1

SLUOTE

(1G0T FE

28

2T7=dnune=8y 10:06229

tne Apnreviation

tos

MyLn) )

NULLY 3D



(OO¥ATS (LATEST (GUNTE
(wnNTE

(10dnyF
QUNTE
{RANGE

JULL))
wSSG)

(LATEST

SEQN0)
(1ouUnYs

VULQ)

(AIDTHE

(RUnyE
(534J81 U111 ))
)
(TF (Fy0AL 0 D)
(Ea0st (0T (19UOTE ~JdLL)
(30T (130T wJdul) )
Y1)
)Y,

313

SEIw)
(i2u0t1r

AULLIYI

SISTENT,
and EQUAL, to:
HUEUE)

whicn sinplities, expanding tne functions SEGP, (Nt
LATEST, UPPFg, FOLLOAS, KFACH, LESSP, DOMAIN, IV,
T
Velolle
1444 conses
4,3 seconds
V.0 seconds, Tarpage collection finme
LA R L L LR R R LR D R SR ok bkt i b i i g
Proof of VC “KECEiIVRR227
(IMPLIMS (RECETVER,INT PXI,IN SINK ACK,JUT ~7XT
(;uf,‘(:l‘,,yﬁv:, N XT PKI.I\! SilK ‘('\C!‘\,J}'}))

Inis formula can ne nplified, using tne abbreviation
RECEIVEREXT, r7CALT P LI0T, and IMPLIAS, toss
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(Tapyien
(A
(P2HARD UFUR)
(M Rge )
(Ir
(COXNZISTEAT (QUUTE SEQND)
(1:3‘,}3'1 ‘Lfbli’n)
P, Iv)
(1
(FOL LS odFye
(UPpE2 (LATEST (HUDTE SEQND) PXT.IN)
(ADDL NEXT)Y)
(TF
(LF33P (REACH (LATEST (QUOITE SEIN0D) PRT,TIA))
HEET)
P
(1F
(T G
(PU¥ATSN (LATEST (QUOTFE SEAND) PKTIN)Y)

(i
(LESSE 0 AEXT)
(#2UAL HTwaK

(FapPLyY (QUOTE “4855G)
(RAHTGE (LOYER (LATEST (QUOTe SEQNQY PXT,IN)
(3081 NEXIN)I))

(15 (Fwdal. YeXI o)
(FUAL SINRK (QUDTE (1303TF NULLY )

)

i

(rONSTISTRNT (QUOTE SEQHT)
C2ynNTE EQUAL)
PKT, 1IN}

(UOMATH (LATEAT (2U0TE SE087) PXT,14)))
(TATTTATL 519K
(FarpiLy (2UNTFE MN55G)
(RANGE (COLSEC (LAIRST (QU)TE SEGND) PKT.IN)))))
(EAT, TP (RUNER (12U0TE 90GLLIIIDY,

which sincifities, expnanding the funections £4UAL and LESSP, tolg



(TwpLIes
(AN
(PHMADD AymyE)
(Hlpskp MAXT)
(FLEL‘;’\'}“S DUEE
{UPPsk (LATEST (QUNIE 3EQND) PXT IN)
(ADDY NEXATI))
(U7 (LESSP (ReEACE (LATEIT (QUITE SEQNNY PrT.Isd)
CEATYY
LI;; O
(NDUARTN (LATEST (AUDTE S£540) PXT,IVN)YY))
(MUT (RQuAL SEAT 0))
(FQITAL, SINK
(FapoLy (LUOTE 48356)
(RANGE (LOwER {(LQATEST (QUOTE SEFJ4NQ)
(3Unl JeXr¥)Ngd

(ClnpTHTENT

(LAITIAL 5T4HE
(FAPPLY (QUDTE #3836

3
(RANGF (COLSEC (LATEST (QUOTE SFEQNOY PRTL,INIYIIIY,

whicn ag7ain sirolifies, using linear aritnmetic and anplyinag
IVITIALL,RANGE, PHAPP LATEBAY, TaITIAL,LJJER.COYSEC, and
IMXITIAL,FAprPLY, Loz

7.
HeEalla
+2883 conses

35,007 seconds
H,53% seconds, garvage collectlion tine

B o O g O D TP wp AR wp T2 M0 YR D en OF o TR 4B TR U wp OV O 90 6w T ywn 4B um 0O un WU mp um o wn W

LR R T S R R R R AR R R
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Proof of VC FamIHMIVER I’

(IZPLIRS (AND (RECEIVER,ITNT PRT Iy 53IaK ACK_ TJUT NEXT QUEUE)D
(LESSP NEXT (359200 PKLI))
(PXT2 PaT))
(RECETVERINT (APR PKT, Ty PXT)
STNK ACK _ NUT IuXT GlU=UE))

ihis conjecture can pe simplified, using tne aporeviations
KECARLVER, THT, adb, and [#PLIES, to tne zconjecture?ss

(1P uT‘

{an
(Q@QQD SUERITE
(MuUMBERP MEXT)

(Ir

(CONSIATTLT (QUDTE SEUY)
(ZU0T= 2QUALYD
Pa T, IN)

(IF
(FulLDas 0
(UPRPFER (LATEST (GUOTT SKOaD) PXT,IN)
(ADD1 9EXT)))
{1
(L7357 (ReACH (LATEST (WUJITE SEUND) PRT,IND)
HEXT)

ey XY

(PI¥ATN (LATEST (RUNTF SEAN0) PXT,1M)))
(L=552 3 WEXT)
JUAL 5Tk
(Exfpu (LUCTe 4356)
(AnGe (LDwWe® (LATEST (SU0TE SEINU) PKT,IN)
{3041 NeEXTIIIN

(TF (FEGUATL NEXT o3
(FEGIIAT, SINX (40T (P01 NULLY MY
©313)
3
T3
{(LESSP HMEXT (Sgann PKT))



(PKTH PKT))
(HECEIVER,T

SEn

which
APRLY 1 .8Eu,
UPPTR,#ITHE .17, FI1ARP,LATEST,
gefinitions of Fuiial,
RECHIVER,TNT, and LATERT,

PAAPD S LET,

LESSE,

Cage 21.{I~#PL T8 (AN (PRAPP

(NUMBERP

(NGT

(Lru35P

(PRTF PKT)
(MOT (SEUP
(ROUAL GUEUE (SUDTE

wnicn we agyain sinnlify,
Te

Case 20, (IMPLIES (AMD (PHAPP

(MUMBERP

{(HaT

(»PATRP

However this sirplifiess again,

(AN (PYMAEP

(MUMBERP
(NOT (CONSISTRENT

MT (APR PXT,IN
ACR T

ve gimplify, apnlving L31,APx,
Il g DUMALN T THE,LF,
and LNwfk,aTLAE,IF,
CONSISTHNT,
te 21 new conijectures:

(LST (NLST

PKT)

HEXT AJFUE) ),
L3I L,APR, APPLYZ.EQUAL,
St ,Aanhy,

and expanding
CONBISTENTZ, PHAPP,

AUFUE)
GEXT)
(CONSISTFUT (QUOTE SEGY0)

(ZU0TE EAUAL)
PKT,Td))
(SEQND PET))

BUEUE)))

(12d0TE HULLYY )Y,

opening up PYaAPP, to:

QUEUE)
NEXTH
(COANSISTENT (JUOTE SFONG)Y

(QTGTe EAUAL)
PRT,1%))

NEXT (Sg0ud PRTIY)

QUHEUEYI )
HICUTEIIY ).

expanding PYAPP, o

QUFUS)
Ne XT3

(QUATR S
(GU0TE EJUAL)D
)

33

the



i8I
(poM (LST (\qu HAURITEY DY)
(DG* (LST QUTLTEIIY) .

(1.6853P HEXT (SEGNv) PLAT)H)
(PR TPR PET)

(380 JIelE

{323P (NLST U

14

{LESS

But tnis simplifles adain, unfoldinag fne definition of P@APP,

3
®

Case 14, (IMPLTES (adD (PYARPP QUFUE)
(HUZAERP NELT)
(a7 (COuSISTENT (010TE SEQHG)
(GU5TE BY€AL)
PaT, TN))
{(LESSP NEXT (58740 PRTI)
(PXTP PK1)
(3ERP wirlg
(897 (5£4P (NL3T WRUFIIN
(EQUAL (NLST QUede)
(AUCTE (13UT0TE %LULL)YYd).
This simplifiss anain,

nnfplding the functinn PYAPP, 032

7.

Cage 17.,(I4PLIxs (AdD (PMAPP 'J“< )

TEaNT (AUOTE 585370
(2007 «20A0)
BT, I1¥)Y)
(LESSP REdT (37341 PKTY)
(PRTY PXT)
(B8RP wdnidel)
(4PaTP (ST GJ=dE))),

Hawever this simpglifies avain, unfolding tne

Case 1o, (THPLTES
(AMD (PYARP QUEUE]
{5 IHBaRe JEXT)

to

function PMARP, to:®

s
&



inhich

35

(FNLTO%s wiEdE
(UPPER (LATEST (QUUTE SEQINGY PRKT,IN)
(ADD1 NEXTI M
(0T (LESHE (REACH (LATEST (2U07TZ SEd0) PXT.INY)
HEXTY)

(D013 T (LATZST (DITE SEGNN) PXTLINII))
+EAT OF
SUUAL STHR (D TE (1G00TE «40LLY) )
{07 (Eudal (S<aMd BRIy 0))
(HK P PRTH
(SOT (S0P GUmUEI))

(FSUAL QURLE (doTs (1QU07E SULLYI D,

#2 Aadain

simolify, expanding tne definition of PHMAPP, to:

(P#aAPP QUEURE)
(2 H@AERP WEAT)
CFILLOAS adeig
(IPPER (LATE3T (QUOTE SFUND) PKT.IN)
{annl HEXTI))
(ROT (LI35P (REACH (LAT=ST (2uNTF SEQND) PRKT.IN)YI
$LXT) )
(40T (1 0
(DOU¥ATN (LATEST (QLDTF 3E247) PKT,IN))I)
(e dUAL HELT M)
(RRUAL 3TeX (QUOTZ (L2J07Ty #ILLYY)
(40T (EoUAL (3ELMDI PRIY 03)
(PRKTP BT
(3707 JUYEUE)
(3¥LP (NL3T QWEUEI )

(HPALRE (L3T (wL3T 3JEUEIINY,

shicn anain sinnlifies, unfolding the detinition of P¥APP, tTol



This again
T,

Case 13,.(TwPLI®S
{ AnD

(84

whicn again
T,

Casge 12:(I{<2’Jr

simplifties,

.
A

sitniifies,

35

(UPPER (LATZ3T (41
(4001 YEXTY))

(REACH (LATZST (QUOTE [Sed9d)

HEXT))

BRQND) PT,IN)

ST (LESSP PKT.IN))

{In 4
(?}L}“‘AI'\
NEAT 03
STa# (LUaTe
(maUAal (SELID
2PRT)

(LATEST (WJOTF SEAND) PXTL.IN)YDI))
S AL

TAT
G AT;

(1200TE
PRIy 0))

ALLY YD

(NLST JUEUF)I )
FURUEINID,

unfolding tne function PHADPP, (032

(EHAPR GUEUED
{LMAERE HEXT)
(ENLLOANG QUEUE

(JPPER (LATEST (QUOTE SEAND) PKT,IN)

(ADDY NEXTI)Y
(KEACH (LATEST (JUDTF SEQxD) PXT,IN)D
GEXTY)
O
{(DEAATH
(rAdAL #ELT 06)
(Z2JAL ATHR (NJUTH
(<07 (EwUAL (BEAMD
{PKIP PLT)
(3FQP QUEUR)
(alT (329P (NLST
L, (NLST SUEUL)
(ouaTe (1Qd0Te

(40T (11

&

(LATHST (QUTE SypR30) PKILIN)I))
(tagnrg

2Ty 2))

e dli) ))

L ENITOR D]
NILLIYY),

opening yo tne definition of PXAPP, 1O
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{HiIaRERR NEXT)
(FOLLUAS GUEIE
(IPPER (LATEST (3UJOTE 3FINI) PKT.IN)
(ADDT HEXTI))
(%7 (LESSE (REACH (LATEST (UITF Sedxd) PKTLIN))
HEXT))
07 (In 0§
(DUATY (LATEST (RUDTE SENND) eKT.INIII)
(agan AELT 0)
(£0UAL STNK (QUuTE (1200TE ~0Lh) )
(0T (EaUal (5EGND PKIY 03D
(PXTP PKT)
(3FLP QUEUE))
(UPALRP (LST 2UFJEYY)),

Inis again simplifies, expanding tne definition of PMAPP, to:
T35

Case 11.(I¢PLTES
(A%n (pvabp QUEUE)
(HUMRERP wEXT)
(FALLQAS GUEUE
(UPPER (LATEST (20Te 3%aNI) PKT.IN)
(ADDL NMEXDY))
{07 (LESSP (HEACA (LATEST (NUDTF 5£0w0) PKTLIND)
12413}

(DU@4aATy (LATLST (FUITE SwONN) PKI.IN))))
(EOUAL HELT 0)
{EAURAL STHK (QUUTE (1200TE wULL)YY)
(437 (EQUAL (SEQND PXT) 0))
(FXIP PKT)
(COUSISTENTZ (LU0
(aun

(CONSLIATEAT

PRI ,IA)
552 (3HUB1 (S$TadU PKTY)Y NE4ATIY)

ST0AR (JPPER (LATEST (U0TH 3EINDI) PRTIN)
(A1 NEXDY)
{SEQNN PKT)
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PKTYIYY,

whicn again sitplities, apulying thne lammas PMAPPUPPER,

PUAPP LATEST, FOLLOWGS,w TTHR IF, I8 D042Tn, UPPEH, Tn.UPPER, and
DM HMPAIR, and exranaina the definitions of «I«AERP, EadiAlL, and
LF3Sd, to:

(T»PLTZS
(aeD (PwaPe QUEITE
(E2Llousd UElE
(UPPER (LAPEST (QUUTE SFEUND) PRKTLIN)
1))
(AT (TH 6
{(DUMATN (LAT
(:@3{\1'3:1 (matlal, (5?4?;;} px
{wd [P PKT)
(CONSISTENTZ (QUDTE SEQNG)
(RUOTH ZJ3UAL)D
PKT, 13 2£T)
(NS ISTENT (QUUTE STaND)
(U072 E20UAL)
PaT 140
(H0r (LESSP (SEgND PXTY 1))
{is (5EgND PXT)
(O0mAIN (LATEST (QNOTE 3FGM0O)Y PKT.TN}))
(LY (3FuNg PKT) DO4AIN QUEUS) )
{TY (MPALIR (SFody PKT) PKT)
(LATEST (QUITA S£740) PXIL,IN)YY ).

23T (IUATE SEQGND) PKILIN)I))
oy

rmis simplifies aadain, applving ~Ux3ERS  SEQND, APPLYL,SEQNU, and
TV, %FALRGLATEST, I, to:

Cagzs 10 (TwPLInS
(ANYD
(PHsApp NUFLE)
(MUMADRE N dT)
{(FULLO45 JUEUR
(UPPFR {(LATEIT (QUNTES SEQaT) PKT,. L)
(ADDYL NEXTIY)
(ST (LF33F (REACH (LATEST (QUITE SEQNI) PRT,Im))
e XTY)
(Tl x)



whicnh

Casge

Yowever tnis sinplifies aagain,

to:

9

(NO2ATHN
(NGT (mRUAL
(R 3I1MK

(Fap

(LESHP NEXT
(PEKTY PAT)
(NdT (3WGP
(EQUAL

JUEUE

again sisnlit

Ia

(IAPLTIES

T
(PrAPP QUEU
(MUIRERD g
{FULLDEE QU

(JPPER (LATEST (QUOTIE

(NUT (LES3P

O 0 T
(N34T s
(W7 (mudls
(FQllan S5INn
(FAP

(LESSe JEXT
(PETP PXT)

(8209
(SFP
(ePAlxP

SAERIREEH
{wL,ST
(L87

T,

(T4PLTES
(ano

(LATEST (QUOTE
NERT 0))
PLY (GUDTE 4S36)
(RANGE (LOWE
(SEQ4D PKT))
NUEJFYY)
(NTE (1UNTE

ies, expanding t

E)
X7

EJE

(aDDy HEXT)
(REACH (LATEST

(LaT=ST (23U0TH
NEXT 03
PLY (LUOTE 453G)
(RANGE

(SEQNT PRT)Y)

)
SUEHFYY)
(NLS T QUEI®YYY )

(LOWER

expanding the

SEINN) PKT,L,IM)))

R {(LATEST (QUOTHE

.\}:’_jv‘)i".))})'

function PMAPP,

ne

1)
{2307

3E340) BKT,IN))Y)

(LATEST (QUIOTE
(3031 HEXTI))))

®

SEANT) PKT,IN)

to:

SEQNGY) PRT,T4))

S5E280)

39

SEIN0) PRKT.IN)

PKT,IN)

definition of PHAPP,
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P8 (LATEST (QUUIITE SEQNTY PXT.IN)
(ADDT HELTII)
TACH (LATEST (Q00TE IEQND) PKRT,Ta))

LYz; 9]
(DAL (LATEST (MUATE 3£IN8N) PKT,I9)))
(30T (EDUAL WEAT )
(Fuilai, ST
(FappLy (UgTe M
(RANGE (

S <
LiweR (LATEST (QUDTE SEUNO)Y PKT,IN)
{5031 AEXTI)II)N)

LES3P MaXT (52080 ¥KT)Y)
eK L
e Qi)

(NLST GUEUE)))
(DO (LST (YLST QUENEY))
(N3 (8T QUREUEYIYY ).

0

i
FI PV RS SV
G

"

o e N
ST B V7

S
L9

%

Tnis again simplifies, ovening up tne definition of PHAPP, to:

‘fn%’

Case T, (T#4PLIS
AT

s
et
=
]

(UPPER (LATEST (QUITL SEINTY PKT.IN)
(ADD] HELTI)N)
(HUT (LESSP (REACH (LATEST (4UJOTE SZaND) PRT,T4))
$EXTIY
({ﬁ ¥
(D3MATd (LATEST (RUOTE S€23680) PXT,IN) )
(NOT (EDIAL SEALT 0))
(RUTAL SNe
(FARPLY (2UOTE m33G)
(HAnGe (LOWER (LATFST (9I07E S3FEINGY PKT,IH)
(3181 NEXTYINY)
(LESSD SEYT (SEaul PRTI)
(PXTD PKT)
(Se2p GUEgD)



(407 (SFQR (NLST RUFRJE)I )
(EGUAL (L5118 dR)
(AUNTE (100D NULLYIYY ).

aut this 2gain simplifies, exopanding ftne definition of PHMAPP, tog

T
RO ]

Case A, (I#PLIER

{anND

(24380 QUFTUR)

(MUMAERD WAEXT)

(FALLDwS DUEUF

(UPPHER (LATEST (JONTE SEONTD) PKT,IN)
(ADD1 WEXATI))
(NOT (LESSFP (REACH (LATEST (2UITE SEQIQ)Y PKT.I8))
NEXTY)
{(Tnu O
(OTMATNY (LATEST (QRUOTE S5E240) PXT.19)))
(HOT (m3UbL «EBEAT 3))
(Faial, 3INa
(FAPPLY (QOTE #33G)
(RANGE (LAOWER (LATEST (QJOTE SFINDY PRT,TH)
(53Ul NEXTIIIND

(LES3D Mp¥XT (S5I80 PXT))

(PKTP PXT)

(SE29 WiUgiel)

(HWPAT&P (LST QUEUE}I)]),

Ayt this sinolifies adalin, exvanding tne defiaition of PMAPP, to3
T,

Case S5, (T#PLTZA

(AND

(PALED2 JURUE)

(NUYAERP NEXT)

(FOLLMNa® NUEYF

(UPPER (LATEST (QUOTH SEGQGHT) PKT,Ld)
(ADD1 NEATYY)
(HOT (LTBSS (REACH (LATEST (2USTH 3F4Y0) PRT.IND)
NEXTI)

(1 0

(I0%aTd (LATEST (UOTF 5£340) EKT,1%)))
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(NOT (2QUAL wNFEXAT 0))
i:?‘,\yh;r}\ﬂ ~)lv N
(FapRLY v -
SARGE (LUWER (LATEST (gUUTe 3FaMg) PKT.IND
(3081 X))
(LESSP APXT {(35aa0 RTY)
(PKXT2 PK ()
(COIRZT3TEAN T2 (UDTE BENa)
(29GTe EQUAL)
PKT.In PXT)
(CUNSTSTEST (AUOTE 523140)
(30TE BEQdAL)
PKT 1M}
LEWIAL (SE0N) PKTY (3131 NEXT))
(MOT (IN (xPAIR (SEud PKT) P¥T)
(L ATJST (QUJTE 3E3IND)Y PET . INDY )
(FQIAL (S81a1 NEXTY 0))
(EQUAL, 5TNK
(FARPLY (QUOTE M33G)
(RANGE (APR (QUITE (1307TE NULLY)
(ARPAIR 0O PKTYIIYID,

whicn we again simplify, using linear aritnrnetic, to3
I,

Cage 4, (I4PLISS
(AN
(PAADD Dfrids)
(HNJIRAT LR EXT)
(FOLLD-3 JUEUE
(UPPER (LATEST (QUITZ 3m0ad1) PXT.L4)
{ADDL HNEATYY)
(HOT (LE38P (REACH (LATEST €2U3Te SREQ¥0)Y PKT, TN
MEXTY)
(I 0
(DUATHN (LATEST (34OrE S3g3a3) PRXTLIN)YD)
(Nul (EauanL NEXT D))
(FQital, SIx
(FARPLY (QUOTE 4536)
[KA4GE (LO¥ER (LATEST (QUOTE SEQNDY PRT, Ta)
(381 HE41¥)Nd
(LES3ZR NEXT (3£740 PKTI)
(PKTe P<TY



(CONSTSTEAT2 C2ilnre SEQNU)
(GlgTe E2UAL)
PRT,Iu FPKT)
(CUMSTSTENT (DUUTE S£2u0)
(3UNTY Eadal)
PRI, 1)
(FaiTalL (SFRY0 PRT) (SUR1 NEXT))
(0T (17 C4PATR (S023H0 PRT) PHI)
(LATEST (QU0TE 382343) PET.I4)))
(HUT (mRUAL (S8JRL WEXT) 03))
(£0UAL SIK
(FAPPLY (QUOTE B5306)
(RAMGE (APR (LOWER (LATEST (uU0Te SFNQ) PKT,IH)
(8121 (8141 MEXTI))
(MPALR (5ZGy PXL) PXRTIIINNY.

1

bt this again sinplifies, using linear aritometic, to:

(NpH4EmRe Jg
(Ful.u0s3 9
(205K (LATESD (AUITE SEANI) PKT,IH)
(AuNL NEATI))
(NOT (LESAP (KEACH (LATIST (JJ0TE SE440) PRT.TH))
ITXT))

{ T O
(NOAATH (LA
(V0T (EIGAL HER
(Fahal S1WA
(FARPLY (UUOPE m836)
145

"
o~
@
o
~
s
g
Fe o4
=
N
(*
Y
-3
-

PXT,1%)))

g
w“

3

w57
0

e T

Y
Loy

o

(R31Ge (LadER (LATEST (QIUTHE SEQNQ) PKI,TH)
(sUs1 HECTYI)IIN

(Le83p JIEXT (SE24T PKT))

(PRT2 PXT)

(COMBTATENT2 (QUITE S5E48D)
(;g’l}ijTi EQUA{;}
PRT, T4 2X7)

(CONSTSTENT (2JOTF Scdidn)
(A40TE FQAL )
PELL 1Y)
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(HUT (S0UAL (S£040 PRT) (SJR1 YEXTI))
(8IT (LE38F (SURL HEATY (Sc242 PKTIIY )

(wiwbidiy, 5Ta
(FAPDI, Y (QUOTE Y3530
(RANGF (A THE (LOYER (LATEST (UUTE SEINQG)Y PRKT,Td)
(3us1 Hgdr))
(535040 BaT)
PATY)YY) ).

However this simplifies aagain, using linear aritnmetic, t923

Case 2, (THPLTLS
Canp
(PaaApn QURIE)
(AUMARRD NEXT)
(FOLLIAS OJFJFE
(PPMR (LATEST (QUNTE SEQNT) RPKT,IM)
(AL WEXTI))
CNUT (LES33P (REACH (LATEST (LUD3TH SHGNG) PRKT.INDY)
FEXT))
(T o
(PO9A T {LATEST (WOTE ST2340) PP, I8N
(MOT (LQUAL wEXT 0))
{Eu?fﬁi[» SIVK
(Fap2L¥ (auaTg M38G)
{SANGE (LUWER (LATEST (QUOTE STUNQY PRKT,.IN)
(3041 NMEXTYIII))
(LESZP AEXT (Se2n0 PKT))
(PRTP PKT)
(CONJZTRTENT? (0T SEQAD)
(GTOTE wlUAL)
PRI, T PKD)
(CONSTETELT (NJOTE Seu0)
(QUOTE E24ak)
BRI L))
(HfIT (NLESED («EACH (<ITHE (LATEST (QUOTK S23180) PRT.IH)
(5¥aN3 PKTY
PKTI)
HeXTY),

shicn we Aagain simplify, using limear arithnmetic and apolving
LESSP REACH =T IHE ¢4 andg PHAPRLATEST, Lo
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Ts3

Case 1, (THPLIES
(ate
(PHRARD AURIE)
(NUMAZFED )
(FOLLNa3 Ndeys
(URPER (LATEST (2UNT% §KOxNT) BRKT,11)
(ANl wWFXTIY)
(HOT (LE588 (REACH (LATEST (UOTE 3EQV3) PRT,TH))
SEXT I
(Twm D
(PAYMATY (LATEST (DR 523%0) P, 1¥)) )
(MOT (gUAL EAT 2))
(F‘Q ial, SIHA
(FARPLY JuTs M55G)
B O(LUwWER (LATEST (WJUTE SEAND) PKT.IN)
(3Usd1 IeXTIIYID
(LESSD NEXT (Seaxid PKT)H)
(PRTR P£1)
(CONSTISTHAT?2 (IOTE SEGNOD
(LUaTy £0UALY
PRI, Ty PET)
(COYMITSTREANT (2U0TE 3E0833
(Crdope Aallal)
PETLI%)
AL (SENGO PKTY 0))
{
2

,
(NOT (LFSSP (SUR1 (SEDNO PKT)) NEXT)))
CEOLTL O3 wlnue
(ITHE (UPPFR (LATEST (NUOTE SEANN) PXT, IN)
(ADD1 HEATY)
(58 aNy PKT)
PEKTY)) e

But this simplifies acain, Aapplving PFARPUPPELK, PHAPP,LATHST,
FOLLUSD  wITHE J1F, 10,00MALLUPPER, SUSL,aDDt, [N,0PPZR, DNOMMPATK,
NITMRIRE JAFWTU, APPLYL.S5K2dy, and I9,8PAlk,uAif5T,Ty, and

= .

expanding tne detinition of LFE35P, tos

'XQOE;O\!,:}O
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179171 conses
164,418 seconrds
20,24 seconds, darpaye collection time

D TR AW WR wn @ P GD WR N mz US R R GR K0 UE G GE W IS TR wn W MR W gm W wm e a@® R owm W

PO S R R S L s R e T RS LR
Pronf of V( CLECFIVER#4°

(IAPLIES (A4D (RECEIVER,IANT PRT,TH STwK ACK DUT NEXT QuUEUE)
(LESSE (SEORD PRTY NEAT)
(PKTP PxT))
(RPECETYER,INT (APR PLT,TIn PKT)
SINK
(APR ACK, DUT #EXT)
JEXT QUEUE))

This formula can he simrmlified, using the abpbreviations
RFECEIVER ,TuT, A%D, and THPLIw3, to:$s

(19PLTES

(A sy
(PuAPD |
(Mu¥MpRes de X))

(iF
(FULLOaR OUFUF
(UPPFR (LATEST (QUNTHE 8KisT) PKTLIM)
{ALDL WEaATYI))
(TH
(LESsP (REACH (LATEST (QUUTHE S5RQH0Y PeT TH))
LFET)

oy A
P ——
- T}
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(PutATi (LATEST (QUNTE SEOLD) PKILI¥)))
(I
(LTH8E v NFXT)
{eiAL 8STuK
(FrpeLy (GUOTE 4856)

(RAAGE (LU%ER (LATEST (QUOTE SELH0) PKT,IN)

(30ms1 8 <1)))))

(TF (<0nl, NEXT )
(Fullal, SIHK (BUOTE (130778 NLLLY))

™)
(LESSHD (SELHD PETY RMEXT)
(PETP P¥ 1))
(FECEIVER,TaT (APK PXTLIN PKET)
SIK
(4PR ACK UUT WF&AT)
e X T ‘\xuﬁ:”ﬁ«) }a

This simelifies, auplying LST.APR, ILST.APR, APPLY2.EQUAL,
APBLY1,S560u0, PRARE HTLST, LOWER,<TTHE,IF, Tk, DU4ATN »TTHE,IF,
SUB1.ADDL, HPPeR,«IThE,TF, and P«APP,LATFSI, ani expandinug tne
functions EOUAL, LESsP, COLBISIELT, COWSISIFHTZ, °ripR,
RECAIVER,T1T, and LAIFST, to tne folloaing 15 nes goals:

Case 15, (TAPLIES (450 (PraPF QUELE)
(HMpERE NEXT)
(HOT (CONBISTENT (GUOTE SEQND
(I0TE KQUA
PAT, 1Y)

(LESEP (3Fan0 PETY tNpXi)
(PLTP PKT)
(MOT (SEQP GURJAEY )
(ENUAL WUELE (WALE (LIUOTF NULLIII).

fhis simplifies acain, cvening up the aefinition of P¥APP, to:

Case 14, (I#PLIES (Aa%D (PadpP 0
(¥ aERP

(NaT (CO&S (QUOTE SEGNO)
(SUOTE E30AL)



PAT,TH))
({LEESHP (85Fulg PXTY HEXT)
(2KTP PKT)

(3E0P GUETR)
(S«0P (SLST GUEHNEI D)

(+PATHP (LET (MLST JdelE) ),

shich aagain siwnlifies, onening up Ifne definition of Paapp,

Cage 13,(Iv¥PLIES (AWD (PHARP QUELE)
(NUMAERE MEXT)
(nuT (COMNBLISIFANT (JUOTE 5

IRY
(2027« BAGAL]
P T.Ind}
(LESSE (SEQND RPYXT) NEXID)
(PKTE BKT)
(S0P wUEUE)
(SEAP (NLST QUETEYY)
(LESSP (DU (L31 (NLST GURUEI
(Da¥ (LST QUETEIIYY,

which we again sinmplify, opening up PHAPP, To:

-

ie

Case 12, (I4APLTER (AND (PHApPR GUELER
{ FUMBERP )
(90T (CONSLSTENT (JUUTE 3EuND)
(LGU0TE wRUALD
BT, I8Y)
(LESSP (3RmQFY PRIY HEXT
(PKTP PXT)
(3£0p olude)
(ROT (=P (pLST JURUEII N
(RURy (MLST QURUE)
(QUNTF (1QUOTE TuLL)) ).

However this simplifies adain, exnandlaog PHAPP, tog
I

Case 11, (I#PLTES (ANDL (PMAPPR QUFLE)

3

s
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(MUY SERD JEXT)
(HUT (CO8SISPEAT (QUAQTE SFEENUD
SUOTE 22UALD
PRT,L4})
(LESSP (S5FQN PKT)Y NEXTD)
{(PaTF PKID)
(S&0r UudE))
(#PRIRP (LG wUeEdE) ) ).

31t this sinplifies again, unfoldinag tne definition of PHAPP, to3

Lo

Case 10,.(IaPLTIESR

(adD
(Puape 0l
{(NUAAERP ”QXT)

(FULLNAS QUEUE

(UPPEK (LATEST (QUDNTET Smi8d) PKT, L)
(ADD1 HEXTY))
(MUT (LFS3P (ReACH (LATZST (QUITe 5IZI0M0) PRT.TH))
SEXTID

(I8 0

(NOMATY (LATEST (QuATE SE3I4G) PKT,IN)))
(AUT (EQU Au LEAT M)
(FQUUAT, SLua

(FAa2DLY (GH0Te M55G)
(RANGe (LOw%R [WATEST (uNUTe SEQNMY PRI, IN)
{(3ual MELTIIIINI

(LESSD (SFumi BPRTY NgXT)
(PLKTE FKT)
(HOT (3FGR QFUE) D))
(EQUAL QUEUE (QJ?LM (13UOTE HdbLY)))e

rThis simplifies anain, unfoldina tna function PYAPP, tol
T,

Case 9, (I®PLTES
AN
(DAARD
i;‘\!d«v{:s???{’j 5 b
(FOLLOAS 3 .

( {-J??’ (LETEST (QuUNTE SEGRT) PKXT,17)
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(ADDL “EXTI))
WOT (LF3SE AEACH (LATFIT (3U0TE SYLNG) PRTINY)
{ . {

(I g
(POYMATY (LATEST (JUOTFR S£380) BT, IM)Y)

(T (ESGAL §EAT 02))
(FE0AL 3Tk

(FAPPLY (JUQTFE 1
(2ANGE (

e}
A
0F,

oon
s

JTOTE SE240) PRI, 1)

(L3R (350N PYXTY NEXT)
(PATE P&I)

(SZ2P SULUR)

(5279 (NLIT @eEds)))
(HPATRS (LST (MLST GUEUE)IIY).

it
o
w6

Hamever tnis simplifies again, unfolailng the function PHMAPP,
T,

Case &,

(PARFP DJdFuR)
(MUMBEER YT
(FOLLONS YROE
(LUPPFR (LATEST (NUNTE S£QND) PKT,IMN)
(ADPY HFXTIY)
(HOT (LR33P (REACH (LATEST (2UDTE STaN0) PrT,.Id))
TATY)

(Ix
(DO%ATy (LATEST (3JDEE S£340) PXI,IN)))
JUT (ETYAL 9E4T 53)
matlal, SINK
(FAapPRLY (QUUTE #536G)
(FALGE ( QwER {LATEST (QUOTE SEINDY PKT,Id)
(3sl YEXTIIIN)

¢
{

(LES3P (3FaMO PKT) NeXT)
{(PRTP PXT)
(S0P sEs
(8P (ST 30EUE1))
(LESSE (Do 30 (157 wJEUEY )
{ L3 wHESEYIYY),

whic;} 4o .ag‘;;ain }l'ﬁ 13{)/" @xnanzjinc the ‘?f’fiﬂ}?'l’?ﬂ of P’i"k'}? Los
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T,

Cage 7, (IMPLTZS

(ang

(PAAPP QUEURE)

(MUMAERP MEXT)

(FUlLLIas DUFGE

(JPPFE (LATEST (2UNIE 3EQNN) PKT,IM1)
(R0N1 HEATYY)
(T (LESSP (R#ACH (LATEST (2IDITe SEIND) PET,I8))
NEXATY)
(T4 o
(DU¥ATa (LATEST (25U0F 32340) PXTLIN)Y))

(HUT (E2dal HELT 0))

{(Faidal, SINR

(FAPPLY (alaTe 438G)
(RAGGE (LUWER (LATEST (QUATE 5KaNnY PKT Iwn)
(3481 NEXTI)II))

(Lu33P (584M0 PRI) HEXLT)

(PKTP PKT)

(321p QUEUER)

(HUT (SEYP (NL3T 2UEUE)Y I
(EaUAL (V3T wdfie)

CYOTE (1Gunte JagLn))y),

wnicn 4asin simolifles, anfolding tne definitgion of P¥APPR, o3
FI

Case 6, (I"PLTES

{(AND

(PAARPD QUSUE)
(rdMEaERD GeX )
(FORLLAE SR UE

(JPPER (LATEST (QAJN1E SEQND) PKT,[N)
CADDYL NFXETIY)
(HUT (LES3P (RLACY (LATESST (4UJ0TE 5%0490) PaT,Ti))
NEXT )
(14 0
(POMATN (LATEST (UITH SEINN) PKIL,IN)Y)
(GUT (£2UaL WEAT 0))
(Fallan, SINK
(FARPLY (QUOTe A356)



i

(L 5nP {aEatty
{(PEKTE PKT)

{(Seds 2Indrd)

3

(wPa IR (LST aild

This Aagain sinplifies,
1.5

(TuPRLIFS

AN
(PmAPDR QUSUE)
(HUMRERD NEXT)
(FUlLLNas QUEUF

Case 5,

(URPPER (LATEST (Quare
HEXATI)N)
(LATEST (aJore

(T (LESSE

(?E

(RALGE (LOWER

JEII.

(LATEST

{31081

(LUuTe
NEKXTY)YI)

unfoldinag tne function PHAPRPP,

(AnD1
ACH

HEXTY)

(1
VIHATN
(eQuUAlL
51HR
(FARPLY

LD

(MyT
(Failarn

N

{4
PR

(COMSTIZTENT (94d

(LATESY

U,
NFEAL

PKT)
CAHyTE
JgTE
T, In

aTe

{2Y0TE
1))

(aduTe

(A LGE

1835)

NEXT)

SELNY

EUAL)

2T
5£3470)

(0JDLE EQUAL)

PKT
(£ AT,

(aT (14 (mPalR

(LATEST (wluTy
TEXTY

{30031
STHK
(FARPPLY

(Ea1TAT,

e LN
(sKaNg RPEDY

IS

2ATY)

o o
58

(3181

HELTY)

{5387 PRT) PXT)

N3

DUOTE Y353
(RAUGFE (APR

PN

WWAE

(12UnTE
FRPATR N OPRTIVIINII,

PL{T,14))3

(LuWe (LATEST (QOTK

TRATINN

SW3dY) PERT,INY))

52

SEINGY PEKT.TH)

To:s

SEQND) PHT,LIN)

SEQNNY PKT.THY)

SFIN0) PRI, TH)

HULLY)
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anich again sin
lemmas NYAnEaP,
expanding Lne o

ities, using linear arithnetic, applving tne
SEAEN, APPLYL.S:240, 3and I8, MPALR,LATEST.IV, and
tinirions of ZJUaAL and LeS37, tos

\D d‘l U

1
La

Cage 4, (T»PLIZR

(PHAPD DFUE)
(HUNREREY E XD
(FuLiLOss Odfde
(LPEPTR (LATHST (QUATE SEAND) PKT,IN)
(ADDL H9Z4AT)))

(NOT (LFSAP (REACH CLDATSST (Q0)TE ST NQY PKT Tul)

NEAT )
(T ©

(NIHATH (LATEST (240TE SEIND) PXT,I1Y)))
(NOT O (ENUAL SEAT 0))
(FLUUAL S5INK
(FAPPLY (QUOTE #33G)
(RA<GE (LAOWER C(LATEST (QUOTE SFEaNU) PKT,IN)
(3081 NEXTI)IIDN)
(LESSD (5FQyy PXT) «xXT)
{(PETPR PKT)
(CUMBTATENTZ (JUaTy 8§Rg4d)
(S0TeE 2203 L)

Pal,In PLTY
(CONSTSTENT (“I”T” B0

(2U0TE FQUAL)

?KT.Z”)
(EGAL (3FgN0 PRKTY (5081 NgXT1)
(UMGT (D (APATR (SE9ND PKT) PLD)
(LATEST (30072 SEIYI) PKT, [1)))

ZATY 9YM)

(HOT (F9UaL (BUdP1
(EGQUAL 3TaX
(TADELY (DUOIF “35G)

(RANGE (APR (LU4<? (LATEST (QUITE SE4NG) PKT.IN)
(3131 (581 MEYXI)))

This sinplifies aoain, usind linear aritnmetic and aonlving
AJMRERP  SEWNG, Th,0aATn, REACH, CHAPPLLATEST, aAPpLY1 . SEUNT, and
19,981 LATEST I, tO3
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Case 3, (T+4PLTES
(A”“
PHYAPR JURUF)
(1@“5:x9 HEXT)
(FOLLOSS NUF YR
(UPDEX (LaTEST (NUOIE SEQND) PKI,IMN)
(ADDL ~EXT)))
(AUT (LES53P (REACH (LATEST (QU3To SEQNGY PRT,T4Y)
NEXT))
(Iw 9
(DUYMATY (LATEST (DUQTE SE990) PKT,IN)))
(MOT (UL NEXT 0))
(rieiTarn SINK
(FAFPLY (oUOTE “553)
(RANGE (LosER (LATFST ¢QUOTHE SFINGY PKILIN)
(381 MeEXT)YIINY
(LEASP (S5TuND PKT) MEXT)
(PATP PXT)
(ONNITSTENT2 (JTUTE SEUND)
(LUOTE EIUAL)
PRT Ty PEI)
(CUNSTISTEST (QUNTE S987)
(RuniE Eyial)
PET,1%)
(NOT (EUAL (SEQND PRTY (SURL dFATI))
(NOT (LFESSP (RuRl WHEAT) {S£283 PKTIIY)
(EGUAL 53TwX
(FAPPLY (udTE ¥E5G)
. (AL THE (LOwe? (LATFEST (wUOTE SEINDY PRT,IN)
(381 Neil))
(SN0 PXT)
PLTY)NIID.

Rut tnis again simciifies, usin3d linear aritnmwetic and applvying
IN MPAIR,LALTEST,IN, APPLYL,S8EG80, TN,00MATN,REACH, NOUMBEKP,SHAINT,
DM ¥PATwH, TH, LdaTk, PHAPP LOwpR, PYAPP, LATEST, and
aTTHE 1IN MPRAIR, to;

Cage 2, (I#RLTFSR
(ﬁx'”n(
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(D'-f?\?;’) "\fu &a}
&:;“ﬁfws xﬁ(g)
(FULLD%3 QU¥UE
(UPEFw (LATEST (NUITE SKONIY RLT,IN)
(ADN1 NEATIY)
(MUT (LESSP (REACH (LALRAT (U374 SEINDY PAT,TH))
EXT))

(I~ U
(PUMAT e (LATEAT (QUDTE SEINN) PXT,IM)))
(HOT (E2UAL uealT D))
(R wlial, 51Me
(FApPRLY (UnTE M85G)
(«AnGe (Lower (LATEST (QUOTE 3FAN0) PKT, IN)
{3Us1 NEXT)I)IN)

(LESSD (SFUNU BRI) NEXT)
(PRTE PXT)
(COMSTISTEMTZ (U0 Ty S5EGNT)
(GUOTe EQUAL)
PKT, I PXT)
(CONSTSTENT (AUNTE 35dND)
(HI0Ts EU1al)
PET,I4))
(40T (LESED (RFACH (wITAE (LATEST (QUOTE SEWYQ) PKT.I)
(35390 PKID)
PXT))
A dlY)),

wawever this again simplifies, using linear aritnmetic and
applying LESSP REACH,4[THE,2 and PYAPP [ATESL, to3

I

Case 1, (T¥PLIKS
(AND
(puﬂwa DUELE)
(MUMBERP 9EYXT)
(FULLY#S QuUEGE
(HPEER (LATEST (QUNTE SENND) PKT,1#)
(ADDY NEXTIY)
(NLT (LESSP (REACH (LAYEST (QUOTE SELNUY PRT,IND)
SEXT))
(Ia D
(DIYATH (LATEST (NUDTE S&3x0) PLT,IN)))
(MUT (EDUAL HEXT 0))



56

(EQITAL RIYA
(FAPPLY (LUGTE HSSG)
(RAxGe (LOAER (LATEST (2100Th SEQNQ) PKT,IN)
(361 S9EXTYIIYNY
{(LESSD (SEGNG KT NEXT)
(PLTR RKT)
(CONSTSTEN D (2U0TE STGND)
(30T ndUALY
PaT,Tu PET)
(CONBTSTENT (QUNTE Sed40)
(MUOTE EQUAL)
PEXToIk)
(NUT (EIUAL (SEQONT PKT) 0))
(NOT (LFSSP (SURL (SZ3WD PKTY) NEXTI))
(FOLLDWS wiInTe
(YITHF (UPPFR (LATEST (DUOTE SENNT) P, T¥)
(ADDL NELT))
(58 %NU PKI)
PRTYY),

whicn again simplifies, using linear arithmetic, to:
I,
WabfiaDoe
176660 conses

114,513 s2conds
13,528 seconus, garmhadge c¢collection time

@ T e R e B IR A s s o TO OB U YR TD KR UG WO N 4R M0 wn T AR WD wR YR ap B0 Wk 9R wmy WO W ul uB w5 6@

D Y T T N S A R R R s
Proot of V{ TREIRIVERES?
(LHAPLIES (AND (RECEIVER TRT PRT I STaK ACK DUT wEXTD QUEUE)

(LES3P WEXAT [ FQN0 PRIY)
(w3 (T (Brdu0 PETY (DUMATY QUETE) I
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(PXTP PKT))
(RECKTIVFH,INT (APR PET,Tu PKT)
STnK ATK ,DUT MNEXT
(#I1THE QUEULE (SEQYU PXT) PKT)))

This formula can be simplified, using tLne appreviations MOT,
RECKIVER,INT, anp, and [4APLI«S, TOI88S

(THPLIES
(AND
(P«ARPPE NURLUE)
(NuMBERP MpXT)
(If

(CORSISTRHT (LUUTE SEGHG)
(UOTE £QUAL)
PﬁT.T%)

(1F
(FULLOWS QUKEUE
(UPPFR (LATEST (QUITE SEQNI) PKT,LH)
(ADR1 NFXT)))

(I¥
(LESSE (PEACH (LATEST (WUITE SEQND) PrT, Tx))
HEAT)
F
(1F
(T 0
(DOMATs (LATEST (QUNTE SEAND) PHT.IY)Y)Y)
(1F

(LFS3F U &FEXT)
(EOUAL 5TyK
(FRePLY (QUUTE ¥536G)
(xAnGr (LOWER (LATEST (0UGTE SELMG) PKT,IN)
(sUBY NEXI))I))
)
(1F (&90a0 HEXT 0)
(EQUAT, SIVR (QUDTE (1UJLIE &ULLY DD
F3))
)
T
(LESEP NeXT (Sradd PKT))
(NOT (DN CSFusy BKT) (DOMALN QUEUE)))
(PATP PKT))
(RECEIVER ,INT (APR PE{.IN PRT)
SIVK ACK ,,ulif NEXT
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C4TT9E SURUE (SEIHD PKTY PKT))),

which we simplify, apnlving L3T.APR, 9LST,ARR, APPLYZ.EQUAL,
APPLY1.SEAND, PHaPre aliHs, In.0LNGATN,«ITHE,TF, 35uUf1,ADDL,
UPPRRGHWITHE JIF, PY¥aPPLATEST, and LOWER,sI1HE,IF, and opening up
EQUAL, LESSP, CO«SISFENF, COuSISTE.TZ, RECHIVER,INT, and LATEST, to
the following nine new J30als:

Case 9, (IAPLTzS
(AND (PMAPE jUpiig)
(3R H4EXT)
(FOLLOAS QUEUE
(JPPER (LATEST (GLUUTE SKEGMNU) PET,IN)
(ADD1 NEXTY))
(LOT (LESSP (REACH (LATEST (QUNTE SEQND) PKTLIN))
MeXT))
cant (IN o
‘ (DUMAIN (LATEST (QUITE SEGND) FKT.IN))))
(eOUAL W¥AT 0)
(ENUGAL SIsK (GUOTE (13UUTE 8JILTODY)
(46T (FuUAL (LEGHD PXTY 0))
(nOT (Tu (SEQRD PXKT) (DOMATN QUEUE]))
(PETE PKT)
(CNUSISTENTZ (QUOTE SEAND)
(QUOTE EJUAL)
RPET,IN 2XT)
(CONSISTRAT (JULTE SEIND)
(RUuTE EJUAL)
PRT,IN)
(LF33P (SyUR1 (SENND PKT)Y) HEXTY)
(FOLLNWR (A41THe QUEURE (SEIND PKT) PKT)
(IPPER (LATZST (QUOTE SEAND) PKT.LH)
(A0D1 NEXT)Y)),

which we again simplify, usina linear aritnmetic, to:
TeSS

Case A, (I#PLTES
(ABD (FFaPP QUEUE)
(MUMRERP WFXT)
(FOLLONE QURUE
(IPPER (LATEST (QUOTE SEQND) PKP.IN)
(ADD1 NEXT)))



| (SURYT MEXTII)II)
(LESSP NEXT (32330 PKT))
(NOT (1Y (3FeND £KT) (DOMALY JUEJED)D)
(PETP PXT)
(COMBTAHTENTZ (QAUUTE S5H6NO)
(QULTE ERUAL)D
PRT,In PKT)
(CUNBZTSTEXT (QUOTE S£4n80)
(QUOTE EQUAL)
p“fcl“)
(ELIAL (SFuH0 PKT) (Sib1 NEXT))
(NOT (IN (4PATR (SEOND PKT) PKT)
(LATEST (wUuTe SEANDO) PKT,IN)))
(FQOAL (3Us1 HEALT) 0))
(FOJalL alnax
(FAPPLY (RUOTE “85G)
(FANGE (APR (QUDIE (1QUOTE NILL))
(MPAIR 0 PKT)))))),

which again siaplities, using linear aritnmetic, to:
Te

Cage &, (I%PLTES

(AN

(a\app FUE)

(‘u‘%ﬁ& éiXi)

(FUGLLONS QUEUE

(LUPPER (LATEST (QUNTE SEQND) PXT.IMN)
{ALDL NEXT)))
(NOT (LESSP (REACH (LATEST (QUUTE SEQY0D) PKT.IN))
MEXT))
(re 9
(PoMATs (LATEST (JUUIF SEINT) PKT,IH)))

(HUT (E0LAL WEXT C))

(EGIAL SINK

(FARPLY (QUOTE MSSG)
(RANGE (LOWKR (LATEST (QUOTE SEQH0O) PKT,TN)
(381 NEXT)I))))

(1LESSD HEXT (SEONT PKT))

(HOT (IM (SEQND PKT) (DOXMALN QUEUE)))

(PKTP PKT)

(CONSISTENTZ2 (QUATE SEQNQ)

(AUUTE BIUAL)
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PKT,Int PKT)
(COMBTSTEMT (QUITE SEIND)
(2dDTE EqUab)
PETLLY)
(FAQAL (5FGN0 PRETY (Shgl HEXTD)
(NQT (it (¥PATR (SEGND PKT) PKT)
(LATEST (alUuTe 3EQNI) PKT,.TN)))
(SUT (ENUAL (SUBL «EXT) u)))
(ROUGAL STAR
(FAPPLY (RUOIF M55G)
(RANGE (APR (LOWER (LATEST (yUOTE 3EING) PKT.IN)
(srel (SpY MNEXI))
(“PALIR (SFGNO PKT) PKTI))I)).

However this simplifies again, usina linear arithmetic, to:
,'f.

Case 5, (IMPLTES
CAMND
(PrAPE QUFUT)
(NUMHFRP NEXT)
(FOLLOW¥S QUENE
(JPFER (LATEST (QUOTE SEQND) PXT,1HM)
(ADDL NEXT)))
(NOT (LFSSP (REACH (LATEST (QUITE SEWND) PRT,IN))
NFEXT))
(Ie 0
(NOH%ATe (LATEST (QUOTE SEQAND) PRTLIN)))
(NLGT (EGQUAL XEXT 2))
(EGUAL SINK
(FAPPLY (QUOTE 485G)
(RANGE (LUWER (LATEST (QUOTE 3EQNG) PRT,IN)
(3uURl NEX1)))))
(Le8sp HEXT (S£0n0 PKT))
(NOT (LN (3EGNO PKT) (DOMALN QURUE))D)
(PETP PXT)
(CONBZTI3TEANT? (QULTE SFRQHD)
(DUOTE wAUALD
PRT,Iau P¥T)
(CuRsTsTENY (FUNTE 3u7%0)
(QUOTE EWiAL)
PKT.L1a)
(HOT (EQUAL (SEQxT PKT) (SUB1 NEXT)))
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(NOT (LESSP (SiiRl KEXAT) (SEIND PKT))I))
feQuAlL 3TaK
(FAPELY (QUOTE 455G) :
(RAMGF (#ITHE (LuwE® (LATEST (QUOTEH SEQNQ) PKT,IN)
(SuUs1 YEXT))
(SEQND PKT)
PXT))I)I,

whicn anain simplities, using linear arithmetic, to:?
I,

Case 4, (ImPLIES
(AND
(PHAAPD QUEIR)
(HLUIRERP NEXT)
(FULLOaS QUFRUE
(UPPER (LATEST (QUNTE SEQND) PKT,IH)
(ADDY NEXT)))
(NOT (LESSP (REACH (LATEST (QUITE SEWVG) PaT,.IN))
HEXT))
(In 0
(DOYATN (LATeST (QUITE SEQND)Y PXT,INID)
(NOT (EQUAL HEXT 0))
(EGITAL SIHK
(FAPRPLY (QUOTE 183G)
(RANGE (LOWER (LATEST (QUOTE SEAN3) PKT,Id)
(30481 NEXTII)))
(LESSEP NEXT (R340 PKTY)
(NOT (1Y (SEgY0 PKTY (DOMALIN QUEUE) D)
(PRTP FXT)
(CONSTATENT? (QUgTe 38a80)
(FUuTy EIVAL)D
PKT,IN PKT)
(CUNSTISTENY (FJOTE SEQNN)
(JNTE EQUAL)
PKT,1M))
(8NT (LusSS5P (KEACH (J4ITHE (LATEST (QUOTE SEQND) PKT,IN)
{(SZIND PKID)
PKT))
MEXTY)),

put this simplifies artain, using linear arithmetic and rewriting
with LESSP,REACH,wITAR,2 and PRAPP,LATESYE, to:!
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T,

Case 3, (IMPLTES
CAND
(PHAPP QUEUE)
(MUMBERP NEXT)
(FULLNAS MIEJE
(JPPER (LATEST (NUOTE SEQAND) PKIT,IN)
(AUD1 NEXT)))
(NUT (LESSP (|mACH (LATEST (AU ITE SE2aN) PKT.I3))
NEATY)
(I 9
(NUAATH (LATEST (QUIOTE SEJINN) PKT.IN)))
(NOT (EQUAL NEXT 0))
(EQUAL SIMA
(FAPPLY (QUOTE H35G)
(KANGE (LOWER (LATEST (QUOTw SEQNQ) PKT,IN)
(SUB1 MEXT)))))
(LESSP HMEXT (SEQND PKTY)
(NOT (IN (SEQNO PKT) (DOHALY QURUE))D)
(PKTP PKI)
(CONSTSTENT2 (QUQTE SEQND)
(QJOTE wUAL)
RRT, I PKT)
(COMSTSTENT (QUNTE 3£300)
(NUOTE EQUAL)
PRI 4LM)
(EQIAL (SEQNQ PKT) 0))
(FOLLOYS (HITHE QUEUE (3EQNJD PKT) PKT)
(UPPER (LATRST (LUOTE SEQND) PrT,In)
{ADDY NEXTY)) ).

This again simplifies, usina linear aritnhmetic, to:
T,

Case 2, (IAPLIKES
(AND
(PiAPPR QURUE)
(NUABERP NEXT)
(FULLNYS QUEJE
(JPPER (LATEST (NUOTE SEQGND) PKT,IN)
(ADD1 HEXT)))
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(NOT (LESSP (REACH (LATEST (QUITE SEQVO) PRT,IN))
HEXTY))
(IN 0 .
(DUO4ATH (LATEST (QUOTE SEAND) PKT,IN)))
(NOT (EMJAL WKEXT 0))
(BEQUAl SINK
(FAPPLY (QUOTE M335G)
(RANGE (LDWER (LATEST (QUODTE SEQNQD) PKT,IN)
(st NEXTYI))))
(LESSP MEXT (3EAn0 PKT))
(NOT (I¥ (SEQMNO PKTY (DOMALIN QUEUF)))
(PRTP PBKI)
(CONSTISTEATZ2 (QUITE 58aND)
(QUOTE BAVAL)
PLT, I PKT)
(COASTSTEMT (AUOTE S5£3IND)
(RUOTE EQDAL)
PRLLIN)
(LESSP (Sin1 (SEQNO PKT)) NEXT))
(FOLLOYS (HITHE QUEUE (SEQND PKT) PKT)
(GIPPER (LATEST (QUITE SEQND) PKT,.TIN)
(ADDY NEXTI))),

ahich again simplities, using linear arithmetic, to:
T,.,88

Case 1, (IAPLIES
CAND
(PHAPD NUEJE)
(NgARmEP WRXT)
(FOLLNES NUEHTE
(UPPER (LATEST (QUATE SgQuN) pPKT, IN)
(ALD1 NEXT)I))
(N7 C(uLFSHP (REACH (LATEZST (QUITE SEGY0) PKT,IN))
HEXT))
(Ia G
(NOAATAN (LATEST (RIDLF SENNQ) PKT,,IN)))
(NOT O (EDUAL HTXT 0))
(F3ar, sy
(FAePLY (QlUyTE #533G)
(RA4GE (LOWVER (LATEST (WUOTE SEQNU) PKT,IN)
(S5l HEXTIIN)
(LES3P YEXT (SEQHD PKT))
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(20T (Y (58240 PXTY (DOMALY IGRUIEI))
{(PXTP PKT)
{(CAONSTSTENT2 (20T SFQNY)
(FU00Tg £3uaAl)
PKT Iy PKI)
(COYSTITENT (SUDTE S5040)
(HIOCE EJian)
PXTeIN)
(NUT (£Q20AL (322080 PrT) 0))
(NOT (LES3P (3UB1 (3EQNU PKT)) NEXTI))
(FOLLINS (HITHE QUEUE (5%uND PKI)Y PKT)
(WiTHE (JPPER (LATEST (QUOYTE SEQNDY PKTLIN)
{ADD] ANEXT))
{(SEQNG PKT)
PxKTY)),

which agalin siamplifies, rewriting sith RNG,MPAIR, DOH4MPAIR,
IN,wITHE,MPALRP, SuUR1.ANDT, IY DUMAIN,UJPPER, POLLOAS ,HITHE.IF,
PYAPP ,wITHE, PwAPPR,LATEST, PaAPP UPPER, and
FALLOWS ¢ TTHE ,IN,MPAIR, and expandinig LESSP, tol
|
Q.E.DC
176501 conses

151,821 seconds
23,651 seconds, gjarvpade collection time

b bbbt rtr bttt bbbttt et bbbt rEb L+ 4
Proof of VC ‘RECFIVER#S’

(LYPLLIES (AND (KECELVER,IHT PKT.IN STANK ACK,QUT NEXT QUEUE)
(57T (T4 (RA0D1 4EXT)Y) (DOMATN gURUIEI N
(=QURL (SEQND PKT) NELT)
(PKTP PKT))
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(RECEIVER,IYT (APR PKT,TH PXT)
(APR S1uk (435G PKT))
(PR ACK,IUT (AND1 NEXT))
(ANNL HEXT)
AVEIE))

i{nis formnla can be simolitied, using the aboreviations WNOT,
RECEJVER,INT, AND, and IsaPLIES, tO:18§

(I4PLTIES
(a3w
(PYARPP QUEUR)
(NUMBERP NEXT)
(e
(CONSIRTRAT (QUOTE SEWHD)
(aU0TE RIUAL)
PRT,IN)
(1IF
(FOLLNAS QUEUE
(JPPER (LATEST (QUNTE SEQNT) PKT.IV)
(ADDL NELT)I))

(IF
(LESSP (REACH (LATEST (QUOTE SEQNJ) PKT,I%))
KEXT)
g
(v
(L4 0 :
(DUAATY (LATEST (QUOTE SEQN0) PKT,IN)))
(e

(LESSP O HEXT)
(ZnyaL STHK
(FARPLY (LuUUTE HM8SG)
(RARGE (LUNER (LATEST (QUOTE 3FEND) PKT,TN)
(3UB1 AEXT)I))))

(IF (FodaL yeXT 0)
(FQUAL SINK (QUDTE (13U3TE NULL)))
£3))
£)
T)
(NOT (L3 (ADDY NEXT) (DOMALN QUEUE]}))
(EAUAL (SEQIL PKT)Y NEXT)
(PKTP PX1))
(RECEIVER,INT (APR PKT,IN PKT)
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(APR STINK (453G PKT))
(APR ACK. OUT (ADN1 HFEXT))
CADD1 NEXT)

NUFIR)),

which simplifies, applying LSTLAPR, NLST,APR, APPLY2.EJ4UAL,
APPLY1,SEQAND, w4aPP, aL3T, LOVERLALITHELIF, IN,DOMATN,,wITHE,IF,
BAUALSREACH,ZFRDY, SUdl,ADDdL, FOLLOWS,UPPERLADDL, UPPER WITHE,IF,
and PHAPP,LATEST, and expanding the definitions of EWUAL, uLESSP,
CONSISTRNT, CNHUSISTENTZ, PwAPP, RECEIVER,INT, and LATEST, to 23 new
coniectures:

Case 23, (TAPLTES (AdD (PWARP OUEUE)

(NOT CCONSISTENT (QUATE SEAND)
(AIOTE EAUAL)
PKT,IN))

(MOT (LN (ADD1 (S5EaN0 PKT))

(NOMALN 3JEUE)))
(PKTP FKT)
(MOT (SEQP QUEUE)))
(LOUAL SUEUE (DUNTE (12U0TE HULL))II),

ahich again simplifies, expaniing the function PHMALP, roj
I,

Cage 22,(IMPLTES (AND (PLAEP QUEUE)
(90T (COWSISTRAT (QUOTE 3%Q80)
(2UDTE £30U3L)
PKTLIH4))
(HJT (I (ADD1 (SEJIND PKT))
(DOMAIN JUEUE)))
(PKTP PKT)
(392 QUEHUE)
(SeaP (NLST QUETED))
(RPATRP (LST (MLST QUEYJENY)),

which we Aagain simplify, expandinag tne Adefinition of PMAPP, o}
T,
Case ?21.(IAPLTES (AND (PHARP2 DUTHR)

(NIT (COLSISTEAT (QUOTE SEQNO)
(JUDTE £2uUAL)
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PRT.TINY)
(NUT (Ls (ADDL (SEANO PKT))
(DOMALN ELE)))
(PKTP PX[)
(SENP qUgUr)
(SEQP (NLST GUETE)))
(LFSSP (DO¥ (LST (NL3T QUEUE)))
(DoM (LST GUEJED D)),

which aaain simplifies, expanding the function P«APP, to:
T

Case 20, (TMPLTES (AND (PsARPP QUEUR)
(MOT (COSSISTRST (QUATE 3F0N0)
(AUOTE EYRL)
PRT,IN))
(M7 (IM (ADD1 (3E)NDO PKT))
(DGMALIN QUFUED))
(PKTP PKT)
(3Eap QUEUE)
{(NOT (S8E4P (~NLST FUEUE))))
(EQUAL (NLST wUEUEK)
(QUOTE (13UNTFE NJLLYI)),

whnicn amain siasplifies, expanding P¥arp, to:
T,

Cage 19, (1PLTES (AND (PHAPP QUFLF)
(MOT (CORSISTEST (JUDTE SEOND)
(JUOTE LALAL)
PLT,IN)Y)
(40T ([4 CADDY (3EJIND PKI))
(OOMALN JJEUE)))
(PRTE PXT)
(3E9¢ Qligide))
(#PATKP (L3T QUEIKI))Y,
whicn #e AuAain simglify, unfoldinan PHaep, to:

Lo

Case 183, (IwPLTES
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(AND (PHAPP GHEIE)

(FOLLOWws il
(UPPER (LALYEST (ulOTE 38GM1I) PKTL.IN)
(AND1 (3E3NG PKTI)N)
(aNT (LE35P (REACH (LATEST (QUATE Sa£Qu0) PKT.IN))
(33BN PLTIY))
(80F (Ta 0 ,
(DuMAIn (LATEST (QUDTE SEQND) PKL,L,IN)Y))
(EAUAL, (SEOnud PRKTY Q)
(FAUAL STaKk (QUOTE (1aUdTE ¥ULL)))
(40T (T CARDL (SENND PKT))
(DuYaly JUEUE) D))
(BPKTP PXT) ‘
(NOT (S0P SURHE)Y))

(EQUAL GUEUE (WUUTE (1QUOTE «ULL)I)),

xhich we again simolify, unfoldinag tne Aefinition of PsHAPP, toO3

T.

Case 17,(IAPLIES

(AaD (P#aAPP GUEUE)

(FOLLUWS QUE'TE
(UPPER (LATEST (QUATE SEQNG) PKT,IN)
(aDDY (SEGND PXTI)I))
(40T (LES38 (REACH (LATEST (2UDIE SEQuO) PKT.IN))
(5FRaND PEKTYI))
(T (T4 0
(POMATN (LATEST (QUNTE SEQIN) PKT.IY))))
(FRUAL (SEQAND PKT) 0)
(FAUAL SIaK (QUOTE (1UJOTE &dLL)Y)) .
(0T (Iy (ADDLT (8EQWND PKTY)
(DOMATH QUEUED))
(BETP PKT)
(3FQP QJEUE)
(SFQP (WL3T AUEUE)))

(MPAIRP (LST (NLST QUEUJE)D)),

This simplifies again, unfolding tne function PHAPP, O3

Ta

Cagse 16, (TAPLIES

(AND (PMAPP QUEUE)
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(FALLOAS QUEUE
(UPPER (LATEST (QUOTE SEQND) PKT,IN)
(ADDY (SEQNG £KT))))
(40T (LESSP (RFACH (LATE3SI (QUNTE SEAND) PKTLIN))
(3EQNI PXTY))
(a7 (In 9
(DUAALN (LATEST (QUITE SEQND) PKILIN)I))
(FAUAL (SEGAD PKT) 0)
(ENGAL 3Tk (QUITE (13U0TE ~ULL)))
(400 (Tu (ADDL (Sa20ND PKT))
(DOMATN IUeUEY))
(PKTP PaT)
(3FGP QUEUE)
(3FR0P (NLST QUEUE)))
(LESSP (024 (L3T (NLST NUEUE)D)
(LM (LST QUEUE)))),

However this simplifies again, unfolding the function pMpPpP, to:

Te

Case 15,(THAPLIES
(AND (P¥APP QUEUE)
(FOLLOWS QUENE
(UPPER (LATEST (UOTE SKAND) PKT,IN)
(ADD1 (SEQNU PXT))))
(HOT (LESSD (REACH (LATEST (QUATE SE9280) PKTL.IN))
(58380 PLTY))
(40T (In 0 )
(Du*aliu (LATEST (QUDTHE 38EGAN) PKT.IN))))
(UL (SEIHND PRTY 0)
(20AL 518K (QUQTE (LAUDTE widLL)))
(80T (T (ADDL (SENHD PKT))
(DUMATN QUEUE)))
(PKTP P£RrT)
(3FEaP QUEUE)
(NOT (3mAp (NLST QUETEN}))
(RQITAL (#LST QUEUER)
(aU0TE (1adole b)) )y,

which we again simplify, expanding tne definition of PMAPP, to:

[
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Cage 14,(IwPLIES
(AND (PMAPP QUEUE)
(FOLLOAS QJEHE
(UPPHER (LATEST (JUOTE S3FGND)Y PKT,.IN)
(aDD1 (SEQNDO PKLI))))
(5071 (LESSP (EACH (LATEST (RUDTE SEAND) PKTLIN))
(SEANT PKID)Y))
(40T (In O
(ooMaIn (LATEST (AUNTE SEQND) PKTLIN))YI))
(SRdAL (SEGND PKT) 0)
(#0OUAL 31IuK (QUOTE (13U0TE &ULL)Y))
(607 (T4 (ADDY (SEAND PKT))
(Do%ATH QUEUE)D))
(PKTP PXT)
(3FaP QUEUE))
(MPALIRP (LST QUEuUE))),

w«hich aagain simnlifies, unfolding the definition of P“APP, tos
IT,s

Case 13,(IMPLTES
(AsD (PMAPP QUEYER)
(FOLLOYWS QuUglE
(1PPER (LATSEST (QUOTE SEQNQ) PKT,IN)
(ADD1 (SEIND PKT))))
(807 (LESSP (REACH (LATEST (QUI{E SEQANO) PKT.IN))
(SEWNG PKTY))
(MAT (Tn 0
(DUMATY (LATEST (QUNTE SEAND) PKT.IN)I))
(EQURL (SEQUN PRY)Y )
(EQUAL STYK (QUOTH (1aU0TE NOLL)))
(0T (Ta (APl (SEQANN PKT))
(NOMATN 2UeUE))).
(PKTD OKT)
(COHSISTRNTZ (QUOTE SEND)
(PUOTE E1AL)
PEKTLIN PKT)
(CORSISTRAT (QUDTE 3EIND)
(U078 EJAL)D
PuT,liv)
(14 (#PATR (38200 PKT) PKI)
(LATEST (QUOTE SEJIND) PKT,TN)Y))
(Faial (APR 3TNK (M886G PKT))
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(FAPPLY (QUOTE K35G)
f{RANGE (LOWER (LATEST (QUUTE SEGND) PKT,IN)
(3E280D PKTI)III).

fnis again simplifies, rewxriting with °PHAPP,LATEST and
TN DUBATH¥PATR, and openina up the definitions of FAUAL and
L8392, to:

a3

Case 12,(IAPLIKS
(AHD (P4APR QUEUE)
(FoLLoWNSs QUAEUE
(UPPER (LATEST (3UQTE SEGHU) PKT.IN)
(ADD1 (SEGVO PKTY)))
(NOT (LESSP (REACH (LATEST (QUOTE SeQn0) PKT.IN))
(3EaNT PLIY))
(50T (I8 O
(DO4ATH (LAPEST (QWATE SEQND) PKTL.INDI)))
(LAUAL (SEQ2xD PKT) 0O)
(£0QyAL SLUK (nUUTE (1aU0TE wULLY )
(5T Iy (ADDL (SE£IND PKT)Y)
(Dumally JIEUE)))
(PKTP PRT)
(CNNSISTENTZ (RURTH SEQND)
(RUGCTF EJUAL)
PKT,IY PKT)
(CNESISTELT (QUOTE SEQN0)
(QUOTe EAUAL)D
PKT,.T4)
(AT (Td (MPAIR (SEJND PKTI) PET)
(LATKEST (QUITIE SEARDI) PKTLIN)I))
(FWilal, (APR 5InX (#M33G PKT))
(FAPPLY (WiluTE «33G
{KANGE (APR (QUOTE (1QUUTE NULLY)
(HAPAIR O PXI))IY))).

Riut thisg agAain simplifies, apnlvying PYAPP,LATEST, I MPATIR,,DOMATIN,
RIGemPATY, LST.APR, HLST,APR, APPLY1,"85G, and APR,Z4UAL, and
expanding EOJAL, LES3P, RAVGE, and FaPPLY, fo:

(t"pL&TEQ
(AND (PHAPP wlUrUE)
(FOLLUYS QUEUER



73

(UPPER (LATEST (QU0TE SFANO) PKT.IN)
1))
(NOT (Tl 0

(POMATH (LATEST .(FUATR SEOND) PKTLIN))))

(EQUAL (BEGNO PRT) )
CaOT (T 1 (DOMATH 2JEUTEY D))
(EKTP PKT)
(COHSTITENTZ (QUQTE 3£2680)
(AUDTF EJUAL)
PKT,IN PeT)
(CONSISTENT (QUUTE S<4MNO0)
(GUOTE EJUAL)
PXT, INY)
(FQUAL (QUGTE (10U0QTE NULL))
(FARPPLY (aUQUTE M333)
(WUOTE (12UITE MILL)D ) ),

whieh we aagain simplify, expandina tne functions SEQP, FAPPLY,

and EQUAL,

Ted

to:

Case 11,(InPLTER

(AND

(N80T

(LESSP (3111 (REACH (ﬁITHE.(LATEST (QUQTE SFAND) PKT,IN)

(PRAPR QUEUR)
(FULLNWE QJEUE
tappEa (LATEST (QUNTE SEIND) PKT.1IN)
(AUDL (SE3IND PETII))
(NOT (LF35P (ReACH (LATEST (QUOTE SEONQ) PKT,IN))
(SEQND PKTIY)
(ST (In 0
(UBMALIN CLATEST (QUUTE S=aNQO) PKT,.IN))))
(£LUAL (3TN0 PKTY 0)
(FROAT, STNK (DUOTE (1AUNTE NULLY D)
(0T (I8 LADDY (STuND PKTY)
(UNMRALN QUEJE)))
(PATE PXT)
(CINSTSTRAL? (QUATE SEAN0)
(QUOTE EQUAL)D
PEKT, TN PKI)
(CONSTATEHT (QAUOTE SEQAND)
(GUDTE EJUAL)
PRI LIN))
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(SFERIND BEKT)
PKTI))
(S¥LHO PKTY)I)) . )

This again simplifies, rewritina with PMAPP,LATEST and
WITHE,2FKD .2, anu expanding the definitions of EJUAL and LESSP,

to:
Te

Case 10,(InPLTES
(Aan
(PMAPP NLEUR)
(FOLLO#S GUREYE
(GPPER (LATEST (QUNTE S5€Rn)) PKT,LH)
(A;N1 (SEAND PKTII))
(NTIT (LESSP (QEACH (LATEST (4JITE SEGHN) PRKT,IN))
(SEQAND PKT)))
(Liv ©
(NDOMATN (LATKST (QJOTE SEIND) PKT,IM)))
(MOT (ENUAL {(3dd0 PKT) 2))
(FUJAl, I8k
(FAPPLY (UJTE 483G)
(RANGE (LuxER (LATEST (Q10TE SEAND) PRI IN)
(5uUs1 (SEGNU PKI))))))

(HUT (I4 (ADpRl (3%yNg PKT))
CoNsA LY AURUEY))
(PRTP PKT)
(NUT (SZ0P QWFUE)D))
(et WdEUE (AJOTE (120018 HdLLY)Y ),

whicn anain sinplifies, expanding the detinition of P#APP, tol
Te

Casze 9, (I4PLTES
Cariyg
(PAAPP NIR{E)
(FOLLNWR 20EuE
(uPPER (LATEST (QUIIE SEQNT) PKT,Lw)
(AL (SEQaD RPKTII))
(NOT (LE33P (REACH (LATEST (QUJTH SEQND) PRT,IN))
(55040 PKT)))
(I 0



(NDU¥ATH (LATEST (FLDLT SE€I8D) PKT,IN)))
(NOT (EAJAL (300 PET) 0))
(EGTAT, 51K
(FAPPLY (iInts #83G) .
(ANGE (LOWER (LATEST (QUOTE SEQNQO) PKT,IN)
(Sl (SEQND PKTIII)
(HOT (LN (ADDL (SKEudG PRT))
(DOXMA LN QUEUE}))
(PRTP PKT)
(S0 GUEE)
(Sedr (HNLST GURELK)))
(4PATKD (LST (ALST QUETEIIY).

gut this again simplifies, unfoldina tne function PMAPP, to:i
Teb

Case R, (I#PLIES
(aud
(PMARR QUFUR)
(FULLO®S QUREUE
(UPPER (LATEST (QJOTE SEQND) PKXT,IN)
(ADD1 (SEQND PKT)Y)))
(NUT (LESSP (REACH (LATEST (JQJAITE SEQND) PRT,TH))
(3000 BRTY))
(Is 0
(POMATH (LATEST (SUITE SEAND) PXT.IN)))
(HOT CEQUAL, (SENLD PRTY ul)
(TQ0AL SIMs
(FAPPLY (uLtuTe H33G)
(RASGe (LDAER (LATEST (QUUTE 3EQNGY PKT,IN)
(8UB1 (SEGNL PKT))I)))
(NUT (1IN (ADD1 (SEGNU PKT))
(LA 18 QUEUEDY D))
(PrTP FKT) '
(SEQP WUEILE)
(SE2P (NLST QUEYEY )
(LF58P (DU (LST (NLST QUEIEY )
(moM (ST GUEUEY)Y),

This again simplifies, expandina tne definition of P«APP, to:

T,
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Cagse 7, (I#MPLIxS
(anNp
(PeApD QUEUE)
(FOLLO«S QURUR
(UPPER (LATEST (NUOTF SENND) PKT,IN)
(ADDYL (SEANG PaT))))
(NDT (LESSP (REACH (LATEST (WIDTE SEQNU) PRT,IN)Y)
(SEQRD PKT)))
(Tw O
(NOMATH (LATEST (QUOTE SEINNT)Y PKT,IN)))

(NOT (EAUAL (R0 PKT) 09))
(Euilarn S1INK

(FAPPLY (LUQTH #4S3G)

(RANGE (LO¥E® (LATEST (QUITE SEGVQ) PKT,IN)
(3081 (SEGNO PETINIDY))
(NOT (L CAPDY (SEQNU PKT))
(UOBA LY QUFUE}))

(PKTP P¥T)
(SE22 QiRITE)
(KOUT (8%uf (nL3T QUEUE)I )
(Ul (NLST aQtledg)

(AUATE (10U0TE NULLY)Y),

which we Aagain simplify, untolaing the function PYAPP, to:
7,

Case 6, (IYPLTHS
(anD
(PRAPS NUFUF)
(HPPER (LATEST (QUOTE SEQND) PKT,IN)
(KOT (LESSP (REACH (LATFST (QUITE SEQNU) PaT,.IN))
(350H0 PRKTI))
(T 9
(NOMATIN (LATEST (24d0T% SEQINN) PKT,INYDY)
(MOT (=0UAL (SE0H0 PKT) 0))
(Fallal, 5IvK
(FapPLY (winfte 483G)
(RANGE (Luwk® (LATEST (QUOTE SFQNO) PKT,IN)
(5081 (SESNO PKI))))))
(NOT (IM CADDY (SFQYO PXT))
(UNKATIN QUREUR)))
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(PETP PXT)
(S822 JIRIE))
(APATRP (LST QUEUEI)D.

This simplifies aaain, unfolding tne function PYAPP, to:
Te$

Case S, (I4PLTESR

CaNu

(PAAPP QURUE)

(FOLLONS AUEUE
(UPEFR (LATEST (QUNTE SEOND) PKT,IN)
(ADD1 (SEQAND PKT)I)))

FACH (LATEST (QU)3TE SEGYQ) PRT.Ix))
TaN0 PKT)))

(NOT (LEsSse (R
(3
(IN O
(DUMATH (LATEST (QUOTE SEIND) PXT,INI))
(NUT (EQUAL (BEQRD PET) 0))
(FWUAL 318k
(FAPPLY (wWUQTE ¥856G)
(RANGE (LO#ER (LATEST (QUQTE SEQNG) PKT,IN)
(SU81 (354N0 PKI))))))
(MOT (L¥ (ADD1 (3EQNU PKL))
(D044 QURUE)D)
(PKTP PXT)
(CUMSISTENT2 (GUUTE SEQRN])
(QUNTE KUAL)D
PRT,IN PKT)
(CUNBTISTENT (QUOIE SEJIND)
(U0TE EQUAL)
PRTLIN)
(T (HPALIR (SEAND PKT) PKT)
(LATEST (QUOTE SEIND) PKXT,IN)))
(£QUAL (APR SINK (#3S5G PKI))
(FAPBRLY (NUOTE %534
(RANGE (LOWFR (LATEST (QUITE BSEINQ) PKT,IV)
(S58aNGQ PKT)I)IYI),

snich anain simplifies, clearly, to the new formulass
(IaPLIES

(AND (PHAPD QUEUE)
(F‘CSL‘UDWS NUEUE
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(UPPFER (LATEST (QAUNTE SEJND) PKT,IN)
(ADRDL (SEIND PKT))I))

(NOT (LF38P (REACH (LATEST (QUITE SEQNU) PET,IN))
55050 PKT)YY)

(1 0O

(PDOMATN (LATEST (RUNTE SEQND) PKT,1I4)))
(0T (EQYAL (SEWsN PKT) 0))
(NOT (1Y (aAnet (SE9.d PXI))
CUNHALN QUEURYIY)

(PKTP PKT)

(CONSTITENT2 (QNUTE §FIND)
(GUIuTE EQUAL)D
PrT, TN PKT)

(CONSTSTENT (DUOTE 3eaND)
(QUATE EJUAL)
PKT41V)

(Th (MPALR (SEQNU PXT) PKT)

(LATEST (QUOTE SE0HD) PKT,INI))
(EQUAL
(AFR (FRAPPLY (UUGIE M8SG)
(RANGE (LOWER (LATEST. (QUOTE SEAND) PKT,TM)
(s1UB1 (SEGND PKI)))))
{(M88G PKT}))
(FAPRLY (QUOTF ¥M33G) .
(RANGE (LD&ER (LATEST (QUITE SEQN0) PKT,IN)
(SEJAD PRTIIIIN.,

ixpplY{nQ the lemmas ,\SSG/SEQ!!D,FLIM ana Si,’Bl.EL}IZ"!, replace Pl by
(PACKET Z %) to eliminate (SEaNd PLT) and (M556 PKXT) and X oy
(ADPL V) to eliminate (SJRl X). we rely uoon the type
restriction lemma noted when SEONO was introducen and the type
restriction lexma noted wnen SiBl was introduced to restrict tne
nex variarles, The result is:s

(TAFLTES
(AND (NUHARERP V)

(PHAPP QUEUE)

(FOLL=S AWEUE

(UPPER (LATEST (QUOTE SEIND) PKIL.LH)
(ADDY (ADD1L V)3
(NOT (LESSP (REACH (LATEST (ulOTE 3EGNO) PKT,IH))
(ARDL VI
(T U
(DOMATY (LATEST (QUOLE SEQND) PKTLIN)Y)
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(%UT (RIAL (ADDL V) 0))
(NOT O CIN CADLT (ADDYL VY)Y (DOMALIN QAUELE)D)
(Uurs ENUAL)
PET T
(PACKET Z (ADULL V)))
(CUNSTSTENT (QUOTE Se0nD)
(RUOTF EQUALY
PKTL.IV)
(T4 (MHPAIR (4DD1 V) (PACKET Z (ALDI ¥)))
(LATEST (QUDTE SEGQND) PKT,INV}))
(ebal
(APR (FAPPLY (QUuTE H®53G)
(RANGE (LOWER (LATEST (WUUTk SEINQG) PKT,IN)
V)))
Z)
(FAPPLY (QUNTE M55G)
(RANGE (LOWER (LATEST (QUOTE SEANG) PKT IN)
(ADD1 ¥)))))),

whicn turther simplities, rewriting with SuUS1,ADDY,
EQUAL REACH,ZERO, PMAPP,LATEST, LOWER.ADD1, RidG,MPAIR, LST.APR,
NLST,APR, %S3G.PACKET, and APPLY1,.4SS5G, and opening up tne
functions LESSP, RaVuE, and FAPPLY, to:

T.3

Case 4, (IuPLIES
CATID
(PAARP AUFUR)
(FOLLDEGS QUEUER
(uPPER (LATEST (QUNTE SEQNTD) PKT, 1Y)
(ADDYL (SEQND PKT)Y))
(MUT (LF55F (REACH (LATEST (RUITE SFONO) PRT,.Id))
(SEANT PKTYI))
(It 0
(NOMATHN (GLATEST (QUOTE SEJINO) PKT,.IV)))
(NUT (EQUAL (SEQNT PRT) 0))
(FQUAL SIne
(FAPPLY (LUUTE 453G)
(KANGE (LOWEP (LATEST (QUUTE SEING) PRT,IN)
(sUs1 (SEQNGC PKI))))))
(NUT (IN (ADD1 (SKQNO PKT))
(DAMALN DGEUR) D)
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(PRTP PKT)
(CUNSTISTENTZ (HUQTEH SEQND)
(JiTe E0AL)
PRT,, Ty PKT)
(CONSTISTENT (FUNTE 521H0)
(S00TR REallal)
PRT,i%)
(HUT (1% (MPAIK (R3FQ&ND PRTY BXT)
(LATEST (QUUTE JFEQND) PKT,.TE))))
(En0uAL
(APR SINK (M88L PKT))
(FAPPLY (QUDTE MS85(G)
(RANGE (APK (LUWER (LATESD (QUOUTE SEINQ) PKT,IN)
(stn1 (SEQND PKT)))
(MPALR (SEQND PKTY PXT)I))I),

which again simplifles, applyina REG,HPAIR, LSTL,APR, NUST.APR,
and APPLY1.455G, and openina up the definitions of RANGE and
FAPPLY, to:

.
Tes

Cage 3, (IWMPLTES
(AND
(PrAPP QURUE)
(FULLDES QUFLFE
(LUPPEE (LATEST (BUNTE SEQND) PXT,IN)
(ADDL (SEQND PKT)IIN)
(NOT (LE35F (REACH (LATEST (JJITE SRGND) PKT,.IN))
(32080 PKT)Y))
(Ih“ 0
(POMATH (LATEST (QWOTE SEIw0) PKT,.14)))
(NOT (RAUAL (SEQNO PRT) 1))
(FulAaL S1Nk
(FAPPLY (GUoTeE 8M85G)
(RANGE (LOWER (LATEST (QUOTE SEIM0) PKT,.THN)
(3UBY (SEQY0 PKT)Y)IIN)
(NOT (1N (ADDT (B3EQNG PX1))
(ODAATIN QUEUF)))
(PRKTP PXT)
(CUNSTSTENT2 (QUOTE SEANY)
(QUGTE EQUAL)
PKT.IN PKT)
(CONSTSTEXT (QJ0OTE SEnO)
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(NUNTE EQUAL)
PKTL1M))
(0T
(LESSP (SUwp! (REACH (wITHE (LATEST (QUUTE SEJIMG) PKT.IN)
(SEQED PKT)
PLTY)Y)
(5EDON0 PXTI)) ).

This again simplifies, using linear arithmetic and applving
LESSPKEACH,wTTHE 2 and PHAPP LALEST, to:?

(T4PLIES
(AND (FLUAL (RFACH (LATEST (RUATE SEINT) PKT,IM))
(SEaND PKT))
(PMAPP QUEUER)
(FOLLDWS QURUE
(JPPER (LATEST (QUQTE SEIND) EKT.IN)
(ADD1 (SEIND PXTII))
(NOT (LESSP (SEQnD PKT) (S£4a80 PKTY))
{(TH 0
(PUMaTa (LATEST (QUQTE SEQND) PKILIN)))
(NOT (EQUAL (SE030 PKT) 0))
(NOT CIN (ADD1 (SEQNU PXT))
(DOMATIN QUFUE)) )
(PKTP PKY)
(CONSISTENT2 (QUITE 3FEND)
{4UaTe EQUAL)
PKT, TN PKIL)
(CONSTATEET (QUOTE SpQANT)
(AUOTE EJUAL)
PKTIN))
(H0T
(LESSP (5151 (RFACH (AITHE (LATEST (QUQTE SEJINQ) PKT,IN)
(3EQND PKT)
PKT)))
(SEQMND PKT)J)).

Ihis simplifies aaain, using linear aritnmetic Aand applving
LESSP,SIIB1 ,REACH, ¥ITHF and PwMAPP,LATESL, tols

(1#PLILS

(AHD (FIUAL (REACH (WITHFE (LAIHST (QUOTE SEQND) PRT,IN)
(3%4¥2 PKID)
PKT))
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0)
(EQUAT, (RTACH (LATEST (QUIIR SEQAND) PKTL.IN))
(SEAND PKT)) .

(PHARD QUEUF)
(FOLLNWS QAUEUE
(UPPEL (LATEST (QUQTE SEDHN) PEL,LN)
(ADP1 (SEID PKT))I))
(YOT (LESSE (Sednd PAT) (3£0m0 PAT)II)
(Ts U
(PUAATH (LATEST (QUDTE Sednd) PXILIN)))
(¥OT (2AUAL (SeQMD PKT) 0))
(NOT (I8 (ADDY (HFUND wKID)
(COoMATY JUELEDD)
(PKTP PKT)
(CONSISTENT2 (QUUTE SEGND)
(UOTE EQRUAL)
PKT, 1 PKL)
(CONSISBTENT (JUOTH SmfND)
(QUGTE EQUAL)
PKT.L1N))
(NOT
(LESSP (33t (REACH (#ITAR (LATEST (QUOTE SEJANGD) PKT,Ia)
(58aND PXT) .
P<T)))
(SFOND BKTY))),

which we again simplify, usina lirear arithnetic and applving
LESSBERFACh,wITHE , 2 and PeAPPJLATEIT, to:

Case 2. (I®PLTeS
{(ANb
(PEAPP QUEUF)
(FLLuDaS DUFUE
(UPPER (LATEST (QUATE SEQND) PKT,IN)
(ADB1 (BEuND PKT))))
(NOT (LESSP (REACH (LATEST (QUJITE STuNU) PKT,TN))
(SEQN0 PKT)))
(IN O
(NUMATN (LATEST (QUOTE SEINT) PKT,IN)))

(NUT (EQUAL (SEQND PRT) 0))
(EGOAT, SINK

(FAPPLY (QUQTE MS55G)
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(RA4YGE (LOWER (LATEST (GUOTE SEQNO) PKT,Iw)
(50B1 (SEGND PKI)))I)))
(NUT CIN (ADDY1 (SEUNG PXT))
(DOMALN QUEUE)))
(PKTP FKT)
(COMNMBTSTENTZ (GUUTE SEQNQ)
(H0uTE BIUVAL)
PRT, TN PKI)
(CUMSTSTENT (QUOTE SERN0)
(LOTE EGdaL)
PKT,IN)
(LESSP (SUB1 (3EQNQ PKT))
(ADIDY (SEQNG PKTY)Y)
(FOLLONS QUEUE
(UPPER (LATEST (QUUTE SEQNJ) PKRT,IH)
CADDY CADDY (SEQNG FKTIIY))),

FOLLJWS,UPPER,ADDY, and expanding the function LESSP, to:

[

Cagse 1, (TuPLIES
(AHD
(PHAED DURUR)
(Fulil,Nas DUFRYE
(JPPER (LATEST (QUNTE SEQNI) PKT,IN)
(ApDL (3EQsD PKTII N
(MOT (LESSPE (REACH (LATEST (2037 32Q40) PRTLIA))
(58AN0 PKT)))
[ Y .
(PUAATH (LATEST (QUOTE SEIND) PKL,1Y)))
(40T (EQUAL (SEwWa0 PRT) 0))
(EGUAT, SINE
(FARPPLY (wliuTe M856G)
(RAMGE (LGwER (LATEST (QUUTE SEQNG) PKT,In)
(3181 (3EN0 PKIIIIN)
(NGT (18 (ADD1 (3Euny PKI))
(DN=ALH QURUE)))
(PKTL ©KT)
(CONBTSTENTZ (IUTE SEaMND)
(SUGTRE EIUAL)
PKT,TA BKT)
(CUNSTSTENT (AUDTE Se2350)
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(NUOTE EQUAL)
})KI.‘I[N!)
(NUT (LFESSP (SuB1 (SEIN0D PKT))
(AQDL (S£AnD PKTY))))
(FILLONG QUEHE
(#IT4E (UPPER (LATEST (QUATH SEAND) PKT,IN)
(ADDY (ADDL (SEJNN PRTIII)
(SFEQud PRI
PKT)Y),

ahich we again simplify, using linear arithmetic, toO:
T,
Qeblale

3905914 conses
360,125 seconds
44,228 seconas, Jarbadge collectlon time

Y e IR R R e T R S e g
Pront of VC RECFIVER#T”

(I“PLIES
(AND (KRECELVER,TNT PKT, I8 STNXK ACK,OUT NEXT QUEUE)
(In CADDL NEXT) (DOMAIH QUEUE))D
(ENAL (SENND PKT) ~EXT)
(PKTP PKT))
(RECETVER,INT (APRPR PKT,Iwn PKT)
(JOIx oINK
(APL (MSS3 PKT)
(FAPPLY (QUOTE mMS&3G)
(KANGE (CONSEC WUEUEDI)IDI))
(APR ACK ,DUT (RKEACH SUelE))
(RuACH QUEJFR)
(JPPER QUEUE (REACH QIEJEI)))



85

Tris conjecture can pe simplified, usin7 the abbreviations
RECEIVER 16T, AND, TAPLIES, and JOIN,APL,APR, tn:$$S$S

(THOLTES
(AND
(PMAPP NUEUR)
(NUMBRRP NeXT)
(1F
(CONSISTIENT (QUNTE SEQND)
(200TE EQJUAL)
DT, Tw)
(1F
(FOLLOWS QURJE
(UPPER (LATEST (AUGIE SEQND) PKT,IN)
(ADD1 nEXT)Y))

(T¥
(LFS3P (REACH (LATEST (QUITE SEQNI) PKT,TIN))
NEXT)
F
(IF
(In Q0
(ROMATK (LATWST (QUJDIE SEAND) PKXTL.IN)))
(e

(LESSP 0 NEXT)
(£QUAL STAK
(FAPPLY (QUQOTE MSS8G)
(RANGE (LOWER (LATEST (LUDTE SEJND) PKT,TN)
(381 VEXT)))))
)
(TIF (EQUATL NEXT 0D
(Fulal STANk (QUOTE (1AUDIE NULL)Y))
£1))
F)
T)
(I8 (ADDY1 wEXT) (PCMATH GUEHEY)
(F3UAT, (SEGNU BKT) NEXT)
(PRTP PKI))
(KFCFIVER,TNT (APR PKT.LIN PKT)

(JN1n (APR SIwk (M355 PKT))
(FAPPLY (aUUTz #8S8SG)
(RANGE (CONSEC QUEUEIDD)
(APR ACK.OUIT (REACH QUEULRE))

(REACH QUEIE)
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(UPPER QUEUE (REACH QUEUR)))),

shich sicnlifies, using linear aritnmetic, resriting with the

lemmas LAT APK, HLST,APR, APPLYZ,#GQUATL, APPLY1,5:2470, PHRAPPR UPPER,
SUB1,ADDT, FILIRST, DUMATAN,FOLLOWS  UPPER, LIAER,3U81,RFEACH, 3,

LU DOVALN FOLLDW3 L UPPFR, LUspR dITHAR, F, LESSP ,ZERULREACH,
INGDOMALY 9 ITHE IF, eOLLUwS,JPPER,ADUL, IM,D0%ATN,UPPER,

LM REACH, Du¥ATw, FOLLOwWS,TrALS, FOULJWS «3ARE, FILLUAS.JPPER,

FALLUNS ,JPPER LUPPER, I'PPER,*ITHE,IF, PY4ARPP LATEST, »1ThnE.JOTwN.LOWAK,
FIRSTLUNHAIN ,CUSSEC, and PAApP CUNSFC, and exvanding tne functions
LIUAL, LESSP, CIAINSISIENT, CUNSISTENT2, ROCKIVAR,INT, and LATEST, to
15 new conjectures:

Case 15,(14PLTeS
(AnD (PMAPP wllgiln)
(FOLLUWS QUEF
(JPPER (LATZST (QUUTE SFQNO) PKT,.IN)
(ADD1 (SEQHD PXID))))
(50T (LESSP (REACH (LATEST (IJITE SEQNI) PKIL.IN))
(3EIN0 P<TY))
(W7 (I ©
(DuMAIn (LATEST (RUTE SENHN0D) PKT.IH))))
(EQUAL (SEQHD PRT)Y Q)
(ENUAL SINK (QUITE (1aU07Te N0LL) YD
(I CANDY (SEanN PATY) (DUYATN QUIEUR))
(EXTP PKRT)
{(COHNSISTEATZ (RUDTIs 3EQ4D)
(QuDTH E3Ual)
PET, I °mr)
(COLSISTRAT (QUOTE S£35
(QUOTE ©3u Ab)
PET,Id)
(EQUAL (SEAND PAT)
(SUB1 (REACH QJRUE)))
(40T (1% (#PALR (SAGNG PKT) PKT)
(LATESL (JUJIE SEIND) PKT,IN)))
GUAL (SUAR]l (REACH JURUE)) 2
(0018 (4PKR s5luK (MS3G5 PKT))
(FAPPLY (QJUTE %8553)
(RANGE (CUNSEC GUREITX) )
(FAPPLY (ulduTg 4383)
(RANGE (APR (QUITE (1aUOTE WiLL))
(4PATR O PXTI)IIII),

(E
(FElTAL
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which again stanlifies, applying tne lemma T#,ADD1,DO3*ATIN, and
expanding the functions £QUAL and LES53F, to:

1.

Case 14, (IMPLTES
(AND (P®APR DUREUE)
(FULLAOWS NUENE
(JPPFK (LATEST (UNTE 389nD) PKI IN)
(ADDL (SEIND PXTIIN)
(NOT (LESSP (REACH (LATEST (QUITE SEQNU) PKT,TIN))
(SEUND PaT)))
(80T (IN O
(DOMAIN (LATEST (QJ0OTE SEGNQ) PKT,INI)))
(FQUAL (SEQNT PKT) 0)
(FAUAL SINK (QUOTE (1RUITFE NULL)))
(I& (ADD1 (SeQail PKT)) (DIMAIN JUEUR))
(PKTP PKT) '
(CONSTISTENT2 (QUOTE SELTI)
(qUOTE £QUAL)
PKT,Iu PXT)
(COMSISTENT (QJDTE SEQND)
(RUDTE BJUarn)
PRTLIY)
(FGUAL (3Eady PKT)
(SUR1 (REACH li&:de)))
(HOT (13 (MPATR (3&ua0 PLT) PKID
(LATEST (QUUTE 3Ea8D) PKT,I4)))
(YOT (HOUAL (SURL (REACH JUEJED) 03))
(EQUAL
(JOTi: (ARPR SINK (M55G PKI))
(FAPPLY (QUOTE M3S6)
(RANGE (CON3EZ QUEUE))))
(FAPPLY (DUDTE M38G)

(RANGF (APK (LUweR C(LATEST (QUUTE SEQNQ) PKT,IN)
(3081 (sUn1 (REACH QUEIJEI)))

(MPRATR {SEIND PKT) PrT))I))),
which aaqain simplities, using linear arithmetic, to:
1.?5

Case 13.(I4PLIES
(AND (PHAPP QUEUER)
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(F‘;}T,‘Li’ﬂ-f; DUEURE
(JPPER (LATEST (QUDIF SKIND) PKT,IN)
(ADNY (SEIND BPETIIN)
(MOT (LFSSP (ReACH (LATEST (QUITE SEWNI) PKT,IND)
(S8&NHY PKTYY)
(N0T L3 0
(OOAALN (LATEST (JUOTE SEQND) PKT,IN))))
(FallAl, (8FEas0 PKT) )
(FWAL SINK (QUDTE (12UNFE NULL)Y))
(TN (ADD1 (SEQ4D PKT)) (DIMAIN QUEUR))
(PKTP PKT)
(CONSISTENT? (QUOGTE SEIND)
(QUUTE EQUAL)
Pal.Ini PKT)
(COHSTSTERT (QUOTE S£QNND)
(QUOTE EQYJAL)
PRL,IN)
(SQiAL (SEQND PKT)
(3731 (REACH QUEUE)))
(I8 (YPAIR (SEQNOQ PKI) PKT)
(LATEST (QUOTE SEQdN) PKT.IN)))
(EQUAL
(JOIY (APR 8TAK (438G PrT))
(FAPPLY (GUQTE 45SG)
(KANGE (CUNSEC QUEUE))))
(FAPPLY (ulJUTF #33G)
(RANGE (JOL# (LOWEP (LATEST (QUIQTE SEAND) PKT,IN)
(3EQ¥0 PKD))
(CONMSEC JUEUEIIII)Y.

inwever this simplifies again, usina linear aritnmetic, applying
LESSPREACH,RFEACH, 1, TN,DOMALIN, HPALR, PYAPP,LATEST,

IV, DOMATHREACH, and IN,ADD1,DOMATH, Aand unfoldina FaualL and
LESSP, to:s

'I'. 3

Case 12, (I+<PLTES
(AND (PRAPD OQUFUE)
(FULLN+8 QUEUE
(UPPER (LATEST (QUNTE SEANT) PKT,,LIN)
(ADDR1 (SE24D PKTII))
(MOT (LF38P (FEACH (LATEST (QUITE SEQANQ) PRT,IN))
(SEQHD PKT)))
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(NOT (LN 0
(onNMATS (LATEST (QUOTE 380NMY)Y PKT,.IN))))
(EaUAL (3FEaNu PKTY 0)
(BadAl SId& (DUAOTE (10UDTE NULL)))
(Th (ADD1 (SEANT PKT)) (DIMAIN QURUE))
(PRTR PKT)
(CONSTISTEHNT2 (QUUTE REIND)
(JOTE EQUAL)
LT, Tl PXT)
(COMSTSTENT (QUOTE SEINN)
(RUOTE ®AUAL)
PKT,IN)
(40T (£QUAL (SEOQND PKT)
(SiUIR1 (ReACH QUEUE)I))
(e.GUAL
(JUTN (APR SIHK (S585G PKI))
(FARPPLY (QUDTE +33G)
(RANGE (COnSEC JUEUE)D))
(FAPRLY
(AUNTE M53G)
(RANGE (WITHE (JOIN (LOWER (LATEST (QUUTE SEQND)Y PKT,IN)
(SEQND PKT))
(CONSEC GUENE))
(ZE0ND PKT)
PT1))))),

which we again simplify, rewritina witn PHAPP LATEST,
LOWERGZFERO .2, PHAPP COGSEC, JOIM,uULL.PMAPP, WITHE,ZERU.2Z,

LN DUMAT N G FOLLOYS ,UPPER, TR IMATY OISR CaNIT, RANGE,JDIN,
RMG,“PATK, L3T.APR, sL3T,APR, FAPPLY.JOIN, and ARPPLY1,4835G, and
expanding the detinitlions of EuUAL, LESSP, RAdGH, and FAPPLY, to:

(TYPLTIES
(AHD (PMAPP QUEUR)

(EOLLONS QlbglE

(UPPER (LATEST (QUDTE SEqQNQ) PKT,.IN)

1))

(#UT (In O

(POMATIN (LATEST (JUDTE Se08N) PKIL,Id))))
(&QUAL {(SEQHD PKT) O)
(In 1 (unaAfd AUEUEY)
(PKTP PKT)
(CONSISIENTZ2 (QUNTFE S£Qn0)

(GUNTE EQUAL)
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PKT,. 14 PKT)
(COMSISTENT (WIOTE SE4aN0)
CatduTe EJUAL)
PRT,TH)
(H0T (EQUAL 0 (SUs1 (RFACH QUEUED)DD D)
(FUUAL CU0IN (APR (AUYOIF (10UQTE MULL)Y) (M3S5G PKT))
(FAPPLY (4U0Te 4883) .
(<KANGE (CONSEC QUeUEIDD))
(Ui (APR (FAPPLY (QAUDTE 453G)
(NUOTE (17U0TF MULL)))
(158G PXT))
(FAPPLY (JQTE M§88G)
(RANGE (CONSEC QUEUEY)DI)),

xnicn again simplifies, opening up 3kiIP ana FAPPLY, Lol
I,

Case 11.(I#PLTKS
(AND (PMAPP QUEUE)
(FOLLUWS gdeby ;
(UPPER (LATEST (QUOTE SEQND) PKT,IN)
€aN01 (SEQYNY PKTI)))
(0T (LESSP (RKACH (LATEST (QUDTE SEAQAND) PKT,IN))
(SEQND PXT)))
(T (In @
: (POMATIN (LATEST (QUITE 3£080) PKT,IN))))
(UM, (SEQND PrT) 0)
(£RUAL STNK (QJOTE (13JO0TE wULL)))
(IY CADDL (3ERNG PXTI)Y) (NDIMals QUENE))
(RXTP PRT)
(CONBISTENT2 (QUNTE SEARNO)
(RUDTE EITAL)
PEKT,IN PKT)
(CNNSISTRENT (wlQTeE SEIMNO)
(QUQTE EAUAL)
PKT,Ta))
(SEQP GUEDE)Y).
This again simplifies, applving the lemmnas UPPER,ZERU,
PYAPP LALFST, and FOLLOWSUPPERLADDT, and opening up the
definitions of P¥APP, FOLLOYS, Ta, DOYATN, Ea7AL, and LESSP, to:

I'es



Case 16, (IaPLIuS
(aND

(nnY
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(PHARP QUFJE)
(FULLOWS QUEUE :
(UPPER (LATEST (QUIOTE SEQND) PKT.IN)
(AuDL (SEQND PKT))))
(MOT (LES3P (REACH (LATEST (QUOTe SEQN0) PKILTi))
(SEadn PRIT)Y)
(H4GT CIN O
(DOMALN (LATEST (QUOTE SEQUND) PKT,IH))))
(#0UaAlL (SFQND PKLY 0)
(F3UAL STHK (QUOTE (13JOTE NUyLL)))
(INM (ADDI (SEDW0 PKT)) (DOMALY QUEUR))
(PKTP PKT)
(CONSISTENTR (QUATE 3831N0)
(GUOTE uUAL)
PXI,In PXI)
(CONSISTENT (Q2JOTF SEND)
(AUOTE ZQUAL)
PKT«IN))
(LESSP (REACH (WITHFE (LATEST (QUOTE SEQND) PKT,IN)
(SEQND PKT)Y
2KT))
(REACH QUEUEY))),

This again simplifies, rewriting witn PHAPP,LATEST, SITHELZERD, 2,
and KEACH,,JOIT APR,NULL,.2, and exranding EJUAL and LESSP, tog

(TRPLTES

(AED (PYAPP WUEUE)

(FOLLOWS QlEUR
(JPPER (LATEST (QUOTE SFaNJ) PKT.IN)
(D)
(80T (TN 0
(DOMATN (LATEST (WNTT SEAND) PKTL,IN))))
(EQUAL (SED PKT) V)
(IM 1 (LOAALN QURUE))
(PKTP PKT)
(CONSISTESTZ2 (QUOTT Seaw0)
(MIDLT EGUAL)
PKI,IN PKT)
(CONSISTENT (QUnTL 5€3Nd)
(HOTE EQUAL)
PKT,TN))
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(NOT (LF3S8SP (ReACH (LATFEST (QUITE 5EQNQ) PKT,IN)Y)
(ReACH 2JEUE)I) D)),

Laowever this simplifies again, using linear aritnmetic and
anplying LESSP.REACH,REACR,1 and PMAPP,LATEST, toi

e

Case 9, (IARPLIEAR
(AND
(PHAPP QURELER)
(FULLNES QUEDR
(UPPER (LATEST (QUATE SENNT) PKI,IN)
CADDL (SEQND PKT))))
(MUT (LFESSP (RICACH (LATEST (QUATE SEANQ) PKT,Ia))
(3EQNQ PKT)))
(I O
(NUMATAN (LATEST (JUOTE SEINN) PKT,IN))Y)
(NUT (BAUAL (SEAXNO PRTY )
(RQITAL SINK
(FAPPLY (QUOTE MS33G3)
(RANCE (LOWER (LATEST (QUOUTE SKaN{() PKT,IN)
(S1'81 (SmaANTg PKI)D)IYY)
(Tid (ADDY (SENHG PeT))Y (DDMATHN QUEUE))
(PRTP PXT)
(CONSTISTENTZ (3UUTe SEQND)
(AUQTZ EDAL)
PKT,IN PKI)
(CUNSTISTENT (AUOTE SEIx0)
(AUOTE EQUAL)
PR L)
(EGIAL (SEQNG PKT)
(30l (KFEACH QURUE)))
(MJT (LN (=PATR {(SEANT PKT) PKD)
(LATEST (AUUTE SEQM])) PKT,TM)))
(EOTAL (3Usl (RFEACH QUEUEY) 0))
(EQJAL (Julw (APR SIVK (4s88Ss PXD))
(FAPPLY (QUOTE 1833)
(RAMGE (CIONSEC QAURHFII))
(FLRPPLY (QUOTE 45353)
(RAGGE (APR (NUITE (13U0TE NULL)Y)
(FPATR O PKT)IIIY)). .

But this again simplifies, using linear aritnmnetic, tfo:



Case 8,
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e

(LaPLTES
( AN
(PAAPDP DUFEUE)
(FULLYNS DijauRE
(uPeEK (LATEST (QUNTPE SENND) PXT,IH)
(ADDL (SEaxRD PKTIY))
(HOT (LESSE (REACH (LALIEST (2JOTH SEQNG) PRT,TE))
(S50 PKTYY)
(Iwn © '
(NOHMATY (LATEST (QUATH SEQAIND)Y PKT.INYY)
(NUT (EQUAL (SN0 PKT)Y 0))
(EQUATL SINK
(FAPPLY (WUUTeE M3306)
(RANGE (LOAE2 (LATEST (QUDTH SEQNQG) PKT.IN)
(3081 (sEQNU BPKIDNI))
(Tn (ADDY (SEGS0D PKT)Y) (DOMALT QUELE))
(PXTP PET)
(CUBSTITENTZ (QUUTE SEQMI)
(QUOTE E9UML)
PKT,I4 PXI)
({CUNSTISTENT (MIDTE 3£2+40)
(FUNTE FAQUAL)
PKTIN)
(Fuilan (SREGMD PKT)
(561 (ReEACH WIedEY )
(MNUT (IN (BPATX (SESNT PaT) PXI)
(LATEST (QuUTs 3FQHD) PRT,I4)))
(NUT (EQuUAL (SUBL (RUACH GREUE)Y 0)1))
(BAUAL .
(JUTN (APR SINK (M55G PKIL))
(FAPPLY (QUOT® M§383G)
(RANGE (CANSES NURUZIN))
(FAPPLY (QUITE 4533)
(RAMGE (APK (LUWER (uLATEST (QUATE SEQNQD) PKT,.I&)
(3uUB1 (51081 (#KEACH QUEJED)))
(APALIR (3FQNU PKT) PKTI)I)))Y,

Thnis again simplifies, awvplving L¥,AR021,00%ALY, t£o}

I
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Case 7. (IxPLIZS
CAME
(PoAPP QUFUER)
(Ful,L0¥s Quaill
(PPER (LATEST (uUnps 3K058)) eXr,1u)
(ADIL (SEQND PXTIY))
EACH (LATEST (2d2Te SRmuVy) PKT,TIN))

{(HEGT (LESSP g
E0N0 PRT)H))

(R
(3
(I8 4
(PO¥ATY (LATEST (B0DrRE SEIND) PLI,1Y)))
(HUT (EQUAL (S%INN PKIL) 9))
(KAt SINK
(EAPPLY (ulUTE 4530)
(RANGE (LUWER (LATEST (QUUTE SEAND) PKT,IN)
(3081 (38390 PKII)I)))
(T (Aunl (SgQd0 PKTY)Y (Doxald QUREUE))
(PATR PXT)
(CONJSTISTENT?2 (JQD0Te STaN)
(QUOTL EUAL)
PRI, Ta PXT)
(CONSTSTENT (AUNITE 5£1x0)
(QUNTE EwlUAL)
PKT,, 1Y)
(EQITAL (3FuMy PKT)
{SiU3l (REACH GIEUE) D))
(In (MPAIR (8FaNU PKI) PLT)
(LATEST (WNTY 380x49) PKT,.I14)))
(EQUAL

(JOIN (APR STHK (453G PXT))
(FARPLY (DQUOTE M83G) .
(RanGe (CUNsEC JUEUE))))

(£APDLY (QUATE H83G)
(RANGE (JOIN (LOWE?T (LATEST (GUOTE SEIND) PKT,IN)
(SEUND PKI))
(CONSZEC FTECEIIIID,

anicn we again sinplify, Aapplving I[8,A0D1,D04AIN, to:
Tes
Case 6, (TMPLIES
(AND

(P4AFD QUEUE)
(FOLLO®S QUREUE
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CUPPER (LAPEST (UNTYE SEAND) PKT,IN)
CADDL (3E£257 2KT)I )
(MOT (LESSP (ReACH (LATEST (QUITE 3SEQND) PKT,IN)Y)
(SEAND PKT)))
S
(DUMATIN (LATEST (QUITE 38380) PKT,1M)))
(HIOT (ENUAL (SEURO PKT) 0))
(F@rAlL SINK
(FAPPLY (QUUTE MSSG)
(RANGE (LUWER (LATEST (QUOTE SEANO) PKT,IN)
T (5Ua1 (SRQND PKT))II)
(In (ADDL (SEIWN PKT)) (LOMAIN JUEUE))
(PLTP FXKI)
(CONSTSTEAT2 (J4UDTE SKEINY)
(GUoTE KAUAL)
PKT.,IN PKT)
(CONSTISTENT (QUOTE Si3u0)
(QUNTE Egdab)
PKT,IN)
(NUT (EQUM, (SEQUD PKT)
(3UB1 (REACH QUEUE)Y))
(LESSD (50381 (RAEACH JUnig))
(sealig PKTY))
{EAUAL
(JOIMN (APR 3TAK (485G PKT))
(FAPPLY (QUUTE #535G)
(RA4GE (CIUNSEC QUEUED))))
(FAPPLY (QUUTE 4S53G)
(RANGE (JOIN (LOWER (LATEST (QUOTE SEJND) PKT,IN)
(SFEQND PKT))
(CONZEL JIEUEDINID,

whicn again simnlifies, applylng RANGE,JUIN and FAPPLY,JOIN, to:s

(IMPLTES
(AN (PAAPP OUEUE)

(FOLLO&S QUEUE

(JPPER (LATEST (QUNTE SENTD) PKILIN)
(ADD1 (SEAsD PKTYI))
(NOT (LFE353P (ReACH (LATEST (2UOTH 3EQNQ) PKT,T14))
(SEGHD PKT)))
(15N D
(PUMATY (LATEST (QUATE SEOND) PKT.LIM)))
(NIT (EAULL (SEQARD PKT) 01))
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(Th (ADDL {52040 PKI)Y {(DIMAIN AWEJE))
(PKTP PRT)
(CUAZTSTHATY (Q'1ITE 3KAND)
(SUYTE EQduUAL)
PKToI4 PKI)
(CONSTISTENT (UOTE SE0ND)
: (QUDTRE Eudaly)
PKT .14
(HUT (EQUAL (SEQND PKT)
(SUR1 (REACH 2WRUEIIN
(LE3SP (SUg!l (KREACH 4UEHL))
(SEQNG PKT)))
(ENUAL
(JGTN
(APR (FAPPLY (GUOTE 4S58G)
(RANGE (LOYER (LATEST (QUOTH SEANG) PEKT,IN)
(sl (3EGNG PKTIII))
(485G PKT))
(FappLy (QUOTE ¥33G)
(RANGE (COwn3xC QUEUENI D)
(JOIA (FAPPLY (AUOTE 133G)
(RANGE (LOWER (NATEST (QUOTE SEQN0N) PKTIN)
(SEQ80 PKTIIN)
(FAPPLY (QUDTE M33G)
(RANGE (CD436C QURUEDIIINY,

Aapealing to tne lemmas =aSA3G/SKANDELTY and 3U81,ELIM, replace
PL{I ny (PACKET Z ¥) to eliminate (5%34J PKI) and (485G PKT) and X
py (ADD1 V) to eliminate (5Ual X), ae rely upoon tne type
restriction lemma notad w~hen S5E2nD was {ntroduced and tne type
rastriction lemnma noted vhen SUBl w~as introduced to constrain the
new variables, 1Thlis generates:

{(I~PLTES
(AND (NUMBERP V)
(PMAPP DUEUER)
(FOLLOWS QuElE
(UPRER (LATEST (JUONTE 3EAND) PKE,IV)
(ADRDL (ADDT VI)Y)
(Y¥AOT (LF33P (REACH (LATEST (wUdTe 3ELHU) PLT,IN))
(ADDL V1))
([«\i [§]
(NOMATA (LATEST (QUATE Swaud) PKTL.IN)D))
(NOT (EQUAL (ADDL V) 9))
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(T (ADDL (ADDL VY) (DO#AIN QUEUE))
(CUNSTITENT2 (210TK 58340)
(007 ®KAUAL)
PR Ta -
(RPACKET 7 (ADDY V)))
(CONSISTZHL (QUALE SEAND)
{RUOTE EJUAL)
PKI.I1)
(NOT (EQUAL (ADDL V) (SU31 (REACH QUEUR) D))
(LES3P (3431 (REACY QUEIE)) (ADDL v)))
(<RUAYL
(JOTN
(APR (FAPPLY (QUOTE MS35G)
(RANGE (LDYWER (LATEST (QUOTE SEQNQ) PKT,IN)
vi3d)
%)
(FAPPLY (DUNTE MS3G)
(RANGE (CONSEC QURUE))))
(JOTu (FAPPLY (QUOTE ¥33G)
(RANGE (LO4ER (LATEST (DUATE SEQHD) PXT,.IH)
(3001 VI
{(FRPPLY (QUOTF Y358G)
(RANGE (CO4SEC 2UEUE)III) .

This simplifies furtner, usino lineAar arithnetic and rewriting
aith LESSP,.SUAL RFACH,,FOLLOWS and PAAPP,LATEST, to:

(IAPLIES
(AND (FAUAT, (REACH QUEIL) 0)
(NUMBERP V)
(PRMAPP QURUE)
(FULLOWS AUEJE
(UPPFRR (LATEST (QUATE SEJND) PKT.IW)
(ADD1 (ADDL Vv))))
(NOT CLFESSP (REACH (LATEST (QUUTE SELNU) PKT, IN))
: (apDd1 v1))
(18 O
(PUHATAN (LATEST (QUITE SEQND) PKT.IM))Y)
(NOT (EQUAL (ADL ¥Y O))
(Tw (ARDL (ADDYL V)) (DOMAIN QUEUE))
(CUNSTSTHT2 (QUOTE SEQND)
(RUDTE BEAUAL)
PRT,In .
(PACKET Z C(ADDL VI
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(CUNSTISTEAT (GUOYTE SEANT)
(RUOTE EGUAL)
PKT,.IN) .
(HOT (EAUAL CADDYL V) (SH81 (RFACH QUEUE))))
(LESSP (SUR1 (REACH QUEJLY)Y (ADNDI V)))
(SQUAL
(JUTy
(APR (FAPPLY (QUOTE M33G)
(RANGE (LDYER (LATEST (QUQTE SEANQ)Y PKT,TH)
Y1)
%)
(FAPEPLY (QUNTE “S$SG)
(RANGE (CORSEC QAURUJE))))
(JUTH (FAPPLY (AUOTE M55G)
(RANGE (LOYFER (LATEST (QUATE SEQNO) PKT,IV)
(ADDY VI1)))
(FAPPLY (QUOTE M3S3)
(RANGE (CON3EC AJRUE)IDI)),

which anain simplifies, applylna FJJAL,REACH,ZERD,
FALLOWS,UPPRER,ADDL, PYAPP,LATEST, and 5U81,ADDL1, and expanding
tne definitions of P4APP, FOLLOWS, IN, 3EQP, npMaIN, and LESSP,
to:

T.S

Casa 5, (IAPLIES
(ANDY
(PuAPP QUREUFR)
(FOLLOWS AURUR
(UPPER (LATEST (0UATFE SEQND) PKT,IN)
(ADDL (SeEQAD PKT)Y))
(MOT (LESSP (REACH (LATEST (QJOTE SEgN0) PKT,IN))
(3£380 PKT)))
(Ta O
(NOHMATN (LATEST (NUOTE SEANN) PKTL.IN)))
(WIT (EQUAL (SEQAND PKT) 0))
(EQUAL SIMK
(FAPRLY (QUOTE M35G)
(RAHNGE (LUWER (LATEST (QUOTE SEQND) PKT,IN)
(3UB1 (SEQNJ PKT)1I)I2)
(I3 (ADDL (SEAND PKT)) (o0AAIN QUEDR)Y)
(PKTP PKT)
(CONBSTSTENTZ (RUNTE 3EUND)
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(AUUTE £QUAL)
PKT,I4 PKT)
(CONSTISTENT (QUOTE SEID)
(QUOTE EQIAL)
PKT4IN)
(VOT (EQUAL (SEQNO PKT)
(SJR1 (RZACH QUEUE)I))
(YUT (LESSP (SUBRL (REACH nUEUE))
(560580 PKTY) )
(KQual
(JGIM (APR 3(9K (438G PKT))
(FARPLY (QUOTE HM334
(2aNGe (CONSsSeC QAUEUJEII N
(FAPPLY
(RUATE 4M3335)
(RASGE (JOIN (APR (LUWER (LACEST (QUITE SEINQ) PKT,IN)
(S8l (SRGND PKIY))
(MPAIR (3F4ND PXT) PKT))
(CONSES QURUEIIIII N,

But this simplifies ajgain, rewritinag #itn RAWNGE,JDLIN, RNG.MPAIR,
L3T,APK, NLST,APR, FAPPLY.JDIH, and APPLY1,¥85G, Aand openina up
RAUGE and FAPPLY, to:

Ta.s

Case 4, (IBPLTES
(AND
(PMAPP ALKUE)
(FULLODWS NURYUR
(UJPPER (LATEST (NUJATE SEanT) PXT.Lid)
(ADDL (SEQND PaT)I))
(HUT (LFSSPE (REACH (LATEST (QJITE SEIGND) PKT,TH))
(SEQaD PKTY))
(In u
(NOMATH (LATEST (QUNTE SEIn0) PXKT,IN)))

(NOT (EBQHRL (SEZR40 PKT) 0))
(ZalJAL 31INA

(FAPPLY (QUJTE MS83G)

(RANGE (LOWER (LATEST (QUOTE SE3ND) PKT,IAN)
(SUBL (S5£a90 PKD)Y)I)))

(T4 (ADDY (SEQND PKT)) (UDKALIY QUELE))
{(PRTP PXT)
(CUNSTISTENT? (QUNTE SEQNQO)



(JH0TE
P'&T. I
(CUNSTISTENT (WJOTE 3E40)
(AUITE BUalk)
PKT.IV))
(SFuP QURUF)),

EJUAL)
PKI)

whien we again simplify, rewritina
FALLOWAS ,UPPER,,ADUDL, and onening up
FALLOWS, In, sEdp, and dusald, to:

T,
(I4APLIES
(AdY
(PY¥APP QUEUFR)
(FOLLOWS. QUEUE

Case 3,
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4ith PMAPP LATEST and
rthe definitions of PMAPP,

(UPPER (LATEST (QUINTE SEQND) PKILIN)
CADDL (SEQND PKT)I))

(HOT (LESSP
(SEQND PKT)Y))

(I 9
(DUMATH

(NOT (£QUAL (SENND PKT) 0))

(FEQUAL SIYK
(FARPPLY (WUUTE 453G)
(RANGE
(Ta (ADDL (8E£2:40 PKT)) (DOMATLY

(PRTR PXT)
(CONSTSTENT2 (JUUTE SEJMO)
C4U0Te EIUAL)
PRT.IN PKT)
(RUNTE SEIND)
(F4OTE ZaUAL)
PKT LM
(LESSP (REACH

(COASTSTENY

(u0T

(LOWER (LATEST (QUOTE

{5181

(HITHE (LGATEST (2U0TE

(REACH (LATEST (QUITE SEQND) PKT,Id))

(LATEST (QUOTE 3EINN) PXI,I49)))

SFEANG) PKT.IN)
(SEQND PKTI)YM)

QUEUE))

SEQMI) PKT,IN)

(3EQV] PKT)

PK

(REACY QUKHE))))
This simplifies anain,
LES5P ,REACH, ¥ [THE JREACH,
FILLOWS JLATEST,CONSISTENT,

PYAPP ,LATEST,
FULLO#S.SAME,

r))

using linear aritnmetic and apolying
FIJLLOWS , TRAMS,
NUABERP,3EQND,
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FOLLUYS JUPPER, FOLLNWS,WITHELIF, and IN,DOMAIN,FOLLONS,UPPER, toi
Fes

“Case 2, (I®PLIES
CAND
(PHAPP QUREJE)
(FOLLOLS DURUE
(UPPAR (LATEST (QUAOTE SEQND) PKT,ILIN)
(ADDL (SEQNT PKT)Y))
(NUT (LF58P (REACH (LATEST (QJ3T& SEQNQ) PRT,TH))
(SEQND PKT)))
(Is o
(DO¥ATH (LATEST (QUUTE SEQIN0D) PXT.IN)))
(HUT (EQUAL (SZ0QN0 PKT) 0))
(EQUAL SIMK
(FAPPLY (LUNTE HM83G)
(RANGE (LUwWER (LATEST (QUQOTE SEIAN) PXT,IN)
(sU81 (SELN3 PKTIIIY))
(IN (ADDYL (S=QA0 PKT)) (DAMALN QUEUE))
(PRTP PKT)
{CONSISTENT2 (JUOTE 3EQHO)
(JUITE «A0AL)
PKT.Iw pPKT)
(COMSTSTENT (QUOTE SEGHNND)
(RAJOTE EaUGAL)
PKTGIN)
(LESSP (sUsl (3FEQHNQ PXT))
(KEACH JUEUE)))
(FOLLO4S (UPPER QUEUE (REACH JUEUE))D
(UPPHR (LATEST (QUITE SEQND) PKT,IN)
(ADDL (REACH JUEUEI)I)) .

But this again simplifies, applying PHAPP,UPPER,
FOLLOYS . UPPER,UPPER, FULLOAS,PPER, NUMBERP,SZuN0, FOLLOWS,SAME,
FOLLOAS JLATFST, CO4STSTENT, FOLLUAS.TRANS, PMAPP,LATEST,

IN REACH,DUMATIN, In,004AIN,UPPER, and FIOLLOW4S5,UPPEIR.ADDL, to1

Case 1, (TMPLIES
(AND
(PHAPRP QUEUE)
(FULLOWS NUEUYE
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(UPPRR (LATLST (QUATHE 8EIND) pXT,IN)
(ADDL (SEYNTY PKTYY)))
(HOT (LESSE (ReACH (LATEST (U2 TE SEQMN) PKT,Id))
(SEAND PKT)I)
cIs 9
(DOMATN (LATEST (RUOTE SE34N) PRKT,IN)))
(NUT (22udbL (S€4N0 PKT) Q))
(FQITAT, SIna
(VAPPLY (QUOTE M35G)
(RANGe (LOAER (LATEST (QUOTE SEING) PKT,.IA)
- (3UB1 (SEWND PKTIINY YD
(TH% (ADD1 (SEAND PKT)Y)Y (LOMAIN QUEUE))
(PRTP PKT)
(CONSTSTENT2 (QUQTE SEQNO)
(GQUUTE EQUAL)
PeToIn PKT)
(CONSISTEST (QUOTE Sz2n0)
(SJOTE EWUAL)
PKT, 1N)
(MOT (LESSP (SUDB1 (3Seasd PKT))
(REACH QAUEUEI D) :
(FOLTLOWS (UPPER GUEUE (REACH QAUENE))
(AITHE (uPPEE (LATEST (QUOTFE SeQN() PKT.IN)
(AUD1 (REACH QWEUR)))
(SFEQNO PKL)
PKT))).,

tnis simplifies aaain, using linear arithmetic, anplyina

FOALLOWS ,UuPPERLANDY, IN,DOMATU,UPPER, PHAPP LATEST,

18, DUMAINFILLUNS, UPPER, FULLOa3,TRANS, FOLLJAS,LAFEST,CONSISTENT,
FOpLUN&.SAAE} WIBRERP ,SFEOND, FULLNAS, UPPER, FILLOYSUPPER.UPPER,
PYAPP UPPFER, FUlLLNWS,¥ITHE,IF, and SU31,ADdDl, ana expandina LESSP,
tos

T,
G.E.Ql
434606 conses

393,51 seconus
54,115 seconds, Jarvage collection time
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(0T (LESSP (REACH (LATEST (QAUDTE SEQNN) PKTLIN)Y)
HEXTY)
(T (Ia o
(DOMATN (LATEST .(FUDTE SEQND) PKT,LIMN)IY))
(E0UAL NEAT 0)
(ROUAL STaK (QUUTE (1AUOTE ~ULLYY)
(Ll (FQUAL (SFESMI PKTY 6))
(07 (Tie (SE0X0 PKT) (DOMATN QUEDE)))
(F¥TP PRT)
(CNLRISTERTZ (QUOTE SEQNG)
(QuDTE EQual)
PKT,IN PKT)
(CONSISTENT (QUQOTE SEIMD)
(QUOTE EFUAL)
PKT, TH)
(07 (LESSP (SUB1 (SEIND PKT)Y) KEXT)))
(FOLLOWS (wITHE WUEUE (SEJNT PKT) PXT)
(+1TmE (UPPER (LALFST (LUOTE SEQND) PKT,IN)
) (ADDY NEXT))
(SEAuN PKT)
PKT))),

which anain simplities, applying the lemmas RNG,MPAIR, DOM,MPAIR,
INJWITHE MPALIRE, ThH,DORALN,UPPER, FOLLOWS . «TTHE IF, P¥aPp,wlTHE,

PMAPP,LATEST, PUAPP,iiPPER, and FOLLOA3,4[THE,IN,MPAIR, and
expandinag the functions sUMBERP, £4UAL, ana LESSP, to:

L.
Case 7, (IMPLIES
(aMp
(PE¥APP QUEUER)
(NUMAERP nNeXT)

(FOLLOWS QUEUE
{UPPER (LATEST (QUNTE SEQNDT) PKT,LM)

(ADDL AFXT)))

(MOT (LESSP (REACH (LATEST (QUJTE SEQNG)Y PXT,.TIN))

WEXT))
(Ias U
(NOMATN (LATEST (RUUTE SEIaD) PKT,IN)))
(WUT (EQUAL NEXT 0))
(FQIAL SINK
(FAPPLY (QUOTE MS53G)

(RANGE (LOWER (LATEST (QUOQTE SEIND) PKT,IN)
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