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This report contains the transcript of a mechanical verification of the Stenning protocol [3]. A
description of this protocol, as well as complete documentation on the methods used, can be found in a
separate report[2]. Reference to this report is necessary, since the following material is not self-
contained. The transcripts themselves were produced by the Boyer-Moore theorem prover [1].
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L e

Proof of VC ' TRANSPORT#1’
(I MPLI ES (AND ( SENDER EXT SOURCE ACK. | N PKT. QUT)
( RECEI VER EXT PKT. N SI NK ACK. OUT)
(FOLLOWS PKT. | N PKT. OUT)
(FOLLOWS ACK. | N ACK. OUT))
(I NI TIAL SI NK SOURCE))

This formula can be sinplified, using the abbreviations SENDER EXT,
AND, and | MPLIES, to:

(1 MPLI ES
(AND ( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. OUT)

(EQUAL SOURCE
(FAPPLY (QUOTE MSSG)
(RANGE (LATEST (QUOTE SEQNO) PKT. QUT))))
( RECEI VER EXT PKT. N SI NK ACK. OUT)
(FOLLOWS PKT. | N PKT. OUT)
(FOLLOWS ACK. | N ACK. OUT))
(INITIAL SI NK SOURCE)),

which we sinplify, applying CONSI STENT. FOLLOAS, | NI Tl AL. FAPPLY,
I NI TI AL. CONSEC. FOLLOAS, NUMBERP. SEQNO, FOLLOWS. LATEST. CONSI STENT
PMAPP. LATEST, | NI Tl AL. RANGE, and | NI Tl AL. TRANS, and openi ng up
RECEI VER. EXT and | NI TI AL, to:

T.
Q E. D.
13069 conses

9. 963 seconds
0.0 seconds, garbage collection tinme

VC Proof Log 27-Jun-82 09:55: 11

e S L A S SO S S

Proof of VC ' SENDER#1’

( SENDER. | NT ( NULL)
( NULL)
( NULL)

( QUOTE | DLE)



00
( NULL)
0)

This formula can be sinplified, using the abbreviati on SENDER. | NT,
to the follow ng six new conjectures:

Case 6. (PMAPP (QUOTE (1QUOTE NULL))),
which sinplifies, opening up PMAPP, to:
T.
Case 5. (NUMBERP 0).
This simplifies, clearly, to:
T.

Case 4. (FOLLOAS (RANGE (QUOTE (1QUOTE NULL)))
(QUOTE (1QUOTE NULL))),

which sinplifies, opening up the definitions of RANGE and FOLLOWS,
to:

T.

Case 3. (CONSI STENT (QUOTE SEQNO)
( QUOTE EQUAL)
(QUOTE (1QUOTE NULL))),

which we sinplify, opening up SEQP and CONSI STENT, to:

T.

Case 2. (EQUAL (QUOTE (1QUOTE NULL))
(FAPPLY ( QUOTE MSSG)
(RANGE (LATEST (QUOTE SEQNO)

(QUOTE (1QUOTE NULL)))))) .

This sinmplifies, opening up the definitions of SEQP, LATEST,
RANGE, FAPPLY, and EQUAL, to:

T.

Case 1. (IF
(EQUAL 0 0)
(I F (EQUAL (QUCTE (1QUCTE NULL))
(QUOTE (1QUOTE NULL)))
(EQUAL (QUOTE (1QUCTE NULL))
(QUOTE (1QUOTE NULL)))
F)

(I F (SEQP (QUOTE (1QUOTE NULL)))
(I F (EQUAL (DOM (LST (LATEST (QUOTE SEQNO)
(QUOTE (1QUOTE NULL)))))
(SUBL 0))

(I F (EQUAL (H GHEST (FAPPLY (QUOTE SEQNO)



(QUOTE (1QUOTE NULL))))
(SUBL 0))

(I F (SEQP (QUOTE (1QUOTE NULL)))
(EQUAL (DOM (LST (QUOTE (1QUOTE NULL))))
(SUBL 0))
L))
F)
F)
F).

This sinmplifies, opening up the function EQUAL, to:
T.
QED

1052 conses
2.57 seconds
0.0 seconds, garbage collection tine

L e
Proof of VC ' SENDER#2’

(I MPLI ES ( SENDER. | NT SOURCE ACK. | N PKT. OUT STATE UNACK NEXT
QUEUE TOT)
( SENDER. EXT SOURCE ACK. | N PKT. OUT))

This conjecture can be sinplified, using the abbreviations
SENDER. | NT and | MPLIES, to:

$ (1 MPLI ES
( AND
( PMAPP QUEUE)
( NUVBERP NEXT)
(FOLLOWS ( RANGE QUEUE) PKT. OUT)
( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. OUT)
(EQUAL SOURCE
(FAPPLY (QUOTE MSSG)
(RANGE (LATEST (QUOTE SEQNO) PKT. QUT))))
(IF
(EQUAL NEXT 0)
(I F (EQUAL PKT.OUT (QUOTE (1QUOTE NULL)))
(EQUAL QUEUE ( QUOTE (1QUOTE NULL)))
F)
(I F (SEQP PKT. QUT)
(I F (EQUAL (DOM (LST (LATEST (QUOTE SEQNO) PKT. OUT)))
(SUBL NEXT))



(I F (EQUAL (HI GHEST (FAPPLY (QUOTE SEQNO) PKT. QUT))
(SUBL NEXT))
(I F (SEQP QUEUE)
(EQUAL (DOM (LST QUEUE)) (SUBL NEXT))
T
F)
F)
F))
( SENDER. EXT SOURCE ACK. | N PKT. OUT)),

which sinplifies, opening up SENDER EXT, LATEST, RANGE, SEQP
FAPPLY, EQUAL, and CONSI STENT, to:

T.
QE. D

15990 conses
13.576 seconds
3. 261 seconds, garbage collection tine

o o o S S
Proof of VC ' SENDER#3’

(I MPLI ES (AND ( SENDER | NT SOURCE ACK. | N PKT. OUT STATE UNACK
NEXT QUEUE TOT)
( NUVBERP ACK)
(LESSP UNACK ACK))
( SENDER. | NT SOURCE

(APR ACK. | N ACK)
PKT. OUT STATE UNACK NEXT
(UPPER QUEUE ACK)
Tan))

This conjecture can be sinplified, using the abbreviations
SENDER. | NT, AND, and | MPLIES, to:

(1 MPLI ES
( AND
( PMAPP QUEUE)
( NUVBERP NEXT)
(FOLLOWS ( RANGE QUEUE) PKT. OUT)
( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. OUT)
(EQUAL SOURCE
(FAPPLY (QUOTE MBSG)
(RANGE (LATEST (QUOTE SEQNO) PKT. QUT))))
(IF



(EQUAL NEXT 0)
(I F (EQUAL PKT.OQUT (QUOTE (1QUOTE NULL)))
(EQUAL QUEUE ( QUOTE (1QUOTE NULL)))
F)
(I F (SEQP PKT. QUT)
(I F (EQUAL (DOM (LST (LATEST (QUOTE SEQNO) PKT. QUT)))
(SUBL NEXT))
(I F (EQUAL (HI GHEST (FAPPLY (QUOTE SEQNO) PKT. OUT))
(SUBL NEXT))
(I F (SEQP QUEUE)
(EQUAL (DOM (LST QUEUE)) (SUBL NEXT))
T
F)
F)
F))
( NUVBERP ACK)
(LESSP UNACK ACK))
( SENDER. | NT SOURCE
(APR ACK. I N ACK)
PKT. OUT STATE UNACK NEXT
(UPPER QUEUE ACK)
Tan),

which sinplifies, rewiting with the | emmas LST. UPPER

FOLLOWS. RANGE. UPPER, and PMAPP. UPPER, and expanding the functions
UPPER, FOLLOWS, SEQP, RANGE, PMAPP, SENDER. | NT, LATEST, FAPPLY,
EQUAL, and CONSI STENT, to:

T.
QED

24249 conses
20. 704 seconds
0.0 seconds, garbage collection tine

L e
Proof of VC ' SENDER#4’

(I MPLI ES (AND ( SENDER | NT SOURCE ACK. | N PKT. OUT STATE UNACK
NEXT QUEUE TOT)
( NUVBERP ACK)
(EQUAL ACK NEXT))
( SENDER. | NT SOURCE

(APR ACK. | N ACK)
PKT. OUT
( QUOTE | DLE)
ACK NEXT
( NULL)



TOT))

This conjecture can be sinplified, using the abbreviations
SENDER. | NT, AND, and IMPLIES, to:$

(1 MPLI ES
( AND
( PMAPP QUEUE)
( NUVBERP NEXT)
(FOLLOWS ( RANGE QUEUE) PKT. OUT)
( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. OUT)
(EQUAL SOURCE
(FAPPLY (QUOTE MBSG)
(RANGE (LATEST (QUOTE SEQNO) PKT. OUT))))
(IF
(EQUAL NEXT 0)
(I F (EQUAL PKT.OQUT (QUOTE (1QUOTE NULL)))
(EQUAL QUEUE ( QUOTE (1QUOTE NULL)))
F)
(1 F (SEQP PKT. OUT)
(1 F (EQUAL (DOM (LST (LATEST (QUOTE SEQNO) PKT. QUT)))
(SUBL NEXT))
(I F (EQUAL (HI GHEST (FAPPLY (QUOTE SEQNO) PKT. QUT))
(SUBL NEXT))
(I F (SEQP QUEUE)
(EQUAL (DOM (LST QUEUE)) (SUBL NEXT))
L))
F)
F)
F))
( NUVBERP ACK)
(EQUAL ACK NEXT))
( SENDER. | NT SOURCE
(APR ACK. | N ACK)
PKT. OUT
( QUOTE | DLE)
ACK NEXT
(QUOTE ( 1QUOTE NULL))
Tan)),

which sinplifies, opening up FOLLOA5, SEQP, RANGE, PMAPP
SENDER. | NT, LATEST, FAPPLY, EQUAL, and CONSI STENT, to:

T.
QE. D
21684 conses

18. 532 seconds
3. 342 seconds, garbage collection tine



e S L A S SO S S
Proof of VC ' SENDER#5’

(1 MPLI ES ( SENDER | NT SOURCE ACK.|N PKT. OUT STATE UNACK NEXT
QUEUE TOT)
( SENDER. | NT SOURCE ACK. I N
(JO N PKT. OUT (RANGE QUEUE))
STATE UNACK NEXT QUEUE TOT))

This conjecture can be sinplified, using the abbreviations
SENDER. I NT and | MPLIES, to:$

(1 MPLI ES
( AND
( PMAPP QUEUE)
( NUVBERP NEXT)
(FOLLOWS ( RANGE QUEUE) PKT. OUT)
( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. OUT)
(EQUAL SOURCE
(FAPPLY ( QUOTE MBSG)
(RANGE (LATEST (QUOTE SEQNO) PKT. QUT))))
(IF
(EQUAL NEXT 0)
(I F (EQUAL PKT.QUT (QUOTE (1QUOTE NULL)))
(EQUAL QUEUE ( QUOTE (1QUOTE NULL)))
F

(1 F (SEQP PKT. OUT)
(1 F (EQUAL (DOM (LST (LATEST (QUOTE SEQNO) PKT. QUT)))
(SUBL NEXT))
(I F (EQUAL (HI GHEST (FAPPLY (QUOTE SEQNO) PKT. OUT))
(SUBL NEXT))
(I F (SEQP QUEUE)
(EQUAL (DOM (LST QUEUE)) (SUBL NEXT))
L))
F)
F)
F))
( SENDER. | NT SOURCE ACK. I N
(JO N PKT. OUT (RANGE QUEUE))
STATE UNACK NEXT QUEUE TOT)),

which sinplifies, rewiting with the | emmas H GHEST. JO N. FOLLOWS,
Pl SEQP. FAPPLY, FOLLOWS. FAPPLY, FAPPLY.JO N, LATEST.JO N. FOLLOWS,
NUVBERP. SEQNO, CONSI STENT. JO N. FOLLOW5, FOLLOWS. JO N. 2, and

PMAPP. NLST, and expandi ng the functions RANGE, SEQP, JO N, FOLLOWMS,
PMAPP, SENDER. | NT, LATEST, FAPPLY, EQUAL, and CONSI STENT, to six
new conj ect ures:

Case 6. (I MPLIES
(AND ( PMAPP QUEUE)
( NUMBERP NEXT)
(FOLLOMS ( RANGE QUEUE) PKT. QUT)
( CONSI STENT ( QUOTE SEQNO)
(QUOTE EQUAL)



Case 5.

Case 4.

PKT. OUT)
(NOT (EQUAL NEXT 0))
( SEQP PKT. OUT)
(EQUAL (DOM (LST (LATEST (QUOTE SEQNO) PKT. OUT)))
(SUBL NEXT))
(EQUAL (HI GHEST (FAPPLY (QUOTE SEQNO) PKT. OUT))
(SUBL NEXT))

(NOT (SEQP QUEUE)))

(EQUAL QUEUE ( QUOTE (1QUOTE NULL)))),

whi ch again sinplifies, opening up the definition of PMAPP, to:

T.

(1 MPLI ES

(AND ( PMAPP QUEUE)

( NUVBERP NEXT)
(FOLLOWS ( RANGE QUEUE) PKT. OUT)
( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. OUT)
(NOT (EQUAL NEXT 0))
( SEQP PKT. OUT)
(EQUAL (DOM (LST (LATEST (QUOTE SEQNO) PKT. QUT)))
(SUBL NEXT))
(EQUAL (HI GHEST (FAPPLY (QUOTE SEQNO) PKT. OUT))
(SUBL NEXT))
(EQUAL (DOM (LST QUEUE)) (SUBL NEXT))

(NOT (SEQP QUEUE)))

(EQUAL QUEUE (QUOTE (1QUOTE NULL)))),
whi ch we again sinmplify, opening up PVMAPP, to:

T.

(1 MPLI ES

(AND ( PMAPP QUEUE)

( NUVBERP NEXT)
(FOLLOAS (RANGE QUEUE) PKT. OUT)
( CONSI STENT ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. OUT)
(NOT (EQUAL NEXT 0))
( SEQP PKT. OUT)
(EQUAL (DOM (LST (LATEST (QUOTE SEQNO) PKT. QUT)))
(SUBL NEXT))
(EQUAL (H GHEST (FAPPLY (QUOTE SEQNO) PKT. OUT))
(SUBL NEXT))
(EQUAL (DOM (LST QUEUE)) (SUBL NEXT))
( SEQP QUEUE)
(SEQP (NLST QUEUE)))

(MPAI RP (LST (NLST QUEUE)))).

However this sinplifies again, expanding PVAPP, to:

Case 3.

T.

(1 MPLI ES
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(AND ( PMAPP QUEUE)

( NUVBERP NEXT)
(FOLLOWS ( RANGE QUEUE) PKT. OUT)
( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. OUT)
(NOT (EQUAL NEXT 0))
( SEQP PKT. OUT)
(EQUAL (DOM (LST (LATEST (QUOTE SEQNO) PKT. OUT)))
(SUBL NEXT))
(EQUAL (HI GHEST (FAPPLY (QUOTE SEQNO) PKT. OUT))
(SUBL NEXT))
(EQUAL (DOM (LST QUEUE)) (SUBL NEXT))
( SEQP QUEUE)
(SEQP (NLST QUEUE)))

(LESSP (DOM (LST (NLST QUEUE)))

(DOM (LST QUEUE)))).

But this sinplifies again, unfolding the definition of PMAPP, to:

Case 2.

T.

(1 MPLI ES

(AND ( PMAPP QUEUE)

( NUVBERP NEXT)
(FOLLOWS ( RANGE QUEUE) PKT. OUT)
( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. OUT)
(NOT (EQUAL NEXT 0))
( SEQP PKT. OUT)
(EQUAL (DOM (LST (LATEST (QUOTE SEQNO) PKT. QUT)))
(SUBL NEXT))
(EQUAL (HI GHEST (FAPPLY (QUOTE SEQNO) PKT. OUT))
(SUBL NEXT))
(EQUAL (DOM (LST QUEUE)) (SUBL NEXT))
( SEQP QUEUE)
(NOT (SEQP (NLST QUEUE))))

(EQUAL (NLST QUEUE)

(QUOTE (1QUOTE NULL)))).

This sinplifies again, unfolding the function PVMAPP, to:

Case 1.

T.

(1 MPLI ES

(AND ( PMAPP QUEUE)

( NUVBERP NEXT)
(FOLLOWS ( RANGE QUEUE) PKT. OUT)
( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. OUT)
(NOT (EQUAL NEXT 0))
( SEQP PKT. OUT)
(EQUAL (DOM (LST (LATEST (QUOTE SEQNO) PKT. QUT)))
(SUBL NEXT))
(EQUAL (HI GHEST (FAPPLY (QUOTE SEQNO) PKT. OUT))
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(SUBL NEXT))
(EQUAL (DOM (LST QUEUE)) (SUBL NEXT))

( SEQP QUEUE) )
(MPAIRP (LST QUEUE))).

However this sinplifies again, unfolding the function PVAPP, to
T.
QED

26435 conses
24. 43 seconds
3. 375 seconds, garbage collection tine

s S O S O o O o S O O S O S
Proof of VC ' SENDER#6’

(I MPLI ES ( SENDER. | NT SOURCE ACK. | N PKT. OUT STATE UNACK NEXT

QUEUE TOT)

( SENDER. | NT (APR SOURCE MESS)
ACK. I N
(APR PKT. OUT (PACKET MESS NEXT))
( QUOTE BUSY)
UNACK
(ADDL NEXT)
(W THE QUEUE NEXT (PACKET MESS NEXT))
(PLUS TOT DELTA)))

This conjecture can be sinplified, using the abbreviations
SENDER. I NT and I MPLIES, to:$

(1 MPLI ES
( AND
( PMAPP QUEUE)
( NUVBERP NEXT)
(FOLLOWS ( RANGE QUEUE) PKT. OUT)
( CONSI STENT ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. OUT)
(EQUAL SOURCE
(FAPPLY (QUOTE MSSG)
(RANGE (LATEST (QUOTE SEQNO) PKT. QUT))))
(IF
(EQUAL NEXT 0)
(I F (EQUAL PKT.QUT (QUOTE (1QUOTE NULL)))
(EQUAL QUEUE ( QUOTE (1QUOTE NULL)))
F

(I F (SEQP PKT. QUT)
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(I F (EQUAL (DOM (LST (LATEST (QUOTE SEQNO) PKT. QUT)))
(SUBL NEXT))
(I F (EQUAL (HI GHEST (FAPPLY (QUOTE SEQNO) PKT. OUT))
(SUBL NEXT))
(I F (SEQP QUEUE)
(EQUAL (DOM (LST QUEUE)) (SUBL NEXT))
L))
F)
F)
F)))
( SENDER. | NT (APR SOURCE MESS)
ACK. I'N
(APR PKT. OUT (PACKET MESS NEXT))
( QUOTE BUSY)
UNACK
(ADDL NEXT)
(W THE QUEUE NEXT (PACKET MESS NEXT))
(PLUS TOT DELTA))).

This sinplifies, applying the | emmas LST. NSEQP, W THE. LESSP. DOM LST,
DOM MPAI R, SUB1. ADD1, LST.W THE, PMAPP. LATEST, APPLY2. EQUAL,

SEQNO. PACKET, APPLY1. SEQNO, FOLLOAB. APR. I N, FCOLLOWS. APR,

FOLLONB. SAME, FOLLOWS. TRANS, RNG MPAI R, LST. APR, NLST. APR,

PMAPP. W THE, W THE. EQUAL. DOM LST, NLST. NSEQP, and

CONSI STENT. APR. NOT. I N, and openi ng up LESSP, EQUAL, DOM H GHEST,
MAX, FAPPLY, LATEST, CONSI STENT, CONSI STENT2, | N, RANGE, PMAPP,
SENDER. | NT, SEQP, and FOLLOW5, to the followi ng 23 new goal s:

Case 23. (I MPLI ES
(AND ( PMAPP QUEUE)
( NUMBERP NEXT)
(FOLLOAS ( RANGE QUEUE) PKT. QUT)
( CONSI STENT ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. QUT)
(NOT (EQUAL NEXT 0))
( SEQP PKT. QUT)
(EQUAL (DOM (LST (LATEST (QUOTE SEQNO PKT.QUT)))
(SUB1 NEXT))
(EQUAL (HI GHEST (FAPPLY (QUOTE SEQNO PKT. QUT))
(SUBL NEXT))
(NOT ( SEQP QUEUE)) )
( EQUAL QUEUE (QUOTE (1QUOTE NULL)))),

which we again sinplify, expanding the definition of PMAPP, to:
T.

Case 22. (1 MPLIES
(AND ( PMAPP QUEUE)
( NUVBERP NEXT)
(FOLLOAS (RANGE QUEUE) PKT. OUT)
( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. OUT)
(NOT (EQUAL NEXT 0))
( SEQP PKT. OUT)
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(EQUAL (DOM (LST (LATEST (QUOTE SEQNO) PKT. OUT)))
(SUBL NEXT))

(EQUAL (HI GHEST (FAPPLY (QUOTE SEQNO) PKT. OUT))
(SUBL NEXT))

(NOT ( SEQP QUEUE)))

( CONSI STENT2 ( QUOTE SEQNO)

(QUOTE EQUAL)
PKT. OUT
(PACKET MESS NEXT))),

whi ch again sinplifies, using linear arithmetic, applying
SEQNO. PACKET, APPLY1. SEQNO, NUMBERP. SEQNO, and

CONSI STENT2. LESSP. H GHEST, and openi ng up the functions PNMAPP,
RANGE, SEQP, and FOLLOAS, to:

T$

Case 21. (1 MPLIES
(AND ( PMAPP QUEUE)
( NUVBERP NEXT)
(FOLLOWS ( RANGE QUEUE) PKT. OUT)
( CONSI STENT ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. OUT)
(NOT (EQUAL NEXT 0))
( SEQP PKT. OUT)
(EQUAL (DOM (LST (LATEST (QUOTE SEQNO) PKT. OUT)))
(SUBL NEXT))
(EQUAL (HI GHEST (FAPPLY (QUOTE SEQNO) PKT. OUT))
(SUBL NEXT))
(NOT (SEQP QUEUE) ) )
(EQUAL (APR (FAPPLY (QUOTE MSSG)
(RANGE (LATEST (QUOTE SEQNO) PKT. QUT)))
MESS)
(FAPPLY (QUOTE MSSG)
(RANGE (W THE (LATEST (QUOTE SEQNO) PKT. OUT)
NEXT
(PACKET MESS NEXT)))))).

This again sinmplifies, using linear arithmetic, applying the
| emmas PVAPP. LATEST, W THE. LESSP. DOM LST, RNG MPAI R, LST. APR
NLST. APR, MSSG PACKET, and APPLY1l. MSSG and unfol di ng PVAPP,
RANGE, SEQP, FOLLOW5, and FAPPLY, to:

T.

Case 20. (1 MPLIES
( AND
( PMAPP QUEUE)
( NUVBERP NEXT)
(FOLLOWS ( RANGE QUEUE) PKT. OUT)
( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. OUT)
(NOT (EQUAL NEXT 0))
( SEQP PKT. OUT)
(EQUAL (DOM (LST (LATEST (QUOTE SEQNO) PKT. QUT)))
(SUBL NEXT))
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(EQUAL (H GHEST (FAPPLY (QUOTE SEQNO) PKT. OUT))
(SUBL NEXT))
(NOT (SEQP QUEUE))
(NOT (LESSP NEXT
(DOM (LST (LATEST (QUOTE SEQNO) PKT. QUT))))))
(EQUAL (DOM ( MPAI R NEXT ( PACKET MESS NEXT)))
NEXT) ),

which we again sinplify, rewiting with DOM MPAI R, and expandi ng
the definitions of PMAPP, RANGE, SEQP, and FOLLOWS, to

T.

Case 19. (1 MPLIES
(AND ( PMAPP QUEUE)
( NUVBERP NEXT)
(FOLLOWS ( RANGE QUEUE) PKT. OUT)
( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. OUT)
(NOT (EQUAL NEXT 0))
( SEQP PKT. OUT)
(EQUAL (DOM (LST (LATEST (QUOTE SEQNO) PKT. QUT)))
(SUBL NEXT))
(EQUAL (H GHEST (FAPPLY (QUOTE SEQNO) PKT. OUT))
(SUBL NEXT))
(NOT (SEQP QUEUE))
(LESSP NEXT
(DOM (LST (LATEST (QUOTE SEQNO) PKT. QUT)))))
(EQUAL (DOM (LST (LATEST (QUOTE SEQNO) PKT. QUT)))
NEXT) ) .

But this again sinplifies, using linear arithmetic, to:
T.

Case 18. (1 MPLIES
(AND ( PMAPP QUEUE)
( NUVBERP NEXT)
(FOLLOWS ( RANGE QUEUE) PKT. OUT)
( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. OUT)
(NOT (EQUAL NEXT 0))
( SEQP PKT. OUT)
(EQUAL (DOM (LST (LATEST (QUOTE SEQNO) PKT. OUT)))
(SUBL NEXT))
(EQUAL (HI GHEST (FAPPLY (QUOTE SEQNO) PKT. OUT))
(SUBL NEXT))
(NOT (SEQP QUEUE))
(LESSP (H GHEST (FAPPLY (QUOTE SEQNO) PKT. OUT))
NEXT) )
(EQUAL NEXT NEXT)),

which again sinmplifies, using linear arithnetic, to:

T.



Case 17. (1 MPLIES
(A

(E

15

ND ( PMAPP QUEUE)
( NUVBERP NEXT)
(FOLLOWS ( RANGE QUEUE) PKT. OUT)
( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. OUT)
(NOT (EQUAL NEXT 0))
( SEQP PKT. OUT)
(EQUAL (DOM (LST (LATEST (QUOTE SEQNO) PKT. OUT)))
(SUBL NEXT))
(EQUAL (HI GHEST (FAPPLY (QUOTE SEQNO) PKT. OUT))
(SUBL NEXT))
(NOT ( SEQP QUEUE))
(NOT (SEQP (FAPPLY (QUOTE SEQNO) PKT. QUT))))
QUAL NEXT NEXT)).

This again sinplifies, using linear arithnetic, to:

T.

Case 16. (1 MPLI ES
( AND

( PMAPP QUEUE)
( NUVBERP NEXT)
(FOLLOWS ( RANGE QUEUE) PKT. OUT)
( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. OUT)
(NOT (EQUAL NEXT 0))
( SEQP PKT. OUT)
(EQUAL (DOM (LST (LATEST (QUOTE SEQNO) PKT. QUT)))
(SUBL NEXT))
(EQUAL (H GHEST (FAPPLY (QUOTE SEQNO) PKT. OUT))
(SUBL NEXT))
(NOT (SEQP QUEUE))
(SEQP (FAPPLY (QUOTE SEQNO) PKT. QUT))
(NOT (LESSP (H GHEST (FAPPLY (QUOTE SEQNO) PKT. QUT))
NEXT) ) )

(EQUAL (H GHEST (FAPPLY (QUOTE SEQNO) PKT. OUT))

whi ch we again
T.

Case 15. (I MPLI ES

NEXT) ) ,

sinplify, using linear arithnmetic, to:

(AND ( PMAPP QUEUE)

( NUVBERP NEXT)
(FOLLOWS ( RANGE QUEUE) PKT. OUT)
( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. OUT)
(NOT (EQUAL NEXT 0))
( SEQP PKT. OUT)
(EQUAL (DOM (LST (LATEST (QUOTE SEQNO) PKT. QUT)))
(SUBL NEXT))
(EQUAL (HI GHEST (FAPPLY (QUOTE SEQNO) PKT. OUT))
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(SUBL NEXT))
(EQUAL (DOM (LST QUEUE)) (SUBL NEXT)))
(FOLLOWS ( RANGE (W THE QUEUE NEXT ( PACKET MESS NEXT)))
(APR PKT. OUT (PACKET MESS NEXT)))),

which again sinplifies, using linear arithnetic, applying

W THE. LESSP. DOM LST, RNG MPAI R, LST. APR, NLST. APR, FOLLOWAS. TRANS,
FOLLOAB. SAME, FOLLOAS. APR, and FOLLOWS. APR. I N, and expandi ng
RANGE and IN, to:

T.

Case 14. (1 MPLIES
(AND ( PMAPP QUEUE)
( NUVBERP NEXT)
(FOLLOAS (RANGE QUEUE) PKT. OUT)
( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. OUT)
(NOT (EQUAL NEXT 0))
( SEQP PKT. OUT)
(EQUAL (DOM (LST (LATEST (QUOTE SEQNO) PKT. QUT)))
(SUBL NEXT))
(EQUAL (H GHEST (FAPPLY (QUOTE SEQNO) PKT. OUT))
(SUBL NEXT))
(EQUAL (DOM (LST QUEUE)) (SUBL NEXT)))
( CONSI STENT2 ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. OUT
(PACKET MESS NEXT))).

This again sinplifies, using linear arithmetic and applying
SEQNO. PACKET, APPLY1. SEQNO, NUMBERP. SEQNO, and
CONSI STENT2. LESSP. Hl GHEST, to:

T$

Case 13. (1 MPLIES
(AND ( PMAPP QUEUE)
( NUVBERP NEXT)
(FOLLOWS ( RANGE QUEUE) PKT. OUT)
( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. OUT)
(NOT (EQUAL NEXT 0))
( SEQP PKT. OUT)
(EQUAL (DOM (LST (LATEST (QUOTE SEQNO) PKT. QUT)))
(SUBL NEXT))
(EQUAL (HI GHEST (FAPPLY (QUOTE SEQNO) PKT. OUT))
(SUBL NEXT))
(EQUAL (DOM (LST QUEUE)) (SUBL NEXT)))
(EQUAL (APR (FAPPLY (QUOTE MBSG)
(RANGE (LATEST (QUOTE SEQNO) PKT. OUT)))
MESS)
(FAPPLY ( QUOTE MBSG)
(RANGE (W THE (LATEST (QUOTE SEQNO) PKT. OUT)
NEXT
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( PACKET MESS NEXT)))))).

However this sinplifies again, using |linear arithmetic, applying
PVAPP. LATEST, W THE. LESSP. DOM LST, RNG MPAI R, LST. APR, NLST. APR,
MSSG PACKET, and APPLY1. MSSG and expandi ng the functi ons RANGE
and FAPPLY, to:

T.

Case 12. (1 MPLIES
( AND
( PMAPP QUEUE)
( NUVBERP NEXT)
(FOLLOAS (RANGE QUEUE) PKT. OUT)
( CONSI STENT ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. OUT)
(NOT (EQUAL NEXT 0))
( SEQP PKT. OUT)
(EQUAL (DOM (LST (LATEST (QUOTE SEQNO) PKT. QUT)))
(SUBL NEXT))
(EQUAL (H GHEST (FAPPLY (QUOTE SEQNO) PKT. OUT))
(SUBL NEXT))
(EQUAL (DOM (LST QUEUE)) (SUBL NEXT))
(NOT (LESSP NEXT
(DOM (LST (LATEST (QUOTE SEQNO) PKT. QUT))))))
(EQUAL (DOM ( MPAI R NEXT ( PACKET MESS NEXT)))
NEXT) ) .

This sinplifies again, rewiting with DOM MPAIR, to:
T.

Case 11. (1 MPLIES
(AND ( PMAPP QUEUE)
( NUVBERP NEXT)
(FOLLOAS (RANGE QUEUE) PKT. OUT)
( CONSI STENT ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. OUT)
(NOT (EQUAL NEXT 0))
( SEQP PKT. OUT)
(EQUAL (DOM (LST (LATEST (QUOTE SEQNO) PKT. OUT)))
(SUBL NEXT))
(EQUAL (H GHEST (FAPPLY (QUOTE SEQNO) PKT. OUT))
(SUBL NEXT))
(EQUAL (DOM (LST QUEUE)) (SUBL NEXT))
(NOT (LESSP NEXT (DOM (LST QUEUE)))))
(EQUAL (DOM ( MPAI R NEXT ( PACKET MESS NEXT)))
NEXT) ) .

This sinplifies again, applying DOM MPAIR, to:
T.

Case 10. (1 MPLI ES
(AND ( PMAPP QUEUE)
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( NUVBERP NEXT)
(FOLLOWS ( RANGE QUEUE) PKT. OUT)
( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. OUT)
(NOT (EQUAL NEXT 0))
( SEQP PKT. OUT)
(EQUAL (DOM (LST (LATEST (QUOTE SEQNO) PKT. QUT)))
(SUBL NEXT))
(EQUAL (HI GHEST (FAPPLY (QUOTE SEQNO) PKT. OUT))
(SUBL NEXT))
(EQUAL (DOM (LST QUEUE)) (SUBL NEXT))
(LESSP NEXT
(DOM (LST (LATEST (QUOTE SEQNO) PKT. QUT)))))

(EQUAL (DOM (LST (LATEST (QUOTE SEQNO) PKT. QUT)))

NEXT) ) ,

whi ch again sinplifies, using linear arithmetic, to:

Case 9.

T.

(1 MPLI ES

(AND ( PMAPP QUEUE)

( NUVBERP NEXT)
(FOLLOAS (RANGE QUEUE) PKT. OUT)
( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. OUT)
(NOT (EQUAL NEXT 0))
( SEQP PKT. OUT)
(EQUAL (DOM (LST (LATEST (QUOTE SEQNO) PKT. QUT)))
(SUBL NEXT))
(EQUAL (H GHEST (FAPPLY (QUOTE SEQNO) PKT. OUT))
(SUBL NEXT))
(EQUAL (DOM (LST QUEUE)) (SUBL NEXT))
(LESSP (H GHEST (FAPPLY (QUOTE SEQNO) PKT. OUT))
NEXT) )

(EQUAL NEXT NEXT)),

which again sinmplifies, using linear arithnetic, to:

Case 8.

T.

(I MPLI ES

(AND ( PMAPP QUEUE)

( NUVBERP NEXT)
(FOLLOAS (RANGE QUEUE) PKT. OUT)
( CONSI STENT ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. OUT)
(NOT (EQUAL NEXT 0))
( SEQP PKT. OUT)
(EQUAL (DOM (LST (LATEST (QUOTE SEQNO) PKT. QUT)))
(SUBL NEXT))
(EQUAL (H GHEST (FAPPLY (QUOTE SEQNO) PKT. OUT))
(SUBL NEXT))
(EQUAL (DOM (LST QUEUE)) (SUBL NEXT))
(NOT (SEQP (FAPPLY (QUOTE SEQNO) PKT. OUT))))
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QUAL NEXT NEXT)).

This again sinplifies, using linear arithnetic, to:

Case 7.

T.

(1 MPLI ES
( AND

( PMAPP QUEUE)
( NUVBERP NEXT)
(FOLLOWS ( RANGE QUEUE) PKT. OUT)
( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. OUT)
(NOT (EQUAL NEXT 0))
( SEQP PKT. OUT)
(EQUAL (DOM (LST (LATEST (QUOTE SEQNO) PKT. QUT)))
(SUBL NEXT))
(EQUAL (HI GHEST (FAPPLY (QUOTE SEQNO) PKT. OUT))
(SUBL NEXT))
(EQUAL (DOM (LST QUEUE)) (SUBL NEXT))
(SEQP (FAPPLY (QUOTE SEQNO) PKT. QUT))
(NOT (LESSP (H GHEST (FAPPLY (QUOTE SEQNO) PKT. QUT))
NEXT) ) )

(EQUAL (H GHEST (FAPPLY (QUOTE SEQNO) PKT. OUT))

NEXT) ) ,

whi ch again sinplifies, using linear arithmetic, to:

Case 6.

T.

(1 MPLI ES

(AND ( PMAPP QUEUE)

(E

( NUVBERP NEXT)
(FOLLOWS ( RANGE QUEUE) PKT. OUT)
( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. OUT)
(NOT (EQUAL NEXT 0))
( SEQP PKT. OUT)
(EQUAL (DOM (LST (LATEST (QUOTE SEQNO) PKT. QUT)))
(SUBL NEXT))
(EQUAL (HI GHEST (FAPPLY (QUOTE SEQNO) PKT. OUT))
(SUBL NEXT))
(EQUAL (DOM (LST QUEUE)) (SUBL NEXT))
(LESSP NEXT (DOM (LST QUEUE))))
QUAL (DOM (LST QUEUE)) NEXT)),

which again sinmplifies, using linear arithnetic, to:

Case 5.

T.

(1 MPLI ES
(AND (P
(N
(F

MAPP QUEUE)
UVBERP NEXT)
OLLOWS ( RANGE QUEUE) PKT. OUT)

( CONSI STENT ( QUOTE SEQNO)

(QUOTE EQUAL)
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PKT. OUT)

(EQUAL NEXT 0)

(EQUAL PKT. OUT (QUOTE (1QUOTE NULL)))

(EQUAL QUEUE (QUOTE (1QUOTE NULL))))

(EQUAL (APR (QUOTE (1QUOTE NULL)) MESS)
(FAPPLY (QUOTE MBSG)
(RANGE (W THE (LATEST (QUOTE SEQNO) PKT. OUT)

NEXT
(PACKET MESS NEXT)))))).

But this again sinmplifies, rewiting with WTHE. ZERO. 2, RNG MPAI R,
LST. APR, NLST. APR, MSSG PACKET, APPLY1.MSSG and APR EQUAL, and
opening up the definitions of PMAPP, NUMBERP, RANGE, FOLLOWS,
SEQP, CONSI STENT, LATEST, DOVAIN, IN, JON, and FAPPLY, to:

(EQUAL (QUOTE (1QUOTE NULL))
(FAPPLY ( QUOTE MBSG)

(QUOTE (1QUOTE NULL)))).

This again sinmplifies, opening up the definitions of SEQP, FAPPLY,
and EQUAL, to:

T.

Case 4. (I MPLIES
(AND ( PMAPP QUEUE)
( NUVBERP NEXT)
(FOLLOAS (RANGE QUEUE) PKT. OUT)
( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. OUT)
(EQUAL NEXT 0)
(EQUAL PKT. OUT (QUOTE (1QUOTE NULL)))
(EQUAL QUEUE ( QUOTE (1QUOTE NULL)))
(NOT (EQUAL (DOM (LST (LATEST (QUOTE SEQNO) PKT. OUT)))
0)))
(EQUAL (DOM (LST (LATEST (QUOTE SEQNO) PKT. QUT)))
NEXT) ) .

But this again sinplifies, expanding the definitions of PMAPP,
NUVBERP, RANGE, FOLLOWS, SEQP, CONSI STENT, LATEST, LST, DOM and
EQUAL, to:

T.

Case 3. (IMPLIES
(AND ( PMAPP QUEUE)
( NUVBERP NEXT)
(FOLLOWS ( RANGE QUEUE) PKT. OUT)
( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. OUT)
(EQUAL NEXT 0)
(EQUAL PKT. OUT (QUOTE (1QUOTE NULL)))
(EQUAL QUEUE ( QUOTE (1QUOTE NULL)))
(EQUAL (DOM (LST (LATEST (QUOTE SEQNO) PKT. QUT)))
0))
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(EQUAL (DOM ( MPAI R NEXT ( PACKET MESS NEXT)))
NEXT) ) .

But this sinplifies again, applying DOM MPAI R, and expandi ng the
functions PVAPP, NUMBERP, RANGE, FOLLOWS, SEQP, CONSI STENT,
LATEST, LST, DOM and EQUAL, to:

T.

Case 2. (I MPLIES (AND ( PMAPP QUEUE)
( NUVBERP NEXT)
(FOLLOAS (RANGE QUEUE) PKT. OUT)
( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. OUT)
(EQUAL NEXT 0)
(EQUAL PKT. OUT (QUOTE (1QUOTE NULL)))
(EQUAL QUEUE (QUOTE (1QUOTE NULL)))
(NOT (SEQP (FAPPLY (QUOTE SEQNO) PKT. OQUT))))
(EQUAL NEXT NEXT)),

which again sinplifies, using linear arithnetic, to:
T.

Case 1. (1 MPLIES (AND ( PMAPP QUEUE)
( NUVBERP NEXT)
(FOLLOAS (RANGE QUEUE) PKT. OUT)
( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. OUT)
(EQUAL NEXT 0)
(EQUAL PKT. OUT (QUOTE (1QUOTE NULL)))
(EQUAL QUEUE ( QUOTE (1QUOTE NULL)))
(SEQP (FAPPLY (QUOTE SEQNO) PKT. OUT)))
(EQUAL (H GHEST (FAPPLY (QUOTE SEQNO) PKT. OUT))
NEXT) ) ,

whi ch again sinmplifies, expanding PMAPP, NUMBERP, RANGE, FOLLOWS,
SEQP, CONSI STENT, and FAPPLY, to:

T.
QED
101452 conses

94. 17 seconds
10. 246 seconds, garbage collection tinme

VC Proof Log 27-Jun-82 10: 06: 29

L e o O

Proof of VC ' RECEl VER#L’
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( RECEI VER | NT ( NULL)
( NULL)
( NULL)
0
(NULL))

This conjecture can be sinmplified, using the abbreviation
RECEI VER. I NT, to three new conjectures:

Case 3. (PMAPP (QUOTE (1QUOTE NULL))),
which sinplifies, expanding the definition of PVMAPP, to:
T.
Case 2. (NUMBERP 0),
which we sinplify, clearly, to:
T.

Case 1. (IMPLIES
( CONSI STENT ( QUOTE SEQNO)
(QUOTE EQUAL)
(QUOTE (1QUOTE NULL)))
(IF

(FOLLOAB ( QUOTE ( 1QUOTE NULL))
(UPPER ( LATEST (QUOTE SEQNO)

(QUOTE (1QUOTE NULL)))
1))
(IF

(LESSP ( REACH (LATEST (QUOTE SEQNO)
. (QUOTE (1QUOTE NULL))))
F
(IF
(IN O
(DOMAI N ( LATEST (QUOTE SEQNO)
(F (QUOTE (1QUOTE NULL)))))
(LESSP 0 0)
( EQUAL
(QUOTE (1QUOTE NULL))
(FAPPLY (QUOTE MBSG)
(RANGE (LOWER (LATEST (QUOTE SEQNO)
(QUOTE (1QUOTE NULL)))
5 (SUB1 0)))))
(IF (EQUAL 0 0)
(EQUAL (QUOTE (1QUOTE NULL))
(QUOTE (1QUOTE NULL)))
F))

F).

which sinplifies, expanding the functions SEQP, CONSI STENT,
LATEST, UPPER, FOLLOWS, REACH, LESSP, DOMAIN, IN, and EQUAL, to:

T.
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QE. D
1444 conses

4.3 seconds
0.0 seconds, garbage collection tine

o S o o o O S
Proof of VC ' RECElI VER#2’

(I MPLI ES ( RECEI VER. | NT PKT. I N SI NK ACK. OUT NEXT QUEUE)
( RECEI VER. EXT PKT. I N SI NK ACK. OUT))

This formula can be sinplified, using the abbreviations
RECEI VER. EXT, RECEI VER. INT, and IMPLIES, to:$

(1 MPLI ES
( AND
( PMAPP QUEUE)
( NUVBERP NEXT)

(IF

( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N)

(IF

(FOLLOWS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT. I N)
(ADDL NEXT)))
(IF
(LESSP (REACH (LATEST (QUOTE SEQNO) PKT.IN))
NEXT)
F
(IF
(IN O
(DOVAI N ( LATEST (QUOTE SEQNO) PKT.IN)))
(IF
(LESSP 0 NEXT)
(EQUAL SI NK
(FAPPLY ( QUOTE MBSG)
(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL NEXT)))))
F)
(1 F (EQUAL NEXT 0)
(EQUAL SINK (QUOTE (1QUOTE NULL)))
F))
F)
L))
( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. IN))
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(IF
(INO
(DOVAI N ( LATEST (QUOTE SEQNO) PKT.IN)))
(INITIAL SINK
(FAPPLY ( QUOTE MBSG)
( RANGE ( CONSEC ( LATEST (QUOTE SEQNO) PKT.IN)))))

(EQUAL SINK (QUOTE (1QUOTE NULL))))),
which sinmplifies, expanding the functions EQUAL and LESSP, to:$

(1 MPLI ES
( AND
( PMAPP QUEUE)
( NUVBERP NEXT)
(FOLLOAS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL NEXT)))

(NOT (LESSP (REACH (LATEST (QUOTE SEQNO) PKT.IN))

NEXT) )
(INO

(DOMAI N ( LATEST (QUOTE SEQNO) PKT.1N)))
(NOT (EQUAL NEXT 0))
(EQUAL SI NK
(FAPPLY ( QUOTE MBSG)
(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL NEXT)))))

( CONSI STENT ( QUOTE SEQNO)

( QUOTE EQUAL)

PKT. IN))

(INITIAL SINK
(FAPPLY (QUOTE MBSG)
( RANGE ( CONSEC (LATEST (QUOTE SEQNO) PKT.1N)))))),

whi ch again sinplifies, using linear arithmetic and applying
I NI TI AL. RANGE, PMAPP. LATEST, | N Tl AL. LOAER CONSEC, and
I NI TI AL. FAPPLY, to:
T.
QED
42883 conses

35. 007 seconds
6. 695 seconds, garbage collection tine

o o o S S
Proof of VC ' RECElI VER#3’

(I MPLI ES (AND ( RECEI VER. I NT PKT. I N SI NK ACK. QUT NEXT QUEUE)
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(LESSP NEXT ( SEQNO PKT))
(PKTP PKT))
(RECEI VER | NT (APR PKT. | N PKT)
SI NK ACK. OUT NEXT QUEUE))

This conjecture can be sinplified, using the abbreviations
RECEI VER. | NT, AND, and I MPLIES, to the conjecture: $$

(I MPLI ES
( AND
( PMAPP QUEUE)
( NUVBERP NEXT)

(IF

( CONSI STENT ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. I N)

(IF

(FOLLOWS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT. I N)
(ADDL NEXT)))
(IF
(LESSP (REACH (LATEST (QUOTE SEQNO) PKT.IN))
NEXT)
F
(IF
(IN O
(DOVAI N ( LATEST (QUOTE SEQNO) PKT.IN)))
(IF
(LESSP 0 NEXT)
(EQUAL SI NK
(FAPPLY ( QUOTE MBSG)
(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL NEXT)))))
F)
(I F (EQUAL NEXT 0)
(EQUAL SINK (QUOTE (1QUOTE NULL)))
F))
F)
T
(LESSP NEXT ( SEQNO PKT))
(PKTP PKT))
( RECEI VER. | NT (APR PKT. | N PKT)
SI NK ACK. OUT NEXT QUEUE)),

which we sinplify, applying LST. APR, NLST. APR, APPLY2. EQUAL,

APPLY1. SEQNO, PMAPP. NLST, | N. DOVAIN. WTHE. | F, SUBL. ADD1,

UPPER W THE. | F, PMAPP. LATEST, and LOWER W THE. | F, and expandi ng the
definitions of EQUAL, LESSP, CONSI STENT, CONSI STENT2, PMAPP,

RECEI VER. | NT, and LATEST, to 21 new conjectures:

Case 21. (1 MPLIES (AND ( PMAPP QUEUE)
( NUVBERP NEXT)
(NOT ( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. IN))
(LESSP NEXT ( SEQNO PKT))
(PKTP PKT)
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(NOT (SEQP QUEUE)))
(EQUAL QUEUE (QUOTE (1QUOTE NULL)))),

which we again sinplify, opening up PVAPP, to:
T.
Case 20. (I MPLI ES (AND ( PMAPP QUEUE)

( NUMBERP NEXT)
(NOT ( CONSI STENT ( QUOTE SEQNO)

( QUOTE EQUAL)
PKT.IN))
(LESSP NEXT ( SEQNO PKT))
(PKTP PKT)
( SEQP QUEUE)

(SEQP (NLST QUEUE)))
(MPAI RP (LST (NLST QUEUE)))).

However this sinplifies again, expanding PMAPP, to:

T.
Case 19. (1 MPLIES (AND ( PMAPP QUEUE)

( NUVBERP NEXT)

(NOT ( CONSI STENT ( QUOTE SEQNO)

(QUOTE EQUAL)
PKT. IN))
(LESSP NEXT ( SEQNO PKT))
( PKTP PKT)
( SEQP QUEUE)

(SEQP (NLST QUEUE)))
(LESSP (DOM (LST (NLST QUEUE)))
(DOM (LST QUEUE)))).

But this sinplifies again, unfolding the definition of PMAPP, to:
T.
Case 18. (I MPLI ES (AND ( PMAPP QUEUE)

( NUVBERP NEXT)
(NOT ( CONSI STENT ( QUOTE SEQNO)

(QUOTE EQUAL)
PKT. IN))
(LESSP NEXT ( SEQNO PKT))
(PKTP PKT)
( SEQP QUEUE)

(NOT (SEQP (NLST QUEUE))))
(EQUAL (NLST QUEUE)
(QUOTE (1QUOTE NULL)))).

This sinplifies again, unfolding the function PVMAPP, to:
T.

Case 17. (1 MPLIES (AND ( PMAPP QUEUE)
( NUVBERP NEXT)
(NOT ( CONSI STENT ( QUOTE SEQNO)

(QUOTE EQUAL)
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PKT. IN))
(LESSP NEXT ( SEQNO PKT))
( PKTP PKT)

( SEQP QUEUE) )
(MPAIRP (LST QUEUE))).

However this sinplifies again, unfolding the functi on PVAPP, to:
T.

Case 16. (I MPLI ES
(AND ( PMAPP QUEUE)
( NUMBERP NEXT)
( FOLLONS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL NEXT)))
(NOT (LESSP (REACH (LATEST (QUOTE SEQNO PKT.IN))
NEXT) )
(NOT (INO
( DOVAI N (LATEST (QUOTE SEQNO) PKT.I1N))))
(EQUAL NEXT 0)
(EQUAL SINK (QUOTE (1QUOTE NULL)))
(NOT (EQUAL (SEQNO PKT) 0))
( PKTP PKT)
(NOT (SEQP QUEUE)))
(EQUAL QUEUE ( QUOTE (1QUOTE NULL)))),

which we again sinplify, expanding the definition of PMAPP, to:
T.

Case 15. (1 MPLIES
(AND ( PMAPP QUEUE)
( NUVBERP NEXT)
(FOLLOWS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL NEXT)))
(NOT (LESSP ( REACH (LATEST (QUOTE SEQNO) PKT.IN))
NEXT) )
(NOT (IN O
(DOMAI N ( LATEST (QUOTE SEQNO) PKT.IN))))
(EQUAL NEXT 0)
(EQUAL SINK (QUOTE (1QUOTE NULL)))
(NOT (EQUAL ( SEQNO PKT) 0))
(PKTP PKT)
( SEQP QUEUE)
(SEQP (NLST QUEUE)))
(MPAIRP (LST (NLST QUEUE)))),

whi ch again sinmplifies, unfolding the definition of PMAPP, to:
T.
Case 14. (| MPLI ES
(AND ( PMAPP QUEUE)

( NUVBERP NEXT)
(FOLLOAS QUEUE
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(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL NEXT)))
(NOT (LESSP (REACH (LATEST (QUOTE SEQNO) PKT.IN))
NEXT) )
(NOT (IN O
(DOMAI N (LATEST (QUOTE SEQNO) PKT.IN))))
(EQUAL NEXT 0)
(EQUAL SI NK ( QUOTE (1QUOTE NULL)))
(NOT (EQUAL ( SEQNO PKT) 0))
( PKTP PKT)
( SEQP QUEUE)
(SEQP (NLST QUEUE)))

(LESSP (DOM (LST (NLST QUEUE)))

(DOM (LST QUEUE)))).

This again sinmplifies, unfolding the function PMAPP, to

T.

Case 13. (1 MPLIES

(AND ( PMAPP QUEUE)

( NUVBERP NEXT)
(FOLLOAS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL NEXT)))
(NOT (LESSP (REACH (LATEST (QUOTE SEQNO) PKT.IN))
NEXT) )
(NOT (IN O
(DOMAI N (LATEST (QUOTE SEQNO) PKT.IN))))
(EQUAL NEXT 0)
(EQUAL SI NK ( QUOTE (1QUOTE NULL)))
(NOT (EQUAL ( SEQNO PKT) 0))
( PKTP PKT)
( SEQP QUEUE)
(NOT (SEQP (NLST QUEUE))))

(EQUAL (NLST QUEUE)

(QUOTE (1QUOTE NULL)))),

whi ch again sinplifies, opening up the definition of PMAPP, to:

T.

Case 12. (I MPLI ES

(AND ( PMAPP QUEUE)

( NUVBERP NEXT)
(FOLLOAS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL NEXT)))
(NOT (LESSP (REACH (LATEST (QUOTE SEQNO) PKT.IN))
NEXT) )
(NOT (IN O
(DOMVAI N (LATEST (QUOTE SEQNO) PKT.IN))))
(EQUAL NEXT 0)
(EQUAL SINK (QUOTE (1QUOTE NULL)))
(NOT (EQUAL ( SEQNO PKT) 0))
( PKTP PKT)
( SEQP QUEUE) )
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(MPAIRP (LST QUEUE))).

This again sinplifies, expanding the definition of PMAPP, to:

T. $$
Case 11. (I MPLIES

(AND ( PMAPP QUEUE)

( NUVBERP NEXT)
(FOLLOWS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT. I N)
(ADDL NEXT)))
(NOT (LESSP ( REACH (LATEST (QUOTE SEQNO) PKT.IN))
NEXT) )
(NOT (IN O
(DOMAI N (LATEST (QUOTE SEQNO) PKT.IN))))
(EQUAL NEXT 0)
(EQUAL SINK (QUOTE (1QUOTE NULL)))
(NOT (EQUAL ( SEQNO PKT) 0))

(PKTP PKT)

( CONSI STENT2 ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N PKT)

( CONSI STENT ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. I N)

(NOT (LESSP (SUBL (SEQNO PKT)) NEXT)))

(FOLLONS QUEUE

(W THE (UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL NEXT))
( SEQNO PKT)
PKT))),

whi ch again sinplifies, applying the | emmas PVAPP. UPPER,
PMAPP. LATEST, FOLLOAS. WTHE. | F, | N. DOVAI N. UPPER, | N. UPPER, and
DOM MPAI R, and expandi ng the definitions of NUVBERP, EQUAL, and

LESSP, to:

(1 MPLI ES

(AND ( PMAPP QUEUE)

(FOLLOWS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT. I N)

1))
(NOT (IN O
(DOVAI N ( LATEST (QUOTE SEQNO) PKT.IN))))
(NOT (EQUAL (SEQNO PKT) 0))

(PKTP PKT)

( CONSI STENT2 ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. I N PKT)

( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N)

(NOT (LESSP (SEQNO PKT) 1))
(IN ( SEQNO PKT)

(DOMAI N ( LATEST (QUOTE SEQNO) PKT.1N)))
(IN ( SEQNO PKT) (DOVAIN QUEUE)))

(IN (MPAI R ( SEQNO PKT) PKT)
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(LATEST (QUOTE SEQNO) PKT.IN))).

This sinmplifies again, applying NUVBERP. SEQNO, APPLY1l. SEQNO, and
I N. MPAI R LATEST. I N, to:

T.

Case 10. (1 MPLI ES
( AND
( PMAPP QUEUE)
( NUVBERP NEXT)
(FOLLOAS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL NEXT)))
(NOT (LESSP ( REACH (LATEST (QUOTE SEQNO) PKT.IN))
NEXT) )
(IN O
(DOVAI N ( LATEST (QUOTE SEQNO) PKT.IN)))
(NOT (EQUAL NEXT 0))
(EQUAL SI NK
(FAPPLY (QUOTE MBSG)
(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL NEXT)))))
(LESSP NEXT ( SEQNO PKT))
(PKTP PKT)
(NOT ( SEQP QUEUE) ))
(EQUAL QUEUE (QUOTE (1QUOTE NULL)))),

whi ch again sinplifies, expanding the function PVMAPP, to:
T.

Case 9. (IMPLIES
( AND
( PMAPP QUEUE)
( NUVBERP NEXT)
(FOLLOAS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL NEXT)))
(NOT (LESSP ( REACH (LATEST (QUOTE SEQNO) PKT.IN))
NEXT) )
(IN O
(DOVAI N ( LATEST (QUOTE SEQNO) PKT.IN)))
(NOT (EQUAL NEXT 0))
(EQUAL SI NK
(FAPPLY (QUOTE MBSG)
(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL NEXT)))))
(LESSP NEXT ( SEQNO PKT))
(PKTP PKT)
( SEQP QUEUE)
(SEQP (NLST QUEUE)))
(MPAIRP (LST (NLST QUEUE)))).

However this sinplifies again, expanding the definition of PVAPP,
t o:
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Case 8. (IMPLIES
( AND
( PMAPP QUEUE)
( NUVBERP NEXT)
(FOLLOAS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL NEXT)))
(NOT (LESSP ( REACH (LATEST (QUOTE SEQNO) PKT.IN))
NEXT) )
(IN O
(DOVAI N ( LATEST (QUOTE SEQNO) PKT.IN)))
(NOT (EQUAL NEXT 0))
(EQUAL SI NK
(FAPPLY (QUOTE MBSG)
(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL NEXT)))))
(LESSP NEXT ( SEQNO PKT))
(PKTP PKT)
( SEQP QUEUE)
(SEQP (NLST QUEUE)))
(LESSP (DOM (LST (NLST QUEUE)))
(DOM (LST QUEUE)))).

This again sinmplifies, opening up the definition of PMAPP, to:
T$

Case 7. (IMPLIES
( AND
( PMAPP QUEUE)
( NUVBERP NEXT)
(FOLLOAS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL NEXT)))
(NOT (LESSP (REACH (LATEST (QUOTE SEQNO) PKT.IN))
NEXT) )
(INO
(DOMAI N ( LATEST (QUOTE SEQNO) PKT.1N)))
(NOT (EQUAL NEXT 0))
(EQUAL SI NK
(FAPPLY (QUOTE MSSG)
(RANGE (LOAER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL NEXT)))))
(LESSP NEXT ( SEQNO PKT))
(PKTP PKT)
( SEQP QUEUE)
(NOT (SEQP (NLST QUEUE))))
(EQUAL (NLST QUEUE)
(QUOTE (1QUOTE NULL)))).

But this again sinplifies, expanding the definition of PMAPP, to:
T.
Case 6. (I MPLIES

( AND
( PMAPP QUEUE)
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( NUVBERP NEXT)
(FOLLOWS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT. I N)
(ADDL NEXT)))
(NOT (LESSP ( REACH (LATEST (QUOTE SEQNO) PKT.IN))
NEXT) )
(IN O
(DOMAI N (LATEST (QUOTE SEQNO) PKT.I1N)))
(NOT (EQUAL NEXT 0))
(EQUAL SI NK
(FAPPLY (QUOTE MSSG)
(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL NEXT)))))
(LESSP NEXT ( SEQNO PKT))
(PKTP PKT)

( SEQP QUEUE) )
(MPAIRP (LST QUEUE))).

But this sinplifies again, expanding the definition of PMAPP, to
T.

Case 5. (I MPLIES
( AND
( PMAPP QUEUE)
( NUVBERP NEXT)
(FOLLOWS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT. I N)
(ADDL NEXT)))
(NOT (LESSP ( REACH (LATEST (QUOTE SEQNO) PKT.IN))
NEXT) )
(IN O
(DOVAI N ( LATEST (QUOTE SEQNO) PKT.IN)))
(NOT (EQUAL NEXT 0))
(EQUAL SI NK
(FAPPLY (QUOTE MSSG)
(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL NEXT)))))
(LESSP NEXT ( SEQNO PKT))

(PKTP PKT)

( CONSI STENT2 ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N PKT)

( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N)

(EQUAL ( SEQNO PKT) (SUBL NEXT))
(NOT (IN (MPAIR ( SEQNO PKT) PKT)
(LATEST (QUOTE SEQNO) PKT.IN)))
(EQUAL (SUBL NEXT) 0))
(EQUAL SI NK
(FAPPLY (QUOTE MBSG)
(RANGE (APR ( QUOTE (1QUOTE NULL))
(MPAIR 0 PKT)))))).

which we again sinmplify, using linear arithmetic, to:

T.
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Case 4. (I MPLIES
( AND
( PMAPP QUEUE)
( NUVBERP NEXT)
(FOLLOAS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL NEXT)))
(NOT (LESSP ( REACH (LATEST (QUOTE SEQNO) PKT.IN))
NEXT) )
(IN O
(DOVAI N ( LATEST (QUOTE SEQNO) PKT.IN)))
(NOT (EQUAL NEXT 0))
(EQUAL SI NK
(FAPPLY (QUOTE MBSG)
(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL NEXT)))))
(LESSP NEXT ( SEQNO PKT))

(PKTP PKT)

( CONSI STENT2 ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N PKT)

( CONSI STENT ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. I N)

(EQUAL (SEQNO PKT) (SUBL NEXT))
(NOT (1IN (MPAI R ( SEQNO PKT) PKT)
(LATEST (QUOTE SEQNO) PKT.IN)))
(NOT (EQUAL (SUBL NEXT) 0)))
(EQUAL SI NK
(FAPPLY ( QUOTE MBSG)
(RANGE (APR (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL (SUBL NEXT)))
(MPAI R ( SEQNO PKT) PKT)))))).

But this again sinplifies, using linear arithmetic, to:
T.

Case 3. (IMPLIES
( AND
( PMAPP QUEUE)
( NUVBERP NEXT)
(FOLLOWS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL NEXT)))
(NOT (LESSP ( REACH (LATEST (QUOTE SEQNO) PKT.IN))
NEXT) )
(IN O
(DOVAI N ( LATEST (QUOTE SEQNO) PKT.IN)))
(NOT (EQUAL NEXT 0))
(EQUAL SI NK
(FAPPLY (QUOTE MBSG)
(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL NEXT)))))
(LESSP NEXT ( SEQNO PKT))
(PKTP PKT)
( CONSI STENT2 ( QUOTE SEQNO)
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(QUOTE EQUAL)
PKT. I N PKT)
( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N)
(NOT (EQUAL ( SEQNO PKT) (SUBL NEXT)))
(NOT (LESSP (SUBL NEXT) (SEQNO PKT))))
(EQUAL SI NK
(FAPPLY (QUOTE MSSG)
(RANGE (W THE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL NEXT))
( SEQNO PKT)
PKT))))) .

However this sinplifies again, using linear arithnetic, to:
T.

Case 2. (I MPLIES
( AND
( PMAPP QUEUE)
( NUMBERP NEXT)
(FOLLONS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADD1 NEXT)))
(NOT (LESSP (REACH (LATEST (QUOTE SEQNO) PKT.IN))
NEXT) )
(INO
(DOVAI N (LATEST (QUOTE SEQNO) PKT.IN)))
(NOT (EQUAL NEXT 0))
(EQUAL SI NK
(FAPPLY (QUOTE MSSG)
( RANGE (LOWER (LATEST (QUOTE SEQNO PKT.IN)
(SUB1 NEXT)))))
(LESSP NEXT ( SEQNO PKT))

(PKTP PKT)
( CONSI STENT2 ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N PKT)
( CONSI STENT ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. IN))
(NOT (LESSP (REACH (W THE (LATEST (QUOTE SEQNO) PKT.IN)
( SEQNO PKT)
PKT))
NEXT)) ),

which we again sinmplify, using linear arithmetic and applying
LESSP. REACH. W THE. 2 and PMAPP. LATEST, to:

T$

Case 1. (IMPLIES
( AND
( PMAPP QUEUE)
( NUVBERP NEXT)
(FOLLOWS QUEUE
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(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL NEXT)))
(NOT (LESSP (REACH (LATEST (QUOTE SEQNO) PKT.IN))
NEXT) )
(IN O
(DOMAI N ( LATEST (QUOTE SEQNO) PKT.1N)))
(NOT (EQUAL NEXT 0))
(EQUAL SI NK
(FAPPLY (QUOTE MSSG)
(RANGE (LOAER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL NEXT)))))
(LESSP NEXT ( SEQNO PKT))

(PKTP PKT)

( CONSI STENT2 ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. I N PKT)

( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N)

(NOT (EQUAL ( SEQNO PKT) 0))
(NOT (LESSP (SUB1 (SEQNO PKT)) NEXT)))
(FOLLOAS QUEUE
(W THE (UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL NEXT))
( SEQNO PKT)
PKT))).

But this sinplifies again, applying PMAPP. UPPER, PMAPP. LATEST,
FOLLOAS. W THE. | F, | N. DOVAI N. UPPER, SUB1. ADD1, | N. UPPER, DOM MPAI R,
NUVBERP. SEQNO, APPLY1. SEQNO, and | N. MPAI R LATEST. I N, and
expandi ng the definition of LESSP, to:

T.
QE. D

179171 conses
164. 418 seconds
20. 28 seconds, garbage collection tine

L e o O
Proof of VC ' RECElI VER#4'

(1 MPLI ES (AND (RECEI VER | NT PKT. N SI NK ACK. OUT NEXT QUEUE)
(LESSP ( SEQNO PKT) NEXT)
(PKTP PKT))
( RECEI VER. | NT (APR PKT. N PKT)
SI NK
(APR ACK. OUT NEXT)
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NEXT QUEUE))

This forrmula can be sinplified, using the abbreviations
RECEI VER. | NT, AND, and | MPLIES, to: $$

(1 MPLI ES
( AND
( PMAPP QUEUE)
( NUVBERP NEXT)

(IF

( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N)

(IF

(FOLLOAS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL NEXT)))
(IF
(LESSP (REACH (LATEST (QUOTE SEQNO) PKT.IN))
NEXT)
F
(IF
(IN O
(DOMAI N (LATEST (QUOTE SEQNO) PKT.IN)))
(IF
(LESSP 0 NEXT)
(EQUAL SI NK
(FAPPLY (QUOTE MBSG)
(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL NEXT)))))
F)
(1 F (EQUAL NEXT 0)
(EQUAL SINK (QUOTE (1QUOTE NULL)))
F)))
F)
L))
(LESSP ( SEQNO PKT) NEXT)
(PKTP PKT))
(RECEI VER. | NT (APR PKT. | N PKT)
SI NK
(APR ACK. OUT NEXT)
NEXT QUEUE)).

This sinplifies, applying LST. APR, NLST. APR, APPLY2. EQUAL,
APPLY1. SEQNO, PMAPP. NLST, LOAMER W THE. | F, | N. DOVAI N. W THE. | F,
SUBL. ADD1, UPPER W THE. | F, and PMAPP. LATEST, and expanding the
functions EQUAL, LESSP, CONSI STENT, CONSI STENT2, PMAPP,

RECEI VER. | NT, and LATEST, to the followi ng 15 new goal s:

Case 15. (1 MPLIES (AND ( PMAPP QUEUE)

( NUVBERP NEXT)

(NOT ( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. IN))

(LESSP ( SEQNO PKT) NEXT)

(PKTP PKT)

(NOT ( SEQP QUEUE)))
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(EQUAL QUEUE (QUOTE (1QUOTE NULL)))).
This sinmplifies again, opening up the definition of PMAPP, to:
T.
Case 14. (1 MPLI ES (AND ( PMAPP QUEUE)

( NUVBERP NEXT)
(NOT ( CONSI STENT ( QUOTE SEQNO)

( QUOTE EQUAL)
PKT. IN))
(LESSP ( SEQNO PKT) NEXT)
( PKTP PKT)
( SEQP QUEUE)

(SEQP (NLST QUEUE)))
(MPAIRP (LST (NLST QUEUE)))),

whi ch again sinplifies, opening up the definition of PMAPP, to:
T.
Case 13. (I MPLIES (AND ( PMAPP QUEUE)

( NUVBERP NEXT)
(NOT ( CONSI STENT ( QUOTE SEQNO)

(QUOTE EQUAL)
PKT. IN))
(LESSP ( SEQNO PKT) NEXT)
( PKTP PKT)
( SEQP QUEUE)

(SEQP (NLST QUEUE)))
(LESSP (DOM (LST (NLST QUEUE)))
(DOM (LST QUEUE)))),

whi ch we again sinplify, opening up PVMAPP, to:
T.
Case 12. (I MPLIES (AND ( PMAPP QUEUE)

( NUVBERP NEXT)
(NOT ( CONSI STENT ( QUOTE SEQNO)

(QUOTE EQUAL)
PKT. IN))
(LESSP ( SEQNO PKT) NEXT)
( PKTP PKT)
( SEQP QUEUE)

(NOT (SEQP (NLST QUEUE))))
(EQUAL (NLST QUEUE)
(QUOTE (1QUOTE NULL)))).

However this sinplifies again, expanding PMAPP, to:
T.

Case 11. (1 MPLIES (AND ( PMAPP QUEUE)
( NUVBERP NEXT)

(NOT ( CONSI STENT ( QUOTE SEQNO)

(QUOTE EQUAL)
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PKT.IN))
(LESSP ( SEQNO PKT) NEXT)
(PKTP PKT)

( SEQP QUEUE) )
(MPAIRP (LST QUEUE))).

But this sinmplifies again, unfolding the definition of PMAPP, to:
T.

Case 10. (1 MPLIES
( AND
( PMAPP QUEUE)
( NUVBERP NEXT)
(FOLLOAS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL NEXT)))
(NOT (LESSP (REACH (LATEST (QUOTE SEQNO) PKT.IN))
NEXT) )
(IN O
(DOMAI N (LATEST (QUOTE SEQNO) PKT.IN)))
(NOT (EQUAL NEXT 0))
(EQUAL SI NK
(FAPPLY ( QUOTE MBSG)
(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL NEXT)))))
(LESSP ( SEQNO PKT) NEXT)
(PKTP PKT)
(NOT ( SEQP QUEUE) ) )
(EQUAL QUEUE (QUOTE (1QUOTE NULL)))).

This sinmplifies again, unfolding the function PVMAPP, to:
T.

Case 9. (I MPLIES
( AND
( PMAPP QUEUE)
( NUMBERP NEXT)
( FOLLONS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL NEXT)))
(NOT (LESSP (REACH (LATEST (QUOTE SEQNO PKT.IN))
NEXT) )
(INO
(DOVAI N (LATEST (QUOTE SEQNO) PKT.IN)))
(NOT (EQUAL NEXT 0))
(EQUAL SINK
( FAPPLY (QUOTE MSSG
(RANGE (LOVER (LATEST (QUOTE SEQNO) PKT. I N)
(SUB1 NEXT)))))
(LESSP ( SEQNO PKT) NEXT)
( PKTP PKT)
( SEQP QUEUE)
(SEQP (NLST QUEUE)))
(MPAIRP (LST (NLST QUEUE)))).

However this sinplifies again, unfolding the function PVAPP, to:
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T.

Case 8. (I MPLIES
( AND
( PMAPP QUEUE)
( NUMBERP NEXT)
( FOLLONS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL NEXT)))
(NOT (LESSP (REACH (LATEST (QUOTE SEQNO PKT.IN))
NEXT) )
(INO
(DOVAI N (LATEST (QUOTE SEQNO) PKT.IN)))
(NOT (EQUAL NEXT 0))
(EQUAL SI NK
( FAPPLY (QUOTE MSSG
(RANGE (LOVER (LATEST (QUOTE SEQNO) PKT. I N)
(SUB1 NEXT)))))
(LESSP ( SEQNO PKT) NEXT)
( PKTP PKT)
( SEQP QUEUE)
(SEQP (NLST QUEUE)))
(LESSP (DOM (LST (NLST QUEUE)))
(DOM (LST QUEUE)))) .

whi ch we again sinplify, expanding the definition of PMAPP, to:
T.

Case 7. (IMPLIES
( AND
( PMAPP QUEUE)
( NUVBERP NEXT)
(FOLLOWS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT. I N)
(ADDL NEXT)))
(NOT (LESSP ( REACH (LATEST (QUOTE SEQNO) PKT.IN))
NEXT) )
(IN O
(DOMAI N (LATEST (QUOTE SEQNO) PKT.I1N)))
(NOT (EQUAL NEXT 0))
(EQUAL SI NK
(FAPPLY (QUOTE MSSG)
(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL NEXT)))))
(LESSP ( SEQNO PKT) NEXT)
(PKTP PKT)
( SEQP QUEUE)
(NOT (SEQP (NLST QUEUE))))
(EQUAL (NLST QUEUE)
(QUOTE (1QUOTE NULL)))),

whi ch again sinmplifies, unfolding the definition of PVMAPP, to:
T.

Case 6. (IMPLIES
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( AND
( PMAPP QUEUE)
( NUVBERP NEXT)
(FOLLOAS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL NEXT)))
(NOT (LESSP ( REACH (LATEST (QUOTE SEQNO) PKT.IN))
NEXT) )
(IN O
(DOVAI N ( LATEST (QUOTE SEQNO) PKT.IN)))
(NOT (EQUAL NEXT 0))
(EQUAL SINK
(FAPPLY (QUOTE MBSG)
(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL NEXT)))))
(LESSP ( SEQNO PKT) NEXT)
( PKTP PKT)

( SEQP QUEUE))
(MPAI RP (LST QUEUE))).

This again sinplifies, unfolding the function PVAPP, to
T.$

Case 5. (I MPLIES
( AND
( PMAPP QUEUE)
( NUVBERP NEXT)
(FOLLOAS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL NEXT)))
(NOT (LESSP ( REACH (LATEST (QUOTE SEQNO) PKT.IN))
NEXT) )
(IN O
(DOVAI N ( LATEST (QUOTE SEQNO) PKT.IN)))
(NOT (EQUAL NEXT 0))
(EQUAL SI NK
(FAPPLY (QUOTE MBSG)
(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL NEXT)))))
(LESSP ( SEQNO PKT) NEXT)

( PKTP PKT)

( CONSI STENT2 ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N PKT)

( CONSI STENT ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. I N)

(EQUAL (SEQNO PKT) (SUBL NEXT))
(NOT (1IN (MPAI R ( SEQNO PKT) PKT)
(LATEST (QUOTE SEQNO) PKT.IN)))
(EQUAL (SUBL NEXT) 0))
(EQUAL SINK
(FAPPLY (QUOTE MBSG)
(RANGE (APR ( QUOTE (1QUOTE NULL))
(MPAIR 0 PKT)))))).

which again sinplifies, using linear arithnetic, applying the
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[ emmas NUMBERP. SEQNO, APPLY1. SEQNO, and | N. MPAI R LATEST. I N, and
expandi ng the definitions of EQUAL and LESSP, to:

T.

Case 4. (IMPLIES
( AND
( PMAPP QUEUE)
( NUVBERP NEXT)
(FOLLOWS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT. I N)
(ADDL NEXT)))
(NOT (LESSP ( REACH (LATEST (QUOTE SEQNO) PKT.IN))
NEXT) )
(IN O
(DOMAI N ( LATEST (QUOTE SEQNO) PKT.I1N)))
(NOT (EQUAL NEXT 0))
(EQUAL SI NK
(FAPPLY (QUOTE MSSG)
(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL NEXT)))))
(LESSP ( SEQNO PKT) NEXT)

(PKTP PKT)

( CONSI STENT2 ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. I N PKT)

( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N)

(EQUAL ( SEQNO PKT) (SUBL NEXT))
(NOT (1IN (MPAI R ( SEQNO PKT) PKT)
(LATEST (QUOTE SEQNO) PKT.IN)))
(NOT (EQUAL (SUBL NEXT) 0)))
(EQUAL SI NK
(FAPPLY (QUOTE MSSG)
(RANGE (APR (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL (SUBL NEXT)))
(MPAI R ( SEQNO PKT) PKT)))))).

This sinmplifies again, using linear arithmetic and applying
NUMBERP. SEQNO, | N. DOVAI N. REACH, PMAPP. LATEST, APPLY1. SEQNO, and
I N. MPAI R LATEST. I N, to:

T$

Case 3. (I MPLIES
( AND
( PMAPP QUEUE)
( NUMBERP NEXT)
(FOLLONS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADD1 NEXT)))
(NOT (LESSP (REACH (LATEST (QUOTE SEQNO PKT.IN))
NEXT) )
(INO
(DOVAI N (LATEST (QUOTE SEQNO) PKT.IN)))
(NOT (EQUAL NEXT 0))
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(EQUAL SI NK
(FAPPLY (QUOTE MBSG)
(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL NEXT)))))
(LESSP ( SEQNO PKT) NEXT)

(PKTP PKT)

( CONSI STENT2 ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. I N PKT)

( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N)

(NOT (EQUAL ( SEQNO PKT) (SUBL NEXT)))
(NOT (LESSP (SUBL NEXT) (SEQNO PKT))))
(EQUAL SI NK
(FAPPLY ( QUOTE MBSG)
(RANGE (W THE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL NEXT))
( SEQNO PKT)
PKT))))) .

But this again sinmplifies, using linear arithnmetic and applying

I N. MPAI R LATEST. I N, APPLY1. SEQNO, | N. DOVAI N. REACH, NUVMBERP. SEQNQ,
DOM MPAI R, | N. LOAER, PNAPP. LONER, PMAPP. LATEST, and

W THE. | N. MPAI R, to:

T.

Case 2. (I MPLIES
( AND
( PMAPP QUEUE)
( NUMBERP NEXT)
(FOLLONS QUEUE
(UPPER (LATEST (QUOTE SEQNO PKT.IN)
(ADD1 NEXT)))
(NOT (LESSP (REACH (LATEST (QUOTE SEQNO PKT.IN))
NEXT) )
(INO
(DOVAI N (LATEST (QUOTE SEQNO PKT.IN)))
(NOT (EQUAL NEXT 0))
(EQUAL SI NK
(FAPPLY (QUOTE MSSGQ
( RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUB1 NEXT)))))
(LESSP ( SEQNO PKT) NEXT)

(PKTP PKT)
( CONSI STENT2 ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. I N PKT)
( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. IN))
(NOT (LESSP (REACH (W THE (LATEST (QUOTE SEQNO) PKT.IN)
( SEQNO PKT)
PKT))
NEXT))) .

However this again sinplifies, using linear arithmetic and
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appl yi ng LESSP. REACH. W THE. 2 and PMAPP. LATEST, to:
T.

Case 1. (IMPLIES
( AND
( PMAPP QUEUE)
( NUVBERP NEXT)
(FOLLOWS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT. I N)
(ADDL NEXT)))
(NOT (LESSP ( REACH (LATEST (QUOTE SEQNO) PKT.IN))
NEXT) )
(IN O
(DOMAI N ( LATEST (QUOTE SEQNO) PKT.1N)))
(NOT (EQUAL NEXT 0))
(EQUAL SI NK
(FAPPLY (QUOTE MSSG)
(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL NEXT)))))
(LESSP ( SEQNO PKT) NEXT)

(PKTP PKT)

( CONSI STENT2 ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. I N PKT)

( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N)

(NOT (EQUAL ( SEQNO PKT) 0))
(NOT (LESSP (SUB1 (SEQNO PKT)) NEXT)))
(FOLLOAS QUEUE
(W THE (UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL NEXT))

( SEQNO PKT)
PKT))) .
which again sinplifies, using linear arithnetic, to:
T.
QE. D
126660 conses

114. 513 seconds
13. 528 seconds, garbage collection tine

o S o o o O S
Proof of VC ' RECElI VER#5’

(1 MPLI ES (AND ( RECEI VER. I NT PKT. I N SI NK ACK. QUT NEXT QUEUE)
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(LESSP NEXT ( SEQNO PKT))
(NOT (1IN (SEQNO PKT) (DOVAI N QUEUE)))
( PKTP PKT))
(RECEI VER | NT (APR PKT. N PKT)
SI NK ACK. OUT NEXT
(W THE QUEUE ( SEQNO PKT) PKT)))

This formula can be sinplified, using the abbreviations NOT,
RECEI VER. | NT, AND, and | MPLIES, to: $$$

(I MPLI ES
( AND
( PMAPP QUEUE)
( NUVBERP NEXT)

(IF

( CONSI STENT ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. I N)

(IF

(FOLLOAS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL NEXT)))
(IF
(LESSP (REACH (LATEST (QUOTE SEQNO) PKT.IN))
NEXT)
F
(IF
(INO
(DOMVAI N ( LATEST (QUOTE SEQNO) PKT.1N)))
(IF
(LESSP 0 NEXT)
(EQUAL SI NK
(FAPPLY (QUOTE MSSG)
(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL NEXT)))))
F)
(1 F (EQUAL NEXT 0)
(EQUAL SINK ( QUOTE (1QUOTE NULL)))
F)))
F)
D)
(LESSP NEXT ( SEQNO PKT))
(NOT (1IN (SEQNO PKT) (DOVAI N QUEUE)))
(PKTP PKT))
( RECEI VER. | NT (APR PKT. | N PKT)
SI NK ACK. OUT NEXT
(W THE QUEUE ( SEQNO PKT) PKT))),

which we sinplify, applying LST. APR, NLST. APR, APPLY2. EQUAL,

APPLY1. SEQNO, PMAPP. W THE, | N. DOVAIN. W THE. | F, SUB1. ADD1,

UPPER. W THE. | F, PMAPP. LATEST, and LOAER W THE. | F, and openi ng up
EQUAL, LESSP, CONSI STENT, CONSI STENT2, RECEI VER. | NT, and LATEST, to
the foll owi ng ni ne new goal s:

Case 9. (IMPLIES
(AND ( PMAPP QUEUE)
( NUVBERP NEXT)
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(FOLLOWS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT. I N)
(ADDL NEXT)))
(NOT (LESSP ( REACH (LATEST (QUOTE SEQNO) PKT.IN))
NEXT) )
(NOT (IN O
(DOMAI N (LATEST (QUOTE SEQNO) PKT.IN))))
(EQUAL NEXT 0)
(EQUAL SINK (QUOTE (1QUOTE NULL)))
(NOT (EQUAL ( SEQNO PKT) 0))
(NOT (1IN (SEQNO PKT) (DOVAI N QUEUE)))

(PKTP PKT)

( CONSI STENT2 ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N PKT)

( CONSI STENT ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. I N)

(LESSP (SUBL ( SEQNO PKT)) NEXT))

(FOLLOWS (W THE QUEUE ( SEQNO PKT) PKT)

(UPPER (LATEST (QUOTE SEQNO) PKT. I N)
(ADD1 NEXT)))),

which we again sinmplify, using linear arithmetic, to:

Case 8.

T. $$

(1 MPLI ES

(AND ( PMAPP QUEUE)

( NUVBERP NEXT)
(FOLLOAS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL NEXT)))
(NOT (LESSP (REACH (LATEST (QUOTE SEQNO) PKT.IN))
NEXT) )
(NOT (IN O
(DOMAI N (LATEST (QUOTE SEQNO) PKT.IN))))
(EQUAL NEXT 0)
(EQUAL SI NK ( QUOTE (1QUOTE NULL)))
(NOT (EQUAL ( SEQNO PKT) 0))
(NOT (1IN (SEQNO PKT) (DOVAI N QUEUE)))

(PKTP PKT)

( CONSI STENT2 ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N PKT)

( CONSI STENT ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. I N)

(NOT (LESSP (SUBL ( SEQNO PKT)) NEXT)))

(FOLLOMNS (W THE QUEUE ( SEQNO PKT) PKT)

(W THE (UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL NEXT))
( SEQNO PKT)
PKT))),

whi ch again sinmplifies, applying the | emmas RNG MPAIR, DOM MPAI R,

I N. W THE. MPAI RP,

I N. DOVAI N. UPPER, FOLLOWS. W THE. | F, PNMAPP. W THE,
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PMAPP. LATEST, PMAPP. UPPER, and FOLLOAS. W THE. | N. MPAI R, and
expandi ng the functions NUVBERP, EQUAL, and LESSP, to:

T.

Case 7. (IMPLIES
( AND
( PMAPP QUEUE)
( NUVBERP NEXT)
(FOLLOWS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT. I N)
(ADDL NEXT)))
(NOT (LESSP ( REACH (LATEST (QUOTE SEQNO) PKT.IN))
NEXT) )
(IN O
(DOMAI N ( LATEST (QUOTE SEQNO) PKT.I1N)))
(NOT (EQUAL NEXT 0))
(EQUAL SI NK
(FAPPLY (QUOTE MSSG)
(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL NEXT)))))
(LESSP NEXT ( SEQNO PKT))
(NOT (I'N (SEQNO PKT) (DOVAI N QUEUE)))

( PKTP PKT)

( CONSI STENT2 ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N PKT)

( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N)

(EQUAL ( SEQNO PKT) (SUBL NEXT))
(NOT (IN (MPAIR ( SEQNO PKT) PKT)
(LATEST (QUOTE SEQNO) PKT.IN)))
(EQUAL (SUBL NEXT) 0))
(EQUAL SI NK
(FAPPLY (QUOTE MBSG)
(RANGE (APR ( QUOTE (1QUOTE NULL))
(MPAIR 0 PKT)))))).

which again sinmplifies, using linear arithnetic, to:
T.

Case 6. (I MPLIES
( AND
( PMAPP QUEUE)
( NUMBERP NEXT)
(FOLLONS QUEUE
(UPPER (LATEST (QUOTE SEQNO PKT.IN)
(ADD1 NEXT)))
(NOT (LESSP (REACH (LATEST (QUOTE SEQNO) PKT.IN))
NEXT) )
(INO
(DOVAI N (LATEST (QUOTE SEQNO PKT.IN)))
(NOT (EQUAL NEXT 0))
(EQUAL SI NK
(FAPPLY (QUOTE MSSG
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(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL NEXT)))))
(LESSP NEXT ( SEQNO PKT))
(NOT (I'N (SEQNO PKT) (DOVAIN QUEUE)))

(PKTP PKT)

( CONSI STENT2 ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. I N PKT)

( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N)

(EQUAL (SEQNO PKT) (SUBL NEXT))
(NOT (1IN (MPAI R ( SEQNO PKT) PKT)
(LATEST (QUOTE SEQNO) PKT.IN)))
(NOT (EQUAL (SUBL NEXT) 0)))
(EQUAL SI NK
(FAPPLY (QUOTE MSSG)
(RANGE (APR (LOWER (LATEST (QUOTE SEQNO) PKT. I N)
(SUBL (SUBL NEXT)))
(MPAI R ( SEQNO PKT) PKT)))))).

However this sinplifies again, using linear arithnetic, to:
T.

Case 5. (I MPLIES
( AND
( PMAPP QUEUE)
( NUVBERP NEXT)
(FOLLOAS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL NEXT)))
(NOT (LESSP (REACH (LATEST (QUOTE SEQNO) PKT.IN))
NEXT) )
(IN O
(DOMAI N (LATEST (QUOTE SEQNO) PKT.1N)))
(NOT (EQUAL NEXT 0))
(EQUAL SI NK
(FAPPLY (QUOTE MBSG)
(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL NEXT)))))
(LESSP NEXT ( SEQNO PKT))
(NOT (1IN (SEQNO PKT) (DOVAI N QUEUE)))

(PKTP PKT)

( CONSI STENT2 ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N PKT)

( CONSI STENT ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. I N)

(NOT (EQUAL (SEQNO PKT) (SUBL NEXT)))
(NOT (LESSP (SUB1 NEXT) (SEQNO PKT))))
(EQUAL SI NK
(FAPPLY ( QUOTE MBSG)
(RANGE (W THE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL NEXT))

( SEQNO PKT)
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PKT))))).
whi ch again sinplifies, using linear arithmetic, to:
T.

Case 4. (IMPLIES
( AND
( PMAPP QUEUE)
( NUVBERP NEXT)
(FOLLOWS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL NEXT)))
(NOT (LESSP (REACH (LATEST (QUOTE SEQNO) PKT.IN))
NEXT) )
(IN O
(DOVAI N ( LATEST (QUOTE SEQNO) PKT.IN)))
(NOT (EQUAL NEXT 0))
(EQUAL SI NK
(FAPPLY (QUOTE MBSG)
(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL NEXT)))))
(LESSP NEXT ( SEQNO PKT))
(NOT (I'N (SEQNO PKT) (DOVAI N QUEUE)))

( PKTP PKT)
( CONSI STENT2 ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N PKT)
( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. IN))
(NOT (LESSP (REACH (W THE (LATEST (QUOTE SEQNO) PKT.IN)
( SEQNO PKT)
PKT))
NEXT))) .

But this sinplifies again, using linear arithnetic and rewriting
wi th LESSP. REACH. W THE. 2 and PMAPP. LATEST, to:

T.

Case 3. (IMPLIES
( AND
( PMAPP QUEUE)
( NUVBERP NEXT)
(FOLLOAS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL NEXT)))
(NOT (LESSP (REACH (LATEST (QUOTE SEQNO) PKT.IN))
NEXT) )
(IN O
(DOMAI N ( LATEST (QUOTE SEQNO) PKT.1N)))
(NOT (EQUAL NEXT 0))
(EQUAL SI NK
(FAPPLY ( QUOTE MBSG)
(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL NEXT)))))
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(LESSP NEXT ( SEQNO PKT))
(NOT (1IN (SEQNO PKT) (DOVAI N QUEUE)))

(PKTP PKT)

( CONSI STENT2 ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N PKT)

( CONSI STENT ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. I N)

(EQUAL ( SEQNO PKT) 0))
(FOLLOWS (W THE QUEUE ( SEQNO PKT) PKT)
(UPPER (LATEST (QUOTE SEQNO) PKT. I N)
(ADDL NEXT)))).

This again sinmplifies, using linear arithmetic, to:
T.

Case 2. (I MPLIES
( AND
( PMAPP QUEUE)
( NUMBERP NEXT)
(FOLLONS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADD1 NEXT)))
(NOT (LESSP (REACH (LATEST (QUOTE SEQNO) PKT.IN))
NEXT) )
(INO
(DOVAI N (LATEST (QUOTE SEQNO) PKT.IN)))
(NOT (EQUAL NEXT 0))
(EQUAL SI NK
(FAPPLY (QUOTE MSSG)
( RANGE (LOWER (LATEST (QUOTE SEQNO PKT.IN)
(SUB1 NEXT)))))
(LESSP NEXT ( SEQNO PKT))
(NOT (I'N (SEQNO PKT) (DOVAI N QUEUE)))

( PKTP PKT)

( CONSI STENT2 ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. I N PKT)

( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N)

(LESSP (SUBL (SEQNO PKT)) NEXT))
(FOLLOAS (W THE QUEUE ( SEQNO PKT) PKT)
(UPPER (LATEST (QUOTE SEQNO) PKT. I N)
(ADDL NEXT)))),

whi ch again sinplifies, using linear arithmetic, to:

T. $%
Case 1. (IMPLIES
( AND
( PMAPP QUEUE)
( NUVBERP NEXT)
(FOLLOAS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
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(ADDL NEXT)))
(NOT (LESSP (REACH (LATEST (QUOTE SEQNO) PKT.IN))
NEXT) )
(INO
(DOMAI N ( LATEST (QUOTE SEQNO) PKT.IN)))
(NOT (EQUAL NEXT 0))
(EQUAL SI NK
(FAPPLY (QUOTE MBSG)
(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL NEXT)))))
(LESSP NEXT ( SEQNO PKT))
(NOT (I'N (SEQNO PKT) (DOVAIN QUEUE)))

(PKTP PKT)

( CONSI STENT2 ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. I N PKT)

( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N)

(NOT (EQUAL (SEQNO PKT) 0))
(NOT (LESSP (SUBL (SEQNO PKT)) NEXT)))
(FOLLOAS (W THE QUEUE ( SEQNO PKT) PKT)
(W THE (UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL NEXT))
( SEQNO PKT)
PKT))),

which again sinplifies, rewiting with RNG MPAIR, DOM MPAI R,

I N. WTHE. MPAI RP, SUBL. ADD1, | N. DOVAI N. UPPER, FOLLOWS. W THE. | F,
PMAPP. W THE, PMAPP. LATEST, PMAPP. UPPER, and
FOLLOWNS. W THE. | N. MPAI R, and expandi ng LESSP, to

T.
QE. D

176501 conses
161. 821 seconds
23.681 seconds, garbage collection tinme

L e
Proof of VC ' RECElI VER#6’

(1 MPLI ES (AND (RECEI VER | NT PKT. 1N SI NK ACK. OUT NEXT QUEUE)

(NOT (I'N (ADDL NEXT) (DOVAIN QUEUE)))

(EQUAL ( SEQNO PKT) NEXT)

(PKTP PKT))

( RECEI VER. | NT (APR PKT. | N PKT)

(APR SI NK (MBSG PKT))
(APR ACK. OUT (ADDL NEXT))
(ADDL NEXT)

QUEUE) )

This formula can be sinplified, using the abbreviations NOT,
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RECEI VER. I NT, AND, and | MPLIES, to:$$

(I MPLI ES
( AND
( PMAPP QUEUE)
( NUVBERP NEXT)

(IF

( CONSI STENT ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. I N)

(IF

(FOLLOAS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL NEXT)))
(IF
(LESSP (REACH (LATEST (QUOTE SEQNO) PKT.IN))
NEXT)
F
(IF
(INO
(DOMAI N ( LATEST (QUOTE SEQNO) PKT.1N)))
(IF
(LESSP 0 NEXT)
(EQUAL SI NK
(FAPPLY (QUOTE MSSG)
(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL NEXT)))))
F)
(1 F (EQUAL NEXT 0)
(EQUAL SINK ( QUOTE (1QUOTE NULL)))
F)))
F)
L)
(NOT (IN (ADDL NEXT) (DOVAIN QUEUE)))
(EQUAL ( SEQNO PKT) NEXT)
(PKTP PKT))
( RECEI VER. | NT (APR PKT. | N PKT)
(APR SINK (MBSG PKT))
(APR ACK. OUT (ADDL NEXT))
(ADDL NEXT)

QUEUE) ),

whi ch sinplifies, applying LST. APR, NLST. APR, APPLY2. EQUAL,

APPLY1. SEQNO, PMAPP. NLST, LOAER W THE. | F, | N. DOVAI N. W THE. | F,

EQUAL. REACH. ZERO, SUB1. ADD1, FOLLOWS. UPPER. ADD1, UPPER W THE. | F,

and PMAPP. LATEST, and expandi ng the definitions of EQUAL, LESSP,
CONSI STENT, CONSI STENT2, PMAPP, RECEI VER | NT, and LATEST, to 23 new
conj ect ur es:

Case 23. (1 MPLIES (AND ( PMAPP QUEUE)
(NOT ( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. IN))
(NOT (I'N (ADDL ( SEQNO PKT))
(DOVAI N QUEUE) ) )
(PKTP PKT)

(NOT (SEQP QUEUE)))
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Case 22

whi ch

Case 21

whi ch

Case 20

whi ch

Case 19
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(EQUAL QUEUE ( QUOTE (1QUOTE NULL)))),

again sinplifies, expanding the function PVAPP,
T.
. (I MPLI ES (AND ( PMAPP QUEUE)
(NOT ( CONSI STENT ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. I N))

(NOT (1IN (ADDL ( SEQNO PKT))
( DOVAI N QUEUE) ) )
(PKTP PKT)
( SEQP QUEUE)
(SEQP (NLST QUEUE)))
(MPAIRP (LST (NLST QUEUE)))),

we again sinplify, expanding the definition of PMAPP,

T.

. (1 MPLIES (AND ( PMAPP QUEUE)
(NOT ( CONSI STENT ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. IN))
(NOT (I'N (ADDL ( SEQNO PKT))
( DOVAI N QUEUE) ) )
(PKTP PKT)
( SEQP QUEUE)
(SEQP (NLST QUEUE)))
(LESSP (DOM (LST (NLST QUEUE)))
(DOM (LST QUEUE)))),

again sinplifies, expanding the function PVAPP,
T.
. (I MPLI ES (AND ( PMAPP QUEUE)

(NOT ( CONSI STENT ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. IN))
(NOT (I'N (ADDL ( SEQNO PKT))
( DOVAI N QUEUE) ) )
(PKTP PKT)
( SEQP QUEUE)
(NOT (SEQP (NLST QUEUE))))
(EQUAL (NLST QUEUE)
(QUOTE (1QUOTE NULL)))),

again sinplifies, expanding PMAPP, to:
T.
. (I MPLI ES (AND ( PMAPP QUEUE)

(NOT ( CONSI STENT ( QUOTE SEQNO)

(QUOTE EQUAL)
PKT. IN))

to:

to:

to:
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(NOT (1IN (ADDL ( SEQNO PKT))
( DOVAI N QUEUE) ) )
( PKTP PKT)

( SEQP QUEUE) )
(MPAIRP (LST QUEUE))),

whi ch we again sinmplify, unfolding PVAPP, to:
T.

Case 18. (I MPLI ES
(AND ( PMAPP QUEUE)
( FOLLONS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL (SEQNO PKT))))
(NOT (LESSP (REACH (LATEST (QUOTE SEQNO) PKT.IN))
(SEQNO PKT)))
(NOT (INO
(DOMAI N (LATEST (QUOTE SEQNO) PKT.1N))))
(EQUAL ( SEQNO PKT) 0)
(EQUAL SINK (QUOTE (1QUOTE NULL)))
(NOT (1IN (ADDL (SEQNO PKT))
( DOVAI N QUEUE) ))
( PKTP PKT)
(NOT (SEQP QUEUE)))
(EQUAL QUEUE ( QUOTE (1QUOTE NULL)))),

which we again sinplify, unfolding the definition of PMAPP, to:
T.

Case 17. (1 MPLIES
(AND ( PMAPP QUEUE)
(FOLLOWS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT. I N)
(ADDL ( SEQNO PKT))))
(NOT (LESSP ( REACH (LATEST (QUOTE SEQNO) PKT.IN))
( SEQNO PKT)))
(NOT (IN O
(DOMAI N ( LATEST (QUOTE SEQNO) PKT.IN))))
(EQUAL ( SEQNO PKT) 0)
(EQUAL SINK (QUOTE (1QUOTE NULL)))
(NOT (1IN (ADDL ( SEQNO PKT))
( DOVAI N QUEUE) ) )
(PKTP PKT)
( SEQP QUEUE)
(SEQP (NLST QUEUE)))
(MPAIRP (LST (NLST QUEUE)))).

This sinplifies again, unfolding the function PVMAPP, to:
T.
Case 16. (I MPLI ES
(AND ( PMAPP QUEUE)

(FOLLOWS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT. I N)
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(ADDL ( SEQNO PKT))))
(NOT (LESSP (REACH (LATEST (QUOTE SEQNO) PKT.IN))
( SEQNO PKT)))

(NOT (IN O

(DOMVAI N (LATEST (QUOTE SEQNO) PKT.IN))))
(EQUAL ( SEQNO PKT) 0)
(EQUAL SINK (QUOTE (1QUOTE NULL)))
(NOT (IN (ADDL ( SEQNO PKT))

( DOVAI N QUEUE) ) )
(PKTP PKT)
( SEQP QUEUE)
(SEQP (NLST QUEUE)))

(LESSP (DOM (LST (NLST QUEUE)))

(DOM (LST QUEUE)))).

However this sinplifies again, unfolding the functi on PVMAPP, to

T.

Case 15. (I MPLI ES

(AND ( PMAPP QUEUE)

(FOLLOAS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL ( SEQNO PKT))))
(NOT (LESSP ( REACH (LATEST (QUOTE SEQNO) PKT.IN))
( SEQNO PKT)))
(NOT (IN O
(DOMAI N (LATEST (QUOTE SEQNO) PKT.IN))))
(EQUAL ( SEQNO PKT) 0)
(EQUAL SINK (QUOTE (1QUOTE NULL)))
(NOT (I'N (ADDL ( SEQNO PKT))
(DOVAI N QUEUE) ) )
(PKTP PKT)
( SEQP QUEUE)
(NOT (SEQP (NLST QUEUE))))

(EQUAL (NLST QUEUE)

(QUOTE (1QUOTE NULL)))),

which we again sinmplify, expanding the definition of PMAPP, to:

T.

Case 14. (I MPLI ES

(AND ( PMAPP QUEUE)

(FOLLOWS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT. I N)
(ADDL ( SEQNO PKT))))
(NOT (LESSP ( REACH (LATEST (QUOTE SEQNO) PKT.IN))
( SEQNO PKT)))
(NOT (IN O
(DOVAI N ( LATEST (QUOTE SEQNO) PKT.IN))))
(EQUAL ( SEQNO PKT) 0)
(EQUAL SINK (QUOTE (1QUOTE NULL)))
(NOT (1N (ADDL ( SEQNO PKT))
( DOVAI N QUEUE) ) )
(PKTP PKT)

(SEQP QUEUE))
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(MPAIRP (LST QUEUE))),
whi ch again sinmplifies, unfolding the definition of PMAPP, to:
T$

Case 13. (1 MPLIES
(AND ( PMAPP QUEUE)
(FOLLOWS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL ( SEQNO PKT))))
(NOT (LESSP ( REACH (LATEST (QUOTE SEQNO) PKT.IN))
( SEQNO PKT)))
(NOT (IN O
(DOMVAI N (LATEST (QUOTE SEQNO) PKT.IN))))
(EQUAL ( SEQNO PKT) 0)
(EQUAL SINK (QUOTE (1QUOTE NULL)))
(NOT (IN (ADDL ( SEQNO PKT))
( DOVAI N QUEUE) ) )

(PKTP PKT)

( CONSI STENT2 ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N PKT)

( CONSI STENT ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. I N)

(IN (MPAI R (SEQNO PKT) PKT)
(LATEST (QUOTE SEQNO) PKT.IN)))
(EQUAL (APR SINK ( MBSG PKT))
(FAPPLY (QUOTE MBSG)
(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)

(SEQNO PKT)))))) -

This again sinplifies, rewiting with PMAPP. LATEST and
I N. DOVAI N. MPAI R, and opening up the definitions of EQUAL and
LESSP, to:

T$

Case 12. (1 MPLIES
(AND ( PMAPP QUEUE)
(FOLLOWS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT. I N)
(ADDL ( SEQNO PKT))))
(NOT (LESSP ( REACH (LATEST (QUOTE SEQNO) PKT.IN))
( SEQNO PKT)))
(NOT (IN O
(DOMVAI N ( LATEST (QUOTE SEQNO) PKT.IN))))
(EQUAL ( SEQNO PKT) 0)
(EQUAL SINK (QUOTE (1QUOTE NULL)))
(NOT (1IN (ADDL ( SEQNO PKT))
( DOVAI N QUEUE) ) )

(PKTP PKT)

( CONSI STENT2 ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. I N PKT)

( CONSI STENT ( QUOTE SEQNO)
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(QUOTE EQUAL)
PKT. I N)
(NOT (1IN (MPAI R ( SEQNO PKT) PKT)
(LATEST (QUOTE SEQNO) PKT.IN))))
(EQUAL (APR SINK (MBSG PKT))
(FAPPLY ( QUOTE MBSG)
(RANGE (APR ( QUOTE (1QUOTE NULL))
(MPAIR 0 PKT)))))).

But this again sinplifies, applying PMAPP. LATEST, | N. MPAl R. DOVAI N,
RNG. MPAI R, LST. APR, NLST. APR, APPLY1. MSSG and APR EQUAL, and
expandi ng EQUAL, LESSP, RANGE, and FAPPLY, to:

(1 MPLI ES
(AND ( PMAPP QUEUE)
(FOLLOAS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)

1))
(NOT (IN O
(DOVAI N ( LATEST (QUOTE SEQNO) PKT.IN))))
(EQUAL ( SEQNO PKT) 0)
(NOT (IN 1 (DOVAIN QUEUE)))

(PKTP PKT)

( CONSI STENT2 ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. I N PKT)

( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. IN))

(EQUAL (QUOTE (1QUOTE NULL))
(FAPPLY ( QUOTE MSSG)

(QUOTE (1QUOTE NULL))))),

whi ch we again sinplify, expanding the functions SEQP, FAPPLY,
and EQUAL, to:

T$

Case 11. (1 MPLIES
(AND ( PMAPP QUEUE)
(FOLLOWS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT. I N)
(ADDL ( SEQNO PKT))))
(NOT (LESSP ( REACH (LATEST (QUOTE SEQNO) PKT.IN))

( SEQNO PKT)))
(NOT (IN O

(DOMAI N (LATEST (QUOTE SEQNO) PKT.IN))))
(EQUAL ( SEQNO PKT) 0)
(EQUAL SI NK (QUOTE (1QUOTE NULL)))
(NOT (I'N (ADDL ( SEQNO PKT))

( DOVAI N QUEUE) ) )

(PKTP PKT)

( CONSI STENT2 ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N PKT)

( CONSI STENT ( QUOTE SEQNO)
(QUOTE EQUAL)
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PKT. IN))
( NOT
(LESSP (SUBL (REACH (W THE (LATEST (QUOTE SEQNO) PKT.IN)
( SEQNO PKT)
PKT)))

( SEQNO PKT)))).

This again sinmplifies, rewiting with PMAPP. LATEST and
W THE. ZERO. 2, and expandi ng the definitions of EQUAL and LESSP,
to:

T.

Case 10. (1 MPLI ES
( AND
( PMAPP QUEUE)
(FOLLOWS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT. I N)
(ADDL ( SEQNO PKT))))
(NOT (LESSP ( REACH (LATEST (QUOTE SEQNO) PKT.IN))

( SEQNO PKT)))
(IN O

(DOMAI N (LATEST (QUOTE SEQNO) PKT.1N)))

(NOT (EQUAL ( SEQNO PKT) 0))
(EQUAL SI NK

(FAPPLY (QUOTE MSSG)

(RANGE (LOAER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL (SEQNO PKT))))))
(NOT (I'N (ADDL ( SEQNO PKT))
( DOVAI N QUEUE) ) )

(PKTP PKT)
(NOT ( SEQP QUEUE) ))
(EQUAL QUEUE ( QUOTE (1QUOTE NULL)))),

whi ch again sinplifies, expanding the definition of PMAPP, to:
T.

Case 9. (IMPLIES
( AND
( PMAPP QUEUE)
(FOLLOWS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT. I N)
(ADDL ( SEQNO PKT))))
(NOT (LESSP (REACH (LATEST (QUOTE SEQNO) PKT.IN))

( SEQNO PKT)))
(IN O

(DOMAI N ( LATEST (QUOTE SEQNO) PKT.IN)))

(NOT (EQUAL ( SEQNO PKT) 0))
(EQUAL SI NK

(FAPPLY (QUOTE MSSG)

(RANGE (LOAER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL (SEQNO PKT))))))
(NOT (1IN (ADDL ( SEQNO PKT))
( DOVAI N QUEUE) ) )

(PKTP PKT)

( SEQP QUEUE)
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(SEQP (NLST QUEUE)))
(MPAI RP (LST (NLST QUEUE)))).

But this again sinmplifies, unfolding the function PMAPP, to:
T.$

Case 8. (IMPLIES
( AND
( PMAPP QUEUE)
(FOLLOWS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT. I N)
(ADDL ( SEQNO PKT))))
(NOT (LESSP ( REACH (LATEST (QUOTE SEQNO) PKT.IN))

(1N (SEQNO PKT)))

(DOVAI N ( LATEST (QUOTE SEQNO) PKT.IN)))

(NOT (EQUAL ( SEQNO PKT) 0))
(EQUAL SI NK

(FAPPLY (QUOTE MBSG)

(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL ( SEQNO PKT))))))
(NOT (I'N (ADDL ( SEQNO PKT))
(DOVAI N QUEUE) ) )

(PKTP PKT)
( SEQP QUEUE)
(SEQP (NLST QUEUE)))
(LESSP (DOM (LST (NLST QUEUE)))

(DOM (LST QUEUE)))).

This again sinplifies, expanding the definition of PMAPP, to:
T.

Case 7. (I MPLIES
( AND
( PMAPP QUEUE)
(FOLLONS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADD1 ( SEQNO PKT))))
(NOT (LESSP (REACH (LATEST (QUOTE SEQNO) PKT.IN))

( SEQNO PKT)))
(IN O

(DOMAI N (LATEST (QUOTE SEQNO) PKT.IN)))

(NOT (EQUAL ( SEQNO PKT) 0))
(EQUAL SI NK

(FAPPLY (QUOTE MBSG)

(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL (SEQNO PKT))))))
(NOT (IN (ADDL ( SEQNO PKT))
( DOVAI N QUEUE) ) )

(PKTP PKT)
( SEQP QUEUE)
(NOT (SEQP (NLST QUEUE))))
(EQUAL (NLST QUEUE)

(QUOTE (1QUOTE NULL)))),

whi ch we again sinplify, unfolding the function PVAPP, to:
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T.

Case 6. (I MPLIES
( AND
( PMAPP QUEUE)
( FOLLONS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADD1 (SEQNO PKT))))
(NOT (LESSP (REACH (LATEST (QUOTE SEQNO PKT.IN))

( SEQNO PKT)))
(IN O

(DOMAI N (LATEST (QUOTE SEQNO) PKT.1N)))

(NOT (EQUAL ( SEQNO PKT) 0))
(EQUAL SI NK

(FAPPLY ( QUOTE MBSG)

(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL ( SEQNO PKT))))))
(NOT (I'N (ADDL ( SEQNO PKT))
( DOVAI N QUEUE) ) )

(PKTP PKT)

( SEQP QUEUE) )
(MPAI RP (LST QUEUE))).

This sinmplifies again, unfolding the function PVMAPP, to:
T$

Case 5. (IMPLIES
( AND
( PMAPP QUEUE)
(FOLLOAS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL ( SEQNO PKT))))
(NOT (LESSP (REACH (LATEST (QUOTE SEQNO) PKT.IN))

( SEQNO PKT)))
(IN O

(DOMVAI N ( LATEST (QUOTE SEQNO) PKT.IN)))

(NOT (EQUAL ( SEQNO PKT) 0))
(EQUAL SI NK

(FAPPLY ( QUOTE MBSG)

(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL (SEQNO PKT))))))
(NOT (1IN (ADDL ( SEQNO PKT))
( DOVAI N QUEUE) ) )

(PKTP PKT)

( CONSI STENT2 ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. I N PKT)

( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N)

(IN (MPAI R (SEQNO PKT) PKT)
(LATEST (QUOTE SEQNO) PKT.IN)))
(EQUAL (APR SINK (MBSG PKT))
(FAPPLY (QUOTE MSSG)
(RANGE (LOAER (LATEST (QUOTE SEQNO) PKT. I N)

(SEQNO PKT)))))) .



60

which again sinplifies, clearly, to the new formul a: $

(1 MPLI ES
(AND ( PMAPP QUEUE)

(FOLLOAS QUEUE

(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL ( SEQNO PKT))))
(NOT (LESSP ( REACH (LATEST (QUOTE SEQNO) PKT.IN))
( SEQNO PKT)))
(IN O

(DOVAI N ( LATEST (QUOTE SEQNO) PKT.IN)))
(NOT (EQUAL ( SEQNO PKT) 0))
(NOT (IN (ADDL ( SEQNO PKT))
( DOVAI N QUEUE) ))

(PKTP PKT)

( CONSI STENT2 ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. I N PKT)

( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N)

(IN (MPAI R ( SEQNO PKT) PKT)
(LATEST (QUOTE SEQNO) PKT.IN)))
( EQUAL

(APR (FAPPLY ( QUOTE MSSO)
(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL (SEQNO PKT)))))
(MBSG PKT))
(FAPPLY (QUOTE MBSG)
(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)

(SEQNO PKT)))))) .

Appl ying the [ enmas MSSGE SEQNO. ELI M and SUBL1. ELIM repl ace PKT by
(PACKET Z X) to elimnate (SEQNO PKT) and (MSSG PKT) and X by
(ADD1 V) to elimnate (SUBL X). W rely upon the type
restriction | emma noted when SEQNO was i ntroduced and the type
restriction [ emma noted when SUBL was introduced to restrict the
new variables. The result is:$

(1 MPLI ES
(AND ( NUVBERP V)
( PMAPP QUEUE)
(FOLLOWS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL (ADDL V))))
(NOT (LESSP ( REACH (LATEST (QUOTE SEQNO) PKT.IN))
(ADDL V)))
(IN O
(DOVAI N ( LATEST (QUOTE SEQNO) PKT.IN)))
(NOT (EQUAL (ADDL V) 0))
(NOT (1IN (ADDL (ADDL V)) (DOVAIN QUEUE)))
( CONSI STENT2 ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. IN
(PACKET Z (ADDL V)))
( CONSI STENT ( QUOTE SEQNO)

(QUOTE EQUAL)
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PKT. I N)
(IN (MPAIR (ADDL V) (PACKET Z (ADDL V)))

(LATEST (QUOTE SEQNO) PKT.IN)))
( EQUAL

(APR (FAPPLY (QUOTE MBSO
(RANGE (LOWAER (LATEST (QUOTE SEQNO) PKT.IN)
V)))
2)
(FAPPLY ( QUOTE MBSO
(RANGE (LOAER (LATEST (QUOTE SEQNO) PKT. I N)

(ADDL V)))))).

which further sinplifies, rewiting with SUBl. ADD1,

EQUAL. REACH. ZERO, PMAPP. LATEST, LOWER ADD1, RNG MPAI R, LST. APR
NLST. APR, MSSG PACKET, and APPLY1l. MSSG and opening up the
functions LESSP, RANGE, and FAPPLY, to:

T$

Case 4. (IMPLIES
( AND
( PMAPP QUEUE)
(FOLLOAS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL ( SEQNO PKT))))
(NOT (LESSP (REACH (LATEST (QUOTE SEQNO) PKT.IN))

( SEQNO PKT)))
(IN O

(DOMAI N ( LATEST (QUOTE SEQNO) PKT.IN)))

(NOT (EQUAL ( SEQNO PKT) 0))
(EQUAL SI NK

(FAPPLY (QUOTE MBSG)

(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL (SEQNO PKT))))))
(NOT (1IN (ADDL ( SEQNO PKT))
( DOVAI N QUEUE) ) )

(PKTP PKT)

( CONSI STENT2 ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. I N PKT)

( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N)

(NOT (1IN (MPAI R ( SEQNO PKT) PKT)
(LATEST (QUOTE SEQNO) PKT.IN))))
( EQUAL

(APR SINK (MBSG PKT))
(FAPPLY ( QUOTE MBSG)
(RANGE (APR (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL ( SEQNO PKT)))
(MPAI R ( SEQNO PKT) PKT)))))),

whi ch again sinmplifies, applying RNG MPAIR, LST. APR, NLST. APR,
and APPLY1. MSSG and opening up the definitions of RANGE and
FAPPLY, to:

T$
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Case 3. (IMPLIES
( AND
( PMAPP QUEUE)
(FOLLOWS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT. I N)
(ADDL ( SEQNO PKT))))
(NOT (LESSP (REACH (LATEST (QUOTE SEQNO) PKT.IN))

( SEQNO PKT)))
(IN O

(DOMAI N (LATEST (QUOTE SEQNO) PKT.IN)))

(NOT (EQUAL (SEQNO PKT) 0))
(EQUAL SINK

(FAPPLY (QUOTE MBSG)

(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL ( SEQNO PKT))))))
(NOT (IN (ADDL ( SEQNO PKT))
(DOVAI N QUEUE) ) )

(PKTP PKT)
( CONSI STENT2 ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N PKT)
( CONSI STENT ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. IN))
(NOT
(LESSP (SUB1 (REACH (W THE (LATEST (QUOTE SEQNO) PKT.IN)
( SEQNO PKT)
PKT)))

(SEQNO PKT)))).

This again sinplifies, using linear arithmetic and applying
LESSP. REACH. W THE. 2 and PMAPP. LATEST, to:

(1 MPLI ES
(AND (EQUAL (REACH (LATEST (QUOTE SEQNO) PKT.IN))
( SEQNO PKT))

( PMAPP QUEUE)

(FOLLOAS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)

(ADDL ( SEQNO PKT))))
(NOT (LESSP (SEQNO PKT) (SEQNO PKT)))
(IN O
(DOVAI N ( LATEST (QUOTE SEQNO) PKT.IN)))

(NOT (EQUAL ( SEQNO PKT) 0))

(NOT (I'N (ADDL ( SEQNO PKT))
( DOVAI N QUEUE) ) )

(PKTP PKT)

( CONSI STENT2 ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. I N PKT)

( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. IN))

(NOT
(LESSP (SUBL1 (REACH (W THE (LATEST (QUOTE SEQNO) PKT.IN)
( SEQNO PKT)

PKT)))
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( SEQNO PKT)))).

This sinmplifies again, using linear arithnetic and applying
LESSP. SUB1. REACH. W THE and PNMAPP. LATEST, to: $

(1 MPLI ES
(AND ( EQUAL (REACH (W THE (LATEST (QUOTE SEQNO) PKT.IN)
( SEQNO PKT)
PKT))
0)
(EQUAL (REACH (LATEST (QUOTE SEQNO) PKT.IN))
( SEQNO PKT))
( PMAPP QUEUE)
(FOLLOAS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL ( SEQNO PKT))))
(NOT (LESSP (SEQNO PKT) (SEQNO PKT)))
(IN O
(DOVAI N ( LATEST (QUOTE SEQNO) PKT.IN)))
(NOT (EQUAL ( SEQNO PKT) 0))
(NOT (I'N (ADDL ( SEQNO PKT))
(DOVAI N QUEUE) ) )

(PKTP PKT)
( CONSI STENT2 ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. I N PKT)
( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. IN))
(NOT
(LESSP (SUBL (REACH (W THE (LATEST (QUOTE SEQNO) PKT.IN)
( SEQNO PKT)
PKT)))

(SEQNO PKT))) ),

which we again sinplify, using linear arithmetic and applying
LESSP. REACH. W THE. 2 and PMAPP. LATEST, to:

T%

Case 2. (IMPLIES
( AND
( PMAPP QUEUE)
(FOLLOWS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT. I N)
(ADDL ( SEQNO PKT))))
(NOT (LESSP (REACH (LATEST (QUOTE SEQNO) PKT.IN))

( SEQNO PKT)))
(IN O

(DOMAI N (LATEST (QUOTE SEQNO) PKT.IN)))

(NOT (EQUAL ( SEQNO PKT) 0))
(EQUAL SI NK

(FAPPLY (QUOTE MBSG)

(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL ( SEQNO PKT))))))
(NOT (IN (ADDL ( SEQNO PKT))
(DOVAI N QUEUE) ) )
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(PKTP PKT)

( CONSI STENT2 ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N PKT)

( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N)

(LESSP (SUBL ( SEQNO PKT))
(ADDL ( SEQNO PKT))))
(FOLLOWS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT. I N)
(ADDL (ADDL (SEQNO PKT)))))),

which we again sinplify, applying SUBL. ADD1, PNAPP. LATEST, and
FOLLOWS. UPPER. ADD1, and expandi ng the function LESSP, to:

T.

Case 1. (I MPLIES
( AND
( PMAPP QUEUE)
(FOLLONS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADD1 ( SEQNO PKT))))
(NOT (LESSP ( REACH (LATEST (QUOTE SEQNO) PKT.IN))

( SEQNO PKT)))
(IN O

(DOMAI N (LATEST (QUOTE SEQNO) PKT.IN)))

(NOT (EQUAL ( SEQNO PKT) 0))
(EQUAL SI NK

(FAPPLY (QUOTE MBSG)

(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL (SEQNO PKT))))))
(NOT (I'N (ADDL ( SEQNO PKT))
( DOVAI N QUEUE) ) )

(PKTP PKT)

( CONSI STENT2 ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N PKT)

( CONSI STENT ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. I N)

(NOT (LESSP (SUBL ( SEQNO PKT))
(ADDL ( SEQNO PKT)))))
(FOLLOWS QUEUE
(W THE (UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL (ADDL ( SEQNO PKT))))
( SEQNO PKT)
PKT))),

whi ch we again sinplify, using linear arithnmetic, to:
T.
Q E. D

390914 conses
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360. 125 seconds
44,228 seconds, garbage collection tine

L L O

Proof of VC ' RECEl VER#T’
(1 MPLI ES
(AND ( RECEI VER. I NT PKT. I N SI NK ACK. QUT NEXT QUEUE)
(I'N (ADDL NEXT) (DOVAIN QUEUE))
(EQUAL ( SEQNO PKT) NEXT)
(PKTP PKT))
( RECEI VER. | NT (APR PKT. I N PKT)
(JON SINK
(APL (MSSG PKT)
(FAPPLY (QUOTE MSSG
( RANGE ( CONSEC QUEUE)))))
(APR ACK. OUT ( REACH QUEUE))
( REACH QUEUE)
( UPPER QUEUE ( REACH QUEUE))))

This conjecture can be sinplified, using the abbreviations
RECEI VER. I NT, AND, | MPLIES, and JO N. APL. APR, to: $$3$%

(1 MPLI ES
( AND
( PMAPP QUEUE)
( NUVBERP NEXT)

(IF

( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N)

(IF

(FOLLOAS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT. I N)
(ADDL NEXT)))
(IF
(LESSP (REACH (LATEST (QUOTE SEQNO) PKT.IN))
NEXT)
F
(IF
(IN O
(DOVAI N ( LATEST (QUOTE SEQNO) PKT.IN)))
(IF
(LESSP 0 NEXT)
(EQUAL SINK
(FAPPLY (QUOTE MBSG)
(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL NEXT)))))
F)
(1 F (EQUAL NEXT 0)
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(EQUAL SI NK ( QUOTE (1QUOTE NULL)))
F))
F)
L))
(IN (ADDL NEXT) (DOMAI N QUEUE))
(EQUAL ( SEQNO PKT) NEXT)
(PKTP PKT))
( RECEI VER | NT (APR PKT. | N PKT)
(JON (APR SINK (MBSG PKT))
(FAPPLY (QUOTE MSSG)
( RANGE ( CONSEC QUEUE))))
(APR ACK. OUT ( REACH QUEUE))
( REACH QUEUE)
(UPPER QUEUE ( REACH QUEUE)))),

which sinplifies, using linear arithmetic, rewiting with the

| emmas LST. APR, NLST. APR, APPLY2. EQUAL, APPLY1. SEQNO, PMAPP. UPPER,
SUBL. ADD1, FI RST. DOVAI N. FOLLOWS. UPPER, LOWER. SUB1. REACH. 3,

| N. DOVAI N. FOLLOWS. UPPER, LOWER W THE. | F, LESSP. ZERO. REACH,

I N. DOVAI N. W THE. | F, FOLLOWS. UPPER. ADD1, | N. DOVAI N. UPPER,

I N. REACH. DOVAI N, FOLLOWS. TRANS, FOLLOWS. SAME, FOLLOWS. UPPER,
FOLLOWS. UPPER. UPPER, UPPER. W THE. | F, PMAPP. LATEST, W THE. JO N. LOVER,
FI RST. DOVAI N. CONSEC, and PMAPP. CONSEC, and expandi ng the functions
EQUAL, LESSP, CONSI STENT, CONSI STENT2, RECEI VER. | NT, and LATEST, to
15 new conj ectures:

Case 15. (I MPLI ES
(AND ( PMAPP QUEUE)
( FOLLONS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL (SEQNO PKT))))
(NOT (LESSP (REACH (LATEST (QUOTE SEQNO) PKT.IN))

( SEQNO PKT)))
(NOT (IN O

(DOVAI N ( LATEST (QUOTE SEQNO) PKT.IN))))
(EQUAL ( SEQNO PKT) 0)
(EQUAL SINK (QUOTE (1QUOTE NULL)))
(IN (ADDL ( SEQNO PKT)) (DOVAI N QUEUE))

(PKTP PKT)

( CONSI STENT2 ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. I N PKT)

( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N)

(EQUAL ( SEQNO PKT)
(SUB1 ( REACH QUEUE)))
(NOT (IN (MPAIR ( SEQNO PKT) PKT)
(LATEST (QUOTE SEQNO) PKT.IN)))
(EQUAL (SUBL (REACH QUEUE)) 0))
(EQUAL (JON (APR SINK (MSSG PKT))
(FAPPLY ( QUOTE MBSG)
( RANGE ( CONSEC QUEUE))))
(FAPPLY ( QUOTE MBSG)
(RANGE (APR ( QUOTE (1QUOTE NULL))
(MPAIR 0 PKT)))))).

whi ch again sinplifies, applying the I erma | N ADDL. DOVAI N, and
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expandi ng the functions EQUAL and LESSP, to:
T.

Case 14. (1 MPLIES
(AND ( PMAPP QUEUE)
(FOLLOAS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL ( SEQNO PKT))))
(NOT (LESSP (REACH (LATEST (QUOTE SEQNO) PKT.IN))
( SEQNO PKT)))
(NOT (IN O
(DOMAI N (LATEST (QUOTE SEQNO) PKT.IN))))
(EQUAL ( SEQNO PKT) 0)
(EQUAL SINK ( QUOTE (1QUOTE NULL)))
(IN (ADDL ( SEQNO PKT)) (DOVAI N QUEUE))

( PKTP PKT)

( CONSI STENT2 ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N PKT)

( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N)

(EQUAL ( SEQNO PKT)
(SUB1 ( REACH QUEUE)))
(NOT (IN (MPAIR ( SEQNO PKT) PKT)
(LATEST (QUOTE SEQNO) PKT.IN)))
(NOT (EQUAL (SUBL (REACH QUEUE)) 0)))
( EQUAL
(JO N (APR SINK (MBSG PKT))
(FAPPLY (QUOTE MBSG)
( RANGE ( CONSEC QUEUE))))
(FAPPLY ( QUOTE MBSG)
(RANGE (APR (LOWER (LATEST (QUOTE SEQNO) PKT. I N)
(SUBL (SUB1 (REACH QUEUE))))
(MPAI R ( SEQNO PKT) PKT)))))),

which again sinplifies, using linear arithnetic, to:
T.$

Case 13. (I MPLIES
(AND ( PMAPP QUEUE)
(FOLLOWS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL ( SEQNO PKT))))
(NOT (LESSP ( REACH (LATEST (QUOTE SEQNO) PKT.IN))
( SEQNO PKT)))
(NOT (IN O
(DOVAI N ( LATEST (QUOTE SEQNO) PKT.IN))))
(EQUAL ( SEQNO PKT) 0)
(EQUAL SINK (QUOTE (1QUOTE NULL)))
(IN (ADDL ( SEQNO PKT)) (DOVAI N QUEUE))

(PKTP PKT)

( CONSI STENT2 ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. I N PKT)

( CONSI STENT ( QUOTE SEQNO)
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(QUOTE EQUAL)
PKT. I N)
(EQUAL ( SEQNO PKT)
(SUBL (REACH QUEUE)))
(IN (MPAI R ( SEQNO PKT) PKT)
(LATEST (QUOTE SEQNO) PKT.IN)))
( EQUAL

(JON (APR SINK (MBSG PKT))
(FAPPLY (QUOTE MBSG)
( RANGE ( CONSEC QUEUE))))
(FAPPLY (QUOTE MBSG)
(RANGE (JO N (LOVER (LATEST (QUOTE SEQNO) PKT. I N)
( SEQNO PKT))
(CONSEC QUEUE)))))) -

However this sinplifies again, using linear arithnetic, applying
LESSP. REACH. REACH. 1, | N. DOVAI N. MPAI R, PNAPP. LATEST,

I N. DOVAI N. REACH, and | N. ADD1. DOVAI N, and unfol di ng EQUAL and
LESSP, to:

T$

Case 12. (1 MPLIES
(AND ( PMAPP QUEUE)
(FOLLOWS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT. I N)
(ADDL ( SEQNO PKT))))
(NOT (LESSP ( REACH (LATEST (QUOTE SEQNO) PKT.IN))

( SEQNO PKT)))
(NOT (IN O

(DOMAI N (LATEST (QUOTE SEQNO) PKT.IN))))
(EQUAL ( SEQNO PKT) 0)
(EQUAL SINK (QUOTE (1QUOTE NULL)))
(IN (ADDL ( SEQNO PKT)) (DOVAI N QUEUE))

(PKTP PKT)

( CONSI STENT2 ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N PKT)

( CONSI STENT ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. I N)

(NOT ( EQUAL ( SEQNO PKT)
(SUBL (REACH QUEUE)))))
( EQUAL
(JON (APR SINK (MSSG PKT))
(FAPPLY ( QUOTE MSSG)
( RANGE ( CONSEC QUEUE))))

( FAPPLY
( QUOTE MBSO
(RANGE (W THE (JO N (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
( SEQNO PKT))
( CONSEC QUEUE) )
( SEQNO PKT)
PKT))))) .

which we again sinmplify, rewiting with PVMAPP. LATEST,
LONER. ZERO. 2, PMAPP. CONSEC, JO N. NULL. PMAPP, W THE. ZERQO. 2,
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I N. DOVAI N. FOLLOWS. UPPER, | N. DOVAI N. CONSEC. NOT, RANGE. JO N,
RNG MPAI R, LST. APR, NLST. APR, FAPPLY.JO N, and APPLY1l. MSSG and
expandi ng the definitions of EQUAL, LESSP, RANGE, and FAPPLY, to:

$ (1 MPLI ES
(AND ( PMAPP QUEUE)
(FOLLOAS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)

1))
(NOT (IN O
(DOVAI N ( LATEST (QUOTE SEQNO) PKT.IN))))
(EQUAL (SEQNO PKT) 0)
(IN 1 (DOVAI N QUEUE))

(PKTP PKT)

( CONSI STENT2 ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. I N PKT)

( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N)

(NOT (EQUAL 0 (SUBL (REACH QUEUE)))))
(EQUAL (JO N (APR (QUOTE (1QUOTE NULL)) (MSSG PKT))
(FAPPLY (QUOTE MSSG)
( RANGE ( CONSEC QUEUE))))
(JON (APR (FAPPLY (QUOTE MSSG)
(QUOTE (1QUOTE NULL)))
(MBSG PKT))
(FAPPLY (QUOTE MSSG)
(RANGE (CONSEC QUEUE)))))),

whi ch again sinplifies, opening up SEQP and FAPPLY, to:
T.

Case 11. (I MPLIES
(AND ( PMAPP QUEUE)
(FOLLONS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADD1 (SEQNO PKT))))
(NOT (LESSP (REACH (LATEST (QUOTE SEQNO PKT.IN))

( SEQNO PKT)))
(NOT (IN O

(DOVAI N ( LATEST (QUOTE SEQNO) PKT.IN))))
(EQUAL ( SEQNO PKT) 0)
(EQUAL SINK (QUOTE (1QUOTE NULL)))
(IN (ADDL ( SEQNO PKT)) (DOVAI N QUEUE))

(PKTP PKT)

( CONSI STENT2 ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. I N PKT)

( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. IN))

(SEQP QUEUE)) .

This again sinplifies, applying the | enmas UPPER. ZERQO,
PMAPP. LATEST, and FOLLOWS. UPPER. ADD1, and openi ng up the
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definitions of PVMAPP, FOLLOA5, | N, DOVAIN, EQUAL, and LESSP, to:
T.$

Case 10. (1 MPLI ES
(AND ( PMAPP QUEUE)
(FOLLOAS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL ( SEQNO PKT))))
(NOT (LESSP (REACH (LATEST (QUOTE SEQNO) PKT.IN))
( SEQNO PKT)))
(NOT (IN O
(DOMVAI N ( LATEST (QUOTE SEQNO) PKT.IN))))
(EQUAL ( SEQNO PKT) 0)
(EQUAL SINK (QUOTE (1QUOTE NULL)))
(IN (ADDL ( SEQNO PKT)) (DOVAI N QUEUE))

( PKTP PKT)
( CONSI STENT2 ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N PKT)
( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. IN))
(NOT (LESSP (REACH (W THE (LATEST (QUOTE SEQNO) PKT.IN)
( SEQNO PKT)
PKT))

(REACH QUEUE)))).

This again simplifies, rewiting with PVAPP. LATEST, W THE. ZERQ. 2,
and REACH. JO N. APR NULL. 2, and expandi ng EQUAL and LESSP, to:

(1 MPLI ES
(AND ( PMAPP QUEUE)
(FOLLOWS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT. I N)

1))
(NOT (IN O
(DOVAI N ( LATEST (QUOTE SEQNO) PKT.IN))))
(EQUAL ( SEQNO PKT) 0)
(IN 1 (DOVAI N QUEUE))

( PKTP PKT)

( CONSI STENT2 ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N PKT)

( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. IN))

(NOT (LESSP ( REACH (LATEST (QUOTE SEQNO) PKT.IN))
(REACH QUEUE)))).

However this sinplifies again, using linear arithmetic and
appl yi ng LESSP. REACH. REACH. 1 and PMAPP. LATEST, to:

T.

Case 9. (IMPLIES
( AND
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( PMAPP QUEUE)
(FOLLOWS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT. I N)
(ADDL ( SEQNO PKT))))
(NOT (LESSP (REACH (LATEST (QUOTE SEQNO) PKT.IN))

( SEQNO PKT)))
(IN O

(DOMAI N ( LATEST (QUOTE SEQNO) PKT.IN)))
(NOT (EQUAL ( SEQNO PKT) 0))
(EQUAL SI NK
(FAPPLY (QUOTE MBSG)
(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL (SEQNO PKT))))))
(IN (ADDL (SEQNO PKT)) (DOVAI N QUEUE))

(PKTP PKT)

( CONSI STENT2 ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. I N PKT)

( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N)

(EQUAL ( SEQNO PKT)
(SuB1 (REACH QUEUE)))
(NOT (IN (MPAI R ( SEQNO PKT) PKT)
(LATEST (QUOTE SEQNO) PKT.IN)))
(EQUAL (SUB1 (REACH QUEUE)) 0))
(EQUAL (JO N (APR SINK (MSSG PKT))
(FAPPLY (QUOTE MSSG
( RANGE (CONSEC QUEUE))))
(FAPPLY (QUOTE MSSG)
(RANGE (APR (QUOTE (1QUOTE NULL))
(MPAIR 0 PKT)))))).
But this again sinplifies, using linear arithmetic, to:

T$

Case 8. (I MPLIES
( AND
( PMAPP QUEUE)
(FOLLONS QUEUE
(UPPER (LATEST (QUOTE SEQNO PKT.IN)
(ADDL ( SEQNO PKT))))
(NOT (LESSP (REACH (LATEST (QUOTE SEQNO) PKT.IN))
(SEQNO PKT)))
(INO

(DOMAI N ( LATEST (QUOTE SEQNO) PKT.IN)))
(NOT (EQUAL ( SEQNO PKT) 0))
(EQUAL SI NK
(FAPPLY (QUOTE MSSG)
(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)

(SUBL (SEQNO PKT))))))
(IN (ADDL ( SEQNO PKT)) (DOVAI N QUEUE))

(PKTP PKT)

( CONSI STENT2 ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. I N PKT)

( CONSI STENT ( QUOTE SEQNO)
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(QUOTE EQUAL)
PKT. I N)
(EQUAL ( SEQNO PKT)
(SUBL (REACH QUEUE)))
(NOT (1IN (MPAI R ( SEQNO PKT) PKT)
(LATEST (QUOTE SEQNO) PKT.IN)))
(NOT (EQUAL (SUBL (REACH QUEUE)) 0)))
( EQUAL
(JON (APR SINK (MBSG PKT))
(FAPPLY (QUOTE MSSG)
( RANGE ( CONSEC QUEUE))))
(FAPPLY (QUOTE MSSG)
(RANGE (APR (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL (SUB1 (REACH QUEUE))))
(MPAI R ( SEQNO PKT) PKT)))))).

This again sinplifies, applying I N ADDL. DOVAI N, to:
T.

Case 7. (IMPLIES
( AND
( PMAPP QUEUE)
(FOLLOAS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT. I N)
(ADDL ( SEQNO PKT))))
(NOT (LESSP (REACH (LATEST (QUOTE SEQNO) PKT.IN))
( SEQNO PKT)))
(INO

(DOMAI N ( LATEST (QUOTE SEQNO) PKT.I1N)))
(NOT (EQUAL ( SEQNO PKT) 0))
(EQUAL SI NK
(FAPPLY (QUOTE MSSG)
(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)

(SUBL ( SEQNO PKT))))))
(IN (ADDL ( SEQNO PKT)) (DOVAI N QUEUE))

( PKTP PKT)

( CONSI STENT2 ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. I N PKT)

( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N)

(EQUAL ( SEQNO PKT)
(SUBL (REACH QUEUE)))
(IN (MPAI R (SEQNO PKT) PKT)
(LATEST (QUOTE SEQNO) PKT.IN)))
( EQUAL
(JON (APR SINK (MBSG PKT))
(FAPPLY (QUOTE MSSG)
(RANGE ( CONSEC QUEUE))))
(FAPPLY (QUOTE MSSG)
(RANGE (JO N (LOVER (LATEST (QUOTE SEQNO) PKT. I N)
( SEQNO PKT))
(CONSEC QUEUE)))))),

whi ch we again sinplify, applying I N ADD1. DOVAIN, to:
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T$

Case 6. (I MPLIES
( AND
( PMAPP QUEUE)
( FOLLONS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADD1 (SEQNO PKT))))
(NOT (LESSP (REACH (LATEST (QUOTE SEQNO PKT.IN))

( SEQNO PKT)))
(IN O

(DOMAI N (LATEST (QUOTE SEQNO) PKT.1N)))
(NOT (EQUAL ( SEQNO PKT) 0))
(EQUAL SI NK
(FAPPLY ( QUOTE MBSG)
(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL ( SEQNO PKT))))))
(IN (ADDL ( SEQNO PKT)) (DOVAI N QUEUE))

( PKTP PKT)

( CONSI STENT2 ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N PKT)

( CONSI STENT ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. I N)

(NOT (EQUAL ( SEQNO PKT)
(SUBL (REACH QUEUE))))
(LESSP (SUB1 ( REACH QUEUE))

( SEQNO PKT)))
( EQUAL

(JO N (APR SINK (MBSG PKT))
(FAPPLY (QUOTE MBSG)
( RANGE ( CONSEC QUEUE))))
(FAPPLY (QUOTE MBSG)
(RANGE (JO N (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
( SEQNO PKT))
(CONSEC QUEUE)))))),

whi ch again sinplifies, applying RANGE. JON and FAPPLY.JON, to: $

(1 MPLI ES
(AND ( PMAPP QUEUE)
(FOLLOWS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT. I N)
(ADDL ( SEQNO PKT))))
(NOT (LESSP ( REACH (LATEST (QUOTE SEQNO) PKT.IN))

(1N (SEQNO PKT)))

(DOVAI N ( LATEST (QUOTE SEQNO) PKT.IN)))
(NOT (EQUAL (SEQNO PKT) 0))
(IN (ADDL ( SEQNO PKT)) (DOVAI N QUEUE))

(PKTP PKT)

( CONSI STENT2 ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N PKT)

( CONSI STENT ( QUOTE SEQNO)
(QUOTE EQUAL)
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PKT. I N)
(NOT (EQUAL ( SEQNO PKT)

(SUBL (REACH QUEUE))))
(LESSP (SUBL ( REACH QUEUE))

( SEQNO PKT)))
( EQUAL

(JON
(APR (FAPPLY ( QUOTE MSSO)
(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL (SEQNO PKT)))))
(MBSG PKT))
(FAPPLY (QUOTE MBSG)
( RANGE ( CONSEC QUEUE))))
(JO N (FAPPLY (QUOTE MBSG)
(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
( SEQNO PKT))))
(FAPPLY (QUOTE MBSG)
(RANGE ( CONSEC QUEUE)))))).

Appeal ing to the | enmas MSSGE SEQNO. ELI M and SUBL. ELIM repl ace
PKT by (PACKET Z X) to elinmnate (SEQNO PKT) and (MSSG PKT) and X
by (ADD1 V) to elinmnate (SUBL X). W rely upon the type
restriction | emma noted when SEQNO was i ntroduced and the type
restriction | emma noted when SUBL was introduced to constrain the
new vari abl es. This generates:

(1 MPLI ES
(AND ( NUVBERP V)
( PMAPP QUEUE)
(FOLLOAS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL (ADDL V))))
(NOT (LESSP (REACH (LATEST (QUOTE SEQNO) PKT.IN))
(ADDL V)))
(IN O
(DOMAI N ( LATEST (QUOTE SEQNO) PKT.IN)))
(NOT (EQUAL (ADDL V) 0))
(IN (ADDL (ADDL V)) (DOMAIN QUEUE))
( CONSI STENT2 ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. I N
(PACKET Z (ADDL V)))
( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N)
(NOT (EQUAL (ADDL V) (SUBL (REACH QUEUE))))
(LESSP (SUBL (REACH QUEUE)) (ADDL V)))
( EQUAL
(JON
(APR (FAPPLY (QUOTE MBSG)
(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
V)))
2)
(FAPPLY (QUOTE MBSG)
( RANGE ( CONSEC QUEUE))))
(JO N (FAPPLY (QUOTE MBSG)
(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
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(ADD1 V))))
(FAPPLY ( QUOTE MBSG)

( RANGE ( CONSEC QUEUE)))))).

This sinplifies further, using linear arithnmetic and rewiting
wi t h LESSP. SUB1. REACH. FOLLOWS and PMAPP. LATEST, to:

(1 MPLI ES
(AND ( EQUAL ( REACH QUEUE) 0)
( NUVBERP V)
( PMAPP QUEUE)
(FOLLOAS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL (ADDL V))))
(NOT (LESSP ( REACH (LATEST (QUOTE SEQNO) PKT.IN))
(ADDL V)))
(IN O
(DOMAI N (LATEST (QUOTE SEQNO) PKT.I1N)))
(NOT (EQUAL (ADDL V) 0))
(IN (ADDL (ADDL V)) (DOMAIN QUEUE))
( CONSI STENT2 ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N
(PACKET Z (ADDL V)))
( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N)
(NOT (EQUAL (ADDL V) (SUBL (REACH QUEUE))))
(LESSP (SUBL (REACH QUEUE)) (ADDL V)))
( EQUAL
(JON
(APR (FAPPLY ( QUOTE MSSO)
(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
V)))

2)
(FAPPLY (QUOTE MSSG)
( RANGE ( CONSEC QUEUE))))
(JO N (FAPPLY (QUOTE MBSG)
(RANGE (LOAER (LATEST (QUOTE SEQNO) PKT.IN)

(ADD1 V))))
(FAPPLY (QUOTE MBSG)
(RANGE (CONSEC QUEUE)))))),

whi ch again sinplifies, applying EQUAL. REACH. ZERO,

FOLLOWS. UPPER. ADD1, PMAPP. LATEST, and SUB1. ADD1, and expandi ng
the definitions of PMAPP, FOLLOWS, IN, SEQP, DOMAIN, and LESSP,
t o:

T$

Case 5. (I MPLIES
( AND
( PMAPP QUEUE)
( FOLLONS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADD1 (SEQNO PKT))))
(NOT (LESSP (REACH (LATEST (QUOTE SEQNO PKT.IN))
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( SEQNO PKT)))
(IN O

(DOVAI N ( LATEST (QUOTE SEQNO) PKT.IN)))
(NOT (EQUAL ( SEQNO PKT) 0))
(EQUAL SINK
(FAPPLY (QUOTE MBSG)
(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)

(SUBL ( SEQNO PKT))))))
(IN (ADDL (SEQNO PKT)) (DOVAI N QUEUE))

( PKTP PKT)

( CONSI STENT2 ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N PKT)

( CONSI STENT ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. I N)

(NOT ( EQUAL ( SEQNO PKT)
(SUB1 ( REACH QUEUE))))
(NOT (LESSP (SUB1 ( REACH QUEUE))

( SEQNO PKT))))
( EQUAL

(JON (APR SINK (MSSG PKT))
(FAPPLY (QUOTE MSSG)
( RANGE ( CONSEC QUEUE))))

( FAPPLY

( QUOTE MBSO)

(RANGE (JO N (APR (LOWER (LATEST (QUOTE SEQNO) PKT.IN)

(SUBL ( SEQNO PKT)))
(MPAI R ( SEQNO PKT) PKT))
(CONSEC QUEUE)))))) -

But this sinmplifies again, rewiting with RANGE. JO N, RNG MPAI R
LST. APR, NLST. APR, FAPPLY.JA N, and APPLY1l. MSSG and openi ng up
RANGE and FAPPLY, to:

T$

Case 4. (IMPLIES
( AND
( PMAPP QUEUE)
(FOLLOWS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT. I N)
(ADDL ( SEQNO PKT))))
(NOT (LESSP ( REACH (LATEST (QUOTE SEQNO) PKT.IN))

( SEQNO PKT)))
(IN O

(DOMAI N (LATEST (QUOTE SEQNO) PKT.1N)))
(NOT (EQUAL ( SEQNO PKT) 0))
(EQUAL SI NK
(FAPPLY (QUOTE MSSG)
(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL (SEQNO PKT))))))

(IN (ADDL ( SEQNO PKT)) (DOVAI N QUEUE))
(PKTP PKT)
( CONSI STENT2 ( QUOTE SEQNO)

(QUOTE EQUAL)

PKT. I N PKT)



77

( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. IN))
(SEQP QUEUE) ),

which we again sinplify, rewiting with PVAPP. LATEST and
FOLLOWSE. UPPER. ADD1, and opening up the definitions of PMAPP,
FOLLOAS, I N, SEQP, and DOMAIN, to:

T.

Case 3. (I MPLIES
( AND
( PMAPP QUEUE)
(FOLLONS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT. I N)
(ADDL ( SEQNO PKT))))
(NOT (LESSP (REACH (LATEST (QUOTE SEQNO) PKT.IN))

( SEQNO PKT)))
(IN O

(DOMAI N ( LATEST (QUOTE SEQNO) PKT.I1N)))
(NOT (EQUAL ( SEQNO PKT) 0))
(EQUAL SI NK
(FAPPLY (QUOTE MBSG)
(RANGE (LOAER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL (SEQNO PKT))))))
(IN (ADDL ( SEQNO PKT)) (DOVAI N QUEUE))

(PKTP PKT)
( CONSI STENT2 ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N PKT)
( CONSI STENT ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. IN))
(NOT (LESSP (REACH (W THE (LATEST (QUOTE SEQNO) PKT.IN)
( SEQNO PKT)
PKT))

(REACH QUEUE)))) .

This sinmplifies again, using linear arithmetic and applying
LESSP. REACH. W THE. REACH, PNAPP. LATEST, FOLLOAS. TRANS,

FOLLOWS. LATEST. CONSI STENT, FOLLOWS. SAME, NUMBERP. SEQNO,

FOLLOWS. UPPER, FOLLOAS. W THE. | F, and | N. DOVAI N. FOLLOAS. UPPER, to:

T$

Case 2. (IMPLIES
( AND
( PMAPP QUEUE)
(FOLLOWS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT. I N)
(ADDL ( SEQNO PKT))))
(NOT (LESSP (REACH (LATEST (QUOTE SEQNO) PKT.IN))

( SEQNO PKT)))
(IN O

(DOVAI N ( LATEST (QUOTE SEQNO) PKT.IN)))
(NOT (EQUAL ( SEQNO PKT) 0))
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(EQUAL SI NK
(FAPPLY (QUOTE MBSG)
(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)
(SUBL (SEQNO PKT))))))
(IN (ADDL (SEQNO PKT)) (DOVAI N QUEUE))

(PKTP PKT)

( CONSI STENT2 ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. I N PKT)

( CONSI STENT ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N)

(LESSP (SUB1 ( SEQNO PKT))
( REACH QUEUE)))
(FOLLOAS (UPPER QUEUE ( REACH QUEUE))
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL ( REACH QUEUE))))).

But this again sinplifies, applying PMAPP. UPPER

FOLLOWS. UPPER. UPPER, FOLLOWS. UPPER, NUMBERP. SEQNO, FOLLOWS. SAME
FOLLOWS. LATEST. CONSI STENT, FOLLOWS. TRANS, PNMAPP. LATEST,

I N. REACH. DOVAI N, | N. DOVAI N. UPPER, and FOLLOWS. UPPER. ADD1, to:

T. $$

Case 1. (IMPLIES
( AND
( PMAPP QUEUE)
(FOLLOAS QUEUE
(UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL ( SEQNO PKT))))
(NOT (LESSP ( REACH (LATEST (QUOTE SEQNO) PKT.IN))

( SEQNO PKT)))
(IN O

(DOVAI N ( LATEST (QUOTE SEQNO) PKT.IN)))
(NOT (EQUAL ( SEQNO PKT) 0))
(EQUAL SI NK
(FAPPLY ( QUOTE MBSG)
(RANGE (LOWER (LATEST (QUOTE SEQNO) PKT.IN)

(SUBL (SEQNO PKT))))))
(IN (ADDL (SEQNO PKT)) (DOVAI N QUEUE))

(PKTP PKT)

( CONSI STENT2 ( QUOTE SEQNO)
( QUOTE EQUAL)
PKT. I N PKT)

( CONSI STENT ( QUOTE SEQNO)
(QUOTE EQUAL)
PKT. I N)

(NOT (LESSP (SUBL (SEQNO PKT))
(REACH QUEUE))) )
(FOLLOAB ( UPPER QUEUE ( REACH QUEUE))
(W THE (UPPER (LATEST (QUOTE SEQNO) PKT.IN)
(ADDL ( REACH QUEUE)))
( SEQNO PKT)
PKT))) .

This sinplifies again, using linear arithnetic, applying
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FOLLOWS. UPPER. ADD1, | N. DOVAI N. UPPER, PNAPP. LATEST

| N. DOVAI N. FOLLOMS. UPPER, FOLLOWS. TRANS, FOLLOWS. LATEST. CONSI STENT,
FOLLOWS. SAME, NUMBERP. SEQNO, FOLLOWS. UPPER, FOLLOWS. UPPER. UPPER,
PMAPP. UPPER, FOLLOWS. WTHE. | F, and SUB1. ADD1, and expandi ng LESSP
to:

QE. D
434606 conses

393. 51 seconds
54,115 seconds, garbage collection tine
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