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Preface

This document was generated in support of NASA contract NAS1-18586, Design and Validation of Digital
Flight Control Systems Suitable for Fly-By-Wire Applications, Task Assignment 10. Task 10 is concerned
with the formal specification and verification of a processor interface unit.

This report contains the HOL listings of the formal verification of the design and partial requirements for a
processor interface unit using the HOL theorem-proving system. The verification approach is described in
NASA CR-4522. The processor interface unit is a single-chip subsystem within a fault-tolerant embedded
system under development within the Boeing Defense & Space Group. It provides the opportunity to in-
vestigate the specification and verification of a real-world subsystem within a commercially-developed
fault-tolerant computer.

The NASA technical monitor for this work is Sally Johnson of the NASA Langley Research Center, Hamp-
ton, Virginia,

The work was accomplished at the Boeing Company, Seattle, Washington and the University of Idaho,
Moscow, Idaho. Personnel responsible for the work include:
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1 Introduction

This technical report contains the HOL listings of the partial verification of the requirements and design
for a commercially-developed processor interface unit (or PIU). The PIU is an interface chip performing
memory-interface, bus-interface, and additional support services for a commercial microprocessor within a
fault-tolerant computer system. This system, the Fault-Tolerant Embedded Processor (FTEP), is targeted
towards applications in avionics and space requiring extremely high levels of mission reliability, extended
maintenance-free operation, or both.

This report contains the actual HOL listings of the PIU verification as it currently exists. For those inter-
ested in an informal description of the PIU verification, NASA CR-4522 contains a discussion of the issues
involved in the PIU verification, as well as an overview of the verification itself.

Section 2 of this report contains general-purpose HOL theories and definitions that support the PIU ver-
ification. These include arithmetic theories dealing with inequalities and associativity, and a collection of
tactics used in the PIU proofs.

Section 3 contains the HOL listings for the completed PIU design verification.

Section 4 contains the HOL listings for the partial requirements verification of the P-Port.



2 Supporting Theories

This section contains general-purpose theories and loadable definitions used in the PIU verification.
The file aux_defs.ml contains some useful definitions and tactics; the file abs_theory.ml contains the defi-
nitions for creating abstract theories in HOL; and the file pt_defs.ml contains some definitions used in the
PIU verification. The files pt_tacs.m! and range_induct.ml contains assumption-list-handling tactics and a
range-induction tactic, respectively. )

The three theories assoc, cond, and ineq contain theorems involving arithmetic associativity, the HOL
conditional operator, and arithmetic inequalities, respectively.

Flle: aux_defs.ml
Author: FJWindley (UCDavis)

Purpose: Gives a few useful definitions.

let new_autoload_theory thy =
map (\name. autoload_theory(’definition’,thy,name))
(map fst (definitions thy)):;
map (\name. autoload_theory(’theorem’,thy,name))
(map fst (theorems thy)):
(OFF;

let load_parent s =
new_parent s;
new_autoload_theory s;;

let toggle_flag s =
set_£flag(s,not (get_flag value s));;

% f£lip an equailty thm %
let SYM_RULE =

(CONV_RULE (ONCE_DEPTH_CONV SYM_CONV))
? fallwith ‘SYM_RULE';;

% expand let definitions %
% changed “ONCE_“ to “PURE_ONCE_” 28Sep92 [DAF] %
let EXPAND_LET_RULE x =
(BETA_RULE
(PURE_ONCE_REWRITE_RULR [LET_DEBF] x));;

let BXPAND_LET_TAC =
ONCE_REWRITE_TAC [LET_DEF]
THEN BETA_TAC;;

% instantiate types before specing %

let ISPEC var thm =
(let _,i = match (fst(dest_forall (comcl thm))) var in
SPEC var (INST_TYPE i thm)) ? failwith ‘ISPEC’;;

% beta reduce a pair %
let PAIR_BETA_RULE =
BETA_RULE o (ONCE_REWRITE_RULE [UNCURRY_DEF]);:;

let PAIR_BETA_TAC =
ONCE_REWRITE_TAC [UNCURRY_DEF] THEN
BETA_TAC ;;



Redefine TAC_PROOF so that it tells you about the unsolved goals.

let TAC_PROOF : (goal # tactic) -> thm =
set_fail_prefix ‘TAC_PROOF’
(\(g,tac).
let gl,p = tac g in
1f null gl then pl[l
alse (
message (‘Unsolved goals:’);
map print_goal gl;
print_newline();
fallwith ‘unsolved goals’));;

let int_to_term = ({C o curry) mk_const “:num”) o string of_int and
term_to_int = (int_of_string o fst o dest_const);;

hym m = e om o o e e e e e e e e e
File: abs_theory.ml
Description:
Defines ML functions for defining generic structures. This is
a refinement of the abstract.ml package.
Author: (¢) P, J. Windley 1991
Date: 07 NOV 91
Modification History:
07NOVI1l --- [PJW] Original file.
22JAN92 -~- [PJW] Changed make_abs_goal to account for different
type instantiations. This allows proof of goals about
more than one instance of a generic cbject.
07JUN92 --- [PJW] Added sections to hide internal functions.
Changed new_theory_obligation to take only one
thob instead of a list of thobs.
Added definition of STRIP_THOBS_THEN and redefined
STRIP_THOBS_TAC in terms of it.
Changed implementation of instantiate_abstract_theorems
to allow the use of explicit theory cobligations.
________________________________________________________________ %
G e o e e e o e it e e e e e
To Do:
Bxtending absract representations---

This is difficult since HOL doesan’t handle subtypes.
________________________________________________________________ %
print_newline();:
message ('loading abs_theory’);;

G e e o e e o e 2 e o o 2 e o e o e
Extend the help search path
________________________________________________________________ %

tty write ‘Extending help search path’;
let path = library_pathname()4’/abs_theory/help/entries/’ in
set_help search_path (union [path) (help_search _path()));:;



begin_ section abs_theory;;

load the patch to concat if the following ml statement prints a
number less than 5000 and HOL version <= 2.00.

lisp ‘(print call-arguments-limit)’;;

let test_string n =
letrec aux 8 1 =
(L =0) =>8 | aux (’x’%s) (i-1) in
aux ‘’ n;;

let int_to_term = (((C (curry mk_const)) “:num”) o string_of_int) and
term_to_int = (int_of_string o fst o dest_const);;

letrec for n lst =
(n=0) => []
| (hd 1lst).(for (n-1) (tl lst));:

% function composition over a list of functions %
letrec ol lst = null(lst) => I | (hd 1lst) o (ol (tl 1lst)) ;;

let X_SPEC tm v thm =
let tml = (fst o strip_forall o concl) thm in
letrec SPEC1l_aux tml sthm =
(tml = []) => sthm |
((hd tml) = tm) =>
(SPEC v sthm) |
(GEN (hd tml) (SPEC1_aux (tl tml) (SPEC (hd tml) sthm))) in
SPEC1_aux tml thm;;

letrec CONJ_IMP th =
let w = concl th in
if is_imp w then
let ante,conc = dest_imp w in
it is_conj ante then
let a,b = dest_conj ante in
CONJ_IMP
(DISCH a (DISCH b (MP th (CONJ (ASSUME a) (ASSUME b)))))
else (DISCH ante (CONJ_IMP (UNDISCH th)))
else th;,

let abs_type_info = (type_of o snd o dest_comb o fst o dest_eq o snd o
strip_forall o snd o dest_abs o snd o dest_comb o
snd o strip_forall o concl) ;;

let dest_all_type ty =
is_vartype ty => (dest_vartype ty,[]:(type)list) | dest_type ty;:

let string from_type ty =
letrec string aux ty =

let 8,tl = dest_all_type ty in

null tl1 => 8 |



let sl = map string_aux tl in
f(sA{itlist (\x y. x4’,’*y) (butlast sl) (last sl))*’)’'4s in
(string_aux ty)4’ ‘7

let ty_str name lst =
name?r’ = ’AnameA’ ‘A
(itlist (\x y. x4’ ’‘Ay) (map string from_type lst) ‘’);;

letref def prefix = ‘abs_def_’;:;

G o e o o e e e e e e e e e ———
new_abstract_representation:

Defines type for representation and selectors on type.

let new_abstract_representation name lst =
let nl,tl = split lst in
let ty_axiom = define_type name (ty_str name tl) in
let cons_term =
(snd o dest_comb o fst o dest_eq o snd o strip_forall o snd o
dest_abs o snd o dest_comb o snd o strip_forall o concl) ty_axiom in
let make_rec_def (x, y) =
new_recursive_definition false ty_axiom (def_prefixAx)
“A(mk_var (x,mk_type(‘’fun’, [type_of cons_term;
type_of yl))) Acons_term = ‘y” in
(map2 make_rec_def (nl, (snd o strip_comb) cons_term));ty_axiom;;

let get_abs_defs theory =
let prefix_len = length o explode in
map snd (
mapfilter (\x. (((for (prefix len def_prefix)) o explode o fst) x) =
(explode def_prefix) => x | fail)
(definitions theory)):;

let instantjate_abstract_definition th_name def_name defn2 inst_list =
let def = definition th_name def_name in
let inst_def =
GBEN_ALL (
BETA_RULER (
REWRITE_RULE (get_abs_defs th_name) (
ol (map (\(x,y).INST_TY_ TERM (match x y)) inst_list)
(SPEC_ALL def)))) in
let new_def =
GEN_ALL (
BETA_RULE (
REWRITE_RULE (get_abs_defs th_name) (
ol (map (\(x,y).INST_TY_TERM (match x y)) inst_list)
(SPRC_ALL defn2)))) in
BETA_RULE (ONCE_REWRITE_RULE [inst_def] new_def);;

letref thobs = []: (type#thm)list;;
let thobs_prefix = ‘thobs_’;;

let new_theory obligations stm_pair =
let get_thob_type thm =
((type_of o rand o fst o dest_eq o
snd o strip_forall o concl) thm) in
let is_not_pred_def tm =
not ( (type_of o snd o dest_eq o
snd o strip _forall o snd) tm = “:bool”) in
% let not_bool_list = (filter is_not_pred_def stm_pair) in %
let make_def (x,y) = (



let new_def = new_definition (thobs_prefix*x, y) in
(get_thob_type new_def,new_def)) in

(is_not_pred_def stm pair) =>
failwith ‘NON PREDICATE TERMS IN THEORY OBLIGATIONS’ |
(thobs := [make_def stm_pair] @ thobs);();;

let get_thobs theory =
let prefix_len = length o explode in
let get_thob_type thm =
{({type_of © rand o fst o dest_eq o -
snd o strip forall o concl) thm) in
let the_thobs =
filter (\x. (((for (prefix_len thobs_prefix)) o explode o fst) x) =
(explode thobs_prefix))
(definitions theory) in
thobs := (map (\(x,y). (get_thob_type ¥y, y)) the_thobs) @ thobs;
thobs; ;

let corelsef £ g x = (£ x) 7 (g %)
ml_curried_infix ‘orelsef’;;

let D (£,g) x = (£ x,g x);;
ml_paired_infix ‘D’;;

let make_abs_goal (hyps,go) =
if null(thobs) then failwith ‘No theory obligations defined.’ else
let vl1,pred = strip forall go in
let ql = union vl (frees pred) in
let type_cons_of = fst o (dest_type orelsef (dest_vartype D \x.[])) in
let thob_types = map (type_cons_of o fst) thobs in
let tmp_goal = list_mk_forall
(filter (\x. not(mem ((type_cons_of o type_of) x) thob_types)) ql,
pred) in
let vars = filter (\x. mem ((type_cons_of o type_of) x) thob_types) ql in
let make_hyps var =
let get_thob_var tm =
({(rand o £st o dest_eq o snd o strip_forall ) tm) in
let thob = snd (((assoc o type_cons_of o type_of) var)
(map (type_cons_of # I) thobs)) in
(conjuncts o snd o dest_eqg o concl o
(INST_TY TERM (match ((get_thob_var o concl) thob)
var)) o
SPEC_ALL) thob in
(hyps@(flat (map make_hyps vars)), tmp_goal);;

%Prove and store an abstract theorem%
let prove_abs_thm(tok, w, tacstactic) =
let gl,prf = tac (make_abs_goal ([],w)) in
if null gl then save_thm (tok, prf£[])
else
(message (‘’Unsolved goals:’);
map print_goal gl;
print_newline();
failwith (’‘prove_thm -- could not prove ‘ 4 tok));;

% ABS_TAC_PROOF (g,tac) uses tac to prove the abstract goal ¢ %
let ABS_TAC_PROOF : (goal # tactic) -> thm =
set_faill prefix ‘ABS_TAC_PROOF'
(\{g,tac).
let new_g = (make_abs_goal g) in
let gl,p = tac new_g in
if null gl then pf]
elme (



message (‘’Unsolved goals:’);
map print_goal gl;
print_newline();

failwith ‘unsolved goals’));;

%Set the top-level goal, initialize %

let set_abs_goal g =
let new_g = (make_abs_goal g) in
change_state (abs_goals (new_stack new_g)):;

let g = \t. set_abs_goal([]),t);;

let STRIP_THOBS_THEN ttac =
if null(thobs) then fallwith ‘No theory obligations defined.’ else (
REPEAT GEN_TAC THEN
STRIP_GOAL_THEN
(ttac o (REWRITE_RULE (map snd thobs))));:;

let STRIP_THOBS_TAC ((asl,thm):goal) =
STRIP_THOBS_THEN STRIP_ASSUME_TAC(asl,thm);;

let new_abstract_parent s =
new_parent s;
get_thobs s;
(OFF

let EXPAND THOBS_TAC name =
REWRITE_TAC ((map snd thobs) @ get_abs_defs name);;

let instantiate_abstract_theorem th_name thm_name inst_list lemma_list =
let thm = (theorem th_name thm name) in
let inst_thm =
CONJ_IMP (
BETA_RULE (
REWRITE_RULE ((map snd thobs) @ get_abs_defs th_name) (
(0l (map (\(x,y).INST_TY_TBRM (match x y)) inst_list)) (
(DISCH_ALL o (ol (map (\l.(X_SPEC (fst 1) (fst 1))) inst_list)))
thm)))) in
let mk_thm list =
CONJUNCTS o BETA_RULE ©
(REWRITE_RULE ({(map snd thobs) @ get_abs_defs th_name)) in
let thm list =
map (\y. find (\x.(concl x) = y)
(flat (map mk_thm_list lemma_list)))
((hyp o UNDISCH_ALL o CONJ_IMP) inst_thm) in
LIST _MP thm_list inst_thm;;

Modify the standard commands so that they know about obligation
lists.
let close_theory_orig = close_theory;;
let close_theory x =
thobs := []1:
close_theory_orig x;;
let new_theory_orig = new_theory;;
let new_theory x =

thobs 1= [];
new_theory_orig x;;



Bind exportable functions to it
............................. .-----------___....-..-..-.._-_....-....-----%
(
ABS_TAC_PROOF,
BXPAND_THOBS_TAC,
STRIP_THOBS_TAC,
STRIP_THOBS_THEN,
abs_type_info,
close_theory,
g
instantiate_abstract_definition, b
instantiate_abstract_theorem,
new_abstract_parent,
new_abstract_representation,
new_theory,
new_theory_obligations,
prove_abs_thm,
set_abs_goal
Yii

end_section abs_theory;;

let

ABS_TAC_PROOF,
BEXPAND_THOBS_TAC,
STRIP_THOBS_TAC,
STRIP_THOBS_THEN,
abs_type_info,

close_theory,

g,
instantiate_abstract_definitionm,
instantiate_abstract_theorem,
new_abstract_parent,
new_abstract_representation,
new_theory,
new_theory_obligations,
prove_abs_thm,

set_abs_goal

y = it

File: pt_defs.ml
Author: (¢) D.A. Fura 1992-93
Date: 15 FPebruary 1993

Definitions used in the P-Port trans-level proof.

let New_State_Is_PA = new_definition
(’New_State_Is_PA’,
#1 (8’ :timeC->pc_state) (e’ :timeC->pc_env) (t’ :timeC) .
New_State_Is PA s’ e’ t' =
((P_fsm_xrstS(s’ t’) => PA |
((P_fsm_stateS(s’ t’) = PH) =>
(P_£fsm_hold_sS(s’ t’) => PA | PH) |
((P_fam_stateS(s’ t’) = PA) =>
((P_fsm _mrqtS(s’ t’) \/
~P_fam_crqt_S(s’ t’) /\ ~P_fsm cgnt_S(s’ t’)) => PD |
((~P_£fsm _hold _S(s’ t’) /\ P_fsm_lock S(s’ t’)) => PH | PA)) |
((P_£sm sackS(s’ t’) /\ P_fem hold S(s’ t’)) => PA |
((P_fsm_sackS(s’ t’) /\
~p_fsm_hold_s(s’ t’) /\
~P_£8sm_lock_S(s’ t‘)) => PA |
((P_fsm_sackS(s’ t‘) /\

®



~P_fsm hold_8(s’ t’) /\
P_fam _lock_S(s’ t‘)) => PH | PD)))))) = PA)”
Y13

let New_State_Is_PD = new_definition
( ‘New_State_1s_PD’,
“} (8' :timeC->pc_state) (e’ :timeC->pc_env) (t’ :timeC)
New_State_Is_PD 8’ e’ t’ =
((P_fsm rats(s’ t’) => PA |
{({(P_£fsm_states(s’ t’') = PH) =>
(P_fsm_hold_S(s’ t’) => PA | PH) | =
((P_fsm_stateS(s’ t‘) = PA) =>
((P_fsm_mrqtS(s’ t’) \/
~P_fsm_crqgt_sS(s’ t’) /\ ~P_£fsm_cgnt_S(s’ t’)) => PD |
({(~P_£f8m_hold_s(s‘’ t’) /\ P_fsm_lock_S(s’ t‘)) => PH | PA)) |
((P_fam_sackS(s’ t’) /\ P_fsm hold S(s’ t’)) => PA |
((P_fsm_sacks(s’ t’) /\
~P_fam_hold_sS(s’ t’') /\
~P_£fam_lock_S(s’ t’)) => PA |
((P_fsm_sackS(s’ t’) /\
~P_fam_hold_s(s’ t’) /\
P_fsm_lock_S(s’ t’)) => PH | PD}))))})) = PD)*
Ysi

let New_sState_IXs_PH = new_definition
( 'New_State_Is_PH’,
“y (8’ ttimeC->pc_state) (e’ :timeC->pc_env) (t’ :timeC)
New_State_Is_PH s’ e’ t/ =
((P_£fsm_rstS(s’ t’) => PA |
((P_fam_statesS(s’ t’) = PH) =>
(P_fsm_hold _S(s’ £t’) => PA | PH) |
((P_fsm_stateS(s’ t’) = PA) =>
((P_fsm_mrqgtS(s’ t’) \/
~P_fam _cxrqgqt_sS(s’ t’) /\ ~P_fem_cgnt_S(s’ t’)) => PD |
((~P_£fsm _hold_s(s’ t’) /\ P_fsm_lock_S(s’ t’)) => PH | PA)) |
((P_fsm_sackS(s’ t’) /\ P_fsm_hold_s(s’ t’)) => PA |
((P_fam_sackS(s’ t’) /\
~P_fsm_hold _s(s’ t’) /\
~P_fam_lock_S(s’ t’)) => PA |
((P_tsm_sackS(s’ t’) /\
~P_£f8m_hold_S(s‘ t') /\
P_fsm_lock_S(s’ t’)) => PH | PD)))))) = PH)”
Yii

let New_P_Rqgt_Is_TRUE = new_definition
('New_P_Rqgt_Is_TRUBR’,
“1 (8’ ttimeC-»>pc_state) (e’ :timeC->pc_env) (t’ :timeC)
New_P_Rgt_Is_TRUE 8’ @’ t’' =
(~SND(L_ads_B(e’ t’)) /\ SND(L_den _R{(e’ t’)) \/
SND(RstE(e’ t’)) \/
(P_sizeS(s’ t’) = (P_downS(s’ t’) => WORDN 1 1 | WORDN 1 0)) /\
~SND(I_srdy_K(e’ t’)) /\
New_State_Is_PD s’ e’ t’) =>
(((~SND(L_ads_E(e’ t’})) /\ SND(L_den _E(e’ t’))) /\
~(SND(RstB(e’ t’)) \/
(P_size8(s’ t’) = (P_downS(s’ t’) => WORDN 1 1 | WORDN 1 0)) /\
~SND(I_srdy E(e’ t’)) /\
New_sState_Is_PD 8’ e’ t’)) => T |
((~(~SND(L_ads_E(e’ t’)) /\ SND(L_den_RB(e’ t’))) /\
(SND(RstR(e’ t’)) \/
(P_size8(8’ t’) = (P_downS(s’ t’) => WORDN 1 1 | WORDN 1 0)) /\
~SND(I_srdy _E(e‘ t‘)) /\
New_State_Is_PD s’ o’ t‘)) => F |
((~(~SND(L_ads_E(e’ t’)) /\ SND(L_den_E(e’ t’))) /\
~(SND(RstB(e’ t‘)) \/
(P_sizeS(s’ t’) = (P_downS(s’ t‘) => WORDN 1 1 | WORDN 1 0)) /\
~SND(I_srdy_RB(e’ t')) /\
New_State_Is_PD 8’ @’ t’)) => F | ARB))) | P_rqtS(s’ t’)”
Yi:

let Sack_Sig_Is_TRUE = new_definition
{'Sack_8ig_Is_TRUR’,



#“y (8 1timeC->pc_state) (e :timeC->pc_env) .
Sack_Sig Is_TRUE s e =
{(\uttimec.
(P_sizesS(s u) = (P_downS(s u) => WORDN 1 1 | WORDN 1 0)) /\
~SND(T_srdy_E(e u)) /\
New_State_Is_PD s e u)”
Yi:
let P_sSize_Zero_Out_Is_TRUR = new_definition
('P_Size_Zero_Out_Is_TRUE’,
#] (8’ i1timeC->pc_state) (t’ :timeC) . -

P_Size_Zero _Out_Is_TRUE s’ t’ =
P_sizeS(s’ t’) = (P_downS(s’' t’) => WORDN 1 1 | WORDN 1 0)~

File: pt_tacs.ml
Author: (c) D.A. Fura 1992-93
Date: 16 February 1993

Custom tactics used in the P-Port trans-level proof.

let LIMP = (\thm. GEN_ALL (fst (EQ_IMP_RULE (SPEC_ALL thm))));;
let RIMP = (\thm. GEN _ALL (snd (EQ_IMP_RULE (SPEC_ALL thm))));:

G o m o e o e e e e e
Code from Brian Graham. See “Dealing with the Choice Operator
in HOL88” by Brian Graham for more information.

................................................................ %

%

SELECT_UNIQUE_RULE:
(vx", "y") Al - Qlyl A2 |- ix y.(Q[x]1/\Qlyl) ==> (x=y)
Al U A2 |- (@x.Q[x)) =y

Permits substitution for values specified by the Hilbert Choice

operator with a specific value, 1if and only if unique existance

of the specific value is proven.

%

let ini_conv_rule = CONV_RULE o ONCE_DEPTH_CONV o CHANGED_CONV;:;

let SELECT_UNIQUE_RULE (x,y) thl th2 =
let Q = mk_abs (x, subst {x,y] (concl thl))

in
let thl’ = SUBST [SYM (BETA_CONV “AQ Ay”), “b:ibool”] “b:bool” thi
in

(MP (SPECL ([~“$@ ~Q”; y] th2)
(CONJ - (inl_conv_rule BETA_CONV (SELECT_INTRO thl’)) thl));;

%
SELECT_UNIQUE_TAC:

[A])] “(@x. Qlx]) = y”

[aA1 “Qlyl” [ A] “ix y.(QIx]/\Qly)) ==> (x=y)”
Given a goal that requires proof of the value specified by the

Hilbert choice operator, it returns 2 subgoals:
1. “y” satisfies the predicate, and
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2. unigque existance of the value that satisfies the predicate.
%

let SELECT UNIQUE_TAC:tactic (gl,g) =
let Q,y = dest_eqQq g
in
let x,0x = dest_select Q
in
let x’ = variant (x.freesl(g.gl))x
in
let Qx’ = subst [x’, x] Qx -
in
([gl,subst [y,x]Qx;
gll ll!Ax Ax’. (on /\ AQxl) == (Ax 3 Axl)n]'
(\thl. SELECT_UNIQUE_RULE (x,y) (hd thl) (hd (tl thl)}))}::

letrec Find _Imp tm =
let ret_pair =
if is_imp tm & ls_exists(fst(dest_imp tm)) then (’exl’,tm)
else if is_imp tm & is_exists(snd(dest_imp tm)) then (’exr’,tm)
else if is_imp tm & is_forall(fst(dest_imp tm)) then (’forl’,tm)
elgse if is_imp tm & is_forall(snd(dest_imp tm)) then (‘/forr’,tm)
else if is_imp tm then
if not(fst(Find Imp(fst(dest_imp tm))) = ‘n’) then
Find_Imp(fst(dest_imp tm))
else Find Imp(snd(dest_imp tm))
else if is_forall tm then Find Imp(snd(dest_forall tm))
else if is_exists tm then Find_Imp(snd(dest_exists tm))
else (’n’‘,tm)
in ret_pair;;

let QUANT OUT_IMP_TAC :tactic =
\(asl,w).
let str,tm = Pind_Imp w in
if str = ’‘forl’ then REWRITE_TAC [LEFT_IMP_FORALL_CONV tm] (asl,w)
else if str = ‘forr‘’ then REWRITE_TAC [RIGHT_IMP_FORALL_CONV tm] (asl,w)
else if str = ’‘exl’ then REWRITE_TAC [LEFT_IMP_EXISTS_CONV tm] (asl,w)
else 1f str = ’‘exr’ then REWRITE_TAC {RIGHT_IMP_EXISTS_CONV tm] (asl,w)
else NO_TAC (asl,w)
? failwith ‘QUANT_OUT_IMP_TAC';;

letrec Find Aam_Tm (w,tm) =
if is_eq w & (rhs w = tm) then (‘y’,w)
else
if is_imp w
then if fst(Find Asm_Tm(fst(dest_imp w),tm)) = ‘y’
then Find_Asm_Tm(fst (dest_imp w),tm)
elge if fst(Find Asm_Tm(snd(dest_imp w),tm)) = ‘y’
then Find_Asm Tm(snd(dest_imp w),tm)
else (‘n’,w)
else if is_neg w
then if fst (Find_Asm_Tm((dest_neg w),tm)) = ‘y’
then Find_Asm_Tm((dest_neg w),tm)
else (‘n’,w)
else if is_cond w
then if fst (Find_Asm_Tm(fst (dest_cond w),tm)) = ‘y’
then Find Asm Tm(fst {(dest_cond w),tm)
else if fst(Find Asm_Tm(fst(snd(dest_cond w)),tm)) = ‘y’
then Find_Asm Tm(fst (snd(dest_cond w)),tm)
else if fst(Find_ Asm_Tm(snd(snd(dest_cond w)),tm)) = ‘y’
then Find Asm_Tm(snd(snd(dest_cond w)),tm)
else (’n’,w)
else if is_eq w
then if fst (Find_Asm _Tm(fst(dest_eq w),tm)) = ‘y’
then Find_Asm _Tm(fst (dest_eq w),tm)
else 1f fst(Find_Asm_Tm(snd(dest_eq w),tm)) = ‘y’
then Find_Asm_Tm(snd(dest_eq w),tm)
else (’'n’,w)
else (’'n’,w);;

let ASM_CASES_MATCH_RHS_TAC tm :tactic =
\{asl,w).
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let str,tm _ret = Find_Asm Tm (w,tm) in

if str = 'y’ then ASM CASES_TAC tm_ret (asl,w)
else ALL_TAC (asl,w)

7 failwith ‘ASM_CASES_MATCH_RHS_TAC';;

let NO_IMP_ASSUME_TAC thm :tactic =
\(asl,w).
let stripped_thm = and(strip_forall(snd(dest_thm thm))) in
if is_imp(stripped_thm) & not(snd(dest_imp(stripped_thm)) = “F%)
then ALL_TAC (asl,w)
else ASSUME_TAC thm (asl,w) h
7 failwith ‘NO_IMP_ASSUME_TAC’;;

let NO_UNQUANT_ IMP_ASSUME_TAC thm stactic =

\(asl,w).
let stripped thm = snd(dest_thm thm) in
if is_imp(stripped_thm) & not(snd(dest_imp(stripped_thm)) = “F”)

then ALL_TAC (asl,w)
else ASSUME_TAC thm (asl,w)
7 fallwith ‘NO_IMP_ASSUME_TAC’;;

let NO_TRUTH_ASSUME_TAC thm :tactic =
\(asl,w).
if snd(dest_thm thm) = #T# then ALL_TAC (asl,w)
else ASSUME_TAC thm (asl,w)
7 failwith ‘/NO_TRUTH_ASSUME _TAC';;

let SPEC_UNDISCH_TAC (tml,tm2) :tactic =
\(asl,w).
(UNDISCH_TAC tml
THEN PURE_ONCE_REWRITE_TAC (LEFT_IMP _FORALL_CONV (mk_imp (tml,w))]
THEN BXISTS_TAC tm2) (asl,w)
? fallwith ‘SPEC_UNDISCH _TAC';;

let NRULE_ASSUM_TAC (tm,rul) :tactic =
\(asl,w).
let £ =
(\thm.

if snd(dest_thm thm) = tm then ASSUME_TAC (rul thm)
else ASSUME_TAC thm) in

POP_ASSUM_LIST (MAP_EVBRY (\thm. £ thm)) ((rev asl),w)

7 fallwith ‘NRULE_ASSUM_TAC’;;

let SPEC_ASSUM_TAC (tml,tm2) :tactic =
\f{asl,w).
let £ =
(\thm.

if snd(dest_thm thm) = tml then ASSUME_TAC (SPEC tm2 thm)
else ASSUME_TAC thm) in

POP_ASSUM_LIST (MAP_EVERY (\thm. £ thm)) ((rev asl),w)

7 fallwith ‘SPEC_ASSUM_TAC’;;

let SPECL_ASSUM_TAC (tml,tm2list) :tactic =
\(asl,w).
let £ =
(\thm.

if snd(dest_thm thm) = tml then ASSUMB_TAC (SPECL tm2list thm)
else ASSUME_TAC thm) in

POP_ASSUM_LIST (MAP_EVERY (\thm. £ thm)) ((rev asl),w)

? fallwith ‘SPERC_ASSUM_TAC’;;

let GEN_ASSUM _TAC (tml,tm2) :tactic =
\(asl,w).
let £ =
(\thm.

if snd(dest_thm thm) = tml then ASSUME_TAC (GEN tm2 thm)
else ASSUME_TAC thm) in

POP_ASSUM_LIST (MAP_EVERY (\thm. £ thm)) ({(rev asl),w)

? fallwith ‘GEN_ASSUM_TAC';;

let CHOOSE_ASSUM_TAC tml :tactic =
\(asl,w).
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(UNDISCH_TAC tml

THEN PURE_ONCE_REWRITE_TAC [LEFT_IMP_RXISTS_CONV (mk_imp (tml,w))]
THEN GEN_TAC

THEN DISCH_TAC) (asl,w)

? failwith ‘CHOOSE_ASSUM_TAC';;

let REWRITE_ASSUM_TAC (tm,tlist) :tactic =
\(asl,w).
let £ =
(\thm.
if snd(dest_thm thm) = tm then ASSUMB_TAC (REWRITE_RULE Ttlist thm)
else ASSUME_TAC thm) in
POP_ASSUM_LIST (MAP_EVERY (\thm. £ thm)) ((rev asl),w)
7?7 failwith ‘REWRITE_ASSUM_TAC';;

let PURE_REWRITE_ASSUM_TAC (tm,tlist) :tactic =
\(asl,w).
let £ =
(\thm.
if snd(dest_tbm thm) = tm
then ASSUME_TAC (PURE_REWRITE_RULE tlist thm)
else ASSUME_TAC thm) in
POP_ASSUM_LIST (MAP_BVBRY (\thm. £ thm)) ((rev asl),w)
7 failwith ‘PURE_REWRITE_ASSUM_TAC';:

let PURE_REWRITE_ASSUM_TAC (tm,tlist) :tactic =
\(asl,w).

(UNDISCH_TAC tm

THEN PURE_REWRITB_TAC tlist

THEN DISCH_TAC) (asl,w)

7 fallwith ‘PURE_REWRITE_ASSUM_TAC';;

let PURE_ONCE_REWRITRE_ASSUM_TAC (tm,tlist)
\(asl,w).
let £ =
(\thm.
if snd(dest_thm thm) = tm

then ASSUME_TAC (PURE_ONCE_REWRITE_RULE tlist thm)
else ASSUME_TAC thm) in
POP_ASSUM_LIST (MAP_EVERY (\thm. £ thm)) ((rev asl),w)
? fallwith ‘PURE_ONCE_REWRITE_ASSUM_TAC‘;;

ttactic =

let DELETE_ASSUM _TAC tm :tactic =
\{asl,w).
let £ =
(\thm.
if snd(dest_thm thm) = tm
then ALL_TAC
else ASSUMB_TAC thm) in
POP_ASSUM_LIST (MAP_EVERY (\thm. f thm)) {((rev asl),w)
? failwith ‘PURE_ONCE_REWRITE_ASSUM_TAC';;

let ASM_REWRITE_ASSUM_TAC (tm,tlist) :tactic =
\(asl,w).

(UNDISCH_TAC tm

THEN ASM_REWRITE_TAC tlist

THEN DISCH_TAC) (asl,w)

? failwith ‘ASM_REWRITE_ASSUM_TAC‘;:;

let REWRITE_SPEC_ASSUM_TAC (tml,tm2,tlist)
\(asl,w).

(UNDISCH_TAC tml

THEN PURE_ONCE_REWRITE_TAC [LEFT_IMP_FORALL_CONV (mk_imp (tml,w))]
THEN BXISTS_TAC tm2

THEN REWRITE_TAC tlist

THEN DISCH_TAC) (asl,w)

? failwith ‘REWRITE_SPEC_ASSUM_TAC’;:

stactic =

let ASM_REWRITE_SPRC_ASSUM_TAC (tml,tm2,tlist)
\{asl,w).

(UNDISCH_TAC tml
THEN PURE_ONCE_REWRITE_TAC [LEFT_IMP_FORALL_CONV (mk_imp (tml,w))]

ttactic =
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THEN EXISTS_TAC tm2

THEN ASM_REBWRITE_TAC tlist

THEN DISCH_TAC) (asl,w)

? failwith ‘ASM_REWRITE_SPEC_ASSUM_TAC’;;

let USTRIP_REWRITE_ASSUM_TAC (tm,tlist) :tactic =
\(asl,w).

(UNDISCH_TAC tm
THEN REWRITE_TAC tlist
THEN BETA_TAC
THEN REPEAT QUANT_OUT_IMP_TAC -
THEN REDUCE__TAC
THEN REPEAT STRIP_TAC) (asl,w)
? failwith ‘USTRIP_REWRITE_ASSUM_TAC’;;

let USTRIP_ASM_REWRITE_ASSUM TAC (tm,tlist) :tactic =
\{asl,w).
(UNDISCH_TAC tm
THEN ASM_REWRITE_TAC tlist
THEN BETA_TAC
THEN REPEAT QUANT_OUT_IMP_TAC
THEN REDUCE__TAC
THEN REPEAT STRIP_TAC) (asl,w)
7 fallwith ’USTRIP_ASM_REWRITE_ASSUM_TAC';;

let UNDISCH_MATCH_LHS_TAC tm stactic =
\(asl,w).
let £ =
(\thm.
let stripped_thm = snd(strip_forall(snd(dest_thm thm))) in
if is_eqg(stripped_thm)
then if lhs(stripped_thm) = tm
then UNDISCH TAC (snd(dest_thm thm))
else ALL_ TAC
else ALL_TAC) in
ASSUM_LIST (MAP_EVERY (\thm. £ thm)) (asl,w)
? failwith ‘UNDISCH_MATCH_LHS_TAC’;;

let SPEC_UNDISCH_MATCH_LHS_TAC (tml,tm2) :tactic =
\(asl,w).
let £ =
(\thm.
let stripped_thm = snd(strip_forall(snd(dest_thm thm))) in
if is_eq(stripped_thm)
then if lhs(stripped_thm) = tml
then (UNDISCHE_TAC (snd(dest_thm thm))
THEN PURE_ONCE_REWRITE_TAC
[LEFT_IMP_FORALL_CONV
(mk_imp (snd(dest_thm thm),w))]
THEN EXISTS_TAC tm2)
else ALL_TAC
else ALL_TAC) in
ASSUM_LIST (MAP_BVERY (\thm. £ thm)) (asl,w)
? failwith ‘SPEC_UNDISCH_MATCH_LHS_TAC’;;

let SPEC_UNDISCH_MATCH_RHS_TAC (tml,tm2) :tactic =
\(asl,w).
let £ =
(\thm.
let stripped _thm = snd(strip_forall(snd(dest_thm thm))) in
if is_eqg(stripped thm)
then if rhs(stripped_thm) = tml
then (UNDISCE_TAC (snd(dest_thm thm))
THEN PURE_ONCE_REWRITE_TAC
[LEFT_IMP_FORALL_CONV
(mk_imp (snd(dest_thm thm),w))]
THEN EXISTS_TAC tm2)
else ALL_TAC
else ALL_TAC) in
ASSUM_LIST (MAP_EVERY (\thm. £ thm)) (asl,w)
7?7 failwith ‘SPEC_UNDISCH_MATCH_RHS_TAC’;;
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File: RANGE_INDUCT.ml
Author: (¢) P. J,. Windley 1993
Description:

Defines an induction tactic for use with ranges.
Modified:

23FBB93 (PJW) -- Original file.

let SUC_LESS_REQ = PROVE
(“!m n. (SUC m) <= n ==> m <= n”,
REWRITE_TAC [LESS_OR_EQ]
THEN REPEAT STRIP_TAC
THENL [
IMP_RRERS_TAC SUC_LESS
THEN ASM_REWRITE_TAC []

i
POP_ASSUM (SUBST1_TAC o GSYM)
THEN REWRITE_TAC ([LESS_SUC_REFL]
]
Yis
%

let SUC_LESS_EQ = mk_thm
({1, “!m n, (SUC m) <= n ==> m <= n”);;

let RANGE_PLUS_INDUCT LEMMA = PROVE

(#' Pab.
(! u . (P(u + a) /\ SUC(u + a) <= b ==> P(SUC(u + a)))) /\
((a <= b) ==> P a) ==>
(ta.(u+a) <=b ==>P (u + a))”,

REPEAT GEN_TAC

THEN STRIP_TAC

THEN IMP_RES_TAC SUC_LESS_REQ

THEN INDUCT_TAC

THEN ASM_REWRITE_TAC [ADD_CLAUSBES]

THEN REPEAT STRIP_TAC

THEN IMP_RES_TAC SUC_LESS_EQ

THEN RES_TAC

Yi:

let RANGE_INDUCT_LEMMA = PROVE

(“* Pab.
(! u. (P(a + u) /\ SUC(a + u) <= b ==> P(SUC(a + u)))) /\
((a <= b) ==> P a) ==>
It/ . a <= t’ ==> t/ <=z b ==> P t’”,

REPEAT GEN_TAC

THEN DISCH_THEN (STRIP_ASSUME_TAC o ONCE_REWRITE_RULE [ADD_SYM])

THEN REPRAT STRIP_TAC

THEN IMP_RES_TAC RANGE_PLUS_INDUCT_ LEMMA

THEN ASSUM_LIST (\asl . STRIP_ASSUME_TAC (

REWRITE_RULE [MATCH_MP SUB_ADD (el 3 asl)] (

SPEC “t’ - a” (el 1 asl))))

THEN RES_TAC

Yis

let RANGE_INDUCT_TAC =
MATCH_MP_TAC RANGE_INDUCT_LEMMA
THEN REPEAT STRIP_TAC
THEN IMP_RES_TAC SUC_LRESS_EQ;;
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Testing...

g “lt! ., a < t’ ==> t’ <= b ==> P t'";;

g “it’ . (a+l) <= t’ ==> t’ <= b ==> P t';;

g Plt’ . a<=m t’! ==m> t’ <z (b+l) ==> P t'7;;

g “it’ . (a+l) <= t’ ==> t’ <= (b+l) ==> P t’'";;

g “it’ . (a-1l) <= t’ ==> t’ <= ==> P t*'";;

e (RANGE_INDUCT_TTAC) ;; -

................................................................ %

G o m m m m  2m t m m  m  m m n 4 m  m e O m m n  n n m m m m m
File: assoc.ml
Author: (¢) D.A. Fura 1992
Date: 22 October 1992
Associativity theorems involving + and -:
ASSOC_ADD_ADD1l: |- “ abc . (a+Db) +c=a+(b+c)”
ASSOC_ADD_ADD2: |- “t abc . (a +Db) + c=a+ (¢ +Db)”
ASSOC_ADD_ADD3: |- “t abe . (a+b) + ¢c=Db 4+ (a+c)”
ASSOC_ADD_ADD4: |- “t abec . (a +b) + ¢c=Db 4+ (¢ + a)”
ASSOC_ADD_ADDS: |- “t abec . (a+Db) +c=c+ (a+Db)”
ASSOC_ADD_ADD6: |- “! abc . (a +Db) +c=c+ (b + a)”
ASSOC_ADD_SUBl: |- “! abc . c <«<=b==> ((a+Db) ~c=za+ (b-20e))”
ASSOC_ADD_S8UB2: |- “l abc . c<=a==> ((a+b) -c=b + (a-2¢))”
ASSOC_ADD_SUB3: |- “] abc . b<=c ==> ({(a +b) -c=a- (¢c -Db))”
ASSOC_ADD_SUBR4: |- “! abc . a<=c¢c ==> ({(a +Db) ~¢c=Db - (c - a))”
ASSOC_SUB_ADD1: |- “! abc .b<«<=a /\b<=c==> ((a~Db) +c=as+
ASSOC_SUB_ADD2: |{- “! abc . ((a-Db) +c=c+ (a-D>b))”
ASSOC_SUB_ADD3: |- #! abe¢ . b<=a /\c<=b== ({a-~Db) +c=a -~
ASSOC_SUB_ADD4: |- “! abcec . (a=Db) ==> ((a-Db) +c=c-(b-a))”
ASSOC_SUB_SUBl: |- #“! abc¢c . (a-Db) ~c=za-(ba+c)”
ASSOC_SUB_SUB2: |- “! abc . (a-Db) ~-c=a - (c + b)”

set_flag (’timing’, true);;
system ‘rm assoc.th’;;
new_theory ’‘assoc’;;

let SYM_RULE =
(CONV_RULE (ONCE_DEPTH_CONV SYM_CONV))
? failwith ‘SYM_RULE’;;

let ASSOC_ADD_ADD1 = prove_thm
( ‘ASSOC_ADD_ADDL1’,
“} abec ., (a+b) +ecma+(ba+c)”,
REWRITBE_TAC [ADD_ASSO0C]
Y11

let ASSOC_ADD_ADD2 = prove_thm
( ASSOC_ADD_ADD2’,
“y abe . (a+Db) +c=a+ (c+b)”,
REPEAT GEN_TAC
THEN SUBST_TAC [SPECL [“c:num”;”b:num”] ADD_SYM]
THEN REWRITE_TAC [ASSOC_ADD_ADD1]
Vi

let ASSOC_ADD_ADD3 = prove_thm

(/ASSOC_ADD_ADD3’,
“, abe. (a+Db) +e=Db+ (a +a)”,
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REPEAT GEN_TAC
THEN SUBST_TAC [SPECL [“a:num”;”b:num”] ADD_SYM]
PHEN REWRITE_TAC [ASSOC_ADD_ADD1]

Yii

let ASSOC_ADD_ADD4 = prove_thm
(/ASSOC_ADD_ADD4’,
“, abec. (a+b) +c=Dba+ (c+a)”,
REPEAT GEN_TAC
THEN SUBST_TAC ([SPECL {~a:num”;”b:num”] ADD_SYM]
THEN REWRITE_TAC [ASSOC_ADD_ADD2]) --
)i

let ASSOC_ADD_ADDS5 = prove_thm
(/ASSOC_ADD_ADDS/,
#“ abec. (a+b) +c=c+ (a+b)”,
REWRITE_TAC [SPECL [“a+b”;”c:num”] ADD_SYM]
Vi

let ASSOC_ADD_ADD6 = prove_thm
( 'ASSOC_ADD_ADD6’,
#“f abc. (a+Db) +c=c+ (b+a)”,
REPEAT GEN_TAC
THEN SUBST_TAC ([SPECL {[“a:num”;”b:num”)] ADD_SYM]
THEN REWRITE_TAC [SPECL ([“b+a”;”c:num”] ADD_SYM]
Yis

let ASSOC_ADD_SUBl = prove_thm
(ASSOC_ADD_SUBl’,
“Y abec.c<=Dba==> ((a +b) -¢
REPEAT STRIP_TAC
THEN IMP_RES_TAC LESS_EQ_ADD_SUB
THEN ASM_REWRITE_TACI[]
Y11

a+ (b-oeN”,

let ASSOC_ADD_SUB2 = prove_thm
('ASSOC_ADD_SUB2',
“ abe.,.c<=aa=a=> ((a+b) ~c=Db+ (a~c¢c))”,
REPEAT GEN_TAC
THEN SUBST_TAC [SPECL [“a:num”;”b:num”] ADD_SYM]
THEN REWRITE_TAC [ASSOC_ADD_SUB1]
)i

let ASSOC_ADD_SUB3 = prove_thm
(/ASSOC_ADD_SUB3 ',
“ abe ,.b<<=csaz=> ((a+b) ~-c=a-(c-2D>))",
PURE_ONCE_REWRITE_TAC [LESS_OR_EQ]
THEN REPEAT STRIP_TAC
THENL {
IMP_RES_TAC LRSS _ADD_1
THEN ASM_REWRITE_TACI]
THEN SUBST_TAC [SPRCL [“a+b”;”b:num”;” p+1”] SUB_PLUS]
THEN ASSUME_TAC (SPEC “b:num” LRBSS _RQ_REFL)
THEN IMP_RES_TAC (SPECL ([“a:num”;”b:num”;”b:num”] ASSOC_ADD_SUB1)
THEN SUBST_TAC ([SPECL [“b:num”;”p+l1”] ADD_SYM]
THEN IMP_RES_TAC (SPECL [“pP+17;”b:num”;”b:num”] ASSOC_ADD_SUB1)
THEN ASM_REWRITE_TAC [SUB_EQUAL_0; ADD_CLAUSES]

ASSUME_TAC (SPEC “c:num” LESS_EQ REFL)
THEN IMP_RES_TAC (SPECL [“a:num”;”c:num”;“c:snum”] ASSOC_ADD_SUB1)
THEN ASM_REWRITE_TAC [SUB_EQUAL_0; ADD_CLAUSES; SUB_0]
1
Vi

let ASSOC_ADD_SUB4 = prove_thm
( YASSOC_ADD_SUB4 ',
“ abe.,a<=cs==> ((a+4b) ~-c=b - (¢ - a))~,
REPEAT GEN_TAC
THEN SUBST_TAC (SPECL [“a:num”;“”b:num”] ADD_SYM]
THEN REWRITE_TAC [ASSOC_ADD_SUB3]
)1
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let ASSOC_SUB_ADDl1 = prove_thm

(ASSOC_SUB_ADD1‘’,
“Y abe.bcza/\b<=c¢c==> ({a -Db) +c=a+ (c ~-D>b))”,
REPEAT STRIP_TAC
THEN IMP_RES_TAC (SYM_RULE (SPECL [“c:num”;“”a:num”;”b:num”] ASSOC_ADD_SUB2))
THEN ASM_REWRITE_TAC[]
THEN IMP_RES_TAC (SPECL [“c:num”;”a:num”;“b:num”] ASSOC_ADD_SUB1)
THEN ONCE_ASM_REWRITE_TAC(]
THEN SUBST_TAC [SPECL [“c:num”;”a-b”] ADD_SYM]
THEN REWRITE_TAC[]

Y

let ASSOC_SUB_ADD2 = prove_thm
(‘ASS0OC_SUB_ADD2’,
“, abe . ((a~b) +c=c+ (a-Db)”~,
REPEAT GEN_TAC
THEN SUBST_TAC ([SPECL (“a-b”;”ci:num”] ADD_SYM]
THEN REWRITE_TACI[]
)i

let ASSOC_SUB_ADD3 = prove_thm

(“ASSOC_SUB_ADD3’,
“, abec.b<=a/\c<z=bz==>((a-b) +c=a-=-(b-c)”,
REPEAT STRIP_TAC
THEN IMP_RES_TAC (SYM_RULE (SPECL [“¢:num”;”a:num”;”b:num”] ASSOC_ADD_SUB4))
THEN ASM_REWRITE_TAC[]
THEN IMP_RES_TAC (SPECL [“c:num”;”a:num”;”b:num”] ASSOC_ADD_SUB1l)
THEN ASM_REWRITE_TAC [SPERCL [“c:num”;”a-b”] ADD_SYM]

Vit

let ASSOC_SUB_ADD4 = prove_thm
(’ASSOC_SUB_ADD4/,
“, abe., (a=Db) =x>» ((&a-Db) +c=c-~-(b-a))~,
REPEBAT STRIP_TAC
THEN ASM_REWRITE_TAC [SUB_EQUAL_O0; ADD_CLAUSES; SUB_0]
)i

let ASSOC_SUB_SUBl = prove_thm
(AS80C_8UB_SUB1’,
“Y abe.,. (a-b) -c=a-(b+ce)”,
REWRITE_TAC [SUB_PLUS]
Vi

let ASSOC_SUB_SUB2 = prove_thm
(’ASS0C_SUB_SUB2’,
“, abc, (a-Db) —-c=a- (¢c+ b,
REPEAT GEN_TAC
THEN SUBST_TAC [SPECL [“c:num”;”b:num”]} ADD_SYM]
THEN REWRITE_TAC [SUB_PLUS]
)i

close_theory():;

Ym = mmm e e mmm e e e —— e e e e e e e e e e — e m e mm—mmm— e mmmcmmmmmmmm—————————
File: cond.ml
Author: (c) D.A. FPura 1992
Date: 30 December 1992

Theorems involving conditionals:

COND_TRUE_TRUE: |- “ abcd,. a=>(a=>b|lc¢)|d=(a=>b | a”
COND_TRUE_PALSE: |- “! abocd. a=> ({(~a) =2>b | c) |l d= (a =>¢c | A)”
COND_PALSE_TRUE: |- “t abcd. a=>b | (a=>c | d =({(a=>Db | )"
COND_FALSE_FALSE: |- #! abcd. as=>b | (a=>c | d = (a=>b | d)”
COND_TRUE_CHOICES: |~ “!la. (a => T | T) = T”

COND_FALSE_CHOICES: |~ “!a. (a => F | F) = F”

COND_FIRST_CHOICE: |- “labc. (b=>a|c=a2a)/\ ~(a=c) ==> b”
COND_SECOND_CHOICE: |- “ta b c. (b =>a | ¢ = ¢) /\ ~(a = ¢) ==> ~b”
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set_flag (‘timing’, true):;
system ‘rm cond.th’;;
new_theory ‘cond’;;

% [PIW]%

let SYM_RULE = --
(CONV_RULE (ONCE_DRPTH_CONV SYM_CONV))

? failwith ‘SYM_RULE’;;

let COND_TRUE_TRUE = prove_thm
( ‘COND_TRUE_TRUE',
“y (a tbool) (becd ::*) . a=>(a=>blc)|{d=(a=Db} d~,
REPEAT GEN_TAC
THEN BOOL_CASES_TAC “atbool”
THEN REWRITE_TACI[]
Yis

let COND_TRUE_FALSE = prove_thm
(/COND_TRUE_FALSE’,
“} (a tbool) (becd*) , a=> ((~a) =>b | ¢) | d=(a=>c¢c ]| d”,
REPEAT GEN_TAC
THEN BOOL_CASES_TAC “a:bool”
THEN REWRITE_TACI[]
Y13

let COND_FALSE_TRUR = prove_thm
( ‘COND_FALSE_TRUR’,
“] (a tbhool) (bcecd ::*) . a=>b | ((~a) =>¢ | d) = (a =>b | c)”,
REPEAT GEN_TAC
THEN BOOL_CASES_TAC “atbool”
THEN REWRITE_TACI()
Yis

let COND_FALSE_FALSE = prove_thm
(/COND_FALSE_FALSR’,
“] (a tbool) (becd:*) ., a=>b | (a=>c]ld =(a=>Db | d~,
REPEAT GEN_TAC
THEN BOOL_CASES_TAC “a:bool”
THEN REWRITE_TACI[]
Yii

let COND_TRUE_CHOICES = prove_thm
(/COND_TRUE_CHOICRES’,
“y (a tbool) . a=>T | T = T”,
REPEAT GEN_TAC
THEN BOOL_CASES_TAC “atbool”
THEN REWRITE_TACI[)
Yis

let COND_FALSE_CHOICES = prove_thm
(’COND_FALSE_CHOICES’,
“y (a tbool) . a => F | F = F”,
REPEAT GEN_TAC
THEN BOOL_CASES_TAC “aibool”
THEN REWRITE_TACI]
Yis

let COND_FIRST_CHOICE = prove_thm
(’COND_FIRST_CHOICE',
“y (ac 3*) (b tbool) . (b =>a | ¢ =a) /\ ~(a = ¢) ==> b”,
REPEAT STRIP_TAC
THEN UNDISCH_TAC “(btbool) => (a:*) | ¢ = a”
THEN ASM_CASES_TAC “bibool”
THEN POP_ASSUM_LIST
(MAP_EVERY (\thm. ASSUME_TAC thm THEN ASSUME_TAC (SYM_RULE thm)))
THEN ASM_REWRITE_TAC[)
Y1
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let COND_SECOND_CHOICE = prove_thm
(  COND_SECOND_CHOICE’,
“1 (ac s*) (b thool) . (b=>a)c=c)/\ ~(a=¢c) == (~b)”,
REPEAT STRIP_TAC
THEN UNDISCH_TAC “#(b:bool) => (a:*) | ¢ = ¢”
THEN ASM_CASES_TAC “b:bool”
THEN ASM REWRITE_TACI]
THEN RES_TAC
Yis

close_theory();;

File: ineg.ml
Author: (c) D.A. Fura 1992-93
Date: 19 February 1993

Theorems involving inequalities:

NOT_EQ: |- “! mn., ~(m=mn) = ((m<n) \/ (n<m))”
NOT_BQ ZERO: |- “! n . ~(n = 0) = (n > 0)~
NOT_LESS_EQ LESS [PL): |- “mn. (~(m<=1n)) = (n <m)”

LT_IMP_SUC_LE: |- “! mn. m < n ==> SUC m <= n”
SUC_LE_IMP_LT: i~ “! mn, SUC m <= 1n ==>m < n”

LT _BEQ SUC_LE: |- “! mn. m< n = SUC m <= n”

LT_IMP_LE PRE: |- “! mn. m < B ==>m <= PRE n”
LE_PRE_IMP LT: |~ “! mn, 1 <= n ==> (m <= PREn ==> m < n)”
LT BQ LE PRE: |- ! mn, 1 <=z n ==> (m <= PRE N ==>m < n)”

LT BQ LE_PRE: |~ “! mn. 1 <= n ==> (m<n=m«<= PRE n)”
LE_IMP_LT SUC: |- “! mn, m <= n ==>m < SUC n”
LT _SUC_IMP_LEB: |~ “! mn. m < SUC n ==> m <= n”

LE_EQ LT SUC: |- ! mn. m<=zn =m < SUC n”

LE_IMP_PRE_LT: |- “! mn. 1 <=m ==> (m <= n ==> PREm < n)”
PRE_LT_IMP_LE: |- “! mn., PREm < n ==> m <= n”

LT_IMP_LE: |- ! mn. m < n ==> (Mm <= n)*

SUC_LE_IMP LE: |- “! mn. (m+ 1) <= n ==> (m <= n)”

LESS_EQ_ZERO {PJW]): |~ “! n. (n <= 0) = (n = 0)”
ONE_LESS_EBQ: |~ “! n. (1 <=n) = (n > 0)~
LESS_THAN_ONE: |- “! n . n <1 = (n=0)~”

LESS_EQ MONO_SUB: |- “Imn p. (m <=n) ==> {(m - p) <= (n - p))~
LESS_EQ_MONO_SUB_EQ:

l-“t maonp. (p<=m /\ (p<=n) ==> ((m - p) <= (n - p) m <= n)”

LEBSS_BQ ADD_SUBl: |- “! np . (n <=p) ==> tm. ({((m + n) <= p) (m <= Dp - n))”

LESS_EQ ADD_SUB2: |- “! mp . (m <= p) ==> tn., (((m + n) <=p) = (n <=p -~ m))”
LESS_RBQ SUB_ADDl: |- “! mmn . (n <=m) ==> Ip, ((m - n) <=p =m<= (n + p))”
LERSS_EQ _SUB_ADD2: |~ “! mbn . (n <=m) ==> Ip. ({m ~ n) <=p =m <= (p + n))”

LESS_LESS_EQ TRANS [WP]: |~ “! m n
LESS_RQ LESS TRANS [WP]: |- “! m n

(m<n) /\ (0 <=p) ==> (m<pP)”
(m <=mn) /\ (b < p) ==> (m < p)”

o

LESS_EQ_3_CASES: |- “n <= 3 = (((n
LBSS_EQ_15_CASES:
|- “n <= 15 =
COCEEEEEE{((n = 0) \/ (n=1)) \/ (n=2)) \/ (n=3)) \/ (n=4)) \/
(n=5)) \/ (n=26)) \/ (m=17)) \/ (n=28)) \/ (n=29)) \/ (n=10)) \/
(n = 11)) \/ (n = 12)) \/ (n = 13)) \/ (n = 148)) \/ (n = 15)

0) \/ (m=1)) \/ (n=2)) \/ (n=3)"

[PL] = (c) Paul Loewenstein
[WP) = (¢) Wim Ploegarts
[POW] = (c) Phil Windley.



set_flag (‘timing’, true);:
system ‘rm ineq.th’;;
new_theory ’ineq’;;
load_library ‘reduce’;;

let SYM_RULE =
(CONV_RULE (ONCE_DEPTH_CONV SYM_CONV)) =
? failwith ‘SYM_RULE’;;

let LIMP = (\thm. GEN_ALL (fst (BQ_IMP_RULE (SPEC_ALL thm)))});;

let NOT_EQ = prove_thm
( 'NOT_EQ’,
“Y (mn toum) . ~(m=mn) = ((m<mn) \/ (n<m)~,
INDUCT_TAC
THEN INDUCT_TAC
THEN REDUCE_TAC
THEN ASM_REWRITE_TAC [LESS_0;SYM_RULE NOT_SUC;SYM_RULE SUC_NOT;LESS_MONO_EQ;
ADD1;BQ_MONO_ADD_RQ]
)i:

let NOT_EQ_ZERO = prove_thm
('NOT_EQ_ZERO’,
“f (n iqum) . ~(n = 0) = (n > 0}~,
INDUCT_TAC
THEN REDUCE_TAC
THEN REWRITE_TAC [NOT_SUC;GREATER;LESS_0]
Yis

% [POW] %
let LESS_EQ ZERO = prove_thm
('LBSS_EQ ZERO’,
#“) (n tpum) . (n <= 0) = (n =0)~,
REWRITE_TAC [GREATER_OR_EQ; LESS_OR_EQ; NOT_LESS_0]
Yii .

let ONE_LESS_EQ = prove_thm
( 'ONE_LRSS_EQ’,
“#y (n tpum) . (1 <= n) = (n > 0)”,
REWRITE_TAC ([GREATER;LESS_EQ;SYM (num_CONV “17)]
Y1

%<PL>%
let NOT_LESS_RQ LESS = prove_thm
( 'NOT_LESS_ERQ_LESS’,
“ima, (~(m <=1n)) = (n < m)”,
REWRITE_TAC [SYM (SPEC_ALL NOT_LESS)]
Y12

let LT_IMP_SUC_LE = prove_thm
('LT_IMP_SUC_LE‘,
“! mn :tnum. m < 0 ==> SUC m <= n”, ACCEPT_TAC LESS_OR );;

let SUC_LE_IMP_LT = prove_thm
(’SUC_LB_IMP_LT’,
“Y mn spum, SUC m <= n ==> M < n”, ACCEPT_TAC OR_LESS );;

let LT _EQ_ SUC_LE = prove_thm
(’‘LT_BQ_SUC_LE’,
“] mn tnum. m < 0 = SUC m <= n”, ACCRPT_TAC LESS_EQ )::

let LT_IMP_LE_PRE = prove_thm
(/LT_IMP_LE_PRE’,
“! mn tpum. m < 0 ==> m <= PRE n”,
REWRITE_TAC [PRE_SUBL1])
THEN REPEAT GEN_TAC
THEN ACCEPT_TAC (SPECL [“n:num”;“m:num”] SUB_LESS_OR)
)11
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let LE_PRE_IMP_LT = prove_thm
(’LB_PRE_IMP_LT’,
#! mn stoum, 1 <= n ==> (m <= PRE n ==>m < n)”,
REWRITE_TAC
[PRE_SUBL;SYM_RULE (SPBECL [“m:num”;”n-1”;”1”) LESS_EQ_MONO_ADD_EQ)]
THEN REPEAT GEN_TAC
THEN DISCH_TAC
THEN IMP_RBS_TAC (SPECL {“n:num”;”1”] SUB_ADD)
THEN ASM_REWRITE_TAC[REWRITE_RULE [ADD1] SUC_LE_IMP_LT]
Vi --

let LT_EQ LE_PRE = prove_thm
(‘LT_EQ_LE _PRE’,
“tymn:num, 1 <z 0 ==> (mMm«<n=m<= PRE n)”,
REPEAT GEN_TAC
THEN DISCH_TAC
THEN EQ_TAC
THENL [
ACCEPT_TAC (SPEC_ALL LT_IMP_LE_PRE)

IMP_RES_TAC LE_PRE_IMP_LT
THEN ASM_REWRITE_TACI])
]
\FE

let LE_IMP_LT SUC = prove_thm
('LE_IMP_LT SUC’,
“! mn snpum. m <= n ==>m < SUC n”,
ACCEPT_TAC LESS_EQ_IMP_LESS SUC
Yi:

let LT _SUC_IMP_LE = prove_thm

(’LT_SUC_IMP_LR’,

“ mn tnum, m < SUC n ==> m <= n”,
REWRITE_TAC ([ADD1;LESS_OR_EQ]
THEN REPEAT STRIP_TAC
THEN ASM_CASES_TAC “m:num = n”
THEN ASM_REWRITE_TAC[]
THEN IMP_RES_TAC (LIMP NOT_REQ)
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN IMP_RES_TAC (REWRITE_RULE [ADD1] LT_IMP_SUC_LE)
THEN IMP_RES_TAC LEBSS_EQ_ ANTISYM

)i

let LE_EQ_ LT SUC = prove_thm
('LB_EQ LT_suc’,
“{ mntpum, M <=n =m < SUC n”,
REPEAT GEN_TAC
THEN EQ_TAC
THENL [
ACCEPT_TAC (SPECL [“m:num”;”nsnum”] LE_IMP_LT_SUC)
H
ACCEPT_TAC (SPEC_ALL LT_SUC_IMP_LR)
]
Vit

let LESS THAN_ONE = prove_thm
(‘LBSS_THAN_ONE’,
#, (p tnum) . n < 1= (n=0)",
REWRITE_TAC [SYM (SPEC “n:num” LESS_EQ_ZERO)]
THEN ASSUME_TAC (REWRITE_RULE [] (REDUCE_CONV “1l<=1"))
THEN IMP_RES_TAC
(REWRITE_RULE [PRE_SUBl1l] (SPECL [“n:num”;~”1”) LT_EQ_LE_PRE))
THEN ASM_REWRITE_TAC [REDUCE_CONV ~1-1~]
Yii

let LE_IMP_PRE_LT = prove_thm
(’LB_IMP_PRE_LT',
“] mn inpum, 1 <= m ==> (M <= n ==> PREm < n)”,
REWRITE_TAC [PRE_SUB1]
THEN REPEAT STRIP_TAC
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THEN IMP_RES_TAC (REWRITE_RULE (ADD1] LE_IMP_LT_SUC)

THEN REWRITE_TAC [SYM_RULE (SPECL [”m-17;”n:num”;”1”] LESS_MONO_ADD_RQ) ]
THEN IMP_RES_TAC SUB_ADD

THEN ASM_REWRITE_TACI[]

Y12

let PRE_LT_IMP_LR = prove_thm
(’PRE_LT_IMP_LE’,
“! mnan tnpum. PREmMm < n ==> m <= n”,
REPEAT GEN_TAC
THEN ASM_CASES_TAC “1 <= m” =
THEN REWRITE_TAC
[PRE_SUB1;SYM RULE (SPECL [“m-17;”n:num”;”1”) LESS_MONO_ADD_EQ)]
THEN IMP_RES_TAC SUB_ADD
THEN ASM_REWRITE_TAC [REWRITE_RULE {ADD1] LE_RQ_LT_SUC]
THEN IMP_RES_TAC NOT_LESS_RQ LESS
THEN IMP_RES_TAC LESS_THAN_ ONE
THEN ASSUME_TAC
(SYM_RULE
(REWRITE_RULE [ADD1]) (SPBCL [#0”;”n:num”] LE_EQ LT SUC)))
THEN ASM_REWRITE_TAC [ZERO_LESS_EQ]
Yis

let LT _IMP_LE = prove_thm
(LT_IMP_LE’,
#“! (mn tnum) . m < n ==> (m <= n)”,
REWRITE_TAC [LESS_OR_EQ]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC()
Yii

let SUC_LE_IMP_LE = prove_thm
(’SUC_LE_IMP_LE’,
#“yf {mn tpum) . (Mm + 1) <= n ==> (m <= n)”~,
REPEAT STRIP_TAC
THEN ASSUME_TAC (SPECL [“m:num”;”1”] LESS_EQ_ADD)
THEN IMP_RES_TAC LESS_EQ_TRANS
Y1s

let lemmal = TAC_PROOF
(({), “* mnp toum .
(m <= n) ==> (~m < p) ==> (~n < P)”),
REWRITE_TAC [NOT_LESS]
THEN REPEAT STRIP_TAC
THEN IMP_RES_TAC (SPECL [“p:num”;”m:num”;”n:num”] LESS_EQ_TRANS)
Y1

let LBSS_EQ _MONO_SUB = prove_thm
(’LESS_XQ MONO_SUB’,
“Im n p. (m <= n) ==> ({m - p) <= (n - p))~,
INDUCT_TAC
THEN INDUCT_TAC
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC ([SUB_O; ZERO_LESS_EQ]
THENL [
UNDISCH_TAC #(SUC m) <= 07
THEN ASM_REWRITE_TAC [LESS_EQ_ZERO]
THEN DISCH_TAC
THEN ASM_REWRITE_TACI[]
THEN ASM_REWRITE_TAC [SUB]

ASM_REWRITE_TAC [SUE]
THEN COND_CASES_TAC
THENL [
REWRITE_TAC [ZERO_LESS_EQ]

ASSUME_TAC (SPECL (“m:num”;”n:num”] LESS_EQ_ MONO)

THEN ASSUME_TAC (SPECL [“m-p”;”n-p”] LESS_EQ_MONO)

THEN RES_TAC

THREN RES_TAC

THEN IMP_RES_TAC (SPECL (“m:num”;”n:num”;”p:num”] lemmal)
THEN ASM_REWRITE_TAC[)
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]
)iz

let LESS_EQ_MONO_SUB_RQ = prove_thm
('LBSS_EQ_MONO_SUB_EQ’,
“! mnp tnum .
(p <=m) /\ (p <= n) ==> ((m - p) <= (n - p) =m <=n)”,
REPRAT STRIP_TAC
THEN IMP_RES_TAC (SPECL {“n:num”;”p:num”] SUB_ADD)
THEN IMP_RES_TAC (SPECL [“m:num”;”p:num”)] SUB_ADD) ="
THEN ASM_REWRITE_TAC
[SPECL [“m-p”;”n-p”;”pinum”] (SYM_RULE LESS_EQ_MONO_ADD_EQ)]
Vi1

let LESS_EQ ADD_SUBl1l = prove_thm
('LESS_EQ _ADD_SUBL1’,
“Y nppum . (D <= p) ==> !minum. (((m + n) <=p) = (m<=p ~ n)}”,
REPEAT STRIP_TAC
THEN PURE_REWRITE_TAC [SPECL [“m:num”;”p:num - n:num”;”n:num”]
(SYM_RULE LESS_EQ._MONO_ADD_EQ)]
THEN IMP_RES_TAC (SPECL [“n:num”;”p:num”] SUB_ADD)
THEN ASM_REWRITE_TAC(]
Yis

let LEBSS_BQ ADD_SUB2 = prove_thm
(’LBSS_EQ_ADD_SUB2’,
“Y mp toum . (m <= Pp) ==> tn:oum. ({((m + n) <= p) = (n <=p -m))”,
REPEAT STRIP_TAC
THEN PURE_REWRITE_TAC [SPECL [“n:num”;”p:num - m:num”;”ms:num”}
(SYM_RULE LESS_EQ_MONO_ADD_EQ)]
THEN SUBST_TAC [SPECL [“n:num”;”m:num”] ADD_SYM]
THEN IMP_RES_TAC (SPECL [“p:num”;”m:num”] SUB_ADD)
THEN ASM_RERWRITE_TAC[]
Y12

let LESS_EQ SUB_ADD1l = prove_thm
('LBSS_RQ_SUB_ADDl’,
“Y ma tnum . (D <= m) ==> !ptaum. ((m - n) <= p =m <= (n + p))~,
REPEAT STRIP_TAC
THEN SUBST_TAC [SYM (SPECL (“m-n”;”p:num”;”n:num”) LESS_EQ MONO_ADD_EQ)]
THEN SUBST_TAC [(SPECL [“p:num”;”n:num”] ADD_SYM)]
THEN IMP_RES_TAC (SPECL [“m:num”;”n:num”] SUB_ADD)
THEN ASM_REWRITE_TAC[]
Y1

let LESS_EQ_SUB_ADD2 = prove_thm
(‘LBSS_EQ_SUB_ADD2’,
“Y mn tnoum ., (B <= m) ==> !ptoum. ((m - n) <= p =m <= (p + n))”,
REPEAT STRIP_TAC
THEN SUBST_TAC (SYM (SPECL [“m-n”;”p:num”;”n:num”] LESS_EQ MONO_ADD_RQ)}
THEN IMP_RES_TAC (SPECL [“m:num”;”n:num”] SUB_ADD)
THEN ASM_REWRITE_TAC[)
Yis

SWP 4-9-90%

let LESS_LESS_EQ_ TRANS = prove_thm
('LESS_LESS_EQ_TRANS'’,
“tmunp . (m<mn) /\ (n<=p) ==> (m< p)”,
REWRITE_TAC [LESS_OR_EQ)] THEN
REPEAT STRIP_TAC THEN
IMP_RES_TAC LESS_TRANS THEN
ASM_REWRITE_TAC [l THEN
FIRST _ASSUM \thm . (SUBST_TAC [SYM thm]l 7?7 NO_TAC) THEN
FIRST_ASSUM ACCEPT_TAC
Yis

WP 4-9-90%

let LESS_RQ _LESS_TRANS = prove_thm
(’LESS_EBQ_ LESS_TRANS’,
“tmanp . (m<=n) /\ (0 < p) ==> (m<p)”,
REWRITE_TAC [LESS_OR_EQ] THEN
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REPEAT STRIP_TAC THEN

IMP_RES_TAC LESS_TRANS THEN

ASM_REWRITE_TAC [] THEN

FIRST_ASSUM \thm . (SUBST_TAC [SYM thm] ? NO_TAC) THEN
FIRST_ASSUM ACCEPT_TAC

Yii

letrec LESS_CASES_NCONV i_tm =
let tm = mk_const ((string of_int i_tm),”:num”) in
if i_tm = 1 then SPEC “n:num” LESS_THAN_ONE
else ="
REWRITE_RULE
[LESS_CASES_NCONV (i_tm =~ 1)}
(REWRITE_RULE
[SPECL [“n:num”;mk_const((string of_int (i_tm - 1)), ”:num”)] LESS_OR_EQ]
(REWRITE_RULE
[REWRITE_RULE [] (REDUCE_CONV {(list_mk_comb (#$-#,[tm;”17])))}]
(suBS_occs
[(r2i,
(MP
(REWRITE_RULE [ONE_LESS_EQ;PRE_SUB1]
(SPECL [“n:num”;tm] LT_EQ_ LE_PRE))
(REWRITE_RULE [] (REDUCE_CONV (list_mk_comb (”“$>7,[tm;”07]))))))]
(REFL (list_mk_comb (#“$<#, [“n:num”;tm]))))))::

let LESS_EQ CASES_CONV tm =
let i_tm = int_of_string (fst (dest_const tm)) in
if i_tm = 0 then SPEC “n:num” LESS_EQ_ ZERO
else
REWRITE_RULE
[LESS_CASES_NCONV i_tm]
(SPECL [“n:pum”;tm) LESS _OR_EQ);:;

let LESS_EQ_1_CASES = save_thm
('LESS_BQ_1_CASES’,
LBSS_EQ_CASES_CONV #1~7
Vi

lJet LESS EQ_ 3_CASES = save_thm
('LESS_EQ_3_CASES’,
LESS_EQ _CASES_CONV #37
Yi:
let LESS_EQ_15_CASES = save_thm
(‘LESS_EQ 15 _CASES‘,
LESS_EQ_ CASES_CONV #157
)i

close_theory();;
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3 Design Verification

This section contains the HOL listings for the PIU design verification—clock level with respect to gate
level. The five subsections of this section describe the P-Port, M-Port, R-Port, C-Port, and SU-Cont, respec-
tively.

3.1 P-Port Clock-Level Verification -

The theory pclock_ver and file pc_thms.ml contain the P-Port clock-level correctness proof.

G m v o e o e e o e e e e e e e e B e e e e e
File: pclock_ver.ml
Author: (¢) D.A. Fura 1992-93
Date: 1 March 1993

set_flag (‘timing’, true);::

set_search_path (search _path() @ [‘//home/elvis€/dfura/ftep/piu/hol/pport/‘;
‘ /home/elvisé/dfura/ftep/piu/hol/1ib/’;
’ /home/elvisé/dfura/hol/ml/’;
‘' /home/elvisé/dfura/hol/Library/abs_theory/’:
’/home/elvis6/dfura/hol/Library/time/’;
‘/home/elvisé/dfura/hol/Library/GI/*;
‘/home/elvisé/dfura/hol/Library/tools/’

D

system ‘rm pclock_ver.th’;;
new_theory ‘pclock_ver’;;
loadf ‘aux_defs’;;
load_library ’‘reduce’;;

map new_parent
[‘gates_defl’;’latches_def’; ‘££s_def’; ‘counters_def’; 'ineq’];;

map load_parent [’pclock_def’; ‘pblock_def’; ‘paux_def’; ’piuaux_def’; ‘busn_def’;
‘buses_def’; ‘array_def’; ‘wordn_def’; ‘assoc’; ‘cond ‘] ;;

let PC_OF_EXP = theorem ’‘pclock_def’ ‘PC_OF_REXP’;;
let PC_NSF_EXP = theorem ‘Dclock_def’ ‘PC_NSF_EXP';:

loadt ‘pc_thms.ml’;;

let P_Clock_Correct = prove_thm

(‘P_Clock_Correct’,

#1 (t i1time) (8 :time->pc_state) (e :time->pc_env) (p :time->pc_out)
PBlock_GATE s e P '

=x>

PCSet_Correct s e p”,

REPEAT STRIP_TAC

THEN REWRITE_TAC [PCSet_Correct]

THEN INDUCT_THEN (prove_induction_thm PCI) ASSUME_TAC

THEN GEN_TAC

THEN REWRITE_TAC [PC_Correct;PC_Exec;PC_PreC;PC_PostC]

THEN CONJ_TAC

THENL [
% Subgoal 1: “s(t + 1) = PC_NSF(s t)(e t)" %
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SUBST_TAC [SPEC “(s (t+l)):pc_state” State_Selectors_Work]
THEN IMP_RES_TAC (SYM_RULE P_addrsS_THM)
THEN IMP_RES_TAC (SYM_RULE P_destlS_THM)
THEN IMP_RES_TAC (SYM_RULE P_be_sS_THM)
THEN IMP_RES TAC (SYM_RULE P_wrS_THM)
THEN IMP_RES_TAC (SYM_RULE P_fsm_stateS_THM)
THEN IMP_RES_TAC (SYM _RULE P_fsm_rstS_THM)
THEN IMP_RES_TAC (SYM_RULE P_fsm_mrqgtsS_THM)
THEN IMP_RES_TAC (SYM_RULE P_fsm_sacksS_THM)
THEN IMP_RES_TAC (SYM_RULE P_fasm_cgnt_S_THM)
THEN IMP_RES_TAC (SYM_RULE P_f£fam_crqgt_S_THM) -
THEN IMP_RES_TAC (SYM_RULR P_f£fsm_hold_S_THM)
THEN IMP_RES_TAC (SYM_RULE P_fam_lock_S_THM)
THEN IMP_RES_TAC (SYM_RULE P_rqtS_THM)
THEN IMP_RES_TAC (SYM_RULE P_sizeS_THM)
THEN IMP_RES_TAC (SYM_RULE P_loadS_THM)
THEN IMP_RES_TAC (SYM_RULE P_downS_THM)
THEN IMP_RES_TAC (SYM_RULE P_lock_sS_THM)
THEN IMP_RRS_TAC (SYM_RULE P_lock_inh_s_THM)
THEN IMP_RES_TAC (SYM_RULE P_male_S_THM)
THEN IMP_RES_TAC {(SYM_RULE P_rale_S_THM)
THEN ASM_REWRITE_TAC
[SPEC “PC_NSP ((s:time->pc_state) t) ((e:stime->pc_env) t)”
(SYM_RULE State_Selectors_Work)l

% Subgoal 2: “p t = PC_OF(s t)(e t)” %
SUBST_TAC [SPBEC “((p:time->pc_out) t)” out_Selectors_Work]
THEN IMP_RES_TAC (SYM_RULE L_ad_outO_THM)
THEN IMP_RES_TAC (SYM_RULE L_ready_ O_THM)
THEN IMP_RES_TAC (SYM_RULE I_ad_outO_THM)
THEN IMP_RES_TAC (SYM_RULE I_be_O_THM)
THEN IMP_RES_TAC {SYM_RULE I_rale_O_THM)
THEN IMP_RES_TAC (SYM_RULE I_male_O_THM)
THEN IMP_RES_TAC (SYM_RULR I_crqt_O_THM)
THEN IMP_RES_TAC (SYM_RULE I_cale_O_THM)
THEN IMP_RES_TAC (SYM_RULE I_mrdy_O_THM)
THEN IMP_RES_TAC (SYM_RULE I_last_O_THM)
THEN IMP_RES_TAC (SYM_RULE I_hlda_O_THM)
THEN IMP_RES_TAC (SYM_RULE I_lock_O_THM)
THEN ASM_REWRITE_TAC
[SPEC “PC_OF ((s:time->pc_state) t) ((e:time->pc_env) t)”
(SYM_RULE Out_Selectors_Work)]
]
Y1

close_theory();;

B = e e e i o e et e e e e e e e e
File: pc_thms.ml
Author: (c) D.A. Pura 1992-93
Date: 1 March 1993

let P_addrsS_THM = TAC_PROO¥F
(11,
#y (t :time) (s stime->pc_state) (e :time->pc_env) (p :time->pc_out) .
PBlock_ GATE s e p
==>
(P_addrs (PC_NSF (s t) (e t)) = P_addrs (s (t+l)))”),
REWRITE_TAC [P_addrs;PBlock_EXP; (EXPAND_LET_ RULE PC_NSF_RXP)]
THEN RRPEAT STRIP_TAC
THEN ASM_REWRITE_TACI[]
)i

let P_destlS_THM = TAC_PROOF

(a1,
#y (t :time) (s :time->pc_state) (e :time->pc_env) (p :time->pc_out) .
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PBlock_GATE s e P
22>
(P_destls (PC_NSF (s t) (e t})) = P_destls (s (t+1)))”),
REWRITE_TAC [P_destls;PBlock_EXP; (EXPAND_LET_RULE PC_NSF_EXP)]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI[]
Vi

let P_be_S_THM = TAC_PROOF
(([1,
#{ (€t itime) (s ttime->pc_state) (e :time->pc_env) (p :time->pc-out) .
PBlock_GATE 8 e P
==
(P_be_S (PC_NSF (s t) (e t)) = P_be_8 (s (t+1)))”),
REWRITE_TAC [P_be_S;PBlock_RXP; (EXPAND_LET_RULE PC_NSF_EXP) ]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[]
Yi:

let P_wrS_THM = TAC_PROOF
({11,
#y (t i1time) (s :time->pc_state) (e :time->pc_env) (p :time->pc_out) .
PBlock_GATE s e D
=z=>»
(P_wrsS (PC_NSF (s t) (e t)) = P_wrS (s (t+l)))"),
REWRITE_TAC [P_wrsS;PBlock_EXP; (EXPAND_LET RULE PC_NSF_EXP)]
THEN REPRAT STRIP_TAC
THEN ASM_REWRITE_TACI[]
Yis

let P_fsm_stateS_THM = TAC_PROOF
((r1,
“y (t stime) (8 :time->pc_state) (e :time->pc_env) (p :time->pc_out) .
PBlock_GATE s e D
EED>
(P_fsm statesS (PC_NSF (s t) (e t)) = P_fam_states (s (t+l)))”),
REWRITE_TAC [P_fsm_statesS;PBlock_EXP; (EXPAND_ LET RULE PC_NSF_EXP)]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[]
Y112

let P_£fsm_rstS_THM = TAC_PROOF
(e[,
“1 (t stime) (s :time->pc_state) (e :time->pc_env) (p :time->pc_out) .
PBlock_GATE s e D
z=>
(P_fsm rstS (PC_NSF (8 t) (e t)) = P_fsm_xsts8 (s (t+l)))”),
REWRITE_TAC [P_fsm_rstS;PBlock EXP; (EXPAND_LET _RULE PC_NSF_EXP)}
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[)
)i

let P_fsm_mrgtS_THM = TAC_PROOF
cr,
“1 (t stime) (s :time->pc_state) (e :time->pc_env) (p stime->pc_out) .
PBlock _GATE 8 e P
==>
(P_fsm _mrgtsS (PC_NSF (8 t) (e t)) = P_fam mrgts (s (t+1)))”),
REWRITE_TAC [P_fsm_mrqtS;PBlock_EBXP; (EXPAND_LET RULE PC_NSF_EXP)]
THEN REPRAT STRIP_TAC
THEN ASM_REWRITE_TAC[]
Yi:

let P_£fsm_sackS_THM = TAC_PROOF
(e,
“1 (t stime) (s :time->pc_state) (e :time->pc_env) (p :time->pc_out) .
PBlock_GATE 8 e D
=m>
(P_fam_sacks (PC_NSF (s t) (e t)) = P_fsm _sacksS (8 (t+1)))”),
REWRITE_TAC [P_fsm sacksS;PBlock EXP; (EXPAND_LET_RULE PC_NSF_EXP)]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[]
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)i

let P_fsm_cgnt_S_THM = TAC_PROOF

([,
#y (t :stime) (s :time->pc_state) (e :time->pc_env) (p :time->pc_out)

PBlock _GATE 8 e D

==>

(P_fsm_cgnt_S (PC_NSF (s t) (e t)) = P_fsm cgnt_S (s (t+l)))”),
REWRITE_TAC [P_fsm_cgnt_S;PBlock_RXP; (EXPAND_LET RULE PC_NSF_EXP)]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI[] -
Vi:

.

let P_£fasm_crqt_S_THM = TAC_PROOF
(11,
“) (t stime) (s :time->pc_state) (e :time->pc_env) (p :time->pc_out)
PBlock_GATE 8 e D
m=>
(P_fsm_crgt_ S (PC_NSF (s t) (e t)) = P_fsm_cxrqt_S (s (t+1)))7),
REWRITE_TAC [P_fsm_crqt_sS;PBlock _EXP; (RXPAND_LET RULE PC_NSF_EXP)]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI[]
Yi:

let P_fsm_hold_S_THM = TAC_PROOF
((r1,
“3 (t stime) (s :time->pc_state) (e :time->pc_env) (p :time->pc_out)
PBlock _GATR 8 e D
mED>
(P_fsm _hold S (PC_NSF (8 t) (e t)) = P_fsm _hold & (8 (t+l)))"),
REWRITE_TAC [P_fsm_hold_sS;PBlock_EXP; (EXPAND_LET RULE PC_NSF_REXP)]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC()
Yas

let P_£sm_lock_S_THM = TAC_PROOF
(11,
#1 (t itime) (s :time->pc_state) (e :time->pc_env) (p :time->pc_out)
PBlock_GATE s e p
==>
(P_£fsm_lock_S (PC_NSF (s t) (e t)) = P_£fsm_lock S (s (t+1)))”),

REWRITE_TAC [P_fsm_lock_s;PBlock BEXP; (EXPAND_LET RULE PC_NSF_EXP)]
THEN REPEAT STRIP_TAC

THEN ASM_REWRITE_TAC[)
\F¥)

let P_rqtS_THM = TAC_PROOF
(1,
“1 (t stime) (s :time->pc_state) (e :time->pc_env) (p ttime->pc_out)
PBlock _GATR 8 & D
=x>
(P_rgtS (PC_NSP (s t) (e t)) = P_rqts (s (t+l)))”),
REWRITE_TAC [P_rqtS;PBlock_EXP; (EXPAND_LET RULE PC_NSF_EXP)]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI]
Yis

let P_sizeS_THM = TAC_PROOF
(¢r1,
“}y (¢t itime) (s :time->pc_state) (e :time->pc_env) (p stime->pc_out)
PBlock_GATE 8 e p
m=>
(P_slzeS (PC_NSF (s t) (e t)) = P_sizeS (s (ts+l)))”),

REWRITE_TAC [P_sizeS;PBlock_ EXP; (EXPAND_LET_ RULE PC_NSF_EXP)]
THEN REPEAT STRIP_TAC

THEN ASM_REWRITE_TACI(]
Vi

.

let P_loadS_THM = TAC_PROOF
ey,

#y (t stime) (8 :time->pc_state) (e :time->pc_env) (p itime->pc_out)
PBlock_GATE 8 e D

.
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==
(P_loadsS (PC_NSF (s t) (e t)) = P_loads (s (t+l1)))"),
REWRITE_TAC [P_loads;PBlock_EXP; (EXPAND_LET RULE PC_NSF_EXP)]
THEN REPERAT STRIP_TAC
THEN ASM_REWRITE_TACI{]
Y

let P_downS_THM = TAC_PROOF
(1,
“y (¢t :time) (s :time->pc_state) (e :time->pc_env) (p :time->pc_out)
PBlock_GATE 8 e p -
zED>
(P_downS (PC_NSF (s t) (e t)) = P_downS (s (t+1)))”),
REWRITE_TAC [P_downS;PBlock_EXP; (EXPAND_LET_RULE PC_NSF_EXP)]
THEN REPEBAT STRIP_TAC
THEN ASM_REWRITE_TACI[]
Yii

let P_lock_S_THM = TAC_PROOF
([,
#) (t stime) (8 :time->pc_state) (e :time->pc_env) (p :time->pc_out)
PBlock GATE 8 e p
==>
(P_lock_S (PC_NSF (s t) (e t)) = P_lock_8S (8 (t+1)))”),
REWRITE_TAC [P_lock_8;PBlock_RXP; (RXPAND_LET RULE PC_NSF_EXP) ]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI[]
Yii

let lemmal = TAC_PROOF
(LY,
“SUBARRAY
(MALTER
(MALTER
(ALTER
(ALTER
(MALTER
ARBN
(31,28)
((~P_rgtS(s (t:time))) => PST(L_be_E(e t)) | P _be_S(s t)))
27
((~P_xqtS(s t)) => PST(L_wrB(e t)) | P_wrS(s t)))
26
F)
(25,24)
(SUBARRAY
((~P_rqgtS(s t)) =>
SUBARRAY (FST(L_ad_inEB(e t))) (25,0) |
P_addrS(s t))

(1,0)))
(23,0)
(SUBARRAY

({(~P_xrqt8(s t)) =>
SUBARRAY (FST(L_ad_inE(e t))) (25,0) |
P_addrS(s t))
(25,2)))
(23,22)
=
SUBARRAY
({~P_rqt8(s t)) =>
SUBARRAY(PST(L_ad_inE(e t))) (25,0) |
P_addrs(s t))

(25,24)"),
CONV_TAC (ONCE_DEPTH_CONV FUN_EQ_CONV)
THEN ASM_REWRITE_TAC ([ALTER_THM;MALTRR_THM; SUBARRAY_THM]
THEN GEN_TAC
THEN ASSUME_TAC (SPEC “n+22” 2ERO_LESS_EQ)
THEN ASSUME_TAC (SPEC #2” ZERO_LBSS_EQ)
THEN IMP_RES_TAC (SPECL [“n+227;707;”2”] ASSOC_SUB_ADD1)
THEN ASM_REWRITE_TAC [ZERO_LESS_EQ; COND_TRUE_TRUE;

SYM (SPRCL [“n+227;7237;727) LESS_EQ _MONO_ADD_EQ):
SPECL [“n:inum”;”227;72"”] ASSOC_ADD_ADD1]
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THEN REDUCE_TAC
THEN ASM_REWRITE_TAC [COND_TRUE_TRUR;
SPECL [“n:num”;”22";72”] ASSOC_ADD_ADD1]
THEN REDUCE_TAC
THEN ASM_REWRITE_TAC [COND_TRUE_TRUE]
Yii

let P_lock_inh_ 8_THM = TAC_PROOF
((r1,
#y (£t :time) (s :time->pc_state) (e :time->pc_env) (p :time->pc_out) .
PBlock_GATE 8 e p =
==>
(P_lock_inh S (PC_NSF (s t) (e t)) = P_lock_inh_8 (s (t+1)))”),
REWRITE_TAC [P_lock_inh_ S;PBlock_ EXP; (EXPAND_LET_RULE PC_NSP_EXP) ]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC([lemmal]}
Yis

let P_male_S_THM = TAC_PROOF
(L1,
“1 (t :time) (s :time->pc_state) (e :time->pc_env) (p :time->pc_out) .
PBlock_GATE 8 e D
==)>
(P_male_S (PC_NSF (s t) (e t)) = P_male_S (s (t+l)))”),
REWRITE_TAC [P_male_S;PBlock_EXP; (BXPAND_LET_RULE PC_NSF_EXP)]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC [lemmal])
)i

let P_rale_S_THM = TAC_PROOF
(L,
“1 (t :time) (s :time->pc_state) (e :time->pc_env) (p :time->pc_out) .
PBlock_GATE s e p
==>
(P_rale_S (PC_NSF (s t) (e t)) = P_rale_s (s (t+l)))"),
REWRITE_TAC [P _rale_S;PBlock EXP; (EXPAND_LET_RULE PC_NSF_EXP)]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC [lemmal]
Yis

let L_ad_outO_THM = TAC_PROOF
(e,
#! (t ttime) (8 :time->pc_state) (e :time->pc_env) (p :time->pc_out) .
PBlock_GATE 8 e p
E-1-3%
(L_ad_outO (PC_OF (s t) (e t)) = L_ad_outo (p t))”),
REWRITE_TAC [L_ad_outO;PBlock_EXP; (EXPAND _LET RULE PC_OF_EXP)]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC []
Yiz

let L_ready_O_THM = TAC_PROOF
(1,
#! (t :time) (s :time->pc_state) (e :time->pc_env) (p :time->pc_out) .
PBlock_GATE s e p
===>
(L_ready O (PC_OF (s t) (e t)) = L_ready O (p t))”),
REWRITE_TAC [L_ready_ O;PBlock_ EXP; (EXPAND_LET RULE PC_OF_EXP)]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC []
Vit

let lemma2 = TAC_PROOF
((L1,
“(fsm _astate t = ((P_fsm_stateS (s (t+l)) = PA),
(P_fsm_stateS (s (t+l)) = PA))) ==>
(fsm_dstate t = ((P_fsm_stateS (s (t+l)) = PD),
(P_fem_stateS (s (t+l)) = PD))) ==a>
(data_out_en t = ((FST(wr_out t) /\ PST(fam detate t)),
(SND(wr_out t) /\ SND(fsm dstate t)))) ==>
(ad_addr_out t =
((FST(fsm_astate t) => BUSN(FST(addr_out t)) | Offn),

N



(SND (fsm_astate t) => BUSN(SND(addr_out t)) | Offn))) ==>
(ad_data_out t =
((FST(Qata_out_en t) => BUSN(FST(data_out t)) | Offn),
(SND(data_out_en t) => BUSN(SND(data_out t)) | Offn}))) ==>
(Bus2n_CF (31,0) (ad_data_out t) (ad_addr_out t) = T)”),
REWRITE_TAC [EXPAND_LET_RULE Bus2n_CF;ASel;BSel)
THEN REPRAT STRIP_TAC
THEN ASM_CASES_TAC “P_fsm_statesS(s(t + 1)) = PD”
THEN ASSUME_TAC (REWRITE_RULE [] (REDUCE_CONV “0<=31"))
THEN IMP_RES_TAC OFFnP_Offn
THEN IMP_RES_TAC OFFnP_BUSN =
THEN ASM_REWRITE_TAC(])
THENL [
ASM_CASES_TAC “FST((wr_out:time->bool#bool) t)~
1
ASM_CASES_TAC “SND{ (wr_out:time->bool#ibool) t)”
]
THEN ASM_RERWRITE_TAC [SYM_RULE (prove_constructors_distinct pfsm_ty Axiom))
Y1

let NOT_PD = TAC_PROOF
([}, “! (x spfsm_ty) . ~(x = PD) ==> ((x = PA) \/ (x = PH))”"),
INDUCT_THEN (prove_induction_thm pfsm_ty_Axiom) ASSUME_TAC
THEN ASM_REWRITE_TACI[]
(N ¥

let I_ad_outO_THM = TAC_PROOF
(([3,
#} (¢t itime) (8 :time->pc_state) (e :time->pc_env) (p :time->pc_out) .
PBlock_GATE s e p
==>
(I_ad_outO (PC_OF (s t) (e t)) = I_ad_outO (p t))”),
REWRITE_TAC (I_ad_outO;PBlock EXP; (EXPAND_LET RULE PC_OF_EXP)])
THEN REPEAT STRIP_TAC
THEN POP_ASSUM_LIST (MAP_EVERY (STRIP_ASSUME_TAC o SPEC_ALL))
THEN IMP_RES_TAC lemmal
THEN ASM_REWRITE_TAC [ONnP_BUSN;ONnP_Offn;COND_TRUE_TRUE]
THEN ASM_CASES_TAC
#((P_fsm_rstS(s (t:time)) => PA |
((P_£sm_stateS(s t) = PH) =>
(P_fsm_hold_8(s t) => PA | PH) |
((P_fsm_stateS(s t) = PA) =>
((P_fsm_mrgtS(s t) \/ ~P_fam crgt_S(s t) /\ ~P_fsm _cgnt_8S(s t)) => PD |
((~P_fsm_hold _8S(s t) /\ P_fam _lock_8S(s t)) => PH | PA)) |
((P_fsm_sacks(s t) /\ P_fsm_hold _S(s t)) => PA |
({(P_£fsm_sackS(s t) /\ ~P_fsm hold_S(s t) /\ ~P_fsm _lock_S(s t)) => PA |
((P_£fsm _sacksS(s t) /\ ~P_fsm hold S(s t) /\ P_£fsm_lock_S(s t)) => PH |
PD)))))) = PD)”
THEN ASSUME_TAC (REWRITE_RULE [] (REDUCE_CONV “0<=31"))
THEN IMP_RES_TAC ONnP_oOffn
THEN ASM_REWRITE_TAC [ONnP_BUSN;COND_TRUE_TRUE]
THEN IMP_RES_TAC NOT _PD
THEN POP_ASSUM_ LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN ASM_REWRITE_TAC [ONnP_BUSN; ONnP_Offn; COND_TRUE_TRUE;
prove_constructors_distinct pfem_ty_Axiom;

SYM_RULE (prove_constructors_distinct pfsm_ty_ Axiom)]
THEN COND_CASBS_TAC

THEN ASM_REWRITE_TAC [ONnP_BUSN;ONnP_Offn;COND_TRUE_TRUR;
prove_constructors_distinct pfsm_ty Axiom;

SYM_RULE (prove_constructors_distinct pfsm_ty_ Axiom)]
Yi:

let I_be_O_THM = TAC_PROOF
(([1,
“y (t :time) (s ttime->pc_state) (e :time->pc_env) (p :time->pc_out) .
PBlock_GATE 8 e D
==>
(I_be_O (PC_OF (s t) (e t)) = I be_O (p t))”),
REWRITE_TAC [I_be_O;PBlock_RXP; (EXPAND_LET RULE PC_OF_EXP)]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC [])
Y1
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let I_rale_O_THM = TAC_PROOF

({1,
“#1 (t stime) (s :time->pc_state) (e :time->pc_env) (p :time->pc_out) .

PBlock_GATE 8 e D

==>

(I_rale_O (PC_OF (8 t) (e t)) = I_rale_O (p t))”),
REWRITE_TAC [I_rale_O;PBlock_ EXP; (RXPAND_LET_RULE PC_OF_EXP)]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC {lemmal]
Yis

let I_male_O_THM = TAC_PROOF
(L1,
“1 (t :time) (s :time->pc_state) (e :time->pc_env) (p :time->pc_out) .
PBlock_GATE s e D
s=>
(I_male_O (PC_OF (s t) (e t)) = I_male O (p t))"),
REWRITE_TAC [I_male_O;PBlock_EXP; (EXPAND_LET RULE PC_OF_EXP)}
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC [lemmal]
Vi

let I_crqgt_O_THM = TAC_PROOF
(L1,
“1 (t stime) (8 :time->pc_state) (e :time->pc_env) (p :time->pc_out) .
PBlock GATE 8 e D
==
(I_crqgt O (PC_OF (s t) (e t)) = I_crgt_O (p t))”),
REWRITE_TAC [I_crqgt_O;PBlock_EXP; (EXPAND_LET_RULE PC_OF_REXP)]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC [}
Vi

let I_cale_O_THM = TAC_PROOF
(L,
“1 (t :time) (8 :time->pc_state) (e :time->pc_env) (p :time->pc_out) .
PBlock _GATE 8 e p
=z>
(I_cale_ O (PC_OF (8 t) (e t)) = I_cale_O (p t))”),
REWRITE_TAC [I_cale_O;PBlock_EXP; (EXPAND_LET RULE PC_OF_EXP)]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC {]
Y12

let I_mrdy_O_THM = TAC_PROOF
(1,
“1 (t ttime) (8 :time->pc_state) (e :time->pc_env) (p :time->pc_out) .
PBlock_GATE s e p
=m>
(I_mrdy O (PC_OF (s t) (e t)) = I_mrdy O (p t))*),
REWRITE_TAC [I_mrdy_O;PBlock_EXP; (RXPAND_LET RULE PC_OF_EXP)]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC [WIRE]
Vi

let I_last_O_THM = TAC_PROOF
([,
“#3 (t :time) (8 :time->pc_state) (e :time->pc_env) (p :time->pc_out) .
PBlock_GATE s e D
=m=>
(I_last_O (PC_OF (s t) (e t)) = I_last O (p t))”),
REWRITE_TAC [I_last_O;PBlock EXP; (EXPAND_LET_RULE PC_OF_EXP)]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC []
Vi

let I_hlda_O_THM = TAC_PROOF
(([1,
“1 (t stime) (s :time->pc_state) (e :time->pc_env) (p :time->pc_out) .
PBlock_GATE 8 @ D

==>

33



(I_hlda_O (PC_OF (s t) (e t)) = I_hlda o0 (p t))”),
REWRITE_TAC [I_hlda_O;PBlock_BXP; (EXPAND_LET_RULE PC_OF_EXP)]
THEN RERPEAT STRIP_TAC
THEN ASM_RRWRITE_TAC []

)i

let I_lock O_THM = TAC_PROOF
(e,
4] (t :time) (s :time->pc_state) (e :time->pc_env) (p :time->pc_out) .
PBlock_GATE s e D
==
(I_lock O (PC_OF (s t) (e t)) = I_lock O (p t))”),
REWRITE_TAC [I_lock_O;PBlock_EXP; (RXPAND_LET_RULE PC_OF_EXP)]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC [lemmal]
Yis

3.2 M-Port Clock-Level Verification

The theory mclock_ver and file mc_thms.ml contain the M-Port clock-level correctness proof.

Qe o m o e e e e e 0 2 o o i 0 0 2 P e e o O e
File: mclock_ver.ml
Author: (c) D.A. Fura 1992-93
Date: 1 March 1993

set_flag (’timing’, true);;

set_search_path (search_path() @ [’//home/elvisé/dfura/ftep/piu/hol/mport/’;
‘/home/elvisé/dfura/ftep/piu/hol/1lib/’;
’/home/elvisé/dfura/hol/ml/’;
‘/home/elvis6é/dfura/hol/Library/abs_theory/’;
‘/home/elvis6/dfura/hol/Library/tools/’
IR EN]

system ‘rm mclock_ver.th’;;
new_theory ’‘mclock_ver’;;

loadf ’‘abs_theory’;;
loadf ‘aux_defs’;;

map new_parent [‘wordn_def’;’array_def’; 'gates_defl’;’latches_def’;’'ffs_def’;
‘counters_def‘; ‘ineq’];;
map load_parent [‘piuaux_def’; ‘maux_def’; ‘mblock_def’; ‘mclock_def’];;

let REP_ty = abs_type_info (theorem ‘piuaux_def’ ‘REP’);;
new_type_abbrev (‘timeC’, “:num”);;
loadt ’‘mec_thms.ml’;;

let M_Clock_Correct = prove_thm
('M_Clock_Correct’,
#) (rep :ARBP_ty) (t :time) (s :time->mc_state) (e :time->mc_env)
(p stime->mc_out) .
MBlock_GATE rep 8 e p
==>
MCSet Correct rep s e p”,
REPEAT STRIP_TAC
THEN REWRITE_TAC [MCSet_Correct]
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THEN INDUCT_THEN (prove_induction_thm MCI) ASSUME_TAC
THEN GEN_TAC
THEN REWRITE_TAC [MC_Correct;MC_Exec;MC_PreC;MC_PostC]
THEN CONJ_TAC
THENL [
% Subgoal 1: “s(t + 1) = MC_NSF rep (8 t)(e t)"” %
SUBST TAC [SPEC “(s (t+l)):mc_state” State_gSelectors_Work]
THEN IMP_RES_TAC (SYM_RULE M_fsm_stateS_THM)
THEN IMP_RES_TAC (SYM_RULE M_fsm_male_s_THM)
THEN IMP_RES_TAC (SYM_RULE M_fam_rds_THM)
THEN IMP_RES_TAC (SYM_RULE M_fam_bwS_THEM) ="
THEN IMP_RES_TAC (SYM_RULE M_fsm_wwS_THM)
THEN IMP_RES_TAC (SYM_RULE M_fsm_last_s_THM)
THEN IMP_RES_TAC (SYM_RULE M_fsm_mrdy_S_THM)
THEN IMP_RES_TAC (SYM_RULE M_£sm_zero_cntS_THM)
THEN IMP_RES_TAC (SYM _RULE M_fsm rstS_THM)
THEN IMP_RES_TAC (SYM_RULE M_seS_THM)
THEN IMP_RES _TAC (SYM_RULE M_wrS_THM)
THEN IMP_RES_TAC (SYM_RULE M_addrS_THM)
THEN IMP_RES_TAC (SYM _RULR M_beS_THM)
THEN IMP_RES_TAC (SYM_RULE M_countS_THM)
THEN IMP_RES_TAC (SYM_RULRE ¥_rdys_THM)
THEN IMP_RES_TAC (SYM_RULE M_wwdelS_THM)
THEN IMP_RES_TAC (SYM_RULE M_parityS_THM)
THEN IMP_RES_TAC (SYM_RULE M_rd_datasS_THM)
THEN IMP_RES_TAC (SYM_RULE M_detectS_THM)
THEN ASM_REWRITE_TAC
[SPRC “MC_NSF (rep:AREP_ty) ((s:time->mc_state) t)
((estime->mc_env) t)¥
(SYM_RULE State_Selectors_Work))

% Subgoal 2: “p t = MC_OF rep (8 t)(e t)” %
SUBST_TAC [SPEC “({pitime->mc_out) t)” Out_Selectors_Work]
THEN IMP_RES_TAC (SYM_RULE I_ad_outO_THM)
THEN IMP_RES_TAC (SYM_RULE I_srdy_O_THM)
THEN IMP_RRS_TAC (SYM_RULE MB_addrO_THM)
THEN IMP_RES_TAC (SYM_RULE MB_data_outO_THM)
THEN IMP_RES_TAC (SYM_RULE MB_cs_eeprom_ O_THM)
THEN IMP_RES_TAC (SYM_RULE MB_cs_sram_O_THM)
THEN IMP_RES_TAC (SYM_RULE MB_we_O_THM)
THEN IMP_RES_TAC (SYM_RULE MB_oe_O_THM)
THEN IMP_RES_TAC (SYM_RULE MB_parityO_THM)
THEN ASM_REWRITE_TAC
{SPEC “MC_OF (rep:*RERP_ty) ((s:time->mc_state) t)
((e:time~>mc_env) t)”
(SYM_RULE Out_sSelectors_wWork)]
1
)i

close_theory();;

Ym0 e Y = g e e i T D A R T P Y e = T o T e o T A = o ot o R W e
Flle: me_thms .ml
Author: (¢) D.A. Fura 1992-93
Date: 1 March 1993
......................................................................... —————

let M_fsm_stateS_THM = TAC_PROOF
([},
“y (t :timeC) (rep :*REP_ty) (s :timeC->mc_state) (e :timeC->mc_env)
(p :timeC->mc_out) .
MBlock_GATE rep 8 ¢ P
==>
(M_fsm_stateS (MC_NSP rep (s t) (e t)) = M_fsm _states (s (t+l1)))”),
REWRITE_TAC [M_fsm_statesS;MBlock RXP; (EXPAND_LET RULE MC_NSF_REW)]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC(]
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)i

let M_fsm_male_S_THM = TAC_PROOF

((r1,
#) (t stimeC) (rep :AREP_ty) (s :timeC->mc_state) (e :timeC->mc_env)

(p stimeC->mc_out) .
MBlock _GATE rep s e p
==>

(M_fsm male_S (MC_NSF rep (s t) (e t)) = M_fsm_male_8s (s (t+1)))”),
REWRITE_TAC [M_fsm male_S;MBlock_EXP; (BEXPAND_LET RULE MC_NSF_REW)]
THEN REPEAT STRIP_TAC ="
THEN ASM_REWRITE_TACI(]
Yis

let M_fsm_rds_THM = TAC_PROOF

(([1,
#) (t itimeC) (rep :AREP_ty) (s :timeC->mc_state) (e :timeC->mc_env)

(p itimeC->me_out) .
MBlock_GATE rep s e p
==>

(M_fam_rdsS (MC_NSF rep (8 t) (e t)) = M_£fam rds (s (t+l)))”),
REWRITE_TAC [M_fsm_rds;MBlock_EXP; (EXPAND_LET_RULE MC_NSF_REW)]
THEN REPERAT STRIP_TAC
THEN ASM_REWRITE_TACI[]
)i

let M_fsm_bwS_THM = TAC_PROOF
o,
#1 (t itimeC) (rep :*REP_ty) (s :timeC->mc_state) (e :timeC->mc_env)
(p stimeC->mc_out) .
MBlock_GATR rep s e D
(M_fsm bwS (MC_NSF rep (s t) (e t)) = M_fasm bwS (8 (t+l1)))”),
REWRITE_TAC [M_£sm bwS;MBlock_EXP; (EXPAND_LEBT_RULE MC_NSF_REW)]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI[])
Yi:

let M_fsm_wwS_THM = TAC_PROOF

(L1,
“] (t :timeC) (rep :AREP_ty) (s :timeC->mc_state) (e :timeC->mc_env)

(p :timeC->mec_out) .
MBlock_GATE rep s e p
=xd>

(M_fsm _wwS (MC_NSF rep (8 t) (e t)) = M_£sm _wwsS (8 (t+l)))”),
REWRITE_TAC ([M_fsm_wwS;MBlock_ EXP; (RXPAND_LET_RULE MC_NSF_REW) ]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[]
Yii

let M_fsm last_S_THM = TAC_PROOF

(Cr1,
#1 (t i1timeC) (rep :AREP_ty) (s :timeC->mc_state) (e :timeC->mc_env)

(p stimeC->mc_out) .
MBlock _GATE rep 8 @ P
==

(M_£sm last_S (MC_NSF rep (8 t) (e t)) = M fem_last_S (s (t+1)))”),
REWRITE_TAC [M_fsm_last_S;MBlock_EXP; (EXPAND_LET_RULE MC_NSF_REW) ]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[]
Yii

let M_fsm _mrdy_S_THM = TAC_PROOF

.,
#y (t :timeC) (rep :AREP_ty) (8 :timeC->mc_state) (e :timeC->mc_env)

(p :timeC->mc_out) .
MBlock_GATE xep 8 @ D
==>
(M_fem _mrdy_S (MC_NSF rep (s t) (e t)) = M_fsm mrdy S (s (t+1)))”),
REWRITE_TAC [M_fsm_mrdy_S;MBlock_EXP; (RXPAND_LET_RULE MC_NSF_REW)]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI[]
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)i:

let M_£sm_zero_cntS_THM = TAC_PROOF

(([1,
“y (t :timeC) (rep :AREP_ty) (s :timeC->mc_state) (e :timeC->mc_env)

(p stimeC->mc_out) .

MBlock_GATE rep 8 e p

=m>

(M_fam_zero_cntS (MC_NSF rep (s t) (e t)) = M_£fsm_zero_cntS (s (t+1)))”),
REWRITE_TAC [M_fsm_2zero_cntS;MBlock_ EXP; (EXPAND_LET_RULE MC_NSF_REW)]
THEN REPEAT STRIP_TAC =
THEN ASM_REWRITE_TAC[]
Yi:

let M_fsm _rstS_THM = TAC_PROOF
1,
#y (t :timeC) (rep :AREP_ty) (s :timeC->mc_state) (e :timeC->mc_env)
(p stimeC->m¢_out) .
MBlock_GATE rep 8 e D
=m>
(M_£sm_rstS (MC_NSF rep (s t) (e t)) = M_fam_rsts (s (t+l)))”),
REWRITE_TAC [M_fsm_rstS;MBlock_ BEXP; (EXPAND_LET_RULE MC_NSF_REW)]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[]
Vi

let M_seS_THM = TAC_PROOF
(.,
“y (t stimeC) (rep :ARBP_ty) (8 :timeC->mc_state) (e :timeC->mc_env)
(p :timeC->mc_out) .,
MBlock_GATE rep 8 e D
==>
(M_seS (MC_NSF rep (s t) (e t)) = M_seS (8 (t+l)))”),
REWRITE_TAC [M_seS;MBlock_ EXP; (EXPAND_LRET_RULE MC_NSF_REW) ]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC(]
Vi

let M_wrS_THM = TAC_PROOF
(1.
#1 (t :timeC) (rep :*RERP_ty) (s :timeC->mc_state) (e :timeC->mc_env)
(p ttimeC->mc_out) .
MBlock_GATE rep B e D
==>
(M_wrS (MC_NSF rep (s t) (e t)) = M_wrsS (s (t+1)))”),
REWRITE_TAC [M_wrsS;MBlock BXP; (BEXPAND_LET_RULE MC_NSF_REW) ]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[)
Vi

let M_addrS_THM = TAC_PROOF
(i,
“3 (t stimeC) (rep :ARBP_ty) (s :timeC->mc_state) (e :timeC->mc_env)
(p :timeC->mec_out) .
MBlock_GATE rep 8 e D
x>
(M_addrs (MC_NSF rep (s t) (e t)) = M_addrs (s (t+l1l)))”),
REWRITE_TAC [M_addrs;MBlock_EXP; (EXPAND_LET_RULE MC_NSF_REW) ]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI[]
Y1

let M_beS_THM = TAC_PROOF
(11,
“1 (£t stimeC) (rep :*REBP_ty) (s :timeC->mc_state) (e :timeC->mc_env)
(p stimeC->mc_out) .
MBlock_GATE reD 8 € P
==>
(M_beS (MC_NSF rep (8 t) (e t)) = M_beS (s (t+l1)))”),
REWRITE_TAC [M_beS;MBlock_BXP; (EXPAND_LET RULE MC_NSF_REW)]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[]
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Yi:

let M_countS_THM = TAC_PROOF

1,
“} (t :timeC) (rep :AREP_ty) (8 :timeC->mc_state) (e :timeC->mc_env)

(p :timeC->mec_out) .

MBlock_GATE rep 8 e p

=TID>

(M_countS (MC_NSF rep (s t) (e t)) = M_countS (s (t+l1)))”),
REWRITE_TAC [M_countS;MBlock_ EXP; (EXPAND_LET_RULE MC_NSF_REW)]
THEN REPBAT STRIP_TAC =
THEN ASM_REWRITE_TACI[]
Y

let M_rdyS_THM = TAC_PROOF
(Cr1,
“} (t stimeC) (rep :ARBP_ty) (8 :timeC->mc_state) (e :timeC->mc_env)

(p :timeC->mc_out) .

MBlock _GATE rep s e D

=)

(M_rdyS (MC_NSF rep (s t) (e t)) = M _rdys (s (t+1)))”),
REWRITE_TAC [M_rdysS;MBlock_EXP; (EXPAND_LET_RULE MC_NSF_REW) ]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI[]

Yii

let M_wwdelS_THM = TAC_PROOF
([,
“)] (t :timeC) (rep :ARRP_ty) (s :timeC->mc_state) (e :timeC->mc_env)
(p :timeC->mc_out) .
MBlock_GATE rep 8 @ p
==D>
(M_wwdelS (MC_NSF rep (s t) (e t)) = M_wwdels (s (t+l1)))”),
REWRITE_TAC [M_wwdelS;MBlock_RXP; (EXPAND_LET_RULE MC_NSF_REW)]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI])
Yi:

let M_parityS_THM = TAC_PROOF
([,
“) (t i1timeC) (rep :ARBP_ty) (s :timeC->mc_state) (e :timeC->mc_env)
(p :timeC->mec_out) .
MBlock_GATE rep 8 e »
>
(M_paritys (MC_NSF rep (8 t) (e t)) = M_paritys (s (t+l)))”),
REWRITE_TAC ([M_parityS;MBlock_EXP; (EXPAND_LET_RULE MC_NSF_REW) ]
THEN REPEAT STRIP_TAC

THEN ASM_REWRITE_TAC(]
Vi

let M_rd_dataS_THM = TAC_PROOF
(cr1,
“#| (t :timeC) (rep :*REP_ty) (s :timeC->mc_state) (e :timeC->mc_env)
(p :timeC->mc_out) .
MBlock_GATR rep 8 e P
E 1 33
(M_rd_datas (MC_NSF rep (s t) (e t)) = M_rd_datas (s (t+l)))”"),
REWRITE_TAC [M_rd_datasS;MBlock EXP; (EXPAND_LET_RULE MC_NSF_REW)]
THEN REPERAT STRIP_TAC
THEN ASM_REWRITE_TAC[]
)1

let M_detectS_THM = TAC_PROOF
ey,
“} {(t i1timeC) (rep :AREP_ty) (s :timeC->mc_state) (e :timeC->mc_env)
(p :timeC->mc_out) .
MBlock_GATE rep s e D
ma)
(M_detectS (MC_NSP rep (s t) (e t)) = M_detectsS (s (ts+l1)))”),

REWRITE_TAC [M_detectS;MBlock_ EXP; (EXPAND_LRT RULE MC_NSF_REW) ]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITB_TAC(]
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Yie

let I_ad_outO_THM = TAC_PROOF
(1,
#y (t :timeC) (rep :*REP_ty) (8 :timeC->mc_state) (e :timeC->mc_env)
(p ttimeC->mc_out) .
MBlock_GATE rep 8 e p
==>
(T_ad_outo (MC_OF rep (s t) (e t)) = I_ad _outo (p t))”),

REWRITE_TAC [I_ad_outO;MBlock_BXP; (EXPAND_LRET RULE MC_OF_REW)]
THEN REPEAT STRIP_TAC

THEN ASM_REWRITE_TAC[]
Yi:

let I_srdy_O_THM = TAC_PROOF
(131,
“} (t stimeC) (rep :AREP_ty) (s :timeC->mc_state)
(p ttimeC->mc_out) .
MBlock_GATE rep 8 e D
==>
(I_sxrdy O (MC_OF rep (8 t) (e t)) = I_sxrdy O (p t))”)},
REWRITE_TAC [I_srdy_O;MBlock_EXP; (EXPAND_LET_RULR MC_OF_REW) ]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[]
Yis

(e stimeC->mc_env)

let MB_addrO_THM = TAC_PROOF
cr1,
43 (t ttimeC) (rep :AREP_ty) (s :timeC->mc_state) (e :timeC->mc_eav)
(p :timeC->mc_out) .
MBlock_GATE rep s e D
==>
(MB_addr0 (MC_OF rep (s t) (e t)) = MB_addro (p t))”),
REWRITE_TAC [MB_addrO;MBlock_EXP; (EXPAND_LRET_RULE MC_OF_REW) ]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[]
Yii

let MB_data_outO_THM = TAC_PROOF
(1,
“1 (t stimeC) (rep :*REBP_ty) (s
(p :timeC->mc_out) .
MBlock_GATE rep 8 e D
==>
(MB_data_outO (MC_OF rep (s t) (e t)) = MB_data_outO (p t))”),

REWRITE_TAC [MB_data_outO;MBlock_BXP; (EXPAND_LET RULR MC_OF_REW) ]
THEN REPEAT STRIP_TAC

THEN ASM_REWRITE_TACI[)
)is

stimeC->mc_state) (e :timeC->mc_env)

let MB_cs_eeprom O_THM = TAC_PROOP
(1.,
“) (t :timeC) (rep :ARRP_ty) (s
(p :timeC->mec_out) .
MBlock_GATE rep B8 e D
==>
(MB_cs_eeprom O (MC_OF rep (8 t) (e t)) = MB_cs_eeprom O (p t))”),

REWRITE_TAC ([MB_cs_eeprom_O;MBlock_EXP; (EXPAND_LET_RULE MC_OF_REW)]
THEN REPEAT STRIP_TAC

THEN ASM_REWRITE_TAC[]
Yi1

itimeC->me_state) (e :timeC->mc_env)

let MB_cs_sram_O_THM = TAC_PROOF
(1.
“#) (t :timeC) (rep :*REBP_ty) (s :timeC->mc_state)
(p :timeC->mc_out) .
MBlock_GATE rep s @ p

==>

(MB_cs_sram O (MC_OF rep (8 t) (e t)) = MB_cs_sram O (p t))”),

REWRITE_TAC {MB_cs_sram O;MBlock EXP; (EXPAND_LET RULE MC_OF_REW)]
THEN REPEAT STRIP_TAC

THEN ASM_REWRITE_TAC[]

(e ttimeC->mc_env)
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)i

let MB_we_O_THM = TAC_PROOF
({1,
#y (t itimeC) (rep :*REP_ty) (s :timeC->mc_state) (e :timeC->mc_env)
(p stimeC->mec_out) .
MBlock_GATE rep 8 e D
==>
(MB_we_O (MC_OF rep (8 t) (e t)) = MB_we O (p t))”),
REWRITE_TAC [MB_we_O;MBlock_EXP; (EXPAND_LET RULE MC_OF_REW) ]
THEN REPEAT STRIP_TAC -
THEN ASM_REWRITE_TACI[)
Vi

let MB_oe_O_THM = TAC_PROOF
(cr1,
“1 (t :timeC) (rep :AREP_ty) (s :timeC->mc_state) (e :timeC->mc_senv)
(p ttimeC->mec_out) .
MBlock_GATE rep 8 @ P
zZ=>
(MB_oe_O (MC_OF rep (8 t) (e t)) = MB ce_O (p t))”),
REWRITE_TAC [MB_oe_O:MBlock_ RXP; (BXPAND_LET RULE MC_OF_REW)]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI([]
Yii

let MB_parityO_THM = TAC_PROOF
((r3,
#1] (t stimeC) (rep :AREP_ty) (s :timeC->mc_state) (e :timeC->mc_env)
(p :timeC->mc_out) .
MBlock_GATE rep 8 e P
s>
(MB_parityo (MC_OF rep (s t) (e t)) = MB_parityO (p t))”),
REWRITE_TAC [MB_parityO;MBlock_EXP; (EXPAND_LET _RULE MC_OF_REW)]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[]
Yi:

3.3 R-Port Clock-Level Verification

The theory rclock_ver and file rc_thms.ml contain the R-Port clock-level correctness proof.

Yo mm——— - e i e o e e
File: rclock_ver.ml
Author: (c) D.A. Fura 1992-93
Date: 7 March 1993

set_flag {(‘timing’, true);:

set_search path (search_path() @ [’/home/elvis6/dfura/ftep/piu/hol/rport/’;
‘/home/elvis6/dfura/ftep/piu/hol/1lib/’;
‘/home/elvis6é/dfura/hol/ml/*;
*/home/elvis6/dfura/hol/Library/abs_theory/’;
*/home/elvigé/dfura/hol/Library/tools/’

i
system ’‘rm rclock_ver.th’;;
new_theory ‘rclock_ver’;;

loadf ‘abs_theory’;;
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loadf ‘aux_defs’;;

map new_parent [’‘array_def’;’‘rclock_def’;’'rblock _def’];;
map load_parent [‘piluaux_def’;’raux_def’; ‘buses_def’; ‘busn_def’;’ineq’;‘cond’;
‘wordn_def’];;

load_library ‘reduce’;;
let REP_ty = abs_type_info (theorem ‘piuaux_def’ ’'REP’);;

let RClockNSF_REW = theorem ‘rclock_def’ ’‘RClockNSF_REW’;; -
let RClockOF_REW = theorem ‘rclock_def’ ’‘RClockOF_REBW';;
let RBlock_ EXP = theorem ‘rblock_def’ ‘RBlock_EXP’;;

let RClockNSF_EXP = EXPAND_LRET_RULE RClockNSF_REW;;
let RClockOF_EXP = EXPAND_LET_RULE RClockOF_REW;;
%

loadt ‘rc_thms.ml’;;

let R_Clock_Correct = prove_thm

(‘R_Clock_Correct’,

#y{ (rep t:AREP_ty) (t :time) (8 :time->r_state) (e :time->r_env)
(p :time->r_out) .
RBlock _GATE rep 8 e p

==>

RCSet_Correct rep s e p”,

REPEAT STRIP_TAC

THEN REWRITE_TAC [RCSet_Correct]

THEN INDUCT THEN (prove_induction_thm RCI) ASSUME_TAC

THEN GEN_TAC

THEN REWRITE_TAC [RC_Correct;RC_Exec;RC_PreC;RC_PostC]

THEN CONJ_TAC

THENL [
% Subgoal 1: “s(t + 1) = RClockNSF rep (8 t)(e t)” %
SUBST_TAC [SPEC ”“(s (t+l1l)):r_state” State_Selectors_Work]
THEN IMP_RES_TAC (SYM_RULE R_ctxr0_THM)
THEN IMP_RES_TAC (SYM_RULE R_ctrl_THM)
THEN IMP_RES_TAC (SYM_RULE R_ctr2_THM)
THEN IMP_RES_TAC (SYM_RULE R_ctr3_THM)
THEN IMP_RES_TAC (SYM_RULE R_busA_latch_THM)
THEN IMP_RES_TAC (SYM_RULER R_fsm_state_THM)
THEN IMP_RES_TAC (SYM_RULE R_fsm_ale_THM)
THEN IMP_RES_TAC (SYM_RULE R_fsm_mrdy_THM)
THEN IMP_RES_TAC (SYM_RULE R_fem_last_THM)
THEN IMP_RES_TAC (SYM_RULE R_fsm_xrst_THM)
THEN IMP_RRS_TAC (SYM_RULE R_intO0_dis_THM)
THEN IMP_RES_TAC (SYM_RULE R_int3_dis_THM)
THEN IMP_RES_TAC (SYM_RULE R_cO0l_cout_del_THM)
THEN IMP_RES_TAC (SYM_RULE R_intl_en_THM)
THEN IMP_RES_TAC (SYM_RULE R_c23_cout_del_THM)
THEN IMP_RES_TAC (SYM_RULE R_int2 en_THM)
THEN IMP_RES_TAC (SYM_RULE R_wr_THM)
THEN IMP_RES_TAC (SYM_RULE R_cntlatch_del_THM)
THEN IMP_RES_TAC (SYM_RULE R_srdy_ del_THM)
THEN IMP_RES_TAC (SYM_RULE R_reg_sel THM)
THEN IMP_RES_TAC (SYM_RULE R_ctrO_in_TEM)
THEN IMP_RES_TAC (SYM_RULE R_ctrO_mux_sel_THM)
THEN IMP_RES_TAC (SYM_RULE R_ctrO_irden THM)
THEN IMP_RES_TAC (SYM_RULE R_ctrO_cry_THM)
THEN IMP_RES_TAC (SYM_RULE R_ctr0_new_THM)
THEN IMP_RRS_TAC (SYM_RULE R_ctr0_out_THM)
THEN IMP_RES_TAC (SYM_RULE R_ctr0_orden_THM)
THEN IMP_RES_TAC (SYM_RULE R_ctrl_in_THM)
THEN IMP_RES_TAC (SYM_RULE R_ctrl_mux_sel_THM)
THEN IMP_RES_TAC (SYM_RULE R_ctrl_irden_THM)
THEN IMP_RES_TAC (SYM_RULE R_ctrl_cry THM)
THEN IMP_RES_TAC (SYM_RULB R_ctrl_new_THM)
THEN IMP_RES_TAC (SYM_RULE R_ctrl_out_THM)
THEN IMP_RERS_TAC (SYM_RULE R_ctrl_orden_THM)
THEN IMP_RES_TAC (SYM_RULE R_ctr2_in_THM)
THEN IMP_RES_TAC (SYM_RULE R_ctr2_mux_sel_THM)
THEN IMP_RES_TAC (SYM_RULE R_ctr2_irden_THM)
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THEN IMP_RES_TAC (SYM_RULE R_ctr2_cry_THM)
THEN IMP_RES_TAC (SYM_RULE R_ctr2_new_THM)
THEN IMP_RES_TAC (SYM _RULE R_ctr2_out_THM)
THEN IMP_RES _TAC (SYM RULE R_ctr2_orden_THM)
THEN IMP_RES_TAC (SYM_RULE R_ctr3_in_THM)
THEN IMP_RES_TAC (SYM_RULE R_ctr3_mux_sel_THM)
THEN IMP_RES_TAC (SYM_RULE R_ctr3_irden_THM)
THEN IMP_RES_TAC (SYM_RULE R_ctr3_cry_THM)
THEN IMP_RRS_TAC (SYM_RULE R_ctr3_new_THM)
THEN IMP_RES_TAC (SYM_RULE R_ctr3_out_THM)
THEN IMP_RES_TAC (SYM_RULE R_ctr3_orden_THM) ="
THEN IMP_RES_TAC (SYM RULE R_icr_load_THM)
THEN IMP_RES_TAC (SYM_RULE R_icr_old_THM)
THEN IMP_RES_TAC (SYM_RULE R_icr_mask_THM)
THEN IMP_RES_TAC (SYM_RULE R_icr_THM)
THEN IMP_RES_TAC (SYM_RULE R_icr_rden THM)
THEN IMP_RES_TAC (SYM_RULE R_ccr_THM)
THEN IMP_RES_TAC (SYM_RULE R_ccr _rden_THM)
THEN IMP_RES _TAC (SYM_RULE R_gcr_THM)
THEN IMP_RES_TAC (SYM_RULE R_gcr_rden_THM)
THEN IMP_RES_TAC (SYM_RULE R_sr_THM)
THEN IMP_RES_TAC (SYM_RULE R_sr_rden_THM)
THEN ASM_REWRITE_TAC
[SPEC “RClockNSF (rep:*REP_ty) ((s:time->r_state) t)
({estime->r_env) t)”
(SYM_RULE State_Selectors_Work)]

% Subgoal 2: “p t = RClockOF rep (s t)(e t)” %
SUBST_TAC [SPEC “((p:itime->r_out) t)” Out_Selectors _Work]
THEN IMP_RES_TAC (SYM RULE I_ad_out_THM)
THEN IMP_RES_TAC (SYM_RULE I_srdy_THM)
THEN IMP_RRS_TAC (SYM_RULE IntO_THM)
THEN IMP_RES TAC (SYM_RULE Intl_ THM)
THEN IMP_RES_TAC (SYM_RULE Int2_THM)
THEN IMP_RES_TAC (SYM_RULE Int3_THM)
THEN IMP_RES_TAC (SYM_RULE Ccr_THM)
THEN IMP_RBS_TAC (SYM_RULE Led_THM)
THEN IMP_RES_TAC (SYM_RULE Reset_error_THM)
THEN IMP_RES_TAC (SYM_RULE Pmm_invalid_ THM)
THEN ASM_REWRITE_TAC
{SPRC “RClockOF (rep:*REP_ty) ((s:time->r_state) t)
((esttime->r_env) t)”
(SYM_RULE Out_sSelectors_Work)]
1
)i

close_theory();:

Gm e e e e e e e o o o e e
File: rc_thms.ml
Author: (c) D.A. Pura 1992-93
Date: 7 March 1993

........... o e e e e e e e e o e

let lemmal = TAC_PROOF
(([1, “¢ (a b sbool) . a /\ (b \/ a) = a”),
REPEAT GEN_TAC
THEN BOOL_CASES_TAC “a:bool”
THEN REWRITE_TACI(]
Yi:

let lemmal_spec = SPECL [“((R_fsm_rstS((s:time->r_state) t) => RI |
((R_fsm_stateS(s t) = RI) =>
((~R_fsm_ale_S(s t)) => RA | RI) |
((R_fsm_stateS(s t) = RA) =>
((~R_£sm _mrdy S(s t)) => RD | RA) |
((~R_fem_last_S(s t)) => RI | RA)))) = RD)”;
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“((R_fsm rstS((s:time->r_state) t) => RI |
((R_fsm_stateS(s t) = RI) =>
((~R_fsm ale_S(s t)) => RA | RI) |
((R_fsm_stateS(s t) = RA) =>
((~R_£sm_mrdy_S(s t)) => RD | Ra) |
((~R_fsm_last_S(s t)) => RI | RA))))

lemmal;;

RA) n]

let lemma2 = TAC_PROOF
(), #! (a :rfam ty) . ~(a = RD} /\ ((a = RA) \/ (a = RD)) = (a = RA)”"),
GEN_TAC -
THEN ASM_CASES_TAC “a = RD”
THEN ASM_REWRITE_TAC [SYM RULE (prove_constructors_distinct rfsm_ty_Axiom)]
)i

let lemma2_spec = SPRC “(R_fsm rstS((s:time->r_state) t) => RI |
((R_fsm_statesS(s t) = RI) =>
((~R_fsm ale_S(s t)) => RA | RI) |
((R_fsm_stateS(s t) = RA) =>
((~R_fsm_mrdy_S(s t)) => RD | RA) |
((~R_fsm last_S(s t)) => RI | RA))))”
lemma2; ;

let lemma3 = TAC_PROOF
({1, “t (ab sbool) . a\/b\/ a=Db\/ a"},
REPEAT GEN_TAC
THEN BOOL_CASES_TAC “a:bool”
THEN BOOL_CASES_TAC “b:bool”
THEN REWRITE_TACI([]
| F¥

let BXPANSION_EQ tm =
let legtm =
#((~R_sxrdy_del_sS(s(t - 1))) =>
INCN 3(R_xeg_selS(s(t - 1))) |
R_reg_selsS(s(t - 1)))” in
let rconjtm = mk_eqg (legtm, tm) in
let lconjtm =
#“(~{{(~SND(I_rale E(e(t - 1)))) =>
ELEMENT (SND(I_ad_inB(e(t - 1))))27 |
R wrS(s(t - 1))) /\
((R_fsm_ratS(s(t - 1)) =>
RI |

((R_fsm_stateS(s(t - 1)) = RI) =>
((~R_fsm_ale_S(s(t - 1))) => RA | RI) |
((R_£fsm_stateS(s(t - 1)) = RA) =>

)
((~R_fam_mrdy_S(s(t - 1))) => RD | RA) |
((~R_fsm_last_sS(s(t - 1))) => RI | RA)))) =
RA))” in
mk_conj (lconjtm, rconitm);;

let WORDN_NOT_EQ_ THMLIST tm =

let 10 = if tm = #0” then []

else [REDUCE_RULE (SPECL [“0”;tm] WORDN_3_NOT_BQUAL)] in
let 11 = if tm = #1” then 10

else 10 @ [REDUCEB_RULE (SPECL [#17;tm] WORDN_3_NOT_EQUAL)] in
let 12 = if tm = “2” then 11

else 11 @ [REDUCE_RULE (SPECL [“2”;tm] WORDN_3_NOT BQUAL)] in
let 13 = if tm = #3” then 12

else 12 @ [REDUCE_RULE (SPECL [“37;tm] WORDN_3_NOT_EQUAL)] in
let 14 = if tm = #4”7 then 13

else 13 6 [REDUCE_RULR (SPECL [“47;tm] WORDN_3_NOT_EQUAL)] in
let 15 = if tm = “5” then 14

else 14 @ [REDUCE_RULE (SPRCL [”#5%;tm] WORDN_3_NOT EQUAL)) in
let 16 = if tm = “6” then 15

else 15 @ [REDUCE_RULE (SPECL [”6”;tm] WORDN_3_NOT_EQUAL)}] in
let 17 = if tm = “7” then 16

else 16 @ [REDUCE_RULE (SPECL [“7“;tm] WORDN_3_NOT_EQUAL)] in
let 18 = if tm = “8” then 17

else 17 @ [REDUCE_RULE (SPECL [#“87;tm] WORDN_3_NOT_EQUAL)] in
let 19 = if tm = #9” then 18

else 18 @ [REDUCE_RULE (SPECL [“9”;tm] WORDN_3_NOT_EQUAL)] in
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let

let

let

let

let

let

110

111

112

113

114

115

115;;

= if tm = “10” then 19
else 19 6 [REDUCE_RULE (SPECL [“10”;tm] WORDN_3_NOT_EQUAL)] in
= if tm = “11” then 110

else 110 @ [REDUCE_RULE

= if tm = #12” then 111

else 111 @ [REDUCE_RULE

= if tm = “13” then 112

else 112 @ [REDUCE_RULE

= if tm = #14” then 113

else 113 @ [REDUCE_RULE

= if tm = “15” then 114

else 114 ¢ [REDUCE_RULE

let lemmaCF = TAC_PROOF
o,

(RBlock_GATE rep s e p) /\

(t :time) (rep :ARBP_ty)

(p :time->r_out)

mm>

(Busl2n_CF

(31,0)

((R_ctx0_irdens(s
({R_ctr0_ordens(s
((R_ctrl_irdensS(s
((R_ctrl_ordens(s
((R_ctr2_irdens(s
((R_ctr2_ordens (s
((R_ctr3_irdens(s
((R_ctr3_ordenS(s

.

t)
t)
t)
t)
t)
t)
t)
t)

=>
=>
=>
=>
=>
=>
=>
=>

(SPECL
(SPECL
(SPECL
(SPECL

(SPECL

[#117;tm]
[#127;tm]
[#137;tm}
[#147;tm]

[#15#;tm]

WORDN_3_NOT_EQUAL)] in
WORDN_3_NOT_EQUAL)] in
WORDN_3_NOT_EQUAL)] in
WORDN_3_NOT_EQUAL)] in

WORDN_3_NOT_EQUAL)] in

(8 :time->r_state) (e :time->r env)

(t > 0)

BUSN(R_ctr0_inS(s t)) | Offn),0ffn)
BUSN(R_ctr0_outS(s t)) | Offn),0ffn)

BUSN(R_ctrl_inS(s t)) | Offn),0ffn)
BUSN(R_ctrl_outS(s t)) | Offn),0ffn)
BUSN(R_ctr2_inS(s t)) | Offn),O0ffn)
BUSN(R_ctr2_outS(s t)) | Offn),0ffn)

BUSN(R_ctr3_insS(s t)) | Offn),0ffn)
BUSN{R_ctr3_outsS(s t)) | Offn),0ffn)

((R_icxr_rdensS(s t) => BUSN(R_icrs(s t)) |
((R_ccr_rdensS(s t) => BUSN(R_ccrS(s t)) |
((R_ger_rdenS(s t) => BUSN(R _gcxS(s t)) |

((R_sr_rdenS(s t) => BUSN(R_sxrS(s t))

REWRITE_TAC (SYM_RULE ONE_LESS_EQ]

THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THBN
THEN
THEN
THEN
THEN
THEN

THEN
THEN

THEN
THEN

THEN
THEN

THEN
THEN

THEN
THEN

THEN
THEN

THEN

REPEAT STRIP_TAC
IMP_RES_TAC (SYM_RULE (SPECL [“t:time”;”1”) SUB_ADD))
ONCE_ASM_REWRITE_TACI[}
UNDISCHE_TAC “RBlock_GATE rep s e D”
POP_ASSUM_LIST (MAP_EVERY (\th. ALL_TAC))
REWRITE_TAC [RBlock_ REXP; (EXPAND_LET RULE Busl2n_CF);ASel;BSel]
REPEAT STRIP_TAC
POP_ASSUM_LIST (MAP_BVERY (\th. ASSUME_TAC (SPEC “t-1” th)))
ASSUME_TAC (REWRITE_RULE [] (REDUCE_CONV “0<=317))
IMP_RES_TAC (SPECL [#317;707] OFFnP_Offn)
ASM_REWRITE_TAC [lemmal;lemma2]
POP_ASSUM_LIST (MAP_EVERY (\th. ALL_TAC))
ASSUME_TAC (REWRITE_RULE [] (REDUCE_CONV “0<=31"))
IMP_RES_TAC (SPECL [”317;70”] OFFnP_Offn)
IMP_RES_TAC (SPECL ([“317;70”] ONnP_Offn)
IMP_RES_TAC (GEN_ALL (SPECL [“f:wordn”;”317;70”] OFFnP_BUSN))
ASM_CASES_TAC (EXPANSION_EQ “WORDN 87)
ASM_REWRITE_TAC (([wordnVAL_BUSN_IDENT;wordnVAL_Offn;ONnP_BUSN] @
(WORDN_NOT_EQ_THMLIST “8”))

ASM_CASES_TAC (EXPANSION_EQ “WORDN 127)
ASM_REWRITE_TAC ([wordnVAL_BUSN_IDENT;wordnVAL_Offn;ONnP_BUSN] @

Offn),0ffn)
Offn) ,0ffn)
Offn),0ffn)

| offn),0ffn))”),

(WORDN_NOT_EQ_ THMLIST ~“127))

ASM_CASES_TAC (EXPANSION_EQ “WORDN 97)
ASM_REWRITE_TAC (([wordnVAL_BUSN_IDENT;wordnVAL_Offn;ONnP_BUSN] @
(WORDN_NOT_EQ_THMLIST “97))

ASM_CASES_TAC (EXPANSION_EQ “WORDN 13”)
ASM_REWRITE_TAC ((wordnVAL_BUSN_IDENT;wordnVAL_Offn;ONnP_BUSN] @

(WORDN_NOT_RQ_THMLIST “137))

ASM_CASES_TAC (EXPANSION_EQ “WORDN 10”)
ASM_REWRITE_TAC ([wordnVAL_BUSN_IDENT;wordnVAL_Offn;ONnP_BUSN] @

(WORDN_NOT_BQ_THMLIST “107))

ASM_CASES_TAC (BXPANSION_EQ “WORDN 147)
ASM_REWRITE_TAC ({wordnVAL_BUSN_IDENT;wordnVAL_Offn;ONnP_BUSN] @

(WORDN_NOT_BQ_THMLIST “147))

ASM_CASES_TAC (BXPANSION_EQ “WORDN 117)
ASM_REWRITE_TAC ([wordnVAL_BUSN_IDENT;wordnVAL_Offn;ONnP_BUSN] @

(WORDN_NOT_EQ_THMLIST “117))

ASM_CASES_TAC (EXPANSION_EQ “WORDN 157)
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THEN ASM_REWRITE_TAC ([wordnVAL_BUSN_IDENT;wordnVAL_Offn;ONnP_BUSN] @
(WORDN_NOT_EQ_THMLIST “157))

THEN ASM_CASRES_TAC (EXPANSION_EQ “WORDN 3”7)

THEN ASM_REWRITE _TAC ((wordnVAL_BUSN_IDENT;wordnVAL_Offn;ONnP_BUSN] @
(WORDN_NOT_EQ_THMLIST #3%))

THEN ASM_CASES_ TAC (EXPANSION_EQ “WORDN 27)

THEN ASM_REWRITE_TAC ([wordnVAL_BUSN_IDENT;wordnVAL_Offn;ONnP_BUSN] @
(WORDN_NOT_EQ_THMLIST “2#))

THEN ASM_CASES_TAC (EXPANSION_EQ “WORDN 4%)

THEN ASM_REWRITE_TAC (([wordnVAL_BUSN_IDENT;wordnVAL_Offn;ONnP_BUSN] @
(WORDN_NOT_RQ_THMLIST “4~)) ="

THEN REWRITE_TAC ([COND_TRUE_CHOICES]

)i

set_flag (‘print_all_subgoals’, false);;

let R_ctr0S_THM = prove_thm
(’R_ctros’,
“y (t ttime) (rep :AREP_ty) (s :time->r_state) (e :time->r_env)
(p stime->x_out) .
RBlock_GATE rep s e D
==
(R_ctr0S (RClockNSF rep (s t) (e t)) = R_ctr08 (s (t+l)))”~,
REWRITE_TAC [R_ctr0S;RBlock_EXP;RClockNSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI]
Yii:

let R_ctrlS_THM = prove_thm
(’R_ctrls’,
“1 (t :time) (xrep :1AREP_ty) (s :time->r_state) (e itime->r_env)
(p ttime->xr_out) .
RBlock_GATE rep 8 e D
==>
(R_ctrlS (RClockNSF rep (s t) (e t)) = R_ctrls (s (t+l)))~,
REWRITE_TAC [R_ctrlS;RBlock_EXP;RClockNSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI]
Yi:

let R_ctr2S_THM = prove_thm
(*R_ctris’,
“1 {(t :time) (rep :AREP_ty) (s :time->r_state) (e :time->r_env)
(p stime->r_out) .
RBlock_GATE rep s e p
==
(R_ctr28 (RClockNSF rep (s t) (e t)) = R_ctr2s (s (t+l)))~,
REWRITE_TAC [R_ctr2S;RBlock_ EXP; RClockNSF_RXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI]
Yi:

let R_ctr3S_THM = prove_thm
(’R_ctr3s’,
“} (t stime) (rep :*REP_ty) (s :time->r_state) (e :time->r_env)
(p :time->xr_out) .
RBlock_GATE rep s e p
==
(R_ctr3S (RClockNSF rep (s t) (e t)) = R _ctr3s (s (t+l)))”,
REWRITE_TAC [R_ctr38;RBlock EXP;RClockNSF_EXP)
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[]);;
Yii

let R_busA_latchS_THM = prove_thm

(’R_busA_latchs’,
“1 (t :time) (rep :AREP_ty) (8 :time->r_state) (e :time->r_env)

(p :time->xr_out) .

RBlock_GATE rep s e P /\ t > 0

z=m>

(R_busA_latchS (RClockNSF rep (s t) (e t)) = R_busA_latchs (s (t+l)))”,

REPEAT STRIP_TAC
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THEN IMP_RRBS_TAC lemmacCF

THEN UNDISCH_TAC “RBlock_GATE rep s e p”

THEN REWRITE_TAC [R_busA_latchS;RBlock_ EXP;RClockNSF_EXP]

THEN REPEAT STRIP_TAC

THEN ASM_REWRITE_TAC[]

THEN POP_ASSUM_LIST (MAP_EVERY (\th. ALL_TAC))

THEN ASSUME_TAC (REWRITE_RULE [] (RERDUCE_CONV “0<=31"))

THEN IMP_RES_TAC (SPECL [#317;%0”] OFFnP_Offn)

THEN IMP_RES_TAC (SPECL [“317;70”] ONnP_Offn)

THEN IMP_RES_TAC (GEN_ALL(SPRCL [“f:wordn”;”31%;70”] OFFnP_BUSN))
THEN ASM_CASES_TAC “R_ctr0_irdenS((s:time->r_state) t)” =
THEN ASM _RRWRITE_TAC [wordnVAL_BUSN_IDENT;wordnVAL_Offn;ONnP_BUSN]
THEN ASM_CASES_TAC “R_ctr0_ordenS((s:time->r_state) t)”

THEN ASM_REWRITE_TAC (wordnVAL_BUSN_IDENT;wordnVAL_Offn;ONnP_BUSN]
THEN ASM_CASES_TAC “R_ctrl_irdensS((s:time->r_state) t)~

THEN ASM_REWRITE_TAC [wordnVAL_BUSN_IDENT;wordnVAL_Offn;ONnP_BUSN]
THEN ASM_CASES_TAC “R_ctrl_ordenS((s:time->r_state) t)”

THEN ASM_REWRITE_TAC [wordnVAL_BUSN_IDENT;wordnVAL_Offn;ONnP_BUSN]
THEN ASM_CASES_TAC “R_ctr2_irdensS((s:time->r_state) t)”

THEN ASM_REWRITE_TAC [wordnVAL_BUSN_IDENT;wordnVAL_Offn;ONnP_BUSN]
THEN ASM_CASES_TAC “R_ctr2_ordenS((s:time->r_state) t)”

THEN ASM_REWRITE_TAC [wordnVAL_BUSN_IDENT;wordnVAL_Offn;ONnP_BUSN]
THEN ASM_CASES_TAC “R_ctr3_irdenS((s:time->r_state) t)”

THEN ASM_REWRITE_TAC [wordnVAL_BUSN_IDENT;wordnVAL_Offn;ONnP_ BUSN]
THEN ASM_CASES_TAC “R_ctr3_ordenS((s:time->r_state) t)”

THEN ASM_REWRITE_TAC [wordnVAL_ BUSN_IDENT;wordnVAL_Offn;ONnP_ BUSN]
THEN ASM_CASES_TAC “R_1icr_rdenS((s:time->r_state) t)”

THEN ASM_REWRITE_TAC [wordnVAIL_BUSN_IDENT;wordnVAL Offn;ONnP_BUSN]
THEN ASM_CASES_TAC “R_ccr_rdenS((s:time->r_state) t)”

THEN ASM_REWRITE_TAC [wordnVAL_BUSN_IDENT;wordnVAL_Offn;ONnP_BUSN]
THEN ASM_CASES_TAC “R_gcr_rdenS((s:time-~>r_state) t)”

THEN ASM_REWRITE_TAC [wordnVAL_BUSN_IDENT;wordnVAL_Offn;ONnP_BUSN]
THEN ASM_CASES_TAC “R_sr_rdenS((s:time~>r_state) t)”

THEN ASM_RBWRITE_TAC [wordnVAL_BUSN_IDENT;wordnVAL_Offn;ONnP_BUSN]
THEN UNDISCH_TAC “RBlock_GATE rep 8 e D”

THEN POP_ASSUM_LIST (MAP_EVERY (\th. ALL_TAC))

THEN REWRITE_TAC [RBlock_REXP; (EXPAND_LET RULE Busl2n_CF) ;ASel;BSel)
THEN REPEAT STRIP_TAC

THEN POP_ASSUM_LIST (MAP_BVERY (\th. ASSUME_TAC (SPEC “t-1” th)))
THEN ASSUMB_TAC (REWRITE_RULE [] (REDUCE_CONV “0<=317))

THEN IMP_RES_TAC (SPECL (#317;70”] OFFnP_Offn)

THEN ASM_REWRITE_TAC [lemmal;lemmal]

let R_fsm_stateS_THM = prove_thm
(’R_fsm_states’,
#y (t :time) (rep :AREP_ty) (s :time->r_state) (e :time->r_env)
(p :time->r_out) .
RBlock_GATE rep 8 e D
==>
(R_fsm_stateS (RClockNSF rep (s t) (e t)) = R_fsm_stateS (s (t+1l)))”,
REWRITE_TAC [R_fsm_stateS;RBlock_EXP;RClockNSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[]
Yii

let R_fsm_ale_S_THM = prove_thm
(‘R_fsm_ale_8’,
“) (t ittime) (rep :*REP_ty) (s :time->xr_state) (e :time->r_env)
(p ttime->r_out) .
RBlock _GATE rep s e P
==>
(R_fsm_ale_S (RClockNSF rep (8 t) (e t)) = R_fem_ale_S (8 (t+l1)))~,
REWRITE_TAC [R_fsm_ale_S;RBlock_EXP;RClockNSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI[]
Yo

let R_fsm_nmrdy_ S_THM = prove_thm
(‘R_fsm_mrdy_s’,
#1 (t :time) (rep :AREP_ty) (s :time->r_state) (e :time->r_env)
(p ttime->r out) .
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RBlock _GATE rep 8 e D
==
(R_fsm mrdy S8 (RClockNSF rep (s t) (e t)) = R_fsm mrdy S (s (t+1))}”,
REWRITE_TAC [R_fsm_mrdy_S;RBlock_EXP;RClockNSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI[]
Yi2

let R_fsm_last_S_THM = prove_thm

(‘R_£8m_last_s~,

“y (t stime) (rep :AREP_ty) (s :time->r_state) (e :time->r_env)--
(p itime->r_out) .
RBlock_GATE rep 8 @ D

==>

(R_fsm_last_S (RClockNSF rep (s t) (e t)) = R_fsm_last_S (s (t+1)))”,

REWRITR_TAC [R_fsm_last_S;RBlock_EXP;RClockNSF_EXP]

THEN REPEAT STRIP_TAC

THEN ASM_REWRITE_TAC(]

Vi1

let R_fsm_rstS_THM = prove_thm

{*R_Esm_xrsts’,

#1 (t i1time) (rep :ARBP_ty) (8 :time->r_state) (e :time->r_env)
(p :time->xr_out) .
RBlock GATE rep s e p

==>

(R_£fsm_rstS (RClockNSF rep (8 t) (e t)) = R_fsm rsts8 (s (t+l)))~,

REWRITE_TAC [R_fsm_rstS;RBlock_EXP;RClockNSF_EXP])

THEN REPEAT STRIP_TAC

THEN ASM_REWRITE_TACI[]

)iz

let R_int0_diss_THM =z prove_thm

(‘R_1int0_diss’,

“1 (t :time) (rep :AREBP_ty) (s :time->r_state) (e :time->r_env)
(p :time->r_out) .
RBlock_GATE rep 8 € p

==)>

(R_int0_disS (RClockNSF rep (s t) (e t)) = R_int0_diss (s (t+1)))”",

REWRITE_TAC [R_int0_dissS;RBlock_EXP;RClockNSF_EXP]

THEN REPEAT STRIP_TAC

THEN ASM_REWRITE_TAC(]

Yi;:

let R_int3_disS_THM = prove_thm

(‘R_int3_d4iss’,

“y (t :time) (rep :AREP_ty) (s :time->r_state) (e :time->r_env)
(p ttime->r_out) .
RBlock_OATE rep s e p

an>

(R_int3_disS (RClockNSF rep (s t) (e t)) = R_int3_diss (s (t+1)))”,

REWRITE_TAC [R_int3_dissS;RBlock_ EXP;RClockNSF_RXP]

THEN REPEAT STRIP_TAC

THEN ASM_REWRITE_TACI[]

Yis

let R_c01_cout_delS = prove_thm
(/R_c01_cout_dels’,
7y (t :time) (rep :ARRP_ty) (s :time->r_state) (e :time->r_env)
(p ttime->r_out) .
RBlock_GATE rep s e p
2>
(R_c01_cout_delsS (RClockNSF rep (8 t) (e t)) =
R_c0l_cout_dels (s (t+l1l)))”,
REWRITE_TAC [R_c0l1_cout_dels;RBlock_EXP;RClockNSF_ERXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC([]
Vi

let R_intl_enS THM = prove_thm
(‘R_intl_ens’,
“y (t stime) (rep :AREP_ty) (s :time->r_state) (e :time->r_env)
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(p :time->r_out) .
RBlock_GATE rep 8 @ p
=s>

(R_intl_enS (RClockNSF rep (s t) (e t)) = R_intl emns (s (t+1)))”,
REWRITE_TAC [R_intl_enS;RBlock_EXP; RClockNSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC

[SPRCL

[“((R_fsm_rstS((s:time->r_state) t) => RI |
((R_fsm_statesS(s t) = RI) =>
((~R_fem_ale_S(s t)) => RA | RI) | =
((R_fsm_stateS(s t) = RA) =>
((~R_fsm_mrdy_S(s t)) => RD | RA) |
((~R_£f8m_last_S(s t)) => RI | RA)))) = RD)”;

#((R_fsm rstS((s:time->r_state) t) => RI |
((R_fsm_stateS(s t) = RI) =>
({(~R_fem_ale_S(s t)) => RA | RI) |
((R_fsm_stateS(s t) = RA) =>
({(~R_fsm_mrdy _S{(s t)) => RD | Ra) |
((~R_fsm_last_S(s t)) => RI | RA))))

lemmal]

RA) "]

n

Y1

let R_c23_cout_delS_THM = prove_thm
(‘R_c23_cout_dels’,
#}! (t stime) (rep :AREP_ty) (s :time->r_state) (e :time->r_env)
(p :time->r_out) .
RBlock_GATE rep 8 e p
nE>
(R_c23_cout_delS (RClockNSF rep (8 t) (e t)) =
R_c23_cout_dels (s (t+l)))~,
REWRITE_TAC [R_c23_cout_dels;RBlock_EXP;RClockNSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[)
)is

let R_int2_ensS_THM = prove_thm
(‘R_int2_ens’,
“y (t stime) (rep :AREP_ty) (8 :time->xr_state) (e :time->x_env)
(p :time->r_out) .
RBlock_GATE rep 8 e p
z=ZED>
(R_int2_enS (RClockNSF rep (s t) (e t)) = R_int2_ens (s (t+l1)))~,
REWRITE_TAC [R_int2_ensS;RBlock_ EXP;RClockNSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[lemmal_spec]
Y11

let R_WrS_THM = prove_thm
('R_wrs’,
#y (¢t itime) (rep :*REP_ty) (s :time->r_state) (e :time->r_env)
(p :time->r_out) .
RBlock_GATE rep 8 @ D
=
(R_wrS (RClockNSF rep (s t) (e t)) = R_wrsS (s (t+1)))~,
REWRITE_TAC [R_wrS;RBlock_EXP;RClockNSF_RXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI[)
Yis

let R_cntlatch_delS_THM = prove_thm
(‘R_cntlatch_dels’,
#] (t itime) (rep :AREP_ty) (s :time->r_state) (e :time->r_env)
(p stime->xr_out) .
RBlock_GATE rep s e p
==>
(R_cntlatch_dels (RClockNSF rep (s t) (e t)) =
R_cntlatch_delS (s (t+l)))”,
REWRITE_TAC [R_cntlatch_delS;RBlock RXP;RClockNSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI(]
Vi
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let R_srdy_del_S_THM = prove_thm
('R_srdy_del_s’,
71 (t stime) (rep :AREP_ty) (s :time->r_state) (e :time->r_env)
(p :time->r_out) .
RBlock_GATE rep s e p
==
(R_srdy_del_8 (RClockNSF rep (s t) (e t)) = R_srdy del 8 (s (t+l)))”,
REWRITB_TAC [R_srdy_del_sS;RBlock_EXP;RClockNSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[] =T
Vi

let R_reg_selS_THM = prove_thm

(‘R_reg_sels’,

#)} (t i1time) (rep :ARBP_ty) (s :time->r_state) (e :time->r_env)
(p 1time->r_out) .
RBlock_GATE rep 8 e D

==>

(R_reg_selS (RClockNSF rep (s t) (e t)) = R_reg_sels (s (t+l)))”,

REWRITB_TAC [R_reg_selS;RBlock_EXP;RClockNSF_EXP]

THEN REPEAT STRIP_TAC

THEN ASM_REWRITE_TAC[]

)i

let R_ctr0_inS THM = prove_thm
(’R_ctr0_ins’,
#y (¢t itime) (rep :AREP_ty) (s :time->r_state) (e :time->r_env)
(p :itime->r_out) .
RBlock_GATE rep s @ p
==y
(R_ctr0_inS (RClockNSF rep (s t) (e t)) = R_ctr0_imns (s (t+l)))~,
REWRITE_TAC [R_ctr0O_inS;RBlock_EXP;RClockNSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC{lemmal_spac]
Yis

let R_ctr0_mux_selS_THM = prove_thm
(‘R_ctr0_mux_sels’,
#) (t i1time) (rep :AREP_ty) (s :time->r_state) (e :time->r_env)
(p :time->r_out) .
RBlock_GATE rep 8 e D
139
(R_ctr0_mux_selS (RClockNSF rep (s t) (e t)) =
R_ctr0_mux_selsS (s (t+1)))”",
REWRITE_TAC [R_ctrO_mux_selS;RBlock_EXP;RClockNSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC{lemmal_spec]
Yis

let R_ctr0_irdenS_THM = prove_thm

(‘R_ctr0_irdens’,

#) (t i1time) (rep :*REP_ty) (s :time->r_state) (e :time->r_env)
(p ttime->r_out) .
RBlock _GATE rep s e p

==D>

(R_ctr0_irdenS (RClockNSF rep (s t) (e t)) = R_ctrO_irdens (s (t+l1)))”,

REWRITE_TAC [R_ctr0O_irdensS;RBlock_EXP;RClockNSF_EXP]

THEN REPEAT STRIP_TAC

THEN ASM_REWRITE_TAC[lemmal_spec;lemma2_spec]

Yis

let R_ctr0_cryS_THM = prove_thm

{'R_ctr0_crys’,
“y (£t itime) (rep :AREP_ty) (8 :time->r_state) (e :time->r_env)

(p ttime->r_out) .

RBlock_GATE rep 8 e D

sR>

(R_ctr0_cryS (RClockNSF rep (s t) (e t)) = R_ctrO_crys (s (t+l)))”,
REWRITE_TAC [R_ctr0_cryS;RBlock_EXP;RClockNSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[lemmal_spec;lemma2_spec]
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)1

let R_ctr0_newS_THM = prove_thm

(‘R_ctr0_news’,

#] (t ttime) (rep :*REBP_ty) (8 :time->r_state) (e :time->r_env)
(p stime->r_out) .
RBlock _GATE rep 8 e p

==>

(R_ctx0_newS (RClockNSF rep (s t) (e t)) = R_ctr0_newS (s (t+l)))”,

REWRITE_TAC [R_ctr0_newS;RBlock_BXP;RClockNSF_BXP]

THEN REPEAT STRIP_TAC -

THEN ASM _REWRITE_TAC[lemmal_spec;lemma2_spec]

Yii

let R_ctr0_outS_THM = prove_thm

(‘R_ctr0_outs’,

“y (t itime) (rep :AREBP_ty) (s :time->r_state) (e :time->r_env)
{(p :time->r_out) .
RBlock_GATE rep 8 e D

ZED>

(R_ctxr0_outS (RClockNSF rep (8 t) (e t)) = R_ctrO_outs (s (t+l)))”,

REWRITE_TAC [R_ctr0_outS8;RBlock_EXP;RClockNSF_EBXP]

THEN REPEAT STRIP_TAC

THEN ASM_REWRITE_TAC[lemmal_spec;lemma2_spec]

)i

let R_ctr0_ordenS_THM = prove_thm

(‘R_ctr0_ordens’,

“1 (t stime) (rep :*REP_ty) (s :time->r_state) (e :time->r_env)
(p :time->r_out) .
RBlock_GATE rep 8 e p

==)>

(R_ctr0_oxrdenS (RClockNSF rep (s t) (e t)) = R_ctrO_ordens (s (t+l)))”,

REWRITE_TAC (R_ctr0_ordensS;RBlock_EXP;RClockNSF_EXP]

THEN REPEAT STRIP_TAC

THEN ASM _REWRITE_TAC[lemmal_spec;lemma2_spec]

Yo

let R_ctrl_inS_THM = prove_thm

(‘R_ctrl_ins’,

#1 (t :time) (Trep :*REP_ty) (s :time->r_state) (e :time->r_env)
(p :time->r_out) .
RBlock_GATE rep 8 e p

==

(R_ctrl_inS (RClockNSF rep (s t) (e t)) = R_ctrl_imns (s (t+1)))~,

REWRITE_TAC [R_ctrl_inS;RBlock_RXP;RClockNSF_EXP]

THEN REPEAT STRIP_TAC

THEN ASM_REWRITE_TAC[lemmal_spec;lemma2_spec]

Yi1:

let R_ctrl_mux_selsS_THEM = prove_thm
(‘R_ctrli_mux sels’,
#} (t :time) (rep :*REP_ty) (s :time->r_state) (e :time->r_env)
(p :time->r_out) .
RBlock_GATE rep s e D
==z>
(R_ctrl_mux selS (RClockNSF rep (s t) (e t)) =
R_ctrl_mux_sels (s (t+1)))~,
REWRITE_TAC [R_ctrl_mux selS;RBlock_EXP;RClockNSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC [lemmal_spec;lemma2_spec]
Y

let R _ctrl_irdenS_THM = prove_thm

(‘R_ctrl_irdens’,
#y (t :time) (rep :AREP_ty) (s :time->r_state) (e :time->r_env)

(p :time->r_out) .

RBlock_GATE rep s e »

xR>

(R_ctrl_irdenS (RClockNSF rep (s t) (e t)) = R_ctrl_irdens (s (t+l)))”,
REWRITE_TAC [R_ctrl_irdensS;RBlock_ RXP;RClockNSF_EXP]
THEN REPRAT STRIP_TAC

50



THEN ASM_REWRITE_TAC[lemmal_spec;lemma2_spec]
Yiz

let R_ctrl_cryS_THM = prove_thm
('R_ctrl_crys’,
“y (¢t stime) (rep :AREP_ty) (s :time->r_state)
(p :time->r_out) .
RBlock_GATE rep B8 e p

==>

(e :time->r_env)

{(R_ctrl_crysS (RClockNSF rep (8 t) (e t)) = R_ctrl_crys (s (t+l}))”,
REWRITE_TAC [R_ctrl_cryS;RBlock_EXP;RClockNSF_EXP] =
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[lemmal_spec;lemma2_spec])

Yii

let R_ctrl_newS_THM = prove_thm
(‘R_ctrl_newS’,
“) (t stime) (rep :AREP_ty) (s :time->r_state) (e :time->r_env)
(p :time->r_out) .
RBlock_GATE rep s e p
==
(R_ctrl_newS (RClockNSF rep (s t) (e t)) = R_ctrl_news (s (t+l)))”,
REWRITE_TAC [R_ctrl_newS;RBlock EXP;RClockNSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[lemmal_spec;lemma2_spec]
Yi:

let R_ctrl_outS_THM = prove_thm
('R_ctrl_outs’,
“#y (t stime) (rep :AREP_ty) (s itime->r_state) (e :time->r_env)
(p stime->r_out) .
RBlock_GATE rep 8 ¢ P
(R_ctrl_outS (RClockNSF rep (s t) (e t)) = R_ctrl _outs (s (t+l)))”,
REWRITE_TAC [R_ctrl_outS;RBlock_BXP;RClockNSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[lemmal_spec;lemma2_spec]
Yiz

let R_ctrl_ordenS_THM = prove_thm
('R_ctrl_ordens8’,
4y (t stime) (rep :AREP_ty) (s :time->r_state) (e :time->r_env)
(p stime->r_out) .
RBlock_GATE rep B8 @ P

==>

(R_ctrl_ordenS (RClockNSF rep (s t) (e t)) = R_ctrl ordens (s (t+l1)))”,
REWRITE_TAC ([R_ctrl_ordenS;RBlock_EXP;RClockNSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC([lemmal_ spec;lemma2_spec)
Vi

let R_ctr2_inS_THM = prove_thm
('R_ctr2_ins’,
4y (£ stime) (rep :AREP_ty) (s :time->r_state) (e :time->r_env)
(p :time->r_out) .
RBlock_GATE rep 8 e D

=2=>

(R_ctr2_ins (RClockNSF rep (s t) (e t)) = R_ctr2_ins (s (t+l1)))”~,
REWRITE_TAC [R_ctr2_inS;RBlock_RBXP;RClockNSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[lemmal_spec;lemma2_spec]
Yis

let R_ctr2_mux_selS_THM = prove_thm
(/R_ctr2_mux_sels’,
#) (t stime) (rep :ARBP_ty) (s :time->r_state)
(p :time->r_out) .
RBlock _GATE rep 8 e D

==>

(e itime->r_env)

(R_ctr2_mux_sels (RClockNSF rep (s t) (e t)) =
R_ctr2_mux_selsS (s (t+l)))”,
REWRITE_TAC [R_ctr2_mux_selS;RBlock_ RXP; RClockNSF_EXP]
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THEN REPEAT STRIP_TAC

THEN ASM_REWRITE_TAC[lemmal_spec;lemma2_spec]
)i

let R_ctr2_irdenS_THM = prove_thm
(‘R_ctr2_irdens’,
“#) (t :time) (rep :AREP_ty) (s :time->r_state) (e
(p :time->r_out) .
RBlock _GATE rep 8 e p
==>
(R_ctr2_irden8 (RClockNSF rep (s t) (e t)) = R_ctr2_irdemS (3 (t+l1)))~,
REWRITE_TAC [R_ctr2_irdenS;RBlock_EXP;RClockNSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC([lemmal_spec;lemma2_spec]
Yii

rtime->r_env)

let R_ctr2_cryS_THM = prove_thm
(’‘R_ctr2_crys’,
#y (t :time) (rep :ARBP_ty) (s :time->r_state)
(p :ttime->xr_out) .
RBlock_GATE rep 8 e D
==>
(R_ctr2_cryS (RClockNSF rep (s t) (e t)) = R_ctr2_crys (s (t+l)))”,
REWRITE_TAC [R_ctr2_cryS;RBlock_EXP;RClockNSF_EXP]
THEN REPEAT STRIP_TAC

THEN ASM_REWRITE_TAC[lemmal_spec;lemma2_spec]
Vii

(e ttime->r_env)

let R_ctr2_newS_THM = prove_thm
(’R_ctr2_news’,
“) (£t :time) (rep :*REP_ty) (8 :time->r_state)
(p sttime->xr_out) .
RBlock_GATE rep 8 e p

nE>

(R_ctr2_newS (RClockNSF rep (s t) (e t)) = R_ctr2_newS (s (t+l)))”,
REWRITE_TAC [R_ctr2_newS;RBlock_EXP;RClockNSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC([lemmal_spec;lemma2_spec]
)i

(e :time->xr_env)

let R_ctr2_outS_THM = prove_thm
(’R_ctr2_outs’,
#) (t ttime) (rep :AREP_ty) (s :time->r_state) (e :time->r_env)
(p ttime->x_out) .
RBlock_GATE rep 8 @ D
==>
(R_ctr2_outS (RClockNSF rep (s t) (e t)) = R_ctr2_out8 (s (t+l)))”,
REWRITE_TAC [R_ctxr2_outS;RBlock_EXP;RClockNSF_EXP]
THEN REPBAT STRIP_TAC
THEN ASM_REWRITE_TAC[lemmal_spec;lemma2_spec]
Y3

let R_ctr2_ordenS_THM = prove_thm
(‘R_ctr2_ordens’,
“#1 (t :time) (rep :AREP_ty) (s :time->r_state)
(p :time->r_out) .
RBlock_GATE rep 8 e p

x>

(R_ctxr2_ordenS (RClockNSF rep (8 t) (e t)) = R_ctr2_ordensS (s (t+1)))”,
REWRITE_TAC [R_ctr2_ordenS;RBlock_EXP;RClockNSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC(lemmal_spec;lemma2_spec]
)i

(e :time->r_env)

let R_ctri_inS_THM = prove_thm
(‘R_ctr3_ins’,
“! (t :time) (rep :*REP_ty) (s :time->r_state)
(p ttime->x_out) .
RBlock_GATE rep s e p

=m>

(R_ctr3_insS (RClockNSF rep (s t) (e t)) = R_ctxr3_4ins (s (t+l)))~,
REWRITE_TAC (R_ctr3_inS;RBlock_BXP;RClockNSF_EXP]

(e :time->r_env)

52

1



THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[lemmal_spec;lemma2_spec]
Y13

let R_ctr3_mux_selS_THM = prove_thm
(’R_ctr3_mux_sels’,
“y (t stime) (rep :AREBP_ty) (s :time->r_state) (e :time->r_env)
(p :time->r out) .
RBlock_GATE rep 8 e D
==
(R_ctr3_mux_selS (RClockNSF rep (8 t) (e t)) = -
R_ctr3i_mux_sels (s (t+1l)))”,
REWRITE_TAC (R_ctr3_mux_selS;RBlock_BXP;RClockNSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[lemmal_spec;lemma2_spec]
Yis

let R_ctr3_irdenS_THM = prove_thm

(‘R_ctr3_irdens’,

“#1 (t stime) (rep :AREP_ty) (s :time->r_state) (e :time->r_env)
(p stime->r_out) .
RBlock_GATE rep 8 e p

==>

(R_ctr3_irdenS (RClockNSF rep (s t) (e t)) = R_ctr3_irdens (s (t+l)))”,

REWRITE_TAC [R_ctr3_irdensS;RBlock_EXP;RClockNSF_EXP]

THEN REPEAT STRIP_TAC

THEN ASM_REWRITE_TAC[lemmal_spec;lemma2_spec]

Vi

let R_ctr3_cryS_THM = prove_thm
(‘R_ctr3_crys’,
“} (t :time) (rep :*REP_ty) (s :time->r_state) (e :time->xr_env)
(p :time~>r_ out) .
RBlock _GATE rep s e D

=8>

(R_ctr3_cryS (RClockNSF rep (s t) (e t)) = R_etri_ecrys (s (t+l1)))”,
REWRITE_TAC [R_ctr3_cryS;RBlock_ RXP;RClockNSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[lemmal spec;lemma2_spec]
)i

let R_ctr3_newS_THM = prove_thm

(‘R_ctr3_newsS’,

“#y (t :time) (rep :AREP_ty) (8 :time->r_state) (e :time->r_env)
(p ttime->r_out) .
RBlock _GATE rep 8 e D

==>

(R_ctr3_newS (RClockNSF rep (s t) (e t)) = R_ctr3_news (s (t+l)))~,

REWRITE_TAC [R_ctr3_newS;RBlock_EXP;RClockNSP_EXP]

THEN REPEAT STRIP_TAC

THEN ASM_REWRITE_TAC[lemmal_spec;lemma2_spec]

)i

let R_ctr3_outS_THM = prove_thm
(‘R_ctri_outs’,
“#) (t stime) (rep :AREP_ty) (s :time->r_state) (e :time->r_env)
(p ttime->r_out) .
RBlock_GATE rep s e D
==>
(R_ctr3_outsS (RClockNSF rep (s t) (e t)) = R_ctr3_out® (s (t+1)))”,

REWRITE_TAC [R_ctr3_out8;RBlock_EXP;RClockNSF_EXP]
THEN REPEAT STRIP_TAC

THEN ASM_REWRITE_TAC[lemmal_spec;lemma2_spec]
Yii

let R_ctr3_ordenS_THM = prove_thm
(’R_ctr3_ordens’,
“1 (t :time) (rep :AREP_ty) (s :time->r_state) (e :time->r_env)
(p stime->xr_out) .
RBlock GATE rep 8 e D
==>

(R_ctr3_ordenS (RClockNSF rep (s t) (e t)) = R_ctr3_ordens (s (t+1)))”,
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REWRITE_TAC [R_ctr3_ordensS;RBlock_BXP;RClockNSF_EXP]
THEN REPEAT STRIP_TAC

THEN ASM_REWRITE_TAC[lemmal_spec;lemma2_spec]
)i

let R_icr_loadS_THM = prove_thm
(‘R_1lecr_loads’,
“1 (t stime) (rep :ARRP_ty) (s :time->r_state)
(p :time->r_out) .
RBlock_GATE rep s e P

=m>

(e :time->r_env)

(R_icxr_loadS (RClockNSF rep (8 t) (e t)) = R_icr_loads (s (t+l1)))”,
REWRITE_TAC [R_icr_loadS;RBlock_EXP;RClockNSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[lemmal_spec;lemma2_spec]
Y11

let R_icr_olds_THM = prove_thm
(‘R_icr_olds’,
#} (t :time) (rep :AREP_ty) (8 :time->r_state)
(p ttime->r_out) .
RBlock _GATE rep s e p

mm>
(R_icxr_olds (RClockNSF rep (s t) (e t)) = R_icr_olds (s (t+l)))”,
REWRITE_TAC [R_icr_olds;RBlock_EXP;RClockNSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[lemmal_spec;lemma2_spec]
Yis

(e :time->r_env)

let R_icr_maskS_THM = prove_thm

(‘R_icr_masks’,

#y (t :time) (rep :ARBP_ty) (s :time->r_state)
(p stime->xr_out) .
RBlock_GATE rep s ¢ D

=8>

(R_icxr_maskS (RClockNSF rep (8 t) (e t)) = R_icr_masksS (s (t+l)))”,

REWRITE_TAC [R_icr_maskS;RBlock_EXP;RClockNSF_EXP]

THEN REPEAT STRIP_TAC

THEN ASM_REWRITE_TAC[lemmal_spec;lemma2_spec]

Vis

(e :time->r_env)

let R_icrS_THM = prove_thm
(‘R_1cxs’,
#1 (t stime) (rep :ARBP_ty) (s :time->r_state) (e :time->r_env)
(p ttime->r_out) .
RBlock_GATE rep s e p

=m>

(R_icrs (RClockNSF rep (s t) (e t)) = R_icrs (s (t+1)))”,
REWRITBE_TAC (R_icrs;RBlock_EXP;RClockNSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC{lemmal_spec; lemma2_spec]
Yii

let R_icr_rdenS_THM = prove_thm
(‘R_icr_xrdens’,
#} (t stime) (rep :AREP_ty) (s :time->r_state)
(p ttime->xr_out) .
RBlock _GATE rep 8 e P
mED>
(R_icr_rdenS (RClockNSP rep (s t) (e t)) = R_icr_rdens (s (t+l)))”,
REWRITE_TAC (R_icx_rdenS;RBlock_EXP;RClockNSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[lemmal_spec;lemma2_spec]
Yis

(e :time->r_env)

let R_ccrS_THM = prove_thm
(‘R_ccrs’,
“1 (t itime) (rep :ARBP_ty) (s :time->r_state) (e :time->r_env)
(p :time->r_out) .
RBlock_GATE rep s e D

==>

(R_ccxr8 (RClockNSF rep (8 t) (e t)) = R_cerS (s (t+l)))”,
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REWRITE_TAC [R_ccrS;RBlock _EXP;RClockNSF_EBXP]
THEN REPEAT STRIP_TAC

THEN ASM_REWRITE_TAC[lemmal_spec;lemma2_spec]
Yis

let R_ccr_rdenS_THM = prove_thm

('R_ccr_rdensS’,

“) (t :time) (rep :*REP_ty) (s :time->r_state) (e :time->r_env)
(p :time->xr_out) .
RBlock_GATE rep 8 e D

==> -

(R_ccr_rdenS (RClockNSF rep (s t) (e t)) = R_ccr_xrdensS (s (t+l)))”,

REWRITE_TAC [R_ccr_rdensS;RBlock_BXP;RClockNSF_EXP]

THEN REPEAT STRIP_TAC

THEN ASM_REWRITE_TAC[lemmal_spec;lemma2_spec]

Yis

let R_gecrS_THM = prove_thm
('R_gecrs’,
#y (t itime) (rep :*RBP_ty) (s :time->r_state) (e :time->r_env)
(p itime->r_out) .
RBlock_GATE rep s e p
==
(R_gers (RClockNSF rep (8 t) (e t)) = R_gers (s (t+l)))”,
REWRITE_TAC [R_gcrS;RBlock_ BXP;RClockNSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITB_TAC[lemmal_spec;lemma2_spec]
Yi2

let R_gecr_rdenS_THM = prove_thm

(‘R_gcr_rdens’,

#y (t stime) (rep :AREP_ty) (8 :time->r_state) (e :time->r_env)
(p itime->r_out) .
RBlock _GATE rep 8 @ P

=mzm>

(R_gcr_rdenS (RClockNSF rep (s t) (e t)) = R_gcr_rdens (s (t+l)))”,

REWRITE_TAC [R_gcr_rdenS;RBlock RXP;RClockNSF_EXP)

THEN REPRAT STRIP_TAC

THEN ASM_REWRITE_TAC[lemmal_spec;lemma2_spec]

)i

let R_srS_THM = prove_thm
(’R_8xs’,
#1 (t itime) (rep :AREP_ty) (8 :time->r_state) (e :time->r_env)
(p :ttime~>r_out) .
RBlock _GATE rep 8 @ D
s>
(R_srS (RClockNSF rep (s t) (e t)) = R_sxrS (s (t+1)))~,
REWRITE_TAC [R_srS;RBlock_EXP;RClockNSF_RXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[lemmal_spec;lemma2_spec]
)i

let R_sr_rdenS_THM = prove_thm

(‘R_sxr_rdens’,

#“} (t :time) (rep :AREP_ty) (s :time->r_state) (e :time->r_env)
(p ttime->r_out) .
RBlock _GATE rep s o P

szd>

(R_sr_rdenS (RClockNSF rep (s t) (e t)) = R_sr_rdens8 (s (t+l1)))”,

REWRITE_TAC [R_sr_rdenS;RBlock_EXP;RClockNSF_EXP]

THEN REPEAT STRIP_TAC

THEN ASM_REWRITE_TAC[lemmal_spec;lemma2_spec]

Y1

let I_ad_outO_THM = prove_thm
(‘I_ad_outo’,
#1 (t itime) (rep :*REP_ty) (8 :time->r_state) (e :time->r_env)
(p :time~>xr_out) .
RBlock GATE rep s e D /\ t > 0

Z=>

(I_ad_outO (RClockOF rep (s t) (e t)) = I_ad outo (p t))~,
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REPEAT STRIP_TAC

THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN

THEN
THEN
THEN
THEN

Yis

IMP_RES_TAC lemmacCF

UNDISCH_TAC “RBlock_GATE rep 8 e p”

REWRITE_TAC ([I_ad_outO;RBlock_EXP;RClockOF_EXP]

REPEAT STRIP_TAC

ASM_REWRITE_TAC[lemmal;lemmaz2;lemma3)

POP_ASSUM_LIST (MAP_EVERY (\th. ALL_TAC))

ASSUME_TAC (REWRITE_RULE [] (REDUCE_CONV “0<=31"))
IMP_RES_TAC (SPBCL [¥317;70”] OFFnP_Offn)

IMP_RES_TAC (SPECL [#31”7;”0”] ONnP_Offn)

IMP_RES_TAC (GEN_ALL(SPECL [“f:wordn”;7”317;70”] OFFnP_BUSNY)
ASM CASES_TAC “R_ctr0_irdensS((s:time->r_state) t)”
ASM_REWRITE_TAC [wordnVAL_BUSN, IDENT;wordnVAlL_Offn;ONnP_BUSN]
ASM_CASES_TAC “R_ctr0_ordenS((s:time->r_state) t)~
ASM_REWRITE_TAC [wordnVAL_BUSN_IDENT;wordnVAL_Offn;ONnP_BUSN]
ASM_CASES_TAC “R_ctrl_irdensS((s:time->r_state) t)”
ASM_REWRITE_TAC [wordnVAL_BUSN_IDENT;wordnVAL_Offn;ONnP_BUSN]
ASM_CASES_TAC “R_ctrl_ordensS((s:time->r_state) t)”
ASM_REWRITE TAC [wordnVAlL_BUSN_IDENT;wordnVAL_Offn;ONnP_BUSN]
ASM_CASES_TAC “R_ctr2_irdenS((s:time->r_state) t)”
ASM_RBWRITE_TAC [wordnVAL_BUSN_IDENT;wordnVAL_Offn;ONnP_BUSN]
ASM_CASES_TAC “R_ctr2_ordenS((s:time->r_state) t)”
ASM_REWRITE_TAC [wordnVAL_BUSN_IDENT;wordnVAL_Offn;ONnP_BUSN]
ASM_CASES_TAC “R_ctr3_irdenS((s:time->r_state) t)”
ASM_REWRITE_TAC ([wordnVAL_BUSN_IDENT;wordnVAL_Offn;ONnP_BUSN]
ASM_CASES_TAC “R_ctr3_ordensS((s:time->r_state) t)”
ASM_REWRITE_TAC [wordnVAL_BUSN_IDENT;wordnVAL_Offn;ONnP_BUSN]
ASM_CASEBS_TAC “R_icr_rdenS((s:time->r_state) t)”
ASM_REWRITE_TAC [wordnVAL_BUSN_IDENT;wordnVAL_Of£fn;ONnP_BUSN]
ASM_CASES_TAC “R_ccr_rdenS((s:time->r_state) t)”
ASM_REWRITE_TAC ({wordnVAL _BUSN_IDENT;wordnVAL_Of£fn;ONnP_BUSN]
ASM_CASES_TAC “R_gcr_rdenS((s:time->r_state) t)”
ASM_REWRITE_TAC [wordnVAL BUSN_IDENT;wordnVAL_ Of£n;ONnP_BUSN]
ASM_CASRS_TAC “R_sr_rdenS((s:time->r_state) t)”
ASM_REWRITE_TAC [wordnVAL_BUSN_IDENT;wordnVAL_Offn;ONnP_BUSN]

let I_srdy_ O_THM = prove_thm
(‘I_srdy._o’,
“#y (t i1time) (rep :ARBP_ty) (8 :time->r_state) (e :time->r_env)
(p :ttime->r_out) .
RBlock_GATE rep 8 e D

as>

(I_srdy_O (RClockOF rep (s t) (e t)) = I_srdy O (p t))~,
REWRITE_TAC [I_srdy_O;RBlock_BXP;RClockOF_EXP]

THEN
THEN
Yi:

REPEAT STRIP_TAC
ASM_REWRITE_TAC[lemmal;lemma2;lemma3]

let Int0_O_THM = prove_thm
(’Int0_oO’,
“y (t itime) (rep :AREBP_ty) (8 :time->r_state) (e :time->r_env)
(p ittime->r_out) .
RBlock_GATE rep s e D

(Int0_O (RClockOP rep (s t) (e t)) = Int0_O (p t))~”,
REWRITE_TAC [Int0_O;RBlock_EXP;RClockOF_EXP]

THEN
THEN
)1

REPEAT STRIP_TAC
ASM_REWRITE_TAC[lemmal; lemma2]

let IntlO_THM = prove_thm
(’‘Intlo’,
“y (t stime) (xep :*REBP_ty) (s :time->r_ state) (e :time->r_env)
(p sttime->r_out) .
RBlock_GATE rep 8 @ P

==>

(Int1l0 (RClockOF rep (8 t) (e t)) = Intlo (p t))~”,
REWRITE_TAC [Intl0;RBlock_EXP;RClockOF_EXP)

THEN
THEN
)iz

REPEAT STRIP_TAC
ASM_REWRITE_TAC[lemmal;lemma2)
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let Int20_THM = prove_thm
(/Int20’,
“y (t :time) (rep :ARBP_ty) (s :time->r_state) (e :time->r_env)
(p :time->r_out) .
RBlock_GATE rep 8 e p
==>
(Int20 (RClockOF rep (s t) (e t)) = Int20 (p t))”,
REWRITE_TAC [Int20;RBlock_EXP;RClockOF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC{lemmal;lemmaz] =
Y1z

let Int3_O_THM = prove_thm
(’Int3_oO’,
#y (t stime) (rep :AREP_ty) (8 :time->r_state) (e :time->r_env)
(p stime->r_out) .
RBlock_GATE rep 8 e p
==)>
(Int3_0 (RClockOF rep (s t) (e t)) = Int3_O (p t))”,
'REWRITE_TAC [Int3_O;RBlock_BXP;RClockOF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[lemmal;lemma2l
)i

let CexrO_THM = prove_thm
(‘Cex0’,
“#) (t itime) (rep :AREP_ty) (8 :ttime->r_state) (e :time->r_env)
(p :ttime->r_out) .
RBlock_GATE rep s e p
=z=>
(CexO (RClockOF rep (s t) (e t)) = Cocxo (p t))”,
REWRITE_TAC ([CcrO;RBlock_ EXP;RClockOF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[lemmal;lemma2]
Yi:

let LedO_THM = prove_thm
(‘LedoO’,
#y (t itime) (rep :ARBP_ty) (s :time->r_state) (e :time->r_env)
(p :time->r_out) .
RBlock_GATE rep 8 e p
==>
(LedO (RClockOF rep (s t) (e t)) = LedOo (p t))”,
REWRITE_TAC ([LedO;RBlock_EXP;RClockOF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC([lemmal;lemma2]
Y11

let Reset_errorO_THM = prove_thm
{’Reset_earroro’,
#t (t ttime) (rep :AREP_ty) (s :time->r_state) (e :time->r_env)
(p :stime->r_out) .
RBlock_GATE rep 8 e P
==
(Reset_error0 (RClockOF rxep (8 t) (e t)) = Reset_errorO (p t))”,
REWRITE_TAC ([Reset_erroxr0O;RBlock_EXP;RClockOF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[lemmal;lemma2]
)i

let Pmm_invalidO_THM = prove_thm
(’Pmm_invalido’,
“1 (t stime) (rep :AREP_ty) (8 itime->r_state) (e :time->r_env)
(p :time~>r_out) .
RBlock_GATE rep 8 e D
=)
(Pmm_invalido (RClockOF rep (8 t) (e t)) = Pmm _invalido (p t))~,
RRWRITE_TAC [Pmm_invalidO;RBlock_EXP;RClockOF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC([lemmal;lemma2]
Y11
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3.4 C-Port Clock-Level Verification

The theory cclock_ver and file cc_thms.ml contain the C-Port clock-level correctness proof.

G o e om0 e 8 e o e
File: cclock_ver.ml
Author: (¢) D.A. Fura 1992-93
Date: 4 March 1993

set_flag (’timing‘’, true);;

set_search path (search_path() @ [‘//bome/elvisé/dfura/ftep/piu/hol/cpoxrt/’;
‘/home/elvis6/dfura/ftep/piu/hol/1ib/’;
‘/home/elvis6/dfura/hol/ml/’;
‘/home/elvis6/dfura/hol/Library/abs_theory/‘;
‘/home/elvis6/dfura/hol/Library/time/’;
‘! /home/elvis6/dfura/hol/Library/GI/*;
' /bome/elvis6/dfura/hol/Library/tools/’

1}:s
system ‘rm cclock _ver.th’;;

new_theory ‘cclock_ver’;;

loadf ‘abs_theory’::

loadf ‘aux_defs’;;

map new_parent [’‘piuaux_def’;‘wordn_def’;’array_def’;
‘cfasms_def’; ‘gates_defl’;’'latches_def’; ' ffs_def’;
‘counters_def’; ‘ineq‘];;

map load_parent [’caux_def’;’cblock_def’; ’cclock _def’];;

load_parent ‘time_abs’;;

let REP_ty = abs_type_info (theorem ’‘piuaux_def’ ‘REP’);;

let CC_OF_REW = theorem ‘cclock _def’ ’‘CC_OF_REW’;;
let CBlock_ BXP = theorem ‘cbhblock_def’ ‘CBlock_BXP‘;;

let MSTART = “WORDN 2 47;;
let MEND = “WORDN 2 57;;
let MRDY = “WORDN 2 67;;
let MWAIT = “WORDN 2 77;;
let MABORT = “WORDN 2 07;;

let SACK = “WORDN 2 57;;
let SRDY = “WORDN 2 67;;
let SWAIT = “WORDN 2 77;;
let SABORT = “WORDN 2 07;;

let CC_NSF_EXP = EXPAND_LET RULE CC_NSF_REW;;
let CC_OF_EXP = EXPAND_ LET _RULE CC_OF_REW;;

loadt ‘cc_thms.ml’;;
let C_Clock_Correct = prove_thm
(’‘C_Clock_Correct’,

#y (¢ i1time) (s :time->cc_state) (e :time->cc_env) (p :time->cc_out) .
CBlock_GATE rep s e D
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CCSet_Correct rep s e p”,
REPEAT STRIP_TAC
THEN REWRITE_TAC
THEN INDUCT_THEN
THBEN GEN_TAC
THEN REWRITE_TAC
THEN CONJ_TAC
THENL {

% Subgoal 1: “s(t + 1) =

[CCSet_Correct]
(prove_induction_thm CCI) ASSUME_TAC

{CC_Correct;CC_Rxec;CC_PreC;CC_PostC]

CC_NSF(s t)(e t)" %

SUBST_TAC ([SPEC “(s (t+l)):cc_state” CCState_Selectors_Work]

THEN
THEN
THEN
THEN
THEN
THEN

TMP_RES_TAC
IMP_RES_TAC
IMP_RES_TAC
IMP_RES_TAC
IMP_RES_TAC
IMP_RES_TAC
TMP_RES_TAC
IMP_RES_TAC
IMP_RES_TAC
IMP_RES_TAC
IMP_RES_TAC
IMP_RES_TAC
IMP_RES_TAC
IMP_RES_TAC
IMP_RES_TAC
IMP_RES_TAC
IMP_RES_TAC
IMP_RES_TAC
IMP_RES_TAC
IMP_RES_TAC
IMP_RES_TAC
IMP_RES_TAC
IMP_RES_TAC
IMP_RES_TAC
IMP_RES_TAC
IMP_RES_TAC
IMP_RES_TAC
IMP_RES_TAC
IMP_RES_TAC
IMP_RES_TAC
IMP_RES_TAC
IMP_RES_TAC
IMP_RES_TAC
IMP_RES_TAC
IMP_RES_TAC
IMP_RES_TAC
IMP_RES_TAC
IMP_RES_TAC
IMP_RES_TAC
IMP_RES_TAC
IMP_RES_TAC
IMP_RRS_TAC
IMP_RES_TAC
IMP_RES_TAC
IMP_RES_TAC
IMP_RES_TAC
IMP_RES_TAC
IMP_RES_TAC
IMP_RES_TAC
IMP_RES_TAC (SYM_RULE
IMP_RES_TAC (SYM_RULE
ASM_REWRITE_TAC

(SYM_RULE
(SYM_RULE
(SYM_RULE
(SYM_RULE
{SYM_RULE
(SYM_RULE
(SYM_RULE
(SYM_RULE
(SYM_RULER
(SYM_RULBR
(SYM_RULE
{SYM_RULER
(SYM_RULE
(SYM_RULE
(SYM_RULE
(SYM_RULE
(SYM_RULE
(SYM_RULE
(SYM_RULE
(SYM_RULE
(SYM_RULE
(SYM_RULE
(SYM_RULE
(SYM_RULE
(SYM_RULE
(SYM_RULE
(SYM_RULE
(SYM_RULE
{SYM_RULR
(SYM_RULE
(SYM_RULE
(SYM_RULE
(SYM_RULE
(SYM_RULR
(SYM_RULE
(SYM_RULE
(SYM_RULE
(SYM_RULE
(SYM_RULE
(SYM_RULE
(SYM_RULE
(SYM_RULE
(SYM_RULE
(SYM_RULE
(SYM_RULE
(SYM_RULE
(SYM_RULE
(SYM_RULE
(SYM_RULE

c_mfsm_state_THM)
C_mfam_srdy_en_ THM)
Cc_mfam_D_THM)
C_mfsm_grant_THM)
C_mfsm_rast_THM)
C_mfsm_busy_THM)
C_mfsm_write_THM)
c_mfsm_crqgt_THM)
C_mfsm_hold_THM)
C_mfsm_last_THM)
c_mfsm_lock_THM)
c_mfam_lock_THM)
c_mfsm_invalid THM)
C_sfasm_state_THM)
C_sfsm_D_THM)
C_sfsm_grant_THM)
C_sfsm_xrst_THM)
Cc_sfsm write_THM)
C¢_sfsm_addressed_THM)
C_sfsm_hlda_THM)
C_sfam _ms_THM)
C_efsm _state_THM)
C_efam_cale_THM)
C_efsm _last_THM)
C_efsm _male_THM)
C_efsm_rale_THM)
C_efsm_srdy_THM)
C_efsm_rst_THM)
C_lock_in_THM)
C_last_in_THM)
C_ss_THM)
C_clkA_THM)
C_last_out_THM)
C_sidle_del_THM)
C_mrqgt_del_THM)
C_hold_THM)
C_cout_0_le_del_ THM)
C_cin_2_le THM)
C_mrdy_del_THM)
C_iad_en_s_del_THM)
C_wrdy_THM)
C_rrdy_THM)
C_parity_ THM)
C_source_THM)
C_data_in_THM)
C_sizewrbe_ THM)
C_iad_out_THM)
C_ala0_THM)
C_a3a2_THM)
C_iad_in_THM)
C_wr_THM)

[SPEC “CC_NSF (rep:*REP_ty) ({(s:time->cc_state) t)
((e:time->cc_env) t)”
(SYM_RULE cCState_Selectors_Work)]

% Subgoal 2: “p t = CC_OF(s t)(e t)” %
SUBST_TAC [SPEC “((p:time->cc_out) t)” CCOut_Selectors_Work]

THEN IMP_RES_TAC (SYM_RULE
THEN IMP_RES_TAC (SYM_RULB
THEN IMP_RES_TAC (SYM_RULE

I_cgnt_THM)
I_mrdy._out_THM)
I_hold_THM)
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THEN IMP_RES_TAC (SYM RULE I_rale_out_THM)
THEN IMP_REBS_TAC (SYM_RULE I_male_out_THM)
THEN IMP_RES_TAC (SYM_RULE I_last_out_THM)
THEN IMP_RES_TAC (SYM_RULE I_srdy_out_THM)
THEN IMP_RES_TAC (SYM_RULE I_ad_out_THM)
THEN IMP_RES_TAC (SYM_RULB I_be_out_THM)
THEN IMP_RES_TAC (SYM_RULE CB_rqt_out_THM)
THEN IMP_RES_TAC (SYM_RULE CB_ms_out_THM)
THEN IMP_RES_TAC (SYM_RULE CB_ss_out_THM)
THEN IMP_RES_TAC (SYM_RULE CB_ad_out_THM)
THEN IMP_RES_TAC (SYM_RULE C_ss_out_THM) -
THEN IMP_RES_TAC (SYM_RULE Disable_writes_THM)
THEN IMP_RES_TAC (SYM_RULE CB_parity_THM)
THEN ASM_REWRITE_TAC
[{SPEC “CC_OF (rep:*REP_ty) ((s:time->cc_state) t)
((e:time->cc_env) t)”
(SYM_RULE CcCoOut_Selectors_Work) ]
]
Yi:

close_theory();;

G e o m i om m m m h m am m m m m m  m m m m m m m m m m mm m m m m  e m m
File: cc_thms.ml
Author: (c) D.A, Fura 1992-93
Date: 3 March 1993

let C_mfsm_stateS_THM = TAC_PROOF
[qq s
#y (t stime) (rep :*REP_ty) (8 :time->cc_state) (e :time->cc_env)
(p :time->cc_out) .
CBlock _GATE rep 8 ¢ D
==>
(C_mfsm_stateS (CC_NSF rep (8 t) (e t)) = C_mfsm_states (s (t+l)))”),
REWRITE_TAC ([C_mfsm_stateS;CBlock_EXP;CC_NSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC(]
Yii

let Cc_mfsm_srdy_enS_THM = TAC_PROOF
([,
#1 (t :time) (rep :AREP_ty) (s :time->cc_state) (e :time->cc_env)
(p stime->cc_out) .,
CBlock_GATE rep 8 e D
==>
(c_mfsm_srdy.enS (CC_NSF xep (8 t) (e t)) = C_mfsm_srdy_ensS (s (t+l)))”),
REWRITE_TAC [C_mfsm_srdy_enS;CBlock EXP;CC_NSF_RXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC(]
)i

let C_mfsm_DS_THM = TAC_PROOF
(1,
#y (t ttime) (rep :AREBP_ty) (s :time->cc_state) (e :time->cc_env)
(p ttime->cc_out) .
CBlock_GATE rep s & D
==> .
(C_mfam_DS (CC_NSF rep (8 t) (e t)) = C_mfem DS (s (t+1)))”),
REWRITE_TAC [C_mfsm_DS;CBlock_REXP;CC_NSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI[])
)i

let C_mfsm_grantS_THM = TAC_PROOF

({11,
#! (t itime) (rep :*REP_ty) (8 :time->cc_state) (e :time->cc_env)

60



(p ttime->cc_out) .
CBlock_GATE rep 8 e D

=E>

(C_mfsm_grantS (CC_NSF rep (s t) (e t)) = C_mfsm_grants (s (t+l)))}”),
REWRITE_TAC {C_mfsm_grantS;CBlock_BXP;CC_NSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI[]
Yis

let C_mfsm_rstS_THM = TAC_PROOF
((r1,
“) (t stime) (rep :ARBP_ty) (s :time->cc_state)
(p :time->ce_out) .
CBlock_GATE rep 8 e p

==

(e :time->cc_env)

(Cc_mfsm_rst8 (CC_NSF rep (s t) (e t)) = C_mfsm_rstS (s (t+l)))”),
REWRITE_TAC ([C_mfsm_rstS;CBlock RXP;CC_NSF_ERXP}
THEN REPRAT STRIP_TAC
THEN ASM_REWRITE_TAC(]

Y1z

let C_mfsm_busyS_THM = TAC_PROOF
(L3,
#1 (t stime) (rep :AREP_ty) (s :time->cc_state)
(p :time->cc_out) .
CBlock_GATE rep s @ p
=D
(C_mfsm_busyS (CC_NSP rep (s t) (e t)) = C_mfsm busys (s (t+l1)))”),
REWRITE_TAC [C_mfsm_busyS;CBlock_ RXP;CC_NSF_EXP]
THEN REPRBAT STRIP_TAC
THEN ASM_REWRITE_TACI]
Yi:

(e :time->cc_env)

let C_mfsm writeS_THM = TAC_PROOF
(¢L),
“#)] (t stime) (rep :ARBP_ty) (s :time->cc_state)
(p stime->cec_out) .
CBlock_GATE rep 8 @ P

m2>

(C_mfsm_writeS (CC_NSF rep (8 t) (e t)) = C_mfsm_writesS (s (t+1)))”),
REWRITE_TAC {C_mfsm _writesS;CBlock_EXP;CC_NSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI]
Vi

(e :time->cc_env)

let C_mfsm_crqt_s_THM = TAC_PROOF
e,

#y (t itime) (rep :AREP_ty) (s :time->cc_state)
(p ttime->cc_out) .
CBlock _GATE rep s e p
=z:)>
(C_mfsm_crgt_S (CC_NSF rep (8 t) (e t)) = c_mfsm_crqt_S (s (t+l)))”),
REWRITE_TAC [C_mfsm_crqt_sS;CBlock_EXP;CC_NSF_BXP)
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC(]
Yi1

(e :time->cc_env)

let C_mfsm_hold S_THM = TAC_PROOF
(e,
#1 (t :time) (rep :AREP_ty) (s
{(p ttime->cc_outr) .
CBlock_GATE rep s @ p

=m=D>

stime->cc_state) (e :time->cc_env)

(C_mfasm_hold S (CC_NSF rep (8 t) (e t)) = C_mfsm_hold_S (s (t+l)))~),
REWRITE_TAC [C_mfsm_hold_S:CBlock_EXP;CC_NSF_EXP]
THEN REPEAT STRIP_TAC

THEN ASM_REWRITE_TAC[]
Yi:

let C_mfsm_last S THM = TAC_PROOF
(e,

“y (t i1time) (rep :1AREP_ty) (s :time->cc_state) (e :time->cc_env)
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(p :time->cc_out) .
CBlock _GATE rep s @ p
==>

(C_mfsm_last_8S (CC_NSF rep (s t) (e t)) = C_mfsm_last_s (s (t+l)))”),
REWRITRE_TAC (C_mfsm_last_S;CBlock_EXP;CC_NSF_RXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[]
Yii

let C_mfam_lock_S_THM = TAC_PROOF
(i1, e
#3 (t :1time) (rep :AREP_ty) (s :time->cc_state) (e :time->cc_env)
(p :time->cc_out) .
CBlock _GATE rep s @ »
z=>
(C_mfsm_lock_S (CC_NSF rep (s t) (e t)) = C_mfsm_lock_8 (s (t+l)))~),
REWRITE_TAC ([C_mfsm_lock_S;CBlock_EXP;CC_NSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI]
Yii

let C_mfsm_ssS_THM = TAC_PROOF
(1,
“y (t :time) (xrep :AREP_ty) (s :time->cc_state) (e :time->cc_env)
(p ttime->cc_out) .
CBlock_GATE rep 8 e p
=m>
(C_mfsm_ssS (CC_NSF rep (s t) (e t)) = C_mfsm_s8S (8 (t+1)))”),
REWRITE_TAC [C_mfsm_s8S;CBlock_BXP;CC_NSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI(]
Yis

let C_mfsm _invalids_THM = TAC_PROOF
(([1,
“y (¢ stime) (rep :1AREP_ty) (s :time->cc_state) (e :time->cc_env)
(p ttime->cc_out) .
CBlock_GATE rep s e p

=

(C_mfsm_invalids (CC_NSF rep (s t) (e t)) = C_mEfsm_invalids (s (t+l)))~”),

REWRITE_TAC [C_mfsm_invalids;CBlock_RXP;CC_NSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI[]

Y1

let C_sfsm stateS_THM = TAC_PROOF
(([1,
#1 (t itime) (rep :AREP_ty) (s :time->cc_state) (e :time->cc_env)
(p :time->cco_out) .
CBlock_GATE rep s e D
==>
(C_sfsm_stateS (CC_NSF rep (s t) (e t)) = C_sfsm_statesS (s (t+l)))”),
REWRITE_TAC [C_sfsm_states;CBlock_ EXP;CC_NSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI]
)12

let C_sfsm DS_THM = TAC_PROOF
(1,
#1 (£t stime) (rep :1AREP_ty) (s :time->cc_state) (e :time->cc_env)
(p :time->cc_out) .
CBlock _GATE zep 8 e D
=:>
(C_sfem_DS (CC_NSF rep (8 t) (e t)) = C_sfsm_DS (s (t+1)))”),
REWRITE_TAC [C_sfam_DS;CBlock_EXP;CC_NSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI]
)1

let C_sfsm_grantS _THM = TAC_PROOF

(([1,
#y (£ stime) (rep :AREBP_ty) (8 :time->cc_state) (e :time->cc_env)
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(p :time->cc_out) .
CBlock _GATE rep 8 @ D
==

(C_sfsm_grantS (CC_NSF rep (s t) (e t)) = C_sfsm_grantS (s (t+l)))”),
REWRITR_TAC [C_sfsm_grants;CBlock_EXP;CC_NSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI[]
Yi:

let C_sfsm_rstS_THM = TAC_PROOF
((L1, =
#) (¢t stime) (rep :*RRP_ty) (s :time->cc_state) (e :time->cc_env)
(p ttime->cc_out) .
CBlock GATE rep 8 6 D
==)>
(C_sfsm_rstS (CC_NSF rep (8 t) (e t)) = C_sfem rstsS (s (t+l1)))”),
REWRITE_TAC [C_sfsm_rstS;CBlock_EXP;CC_NSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[]
Y1

let C_sfom_writeS_THM = TAC_PROOF
((L3,
#1 (t stime) (rep :ARBP_ty) (8 :time->cc_state) (e :time->cc_env)
(p ttime->cc_out) .
CBlock_GATE rep 8 e p
==>
(C_sfsm_writeS (CC_NSF rep (s t) (e t)) = C_sfsm _writes (s (t+l)))”),
REWRITE_TAC [C_sfsm _writeS;CBlock_ RXP;CC_NSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI[]
Yiz

let C_sfsm_addressedsS_THM = TAC_PROOF
(.,
“) (¢t stime) (rep :AREP_ty) (s :time->cc_state) (e :time->cc_env)
(p stime->cc_out) .
CBlock GATE rep 8 e D

s=>

(C_sfsm _addressedS (CC_NSPF rep (s t) (e t)) = C_sfsm_addresseds (s (t+l1l)))”),

REWRITE_TAC [C_sfsm_addresseds;CBlock EXP;CC_NSF_EXP]
THEN REPEAT STRIP_TAC

THEN ASM_REWRITE_TAC(]

Yis

let C_sfsm_hlda_sS_THM = TAC_PROOF
(1,
“1 (t stime) (rep :ARBP_ty) (s :time->cc_state) (e :time->cc_env)
(p stime->cc_out) .
CBlock_GATE rep s e D
==>
(C_sfsm_hlda_S (CC_NSF rep (s t) (e t)) = C_sfsm_hlda_S (s (t+1)))”),
REWRITE_TAC [C_sfsm_hlda_sS;CBlock_REXP;CC_NSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC([]
| F¥}

let C_sfsm msS_THM = TAC_PROOF

(L1,

“#) (¢t :time) (rep :ARBP_ty) (8 :time->cc_state) (e :time->cc_env)
(p :time->cc_out) .
CBlock_GATE rep 8 e D
(C_sfsm_msS (CC_NSF rep (s t) (e t)) = C_sfsm _msS (s (t+l)))”),

REWRITE_TAC [C_sfsm_msS;CBlock_ EXP;CC_NSF_EXP]

THEN REPEAT STRIP_TAC

THEN ASM_REWRITE_TACI{]

Yii

let C_efsm_stateS_THM = TAC_PROOF

.,
“y (t stime) (rep :ARBP_ty) (s :time->cc_state) (e :time->cc_env)
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(p ttime->cc_out) .
CBlock_GATE rep 8 e P
==

(C_efsm_stateS (CC_NSF rep (8 t) (e t)) = C_efsm_statesS (s (t+1)))”),
REWRITE_TAC [C_efsm statesS;CBlock EXP;CC_NSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REBWRITE_TAC(]
)i

let C_efsm_cale_S_THM = TAC_PROOF
([, e
“1 (t :time) (rep :*REP_ty) (8 :time->cc_state) (e :time->cc_env)
(p :time->cc_out) .
CBlock_GATE rep s @ D
==>
(C_efsm_cale_S (CC_NSF rep (s t) (e t)) = C_efsm_cale_8S (8 (t+l)))”),
REWRITE_TAC [C_efsm_cale_S;CBlock_RBXP;CC_NSF_RXP]
THEN REPBAT STRIP_TAC
THEN ASM_REWRITE_TACI]
Y1:

let C_efpm_last_S_THM = TAC_PROOF
(([1,
“1 (t stime) (rep :AREP_ty) (s :time->cc_state) (e :time->cc_env)
(p i1time->cc_out) .
CBlock _GATE rep 8 e p
==>
(C_efsm_last_8 (CC_NSF rep (s t) (e t)) = C_efsm _last_8 (s (t+l)))”),
REWRITE_TAC [C_efsm_ last_S;CBlock_RXP;CC_NSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI[]
Yis

let C_efsm _male_S_THM = TAC_PROOF
(11,
#1 (t :time) (rep :*REP_ty) (8 :time->cc_state) (e :time->cc_env)
(p :time->cc_out) .
CBlock_GATE rep s e p
==
(C_efsm male_S (CC_NSF rep (8 t) (e t)) = C_efsm male_8 (s (t+l)))”),
REWRITE_TAC [C_efsm_male_S;CBlock_EXP;CC_NSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI]
)i

let C_efsm_rale_S_THM = TAC_PROOF
ocrl,
“y (t :time) (rep :ARBP_ty) (s ttime->cc_state) (e :time->cc_env)
(p ttime->cc_out) .
CBlock_GATE rep 8 e p
=m>
(C_efsm_rale_S8 (CC_NSF rep (s t) (e t)) = C_efsm_rale_S (s (t+l1)))”),
REWRITE_TAC [C_efsm_rale_S;CBlock EXP;CC_NSF_EXP])
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[]
Yis

let C_efsm_srdy_S_THM = TAC_PROOF
cr1,
“) (t :time) (rep :AREBP_ty) (s :time->cc_state) (e :time->cc_env)
(p :time->cc_out) .
CBlock_GATE rep s e P
mm>
(C_efsm_sxrdy S (CC_NSF rep (s t) (e t)) = C_efsm_srdy_S (s (t+l1)))”),
REWRITE_TAC [C_efsm_srdy_S;CBlock_EXP;CC_NSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[]
)i

let C_efsm_rstS_THM = TAC_PROOF

(13,
#y (t :time) (rep :1ARBP_ty) (s :time->cc_state) (e :time->cc_env)
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(p stime->ce_out) .
CBlock_GATE rep 8 @ D
==>

(C_efsm_rstS (CC_NSF rep (8 t) (e t)) = C_efsm_rsts (s (t+l)))”),
REWRITE_TAC ([C_efsm_xrstS;CBlock_EXP;CC_NSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI]
(RN

let C_lock_in_S_THM = TAC_PROOF
[q e h
“1 (t :time) (rep :*REP_ty) (s :time->cc_state) (e :time->cc_env)
(p :time->cc_out) .
CBlock_GATE rep 8 e p
=m>
(C_lock_in_S (CC_NSF rep (8 t) (e t)) = C_lock_in S (8 (t+l1)))”),
REWRITE_TAC [C_lock_in_sS:CBlock_EXP;CC_NSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC(]
Vi

let C_last_in_S_THM = TAC_PROOF
(1.,
“) (t stime) (rep :AREP_ty) (8 :time->cc_state) (e :time->cc_env)
(p ttime->cc_out) .
CBlock _GATE rep 8 e p
(C_last_in_S (CC_NSF rep (8 t) (e t)) = C_last_in_ S (8 (t+1)))”),
REWRITE_TAC (C_last_in_sS;CBlock_EXP;CC_NSF_REXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI[]
)i

let C_ssS_THM = TAC_PROOF
(e,
“1 (t stime) (rep :*REP_ty) (8 :time->cc_state) (e :time->cc_env)
(p :time->cc_out) .
CBlock_GATE rep s e P
==>
(C_s88S (CC_NSF rep (s t) (e t)) = C_sss (8 (t+1)))”),
REWRITE_TAC [C_ss3S;CBlock_EXP;CC_NSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC(]
Y11

let C_clkAS_THM = TAC_PROOF
e,
#y (t :time) (rep :ARRBP_ty) (s :time->cc_state) (e :time->cc_env)
(p itime~>cc_out) .
CBlock_GATE rep B & p
==
(C_clkAS (CC_NSF rep (s t) (e t)) = C_clkAS (s (t+1)))”),
REWRITE_TAC [C_clkAS;CBlock_EXP;CC_NSF_REXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC()
)i

let C_last_out_S_THM = TAC_PROOF
(([1,
“1 (t :time) (rep :ARBP_ty) (8 :time->cc_state) (e :time->cc_env)
(p ttime->cc_out) .
CBlock_GATE rep s e p
|
(C_last_out_S (CC_NSF rep (s t) (e t)) = C_last_out_8 (s (t+1)))”),
REWRITE_TAC [C_last_out_S;CBlock_REXP;CC_NSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC(]
Y1

let C_sidle_delS_THM = TAC_PROOF
(L1,
“y (t :time) (rep :*REP_ty) (8 :time->cc_state) (e :time->cc_env)
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(p ttime->cc_out) .
CBlock_GATE rep s e p
=x>

(c_sidle_dels (CC_NSF rep (s t) (e t)) = C_sidle_dels (s (t+1l)))”),
REWRITE_TAC ([C_sidle_dels;CBlock _RXP;CC_NSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI[]
Yis

let C_mrgt_delS_THM = TAC_PROOF
(([1, -
#) (t stime) (rep :ARBP_ty) (s :time->cc_state) (e :time->cc_env)
(p :time->cc_out) .
CBlock_GATE rep 8 e D
==
(Cc_mrgt_delS (CC_NSF rep (s t) (e t)) = C_mrqt_dels (s (t+l)))”),
REWRITE_TAC [C_mrqt_delS;CBlock_ _EXP;CC_NSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[]
Vi

let C_hold_S_THM = TAC_PROOF
(([1,
“y (t :time) (rep :*REP_ty) (8 :time->cc_state) (e :time->cc_env)
(p :time->cc_out) .
CBlock_GATE rep 8 e D
==>
(C_hold S (CC_NSF rep (s t) (e t)) = C_hold S (s (t+l)))”),
REWRITE_TAC [C_hold_s8;CBlock_EXP;CC_NSF_BXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI[)
)i

let C_cout_0_le_delS_THM = TAC_PROOF
(crl,
“! (t :time) (rep :AREP_ty) (s :time->cc_state) (e :time->cc_env)
(p ttime->cc_out) .
CBlock_GATE rep 8 e D
==>
(C_cout_0_le_delS (CC_NSF zrep (s t) (e t)) = C_cout_0_le_dels (s (t+l)))"),
REWRITE_TAC [C_cout_0_le_dels;CBlock_EXP;CC_NSF_EXP]
THEN REPERAT STRIP_TAC
THEN ASM_REWRITE_TAC([]
)i

let C_cin_2_1leS_THM = TAC_PROOF
1,
#y (t itime) (rep :1AREBP_ty) (8 :time->cc_state) (e :time->cc_env)
(p ttime~->cc_out) .
CBlock_GATE rep 8 @ p
m=y
(C_cin_2_les (CC_NSF rep (s t) (e t)) = C_cin 2 _les (s (t+l)))”),
REWRITE_TAC [C_cin_2_leS;CBlock_BXP;CC_NSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI[]
Yii

let C_mrdy_del_S_THM = TAC_PROOF
((r1,
#y (t :time) (xrep :AREP_ty) (s :time~->cc_state} (e :time->cc_env)
(p ttime->cc_out) .
CBlock_GATE rep s e D
==
(C_mrdy del_8 (CC_NSF rep (s t) (e t)) = C_mrdy_del_8 (s (t+l1)))”),
REWRITE_TAC ([C_mrdy del_sS;CBlock_BXP;CC_NSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI[]
)i

let C_iad_en_s_delS_THM = TAC_PROOF

((r1,
#y (t itime) (xep :1AREP_ty) (s itime->cc_state) (e :time->cc_env)
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(p :ttime->cc_out) .
CBlock_GATE rep 8 @ D
==

(C_iad_en_s_dels (CC_NSF rep (8 t) (e t)) = C_iad_en_s_dels (s (t+1)))”),
REWRITB_TAC [C_iad_en_s_delS;CBlock_REXP;CC_NSF_RXP]
THEN REPREAT STRIP_TAC
THEN ASM_REWRITE_TAC[]
)i

let C_wrdyS_THM = TAC_PROOF
(e, e
#1 (t stime) (rep :4REP_ty) (s :time->cc_state) (e :time->cc_env)
(p :time->cc_out) .
CBlock_GATE rep 8 e p
(C_wrdyS (CC_NSF rep (8 t) (e t)) = C_wrdys (8 (t+1)))”),
REWRITE_TAC [C_wrdyS:;CBlock_EXP;CC_NSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC(]
Yis

let C_rrdysS_THM = TAC_PROOF
(e,
“1 (t i1time) (rep :AREP_ty) (s :time->cc_state) (e :time->cc_env)
(p ttime->cc_out) .
CBlock _GATE rep 8 e p
==>
(C_rrdyS (CC_NSF rep (s t) (e t)) = C_rxdys (s (t+1)))"),
REWRITE_TAC [C_rrdyS;CBlock EXP;CC_NSF_EXP]
THEN REPBEAT STRIP_TAC
THEN ASM_REWRITE_TACI[]
Yii

let C_parityS_THM = TAC_PROOF
((n,
“#“y (t :time) (rep :ARBP_ty) (s :time->cc_state) (e :time->cc_env)
(p ttime->cc_out) .
CBlock_GATE rep s e D
==>
(C_paritys (CC_NSF rep (s t) (e t)) = C_paritys (s (t+1)))”),
REWRITE_TAC ([C_paritys;CBlock_RXP;CC_NSF_EXP)
THEN REPRAT STRIP_TAC
THEN ASM_REWRITE_TACI(]
Yi:

let C_sourceS_THM = TAC_PROOF
ey,
“1 (t stime) (rep :AREBP_ty) (s :time->cc_state) (e :time->cc_env)
{p stime->cc_out) .
CBlock_GATE rep s e D
=m>
(C_sources (CC_NSF rep (8 t) (e t)) = C_sources (s (t+l)))”),
REWRITE_TAC [C_sourceS;CBlock_EXP;CC_NSF_RXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI[)
Yis

let C_data_ins_THM = TAC_PROOF
ey,
“y (t itime) (rep :AREBP_ty) (8 :time->cc_state) (e :time->cc_env)
(p :time->cec_out) .
CBlock_GATE rep 8 e p
m=D>
(C_data_ins (CC_NSF rep (s t) (e t)) = C_data_ins (s (t+1)))”),
REWRITE_TAC [C_data_ins;CBlock_ EXP;CC_NSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC(]
Yis

let C_gizewrbeS_THM = TAC_PROOF

o,
“1 (t itime) (rep :AREP_ty) (8 :time->cc_state) (e :time->cc_env)
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(p :time->cc_out) .
CBlock _GATE rep 8 e p
==>

(C_sizewrbeS (CC_NSF rep (s t) (e t)) = C_sizewrbes (s (t+1)))"),
REWRITE_TAC [C_sizewrbeS;CBlock_EXP;CC_NSF_EXP)
THEN REPERAT STRIP_TAC
THEN ASM_REWRITE_TACI[]
Y1

let C_iad_outS_THM = TAC_PROOF

1, -
“1 (t itime) (rep :AREP_ty) (8 :time->cc_state) (e :time->cc_env)

(p ttime->cc_out) .
CBlock_GATE rep 8 e D
s>

(C_iad_outS (CC_NSF rep (8 t) (e t)) = C_iad_outs (s (t+l1l)))”),
REWRITE_TAC [C_iad_outS;CBlock_BXP;CC_NSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[]

)i:

let C_ala0S_THM = TAC_PROOF

((r1,

#1 (¢t stime) (rep :ARBP_ty) (s :time->cc_state) (e :time->cc_env)
(p ttime->cc_out) .
CBlock_GATE rep 8 e D
(C_ala08 (CC_NSF rep (s t) (e t)) = C_alalS (s (t+1)))”),

REWRITE_TAC [C_ala0S;CBlock_REXP;CC_NSF_EXP]

THEN REPEAT STRIP_TAC

THEN ASM_REWRITE_TAC([]

Yi:

let C_a3a2S_THM = TAC_PROOF
(.,
“1 (t stime) (rep :ARBP_ty) (s :time->cc_state) (e :time->cc_env)
(p :time->cc_out) .
CBlock_GATE rep s e p
==>
(C_a3a28 (CC_NSF rep (8 t) (e t)) = C_a3a2s (s (t+1)))"),
REWRITE_TAC [C_a3a2S;CBlock_EXP;CC_NSF_EXP]
THEN REPRAT STRIP_TAC
THEN ASM_REWRITE_TAC[]
Yi:

let C_iad_ins_THM = TAC_PROOF

.,
#1 (t :time) (rep :“REP_ty) (s :time->cc_state) (e :time->cc_env)

(p ttime->cc_out) .
CBlock _GATE rep s @ D
==>

(C_.iad_inS (CC_NSF rep (s t) (e t)) = C_iad_ins (s (t+1)))~),
REWRITE_TAC (C_iad_ing;CBlock_EXP;CC_NSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[]
Yi:

let C_wrS_THM = TAC_PROOF
([},
“1 (t stime) (rep :ARERP_ty) (s :time->cc_state) (e :time->cc_env)
(p :time->cc_out) .
CBlock_GATE rep 8 e p
==
(C_wrs (CC_NSF rep (8 t) (e t)) = C_wrsS (s (t+1)))”),
REWRITE_TAC [C_wrsS;CBlock _EXP;CC_NSF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI(]
Yi:

let I_cgnt O_THM = TAC_PROOF

(Cry,
“y (t itime) (rep :AREP_ty) (s :time->cc_state) (e :time->cc_env)
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(p ttime->cc_out) .
CBlock_GATE rep 8 e P
=ad>

(I_cgnt_O (CC_OF rep (s t) (e t)) = I_egnt_O (p t))”),
REWRITE_TAC [I_cgnt_0O;CBlock_RXP;CC_OF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC([]

Yis

let I_mrdy_out_O_THM = TAC_PROOF
([, e
#y (¢t stime) (rep :AREP_ty) (s :time->cc_state) (e :time->cc_env)
(p :time->cc_out) .
CBlock_GATE rep B8 e D
==>
(I_mrdy _out_O (CC_OF rep (8 t) (e t)) = I_mrdy_out_O (p t))”),
REWRITE_TAC [I_mrdy_out_0;CBlock_ EXP;CC_OF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[]
Yis

let I_hold_O_THM = TAC_PROOF
(L1,
“3 (t :time) (rep :AREBP_ty) (8 :time->cc_state) (e :time->cc_env)
(p :time~->cc_out) .
CBlock_GATE rep s e p
==>
(I_hold_O (CC_OF rep (8 t) (e t)) = I_hold 0O (p t))"),
REWRITE_TAC [I_hold_o0;CBlock_RXP;CC_OF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[]
Vis

let I_rale_out_O_THM = TAC_PROOF
(1,
“y (t :time) (rep :*REP_ty) (s :time->cc_state) (e :time->cc_env)
(p itime->cc_out) .
CBlock_GATE rep 8 e D
=w=m>
(I_rale_out_O (CC_OF rep (s t) (e t)) = I_rale_out O (p t))”),
REWRITBE_TAC [I_rale_out_O;CBlock_EXP;CC_OF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI[]
Yis

let I_male_out_O_THM = TAC_PROOF
([,
“) (t stime) (rep :ARERP_ty) (s :time->cc_state) (e :time->cc_env)
(p :time->cc_out) .
CBlock_GATE rep s e p
msd>
(I_male_out_O (CC_OF rep (s t) (e t)) = I_male_out_O (p t))”),
REWRITE_TAC [I_male_out_0;CBlock_ RXP;CC_OF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI[])
Yis

let I_last_out_O_THM = TAC_PROOF
(1,
41 (t :time) (rep :AREP_ty) (s :time->cc_state) (e :time->cc_env)
(p stime->cc_out) .
CBlock_GATE rep 8 e D
=m)>
(I_last_out_O (CC_OF rep (s t) (e t)) = I_last_out_O (p t))”),
REWRITE_TAC [I_last_out_0;CBlock_REXP;CC_OF_BXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI[]
Yis

let I_srdy_out_O_THM = TAC_PROOF

({3,
#)] (t itime) (rep :AREP_ty) (s :time->cc_state) (e :time->cc_env)
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(p :time->cc_out) .
CBlock_GATE rep 8 e p
==>

(I_srdy_out_O (CC_OF rep (8 t) (e t)) = I_srdy out_O (p t))”),
REWRITE_TAC [I_srdy_out_0;CBlock_BXP;CC_OF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[)

Y11

let I_ad_outO_THM = TAC_PROOF
1, --
#) (¢t stime) (rep :AREP_ty) (8 :time->cc_state) (e :time->cc_env)
(p :time->cc_out) .
CBlock_GATE rep 8 e D
==>
(I_ad_outO (CC_OF rep (s t) (e t)) = I_ad_outo (p t))”),
REWRITE_TAC [I_ad_outo;CBlock_EXP;CC_OF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC({]
Vi

let I_be_out_O_THM = TAC_PROOF
(([1,
“#} (t :time) (rep :ARBP_ty) (8 :time->cc_state) (e :time->cc_env)
(p 1time->cc_out) .
CBlock_GATE rep 8 e p
=R>
(I_be_out_O (CC_OF rep (s t) (e t)) = I_be_out_O (p t))”),
REWRITE_TAC [I_be_out_0;CBlock_EXP;CC_OF_EXP]
THEN REPRAT STRIP_TAC
THEN ASM_REWRITE_TAC[]
)i

let CB_rgt_out_O_THM = TAC_PROOF
((r1,
#{ (t itime) (rep :AREBP_ty) (8 :time->cc_state) (e :time->cc_env)
(p ttime->cc_out) .
CBlock_GATE rep 8 e P
=z>
(CB_rgt_out_O (CC_OF rep (8 t) (e t)) = CB_rqgt_out_O (p t))”),
REWRITE_TAC [CB_rqt_out_0;CBlock_EXP;CC_OF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[]
Vi

let CB_ms_outO_THM = TAC_PROOF
({1,
#1 (t itime) (rep :AREP_ty) (8 :time->cc_state) (e :time->cc_env)
(p :time->cc_out) .
CBlock_GATE rep s e p
=z=>
(CB_ms_outO (CC_OF rep (8 t) (e t)) = CB_ms_outo (p t))”),
REWRITE_TAC [CB_ms_outO;CBlock EXP;CC_OF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[]
Y3

let CB_ss_outO_THM = TAC_PROOF
[,
#y (t stime) (rep :*REP_ty) (s :time->cc_state) (e :time->cc_env)
(p :time->cec_out) .
CBlock_GATE rep 8 e D
==>
(CB_ss_outO (CC_OF rep (8 t) (e t)) = CB_ss_outo (p t))”),
REWRITE_TAC [CB_ss_outO;CBlock_RXP;CC_OF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC(]
Y11

let CB_ad_ocutO_THM = TAC_PROOF

([,
#1 (t :time) (rep :AREP_ty) (s :time->cc_state) (e :time->cc_env)
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(p :time->cc_out) .
CBlock_GATE rep 8 e D
-=>

(cB_ad_outO (CC_OF rep (s t) (e t)) = CB_ad_outo (p t))”),
REWRITE_TAC ([CB_ad_out0;CBlock_EXP;CC_OF_EXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC [DE_MORGAN_THM]

Yis

let C_ss_outO_THM = TAC_PROOF
(crl, -
#1 (t stime) (rep :ARBP_ty) (s :time->cc_state) (e :time->cc_env)
(p :time->cc_out)
CBlock_GATE rep B8 e P
==D>
{C_ss_outO (CC_OF rep (8 t) (e t)) = C_ss_outo (p t))”),
REWRITE_TAC [C_ss_outO;CBlock_BXP;CC_OF_REXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[]
)i

let Disable_writesO_THM = TAC_PROOF
(1.,
7y (t stime) (rep :*REBP_ty) (s :time->cc_state) (e stime->cc_env)
(p ttime~>cc_out) .
CBlock_GATE rep 8 e p
==>
(Disable_writesO (CC_OF rep (s t) (e t)) = Disable_writeso (p t))”),
REWRITE_TAC ([Disable_writesO;CBlock_REXP;CC_OF_RXP]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI]
Yis

let CB_parityO_THM = TAC_PROOF
(1,
#)} (t :time) (rep :AREBP_ty) (s :time->cc_state) (e :time->cc_env)
(p :time->cc_out)
CBlock_GATE rep 8 e P
==>
(CB_parityo (CC_OF rep (s t) (e t)) = CB_parityo (p t))”),
REWRITE_TAC [CB_parityO;CBlock _EXP;CC_OF_EXP)
THEN REPBAT STRIP_TAC
THEN ASM_REWRITE_TACI(]
)i

close_theory();;

3.5 SU-Cont Clock-Level Verification

The theory sclock_ver and file sc_thms.ml contain the SU-Cont clock-level correctness proof.

G m = e o o e e e o e e e o o e e e
File: sclock_ver.ml
Author: (c) D.A. Fura 1992-93
Date: 4 March 1993

set_flag (‘timing’, true);:;
set_search_path (search path() @ [’/home/elvisé6/dfura/ftep/piu/hol/sucont/’;

‘/home/elvisé/dfura/ftep/piu/hol/1ib/’;
‘/home/elvis6/dfura/hol/ml/’;
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‘/home/elvis6/dfura/hol/Library/toocls/’
D

system ‘rm sclock_ver.th’;;
new_theory ’‘sclock_ver’;;
loadf ‘aux_defs’;;

map nev_parent [‘wordn_def’;’array def‘];;
map load_parent [’sclock_def’;’sblock_def’;’piuaux_def’; ‘gates_defl’;
‘latches_def’; 'ffs_def’; ‘counters_def’; 'saux_def’];;

new_type_abbrev (’time’,”:num”);;

let SClockNSPF_REW = theorem ’‘sclock_def’ ‘SClockNSP_REW’;;
let SClockOF_REW = theorem ‘sclock_def’ ‘SClockOF_REW‘;;

loadt ’‘sc_thms.ml’;;

let S_Clock_Correct = prove_thm
(’s_Clock_Correct’,
#1 (t itime) (8 :time->s_state) (e :time->s_env) (p :time->s_out) .
SBlock_GATE s e D
s=>
SCSet_Correct s e p”,
REPEAT STRIP_TAC
THEN REWRITE_TAC [SCSet_Correct])
THEN INDUCT_THEN (prove_induction_thm SCI) ASSUME_TAC
THEN GEN_TAC
THEN REWRITE_TAC ([SC_Correct;SC_RBxec;SC_PreC;SC_rostC]
THEN CONJ_TAC
THENL [
% Subgoal 1: “s(t + 1) = SC_NSF(s t)(e t)” %
SUBST_TAC [SPEC “(8 (t+l))s:s_state” State_Selectors_Work]
THEN IMP_RES TAC (SYM_RULE S_fsm stateS_THM)
THEN IMP_RES_TAC (SYM_RULE S_fsm_rstS_THM)
THEN IMP_RES_TAC (SYM_RULE S_fsm_delay6S_THM)
THEN IMP_RES_TAC (SYM_RULE S_fem_ delayl7S_THM)
THEN IMP_RES_TAC (SYM_RULE S_fsm_bothbad$S_THM)
THEN IMP_REBS_TAC (SYM_RULE S_fsm_bypassS_THM)
THEN IMP_RES_TAC (SYM_RULE S_soft_shotS_THM)
THEN IMP_RES_TAC (SYM_RULE S_soft_shot_dels_THM)
THEN IMP_RES_TAC (SYM_RULE S_soft_cntS_THM)
THEN IMP_RES_TAC (SYM_RULE S_delayS_THM)
THEN IMP_RES_TAC (SYM_RULE S_instartS_THM)
THEN IMP_RES_TAC (SYM_RULE S_bad_cpuOS_THM)
THEN IMP_RES_TAC (SYM_RULE S_bad_cpulS_THM)
THEN IMP_RES_TAC (SYM_RULE S_reset_cpu0S_THM)
THEN IMP_RES_TAC (SYM_RULE S_reset_cpulS_THM)
THEN IMP_RES_TAC (SYM_RULE S_cpu_bistsS_THM)
THEN IMP_RES_TAC (SYM_RULE S_pmm_failS_THM)
THEN IMP_RRES_TAC (SYM_RULB S_cpuO_fails_THM)
THEN IMP_RES_TAC (SYM_RULE S_cpul_fails_THM)
THEN IMP_RES_TAC (SYM_RULE S_piu_fails_THM)
THEN ASM_REWRITE_TAC
[SPEC ~“SC_NSF ((s:time-»>s_state) t) ((e:time->s_env) t)~”
(SYM_RULE State_Selectors_Work) ]

% Subgoal 2: “p t = SC_OF(s t)(e t)” %
SUBST_TAC ([SPEC “((p:time->s_out) t)” Out_Selectors_Work]
THEN IMP_RES_TAC (SYM_RULE S_StateO_THM)
THEN IMP_RES_TAC (SYM_RULE Reset_cportO_THM)
THEN IMP_RES_TAC (SYM_RULE Disable_intO_THM)
THEN IMP_RES_TAC (SYM_RULE Reset_piuO_THM)
THEN IMP_RES_TAC (SYM_RULE Reset_cpuOO_THM)
THEN IMP_RES_TAC (SYM_RULE Reset_cpulO_THM)
THEN IMP_RES_TAC (SYM_RULE Cpu_bistO_THM)
THEN IMP_RES_TAC (SYM_RULE Piu_failOo_THM)
THEN IMP_RES_TAC (SYM_RULE Cpu0O_failo_THM)
THEN IMP_RES_TAC (SYM_RULE Cpul_failo_THM)
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THEN IMP_RES_TAC (SYM_RULE Prmm_failO_THM)
THEN ASM_REWRITE_TAC
[SPEC #SC_OF ((s:itime->s_state) t) ((e:time->s_env) t)”
(SYM_RULE Out_Selectors_Work)]
1
Y

close_theory();;

e mmemmmmmooeee
File: sc_thms.ml
Author: (¢) D.A., Fura 1992-93
Date: 4 March 1993

...................... . 1 e o o 8 oo e e e e e o =0

let S_fam_stateS_THM = TAC_PROOF
(L1,
“y (¢t itime) (8 ttime->s_state) (e :time->s_env) (p :time->s_out) .
SBlock_GATE 8 e D
=2=>
(S_fsm _stateS (SC_NSF (s t) (e t)) = S_fsm_states (s (t+1)))”),
REWRITE_TAC [S_fsm_states;SBlock_RXP; (RXPAND_LET RULE SClockNSF_REW)]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC{]
Yis

let S_fsm_rstS_THM = TAC_PROOF
o,
“3 (¢t :time) (8 :stime->s_state) (e :time->s_env) (p :time->s_out) .
SBlock_GATE 8 © D
==>
(S_fem_rstS (SC_NSF (s t) (e t)) = S_fsm _xsts (s (t+l)))”),
REWRITE_TAC (S_fsm_rstS;SBlock_BXP; (EXPAND_LET _RULE SClockNSF_REW)]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC(]
)ii

let S_fsm_delay6S_THM = TAC_PROOF
(([1,
“y (t :time) (s :time->s_state) (e :time->s_env) (p :time->s_out) .
SBlock _GATE 8 e D
=s)>
(S_fsm_delay6S (SC_NSF (s t) (e t)) = S_fasm_delayés (s (t+l1l)))”),
REWRITE_TAC [S_fsm_delay6S;SBlock_BXP; (EXPAND_LET RULE SClockNSF_REW))
THEN REPBAT STRIP_TAC
THEN ASM_REWRITE_TAC()
)i

let S_fsm_delayl7S_THM = TAC_PROOF
((11,
“y (t stime) (s :time->s_state) (e :time->s_env) (p stime->s_out) .
SBlock_GATE 8 e p
=x>
(S_fsm_delayl?7S (SC_NSF (s t) (e t)) = S_fam _delayl?s (s (t+1)))?),
REWRITE_TAC ({S_fsm_delayl738;SBlock_RXP; (EXPAND_LET_RULE SClockNSF_REW) ]
THEN REPEAT STRIP_TAC
THEN ASM_RBWRITE_TACI)
| NN

let S_fem_bothbads_THM = TAC_PROOF
([,
“1 (t ttime) (s stime->&_state) (e :time->s_env) (p :time->s_out) .
SBlock_GATE s e p
z==)>
(S_fsm_bothbads (SC_NSF (s t) (e t)) = S _fsm bothbads (s (t+1)))”),
REWRITB_TAC [S_fsm_bothbadS;SBlock_ EXP; (EXPAND_LET_RULE SClockNSF_REW) )
THEN RBPEAT STRIP _TAC
THEN ASM_REWRITE_TAC[]

13



Y1

let S_fsm _bypassS_THM = TAC_PROOF
((r1,
#1 (t 1time) (8 :time->s_state) (e :time->s_env) (p :time->s_out) .
SBlock_GATR 8 e p
=2=D>
(S_fem_bypassS (SC_NSF (s t) (e t)) = S_fsm _bypasss (s (t+1)))”),
REWRITE_TAC (S_fsm_bypassS;SBlock_EXP; (EXPAND_LET_RULE SClockNSF_REW) ]
THEN REPBAT STRIP_TAC
THEN ASM_REWRITE_TACI[] e
)i

let S_soft_shotS_THM = TAC_PROOF
e,
#y (¢t stime) (8 :time->s_state) (e :time->s_env) (p :time->s_out) .
SBlock_GATE 8 e p
==>
(S_soft_shotS (SC_NSF (s t) (e t)) = S_soft_shots (8 (t+l1l)))”),
REWRITE_TAC [S_soft_shotS;SBlock_EXP; (REXPAND_LET_RULE SClockNSF_REW)]
THEN REPEAT STRIP_TAC
THREN ASM_REWRITE_TACI)
Yii

let S_soft_shot_delsS_THM = TAC_PROOF
(1,
#y (¢t itime) (® :time~->s_state) (e :time->s_env) (p :time->s_out) .
SBlock_GATE 8 e p
==y
(S_soft_shot_delsS (SC_NSF (s t) (e t)) = S_soft_shot_dels (s (t+l)))”),
REWRITE_TAC [S_soft_shot_delsS;SBlock_RXP; (EXPAND_LET RULE SClockNSF_REW) ]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI)
)i

let S_soft_cntS_THM = TAC_PROOF
([,
#1 (t :time) (s :time->s_state) (e :time->s_env) (p :time->s_out) .
SBlock_GATE s e D
zed>
(S_soft_cntS (SC_NSF (s t) (e t)) = S_soft_conts (s (t+l)))”),
REWRITE_TAC [S_soft_cntS;SBlock EXP; (EXPAND_LET RULE SClockNSF_REW) )
THEN REPEAT STRIP_TAC

THEN ASM_REWRITE_TAC[]
)i

let S_delayS_THM = TAC_PROOF
(1,
#{ (t itime) (8 :time->s_state) (e :time->s_env) (p :time->s_out) .
SBlock _GATE s e p
=E=>
(S_delays (SC_NSF (s t) (e t)) = S_delayS (s (t+1)))”),
REWRITE_TAC ([S_delayS;SBlock_EXP; (BXPAND_LET_RULE SClockNSF_REW)]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI[)
Vi1

let S_instartsS_THM = TAC_PROOF
(1,
#y (t itime) (8 :time->s_state) (e :time-»>s_env) (p :time->s_out) .
SBlock_GATE 8 e D
z=>
(S_instarts (SC_NSF (s t) (e t)) = S_instarts (s (t+l)))”),
REWRITE_TAC ([S_instartS;SBlock_REXP; (BXPAND_LET_RULE SClockNSF_REW) ]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI[]
)i

let S_bad_cpu0OS_THM = TAC_PROOF
(r1,
#1 (¢t stime) (s :time->s_state) (e :;time->s_env) (p :time->s_out) .
SBlock_GATE 8 © D
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==>
(S_bad_cpulS (SC_NSF (s t) (e t)) = S_bad_cpulS (s (t+1)))7),
REWRITE_TAC [S_bad_cpu0S;SBlock_BEXP; (EXPAND_LBET_RULE SClockNSF_REW) ]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI[]
Ys2

let S_bad_cpulS_THM = TAC_PROOF

(¢L1,

“1 (t :time) (s :time->s_state) (e :time->s_env) (p :time->s_out) .
SBlock_GATE s e P =

==

(S_bad_cpuls (SC_NSF (s t) (e t)) = S_bad_cpuls (s (t+l)))”),

REWRITE_TAC [S_bad_cpulS;SBlock_ EXP; (EXPAND_ LET_RULE SClockNSF_REW) )

THEN REPEAT STRIP_TAC

THEN ASM_REWRITE_TACI[]

|FN]

let S_reset_cpulS_THM = TAC_PROOF
(cr3,
“y (t stime) (8 :time->s8_state) (e :time->s_env) (p :time->s_out) .
SBlock_GATE s e P
==
(S_reset_cpuls (SC_NSF (s t) (e t)) = S_reset_cpuls (s (t+1)))”),
REWRITE_TAC [S_reset_cpulsS;SBlock_EXP; {EXPAND_LET _RULE SClockNSF_REW) ]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC(]
Viz

let S_reset_cpulS_THM = TAC_PROOF
(131,
“y (t :time) (8 :time->s_state) (e :time->s_env) (p :time->s_out) .
SBlock_GATE s e D
=D
(S_reset_cpuls (SC_NSF (s t) (e t)) = S_reset_cpuls (s (t+1)))”),
REWRITE_TAC [S_reset_cpuls;SBlock BEXP; (EXPAND_LET _RULE SClockNSF_REW)]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC([]
Yi:

let S_cpu_bistS_THM = TAC_PROOF
({11,
“1 (t stime) (s :time->s_state) (e :time->s_env) (p :time->g_out) .
SBlock_GATE s e D
==>
(S_cpu_bists (SC_NSF (s t) (e t)) = S_cpu bists (s (t+l)))”),
REWRITE_TAC [S_cpu_bistS;SBlock;DFFB_GATE;DLatB_GATRE;AND3_GATE;ASel;BSel;sig;
(EXPAND_LET_ RULE SClockNSF_REW)]
THEN REPEAT GEN_TAC
THEN BETA_TAC
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI(])
)iz

let S_pmm_failS_THM = TAC_PROOF
o,
“1 (t :time) (8 :time->s_state) (e :time->s_env) (p :time->g_out) .
SBlock _GATE s e D
==
(S_pmm_fails (SC_NSF (s t) (e t)) = S_pmm_fails (s (t+l)))~”),
REWRITE_TAC [S_pmm_failS;SBlock_EXP; (RXPAND_LET_RULE SClockNSF_REW) ]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI[]
Y1

let S_cpu0_fails_THM = TAC_PROOF
(([1,
“1 (t :time) (s :time->s_state) (e :time->s_env) (p :time->s_out) .
SBlock_GATE s @ p
==>
(8_cpul_fails (SC_NSF (s t) (e t)) = S_cpuO_fails (s (t+1)))”),
REWRITE_TAC [S_cpu0_fails;SBlock_REXP; (EXPAND_LET RULE SClockNSF_REW) )

’
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THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC(]
Y1

let S_cpul_failsS_THM = TAC_PROOF
(11,
“1 (t sttime) (s :time->s_state) (e itime->s_env) (p :time->s_out) .
SBlock_GATE 8 e »
=—ED>
(S_cpul_fails (SC_NSF (s t) (e t)) = S_cpul_fails (s (t+l)))”),
REWRITE_TAC [S_cpul_fails;SBlock_EXP; (RXPAND_LET_RULE SClockNSF-REW)]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[]
Yis

let S_piu_fails_THM = TAC_PROOF
({1,
“y (t stime) (8 :time->s_state) (e :time->s_env) (p :time->s_out) .
SBlock_GATE s e p
==>
(S_piu fails (SC_NSF (s t) (e t})) = S_piu_fails (s (t+1)))~),
REWRITE_TAC [S_piu_faills;SBlock_EXP; (REXPAND_LET RULE SClockNSF_REW) ]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC(]
Yis

let S_stateO_THM = TAC_PROOF
(11,
“) (t :time) (s :time->s_state) (e :time->s_env) (p :ttime->s_out) .
8Block_GATR 8 e p
zR>
(S_state0 (SC_OF (s t) (e t)) = S_stateO (p t))”),
REWRITE_TAC [S_state0;SBlock_RXP; (RXPAND_LET_RULE SClockOF_REW)]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[]
Y13

let Reset_cportO_THM = TAC_PROOF
(1,
“y (¢t ttime) (8 :time->s_state) (e :time->s_env) (p :time->s_out) .
SBlock_GATE 8 e p
mm>
(Reset_cportO (SC_OF (s t) (e t)) = Reset_cporto (p t))”),
REWRITE_TAC [Reset_cportO;SBlock_EXP; (RXPAND_LET_ RULE SClockOF_REW)]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI(]
)1

let Disable_intO_THM = TAC_PROOF
((r1,
#y (¢ stime) (s :time->s_state) (e :time->s_env) (p :time->s_out) .
SBlock_GATE s e p
==>
(Disable_intoO (SC_OF (s t) (e t)) = Disable_into (p t))”),
REWRITE_TAC [Disable_intO;SBlock_EXP; (RXPAND_LET_RULE SClockOF_REW)]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC(]
Yis

let Reset_piuO_THM = TAC_PROOF
([,
“1 (t 1time) (s :time->s_state) (e :time->s_env) (p :time->s_out) .

SBlock_GATE 8 e D

=E> .

(Reset_piu0 (SC_OF (s t) (e t)) = Reset_piuo (p t))”),
REWRITE_TAC [Reset_piu0;SBlock_EXP; (EXPAND_LET_RULE SClockOF_REW) ]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[]

Y11

let Reset_cpulOO_THM = TAC_PROOFP
1,
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“#3 (t stime) (s :time->s_state) (e :time->s_env) (p :time->s_out) .

SBlock_GATE 8 @ p

==>

(Reset_cpulDO (SC_OF (8 t) (e t)) = Raset_cpuldo (p t))”),
REWRITE_TAC [Reset _cpulO;SBlock_EXP; (EXPAND_LET_RULE SClockOF_REW)]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI[]
Yi:

let Reset_cpulO_THM = TAC_PROOF
(1, -
“y (t stime) (8 :time->s_state) (e :time->s_env) (p :time->s_out) .
SBlock_GATE s e p
(Reset_cpulO (SC_OF (8 t) (e t)) = Reset_cpull (p t))”),
REWRITE_TAC [Reset_cpulO;SBlock_REXP; (BEXPAND_LET RULE SClockOF_REW)]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC(]
Vi3

let Cpu_bistO_THM = TAC_PROOF
(e,
#) (t itime) (s :time->s_state) (e :time->s_env) (p :time->s_out) .
SBlock_GATE 8 e D
==>
(Cpu_bistO (SC_OF (s t) (e t)) = Cpu_bistO (p t))”),
REWRITE_TAC [Cpu_bistoO;SBlock_EXP; (EXPAND_LET_RULE SClockOF_REW) )
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[]
Vi

let Piu_£failO_THM = TAC_PROOF
(L1,
“#y (t ttime) (s :time->s_state) (e :time->s_env) (p :time->s_out)
SBlock _GATE 8 e D
==>
(Piu_failo (SC_OP (s t) (e t)) = Piu_failo (p t))”),
REWRITE_TAC (Piu_failo;SBlock_EXP; (EXPAND_LET_RULE SClockOF_REW)]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[]
Yi:

let CpuO_£failO_THM = TAC_PROOF
(1,
“y (t itime) (s :time->s_state) (e :time->s_env) (p :stime->s_out) .
SBlock_GATE 8 e D
=z=>
(Cpu0_£ailo (SC_OF (s t) (e t)) = cpuO_failo (p t))”),
REWRITE_TAC (CpuO_failo;SBlock_EXP; (EXPAND_LET_ RULE SClockOF_REW)]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI[)
(R F]

let Cpul_failO_THM = TAC_PROOF
{1,
#1 (t itime) (s :1time->s_state) (e :time->s_env) (p :time->s_out) .
SBlock_GATE s e D
=z=>
(Cpul_failo (SC_OF (s t) (e t)) = Cpul_failo (p t))”).,
REWRITE_TAC [Cpul_failo;SBlock_EXP; (EXPAND_LET RULE SClockOF_REW)]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[]
)is

let Pmm_£failO_THM = TAC_PROOF
(e,
“y (t :time) (s :time->s_state) (e :time->s_env) (p :time->s_out) .
SBlock _GATE 8 @ p
= >
(Pmm_£ail0o (SC_OF (s t) (e t)) = Pmm_failo (p t))”),
REWRITE_TAC [Pmm_fallo;SBlock_ RXP; (EXPAND_LET_RULR SClockOF_REW) ]
THEN REPEAT STRIP_TAC
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THEN ASM_REWRITE_TAC[]
Yi:
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4 Requirements Verification

This file contains the HOL listings for the major portion of the P-Port transaction-level verification. The
theory ptrans_ver contains the top-level correctness statement for the P-Port. The files pr_thmsl.ml and
pt_thms2.ml contain the bulk of the theorems used in the correctess proof.

File: ptrans_ver.ml
Author: (c) D.A. Fura 1992-93
Date: 7 March 1993
_____ e — M e mmE e m e mmemm e mmmeem e e e mmmceme——————————————————————-(

set_search _path (search_path() @ [‘’/home/elvisé6/dfura/ftep/pilu/hol/pport/’;
‘/home/elvis6/dfura/ftep/piu/hol/lib//;
‘/bome/elvis6/dfura/hol/Library/tools/’;
‘/home/elvis6/dfura/hol/ml/’
1)ss:

set_flag (‘timing’,true);:
system ‘rm ptramns_ver.th’;;
new_theory ‘ptrans_ver’;;
load_library ‘reduce’;;
loadf ‘aux_defs’;;

map load_parent [’piuaux_def’;’ptauxp_def’;’paux_def’; ‘array _def’; ‘wordn_def’;
*busn_def’; ‘templogic_def’; ‘ptransp_def’; ‘pclock_def’;
rptabs_def’; ‘ineq’:’assoc’;‘cond’};;

new_type_abbrev (’time’,”:num”);;
new_type_abbrev (‘timeT’,”:num”);;
new_type_abbrev (‘timeC’,”:num”);;

let PT_WriteOF_EXP = EXPAND_LET RULE (definition ‘ptrans_def’ ‘PT _WriteOF’);;
let PTAba_RXP =

EXPAND_LET_RULE (definition ‘ptabs_def’ ’‘PTAbs’);;
let PB_Slave_EXP = RXPAND_LET RULE (definition ‘ptabs_def’ ‘PB_slave’);;
let IB_PMaster_EXP = EXPAND_LET_RULE (definition ’‘ptabs_def’ ‘'IB_PMaster’);:;
let PStateAbs_REXP = EXPAND_LET RULE (definition ’'ptabs_def’ ’'PStateAbs’);:;

set_flag (’print_all_subgoals’, false);;

loadf ‘pt_tacs.ml’;;
loadf ‘pt_defs.ml’;;
loadt ‘pt_thmsl.ml’;;
loadt ‘pt_thms2.ml’;;

(PT_Write, IB_Addr_outO) Thecrem:
let ADDR_WRITE = 'TAC_PROOF

e,
“y (8 :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)

(8’ :1timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out) .

PCSet_Correct s’ e’ p’ ==>
PTAbsSet s e D 8’ e’ D' ==>
PT_Exec PT Write s e p t ==>
PT_PreC PT_Write 8 e p t ==>
(IB_Addr_outO (PT_WriteOF (s t) (e t)) = IB_Addr_outo (p t))”),

REPEAT STRIP_TAC
THEN IMP_RES_TAC ABS_SET_IMP_ABS
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THEN

THEN
THEN
THEN
THEN
THEN
THEN
THEN

THEN
THEN
THEN
THEN
THEN
THEN

THEN

THEN
THEN
THEN
THEN

NRULE_ASSUM_TAC
(#tptl t. PTAbs pti s ep t 8’ e’ p'”,

((SPECL [“PT_Write”;”t:timeT”]) o (REWRITE_RULE [PTAbs])))
POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
RES_TAC
RES_TAC
POP_ASSUM (\thm. ALL_TAC) %KEEP%

POP_ASSUM (\thm. ALL_TAC) %KBEP%

IMP_RES_TAC NTH_IBUS_TRANS_ RXISTS

IMP_RES_TAC NTH_TIME_TRUE_X_IMP_X

POP_ASSUM (\thm. ALL_TAC) %KEEP% =

RES_TAC

POP_ASSUM (\thm. ALL_TAC) %KBEP%

POP_ASSUM (\thm. ALL_TAC) %KEEP%

IMP_RES_TAC PB_Addr_in_IS0

IMP_RES_TAC IB_Addr_out_ISO

IMP_RES_TAC I_ad_out_ISO

IMP_RES_TAC (REWRITE_RULE [New_State_Is_PA] IBUS_ALE_IMP_PA)

ASM_REWRITE_TAC [prove_constructors_distinct pfsm_ty_Axiom;
PT_WriteOF_EXP;IB_Addr_outO; wordnVAL_BUSN_IDENT;
BXTRACT_ADDR]

POP_ASSUM (\thm. ALL_TAC)

POP_ASSUM (\thm. ALL_TAC)

ASM_CASES_TAC “P_rqtsS (s’ (ti’stimecC))”

ASM_REWRITE_TAC[]

THENL [

%

Subgoal 1: [ “P_rqtS(s’ ti’)” 1 %

IMP_RES_TAC

(REWRITE_RULE [DE_MORGAN_THM] P_RQT_TRUE_ON_TI’_IMP_DELAY_CONDS)

THEN IMP_RES_TAC (REWRITE_RULE ([DE_MORGAN_THM] ALE_SIG_IB_TRUB_AFTER_TP')
THEN IMP_RES_TAC NEXT_IBUS_TRANS_IS_NTH

THEN IMP_RES_TAC TI'_AFTER_TP'

THEN

(SUBGOAL_THEN #(ti‘:timeC) = ti’'” ASSUME_TAC
THENL [
IMP_RBS_TAC TRUE_EVENT_TIMES_EQUAL
:
IMP_RES_TAC (REWRITE_RULE [PRE_SUB1] LT_IMP_LE_PRE)
THEN IMP_RES_TAC STABLE_FALSE_THEN
THEN ASSUME_TAC (SPECL [“ti’’:timeC”;”1”] SUB_LESS_EQ)
THEN IMP_RES_TAC NEW_P_ADDR_STABLE_FROM_TP’_TO_TI’
THEN IMP_RES_TAC M_LESS_O_LRESS
THEN IMP_RES_TAC (REWRITE_RULE [ADD1] LT_IMP_SUC_LE)
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. ASSUME_TAC (REDUCE_RULE thm)))
THEN IMP_RES_TAC (SPECL [“ti’’:timeC”;”1”] SUB_ADD)
THEN ASM_RERWRITE_ASSUM_TAC
(#“P_addxS(s’ ((ti’’ - 1) + 1)) =
SUBARRAY (PST(L_ad_inB(e’ (tp’:timec))))(25,0)~, (1)
THEN ASSUME_TAC (SPEC “257 LESS_EQ_REFL)
THEN IMP_RRS_TAC (ISPRC “PST(L_ad_inE(e’ (tp‘:timeC)))”
SUB_SUBARRAY)
THEN ASM_REWRITE_TACI[]
1

% Subgoal 2: [ “~P_rqgtS(s’ ti’')” 1 %

IMP_RES_TAC P_RQT_FALSE_ON_TI'_IMP_FLOWTHRU_CONDS

THEN IMP_RES_TAC TRANS_TIMES_EQUAL

THEN ASSUME_TAC (SPEC ~25” LESS_EQ REFL)

THEN IMP_RES_TAC (ISPEC “FST(L_ad_inB(e’ (ti’:timeC)))” SUB_SUBARRAY)
THEN ASM_REWRITE_TAC([]

g “! (s :timeT->pt_state) (e i1timeT->pt_env) (p :timeT->pt_out)

(s’

ttimeC~>pc_state) (e’ itimeC->pc_env) (p’ :timeC->pc_out) .

PCSet_Correct 8’ e’ p’' ==>
PTAbsSet 8 e D 8’ @’ D’ ==>

PTSet_Correct s e p”;,

REPEAT STRIP_TAC
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THEN REWRITE_TAC [PTSet_Correct;PT_Correct;PT_PostC]

THEN INDUCT_THEN (prove_induction_thm PTI) ASSUME_TAC

THEN REWRITE_TAC [SYM_RULE (prove_constructors_distinct PTI)]
THEN REPEAT STRIP_TAC

4 subgoals:

“(s{(t + 1) PT_WriteNSF_A(s t)(e t)) \/
(s(t + 1) = PT _WriteNSF_H(s t)(e t))~
[ #PCSet_Correct s’ e’ p’” 1]
[ “PTAbsSet s e P 8’ @’ p'" 1 ="
[ “PT_Bxec PT Write s e p t” ]
[ “PT_PreC PT Write s e p t” ]

“p t = PT_WriteOF(s t)(e t)~
[ ”PCSet_Correct 8’ e' p'" 1]
{ “PTAbsSet 8 e D 8' o’ D'” ]
[ “PT_Exec PT_Write s e p t” )
[ “PT_PreC PT_Write s @ p t” ]

“{(g(t + 1) = PT_ReadNSF_A(s t)(e t)) \/
(s(t + 1) = PT_ReadNSF_H{s t){(e t))”
[ #“PCSet_Correct 8’ e’ p’” 1]
[ “PTAbsSet s e p 8’ e’ P’'” }
[ “PT_Exec PT Read s e p t” ]
[ “PT_PreC PT_Read 8 e p t” ]

“p t = PT_ReadOF(s t)(e t)~
[ “PCSet_Correct s’ e’ p’'” ]
[ “PTAbsSet 8 e p 8’ e’ p'” ]
[ “PT_Bxec PT_Read s e p t” ]
[ #“PT_PreC PT_Read s e p t” ]

B e = e o e e e e ot o o e e e i e e e

File: pt_thmsl.ml

Author: (¢) D.A. Pura 1992-93

Date: 7 March 1993

Theorems used in the P-Port trans-level proof.
____________________________________________________________ - e T
% [PIW] %

let FIRST_EXISTS = TAC_PROOF
e,
“y (x itime->bool) (t0 t9 :time) .
(2 t.xt /\Nt0 <=t /\ £t <= t9) ==>
(? u, t0 <= u /\ u <= t9 /\ STABLE_FALSE_THEN_TRUE x (tO,u))”),
REPEAT STRIP_TAC
THEN IMP_REBS_TAC (BETA_RULE (
SPEC “\t. x t /\ t0 <= t /\ t <= t9” WOP))
THEN EXISTS_TAC “n’:num”
THEN ASM_REWRITE_TAC (STABLE_FALSE_THEN_TRUE]
THEN REPEAT STRIP_TAC
THEN RES_TAC
THEN IMP_RES_TAC (
IMP_TRANS
(SPECL [“t’:num”;“n’:num”;~“t9:num”] LESS_LESS_EQ_TRANS)
(SPECL (“t’:num”;”t9:num”] LESS_IMP_LESS_OR_EQ))
THEN RES_TAC
Yis

let FPIRST_EXISTS1 = mk_thm
(r1,
4y (x ttime->bool) (t t0 t9 :time) .
Xt/\t0<lt/\t<=t9=:>
(? u. t0 <= u /\ u <= t9 /\ STABLE_FALSE_THEN_TRUE x (tO,u))”
Yis
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let DISJOINT_OR = TAC_PROOF
ey,
“! (ab tbool) . a \/ b =a\/ ~a /\ b"),
REPEAT GEN_TAC
THEN BOOL_CASES_TAC “a:bool”
THEN BOOL_CASES_TAC “b:bool”
THEN ASM_REWRITE_TAC()
)i

let RM_NORRSRET = TAC_PROOF =
(1,
“] (pti :PTI) (8 :timaeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(t :timeT) .
PT _Exec pti 8 e p t ==> (Rst_Opcode_inE (e t) = RM_NoReset)”),
REWRITE_TAC [PT_Exec]
THEN REPEBAT STRIP_TAC
THEN ASM_REWRITE_TACI]
Yii

let PBM_REQUEST = TAC_PROOF

(Cri1,

#) (ptli :PTI) (s :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(t :timeT) .

PT Bxec pti s e p t ==>

((PB_Opcode_1inE (e t)
(PB_Opcode_inE (e t)
(PB_Opcode_inE (e t)
(PB_Opcode_inE (e t)
(PB_Opcode_inE (e t)
(PB_Opcode_inE (e t)

REWRITE_TAC [PT_Exec]

THEN REPEAT GEN_TAC

THEN ASM_CASES_TAC “ptl = PT_Write”

THEN ASM_REWRITE_TACI([]

THEN REPBAT STRIP_TAC

THEN ASM_RRWRITE_TACI(]

Yii

PBM_WriteLM) \/
PBM_WritePIU) \/
PBM_WriteCB) \/
PBM_ReadLM) \/
PBM_ReadPIU) \/
PBM_ReadCB))”),

let IBS_RBADY = TAC_PROOF
[,
#) (pti :PTI) (s :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(t :ttimeT) .
PT_Exec pti 8 e p t ==> (IB_Opcode_inE (e t) = IBS_Ready)”),
REWRITE_TAC (PT_Exec]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI(}
Vi

let IBAS_RRERADY = TAC_PROOF
1,
“) (pti :PTI) (s :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(t stimeT) .
PT_Bxec pti s @ p t ==> (IBA_Opcode_inE (e t) = IBAS_Ready)”),
REWRITE_TAC [PT_Exec]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC{]
Yi1

let ABS_SET_IMP_ABS = TAC_PROOF
([,
“PTAbsSet 8 e P 8’ @’ p’ ==u>
(! (t:timeT) (pti:PTI). PTAbs Pti s ep t 8’ e’ p’)”),

REWRITE_TAC [PTAbsSet]

THEN REPEAT STRIP_TAC

THEN ASM_REWRITE_TAC{]

Vi

let RST_FALSE = TAC_PROOF
(s,
“y (8 i1timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out) (t :timeT)
(e’ stimeC->pc_env) (pti :PTI) .
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PT Exec ptli 8 e p t ==>
Rst_Slave pti e t e’ ==>
(lu’:timeC. (SND(RstE (e’ u’)) = F))”),
REWRITE_TAC [PT_Exec;Rst_Slave;BSel]
THEN REPEAT GEN_TAC
THEN STRIP_TAC
THEN ASM_REWRITE_TAC {1}
THEN ASM_CASES_TAC *lu’:timeC. ~SND(RstB(e' u’))"
THEN ASM_REWRITE_TAC [prove_constructors_distinct rmop]
Yii

let ALE_SIG_PB_INIT_FALSE = TAC_PROOF
(L1,
#f (ep’ :timeC) (e’ itimeC->pc_env) .
NTH_TIME_TRUE 0 (ale_sig pb e’) 0 tp’ ==>
(tt’:timeC.

t’ < tp’ ==> ~(~SND(L_ads_E (e’ t’)) /\ SND(L _den E (e’ t’))))”),
REWRITE_TAC (NTH_TIME_TRUER; STABLE_FALSE_THEN_TRUE;BSel;ale_sig. pbl
THEN BETA_TAC
THEN REPEAT STRIP_TAC
THEN ASSUME_TAC (SPEC “t’:timeC” ZERO_LESS_EQ)

THEN RES_TAC
)i

let NTH_ALBE_SIG_PB_TRUE = TAC_PROOF
o,
#y (n :pum) (tp’ :timeC) (e’ :timeC->pc_env) .
NTH_TIME_TRUE n (ale_sig pb e’) 0 tp’ ==>
(~SND(L_ads_E (e’ tp’)) /\ SND(L_den B (e’ tp’)))"”),
INDUCT_TAC
THEN REWRITE_TAC [NTH_TIMB TRUR; STABLE_FALSE_THEN_TRUE;ale_sig_pb;BSel]
THEN BETA_TAC
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC(]
THEN RES_TAC
Y1

let ALE_SIG_IB_TRUER = TAC_PROOF
(11,
“} (n ipum) (ti’ :timeC) (p’ stimeC->pc_out) .
ale_sig_ib p’' ti’ ==>

(SND(I_hlda o (p’ ti‘’)) /\ ((SND(I_male_O (p’ ti‘’)) = LO) \/
(SND(I_rale_O (p’ ti’)) = LO) \/
(SND(I_cale O (p’ ti’)) = F)))}”"),
INDUCT_TAC
THEN REWRITE_TAC [ale_sig_ib;BSel]
THEN BETA_TAC
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC(}
THEN RES_TAC
Yii
let NTH_ALE_SIG_IB_TRUE = TAC_PROOF
(131,
#} (n inum) (ti’ :timeC) (p’ :timeC->pc_out) .
NTH_TIME_TRUE n (ale_sig_ib p’) 0 ti’ ==>
(SND(I_hlda_O (p‘ ti’)) /\ ((SND(I_male_O (p‘ ti’)) = LO) \/
(SND(I_rale_O (p’ ti’)) = LO) \/

(SND(I_cale_O (p’ ti’)) F)))"),
INDUCT_TAC

THEN REWRITE_TAC [NTH_TIMR_TRUE;STABLE_FALSE_THEN_TRUE;ale_sig ib;BSel]
THEN BETA_TAC

THEN REPEAT STRIP_TAC

THEN ASM_REWRITE_TAC(]

THEN RBS_TAC

)i

let PB_REQUEST_ASSUMPS = TAC_PROOF
(L,
“1 (ptl :PTI) (8 :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(t :timeT) (e’ :timeC->pc_env) (p‘ :itimeC->pc_out) (tp’ :timecC) .
PT_Exec ptl s e p t ==>
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PB_Slave pti e p t e’ p’ tp’' ==>
(fu’. LESS_THAN_N_TIMES_FALSE
(VAL 1 (SUBARRAY (BSel(L_ad_inE(e’ tp’)))(1,0)))
(bsig L_ready O p’) tp’ u’ ==>
STABLE_FALSE (ale_sig pb e’) (tp’ + 1,u’+1))”),
REPEAT STRIP_TAC
THEN REWRITE_ASSUM_TAC

(#pPB_Slave pti e p t e’ p’ tp’”, [EXPAND_LET_RULE PB_Slave])

THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN ASM_CASES_TAC
#“(tu’, LESS_THAN_N_TIMES_FALSE
(VAL 1(SUBARRAY(BSel(l,_ad_inE(e’ tp’)))(1,0)))
(bsig L_ready O p’) tp’ u’ ==>
STABLE_FALSE (ale_sig_pb e’) (tp’ + 1,u’+1))”
THEN RES_TAC
THEN ASM_REWRITE_TACI[]
THEN ASSUME_TAC (prove_constructors_distinct pbmop)
THEN ASSUME_TAC (SYM_RULE (prove_constructors_distinct pbmop))
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN IMP_RES_TAC PBM_REQUEST
THENL [
UNDISCH_TAC “PB_Opcode_inE(e (t:timeT)) = PBM_WriteLM”

UNDISCH_TAC “PB_Opcode_inE(e (t:timeT)) = PBM_WritePIU”
UNDISCH_TAC “PB_Opcode_inE(e (t:timeT)) = PBM WriteCB”
UNDISCH_TAC “PB_Opcode_inE(e (t:timeT)) = PBM_ReadLM”

UNDISCH_TAC “PB_Opcode_inE(e (t:timeT)) = PBM_ReadPIU”
H
UNDISCH_TAC “PB_Opcode_inE(e (t:timeT)) = PBM_ReadCB”
1
THEN ASM_REWRITE_TACI]
Yai

let IB_READY ASSUMPS = TAC_PROOF

o,

#) (pti sPTI) (8 :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(t :timeT) (e’ stimeC->pc_env) (p’ :timeC->pc_out) (ti’ :timeC) .

PT_Exec pti s e p t ==x>
IB_PMaster pti e p t @’ p’ ti’ ==>

(7u’. STABLE_TRUEB_THEN FALSE(bslg I_srdy E e’)(ti‘+l,u’)) /\

(tu’. rdy_sig_ib e’ p’ u’ ==>

(7v’. STABLE_TRUE_THEN_FALSE (bsig I_srdy E e’) (u’‘+l,v’)))”),

REPEAT STRIP_TAC

THEN IMP_RES_TAC IBS_REBADY

THEN IMP_RES_TAC IB_Opcode_in_ISO

THREN ASM_REWRITE_ASSUM_TAC

(#IB_oOpcode_1linR((e:timeT->pt_env) t) = IBS_Ready”, [])

THRN ASSUME_TAC (prove_constructors_distinct ibsop)

THEN IMP_RES_TAC COND_FIRST_CHOICE

THEN ASM_REWRITE_TAC[]

THENL [
BXISTS_TAC “u’‘:timeC”

H
EXISTS_TAC “v':itimec”

1

THEN ASM_REWRITE_TAC[]

Yi:

let IBA_READY_ASSUMPS = TAC_PROOF

.,

#1 (pti :PTI) (s :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(t :timeT) (e’ :timeC->pc_env) (p’ :timeC->pc_out) (t’ :timeC) .

PT Exec ptl s e P t ==>
IBA_PMaster pti e p t e’ p’' ==>

((tu’., ?v’. STABLE_FALSE_THEN TRUE (bsig I_hold E e’) (u’,v’)) /\

(tu’. CHANGES_PFALSE (bsig I_crqt_O p’) u’ ==>
(?2v’. (u’ < v’) /\
STABLE_TRUE_THEN_FALSE (bsig I_cgnt_E e’)

(u’,v’))) /\

(tu’. BSel(I_crqt O (P’ u’)) ==> BSel(I_cgnt E (e’ u’))) /\
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({u’, ~BSel(I_cgnt B (e’ u’)) ==>
(BSel(I_hold B (e’ u’)) /\ BSel(I_hold B (e’ (u’-1))))))}"),

REPEAT STRIP_TAC
THEN IMP_RES_TAC IBAS_READY
THEN IMP_RES_TAC IBA_Opcode_in_ISO
THEN ASM_REWRITE_ASSUM_TAC

(“IBA_Opcode_inE((e:timeT->pt_env) t) = IBAS_Ready”, [])
THEN ASSUME_TAC (prove_constructors_distinct ibasop)
THEN IMP_RES_TAC COND_FIRST_CHOICE
THEN ASM_REWRITE_TAC(]
THEN SPRC_ASSUM_TAC -

(#1u’. ?7v’. STABLE_FALSE_THEN_ TRUE(bsig I_hold B e’)(u’,v’)”,"u’:timec”)

THEN CHOOSE_ASSUM_TAC “7?v’. STABLE_FALSE_THEN_TRUE (bsig I_hold B e’)(u‘,v‘)"
THEN BEXISTS TAC “v’:timeC”
THEN ASM_REWRITE_TACI]
Yis

let NOT_PA = TAC_PROOF
(([1, #t (x :pfsm ty) . ~(x = PA) ==> ((x = PD) \/ (x = PH))"),
INDUCT _THEN (prove_induction_thm pfsm_ty_ Axiom) ASSUME_TAC
THEN ASM_REWRITE_TACI[)
Yis

let NOT_PD = TAC_PROOF
(([1, *! (x :pfam _ty) . ~(x = PD) ==> ((x = PA) \/ (x = PH))"),
INDUCT_THEN (prove_induction_thm pfsm_ty_Axiom) ASSUME_TAC
THEN ASM_REWRITE_TAC(]
)12

let NOT_PH = TAC_PROOF
(([1, “! (x :pfsm_ty) . ~(x = PH) ==> ((x = PA) \/ (x = PD)}”),
INDUCT_THEN (prove_induction_thm pfsm_ty_Axiom) ASSUMEB_TAC
THEN ASM_REWRITE_TAC(]
Yi1

let PA_IMP_NOT_PD = TAC_PROOF
(L,
#y (8 :pfsm_ty) . (8 = PA) ==> ~(s = PD)”),
GEN_TAC
THEN DISCH_TAC
THEN ASM_REWRITE_TAC [prove_constructors_distinct pfsm_ty_Axioml
Vi

let PH_IMP_NOT_PD = TAC_PROOF
({1,
“) (8 :pfsm ty) . (8 = PH) ==> ~(8 = PD)”),
GEBN_TAC
THEN DISCH_TAC
THEN ASM_REWRITE_TAC [prove_constructors_distinct pfsm_ty_Axiom]
Vi

let PH_IMP_NOT_PA = TAC_PROOF
(L1,
“y (s :pfem_ty) . (8 = PH) ==> ~(8 = PA)"),
GEN_TAC
THEN DISCH_TAC
THEN ASM_REWRITE_TAC [prove_constructors_distinct pfsm_ty Axiom]
IR ¥

let NEXT_STATE_NOT_PA = TAC_PROOF
(L1,
#y (8’ :1timeC->pc_state) (e’ :timeC->pc_env) (t’ :timecC) .
~New_State_Is_PA s’ e’ t’' ==>
(New_State_Is_PD s’ e’ t’' \/ New_State_Is_PH s’ e’ t’)¥),
REWRITE_TAC [New_sState_Is_PA;New_State_Is_PD;New_State_Is_PH;NOT_PA]
Yis

let NEXT_STATE_NOT_PD = TAC_PROOF
((r1,
#1 (8’ itimeC->pc_state) (e’ :timeC->pc_env) (t’ :timeC) .
~New_State_Is_PD 8’ @’ t/ ==>
(New_State_Is_PA 8’ e’ t’' \/ New_State_Is_PH s’ e’ t’}”),
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REWRITE_TAC [New_State_Is_PA;New_State_Is_PD;New_State_Is_PH;NOT_PD]
Yi:

let P_RQT_INIT = TAC_PROOF
(Cr1,
#y (pti 1PTI) (s’ :timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out)
(t’ sttimecC) .
PCSet_Correct 8’ e’ p’' ==>
BSel(RstE (e’ t’')) ==m>
~ale_sig pb e’ t’/ ==>
~P_rqtsS (s’ (t’'+1))7”), -
REWRITE_TAC [BSel;ale_sig pb]
THEN BETA_TAC
THEN REPBAT STRIP_TAC
THEN UNDISCH_TAC “P_rqtS(s’(t’ + 1))~
THEN IMP_RES_TAC P_rqt_ISO
THEN ASM_REWRITE_TAC(] .
Yii

let P_FSM_RST_INIT = TAC_PROOF
.,
#y (ptl $PTI) (s’ stimeC->pc_state) (e’ :timeC->pc_env) (p’ ttimeC->pc_out)
(¢’ stimeC) .
PCSet_Correct s’ e’ p’' ==>
BSel(RstE (e’ t’)) ==>
P_fam rstsS (s’ (t’+1))”),
REWRITE_TAC [BSell
THEN REPEAT STRIP_TAC
THEN IMP_RES_TAC P_fsm_rst_ISO
THEN ASM_REWRITE_TACI[]
)i

let P_FSM_STATE_INIT = TAC_PROOF
(([1,
#) (pti 1PTI) (s :timeT->pt_state) (e :timeT->pt_env)
(p 1timeT->pt_out) (t :timeT) (s’ :timeC->pc_state) (e’ :timeC->pc_env)
(p’ stimeC->pc_out) (t’ :timecC) .
PCSet_Correct s’ @’ p’ ==>
BSel(RstE (e’ t’)) ==>
~(P_fsm_stateS (8’ (t‘+2)) = PD)”),
REPEAT STRIP_TAC
THEN IMP_RES_TAC P_FSM_RST_INIT
THEN UNDISCH_TAC “P_fsm_stateS(s’'(t’ + 2)) = PD”
THEN IMP_RES_TAC
(REWRITE_RULE
[ASSOC_ADD_ADD1; REDUCE_CONV “1+1”]
(SPECL [“s’:timeC->pc_state”;”e’:timeC->pc_env”;”p’:timeC->pc_out”;
#t’+1”] (GEN_ALL P_fsm_state_IS0)))
THEN ASM_REWRITE_TAC [prove_constructors_distinct pfsm_ty_Axiom]
Vi

let P_FSM_RST FALSE = TAC_PROOF
([,
#y (¢’ stimeC) (pti :PTI) (s :timeT->pt_state) (e :timeT->pt_env)
(p :timeT->pt_out) (t :timeT) (8’ :timeC->pc_state) (e’ :timeC->pc_env)
(p’ stimeC->pc_out) (tp’ :timeC) .
PCSet_Correct 8’ e’ p’ ==>
PT_Exec pti s e p t ==>
Rst_Slave pti e t e’ ==>
(1 <= t') ==>
~P_fam r8ts (s’ t’)”),
REPEAT STRIP_TAC
THEN IMP_RES_TAC RST_FALSE
THEN UNDISCH_TAC “P_fsm_rstS(s’ (t’stimeC))”
THEN IMP_RRS_TAC (SYM_RULE (SPECL [“t’:timeC”;”1”] SUB_ADD))
THEN PURE_ONCE_ASM REWRITE_TACI[]
THEN POP_ASSUM (\thm. ALL_TAC)
THEN IMP_RES_TAC
(SPECL [“s’:timeC->pc_state”;”e’:timeC->pc_env”;”p’:timeC->pc_out”;
#gs-17”] (GEN_ALL P_£sm_rst_ISO))
THEN ASM_REWRITE_TAC(]
Yii
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let I_CALE_IMP_I_CGNT = TAC_PROOF
e,
uy (£’ stimeC) (pti :PTI) (s :timeT->pt_state) (e :timeT->pt_env)
(p :timeT->pt_out) (t :timeT) (s’ :timeC->pc_state) (e’ :timeC->pc_env)
(p’ :1timeC->pc_out) (ti’ :timeC) .
PCSet_Correct s’ e’ p’' ==>
~SND(I_cale_O (p’ t’)) ==>
~SND(I_cgnt_EB (e’ t'))}”),
REPEAT GEN_TAC
THEN DISCH_TAC =
THEN IMP_RES_TAC I_cale_ISO
THEN ASM_REWRITE_TACI[]
THEN DISCH_TAC
THEN ASM_REWRITRB_TACI]
)i:

let IBUS_ALE_IMP_PA = TAC_PROOF
(11,
#pCSet_Correct B’ e’ p’' ==>
ale_sig ib p’ ti’ ==>
Neow_State_Is_PA 8’ e’ ti’”),
REWRITE_TAC [New_sState _Is_PA;ale_sig ib;BSel]
THEN BETA_TAC
THEN DISCH_TAC
THEN IMP_RES_TAC I_male_ISO
THEN IMP_RES_TAC I_rale_ISO
THEN IMP_RES_TAC I_cale_ISO
THEN ASM_CASES_MATCH_RHS_TAC “PA”
THEN IMP_RES_TAC NOT_ PA
THEN ASM_REWRITE_TAC
{WIRE;SYM_RULE (prove_constructors_distinct pfsm_ty_Axiom);
prove_constructors_distinct wire;
SYM_RULE (prove_constructors_distinct wire)]
Yiz

let IBUS_ALE_IMP_NEW_P_RQT = TAC__PROOF
(11,
“pCSet_Correct 8’ @' p’ ==>
PT_Exec pti s e p t ==>
IBA_PMaster pti e p t @’/ p’ ==
ale_sig ib p’ ti’ ==>
New_P_Rqgt_Is_TRUE B8’ e’ ti‘”),
REWRITE_TAC {ale_sig_ib;BSel]
THEN BETA_TAC
THEN ASM_CASES_TAC “New_P_Rqt_Is_TRUE 8’ e’ ti'”
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[]
THENL [
% Subgoal 1: [ ”“SND(I_male Ofp* ti’)) = LO” ] %
UNDISCH_TAC “SND(I_male_O(p’ (ti’:timecC))) = LO”
THEN IMP_RES_TAC I_male_ISO
THEN REWRITE_ASSUM_TAC
(“~New_P_Rqt_Is_TRUR 8’ e’ ti'’”, [New_P_Rqt_Is_TRUE;New_State_Is_PD])
THEN ASM_REWRITE_TAC
[New_P_Rqt_Is_TRUE;New_State_Is_PD;
WIRR; SYM RULE (prove_constructors_distinct pfsm_ty Axiom);
prove_constructors_distinct wire;
SYM_RULE (prove_constructors_distinct wire)]
THEN COND_CASES_TAC
THEN ASM_REWRITE_TAC
[prove_constructors _distinct wire;
SYM_RULR (prove_constructors_distinct wire)]

% Subgoal 2: [ “SND(I_rale O(p’ ti’)) = LO” ] %
UNDISCH_TAC “SND(I_rale_O(p’ (ti’:timeC))) = LO”
THEN IMP_RES_TAC I_rale_ ISO
THEN REWRITE_ASSUM_TAC

(“~New_P_Rqt_TIs _TRUE s’ e’ ti‘’”, [New_P_Rqt_TIs_TRUE;New_State_Is_PD])
THEN ASM_REWRITE_TAC

[New_P_Rqgt_Is_TRUE;New_State_Is_PD;

WIRE; SYM_RULE (prove_constructors_distinct pfsm_ty Axiom):
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prove_constructors_distinct wire;
SYM_RULE (prove_constructors_distinct wire)]

THEN COND_CASES_TAC
THEN ASM_REWRITE_TAC

[prove_constructors_distinct wire;
SYM_RULE (prove_constructors_distinct wire)]

% Subgoal 3: [ “~SND(I_cale _O(p’ ti‘))” 1 %
IMP_RES_TAC (REWRITE_RULE [BSel] IBA_READY ASSUMPS)

THEN

THEN
THEN
THEN
THEN

THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
1
Yii

SPRC_ASSUM_TAC
(“lu’stimeC. SND(I_cxrqt_O(p’ u’)) ==> SND(I_cgnt_E(e’~Q’})”,
“ti’itimecC”)

UNDISCH_TAC “~SND(I_cale_O(p’ {(ti‘:timecC)))”
IMP_RES_TAC I_crqgt_ISO
SPEC_UNDISCH_MATCH_LHS_TAC (“I_crqgt_O(p’ (t:timeC))”,”ti’:timeC”)
REWRITE_ASSUM_TAC

(#”~New_P_Rqt_Is_TRUE B’ e’ ti’”, [New_P_Rqt_Is_TRUE;New_State_Is_FD])
ASM_REWRITE_TAC(]
DISCH_TAC
RES_TAC
UNDISCH_TAC “SND(I_crqt_O(p’ ti’)) ==> SND(I_cgnt_E(e’ (ti’:timecC)))”
ASM_REWRITE_TAC(]
DISCH_TAC
IMP_RES_TAC I_cale_1ISO
ASM_REWRITE_TACI[]

let IBUS_ALE_IMP_FSM_RQT = TAC_PROOF

(13,
II! (tl

stimeC) (pti :PTI) (8 :timeT->pt_state) (e :timeT->pt_env)

(p :timeT->pt_out) (t :timeT) (s’ :timeC->pc_state) (e’ :timeC->pc_env)

(p’

stimeC->pc_out) (ti’ :timecC) .

PCSet_Correct s’ e’ p’ ==>
ale_sig ib p’ ti’ ==>
PT_Exec pti 8 e p t ==>

IBA_PMaster pti e p t e’ p’ ==>
(P_fsm_mrqgtsS (s’ (tl’ + 1)) \/
~P_fsm crqgqt_S (s’ (ti’ + 1)) /\ ~P_fsm_cgnt_S (s’ (ti’ + 1)))7"),

REPEAT STRIP_TAC
THEN IMP_RES_TAC ALE_SIG_IB_TRUE

THENL [

IMP_RBS_TAC IBUS_ALE_IMP_PA

THEN
THEN
THEN
THEN
THEN

THEN
THEN
THEN
THEN
THEN
THEN

REWRITE_ASSUM_TAC (“New_State_Is_PA s’ e’ ti’”,[New_sState_Is_PA])
UNDISCH_TAC “SND(I_male_O((p’:timeC->pc_out) ti’)) = LO”
IMP_RES_TAC P_fsm_mrqt_ISO
IMP_RES_TAC I_male_ISO
ASM_REWRITE_TAC
[WIRR; COND_FALSE_TRUE; COND_FALSE_CHOICES;
prove_constructors_distinct pfsm_ty_Axiom;
SYM_RULE (prove_constructors_distinct pfem_ty_Axiom)]
ASSUME_TAC (prove_constructors_distinct wire)
POP_ASSUM_LIST (MAP_RVERY (\thm. STRIP_ASSUME_TAC thm))
DISCH_TAC
IMP_RES_TAC COND_SECOND_CHOICE
POP_ASSUM_LIST (MAP_RVERY (\thm. ASSUME_TAC (REWRITE_RULE (] thm)))
ASM_REWRITE_TACI(]

IMP_RES_TAC IBUS_ALE_IMP_PA

THEN
THEN
THEN
THEN
THEN

THEN

THEN
THEN
THEN

REWRITE_ASSUM_TAC (“New_State_Is_PA s’ e’ ti’”,[New_State_Is_PA])
UNDISCH_TAC “SND(I_rale_O((p’:timeC->pc_out) ti’)) = LO”
IMP_RES_TAC P_fsm _mrqt_ISO
IMP_RES_TAC I_rale_ISO
ASM_REWRITE_TAC
[WIRE; COND_FALSE_TRUE;COND_FALSE_CHOICES;
prove_constructors_distinct pfsm_ty_ Axiom;
SYM_RULE (prove_constructors_distinct pfsm_ty_Axiom)]
ASSUME_TAC (prove_constructors_distinct wire)
POP_ASSUM_LIST (MAP_BVERY (\thm. STRIP_ASSUME_TAC thm))
DISCH_TAC
IMP_RES_TAC COND_SECOND_CHOICE
POP_ASSUM_LIST (MAP_EVERY (\thm. ASSUME_TAC (REWRITE_RULE {[] thm)))
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THEN ASM_REWRITE_TAC[]

IMP_RES_TAC (REWRITE_RULE [BSell IBA_READY ASSUMPS)
THEN NRULE_ASSUM_TAC
(#a’, SND(I_crqt_O(p’ (u’:timeC))) ==>
SND(I_cgnt_E(e’ (u’:itimeC)))”,
(CONTRAPOS © (SPEC “ti’:timeC”)))
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. ASSUMB_TAC (REWRITE_RULE [] thm)))
THEN IMP_RES_TAC I_CALE_IMP_I_CGNT
THEN RES_TAC
THEN IMP_RES_TAC IBUS_ALE_IMP_PA -
THEN REWRITE_ASSUM_TAC (“New_State_Is_PA s’ e’ ti’”, [New_State_Is_PA])
THEN IMP_RES_TAC P_£fsm_crqgt_ISO
THEN IMP_RES_TAC P_fsm _cgnt_ISO
THEN IMP_RES_TAC I_cale_ISO
THEN IMP_RES_TAC I_crqgt_ISO
THEN UNDISCH_TAC “~SND(X_cale_O((p’:timeC->pc_out) ti’))”
THEN UNDISCH_TAC “~SND(I_crqt_O((p‘:timeC->pc_out) ti‘))”
THEN ASM_REWRITE_TAC
[WIRE; COND_FALSE_TRUR;COND_FALSE_CHOICES;
prove_constructors_distinct pfem_ty Axiom;
SYM_RULE (prove_constructors_gistinct pfsm_ty_Axiom)]
THEN DISCH_TAC
THEN ASM_REWRITE_TAC []
]
Vi

let P_RQT_UPTO_FIRST = TAC_PROOF
(.,
“y (t’ stimeC) (pti :PTI) (s :timeT->pt_state) (e :timeT->pt_env)
(p :timeT->pt_out) (t :timeT) (8’ :timeC->pc_state) (e’ :timeC->pc_env)
(p’ stimeC->pc_out) (tp’ :timeC) .
PCSet_Correct 8’ e’ p' ==>
NTH_TIME_TRUE O (ale_sig pb e’) 0 tp’ ==>
PT Bxec Pti s e p t ==>
Rst_Slave pti e t e’ ==>
PStateAbs pti s e p t 8’ e’ p’ tp’ ==>
(t’ <= tp’) ==>
~P_rqgts (s’ t’)"),
INDUCT_TAC
THENL ([
% Subgoal 1: (t’ Base Case) %
REWRITE_TAC [PStateAbs])
THEN REDUCE_TAC
THEN REPEAT STRIP_TAC
THEN RES_TAC

% Subgoal 2: (t’ Induction Step) %

REPEAT STRIP_TAC

THEN ASSUME_TAC (SPEC “t’:timeC” LESS_EQ_SUC_REFL)

THEN IMP_RES_TAC LESS_EQ TRANS

THEN IMP_RES TAC ALE_SIG_PB_INIT_FALSE

THEN IMP_RES_TAC OR_LESS

THEN RES_TAC

THEN UNDISCH_TAC “P_xrqtS(s’(SuUcC t’))”

THEN IMP_RES_TAC P_rqt_ISO

THEN ASM_REWRITE_TAC [ADD1;COND_TRUE_TRUR;COND_FALSE_CHOICES]
]
Y132

let ALE_SIG_IB_FALSE_UPTO_FIRST = TAC_PROOF
(.,
“) (¢’ stimeC) (s’ :timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out)
>pt_state) (e :timeT->pt_env) (p :timeT->pt_out) (t :timeT)
(pti :PTI) (tp’ :timeC) .
PCSet_Correct s’ e’ p’ ==>
NTH_TIME_TRUER O (ale_sig pb e’) 0 tp’ ==>
tp’ > 0 ==>
PT _BExec pti s ep t =
PStateAbs pti s e p
Rst_Slave pti e t

>
t 8’ e p’ tp’' ==>
°
IBA_PMaster pti e
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STABLE_FALSE (ale_sig_ib p’) (0,tp’-1)"),
REPEAT STRIP_TAC
THEN IMP_RES_TAC P_RQT UPTO_FIRST
THEN UNDISCH_TAC “NTH_TIME_TRUE 0(ale_sig _pb e’)0 tp’”
THEN REWRITE_TAC [NTH_TIME_TRUE;STABLE_FALSE_THEN_TRUE;STABLE_FALSE;

ale_sig _pbsale_sig_ib;BSel;ZERO_LESS_EQ]
THEN BETA_TAC
THEN REPEAT STRIP_TAC
THEN IMP_RES_TAC (RIMP ONE_LESS_EQ)
THEN IMP_RES_TAC (REWRITE_RULE [PRE_SUBl] LE_PRE_IMP_LT)
THEN IMP_RES_TAC LT_IMP_LE ="
THEN SPEC_ASSUM _TAC (4it’. t’ <= tp’ ==> ~P_xrqtS(s’ t‘)”,”t’:timeC”)
THEN SPEC_ASSUM_TAC
(#1t. t < tp’' ==> ~(~SND(L_ads_E(e’ t)) /\ SND(L_den_R(e’ t)))”,

ne ! scimeC”)
THEN RES_TAC
THENL [
% Subgoal 1: “SND(I_male O(p’ t‘)) = LO” %
UNDISCH_TAC “SND(I_male_O((p’:timeC->pc_out) t‘)) = LO¥

THEN IMP_RES_TAC I_male_ISO
THEN ASM_REWRITE_TAC [COND_FALSE_TRUE;COND_FALSE_CHOICES;WIRE]
THEN ASM_CASES_MATCH_RHS_TAC “PH”
THEN ASM_REWRITE_TAC [prove_comnstructors_distinct wire;
SYM_RULR (prove_comnstructors_distinct wire)]

% Subgoal 2: “SND(I_rale_O(p’' t’)) = LO" %
UNDISCH_TAC “SND(I_rale_O((p’:timeC->pc_out) t’)) = LO”
THEN IMP_RES_TAC I_rale_ISO
THEN ASM_REWRITE_TAC [COND_FALSE_TRUR;COND_FALSE_CHOICES;WIRE]
THEN ASM_CASRES_MATCH_RHS_TAC “PH”
THEN ASM_REWRITE_TAC ([prove_constructors_distinct wire;
SYM_RULE (prove_constructors_distinct wire)l

% Subgoal 3: “~SND(I_cale_O(p’ t’))}” %

UNDISCH_TAC “~SND(I_cale_O((p‘:timeC->pc_out) t’))”
THEN IMP_RES_TAC IBA_READY_ASSUMPS

THEN NRULE_ASSUM_TAC

(“1u’:timeC. BSel(I_crqt _O(p’ u’)) ==> BSel(X_cgnt_R(e’ u’))”,
( (REWRITE_RULE [BSel]) o (SPEC “t’:timeC”)))
THEN UNDISCH_TAC “SND(I_crqgt_O(p’ (t/:timeC))) ==> SND(I_cgnt_RE(e’ t'))}”

THEN IMP_RES_TAC I_crgt ISO
THEN ASM_REWRITR_TAC [COND_TRURB_TRUE; COND_FALSE_CHOICES]
THEN DISCH_TAC
THEN IMP_RES_TAC I_cale_ISO
THEN ASM_REWRITE_TAC [COND_FALSE_CHOICES;COND_FALSE_TRUE]
THEN ASM_REWRITE_TAC(]

]

)i

let EXTRACT _ADDR = TAC_PROOF
o,
“SUBARRAY
(MALTER
(MALTER
{(ALTER
(ALTER
(MALTER
ARBN
(31,28)
({(~P_rqtS((s‘:timeC->pc_state) ti’)) => FST(L_be_E(e’ ti‘))
| P be_S(s’ ti’)))
27
({(~P_rqtS(s’ ti’)) => PST(L_wrE(e’ ti’)) | P_wrsS(s’' ti’)))
26
F)
(25,24)
(SUBARRAY
((~P_rqtS8(s’ ti’)) =>
SUBARRAY (PST(L_ad_inE(e’ ti’))) (25,0) |
P_addrS(s’ ti’))
(1,0)))
(23,0)
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(SUBARRAY
((~P_rgts(s’ ti’}) =>
SUBARRAY (PST(L_ad_inE(e’ ti’))) (25,0)
P_addrsS(s’ ti‘))
(25,2)))
(23,0)
SUBARRAY
((~P_rqts(s’ ti’)) =>
SUBARRAY (FST(L,_ad_inE(e’ ti’))) (25,0) |
P_addrs(s’ ti‘)) =
(25,2)"),
CONV_TAC (ONCE_DEPTH_CONV FUN_RQ_CONV)
THEN GEN_TAC
THEN REWRITE_TAC (ALTER_THM;MALTRR_THM; SUBARRAY_THM; ADD_CLAUSES; ZERO_LESS_EQ:
COND_TRUE_TRUE]
THEN ASSUME_TAC (SPEC “n:num” ZRRO_LESS_EQ)
THEN ASSUME_TAC (SPEC #2” ZRRO_LESS_EQ)
THEN IMP_RES_TAC (SPECL (~“n:num”;~0”;”27] ASSOC_SUB_ADD1)
THEN ASM_REWRITE_TAC [SYM_RULE (SPECL [“n:num”;~23%;"2#]
LESS_EQ_MONO_ADD_EQ) ]
THEN REDUCE_TAC
THEN REWRITE_TAC [COND_TRUE_TRUE]
)i

let PRE_EXEC_PREC = TAC_PROOF
e,
“1 (t :timeT) (s :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(pti :PTI) .
PT_PreC pti 8 e p (SUC t) ==>
(?pti0. PT_Exec pti0 s e p t /\ PT_PreC ptil0 s e p t)"),
REWRITE_TAC [PT_PrecC]
THEN REPEAT STRIP_TAC
THENL |
BXISTS. TAC “PT _Write”
THEN ASM_REWRITE_TACI])

EXISTS_TAC “PT_Read”
THEN ASM_REWRITE_TACI]
1
Vi

let PRERC = TAC_PROOF

(Cr1,

“1 (t :timeT) (pti :PTI)
(8 ttimeT->pt_state) (e ttimeT->pt_env) (p :timeT->pt_out) .

PT _PreC pti s e p t ==>

~(PT_fsm_stateS (s t) = PD) /\
~PT_xqts (s t)”),

INDUCT_TAC

THEN REWRITB_TAC (PT_PreC]

THEN REPEAT STRIP_TAC

THEN RES_TAC

)12

let ALE_SIG_IB_TRUE_ON_TP' = TAC_PROOF
ocrl,
#1 (t :timeT) (pti :PTI)
(8 1timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(8’ :timeC->pc_state) (e’ itimeC->pc_env) (p’ :timeC->pc_out)
(tp’ :ttimecC) .
PCSet_Correct a8’ e’ p’' ==>
NTH_TIME_TRUE t (ale_sig pb e’) 0 tp’ ==>
PT_Exec pti s e p t ==>
PT_PreC pti s e p t ==>
PStateAbs pti s e p t 8’ e/ P’ tp’ ==>
Rst_Slave pti e t e’ ==>
New_State_Is_PA 8’ o' tp’ ==>
~BLEMENT (FST(L_ad_inE (e’ tp’))) 31 ==>
ale_sig_ib p’ tp’'~),
REWRITE_TAC [New_sState_Is_PA;ale_sig_ib;BSel]
THEN BETA_TAC
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THEN REPEAT STRIP_TAC

THENL [

% Subgoal 1: “SND(I_hlda_O(p’ tp’))” %
IMP_RES_TAC I _hlda_ISO

THEN

ASM_REWRITE_TAC
[SYM_RULE (prove_comnstructors_distinet pfsm_ty_Axiom))

% Subgoal 2: “(SND(I_male _O(p’ tp’)) = LO) \/

(SND(I_rale_O(p’ tp’)) LO) \/

~SND(I_cale_O(p’ tp’'))” %

IMP_RES_TAC PREC h

THEN
THEN
THEN
THEN

THEN
THEN
THEN
THEN
THEN

IMP_RES_TAC RST_ FALSE
IMP_RES_TAC NTH_ALE_SIG_PB_TRUE
SPRC_ASSUM_TAC (~“tu‘. SND(RstE(e’ (u‘:timeC))) = F7,”tp’:timeC”)
ASM_REWRITE_ASSUM_TAC

(#“PStateAbs ptl s e p t 8’ e’ p’ tp’”, [PStateAbs])
POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
IMP_RES_TAC I_male_ISO
IMP_RES_TAC I_rale_ISO
ASSUME_TAC (SPBC “25” LESS_EQ_ REFL)
ASM_CASES_TAC “tp’>0”"

THENL [

%

Subgoal 2.1: “tp’>0” %

RES_TAC
THEN IMP_RES_TAC

(ISPEC “FST(L_ad inEB(e’ (tp’:timeC)))” SUB_SUBARRAY)

THEN ASM_REWRITE_TAC

[WIRE; SYM_RULE (prove_constructors_distinct pfsm_ty_Axiom);
prove_constructors_distinct pfsm_ty_Axiom)

THEN ASM_CASRS_TAC

%

“SUBARRAY (PST(L_ad_inE(e’ (tp‘:timeC)))) (25,24) = WORDN 1 3~

Subgoal 2.2: “~tp’>0” %

REWRITE_ASSUM_TAC (“~tp’ > 0%, [SYM_RULE NOT_REQ_ZERO])
THEN IMP_RRES_TAC

(ISPEC “PST(L_ad_inE(e’ 0))” SUB_SUBARRAY)

THEN ASM_REWRITE_TAC

[WIRE; SYM_RULE (prove_constructors_distinct pfsm_ty_ Axiom);
prove_constructors_distinct pfsm_ty_Axiom}

THEN ASM_CASES_TAC

1
THEN
]
Yii

“SUBARRAY (FST (L_ad_inE(e’ 0)))(25,24) = WORDN 1 3~

ASM_REWRITE_TAC [prove_constructors_distinct wire]

let P_RQT_PREVENTS_NEW_STATE_PD = TAC_PROOF

o1,
wy (g?
(t’

ttimeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out)
stimeC) .

PCSet_Correct s’ e’ p’ ==>
~(P_fam_stateS (s’ t’) = PD) ==>
~P_rqtsS (s’ t') ==>

(E’ > 0) ==>
~New_State_Is_PD s’ e’ t'"),

REWRITE_TAC [SYM_RULE ONE_LESS_EQ]

THEN REPEAT STRIP_TAC

THEN UNDISCH_TAC “New_State_Is _PD s’ e’ t'”

THEN REWRITE_TAC [New_State_Is_PD]

THEN ASM_CASES_TAC ~“P_fam rstS(s’ (t’':timeC))”

THBN IMP_RES_TAC NOT_PD

THEN ASM_REWRITE_TAC ([prove_constructors_distinct pfsm_ty_Axiom;

THENL [

SYM_RULE (prove_constructors_distinct pfsm_ty_Axiom)]

IMP_RES_TAC SUB_ADD

IMP_RES_TAC P_f£sm_mrqgt_ISO

SPEC_UNDISCH _MATCH_LHS_TAC (“P_fem mrqtsS(s’{(t + 1))”,7t’-1")
IMP_RES_TAC P_fsm_crqt_ISO

SPEC_UNDISCH_MATCH_LHS_TAC (“P_fsm _crqt_S(s’(t + 1))», #¢c’-17)
IMP_RES_TAC (SYM_RULE P_xrqt_ISO)

SPEC_UNDISCH_MATCE_RHS_TAC (“P_rqtS(s‘(t + 1l))”,7t’'-1")
ASM_REWRITE_TAC([]
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THEN DISCH_TAC

THEN ASM_REWRITE_TAC(]

THEN DISCH_TAC

THEN DISCH_TAC

THEN ASM_REWRITE_TACI])

THEN ASM_CASBS_TAC “(~P_fsm_hold_s(s’ (t‘:timeC)) /\ P_fsm lock_S(s’ t’))”
REWRITE_TAC {[prove_constructors_distinct pfsm_ty_Axiom]

H

ASM_CASES_TAC “P_fam hold S(s’ (t‘:timecC))”
THEN ASM_REWRITE_TAC [prove_constructors_distinct pfsm_ty Axiom]
1 -
Vi

let NOT_IBUS_ALE_IMP_NOT_FSM_RQT = TAC_PROOF
(i1,
“y (¢’ itimeC) (pti :PTI)
(8 :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out) (t :timeT)
{8’ :timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out).
PCSet_Correct s’ e’ p’ ==>
PT_Exec pti 8 e p t ==>
IBA_PMaster pti ep t e’ p’
New_State_Is_PA 8’ e’ t’' =
~ale_sig ib p’ t’/ ==>
~(P_fam_mrqgtsS(s’(t’ + 1)) \/
~P_fam crgt_sS(s’'(t’ + 1)) /\ ~P_fsm cgnt_S(s’(t’ + 1)))”),
REWRITE_TAC [ale_sig_ib;BSell
THEN BETA_TAC
THEN REWRITE_TAC [DE_MORGAN_THM]
THEN REPEAT STRIP_TAC
THENL (
% Subgoal 1: [ “~SND(I_hlda O(p‘’ t’))” 1]
[ “P_fem mrqgtS(s’(t’ + 1))” ] %
REWRITE_ASSUM_TAC (“New_sState _TIs_PA 8’ e’ t’'”,[Naew_State_Is_PA])
THEN UNDISCH_TAC “~SND(I_hlda_oO(p’ (t’:timecC)))”
THEN IMP_RES_TAC I_hlda_ISO
THEN ASM_REWRITE_TAC
[SYM_RULE (prove_constructors_distinct pfsm_ty Axiom)]

% Subgoal 2: “P_fsm _crqt_S(s’(t’ + 1)) \/ P_fsm cgnt_S(s’(t’ + 1))~
{ “~SND(I_hlda_O(p’ t"))}” 1 %
REWRITE_ASSUM_TAC (“New_sState_Is_PA s’ e’ t’'”, [New_State_Is_PA])
THEN UNDISCH_TAC “~SND(I_hlda O(p’ (t’:timecC)))~
THEN IMP_RES_TAC I_hlda_ISO
THEN ASM_REWRITE_TAC
[SYM_RULE (prove_constructors_distinct pfsm_ty_Axiom)]}

% Subgoal 3: [ “~(SND(I_male_O(p’ t’))
[ “~(SND(I_rale_O(p’ t’))
[ “SND(I_cale_O(p’ t’))” ]
[ “P_tesm_mrqgtS(s’(t’ + 1))” 1 %
UNDISCH_TAC “P_fsm mrgtsS(s’/(t’ + 1))~
THEN IMP_RES_TAC P_fsm _mrqt_ISo
THEN REWRITE_ASSUM_TAC (“New_State Is_PA 8’ e’ t’”,[New_State_Is_PA]l)
THEN ASM_REWRITE_TAC ([prove_constructors_distinct pfsm_ty Axiom]
THEN STRIP_TAC
THEN UNDISCH_TAC “~(SND(I_male_O(p’ (t’:timeC))) = LO)”
THEN IMP_RRERS_TAC I_male_ISO
THEN ASM_REWRITE_TAC
[SYM_RULE (prove_constructors_distinct pfsm_ty Axiom);
prove_constructors_distinct pfsm_ty Axiom;WIRE]
THEN COND_CASES_TAC
THEN UNDISCH_TAC “~(SND(I_rale O(p’ (t‘itimeC))) = LO)~
THEN IMP_RES_TAC I_rale_ISO
THEN ASM_REWRITE_TAC
[SYM_RULE (prove_constructors_distinct pfsm_ty_Axiom);
prove_constructors_distinet pfsm_ty Axiom;WIRE]

Lo)” 1
Loy” ]

% Subgoal 4: “P_fsm crqt_S(s’(t’ + 1)) \/ P_fam cgnt_S(s’(t’ + 1))~
[ “~(SND(I_male_O(p’ t’)) = LO)” ]
[ “~(SND(I_rale_O(p’ t’)) = LO)” ]
[ “SND(I_cale_O(p’ t‘))” 1 %

UNDISCH_TAC “SND{(I_cale_O(p’ (t’:timecC)))”
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THEN IMP_RES_TAC I_cale_ISO
THEN REWRITE_ASSUM_TAC (“New_State_Is_PA s’ e’ t'”, [New_State_Is_PA])
THEN ASM_REWRITE_TAC(]
THEN IMP_RES_TAC (REWRITE_RULE [BSell] IBA_READY ASSUMPS)
THEN ASM_CASES_TAC “~SND(I_cgnt_RE(e’ (t’:timeC))) /\ SND(I_hold E(e’ t’))”
THEN ASM_REWRITE_TAC [DE_MORGAN_THM]
THEN REPEAT STRIP_TAC
THEN NRULE_ASSUM_TAC
(#1a’, ~SND(I_cgnt_EB(e’ (u’:timeC))) ==> SND(I_hold_E(e’ u’))”,
( (REWRITE_RULE []) o CONTRAPOS o (SPEC “t’:timeC”)))
THEN RES_TAC --
THEN IMP_RRS_TAC P_fsm_cgnt_ISO
THEN ASM_REWRITE_TAC(]
]
Yii

let NOT_IBUS_ALE_PREVENTS_NEW_STATE_PD = TAC_PROOF
(11,
#1 (£’ itimeC) (t stimeT) (pti :PTI)
(s :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(s’ :timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out)
(tp’ :timeC) .
PCSet_Correct 8’ e’ p’ ==>
PT_Exec pti s e p t ==>
IBA_PMaster pti e p t e’ p’' ==>
~New_State_Is_PD 8’ e’ t’' ==>
~ale_sig ib p’ t’ ==>
~New_State_Is_PD s’ e’ (t'+1)”),
REPEAT STRIP_TAC
THEN IMP_RES_TAC NEXT_STATE_NOT_ PD
THEN IMP_RES_TAC NOT_IBUS_ALE_IMP_NOT FSM_RQT
THEN UNDISCH_TAC “New_sState_Is_PD s’ e’(t’ + 1)~
THEN REWRITE_TAC ([New_sState_Is_PD]
THEN IMP_RES_TAC P_fsm_state_ISO
THEN SPEC_UNDISCH_MATCH_LHS_TAC (“P_fsm_stateS(s’(t + 1))”,”t’:timeC”)
THEN ASM_REWRITE_TACI]
THEN DISCH_TAC
THEN ASM_REWRITE_TAC[SYM_RULER (prove_constructors_distinct pfsm_ty_Axiom)]
THENL [
% Subgoal 1: [ “new state = PA” ] %
REWRITE_ASSUM_TAC (“New_sState_IXs_PA s’ e’ t’”, [New_State_Is_PA))

% Subgoal 2: [ “new state = PH” ]%
REWRITE_ASSUM_TAC (“New_sState_Is_PH 8’ e’ t’'”, [New_State_Is_PH])
]
THEN COND_CASES_TAC
THEN ASM_REWRITE_TAC
[SYM_RULE (prove_constructors_distinct pfsesm_ty Axiom);
prove_constructors_distinct pfsm_ty_ Axiom)
THEN COND_CASES_TAC
THEN ASM_REWRITE_TAC
[SYM_RULE (prove_comnstructors_distinct pfam_ty_Axiom);
prove_constructors_distinct pfsm_ty_ Axiom]
THEN COND_CASES_TAC
THEN ASM_REWRITE_TAC
[SYM_RULE (prove_constructors_distinct pfsm_ty Axiom);
prove_constructors_distinct pfsm_ty_Axiom)
Yii

let SUB_STABLE_FALSE = TAC_PROOF
(C[1,
#1 (£ :time->bool) (tl t2 t3 :time) .
STABLE_FALSE £ (tl,t2) ==>
(t3 <= t2) ==>
(tl <= t3) ==>
STABLE_FALSE £ (t1,t3)7),
REWRITE_TAC {STABLE_FALSE]
THEN REPEAT STRIP_TAC
TREN ASM_REWRITE_TACI]
THEN SPEC_ASSUM_TAC (“!t. tl <=t /\ t <= t2 ==> ~f t7,”titimeC”)
THEN IMP_RES_TAC LESS_EQ_ TRANS
THEN RES_TAC
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Vi

let IBUS_ALE_TRUR_IMP_NEW_STATE_PA = TAC_PROOF

(.,

#y (t’ stimeC) (s’ :timeC->pc_state) (e’ :timeC->pc_env) (p’

PCSet_Correct s’ e’ p’ ==>

ale_sig_ib p’ t’ ==>
New_State_Is_PA 8’ e’ t’'”),

REWRITE_TAC [ale_sig_ib;BSel;New_State_Is_PA]
THEN BETA_TAC
THEN REPEAT GEN_TAC
THEN DISCH_TAC
THEN IMP_RRS_TAC I_male_ISO
THEN IMP_RRES_TAC I_rale_ISO
THEN IMP_RES_TAC I_cale_ISO
THEN ASM_CASRS_MATCH_RHS_TAC “PA”
THEN IMP_RES_TAC NOT_PA
THEN ASM_REWRITE_TAC

:timeC->pc_out) .

{WIRE;SYM_RULE (prove_constructors_distinct pfsm_ty_Axiom):;

prove_constructors_distinct wire;
SYM_RULE (prove_constructors_distinct wire)]
Vi

let OFFSRET_IBUS_ALE_FALSE_PREVENTS_NEW_STATE_PD = TAC_PROOF
cr1,
#1 (u’ stimeC) (t :timeT) (pti :PTI)

(s :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)

(s’ :timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out)

(tp’ :timeC) (ti’’ :timecC) .
PCSet_Correct 8’ e’ p’' ==>
NTH_TIME_TRUE t (ale_sig pb e’) 0 tp’ ==>
(tp’ > 0) ==>
PT_EBxec pti s e p t ==>
PT PreC pti s e p t ==>
PStateAbs pti s e p t 8’ e’ p’ tp’ ==>
Rst_Slave pti e t e’ ==>

IBA_PMaster pti e p t e’ p’' ==>

STABLE_FALSE (ale_sig_ib p’) (tp’,(tp’+u’)) ==>

((tp’+u’) <= ti’’) ==>
~New_State_Is_PD 8’ e’ (tp’+u’)”),
REWRITE_TAC [PStatedbsl]
THEN INDUCT_TAC
THEN REWRITE_TAC [ADD_CLAUSES]
THEN REPEAT STRIP_TAC
THENL [
% Subgoal 1: (Base Case) %
UNDISCH_TAC “New_State_Is_PD s’ e’ tp’”
THEN IMP_RES_TAC PREC
THEN RES_TAC
THEN ASM_REWRITE_ASSUM_TAC

(“P_rqtS(s’ (tp’:timeC)) = PT_rqtS(s (t:timeT))”,[])
THEN IMP_RRS_TAC (SPERC “PT_fsm_stateS(s (t:timeT))” NOT_PD)

THEN ASM_REWRITE_ASSUM_TAC

(“P_£sm_stateS(s’ (tp’:timeC)) = PT_fsm_statesS(s(t:timeT))”,[])

THEN IMP_RES_TAC PA_IMP_NOT_PD
THEN IMP_RBS_TAC PH_IMP_NOT_PD
THEN IMP_RES_TAC P_RQT_ PREVENTS_NEW_STATE_PD

% Subgoal 2: (Induction Step) %
ASSUME_TAC (SPEC “tp’+u’” LESS_BQ_SUC_RREFL)
THEN IMP_RES_TAC LESS_EQ_TRANS

THEN ASSUME_TAC (SPECL [“tp’:timeC”;~u‘:timeC”] LESS_EQ_ADD)

THEN IMP_RES_TAC SUB_STABLE_FALSE

THEN RES_TAC

THEN NRULE_ASSUM_TAC
(“STABLE_FALSE (ale_sig_ib p‘) (tp’,tp’ + u’)”,
(BETA_RULE o (REWRITE_RULE [STABLE_FALSE])))

THEN ASSUME_TAC (SPEC “tp’'+u’” LESS_EQ_REFL)

THEN RES_TAC

THEN IMP_RES_TAC

(REWRITE_RULE [SYM_RULE ADDl] NOT_IBUS_ALE PREVENTS_NEW_STATE_PD)

95



)i

let IBUS_ALE_FALSE_PREVENTS_NEW_STATE_PD = TAC_PROOF

(1,
“) (£’ :1timeC) (t :timeT) (pti :PTI)
(s :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(s’ :timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out)
(tp’ stimeC) (ti’’ :timec) .
PCSet_Correct 8’ e’ p’ ==>
NTH_TIME_TRUE t (ale_sig pb e’) 0 tp’ ==>
(tp’ > 0) ==> —--
PT Exec ptli 8 e p t ==>
PT _PreC ptli s ep t ==>
PStateAbs pti s ep t 3’ e’ p’ tp’ ==>
Ret_sSlave pti e t e’ ==>
IBA_PMaster pti ep t e’ p’ ==
STABLE_FALSE (ale_sig_ib p’) (tp’,ti’’) ==>
(tp’ <= t’) ==>
(t’ <= ti’’) ==>
~New_State_Is_PD 8’ e’ t'”),
REPEAT STRIP_TAC
THEN IMP_RRERS_TAC (SPEC “t’-tp’” OFFSET_IBUS_ALE_FALSE_PREVENTS_NEW_STATE_PD)
THEN SPECL_ASSUM_TAC
(n!cl tplll‘
STABLE_FALSE (ale_sig_1ib p’) (tp’,tp’ + (t’ ~ tp’'’'’)) ==>
(1ed7. (tp’ + (t* - tp’’*)) <= ti’’ ==>
~New_State_Is_PD 8’ e’(tp’ + (t’ - tp’’’)))”,
[“t’i1timeC”; 7tp’ :timeC”])
THEN IMP_RES_TAC
(SPRCL [“t’:timeC”;”tp’:timeC”]
(PURE_ONCE_REWRITE_RULE [ADD_SYM] SUB_ADD))
THEN ASM_REWRITE_ASSUM_TAC
(#“STABLE_FALSE(ale_sig_ib p’) (tp’,tp’ + (t’' - tp’)) ==
(tedr’, (tp’ + (t’ - tp’)) <= ti’’ ==>
~New_State_Is_PD 8’ e’ (tp’ + (t' - tp’)))”, (1)
THEN IMP_RES_TAC SUB_STABLE_FALSE
THEN RES_TAC
THEN SPEC_ASSUM_TAC
(#1ed7, (tp’ + (£’ ~ tp’)) <= ti’’ ==>
~New_State_Is_PD 8’ e’(tp’ + (t’ - tp’))”,7ti’’1timeC”)
THEN ASM_REWRITE_ASSUM_TAC
(“(tp’ + (£’ - tp’)) <= ti’’ ==
~New_State_Is_PD 8’ e’(tp’ + (t’ - tp’))”,[])
Yii

let OFFSET_NEW_STATE_PD_FALSE_FROM_TP’'_TO_TI’' = TAC_PROOF

<[,
“} (u’ :timeC) (t :timeT) (pti :PTI)
(8 :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_ocut)
(8’ :timeC->pc_state) (e’ :timeC~->pc_env) (p’ :timeC->pc_out)
(tp’ stimec) (tli’ :timecC) .
PCSet_Correct s’ e’ p’ ==>
NTH_TIME_TRUE t (ale_sig_pb e’) 0 tp’ ==>
(tp' > 0) ==>
PT BExec pti s e p t ==>
PT_PreC pti s e p t ==>
PStateAbs pti s ep t 8’ o’ D’ tp’' ==>
Ret_Slave pti e t e’ ==>
IBA_PMaster pti e p t e’ p’ ==>
STABLE_FALSE (ale_sig_ib p’) (tp’/,ti’-1l) ==>
((tp’+u’) <= ti’) ==>
~New_sState_Is_PD s’ e’ (tp’+u’)”),
REPEAT STRIP_TAC
THEN ASM_CASRS_TAC “ale_sig_ib p’ (tp‘+u’)”
THENL [
% Subgoal 1: [ “ale_sig ib p’(tp’ + u’)” 1 %
IMP_RES_TAC IBUS_ALE_TRUE_IMP_NEW_STATE_PA
THEN REWRITE_ASSUM_TAC (“New_sState_Is_PD s’ e’ (tp’+u’)”, [New_State_Is_PD])
THEN REWRITE_ASSUM_TAC(“New_State_Is_PA s’ e’ (tp’+u’)”, [New_State_Is_PA])
THEN IMP_RES_TAC PA_IMP_NOT_PD

% Subgoal 2: [ “~ale_sig _ib p’(tp’ + u’)” 1 %
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REWRITE_ASSUM_TAC (“(tp’+u’) <= ti’'~”, [LESS_OR_EQ])
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THENL [
% Subgoal 2.1: [ “(tp’'+u’) < ti'” 1 %
SUBGOAL_THEN “STABLB_FALSE (ale_sig _ib p’) (tp’,tp'+u’)” ASSUME_TAC
THENL [
% Subgoal 2.1.1: (New subgoal) %
UNDISCH_TAC “STABLE_FALSE(ale_sig_ib p’)(tp’,ti’ - 1)~
THEN ASM_REWRITE_TAC [STABLE_FALSE]
THEN REPBAT STRIP_TAC
THEN REWRITE_TAC [LESS_EQ ADD] -
THEN IMP_RES_TAC SUB_LESS_OR
THEN IMP_RES_TAC LESS_REQ_TRANS
THEN RES_TAC

% Subgoal 2.1.2 %
ASSUME_TAC (SPEC “tp’+u’” LESS EQ REFL)
THEN IMP_RES_TAC
(SPBC “tp‘:timeC” OFFSET_IBUS_ALE_FALSE PREVENTS_NEW_STATE_PD)
]

% Subgoal 2.2: [ 7t = ti'” 1 %
SUBGOAL_THEN ~“STABLE_FALSE (ale_sig_ib p’) (tp’,tp’'+u’)” ASSUME_TAC
THENL [
% Subgoal 2.2.1: (New subgoal) %
UNDISCH_TAC “STABLE_FALSE(ale_sig ib p‘) (tp’,tli’ - 1)~
THEN ASM_REWRITE_ASSUM_TAC (“~ale_sig ib p’ (tp’+u’)~,[])
THEN ASM_REWRITE_TAC [STABLE_FALSE]
THEN REPEAT STRIP_TAC
THENL [
ASSUMR_TAC (SPECL [#ti’:timeC¥”;”17”] SUB_LESS_EQ)
THEN IMP_RES_TAC LESS_EQ_TRANS

REWRITE_ASSUM_TAC (“t’ <= ti’'”, [LESS_OR_RQ])
THEN POP_ASSUM_LIST (MAP_BVERY (\thm. STRIP_ASSUME_TAC thm))
THENL [
IMP_RES_ TAC SUB_LESS_OR
THEN RES_TAC
H
UNDISCH_TAC “ale_sig _ib p’ t’~
THEN ASM_REWRITE_TAC{]
]
]

% Subgoal 2.2.2 %
ASSUME_TAC (SPBRC “tp’+u’” LESS_REQ REFL)
THEN ASSUME_TAC (SPECL [“tp’:timeC”;”u’:timeC”] LESS_EQ ADD)
THEN IMP_RES_TAC
(SPEC “tp’+u’” IBUS_ALE_FALSE_PREVENTS_NEW_STATE_PD)

1
Vi

let NEW_STATE_PD_FALSR_FROM_TP‘_TO_TI’ = TAC_PROOF
s,
#1 (£’ itimeC) (t :timeT) (pti :PTI)
(8 :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
{8' :timeC->pc_state) (e’ :stimeC->pc_env) (p‘ :timeC->pc_out)
(tp’ :timeC) (ti’ :timeC) .
PCSet_Correct s’ e’ p’ ==>
NTH_TIME_TRUE t (ale_sig pb e’) 0 tp’ ==>
(tp’ > 0) m=>
PT_Exec ptl s e p t ==>
PT_PreC pti 8 e p t ==>
PStateAbs ptli s e p t 8’ e’ p’ tp’ ==>
Rst_Slave pti e t e’ ==>
IBA_PMaster pti e p t e/ p’ ==>
STABLE_FALSE (ale_sig_ib p‘) (tp’,ti’-1) ==>
(tp’ <= t’) ==>
(t’ <= t1’) ==>
~New_State_Is_PD a8’ e’ t’”),
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REPEAT STRIP_TAC
THEN ASM_CASES_TAC “ale_sig ib p’ t‘~

THENL [

1
Yii

% Subgoal 1: [ “ale_sig_ib p’ t’'” ] %

IMP_RES_TAC IBUS_ALE_TRUE_IMP_NEW_STATE_PA

THEN REWRITE_ASSUM_TAC (“New_State_Is_PD s’ e’ t’”, [New_State_Is_PD])
THEN REWRITE_ASSUM_TAC (~“New_State_Is_PA 8’ e’ t'’'”,[New_sState_Is_PA])
THEN IMP_RES_TAC PA_IMP_NOT_PD

% Subgoal 2: [ “~ale_sig ib p’ t’'” 1 %
REWRITE_ASSUM _TAC (“t’ <= ti’”, [LESS_OR_EQ]) -
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THENL [
% Subgoal 2.1: [ “t’ < ti'” 1 %
SUBGOAL_THEN ~“STABLE_FALSE (ale_sig ib p’) (tp’,t’)” ASSUME_TAC
THENL [

]

% Subgoal 2.1.1: (New subgoal) %

UNDISCH_TAC “STABLE_FALSE(ale_sig ib p’)(tp’,ti’ - 1)~
THEN ASM_REWRITE_TAC [STABLE_FALSE]

THEN REPEAT STRIP_TAC

THEN IMP_RES_TAC SUB_LESS_OR

THEN IMP_RES_TAC LESS_EQ_TRANS

THEN RES_TAC

% Subgoal 2.1.2 %
ASSUME_TAC (SPRC “t’:timeC” LRSS_EQ_ REFL)
THEN IMP_RES_TAC
(SPRC ~“t’:timeC” IBUS_ALE_FALSE_PREVENTS_NEW_STATE_PD)

% Subgoal 2.2: [ #“t’ = ti’'” 1 %
SUBGOAL_THEN “STABLE_FALSE (ale_sig_ib p’) (tp’,t’)” ASSUME_TAC
THENL [

% Subgoal 2.2.1: (New subgoal) %
UNDISCH_TAC “STABLE_FALSE(ale_sig ib p’) (tp’,ti’ - 1)~
THEN ASM_REWRITR_ASSUM TAC (“~ale_sig ib p’ t’~,[])
THEN ASM_REWRITE_TAC [STABLE_FALSE]
THEN REPEAT STRIP_TAC
THENL [

ASM_REWRITE_ASSUM_TAC (“tp’ <= t’'",[])

REWRITE_ASSUM TAC (“t’‘ <= ti’”, [LESS_OR_EQ))
THEN POP_ASSUM_LIST (MAP_BVERY (\thm. STRIP_ASSUME_TAC thm))
THENL [

IMP_RES_TAC SUB_LESS_OR

THEN RES_TAC

UNDISCH_TAC “ale_sig ib p’ t’’~
THEN ASM_REWRITE_TAC[]

]

% Subgoal 2.2.2 %
ASSUME_TAC (SPEC “t’:timeC” LESS_EQ REFL)
THEN IMP_RES_TAC
(SPEC “t’:timeC” IBUS_ALE_FALSE_PREVENTS_NEW_STATE_PD)

let OFFSET_NEW_P_RQT_TRUE_FROM_TP’_TO_TI’ = TAC_PROOF
1,

1

(u’

ttimeC) (t :timeT) (pti :PTI)

(8 :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)

(s’
(tp’

stimeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out)

stimeC) (ti’ :timec) .

PCSet_Correct s’ e’ D' ==>

NTH_TIME_TRUE t (ale_sig_pb e’) 0 tp’ ==

(tp’ > 0) =ma>

PT _Exec pti 8 e P t ==>
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PT_PreC pti s e p t ==>
PStateAbs pti s e p t 8’ e/ p’ tp’ ==>
Rst_Slave pti e t e’ ==>
IBA_PMaster pti e p t e’ p’ ==
STABLE_FALSE (ale_sig_ib p’) (tp’,(ti’-1)) ==>
((tp’+u’) <= ti’) ==>
New_P_Rqt_Is_TRUE &' e’ (tp’+u’)”),
INDUCT_TAC
THENL [

% Subgoal 1l: (Base Case) %
REWRITE_TAC [STABLE_FALSE;STABLE_TRUR;PStateAbs;ADD_CLAUSES] ~-
THEN BETA_TAC
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI[])
THEN IMP_RES_TAC NTH_ALB_SIG_PB_TRUB
THEN IMP_RES_TAC RST_FALSE
THEN SPBC_ASSUM_TAC (“!u‘:timeC. SND(RstE(e’ u’)) = F”,”tp’:timeC”)
THEN RES_TAC
THEN IMP_RES_TAC PREC
THEN IMP_RES_TAC (SPEC “PT_fsm_stateS(s (t:timeT))” NOT_PD)
THEN ASM_REWRITE_ASSUM_TAC

(“P_fam_stateS{s‘ (tp’:timeC)) = PT_fam _statesS(s (t:timeT))",(])
THEN ASM_REWRITE_ASSUM_TAC

(“P_rqtS(s’ (tp’:timeC)) = PT_rqtS(s (t:timeT))”,[])
THEN IMP_RES_TAC PA_IMP_NOT_PD
THEN IMP_RES_TAC PH_IMP_NOT_PD
THEN IMP_RES_TAC P_RQT PREVENTS_NEW_STATE_PD
THREN ASM_REWRITE_TAC [New_P_Rqt_Is_TRUE]

% Subgoal 2: (Induction Step) %
REWRITE_TAC [ADD1;ADD_ASSOC]
THEN REPEAT STRIP_TAC
THEN ASSUME_TAC (SPRCL [“tp’+u’”;”1”] LESS_EQ_ADD)
THEN ASSUME_TAC (SPECL [“tp’/:timeC”;”u’:timeC”] LESS_EQ_ADD)
THEN IMP_RES_TAC LESS_EQ_TRANS
THEN IMP_RES_TAC SUB_STABLE_FALSE
THEN RES_TAC
THEN REWRITE_ASSUM_TAC
(#STABLE_FALSE(ale_sig ib p’) (tp’,{(tp’ + u’) + 1)~,
[ASSOC_ADD_ADD1])
THEN REWRITE_ASSUM_TAC
(#((tp’ + u’) + 1) <= ti‘”, [ASSOC_ADD_ADD1])
THEN IMP_RES_TAC OFFSET_NEW_STATE_PD_FALSE_FROM_TP'_TO_TIL'
THEN REWRITE_ASSUM_TAC
(#~New_State_Is_PD s’ e’(tp’ + (u’ + 1))”, [ADD_ASSOC])
THEN IMP_RRES_TAC RST _FALSE
THEN SPEC_ASSUM_TAC (“!u’. SND(RstB(e’ (u’:timeC))) = F”,”7(tp’+u’)+1”)
THEN IMP_RES_TAC P_rqt_ISO
THEN RES_TAC
THEN SPEC_UNDISCH_MATCH_LHS_TAC (“P_rqtS(s’(t + 1))7,7tp’+u’”)
THEN REWRITE_ASSUM_TAC
(“New_P_Rqt_Is_TRUE s’ e’(tp’ + u‘)”,
[New_P_Rqgt_Is_TRUE;New_State_Is_PD})
THEN ASM_REWRITE_TACI[]
THEN DISCH_TAC
THEN ASM_REWRITE_TAC [New_P_Rqt_Is_TRUE;COND_TRUE_TRUE; COND_TRUE_CHOICES]
1
Yis

let NEW_P_RQT_TRUE_FROM_TP’_TO_TI’ = TAC_PROOF
(e,
7y (t’ stimeC) (t :timeT) (pti :PTI)
(8 :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(8’ :timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out)
(tp’ :timeC) (ti’ :timecC) .
PCSet_Correct s’ e’ p’ ==>
NTH_TIME_TRUE t (ale_sig pb e’) 0 tp’ ==>
(ep’ > 0) ==>
PT_Exec pti 8 e P t ==>
PT_PreC pti s e p t ==>
PStateAbs ptl s ep t 8’ e’ p’' tp’ ==>
Rst_Slave pti e t e’ =a=>
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IBA_PMaster pti e p t e/ p’ ==>
STABLE_FALSE (ale_sig ib p’) (tp’/,ti’-1) ==>
(tp’ <= t’) ==>
(t’ <= ti1’') ==>
New_P_Rqgt_Is_TRUE 8’ e’ t‘”),
REPEAT STRIP_TAC
THEN IMP_RES_TAC (SPEC “t'-tp‘” OFFSET_NEW_P_RQT_TRUE_FROM_TP‘_TO_TI’)
THEN SPECL_ASSUM_TAC
(Il!tl tp’ L (tpl + (tl - tp’ ll)) <= til ==
New_P_Rqt_Is_TRUE s’ e’(tp’ + (t’ - tp’''’))”,
[#t’:timeC”;”tp’:timeC”]) -
THEN IMP_RES_TAC
(SPECL [“t’/:timeC”;”tp’:1timeC”]
(PURE_ONCE_REWRITE_RULE [ADD_SYM] SUB_ADD))
THEN ASM_REWRITE_ASSUM_TAC
(#(tp’ + (' = tp’)) <= ti’ ==>
New_P_Rqt_Is_TRUR 8’ e’(tp’ + (t’ - tp’))”,[1)
Yis

let OFFSET_NEW_P_DEST1_STABLE_FROM _TP’_TO_TI' = TAC_PROOF

(11,
#1 (' stimeC) (t :timeT) (pti :PTI)

(s :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)

(8’ stimeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out)

(tp’ :timeC) (ti’ :timecC) .

PCSet_Correct 8’ e’ p’' ==>
NTH_TIME TRUE t (ale_sig pb e‘) 0 tp’ ==>
(ep’ > 0) ==>
PT_Exec pti 8 e p t ==>
PT_PreC pti s e p t ==>
PStateAbs pti s e p t 8’ e’ p’ tp’ ==>
Rst_Slave ptl e t 6’ ==>
IBA_PMaster pti e p t e/ p’ ==>
STABLE_FALSE (ale_sig ib p’) (tp’,ti’-1) ==»>
((tp’+u’) <= ti’) ==>
(P_destls (s’ (tp‘+u’‘+l)) =
ELEMENT (FST(L_ad_inE (e’ tp‘))) 31)~7),

INDUCT_TAC
THENL [

% Subgoal 1: (Base case) %

REWRITE_TAC [ADD_CLAUSRS;PStateabs]

THEN REPEAT STRIP_TAC

THEN IMP_RES_TAC PREC

THEN RES_TAC

THEN IMP_RRS_TAC P_destl_ISO

THEN ASM_REWRITE_TACI[]

% Subgoal 2: (Induction step) %
REWRITE_TAC [ADD_ASSOC;ADD1]
THEN REPEAT STRIP_TAC
THEN ASSUME_TAC (SPECL [“tp‘:timeC”;”u’:timeC”] LESS_EQ_ADD)
THEN ASSUME_TAC (SPECL [“tp’‘+u’#;71”] LRERSS_EQ_ADD)
THEN IMP_RES_TAC SUB_STABLE_FALSE
THEN IMP_RES_TAC LESS_EQ_TRANS
THEN RES_TAC
THEN ASSUME_TAC (S8PEC “tp’/+u‘” LESS_EQ_REFL)
THEN IMP_RES_TAC NBEW_P_RQT_TRUB_FROM _TP'_TO_TI'
THEN REWRITE_ASSUM_TAC
(“P_destl8(s’(tp’ + (u’ + 1))) = BLEMENT(FST(L_ad_inR(e’ tp’)))31”,
[{ADD_ASSOC])
THEN IMP_RES_TAC P_xgt_ISO
THEN SPEC_UNDISCH_MATCH_LHS_TAC
(“P_rqtS(s’'(t + 1))”,7tp’+u’'”)
THEN REWRITE_ASSUM_TAC
(“New_P_Rqt_Is_TRUR s’ e’ (tp’ + u’)”,
[New_P_Rqt__Is_TRUER;New_State_Is_PD])
THEN ASM_REWRITE_TAC()
THEN DISCH_TAC
THEN IMP_RES_TAC P_destl_ISO
THEN ASM_REWRITE_TAC [ASSOC_ADD_ADD1]

Vi
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let NEW_P_DEST1_STABLE_FROM_TP'_TO_TI’' = TAC_PRCOF
1,
#y (£’ :timeC) (t :timeT) (pti :PTI)
(8 :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(8’ :timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out)
(tp’ :timeC) (ti’ :timecC) .
PCSet_Correct 8’ e’ p’' ==>
NTH_TIME_TRUE t (ale_sig _pb e‘) O tp’ ==
(tp’ > 0) ==>
PT_Bxec pti s ep t =
PT_PreC pti s e p t ==>
PStateAbs pti B ep t 8’ e’ p’ tp’ ==>
Rat_Slave ptl e t 6’ ==>
IBA_PMaster pti e p t e’ p’' ==>
STABLE_FALSE (ale_sig _ib p’) (tp’,ti’-1) ==>
(tp’! <= t’) ==>
(e’ <= ti’) ==
(P_destls (s’ (t’+1)) =
ELEMBNT (FST(L_ad_inE (e’ tp‘))) 31)7),

=>

REPEAT STRIP_TAC
THEN IMP_RES_TAC (SPEC “t’-tp’” OFFSET_NEW_P_DEST1_STABLE_FROM_TP'_TO_TI')
THEN SPRCL_ASSUM_TAC
(#1t’ tp’’', (tp’ + (£’ - tp’’’)) <= ti’ ==>
(P_destls(s’/(tp’ + ((t’ - ¢tp’’’) + 1))) =
BELEMENT(FST(L_ad_inR(e’ tp’)))31)~,
[“t’:timeC”;”tp/1timeC”])
THEN ASSUME_TAC (SPRC “tp’:timeC” LESS_EQ_ REFL)
THEN IMP_RES_TAC
(SYM_RULE (SPRCL [“tp’/:timeC”;”tp’:timeC”;”t’:timeC”] ASSOC_SUB_ADD1l))
THEN ASM_REWRITE_ASSUM_TAC
(“(tp’ + (t’ =~ tp’)) <= ti’ ==>
(p_destls(s’(tp’ + ((t’ - tp’) + 1))) =
BLEMENT (PST(L_ad_inE(e’ tp’)))31)~,
[ADD_CLAUSES; SUB_EQUAL_0])
THEN ASSUME_TAC
(SYM_RULE (SPECL [“t’-tp’'”;”tp’:timeC”;”17”) ASSOC_ADD_ADD3))
THEN IMP_RES_TAC (SPECL [“t’:timeC”;”tp’:timeC”) SUB_ADD)
THEN ASM_REWRITE_ASSUM_TAC
(#p_destlS(s’(tp’ + ((t’' - tp’) + 1))) =
BLEMENT (FST(L_ad_inR(e’ tp‘)))31~,(])
Yis

let OFFSET_NEW_P_ADDR_STABLE_FROM_TP’_TO_TI’ = TAC_PROOF

1,
#1 (u’ :timeC) (t :timeT) (pti :PTI)

(8 :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)

(8’ :timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out)

(tp’ itimeC) (ti’ :timecC) .

PCSet_Correct s’ e’ p’ ==>
NTH_TIME_TRUR t (ale_sig pb e’) 0 tp’ ==>
(tp’ > 0) ==>
PT_Bxec pti s e p t ==>
PT_PreC pti 8 e p t ==>
PStateAbs pti s e p t 8’ e’ p’ tp’ ==>
Rst_Slave pti e t e’ ==>
IBA_PMaster pti ep t e’ p’ ==>
STABLE_FALSE (ale_sig_ib p’) (tp’,ti’-1) ==>
({(tp’4+u’) <= ti*') ==>
(P_addrs (8’ (tp’/+u’+l)) =
SUBARRAY (FST(L_ad_inE(e’ tp‘))) (25,0))”),

INDUCT_TAC
THENL [

% Subgoal 1: (Base case) %

REWRITE_TAC [ADD_CLAUSRS;PStateAbs]

THEN REPEAT STRIP_TAC

THEN IMP_RES_TAC PREC

THEN RES_TAC

THEN IMP_REBS_TAC P_addr_ISO

THEN ASM_REWRITE_TACI]

% Subgoal 2: (Induction step) %
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REWRITE_TAC [ADD_ASSOC;ADD1]
THEN REPEAT STRIP_TAC
THEN ASSUME_TAC (SPECL [“tp’:timeC”;”u’:timeC”] LESS_EQ ADD)
THEN ASSUME_TAC (SPECL [“tp’+u’”;”71”] LESS_EQ_ADD)
THEN IMP_RES_TAC SUB_STABLE_FALSE
THEN IMP_RES TAC LESS_EQ_TRANS
THEN RES_TAC
THEN ASSUME_TAC (SPEC “tp’+u’'” LESS_EQ REFL)
THEN IMP_RES_TAC NEW_P_RQT_TRUE_FROM_ TP‘_TO_TI’
THEN REWRITE_ASSUM_TAC
(#p_addrsS(s’/(tp’ + (u’ + 1}))) = =
SUBARRAY (PST(L_ad_inE(e’ tp’))) (25,0)~,
[ADD_ASSOC])
THEN IMP_RES_TAC P_rqgt_ISO
THEN SPRC_UNDISCH_MATCH_LHS_TAC
(“P_xrqtS(s’(t + 1))”,”tp’'+u’”)
THEN REWRITE_ASSUM_TAC
(“New_P_Rgt_TIs_TRUE 8’ e’'(tp’ + u‘)”,
[New_P_Rqt_Is_TRUE;New_State_Is_PD])
THEN ASM_REWRITE_TAC(]
THEN DISCH_TAC
THEN IMP_RES_TAC P_addr_ISo
THEN ASM_REWRITE_TAC [ASSOC_ADD_ADD1]
]
Yi:

let NEW_P_ADDR_STABLE_FROM_TP'_TO_TI' = TAC_PROOF
([,
“y (£’ :timeC) (t :timeT) (pti :PTI)
(8 :1timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(s’ :timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out)
(tp’ :timeC) (ti’ :timeC) .
PCSet_Correct 8’ e’ p’ ==>
NTH_TIME_TRUE t (ale_sig pb e‘) 0 tp’ ==>
(tp’ > 0) ==>
PT _Exec pti s e p t ==>
PT_PreC ptl s e p t ==>
PStateAbs ptl s e p t 8’ @’ D’ tp’ ==>
Rst_Slave pti e t e’ ==>
IBA_PMaster pti e p t e’ p’' ==>
STABLE_FALSE (ale_sig ib p’) (tp‘,ti’-1) ==>
(tp’ <= t') ==>
(' <= ti’) ==>
(P_addrs (s’ (t’+l1l)) =
SUBARRAY (FST(L_ad_inE(e’ tp‘))) (25,0))”),
REPEAT STRIP_TAC
THEN IMP_RBS_TAC (SPEC “t’-tp’” OFFSET_NEW P_ADDR_STABLE_FROM_TP’_TO_TI')
THEN SPRCL_ASSUM_TAC
(“1t’ €p’‘’. (tp’ + (t' = €p’’’)) <= ti’ ==>
(P_addrS(s’/(tp’ + ({(t’ - ¢tp’’’) + 1))) =
SUBARRAY (FST(L_ad_inE(e’ tp’))) (25,0}))”,
[#t’i1timeC”;7tp’ :timeC”])
THEN ASSUME_TAC (SPEC “tp‘:timeC” LEBSS_EQ REFL)
THEN IMP_RES_TAC
(SYM_RULE (SPECL [“tp’:timeC”;”tp’:timeC”;”t’:timeC”] ASSOC_SUB_ADD1))
THEN ASM_REWRITE_ASSUM_TAC
(7(tp’ + (t’ - tp’)) <= ti’ =u=>
(P_addrsS(s’' (tp’ + ((t’ - ¢tp’) + 1))) =
SUBARRAY (FST(L_ad_inE(e’ tp’)))(25,0))~,
[ADD_CLAUSES; SUB_ERQUAL _01})
THEN ASSUME_TAC
(SYM_RULE (SPECL [“t’-tp’”;"tp’:timeC”;”1”] ASSOC_ADD_ADD3))
THEN IMP_RES_TAC (SPECL [#“t’/:timeC¥;”tp‘:timeC”] SUB_ADD)
THEN ASM_REWRITE_ASSUM_TAC
(“P_addrS(s’(tp’ + ((t’ - tp’) + 1))) =
SUBARRAY (PST(L_ad_inB(e’ tp’))) (25,0)”,[1)
Vi

let EVENTUALLY_ PA_ON_OR_AFTER_PH = mk_thm
([1, #! (£’ :timeC) (s’ :timeC->pc_state) (e’ :timeC->pc_env)
(p’ itimeC->pc_out) .
PCSet_Correct s’ e’ p’ ==>
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PT_Bxec pti s e p t ==>
IBA_PMaster pti e p t e/ p’ ==>
Rst_Slave pti e t @’ ==>
(t’ > 0) ==>
New_State_Is_PHK 8’ e’ t’/ ==>
(?7u’:ttimeC.
STABLE_FALSE_THEN_TRUE (\v‘. New_State_Is_PA s’ e’ v‘) (t’,u’))”);;

%
let BRVENTUALLY_PA_ON_OR_AFTER_PH = TAC_PROOF
(Cr1, h
“1 (t’ :timeC) (s’ :timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out)
(t :timeT) (s :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(pti :PTI) .
PCSet_Correct s’ e’ p’' ==>
PT_Exec pti 8 e p t ==>
IBA_PMaster pti e p t e/ p’' ==>
Rst_Slave pti e t @' ==>
(t’ > 0) ==>
New_State_Is_PH 8’ e’ t/ ==>
{(?7u’:timecC.
STABLE_FALSE_THEN_TRUE (\v’. New_sState_Is_PA s’ e’ v’) (t’,u’))"),
REPEAT STRIP_TAC
THEN IMP_RES_TAC IBA_REBADY_ ASSUMPS
THEN SPEC_ASSUM_TAC
(71u’., ?v’,., STABLE_FALSE_THEN_TRUE (bsig I_hold B e’)(u’,v’)”,
ugtyn )
THEN CHOOSE_ASSUM_TAC
“#?v’, STABLE_FALSE_THEN_TRUR(bsig I_hold E e’)(t‘~1,v’')"
THEN BXISTS_TAC “v’/:timec”
THEN REWRITE_TAC [STABLE_FALSE_THEN_TRUE]
THEN BETA_TAC
THEN NRULE_ASSUM_TAC
(“STABLE_FALSE_THEN_TRUE (bsig I_hold B e’)(t‘~1,v’)",
(BETA_RULE o (REWRITR_RULE [STABLE_FALSE_THEN_TRUE;bsig;BSel])))
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN ASM_REWRITE_TACI[}

THEN SUBGOAL_THEN
“i\u’, New_State_Is_FPH s’ e’ u’' ==>
~SND(I_hold_E (e’ u’)) ==>
(1 <= u’) ==>
New_State_Is _PH 8’ e’ (u’+1l)” ASSUME_TAC
THENL [
Subgoal 1: (New Subgoal)
REPEAT STRIP_TAC
THEN ASSUME_TAC (GEN_ALL P_£fsm_hold_ISoO)
THEN SPECL_ASSUM_TAC
(#!8 e p t. PCSet_Correct s e p ==>
(P_fem hold _S(s(t + 1)) = SND(I_hold E(e t)))”,
[“8’1timeC->pc_state”;"e’ :timeC->pc_env¥; "p’ :timeC~>pc_out”;
“u’:timec”])

THEN RES_TAC
THEN ASSUME_TAC (SPECL [“u’:timeC”;”1”] LESS_EQ ADD)
THEN IMP_RES_TAC LESS_EQ_TRANS
THEN IMP_RES_TAC P_FSM_RST_FALSE
THEN IMP_RES_TAC P_fsm_state_ISO
THEN SUBGOAL_THEN “P_fsm_stateS (s’ (u‘+l)) = PH” ASSUME_TAC
THENL (

Subgoal 1.1: (New Subgoal)

REWRITE_ASSUM_TAC (“New_State_Is_PH g’ e’ u’”, [New_State_Is_PH])

THEN ASM_REWRITE_TACI(]

THEN SUBGOAL_THEN “~P_fsm_hold_S (s’ (u’+l))” ASSUME_TAC
THENL [
Subgoal 1.1: (New Subgoal)
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THEN ASM_REWRITE_TACI[]
)i
%

lett EVENTUALLY_PA_AFTER_PH = TAC_PROOF

(CL3,

#y (£’ itimeC) (s’ :timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out)
(t :timeT) (s :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(pti :PTI) .

PCSet_Correct s’ e’ p’ ==>
PT_Exec pti 8 e p t == ="
IBA_PMaster pti e p t e’/ p’ ==>
Ret_Slave pti e t e’ ==>
(t’ > 0) ==>
New_State_Is_PH 8’ e’ t’/ ==>
(?u’:timecC.
(t’ <u’) /\
STABLE_FALSE_THEN_TRUE (\v‘. New_State_Is_PA s’ e’ Vv’) (t’,u’))"),

REPEAT STRIP_TAC

THEN IMP_RES_TAC EVENTUALLY_PA_ON_OR_AFTER_PH

THEN EXISTS_TAC “u’itimecC”

THEN ASM_REWRITE_TAC[]

THEN NRULE_ASSUM_TAC

(#STABLE_FALSE_THEN_TRUB(\v’. New_State_Is_PA 8’ e’ v’)(t’,u’)”,
(BETA_RULE © (REWRITE_RULE [STABLE_ FALSE_THEN_TRUE])))

THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))

THEN IMP_RES_TAC LESS_OR_EQ

THEN UNDISCH_TAC “New_State_Is_PH 8’ e’ t'”

THEN ASM_REWRITE_TAC {New_State_Is_PH]

THEN REWRITE_ASSUM TAC (“New_State_Is_PA s’ e’ u’”, [New_State_Is_PAl])

THEN DISCE_TAC

THEN IMP_RRS_TAC PH_IMP_NOT_PA

Yis

let NOT_PTSTATE_IMP_NOT_PCSTATE = TAC_PROOF
(L1,
#) (x 1pfsm_ty) (s :timeT->pt_state) (t :timeT) (s’ :timeC->pc_state)

(t’ :timeC) .
~(PT_£fsm _statesS(s t) = x) ==>
(P_fsm_stateS(s’ t’) = PT_fam stateS(s t)) ==>

~(P_fsm_stateS(s’ t’) = x)”),
INDUCT_THEN (prove_induction_thm pfsm ty Axiom) ASSUME_TAC
THEN REPRAT STRIP_TAC
THENL [
IMP_RES_TAC NOT_PH
THEN ASM_REWRITE_ASSUM_TAC
(#P_fsm_statesS(s’ (t’:timeC)) = PH”,
[SYM_RULE (prove_constructors_distinct pfsm_ty_Axiom)])

IMP_RES_TAC NOT_PA
THEN ASM_REWRITE_ASSUM_TAC
(#P_fam_stateS(s’ (t’:timeC)) = PA”,
[SYM_RULE (prove_constructors_distinct pfsm_ty_Axiom);
prove_constructors_distinct pfsm_ty_Axiom])

IMP_RES_TAC NOT_FD
THEN ASM_REWRITE_ASSUM_TAC
("P_fsm_stateS(s’ (t‘:timeC)) = PD”,
[SYM _RULE (prove_constructors_distinct pfsm ty Axiom);
prove_constructors_distinct pfem_ty_Axiom])
]
Yis

let PREC_TAC =

IMP_RES_TAC PREC
THEN REWRITE_ASSUM_TAC

(#“PStateAbs ptl s e p t 8’ e’ p’ tp’”, [PStaterbs])
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN RES_TAC
THEN ASM_REWRITE_ASSUM_TAC

(“P_rqts8(s’ (tp’:timeC)) = PT_xrqtS(s (t:timeT))”,[])
THEN IMP_RES_TAC NOT_PTSTATE_IMP_NOT_PCSTATE;:;
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let P_DEST1_TRUB_IMP_P_FSM_MRQT _FALSE = TAC_PROOF
(e,
“y (£’ stimeC) (s’ :timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out).
PCSet_Correct s’ e’ p’ ==>
(¢’ > 0) ==>
P_destls (s’ t’) ==>
~P_f8m _mrqts (s’ t’')”),
REPEAT GBN_TAC
THEN DISCH_TAC
THEN DISCH_TAC -
THEN IMP_RES_TAC (RIMP ONE_LESS_EQ)
THEN IMP_RES_TAC (SPECL [“t’:timeC”;”1”] (SYM_RULE SUB_ADD))
THEN PURE_ONCE_ASM_REWRITE_TAC(]
THEN POP_ASSUM (\thm. ALL_TAC) % KEEP THIS %
THEN DISCH_TAC
THEN IMP_RES_TAC (SYM_RULE P_destl_ISO)
THEN IMP_RES_TAC P_fsm mrqt_ISO
THEN ASM_REWRITE_TACI[]
Yi:

let ALE_SIG_IB_FALSE_AWAITING_CGNT = TAC_PROOF
ey,
) (t stimeT) (pti :PTI)
(s :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(8’ stimeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out)
(tp’ ti’ :timecC) .
PCSet_Correct s’ e’ p’ ==>
NTH_TIME_TRUE t(ale_sig pb e’)0 tp’ ==>
tp’ > 0 a=>
PT_Bxec pti s e D t ==>
PT_PreC pti s e p t ==>
PStateAbs pti s ep t 8’ e’ p’ tp’ ==>
IBA_PMaster pti e p t e’ p’ ==>
Rst_Slave pti e t @/ ==>
STABLE_TRUE_THEN_FALSE (bsig I_cgnt_B e’) (tp’,ti’) ==>
BLEMENT (FST(IL_ad_inE (e’ tp’))) 31 ==>
(tp’ < ti') =z=>
STABLE_FALSE (ale_sig_ib p’) (tp’,ti’-1)7),
REPEAT STRIP_TAC
THEN IMP_RES_TAC (REWRITE_RULE [PRE_SUB1] LT_IMP_LE_PRE)
THEN ASM_REWRITE_TAC [STABLE_FALSE]
THEN REPEAT STRIP_TAC
THEN ASSUME_TAC
(BETA_RULE
(SPECL [“ale_sig_ib p’”;”t’:timeC”;"tp’ ttimeC”;”ti’-1"]}
FIRST_RBXISTS1))
THEN RES_TAC
THEN DELETE_ASSUM_TAC
vale_sig 1b p’/ t/ /\ tp’ <= t’' /\ £’ <= (ti’' - 1) ==>
(7u. €p’ <= u /\ u <= (ti’ - 1) /\
STABLE_FALSE_THEN_TRUE (ale_sig_ib p’) (tp’,u))”
THEN SUBGOAL_THEN “tp’ < u” ASSUME_TAC
THENL [
% Subgoal 1: (New Subgoal) %
REWRITE_ASSUM_TAC (“tp’' <= u”, [LESS_OR_EQ])
THEN POP_ASSUM_LIST (MAP_RERVERY (\thm. STRIP_ASSUME_TAC thm))
THEN ASM_REWRITE_TAC[]
THEN PREC_TAC
THEN ASM_REWRITE_ASSUM_TAC (“BELEMENT(FST(L_ad_inE(e’ (tp‘:timecC))))31~,(})
THEN NRULE_ASSUM_TAC
(“STABLE_TRUE_THEN_FALSE (bsig I_cgnt_R e’) (tp/,ti’)”,
(BETA_RULE o (REWRITE_RULE [STABLE_TRUE_THEN_FALSE;bsig;BSel])))
THEN POP_ASSUM_LIST (MAP_BRVERY (\thm, STRIP_ASSUME_TAC thm))
THEN ASSUME_TAC (SPEC “tp’:timeC” LESS_EQ_ REFL)
THEN SPEC_ASSUM_TAC
(“1t, tp’ <= t /\ t < tl’ ==> SND(I_cgnt_E(e’ t))”,”tp’:timec”)
THEN RES_TAC
THEN ASM_REWRITE_ASSUM _TAC (“SND(I_cgnt E(e’ (tp’:timec)))”,[])
THEN NRULE_ASSUM_TAC
(#STABLE_PALSE_THEN_TRUE (ale_sig_ib p’) (tp’,u)”,
(BETA_RULE o (REWRITE_RULE (STABLE FALSE_THEN_TRUE])))
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THEN
THEN
THEN
THEN
THEN
THEN
THEN

POP_ASSUM_LIST (MAP_RBVERY (\thm. STRIP_ASSUME_TAC thm))

UNDISCH_TAC
REWRITE_TAC
BETA_TAC

IMP_RES_TAC
IMP_RES_TAC
IMP_RES_TAC

7ale_sig_ib p’ u”
[ale_sig_ib;BsSel]

I_male_ISO
I_rale_ISO
I_cale_ISO

THEN ASM_REWRITE_TAC [WIRE]
THEN COND_CASES_TAC
THEN ASM_REWRITE_TAC (prove_constructors_distinct wire;
SYM_RULE (prove_constructors_distinct Wire)l

% Subgoal 2: (Continue) - [ “tp’ < u” ] - %
IMP_RES_TAC (REWRITE_RULE [PRE_SUBl] LT_IMP_LE_PRE)
THEN IMP_RES_TAC STABLE_FALSE_THEN
THEN ASSUMR_TAC (SPEC “u:timeC” LESS_EQ_ REFL)
THEN IMP_RRS_TAC NEW_P_DEST1_STABLE_FROM_TP’'_TO_TI’
THEN NRULE_ASSUM_TAC
(#“STABLE_TRUE_THEN_FALSE(bsig I_cgnt_E e’) (tp’,ti’)”,
(BRTA_RULE o (REWRITE_RULE [STABLE_TRUE_THEN_FALSE;bsig;BSell)))
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN SPEC_ASSUM_TAC
(“tt. tp’ <=t /\ t < ti’ ==> SND(I_cgnt_E(e’ t))”,"u:timecC”)
THEN IMP_RES_TAC (RIMP ONE_LESS_EQ)
THEN IMP_RES _TAC LESS_RQ_TRANS
THEN IMP_RES_TAC (REWRITE_RULE (PRE_SUB1] LE_PRE_IMP_LT)
THEN RES_TAC
THEN REWRITE_ASSUM_TAC
(“STABLE_FALSE_THEN_TRUE(ale_sig_ib p’) (tp’,u}”,
[STABLE_FALSE_THEN_TRUE])
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN UNDISCH_TAC “ale_sig_ib p’ u”
THEN UNDISCH_TAC “P_destls(s’(u + 1))~
THEN IMP_RES_TAC P_destl_ISO
THEN ASM_REWRITE_TACI]
THEN DISCH_TAC
THEN REWRITE_TAC [ale_sig_ib;BSel]
THEN BETA_TAC

THEN
THEN
THEN

IMP_RES_TAC

I_male_ISO

IMP_RES TAC I_rale_ISO
IMP_RES_TAC I_cale_ISO
ASM_REWRITE_TAC [WIRE]

THEN COND_CASES_TAC
THEN ASM_REWRITE_TAC [prove_constructors_distinct wire;
SYM_RULE (prove_constructors_distinct wire))
]
)i

let ALE_SIG_IB_TRUE_AFTER_TP‘ = TAC_PROOF
(Cr1,
“1 (t stimeT) (pti :PTI)
(8 :timeT~>pt_state) (e :timeT->pt_env)
(s’ itimeC->pc_state) (e’
(tp’ :timecC) .
PCSet_Correct s’ e’ p’' ==>
NTH_TIME_TRUE t (ale_sig pb ‘) 0 tp’ ==>
(tp’ > 0) ==>
PT _Bxec pti s e p t ==>
PT_PreC pti @ e p t ==>
PStateAbs pti s e p t s’ e’ p’ tp’' ==>
IBA_PMaster pti e p t e’ p‘ ==>
Ret_Slave ptl e t e’ ==>
~(~ELEMENT (PST(L_ad_inR (e’ tp’))) 31 /\
New_State_Is_PA 8’ e’ tp') ==>
(7ti’:timeC. STABLE_FALSE_THEN_TRUR
(ale_sig_ib p’) (tp’.ti’))"),

(p :timeT->pt_out)
itimeC->pc_env) (p’ :timeC->pc_out)

REWRITE_TAC [DE_MORGAN_THM]

THEN PURE_ONCE_REWRITE_TAC [DISJOINT_OR]
THEN REPEAT STRIP_TAC

THEN IMP_RES_TAC IBA_READY ASSUMPS

THEN IMP_RES_TAC PREC

THEN RES_TAC
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THENL [
% Subgoal 1: [ “ELEMENT(FST(L_ad_inB(e’ tp‘)))31” 1 %
SUBGOAL_THEN
#CHANGRBS_FALSE (bsig I_crgt_O p‘) tp'”
ASSUME_TAC
THENL [
% Subgoal 1.1: “CHANGES_FALSE (bsig I_crqgt_O p’)tp’” %
REWRITE_TAC [CHANGES_FALSE;bsig;BSel]
THEN BETA_TAC
THEN CONJ_TAC
THENL [ =
% Subgoal 1.1.1: “{(tp’ = 0) \/ SND(I_cxrqgt_oO(p’/(tp’ - 1)))" %
DISJ2_TAC
THEN PREC_TAC
THEN REWRITE_ASSUM_TAC
(“tp’ > 07, [SYM_RULE ONE_LESS_BRQ])
THEN IMP_RES_TAC (SPRCL [“tp’:timeC”;”1”] SUB_ADD)
THEN IMP_RES_TAC (SYM_RULR P_rqgt_ISO)
THEN SPEC_UNDISCH_MATCH_RHS_TAC
(“P_rqgts8(s’(t + 1))”,"tp’-1")
THEN ASM_REWRITE_TACI]
THEN DISCH_TAC
THEN IMP_RES_TAC I_crqt_ISO
THEN ASM_REWRITE_TACI]

% Subgoal 1.1.2: “~SND(I_crqt_oO(p’ tp’))"” %
PREC_TAC
THEN IMP_RES_TAC RST_FALSE
THEN SPRC_ASSUM_TAC (“!u’:timeC. SND(RstE(e’ u’)) = F”,”tp’:timec”)
THEN IMP_RES_TAC P_RQT_PREVENTS_NEW_STATE_PD
THEN IMP_RES_TAC NTH_ALE_SIG_PB_TRUR
THEN REWRITE_ASSUM_TAC
(#“~New_State_Is_PD 8’ e’ tp’”, [New_State_Is_PD])
THEN IMP_RES_TAC I_crqt_ISO
THEN ASM_REWRITRE_TACI([]
1

% Subgoal 1.2: [ “CEANGES_FALSE(bsig I_crgt_O p‘ltp’'” 1 %
RES_TAC
THEN IMP_RES_TAC ALE_SIG_IB_FALSE_AWAITING_CGNT
THEN NRULE_ASSUM_TAC
(“STABLE_TRUE_THEN_FALSE (bsig I_cgnt_E e’) (tp’,v')”,
(BETA_RULE o
(REWRITE_RULE [STABLE_TRUE_THEN_PALSE;bsig;BSel])))
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN SUBGOAL_THEN
“~SND(I_cgnt_E(e’ v’)) ==>
(SND(I_hold E(e’ v’)) /\ New_State_Is_PA s’ e’ v')”
IMP_RES_TAC
THENL [
% Subgoal 1,2.1:
“~SND(I_cgnt _R(e’ v')) ==>
SND(I_hold_E(e’ v’)) /\ New_State_Is_PA 8’ e’ v'" %
SPEC_ASSUM_TAC
(“1p’. STABLE_FALSE(ale_sig_ib p’) (tp’,v' - 1)~,
“p’itimeC->pc_out”)
THEN ASSUME_TAC (SPEC “v’/:timeC” LESS_EQ_REFL)
THEN IMP_RES_TAC SUB_LESS_OR
THEN ASSUME_TAC (SPECL {#v’itimeC”;~1”] SUB_LESS_EQ)
THEN IMP_RES_TAC NEW_P_DEST1l_STABLE_FROM_TP’_TO_TI’
THEN IMP_RES_TAC NEW_STATE_PD_FALSE_FROM_TP’_TO_TI‘
THEN IMP_RES_TAC NEW_P_RQT_TRUE_FROM_TP‘_TO_TI’
THEN DISCH_TAC
THEN POP_ASSUM_LIST
(MAP_RVBRY (\thm. ASSUME_TAC (REWRITE_RULE ([BSel] thm)))
THEN RES_TAC
THEN ASM_REWRITE_TAC [New_State_Is_PA]}
THEN COND_CASES_TAC
THEN ASM_REWRITE_TAC(]
THEN REWRITE_ASSUM_TAC (“tp’ > 07, [SYM_RULE ONB_LESS_EQ])
THEN IMP_RES_TAC LESS_EQ_TRANS
THEN IMP_RES_TAC (SPECL [“v’:timeC”;”1”) SUB_ADD)
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THEN IMP_RES_TAC P_f£fsm_hold_ISO
THEN ASM_REWRITE_ASSUM_TAC (“P_fsm hold_sS(s'((v’ - 1) + 1))~,[))
THEN ASM_REWRITE_TACI[]
THEN IMP_RES_TAC
(SPECL [“s’:timeC->pc_state”;”e’:timeC~>pc_env”; v’ ~-1"]
NEXT_STATE_NOT_PD)
THENL [
% Subgoal 1.2.1.1: [ “New_State_Is_PA s’ e’(v’' - 1)” 1 %
UNDISCH_TAC “New_State_Is_PA s8' e’'(v’ - 1)”
THEN IMP_RRS_TAC P_fsm _state_ISO
THEN SPEC_UNDISCH_MATCH_LHS TAC =
(#p_£fsm_stateS(s’(t + 1))”,7v’-1")
THEN ASM_REWRITE_TAC [New_State_TIs_PA]
THEN DISCH_TAC
THEN DISCH_TAC
THEN ASM_RBWRITE_TAC
[SYM_RULE (prove_constructors_distinct pfsm_ty_Axiom)])
THEN POP_ASSUM (\thm. ALL_TAC)
THEN POP_ASSUM (\thm. ALL_TAC)
THEN SPEC_ASSUM_TAC
(#1t. tp’ <=t /\ t < v’ ==> SND(I_cgnt_E(e’' t))”, "v’'-1")
THEN IMP_RES_TAC (REWRITE_RULE {[PRE_SUBl] LE_IMP_PRE_LT)
THEN RES_TAC
THEN IMP_RES_TAC P_fam_cgnt_ISO
THEN UNDISCH_TAC “P_fsm_cgnt_S(s’((v’ - 1) + 1))”
THEN FILTER_ASM_REWRITE_TAC
(\tm. not (tm = “(v’/ - 1) + 1 = v'#)) []
THEN ASM_REWRITE_TAC([]
THEN DISCH_TAC
THEN ASM_REWRITE_TACI[]}
THEN ASM_REWRITE_ASSUM_TAC
(“P_destlsS(s’/((v’ - 1) + 1))~,I11)
THEN IMP_RES_TAC (LIMP ONE_LESS_EQ)
THEN IMP_RES_TAC P_DRST1_TRUE_IMP_P_FSM_MRQT_FALSE
THEN ASM_REWRITE_TAC[]

% Subgoal 1.2.1.2: [ “New_State_Is_PH 8’ e’'(v’ - 1)" 1 %
UNDISCH_TAC “New_State_Is_FH s’ e/(v’ - 1)”
THEN IMP_RES_TAC P_fsm _state_ISO
THEN SPEC_UNDISCH_MATCH_LHS_TAC
(“P_fsm_stateS(s’(t + 1))7,"v’-1")

THEN ASM_REWRITE_TAC [New_State_Is_PH]
THEN DISCH_TAC
THEN DISCH_TAC
THEN ASM_REWRITE_TAC

[SYM_RULE (prove_constructors_distinct pfsm_ty_ Axiom)]

] .

% Subgoal 1.2.2: [ “SND(I_hold _Bl(e’ v’))” ]
[ “New_sState_Is PA s’ @’/ v'” ] %
EXISTS_TAC “v'sitimeC”
THEN REWRITE_TAC [STABLE_FALSE_THEN_ TRUBE;ale_sig ib;BSel])
THEN BETA_TAC
THEN ASM_REWRITE_TAC[]
THEN CONJ_TAC
THENL {
% Subgoal 1.2.2.1: “it, tp’ <= t /\ t < Vv/ ==>
~(SND(I_hlda_O(p’ t)) /\
((SND(I_male_O(p’ t)) = LO) \/
(SND(I_rale_O{(p’' t)) = LO) \/
~SND (I_cale_O(p’ t))))" %

NRULE_ASSUM_TAC
(#!p’. STABLE_FALSE(ale_sig_ib p’)(tp’,v’ - 1)~,
((SPEC “p’:timeC->pc_out”) o BETA_RULE o
(REWRITE_RULE {[STABLE_FALSE;ale_sig_ib;BSel])))

NRULE_ASSUM_TAC
(“STABLE_FALSE (ale_sig_ib p’) (tp’,v’' - 1)#,
(BETA_RULE o (REWRITE_RULE [STABLE_FALSE;ale_sig_ib;BsSel]l)))
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN GEN_TAC
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THEN IMP_RES_TAC (RIMP ONE_LESS_EQ)
THEN IMP_RES_TAC LESS_EQ_ TRANS
THEN ASSUME_TAC
(REWRITE_RULE [PRE_SUB1]
(SPECL [“t’:timeC”;”v’:timeC”] LT_EQ_LE_PRE))
THEN RES_TAC
THEN ASM_REWRITE_TAC[)

% Subgoal 1.2.2.2: “ ~SND(I_hlda_oO(p’ v‘)) /\
((SND(I_male_O(p’ v’)) = LO) \/
(SND(I_rale_O(p’ v’)) = LO) \/™~
~SND(I_cale_O(p’ v’'))})” %
IMP_RES_TAC I_hlda_ISo
THEN IMP_RES _TAC I_cale_ISO
THEN REWRITE_ASSUM_TAC
(#“New_State_Is_PA s’ e’ v'”,[New_State_Is_PA])
THEN ASM_REWRITE_TAC
[SYM_RULE (prove_constructors_distinct pfsm_ty_Axiom)]

}

% Subgoal 2: [ “~ELEMENT(FST(L_ad_inR(e’ tp’)))31” ]
[ “~New_State_Is_PA s’ e’ tp’'“ ] %
IMP_RES_TAC NEXT_STATE_NOT_PA
THENL [
% Subgoal 2.1: [ “new state = PD” ] %
REWRITE_ASSUM_TAC
(“PStateAbs pti s e p t 8’ e’ p’' tp’”,[PStateAbs])
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN RES_TAC
THEN REWRITE_ASSUM_TAC (“New_State_Is_PD s’ e’ tp'”, [New_State_Is_PD])
THEN ASM_REWRITE_ASSUM_TAC
(“P_rqts(s’ (tp’:timeC)) = PT_rqtS(s (t:timeT))”,[])
THEN IMP_RES_TAC (SPEC “PT_fsm_stateS(s (t:timeT))” NOT_PD)
THEN ASM_REWRITE_ASSUM_TAC
(“p_fom _statesS(s’ (tp’:timeC)) = PT_fsm stateS(s {(t:timeT))~,[])
THEN IMP_RES_TAC PA_IMP_NOT_ PD
THEN IMP_RES_TAC PH_IMP_NOT_PD
THEN IMP_RES_TAC
(REWRITE_RULE ([New_sState_Is_PD] P_RQT_PREVENTS_NEW_STATE_PD)

% Subgoal 2.2: [ “new state = PH” ] %
IMP_RES_TAC RVENTUALLY_ PA_AFTER_PH
THEN SUBGOAL_TRHEN
“STABLE_FALSE_THEN_TRUE(\v’. New_State_Is_PA 8’ e’ V') (tp’,u’)
==> (tp’<u’)
==> STABLE_FALSE(ale_sig ib p’) (tp’,(u‘-1))~
IMP_RES_TAC
THENL [
% Subgoal 2.2.1: (New subgoal) %
REWRITE_TAC [STABLE_FALSE_THEN_TRUE; STABLE_TRUR;ale_sig_ ib;BSel;
STABLE_FALSE]
THEN BETA_TAC
THEN REPEAT STRIP_TAC
THEN IMP_RES_TAC SUB_LESS_OR
THEN SPEC_ASSUM_TAC
(#1t, tp’ <=t /\ t < u’' ==> ~New_State_Is_PA s’ e’ t”,
“t’itimec”)
THEN REWRITE_ASSUM_TAC (“tp‘ > 07, [SYM_RULE ONE_LESS_EQ])
THEN IMP_RES_TAC LESS_EQ_TRANS
THEN IMP_RES_TAC (REWRITE_RULE [PRE_SUBl] LE_PRE_IMP_LT)
THEN RES_TAC
THENL [
% Subgoal 2.2.1.1: [ “SND(I_male O(p’ t‘)) = LO” ] %
UNDISCH_TAC “SND(I_male_O(p’ (t’:timeC))) = LO”
THEN IMP_RES_TAC I_male_ISO

% Subgoal 2.2.1.2: [ “SND(I_rale_ O(p’ t’)) = LO” ] %

UNDISCH_TAC “SND(I_rale_O(p’ (t‘’:timeC))) = LO”
THEN IMP_RES_TAC I_rale_ISO
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% Subgoal 2.2.1.3: { “~SND(I_cale_O(p’ t’))” 1 %
UNDISCH_TAC “~SND(I_cale_O(p’ (t’:timecC)))~
THEN IMP_RES_TAC I_cale_ISO
]
THEN REWRITE_ASSUM_TAC
(#~New_State_Ts_PA s’ e’ t’'”,[New_State_Is_PA])
THEN ASM_REWRITE_TAC[WIRE]
THEN COND_CASES_TAC
THEN ASM_REWRITE_TAC
[SYM_RULE (prove_constructors_distinct wire);
prove_constructors_distinct wire]

% Subgoal 2.2.2 %
IMP. RES_TAC NEW_P_DEST1_STABLE_FROM_ TP’ _TO_TI’
THEN POP_ASSUM (\thm. ALL_TAC)
THEN POP_ASSUM (\thm. ALL_TAC)
THEN IMP_RES_TAC NEW_P_RQT_TRUE_FROM_TP'_TO_TI’
THEN SPEC_ASSUM_TAC
(#1E’, tp’ <= t' ==>
t! <= u’ ==>
(P_destlsS(s’'(t’ + 1)) =
ELEMENT (FST(L_ad_inE(e’ tp’)))31)~,7a’-1")
THEN SPEC_ASSUM_TAC
(“1t’, tp’ <= t' ==>
t! <= 1! ==>
New_P_Rgt_TIs_TRUE s’ e’ t’”,"y’'~1")
THEN ASSUME_TAC (SPRC “u’:timeC” LESS_EQ_REFL)
THEN ASSUME_TAC (SPEC “u’-1” LESS_EQ RRFL)
THEN NRULE_ASSUM_TAC
(“STABLE_FALSE (ale_sig_ib p’) (tp’,u’ - 1)~,
(BETA_RULE © (REWRITE_RULE [STABLE_FALSE))))
THEN POP_ASSUM _LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN ASSUME_TAC (SPECL [“u‘’:timeC”;”1”] SUB_LESS_EQ)
THEN REWRITE_ASSUM_TAC (“tp’ > 07, [SYM_RULE ONE_LESS_REQ])
THEN IMP_RES_TAC LESS_EQ_TRANS
THEN RES_TAC
THEN IMP_RES_TAC (SPECL [#u’:timeC”;”17”] SUB_ADD)
THEN ASM_REWRITE_ASSUM_TAC
(“p_destlS(s’((u’ - 1) + 1)) =
BLEMENT (FST(L_ad_inE(e’ (tp’:timeC))))31~,([])
THEN NRULE_ASSUM_TAC
(#STABLE_FALSE_THEN TRUE(\v’, New_State_Is_PA s’ e’ Vv’)
(tp’,u’)”,
{BERTA_RULE o (REWRITE_RULE [STABLE_FALSE_THEN TRUE])))
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN EXISTS_TAC “u’:timeC”
THEN REWRITE_TAC [STABLE_FALSE_THEN_TRUB;ale_sig_ib;BSel]
THEN BETA_TAC
THEN ASM_REWRITE_TACI])
THEN CONJ_TAC
THENL [
% Subgoal 2.2.2.1: “lt, tp’ <=t /\ t < u’ ==>
~(SND(I_hlda_o(p’ t)) /\
((SND(I_male_O(p’ t)) = LO) \/
(SND(I_rale_O(p’ t)) = LO) \/
~SND(I_cale_O(p’ t))))” %
GEN_TAC
THEN ASSUME_TAC
(REWRITE_RULE [PRE_SUB1]
(SPECL [#t’:timeC”;”u’:timeC”] LT_EQ LE_PRE))
THEN RES_TAC
THEN ASM_RBWRITE_TAC()
THEN NRULE_ASSUM_TAC
(“1t., tp’ <= t /\ t <= (u’ - 1) ==> ~ale_sig ib p’ t~,
(BBTA_RULE o (REWRITE_RULE f{ale_sig ib;BSell)))
THEN ASM_REWRITE_TACI]

% Subgoal 2.2.2.2: “SND(I_hlda_O(p’ u’)) /\
((SND(I_male O(p’ u’)) = LO) \/
(BND(I_rale_O(p’ u’)) = LO) \/
~SND(I_cale_O(p’ u’)))” %
CONJ_TAC
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THENL [
% Subgoal 2.2.2.2.1: “SND(I_hlda_O(p’ u’))” %
IMP_RBS_TAC I_hlda_ISO
THEN REWRITE_ASSUM_ TAC
(”New_sState_Is_PA 8’ e’ u’”, [New_State_Is_PA])
THEN ASM_REWRITE _TAC
[SYM_RULE (prove_constructors_distinct pfsm_ty_Axiom))

% Subgoal 2.2.2.2.2: #(SND(I_male_O(p‘ u’)) LO) \/
(SND(I_rale_O(p’ u’)) LO) \/
~SND{(I_cale_O(p’ u’))” % ~-

IMP_RES_TAC RST_FALSE

THEN SPEC_ASSUM_TAC

(#“lu’:timeC, SND(RstB(e’ u’)) = F”,”u’:timecC”)

THEN IMP_RES_TAC P_rqt_ISO

THEN SPREC_UNDISCH MATCH_LHS_TAC (”“P_rqtsS(s’(t + 1))7,"a’'-17)

THEN ASM_REWRITE_TACI{]

THEN DISCH_TAC

THEN ASM_REWRITE_ASSUM_TAC

(#“New_P_Rqgt_Is_TRUE 8’ e’ (u’-1)",
[New_P_Rqgt_Is_TRUE;New_State_Is_PD])

THEN IMP_RES_TAC I_male_ISO

THEN IMP_RES_TAC I_rale_ISO

THEN REWRITE_ASSUM_TAC

(#“New_State_Is_PA 8’ e’ u’”, [New_state_Is_PA])
THEN ASM_REWRITE_TAC
{SYM_RULE (prove_constructors_distinct pfsm_ty_Axiom);
prove_constructors_distinct pfsm_ty_Axiom;WIRE;
COND_TRUE_TRUE ; COND_TRUE_CHOICES]
THEN ASM_CASES_TAC
#SUBARRAY (P_addrS(s’ (u’:timeC))) (25,24) = WORDN 1 3~
THEN ASM_REWRITE_TAC[)

]
Yis

let TI'_AFTER_TP’ = TAC_PROOF
(([3,
“) (t :timeT) (pti :PTI)
(s :timeT->pt_state) (e :itimeT->pt_env) (p :timeT->pt_out)
(8’ :timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out)
(tp’ ti’ :timeC) .
PCSet_Correct 8’ e’ p’' ==>
NTH_TIME_TRUE t (ale_sig pb e’) 0 tp’ ==>
(tp’ > 0) ==>
PT _Exec pti s @ p t ==>
IBA_PMaster pti e p t e’ p’ ==>
Rst_Slave pti e t e’ ==>
PT_PreC ptl s e p t =a>
PStateAbs pti s e p t 8’ e’ P’ tp' ==>
STABLE_FALSE_THEN_TRUE (ale_sig ib p’) (tp‘,ti’) ==>
(ELEMENT (FST(l_ad_inE (e’ tp‘))) 31 \/
~New_State_Is_PA s’ e’ tp’') ==>
(ep’ < tin)m),
REWRITE_TAC [STABLE_FALSE_THEN_TRUE; LESS_OR_EQ]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI[]
THENL [
% Subgoal 1: [ “ELEMENT(FST(L_ad_inE(e’ tp’)))31“ 1 %
IMP_RES_TAC IBA_READY_ ASSUMPS
THEN SUBGOAL_THEN
“CHANGES_FALSE (bsig I_crqt_O p’)tp’'” ASSUME_TAC
THENL [
% Subgoal 1.1: “CHANGES_FALSE (bsig I_crqt_O Dp/)tp’'” %
REWRITE_TAC [CHANGES_FALSE;bsig;BSell]
THEN BETA_TAC
THEN CONJ_TAC
THENL [
% Subgeoal 1.1.1: #(tp’ = 0) \/ SND(I_cxrqt_o(p’'{tp’ - 1)))” %
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DISJ2_TAC

THEN PREC_TAC

THEN REWRITE_ASSUM_TAC (“tp’ > 0”, [SYM_RULE ONE_LESS_EQ])
THEN IMP_RES_TAC (SPRCL [“tp’:timeC”;”1”) SUB_ADD)

THEN IMP_RES_TAC (SYM RULR P_rqgt_ISO)

THEN SPEC_UNDISCH_MATCH_RHS TAC (“P_rqtS(s’/(t + 1))}”,7tp’'-1")
THEN ASM REWRITE_TAC[]

THEN DISCH_TAC

THEN IMP_RES_TAC I_crqt_ISO

THEN ASM_REWRITE_TACI[)

% Subgoal 1.1.2: “~SND(I_crqt_O(p’ tp’))” %

PREC_TAC

THEN IMP_RES_TAC RST_FALSE

THEN SPEC_ASSUM_TAC (“!u’:timeC, SND(RstE(e’ u’)) = F”,”ti’:timec”)

THEN IMP_RES_TAC P_RQT_PREVENTS NEW_STATE_PD
THEN UNDISCH_TAC

“.p_rqt8(s’ tp’) ==> tp’ > 0 ==> ~New_State_Is_PD 8’ e’ tp’”

THEN FILTER_ASM_ REWRITE_TAC

(\tm. npot (tm = “P_fsm stateS(s’ (tp’:timeC)) =
PT_fsm_stateS(s (t:timeT))”))
[New_State_Is_PD]}

THEN DISCH_TAC

THEN IMP_RES_TAC NTH_ALE_SIG_PB_TRUE

THEN ASM_REWRITE_ASSUM TAC (“~SND(L_ads_E(e’ (tp’:timecC)))”,[])
THEN ASM_REWRITE_ASSUM TAC (#SND(L_den_E(e’ (tp’/:timecC)))”,[])
THEN ASM_REWRITE_ASSUM_TAC

{“BLEMENT (FST(L_ad_inE(e’ (tp’:timeC))))31~”,[])

THEN IMP_RES_TAC I_crqt ISO
THEN FILTER_ASM_REWRITE_TAC

]

(\tm. not (tm = “P_fsm statesS(s’ (tp’:timeC)) =
PT_fam stateS(s (t:timeT))”))
(New_State_Is_PD]

% Subgoal 1.2: [ “CHANGES_FALSE (bsig I_crqt_O p’)tp’” 1 %
RES_TAC

THEN
THEN

THEN
THEN
THEN
THEN
THEN

THEN

THEN

THEN

THEN

THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN

THEN
THEN

NRULER_ASSUM_TAC
(“STABLE_TRUE_THEN_FALSE (bsig I_cgnt_E e’)(tp’,v’)”",

(BRTA_RULE o (REWRITE_RULE [STABLE_TRUE_THEN_FALSE:bsig;BSell])))
POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
SPRC_ASSUM_TAC

(#1t. tp’ <= t /\ t < v’ ==> SND(I_cgnt_E(e’ t))~,”tp’:timeC”)
ASSUME_TAC (SPEC “tp’:timeC” LESS_EQ_RRFL)

RES_TAC

ASM_REWRITE_ASSUM_TAC (“SND(I_cgnt_E(e’ (tp’:timeC)))”,[])
IMP_RES_TAC PREC

REWRITE_ASSUM_TAC

(#“PStateAbs ptl s e p t 8’ e’ D’ tp’”, [PStateAbs])
POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))

RES_TAC
ASM_REWRITE_ASSUM_TAC

(“P_rgtS(s’ (tp’:timeC)) = PT_rqtS(s (t:timeT))~, (1)
ASM_REWRITE_ASSUM_TAC

(“BLEMENT (FST(L_ad_inE(e’ (tp’:timeC))))31~,[])
DELETE_ASSUM_TAC

“p_fam_statesS(s’ (tp’itimeC)) = PT_£sm_stateS(s (t:timeT))”
UNDISCH_TAC “ale_sig_ib p’ ti’~
REWRITE_TAC [ale_sig_ib;BSel]

BBETA_TAC

IMP_RES_TAC I_male_ISO

IMP_RES_TAC I_rale_ISO

IMP_RES_TAC I_cale_ISO

ASM_REWRITE_TAC []

ASM_CASES_TAC “New_State_Is_PH 8’ e’ ti’”

REWRITE_ASSUM_TAC (“New_gState_Is_PH 8’ e’ ti’”, [New_State_Is_PH])
ASM_REWRITE_TAC [WIRB;prove_constructors_distinct wire;

SYM_RULE (prove_constructors_distinct wire)])
REWRITE_ASSUM_TAC (“~New_State_Is_PH 8’ e’ ti’”, [New_State_Is_PH])
ASM_REWRITE_TAC ([WIREB;prove_constructors_distinct wire;

SYM_RULE (prove_constructors_distinct wire)]
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% Subgoal 2: [ “~New_State_Is_PA s’ e’ tp’” ] %
IMP_RES_TAC IBUS_ALE_IMP_PA

THEN ASM_REWRITE_ASSUM_TAC (“~New_State_Is_PA s’ e’ tp’”,[])

THEN RES_TAC
1
Vi

let IBUS_TRANS RXISTS = TAC_PROOF

(([1,
“#) (t stimeT) (pti :PTI)

(s :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(8’ :timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out)

(tp’ :timeC) .
PCSet_Correct s’ e’ p’ ==>

NTH_TIME_TRUE t (ale_sig pb e’) 0 tp’ ==>

(tp’ > 0) ==>
PT_Exec pti 8 e p t ==>
PT_PreC ptli 8 e p t ==>
PStateAbs pti s ep t 8’ e’ P’ tp’ ==>
IBA_PMaster ptli e p t e’ p’ ==>
Ret_Slave pti e t &' ==>
(?ti’:timeC. STABLE_FALSE_THEN_TRUE

(ale_sig_1ib p’) (tp’,ti’))”),

REPEAT STRIP_TAC
THEN ASM_CASES_TAC

#.BLEMENT (FST(L_ad_inE (e’ tp‘))) 31 /\ New_State_Is_PA s’ e’ tp’”

THENL [
% Subgoal 1: [ “~ELEMENT(FST(L_ad_inB(e’ tp’)))31 /\
New_State_Is _PA 8’ @’ tp’” 1 %
EXISTS_TAC “tp’:timeC”
THEN REWRITE_TAC [STABLE_FALSE_THEN_TRUE]
THEN BETA_TAC

THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))

THEN IMP_RES_TAC ALE_SIG_IB_TRUE_ON_TP'
THEN ASSUME_TAC (SPEC “tp’:timeC” LESS_EQ_REFL)
THEN ASM_REWRITE_TACI[]
THEN GEN_TAC
THEN ASM_CASES_TAC “tp’ <= t'"
THENL [
% Subgoal 1.1: [ #“tp’ <= t’'” ]| %
IMP_RES_TAC (RIMP NOT_LESS)
THEN ASM_REWRITE_TAC[)

% Subgoal 1.2: [ #~tp’ <= t’'" ] %
IMP_RES_TAC NOT_LESS_EQ LRSS
THEN ASM_REWRITE_TACI[]

]

% Subgoal 2: [ “~(~ELEMENT(FST(L_ad_inE(e’ tp‘)))31 /\
New_State_Is PA 8’ e’ tp’')” 1 %
IMP_RES_TAC ALE_SIG_IB_TRUE_AFTEBR_TP'
THEN BXISTS_TAC ~ti’:timeC”
THEN ASM_REWRITE_TAC(]
]
Yis

let OFFSET_NEW_STATE_PD_FROM_TI‘_TO_T'SACK = TAC_PROOF
e,

“1 (u’ tl’ t’sack :timeC) (8’ :timeC->pc_state) (e’ :timeC->pc_env)

(p’ :itimeC->pc_out) .
PCSet_Correct s’ e’ p’ ==>
(tp’ > 0) =xd>
PT_Bxec pti s e p t ==>
PT_PreC pti s e p t ==>
PStateAbs ptl s e p t 8’ e’ p’ tp’ ==>
IBA_PMaster pti e p t o’ p’ ==>
Rst_Slave pti e t e’ ==>
ale_sig_ib p’ ti’ ==>
STABLE_FALSE_THEN_TRUE (Sack_Sig Is_TRUE s’ e')
{(ti’+u’+1l) <= t’sack) ==>
New_State_Is PD s’ e’ (ti’+u’+l)”),
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INDUCT_TAC
THENL [
% Subgoal 1: (Base Case) %
REWRITE_TAC [STABLE_FALSE_THEN_TRUE; Sack_Sig_1Is_TRUE;ADD_CLAUSES]
THEN BETA_TAC
THEN REPBAT STRIP_TAC
THEN IMP_RES_TAC IBUS_ALE_IMP_PA
THEN SUBGOAL_THEN
“New_State_Is_PA 8’ e’ ti’ ==> (P_fsm_statesS (s’ (ti’+l)) = PA)”
IMP_RES_TAC
THENL [ =
% Subgoal 1.1: (New subgoal) %
REWRITE_TAC [New_sState_Is_PA]
THEN DISCH_TAC
THEN IMP_RRES_TAC P_fsm_state_ISO
THEN SPEC_UNDISCH_MATCH_LHS_TAC (“P_fsm_stateS (s (t+1))”,7ti’:timeC”)
THEN ASM_REWRITE_TAC []
THEN DISCH_TAC
THEN ASM_REWRITE_TAC(]
; % Subgoal 1.2: [ “P_fsm_statesS(s’(tl’ + 1)) = PA” ] %
ASSUMR_TAC
(PURE_ONCE_REWRITE_RULE
[ADD_SYM] (SPRCL [#17”;7ti’:timeC”] LESS_EQ ADD))
THBEN IMP_RES_TAC P_FSM_RST_FALSE
THEN IMP_RES_TAC IBUS_ALE_IMP_FSM_RQT
THEN ASM_REWRITE_TAC
[New_sState_Is_PD;
SYM_RULE (prove_constructors_distinct pfsm_ty_ Axiom)]
]

% Subgoal 2: (Induction step) %
REWRITE_TAC [ADD1l;ADD_ASSOC]
THEN POP_ASSUM_LIST
(MAP_RVERY (\thm. ASSUME_TAC (REWRITE_RULE [ADD1;ADD_ASSOC] thm)))
THEN REPEAT STRIP_TAC
THEN ASSUME_TAC (SPECL [#(ti’+u’)+17;717] LESS_EQ_ADD)
THEN IMP_RES_TAC LESS_EQ_TRANS
THEN RES_TAC
THEN SUBGOAL_THEN
“New_State_Is_PD s’ e’ ((ti’+u’)+l) ==>
(P_fsm_statesS (s’ (((ti‘+u’)+1)+1)) = PD}”
IMP_RES_TAC
THENL [
% Subgoal 2.1: (New subgoal) %
REWRITE_TAC [New_sState_Is_PD]
THEN DISCH_TAC
THEN IMP_RES_TAC P_fsm_state_ISO
THEN SPRC._UNDISCH_MATCH_LHS_TAC (“P_fsm_states (s (t+l))~”,”(ti’+u’)+1”)
THEN ASM_REWRITE_TAC []
THEN DISCH_TAC
THEN ASM_REWRITE_TACI]

% Subgoal 2.2: [ “P_fsm _statesS(s’(((tl’ + u’) + 1) + 1)) = PD” ] %
SUBGOAL_THEN “~P_fam sacks (s’ (((ti’+u’)+1)+1))” ASSUME_TAC
THENL [
% Subgoal 2.2.1: (New subgoal) %
NRULE_ASSUM_TAC
(#“STABLE_FALSE_THEN_TRUE (Sack_Sig_Is_TRUE s’ e’)(ti’,t’sack)”,
(BETA_RULE o (REWRITE_RULE (STABLE_FALSE_THEN_TRUE])))
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN SPEC_ASSUM_TAC
(#1t. ti’ <=t /\ t < t’sack ==>
~Sack_8Sig Is_TRUE s’ e’ t#,”(ti’+u’)+1”)
THEN SUBGOAL_THEN “ti’ <= ((ti’ + u’) + 1)7 ASSUMB_TAC
THENL [
% Subgoal 2.2.1.1: (New subgoal) - “ti’ <= ((ti’ + u’) + 1) %
REWRITE_TAC [ASSOC_ADD_ADD1;LESS_EQ_ADD]

% Subgoal 2.2.1.2: (Continue) %
SUBGOAL_THEN ~“((ti’ + u’) + 1) < t’sack” ASSUME_TAC
THENL [
% Subgoal 2.2.1.2.1: (New subgoal): “((ti’+u’) + 1) < t’sack” %
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ASSUME_TAC
(SPECL {#17;7ci 4u’ "]
(PURE_ONCE_REWRITE_RULE [ADD_SYM] LESS_EQ_ADD))
THEN IMP_RES_TAC LESS_EQ_TRANS
THEN IMP_RES_TAC (REWRITE_RULE [ADD1] SUC_LE_IMP_LT)

% Subgoal 2.2.1.2.2: (Continue) %
RES_TAC
THEN NRULE_ASSUM_TAC
(#“~Sack_8Sig _Is_TRUE 8’ e’'{((ti’ + u’) + 1)~,
(BETA_RULE o ="
(REWRITE_RULE ([Sack_Sig_Is_TRUE;New_State_Is_PD])))
THEN IMP_RES_TAC P_fsm_sack_ISO
THEN ASM_REWRITE_TACI[]

]

% Subgoal 2.2.2: [ “~P_fasm_sackS(s’({{(ti’ +u’) + 1) +1))" 1 %
ASSUME_TAC
(PURE_ONCE_REWRITE_RULE
[ADD_SYM] (SPECL [#17;7(ti’+u’)+1”] LRSS_RQ ADD))
THEN IMP_RES_TAC P_FSM_RST_FALSE
THEN ASM_REWRITE_TAC
[New_State_Is_PD;prove_constructors_distinct pfsm_ty_Axiom;
SYM_RULE (prove_constructors_distinct pfsm_ty_Axiom)]

1
)i

let NEW_STATE_PD_FROM TI’'_TO_T’SACK = TAC_PROOF
(3,
“) (¢’ ti’ t’sack :timeC) (8’ :timeC->pc_state) (e’ :timeC->pc_env)
(p’ :timeC->pc_out) .
PCSet_Correct s’ e’ p’ ==>
(tp’ > 0) ==>
PT_Exec pti 8 e p t ==>
PT _ PreC pti s e p t ==>
PStateAbs pti s ep t s’ e’ p’ tp’ ==>
IBA_PMaster pti e p t e’ p’ ==>
Ret_Slave pti e t e’ ==>
ale_pgig ib p’ ti’ ==>
STABLE_FALSE_THEN_TRUE (Sack_sSig Is_TRUE 8’ e’} (ti’,t’sack) ==>
((td741) <= t’) ==>
(t’ <= t’sack) ==>
New_State_Is_PD 8’ e’ t'”),
REPEAT STRIP_TAC
THEN IMP_RES_TAC (SPRC “t’-ti‘+1” OFFSET_NEW_STATE_PD_FROM_TI'_TO_T’SACK)
THEN SPECL_ASSUM_TAC
(#ter el 7, (el + ((£7 = (£d77’ + 1)) + 1)) <= t’sack ==>

New _State_Is_PD s’ e’(ti’ + ((t’ ~ (i’’’ + 1)) + 1))~,

[“t’:timeC”;7tl’1timeC”])
THEN SUBGOAL_THEN
s(ed’ + ((E - (1’ + 1)) + 1)) =¢t’'”
(\thm. RULE_ASSUM_TAC (REWRITE_RULE [thm]))
THENL [

% Subgoal 1: -New subgoal- “ti’ + ((t’/ - (ti’ + 1)) + 1) =¢t'" %
REWRITE_TAC [SYM_RULE (ASSOC_SUB_SUBl)]
THEN ASSUME_TAC (REWRITE_RULE [] (REDUCE_CONV “1l«<=17))
THEN IMP_RES_TAC SUC_LB_IMP_LE
THEN SUBGOAL_THEN “1 <= (t’ - ti’)” ASSUME_TAC
THENL |{

% Subgoal 1.1: #1 <= (t’ - ti’)~

[ #(td’ + 1) <=t/ 1 %
REWRITE_TAC
[SYM_RULE (SPERCL [#17;7t’-ti’'7”;”ti’:timeC”] LESS_RQ_MONO_ADD_EQ)]
THEN ASSUME_TAC (SPBEC “ti’:timeC” LESS_RQ REFL)
THEN IMP_RES_TAC
(SPECL [“t’:timeC”;”ti’:timeC#;”ti’:timeC”] ASSOC_SUB_ADDL)

THEN ASM_REWRITE_TAC [SUB_EQUAIL_O;ADD_CLAUSES]

THEN PURE_ONCE_REWRITE_TAC [ADD_S¥YM)

THEN ASM_REWRITE_TAC(]
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% Subgoal 1.2: [ “1 <= (t’ - ¢€i‘)” 1 %
IMP_RES_TAC (SPECL ([~t’-ti‘#;#17;717) ASSOC_SUB_ADD1)
THEN ASM_REWRITE_TAC [SUB_EQUAL_O;ADD_CLAUSES]
THEN PURE_ONCE_REWRITE_TAC [ADD_SYM]
THEN ASSUME_TAC (SPEC “ti’:timeC” LESS_EQ_REFL)
THEN IMP_RES_TAC
(SPECL [“t’:itimeC”;”ti’:timeC”;”ti’:timeC”] ASSOC_SUB_ADD1)
THEN ASM_REWRITE_TAC [SUB_EQUAL_O;ADD_CLAUSES]
]

% Subgoal 2 %
RES_TAC

Yii

let OFFSRT_NBW_STATE_PD_FROM _TI'_TO_T’SACK_l1 = TAC_PROOF
(Cr1,
#y (u’ ti’ t’sack :timeC) (s’ :timeC->pc_state) (e’ :timeC->pc_env)
(p’ ttimeC->pc_out) .
PCSet_Correct 8’ e’ p’ ==>
(ep’ > 0) ==>
PT_Exec pti s e p t ==>
PT_PreC pti s e p t ==>
PStateAbs pti s e p t 8’ e’ p’ tp’ =a=>
IBA_PMaster pti ep t e’ p’ ==>
Ret_Slave pti e t e’ ==>
ale_sig_ib p’ ti’ ==>
STABLE_FALSE (Sack_Sig Is_TRUE s’ e’) (ti’,t’sack-1l) ==>
((tl’+u’+1l) <= t’sack) ==>
New_State_Is_PD 8’ e’ (ti’+u’+l)”),
INDUCT_TAC
THENL [
% Subgoal 1: (Base Case) %
REWRITE_TAC [STABLE_FALSRE;Sack_Sig_Is_TRUR;ADD_CLAUSES]
THEN BETA_TAC
THEN REPEAT STRIP_TAC
THEN IMP_RES_TAC IBUS_ALE_IMP_PA
THEN SUBGOAL_THEN
“New_State_Is _PA 8’ e’ ti’ ==> (P_fsm states (s’ (ti’+1l)) = PA)”
IMP_RES_TAC
THENL [
% Subgoal 1.1: (New subgoal) %
REWRITE_TAC [New_State_Is_PA]
THEN DISCH_TAC
THEN IMP_RES_TAC P_fam state_ISO
THEN SPEC_UNDISCH_MATCH_LHS_TAC (“P_fsm_statesS (s (t+1))”,7ti’:timeC”)
THEN ASM_REWRITE_TAC []
THEN DISCH_TAC
THEN ASM_REWRITE_TAC([]
1 % Subgoal 1.2: [ “P_fsm stateS(s’(ti’ + 1)) = PA”" ] %
ASSUME_TAC
(PURB_ONCE_REWRITE_RULE
[ADD_SYM] (SPECL ([#17;7ti’:timeC”] LESS_EQ _ADD))
THEN IMP_RES_TAC P_PFSM_RST_FALSE
THEN IMP_RES_TAC IBUS_ALE_IMP_FSM_RQT
THEN ASM_REWRITE_TAC
[New_sState_Is_PD;
SYM_RULE (prove_comnstructors_distinct pfsm _ty_Axiom)])
]

% Subgoal 2: (Induction step) %
REWRITE_TAC [ADD1;ADD_ASSOC]
THEN POP_ASSUM_LIST
(MAP_EVERY (\thm. ASSUME_TAC (REWRITE_RULE (ADD1l;ADD_ASSOC] thm)))
THEN REPEAT STRIP_TAC
THEN ASSUME_TAC (SPECL [“(ti‘+u’)+1”;717] LESS_EQ_ADD)
THEN IMP_RES_TAC LESS_EQ_TRANS
THEN RES_TAC
THEN SUBGOAL_THEN
#“New_State_Is_PD 8’ e’ ((ti‘+u’)+l) ==>
(P_fsm_states (s’ ({((ti‘+u’)+1)+1)) = PD)”~
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IMP_RES_TAC
THENL {
% Subgoal 2.1: (New subgoal) %
REWRITE_TAC [New_State_Is_PD]
THEN DISCH_TAC
THEN IMP_RES_TAC P_fsm_state_ISO
THEN SPEC_UNDISCH_MATCH_LHS_TAC (“P_fsm_stateS (s (t+1))”,”(ti‘+u’)+1")
THEN ASM_REWRITE_TAC []
THEN DISCH_TAC
THEN ASM_REWRITE_TACI[]
; -
% Subgoal 2.2: [ “P_fsm _stateS(s’/(((ti’ + u’) + 1) + 1)) =PD”" ] %
SUBGOAL_THEN “~P_fsm_sacksS (s’ (((ti‘4u’)+1)+1))” ASSUME_TAC
THENL [
% Subgoal 2.2.1: (New subgoal) %
IMP_RES_TAC
(SPBCL [~“((ti‘+u’)+1)+1”;7t’sack:timeC”;”1”] LESS_EQ_MONO_SUB)
THEN ASSUME_TAC
(REWRITE_RULE [ADD_CLAUSES]
(REDUCE_RULE (SPECL [#(ti’+u’)+17;717;717] ASSOC_ADD_SUBL)))
THEN ASM_REWRITE_ASSUM_TAC
(#(({(td’ ¢+ u’) + 1) + 1) - 1) <= (t’sack - 1)~,[])
THEN NRULE_ASSUM_TAC
(“STABLE_FALSE(Sack_Sig Is_TRUB s’ e’)(ti’,t’sack - 1)”7,
(BETA_RULE o (REWRITE_RULE [STABLE_FALSE])))
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN SPEC_ASSUM_TAC
(#1t., ti’ <=t /\ t < (t’sack - 1) ==>
~Sack_8Sig_Is_TRUE 8’ e’ t”,”(ti’+u’)+1”)
THREN SUBGOAL_THEN ~“ti’ <= ((ti’ + u’) + 1)” ASSUME_TAC
THENL [
% Subgoal 2.2.1.1: (New subgoal) - “ti’ <= ((ti’ + u’) + 1)" %
REWRITE_TAC [ASSOC_ADD_ADD1;LESS_EQ ADD]

% Subgoal 2.2.1.2: (Continue) %
RES_TAC
THEN NRULE_ASSUM_TAC
(#“~Sack_Sig Is_TRUER s’ e’((ti’ + u’) + 1)~,
(BETA_RULE ©
(REWRITE_RULE (Sack_sSig_Is_TRUER;New_State_Is_PD])))
THEN IMP_RES_TAC P_fsm_sack_ISO
THEN ASM_REWRITE_TAC({])
]

% Subgoal 2.2.2: [ “~P_fsm_sackS(s’(({ti’ +u’) + 1) + 1))” 1 %
ASSUME_TAC
(PURE_ONCE_REWRITE_RULE
[ADD_SYM] (SPECL [#“17;7(ti’+u’)+1”] LESS_EQ_ADD))
THEN IMP_RES TAC P_FSM_RST_FALSE
THEN ASM_REWRITE_TAC
[New_sState_Is_PD;prove_constructors_distinct pfsm_ty_Axiom;
SYM_RULE (prove_constructors_distinct pfsm_ty Axiom)]

1
Vi

let NEW_STATE_PD_FROM_TI'_TO_T’'SACK_1 = TAC_PROOF
(L1,
“y (£’ ti’ t’sack :timeC) (8’ :timeC->pc_state) (e’ :timeC->pc_env)
(p’ :timeC->pc_out) .
PCSet _Correct s’ e’ p’' ==m>
(tp’ > 0) ==>
PT_Exec pti s e p t ==>
PT_PreC pti s e p t ==>
PStatehbs pti s e p t 8’ o’ p’ tp’' ==>
IBA_PMaster pti e p t e’ D’ ==>
Rst_Slave pti e t @’ ==>
ale_sig ib p’ ti’ ==>
STABLE_PALSR (Sack_Sig Is_TRUE s’ e’) (tl’/,t’sack-1l) ==>
((ti’+1) <= t!) ==>
(£’ <= t’'sack) ==>
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New_State_Is_PD 8’ e’ t'”),
REPEAT STRIP_TAC
THEN IMP_RES_TAC (SPERC ~“t‘-ti’+l1” OFFSET_NEW_STATE_PD_FROM_TI’/_TO_T'SACK_1)
THEN SPRCL_ASSUM_TAC
(71t edr'. (td 4+ ((t’ - (ed/77 4+ 1)) + 1)) <= t’‘sack ==>
New_State_Is_PD 8’ e’(ti’ + ((t’ - (i1’ + 1)) + 1))~,
[#t’'1timeC”;”ti’timeC”])
THEN SUBGOAL_THEN
#{ed’ 4+ ((E’ - (td° + 1)) + 1)) = ¢t
(\thm. RULE_ASSUM_TAC (REWRITE_RULE (thm]))
THENL [ =
% Subgoal 1: -New subgoal- #“ti’ + ((t’ - (ti’ 4+ 1)) + 1) =¢t’'7" %
REWRITE_TAC [SYM_RULE (ASSOC_SUB_SUB1)]
THEN ASSUME_TAC (REWRITE_RULE [] (REDUCE_CONV “1<=1"))
THEN IMP_RES_TAC SUC_LE_IMP_LE
THEN SUBGOAL_THEN #1 <= (t’ - ti’)” ASSUME_TAC
THENL [
% Subgoal 1.1: “1 <= (t’ - ti’)~
[ #(td’ + 1) <= €7 ] %
REWRITE_TAC
[SYM_RULE (SPBCL [“17;7t/-ti’#;7ti’:timeC”] LESS_EQ MONO_ADD_KQ)]
THEN ASSUME_TAC (SPEC “ti’:timeC” LESS_EQ_REFL)
THEN IMP_RES_TAC
(SPECL [~#t’itimeC”;” ti’:timeC”;”ti’:timeC”] ASSOC_SUB_ADD1)
THEN ASM_REWRITRE_TAC [SUB_EQUAL_O0;ADD_CLAUSES]
THEN PURE_ONCE_REWRITE_TAC [ADD_SYM]
THEN ASM_REWRITE_TACI[]

% Subgoal 1.2: [ “1 <= (¢’ - ti )" ] %
IMP_RES_TAC (SPECL [“t’/-ti’'#”;717,;71”] ASSOC_SUB_ADD1)
THEN ASM_REWRITE_TAC [SUB_EQUAL_0;ADD _CLAUSES]
THEN PURE_ONCE_REWRITE_TAC [ADD_syM]
THEN ASSUME_TAC (SPEC “ti’:timeC” LESS_EQ_REFL)
THEN IMP_RES_TAC
(SPECL {#t’:timeC”;”ti’:timeC”;”ti’:timeC”] ASSOC_SUB_ADD1)
THBEN ASM REWRITE_TAC [SUB_EQUAL_O;ADD_CLAUSES]
]

% Subgoal 2 %
RES_TAC

]

)i

let OFFSET_NEW_P_RQT_FALSE_FROM_T'SACK_TO_TP‘’SUC = TAC_PROOF
(Cr1,
“! (u’ t’sack tp’suc :timeC) (8’ :timeC->pc_state) (e’ :timeC->pc_env)
(p’ :timeC->pc_out) .
PCSet_Correct s’ e’ p’' ==>
(tp’ > 0) ==>
PT_Exec ptl 8 e p t ==>
PT PreC pti s e p t ==>
PStatehbs pti 8 e p ¢t 8’ e’ p’ tp’ ==>
IBA_PMaster pti e p t e’ p’ ==>
Rst_Slave pti e t o' ==> .
Sack_Sig _Is_TRUE s’ e’ t’/sack ==>
STABLE_FALSE_THEN_TRUE (ale_sig pb e’) (t‘sack,tp’suc) ==>
((t'sack+u’) < tp‘suc) ==>
~New_P_Rgt_Is_TRUE s’ e’ (t’'sack+u’)”),
INDUCT_TAC
THENL [
% Subgoal 1: (Base Case) %
REWRITE_TAC
[ADD_CLAUSES; STABLE_FALSE_THEN_TRUE;ale_sig_pb;BSel;Sack_sSig_Is_TRUE]
THEN BETA_TAC
THEN REPEAT STRIP_TAC
THEN SPEC_ASSUM_TAC
(“!1t., t'sack <= t /\ t <= (tp’suc - 1) ==>
~(~SND(L_ads_E(e’ t)) /\ SND(L_den_E(e’ t)))”,”t’sack:timeC”)
THEN ASSUME_TAC (SPRC “t‘sack:timeC” LESS_EQ REFL)
THEN RES_TAC
THEN UNDISCH_TAC “New_ P_Rqt_Is_TRUE s’ e’ t’gack”
THEN ASM_REWRITE_TAC [New_P_Rqt_Is_TRUE]
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% Subgoal 2: (Induction Step) %

REWRITE_TAC [ADD1;ADD_ASSOC]

THEN REPEAT STRIP_TAC

THEN ASSUME_TAC (SPRECL [“t’sack+u’”;”1”}) LRSS_EQ_ADD)

THEN IMP_RES_TAC LESS_EQ_ LESS_TRANS

THEN RES_TAC

THEN SUBGOAL_THEN

“~New_P_Rqgt_Is TRUE s’ e’ (t‘sack + u’) ==>
~P_xrqts (s’ ((t’sack + u’) + 1))” IMP_RES_TAC

THENL [ . -

% Subgoal 2.1: -New subgoal- “~New_P_Rqt_Is_TRUE s’ e’ (t’‘sack + u’) ==>

~P_rqgtS(s’‘((t’sack + u’) + 1))” %

REWRITE_TAC [New_P_Rqt_Is_TRUR;New_State_Is_PD]

THEN BETA_TAC

THEN DISCH_TAC

THEN IMP_RRS_TAC P_rqt_ISO

THEN ASM_REWRITE_TAC [}

% Subgoal 2.2: [ “~P_xrqtS(s’{(t’sack + u’) + 1))”7 1 %
NRULE_ASSUM_TAC
(#STABLE_FALSE_THEN_TRUE (ale_sig pb e’) (t'sack,tp’suc)”,
(BETA_RULE o (REWRITE_RULE [STABLE FALSE_THEN_ TRUE;ale_sig pb;
BSell)))
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN SPEC_ASSUM_TAC
(#1t, t’sack <=t /\ t <= (tp’suc - 1) ==>
~(~SND(L_ads_E(e’ t)) /\ SND(I,_den_E(e’ t)))”,”(t’sack+u’)+1”)
THEN IMP_RES_TAC (REWRITE_RULE [PRE_SUBl] LT_IMP_LE_PRR)
THEN ASSUME_TAC (SPECL [“t’sack:timeC”;”u’:timeC”] LESS_REQ_ADD)
THEN IMP_RES_TAC LESS_RQ_TRANS
THEN RBS_TAC
THEN UNDISCH_TAC “New_P_RqQt_Is TRUR s’ e’((t’sack + u’) + 1)~
THEN ASM_REWRITE_TAC
[New_P_Rqt_Ie_TRUE; COND_TRUE_TRUE; COND_FALSE_CHOICES]

]
Yii

let NEW_P_RQT_FALSE_FROM_T'SACK_TO_TP'SUC = TAC_PROOF
(L1,
“y (t’ t’sack tp‘suc :timeC) (s’ :timeC->pc_state) (e’ :timeC->pc_env)
(p’ :timeC->pc_out) .
PCSet _Correct s’ e’ p’ ==>
(tp’ > 0) ==>
PT_Exec pti s e p t ==>
PT PreC pti s e p t ==>
PStateAbs pti s e D t 8’ e’ P’ tp’ ==>
IBA_PMaster pti e pP t o/ D’ ==>
Rst_Slave pti e t @' ==>
Sack_Sig Is_TRUE s’ e’ t’sack ==
STABLE_FALSE_THEN_TRUE (ale_sig_pb e’) (t’sack,tp’suc) ==>
(t’sack <= t’) ==>
(t’ < tp‘suc) ==>
~New_P_Rqt_Is _TRUE 8’ e’ t’'"),
REPEAT STRIP_TAC
THEN IMP_RBS_TAC
(SPEC “t’-t‘sack” OFFSET_NEW_P_RQT_ FALSE_FROM_T’SACK_TO_TP'SUC)
THEN SPECL_ASSUM_TAC
(#1t’ t’sack’’., (t’sack + (t’ - t’sack’’)) < tp‘suc ==>
~New_P_Rqt_Is_TRUE 8’ e’(t’sack + (t’ - t’sack’’))”,
[“t’:;timeC”; ”t’sackitimec”])
THEN IMP_RES_TAC
(SPECL [~“t’:timeC”;”t’sack:timeC”]
(PUREB_ONCE_REWRITE_RULE [ADD_SYM] SUB_ADD))
THEN ASM_REWRITE_ASSUM_TAC
(#(t'sack + (t’ - t’sack)) < tp’suc ==>
~New_P_Rqgt_Is_TRUE 8’ e’(t’sack + (t’ - t’sack))”,[])
Y1

let M_LESS_O0_LESS = TAC_PROOF
L1,
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“I ma. (m<n ==> (0 <n)”),
INDUCT_TAC
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC(]
THEN IMP_RBS_TAC LT_IMP_LE
THEN IMP_RES_TAC SUC_LE_IMP_LT
THEN RES_TAC

Yis

let TRANS_ONTO = TAC_PROOF
(L1, -

#) (ti’ tp’suc :timeC) (t :timeT)

(s’ :timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out)

(s :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)

PCSet_Correct s’ e’ p’ ==>
(tp’ > 0) ==>
PT _Exec pti s e P t ==>
PT_PreC pti s e p t ==>
PStateAbs pti s e p t 8’ e’ p’ tp’ ==>
IBA_PMaster pti e p t e’ p’ ==>
Rst_Slave ptli e t o' ==>
NTH_TIME_TRUB t (ale_sig_ ib p‘) 0 ti’ ==>
STABLE_FALSE_THEN_TRUE (ale_sig pb e’) (ti‘+l,tp’suc) ==>
TRUE_THEN_STABLE_FALSE (ale_sig_ib p’) (ti’,tp’suc-1)”),

REWRITE_TAC [TRUE_THEN_STABLE_FALSE]
THEN BETA_TAC
THEN REPBAT STRIP_TAC
THEN ASM_REWRITE_TAC(]
THENL [

% Subgoal 1: “ti’ <= (tp’suc - 1)7 %

UNDISCH_TAC “STABLE_FALSE_THEN_TRUE(ale_sig pb e’)(tl’ + 1,tp’suc)”

THEN REWRITE_TAC [STABLE_FALSE_THEN_TRUE]

THEN BRTA_TAC

THEN REPEAT STRIP_TAC

THEN IMP_RES_TAC (SPECL [“ti’+l1l”;7tp’suc:timeC”;~”1”] LESS_EQ_MONO_SUB)

THEN ASSUME_TAC (REWRITE_RULE [] (REDUCE_CONV “1<=1"))

THEN IMP_RES_TAC

(REWRITE_RULE [SUB_EQUAL_0;ADD_CLAUSES]
(SPECL [“ti’:timeC”;”17;717] ASSOC_ADD_SUB1))
THEN ASM_REWRITE_ASSUM_TAC
(#((ti’ + 1) - 1) <= (tp‘suc - 1), [])
THEN ASM_REWRITE_TACI[]

~

% Subgoal 2: “ale_sig ib p’ ti‘'” %

SUBGOAL_THEN
“1t, NTH_TIME_TRUE t(ale_sig ib p’)0 ti’ ==> ale_sig ib p’ ti‘~
IMP_RES_TAC

THEN INDUCT_TAC

THEN REWRITE_TAC [NTH_TIME_TRUE;STABLE_FALSE_THEN_TRUE;ZERO_LESS_EQ]

THEN REPEAT STRIP_TAC

THEN ASM_REWRITE_TACI[]

% Subgoal 3: [ “ti’ < t/" ]
[ “t’ <= (tp’‘suc - 1)” ]
[ “ale_sig_ib p’ t'# 1 %
ASM_CASES_TAC
“?t’sack. Sack_Sig Is_TRUR s’ e’ t'sack /\
(ti’<=t’sack) /\ (t’sack<=tp’suc-1)~"
THENL [
% Subgoal 3.1: [ “?t’sack. Sack_Sig Is_TRUE s’ e’ t’sack /\
tl’ <= t’sack /\
t’sack <= tp’‘suc-1” ] %
CHOOSE_ASSUM_TAC
“?t’'sack. Sack_8Sig_Is TRUE s’ e’ t’sack /\ tl’ <= t’sack /\
t’sack <= (tp’‘suc - 1)”
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN SUBGOAL_THEN
#Pu, tl’ <= u /\ U <= (tp’suc-1) /\
STABLE_FALSE_THEN TRUE (Sack_Sig_Is_TRUE s’ ‘) (ti’,u)”
ASSUME_TAC
THENL [
% Subgoal 3.1.1: (New Subgoal) %
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IMP_RES_TAC FIRST_EXISTS
THEN EXISTS_TAC “u’’‘:timec”
THEN ASM_REWRITE_TAC[]

% Subgoal 3.1.2: (Continue) %
CHOOSE_ASSUM_TAC
“a, ti’ <= u /\ u <= (tp‘suc - 1) /\
STABLE_FALSE_THEN_TRUE (Sack_Sig_Is_TRUE 8’ e’) (ti’,u)”
THEN POP_ASSUM_LIST (MAP_RVERY (\thm. STRIP_ASSUME_TAC thm))
THEN NRULE_ASSUM_TAC
(#STABLE_FALSE_THEN_TRUE (Sack_Sig_Is_TRUE s’ e’){ti‘,u’)”,
(BETA_RULE o (REWRITE_RULE [STABLE_FALSE_THEN_TRUE])))
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN SUBGOAL_THEN
“1t, NTH_TIME_TRUE t(ale _sig ib p‘)0 ti’ ==>
ale_sig_ib p’ ti’” IMP_RES_TAC
THENL [
% Subgoal 3.1.2.1: (New subgoal) %
INDUCT_TAC
THEN REWRITE_TAC [NTE_TIME_TRUE;STABLE_FALSE_THEN_TRUE;
ZERO_LESS_EQ]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC(]

% Subgoal 3.1.2.2: [ “ale_sig ib p’ ti’'” ] %
ASM_CASES_TAC “(tl’+l) <= u”
THENL [
% Subgoal 3.1.2.2.1: [ “(ti’ + 1) <=u” ] %
SUBGOAL_THEN
#STABLE_FALSE_THEN TRUE(ale_sig pb e’)(ti’ 4+ 1,tp’suc) ==>
STABLE_FALSE_THEN_TRUB (ale_sig_pb e’) (u,tp’suc)”
IMP_RES_TAC
THENL [
% Subgoal 3.1.2.2.1.1: (New subgoal) %
ASSUMEB_TAC (SPECL [~“tp’suc:timeC”;”1”] SUB_LBSS_EQ)
THEN IMP_RES_TAC LESS_EQ TRANS
THEN REWRITE_TAC [STABLE_FALSE_THEN_TRUE]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC([]
THEN SPEC_ASSUM_TAC
(#1€., (i’ + 1) <=t /\ t < tp’suc ==> ~ale_sig pb e’ t”,
#t 7’ stimeC”)
THEN IMP_RES_TAC LESS_EQ_ TRANS
THEN RES_TAC

% Subgoal 3.1.2.2.1.2: (Continue) %
ASM_CASBS_TAC “t’ <= u”
THENL [
% Subgoal 3.1.2.2.1.2.1: [ “t’ <= u” ] -New_sState_Is_PD- %
IMP_RES_TAC (REWRITE_RULE [ADD1] LT_IMP_SUC_LE)
THEN IMP_RES_TAC NEW_STATE_PD_FROM_TI’_TO_T’SACK
THEN IMP_RES_TAC IBUS_ALE_IMP_PA
THEN REWRITE_ASSUM_TAC
(“New_State_Is_PA 8’ e’ t’'”, [New_State_Is_PA])
THEN UNDISCH_TAC “New_State_Is_PD s’ e’/ t’”
THEN ASM_REWRITE_TAC
[New_sState_Is_PD;
prove_constructors_distinct pfsm_ty_Axiom]

% Subgoal 3.1.2.2.1.2.2: [ “~t’ <= u” ]
-New_P_Rqgt_Is_FALSE-%
IMP_RES_TAC NOT_LBSS_EQ LESS
THEN IMP_RES_TAC LT _IMP_LE
THEN IMP_RES_TAC M_LESS_0_LBESS
THEN IMP_RES_TAC (RIMP(REWRITE_RULE [GREATER] ONE_LESS_EQ))
THEN ASSUME_TAC (SPECL [“tp’suc:timeC”;”1”) SUB_LESS_EQ)
THEN IMP_RBS_TAC LESS_EQ_TRANS
THEN IMP_RES_TAC (REWRITE_RULE [PRE_SUB1l] LE_PRE_IMP_LT)
THEN REWRITE_ASSUM_TAC
(“STABLE_FALSE_THEN_TRUE (Sack_Sig_Is_TRUE s’ e’')
(ed’,w)”,
[STABLE_FALSE_THEN_TRUE])
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THEN POP_ASSUM_LIST (MAP_EVERY(\thm. STRIP_ASSUME_TAC thm))
THEN IMP_RES_TAC NEW_P_RQT_FALSE_FROM_T'SACK_TO_TP'SUC
THEN IMP_RES_TAC IBUS_ALE_IMP_NEW_P_RQT
THEN RES_TAC
]
]

% Subgoal 3.1.2.2.2: [ “~(ti’ + 1) <= u” ] -contradiction- %
IMP_RES_TAC NOT_LESS_RQ LESS
THEN IMP_RES_TAC (REWRITE_RULE (ADDl1l] LT_SUC_IMP_LB)
THEN IMP_RBS_TAC LESS_EQUAL_ANTISYM =
THEN IMP_RES_TAC IBUS_ALE_IMP PA
THEN REWRITE_ASSUM_TAC
(#“STABLE_FALSE_THEN_TRUE (Sack_sSig_Is_TRUB s’ e’)
(ci’ ),
[STABLE_FALSE_THEN_TRUE))
THEN POP_ASSUM_LIST (MAP_EVERY(\thm. STRIP_ASSUME_TAC thm))
THEN SUBGOAL_THEN
#Sack_Sig _Is_TRUE 8’ e’ u ==> New _State_Is_PD 8’ e’ u”
IMP_RES_TAC
THENL {
% Subgoal 3.1.2.2.2.1:
#Sack_8Sig Is_TRUE s’ e’ u ==> New_State_Is_PD s’ e’ u” %
REWRITB_TAC [Sack_Sig_Is_TRUE]
THEN BETA_TAC
THEN REPEAT STRIP_TAC
THEN ASM REWRITE_TAC[]

% Subgoal 3.1.2.2.2.2: (Continue) %
REWRITE_ASSUM_TAC
(“New_State_Is _PD s’ e’ u”, [New_State_Is_PD])
THEN UNDISCH_TAC “New_State_Is_PA s’ e’ ti’'”
THEN FILTER_ASM_REWRITE_TAC
(\tm, not (tm = “(u:timeC) = ti’'”))
[New_State_Is_PA;
SYM_RULE (prove_constructors_distinct pfsm_ty_Axiom)]

1
]

% Subgoal 3.2: [ “~(?t’sack. Sack_Sig Is _TRUE s’ e’ t’sack /\
ti’ <= t’sack /\
t‘sack <= tp’suc-1)” ] %

UNDISCH_TAC ~“STABLE_FALSE_THEN_TRUE(ale_sig pb e’)(ti’ + 1,tp’suc)”
THEN REWRITE_TAC [STABLE_PALSE_THEN_TRUE]
THEN BETA_TAC
THEN REPEAT STRIP_TAC
THEN SUBGOAL_THEN

#“STABLE_PFALSE (Sack_Sig_Is_TRUE s’ e‘) (ti’,tp’suc-1)7 ASSUME_TAC
THENL [

% Subgoal 3.2.1:

“STABLE_FALSR(Sack_Sig Is_TRUE s’ e‘)(ti’,tp’suc - 1)” %

REWRITE_TAC {STABLE_FALSE]

THEN BETA_TAC

THEN IMP_RES_TAC LRSS_LESS EQ_TRANS

THEN IMP_RES_TAC LT IMP_LE

THEN ASM_REWRITE_TAC[]

THEN GEN_TAC

THEN UNDISCH_TAC #“~(?t‘’sack. Sack_Sig Is_TRUE s’ e’ t’sack /\

ti’ <= t’sack /\
t’sack <= (tp’suc-1))”
THEN REWRITE_TAC
[NOT_EBXISTS_CONV “~(?t‘sack. Sack_Sig_Is_TRUE s’ e’ t’sack /\
ti’ <= t’sack /\ t’sack <= (tp’suc-1))";
DE_MORGAN_THM]

THEN QUANT_OUT_ IMP_TAC

THEN BXISTS_TAC “t’’itimec”

THEN REPEAT STRIP_TAC

THEN RES_TAC

% Subgoal 3.2.2:
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[ “STABLE_FALSE(Sack_Sig Is_TRUE s’ e’) (ti’,tp’suc - 1}” ] %
UNDISCH_TAC “ale_sig_ ib p’ t'”7
THEN UNDISCH_TAC “~(?t’sack. Sack_Sig_Is_TRUE s’ e’ t’/sack /\
ti’ <= t’'sack /\
t’sack <= (tp’suc-1))”
THEN REWRITE_TAC
[NOT_EXISTS_CONV #“~(7t‘sack. Sack_8Sig_Is_TRUE s’ e’ t’sack /\
ti’ <= t’sack /\ t’sack <= (tp’suc-1))";
DE_MORGAN_THM]
THEN QUANT_OUT_IMP_TAC
THEN EXISTS_TAC “t’:timecC” -~
THEN SUBGOAL_THEN
“mtl’ <= £’ \/ ~t’ <= (tp’suc-l) =
~{tdl’ <= t’ /\ t’ <= (tp'suc-1))}”
(\thm., REWRITE_TAC [thm])
THENL [
% Subgoal 3.2.2.1: -New subgoal-
“utd’ <= t’sack \/ ~t’sack <= (tp’‘suc-~l1l) =
~(tdi’ <= t’sack /\ t’sack <= (tp’suc-1))" %
BOOL_CASRS_TAC “ti’ <= t'”
THEN BOOL_CASES_TAC “t’ <= (tp’suc-1)”"
THEN ASM_REWRITE_TACI]

% Subgoal 3.2.2.2 %
SUBGOAL_THEN

“ia b. a \/ b =Db \/ a” (\thm. PURE_ONCE_REWRITE_TAC{thm])
THENL [

% Subgoal 3.2.2.2.1: “lab. a \/ b=Db \/ a”" %

REPEAT GEN_TAC

THEN BOOL_CASES_TAC “a:bool”

THEN BOOL_CASES_TAC “b:bool”

THEN ASM_REWRITE_TAC (]

% Subgoal 3.2.2.2.2 %
REWRITE_TAC [SYM_RULE IMP_DISJ_THM]
THEN REPEAT STRIP_TAC
THEN SUBGOAL_THEN
“1t, NTH_TIME_TRUE t(ale_sig ib p’)0 ti’ ==
ale_sig_ib p’ ti’” IMP_RES_TAC
THENL [
% Subgoal 3.2.2.2.2.1: (New subgoal) %
INDUCT_TAC
THEN REWRITE_TAC [NTH_TIME_TRUR;STABLE_FALSE_THEN_TRUE;
ZERO_LESS_EQ]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC([]

% Subgoal 3.2.2.2.2.2 (Continue) %
IMP_RES_TAC (REWRITE_RULE [ADD1] LT _ IMP_SUC_LE)
THEN ASSUME_TAC (SPECL [“tp’‘suc:timeC”;”1”] SUB_LESS_EQ)
THEN IMP_RES_TAC LESS_EQ_TRANS
THEN IMP_RES_TAC NEW_STATE_PD_FROM TI'_TO_T’/SACK_1
THEN UNDISCH_TAC “New_State_Is_PD s’ e’ t'~
THEN IMP_RES_TAC
(REWRITE_RULR [New_State_Is_PA] IBUS_ALE_IMP_PA)
THEN ASM_REWRITE_TAC
[New_State_Is_PD;
prove_constructors_distinct pfsm_ty_ Axiom]

1
Yi:

let NTH_TIME_TRUEB_X_IMP_X = TAC_PROOF
(C[3,
7y (n tnum) (t stime) (x :time->bool) .
NTH_TIME TRUE n x 0 t ==> x t”),
INDUCT_TAC
THEN REWRITE_TAC [NTH_TIME_TRUE; STABLE_FALSE_THEN_TRUE]
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THEN REPEAT STRIP_TAC
THEN RES_TAC
THEN ASM_REWRITE_TAC[]

)i

let NTH_TIME_FALSE_X IMP_NOT X = TAC_PROOF
(Cr1,

uy

(n :num) (t :time) (x :time->bool) .

NTH_TIME_FALSE B X t0 t ==> ~x t”),

INDUCT_TAC

THEN REWRITE_TAC [NTH_TIME_FALSE;STABLE_TRUE_THEN_ FALSE] =
THEN REPEAT STRIP_TAC

THEN RBS_TAC

THEN ASM_REWRITE_TAC[]

Yis

let TRANS_ONE_TO_ONE = TAC_PROOF
({1,

“1

(ti’ tp’suc :timeC) (t :timeT)
(8’ :timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out)
(s :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out) .

PCSet_Correct s’ e’ p’ ==>

(tp’ > 0) ==>

PT_Exec pti s e p t ==>
PT_PreC pti s e p t ==>
PStateAbs pti s ep t 8’ e’ D’ tp’ ==>
PB_Slave pti e p t e’ p’' tp’ ==>
IBA_PMaster pti e p t e’ p’ ==>
Rst_Slave pti e t @/ ==>
NTH_TIME_TRUER t (ale_sig pb e’) 0 tp’ ==>
STABLE_PFALSE_THEN_TRUE (ale_sig ib p’) (tp’,ti’) ==>
TRUE_THEN_STABLE_FALSE (ale_sig_pb e’) (tp’,ti’)n),

REWRITE_TAC [STABLE_FALSE_THEN_TRUR; TRUE_THEN STABLE_FALSE)
THEN BRETA_TAC

THEN REPEAT STRIP_TAC

THEN IMP_RES_TAC NEW_STATE_PD_FALSE_FROM_TP’_TO_TI’

THEN IMP_RES_TAC NTH_TIME_TRUE_X_IMP_X

THEN ASM_REWRITE_TACI]

THEN NRULE_ASSUM_TAC

(#1ti’. STABLE_FALSE (ale_sig ib p’) (tp’,ti’ - 1) ==>
(i1t’, tp’ <= t’ ==> £’ <= ti’ ==> ~New_State_Is_PD s’ e’ t’)”,
((REWRITE_RULE [STABLE_FALSE]) o (SPEC “ti’itimecC”)))

THEN IMP_RES_TAC LESS_LESS_EQ_TRANS

THEN IMP_RES_TAC (RIMP ONE_LESS_EQ)

THEN IMP_RES_TAC LT_IMP_LE

THEN IMP_RES_TAC LESS_EQ_TRANS

THEN IMP_RES_TAC (REWRITE_RULE [PRE_SUB1] LT _IMP_LE_PRE)
THEN REBS_TAC

THEN SUBGOAL_THEN

#(1e., tp’ <= t /\ t <= (ti’ - 1) ==> ~ale_sig_1b p’ t)” ASSUME_TAC

THENL [

% Subgoal 1: “it, tp’ <=t /\ t <= (ti’ - 1) ==> ~ale_sig ib p’' t” %
GEN_TAC
THEN SPERC_ASSUM_TAC

(#1t. tp’ <= t /\ t < ti’ ==> ~ale_sig ib p’ t~,”t’’:timeC”)
THEN ASM_CASES_TAC “tp’' <= t''”"
THEN ASM_CASES_TAC “t’'’ <= (ti‘-1)~
THEN ASM_REWRITE_TAC[]
THEN IMP_RES_TAC

(REWRITE_RULE

[PRE_SUB1l] (SPECL [“t’’:timeC”;”ti’:timeC”] LE_PRE_IMP_LT))

THEN RES_TAC

% Subgoal 2: (Continue) %
ASM_REWRITE_ASSUM_TAC

(#“(1t, tp’ <= £ /\ t <= (ti’ - 1) ==> ~ale_sig ib p’ t) ==>

(it’. tp’ <= t’ ==> t’ <= ti’ ==> ~New_State_Is_PD s’ e’ t')”,[])
THEN SUBGOAL_THEN
#LBSS_THAN N_TIMES_FALSE 0 (bsig L_ready O p’) tp’ ti’” ASSUME_TAC

THENL [

% Subgoal 2.1: (New subgoal) %

REWRITE_TAC [LRSS_THAN_N_TIMES_FALSE;STABLE_TRUE;bslg;BSel]

124



THEN BETA_TAC

THEN ASM_RERWRITE_TAC{]

THEN GEN_TAC

THEN SPEC_ASSUM_TAC
(#1e’, tp’ <= t/ ==> t’ <= ti’ ==> ~New_State_Is_PD 8’ e’ t’",
L :timecll)

THEN ASM_CASES_TAC “tp’ <= t‘‘ /\ t’'/ <= ti‘"

THEN ASM_REWRITE_TACI[]

THEN POP_ASSUM_LIST (MAP_RVERY (\thm. STRIP_ASSUME_TAC thm))

THEN RES_TAC

THEN IMP_RRS_TAC L_ready_ ISO =T

THEN REWRITE_ASSUM_TAC (”~New_State_Is_PD s’ e’ t’‘“, [New_State _Is_PD])

THEN ASM_REWRITE_TACI(]

% Subgoal 2.2: (Continue) %
SUBGOAL_THEN
“1n., LBSS_THAN_N_TIMES_FALSE O(bsig L_ready O p’)tp’ ti’ ==>
LESS_THAN N_TIMES_FALSE n(bsig L_ready O p‘)tp’ ti'”
IMP_RES_TAC
THENL [
% Subgoal 2.2.1: (New subgoal) %
INDUCT_TAC
THEN DISCH_TAC
THEN RES_TAC
THEN ASM_REWRITE_TAC [LESS_THAN_N_TIMBS_ FALSE]

% Subgoal 2.2.2: (Continue) %
IMP_RES_TAC PB_REQURST ASSUMPS
THEN SPEC_ASSUM_TAC
(#!n. LESS_THAN N _TIMES_FALSE n(bsig L_ready O p’)tp’ ti'”,
“YAL 1({SUBARRAY(BSel(L_ad_inE(e’ (tp‘:timeC))))}(1,0))")
THEN RBS_TAC
THEN REWRITE_ASSUM_TAC
(#STABLE_FALSE(ale_sig pb e’) (tp’ + 1,ti’+1)”, [STABLE_FALSR])
THEN POP_ASSUM _LIST (MAP_RVERY (\thm. STRIP_ASSUME_TAC thm))
THEN SPEC_ASSUM_TAC
(#1t, (tp’ + 1) <=t /\ t <= (ti’ + 1) ==> ~ale_sig pb e’ t~”,
4t stimec”)
THEN ASSUME_TAC (SPRCL [“ti’/:timeC”;~”1”] LESS_EQ_ADD)
THEN IMP_RES_TAC LESS_EQ_TRANS
THEN IMP_RES_TAC (REWRITE_RULE [ADD1l] LT_IMP_SUC_LE)
THEN RES_TAC

]
)iz

let PRIOR_RVENTS_EXIST = TAC_PROOF
(11,
“#y (o m :num) (x :time->bool) (t :time) .
NTH_TIME_TRUE n X 0 t ==>
(m < n) ==>
(7e’. £t <t /\ NTH_TIME TRUE m x O t/)7),
INDUCT_TAC
THENL [
% Subgoal 1: (Base Case) %
REPEAT STRIP_TAC
THEN ASSUME_TAC (SPEC “m:num” ZERO_LESS_EQ)
THEN IMP_RES_TAC LESS_REQ ANTISYM

% Subgoal 2: (Induction Step) %
REWRITE_TAC (NTH_TIME_TRUE]
THEN REPEAT STRIP_TAC
THEN RES_TAC
THEN REWRITE_ASSUM_TAC
(“STABLE_FALSBE_THEN_TRUE x(t’ + 1,t)”, [STABLE_FALSE_ THEN_TRUE])

THEN POP_ASSUM_LIST (MAP_RVERY (\thm. STRIP_ASSUME TAC thm))
THEN IMP_RES_TAC (REWRITR_RULE [ADD1] SUC_LE_IMP_LT)
THEN ASM_CASES_TAC “(m:num) = n”
THENL [

% Subgoal 2.1: { “m =n” ] %

BXISTS_TAC “t’:time”

125



THEN ASM_REWRITE_TAC[]

%

Subgoal 2.2: [ “~(m=1n)" ] %

IMP_RES TAC NOT_EQ
THENL [

1
)iz

% Subgoal 2.2.1: [ “m < n” ] %

IMP_RES_TAC LESS_EQ ANTISYM

THEN RES_TAC

THEN EXISTS_TAC “t’’:time”

THEN IMP_RES_TAC LESS_TRANS

THEN ASM_REWRITE_TAC(] =

% Subgoal 2.2.2: [ “n < m” ] %
IMP_RES_TAC LT_SUC_IMP_LE
THEN IMP_RES_TAC LESS_EQ_ ANTISYM

let NTH_TRANS_CAUSAL = TAC_PROOF

(L1,
“y (t 1t
(pti

imeT) (tp’ ti’ :timeC) (e’ :timeC->pc_env) (p’ :timeC->pc_out)
tPTI) .

PCSet_Correct s’ e’ p’ ==>

PTAbsS
(tp’

et s e p 8’ @' P’ ==>
> 0) ==>

PT BExec pti 8 e p t ==>
PT _PreC pti s e p t ==>
PStateAbs pti s e p t 8’ e’ p’ tp’ ==>

IBA_PMaster pti e p t e’/ p’ ==>
Rst_Slave pti e t o' ==>
NTH_TIME_TRUE t (ale_sig pb e’) 0 tp’ ==>
NTH_TIME_TRUE t (ale_sig ib p’) 0 ti’ ==>
(tp’ <= ti’)”),

INDUCT_TAC

THENL [

% Subgoal 1: (Base Case) %
REPEAT STRIP_TAC

THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN

THEN
THEN

THEN
THEN
THEN
THEN

ASM_CASBS_TAC “tp’ <= ti‘”
ASM_REWRITB_TACI[]
IMP_RES TAC NOT_LESS_EQ LESS
IMP_RES_TAC (RIMP ONE_LESS_EQ)
IMP_RES_TAC ALE_SIG_IB_FALSE_UPTO_FIRST
UNDISCHE_TAC “NTH_TIME_TRUR O0(ale_sig _ib p’)0 ti‘”
REWRITE_TAC [NTH_TIME_TRUE; STABLE_FALSE_THEN_TRUE;DE_MORGAN_THM]
REWRITE_ASSUM_TAC
(“STABLE_FALSE (ale_sig_1ib p‘) (0,tp’ - 1)~, [STABLE_FALSE])
POP_ASSUM_LIST (MAP_RBVERY (\thm. STRIP_ASSUME_TAC thm))
SPEC_ASSUM_TAC
(#1t. 0 <= t /\ t <= (tp’ - 1) ==> ~ale_sig_ib p’ t”,”ti’:timec”)
ASSUME_TAC (SPEC “ti’:timeC” ZERO_LESS_RQ)
IMP_RBS_TAC (REWRITE_RULE ([PRE_SUB1l] LT_IMP_LE_PRE)
RES_TAC
ASM_REWRITE_TACI]

% Subgoal 2: (Induction Step) %
REPEAT STRIP_TAC

THEN

IMP_RES_TAC ABS_SET_IMP_ABS

THEN IMP_RES_TAC PRE_EXEC_ PREC

THEN

THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN

NRULE_ASSUM_TAC
(#“!pti t. PTAbs pti s ep t 8’ e’ p’”,

( (REWRITE_RULE [PTAbs]) o (SPECL [#ptiO:PTI”;#t:timeT”]))))
POP_ASSUM_LIST (MAP_RVERY (\thm. STRIP_ASSUME_TAC thm))
RES_TAC
RES_TAC
ASSUME_TAC (SPEC “t:timeT” LESS_SUC_REFL)

IMP_RES_TAC PRIOR_EVENTS_EXIST
RES_TAC
IMP_RES_TAC TRANS_ONTO
SPRC_ASSUM_TAC
(“i1tp’suc. STABLE_FALSE_THEN_TRUE(ale_sig_pb e’)(t’’ + 1,tp’suc) ==>
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TRUE_THEN_STABLE_FALSE (ale_sig_ib p’/)(t’'’,tp’suc - 1)7,7tp’:timec”)
THEN SUBGOAL_THEN
“STABLE_FALSE_THEN_TRUE (ale_sig pb e’)(tp’’ + 1,tp’)”
ASSUME_TAC
THENL [
% Subgoal 2.1: (New Subgoal) %
REWRITE_ASSUM_TAC
(“NTH_TIME_TRUE(SUC t) (ale_sig pb e’)0 tp’”, [NTH_TIME_TRUE])
THEN CHOOSE_ASSUM_TAC
#7¢’, NTH_TIME_TRUE t(ale_sig pb e’)0 t’ /\
STABLE_FALSE_THEN_TRUE (ale_sig pb e’) (t‘ + 1,tp’)”
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN SUBGOAL_THEN #(tp‘’:timeC) = t’‘’” (\thm. ASM_REWRITE_TAC [thm])
THEN IMP_RES_TAC TRUE_EVENT_TIMES_EQUAL

% Subgoal 2.2: (Continue) %
ASM_CASBS_TAC “(t’/’+1) <= tp’”
THENL [
% Subgoal 2.2.1: [ “(t’’' + 1) <= ¢tp’'”" 1 %
IMP_RES_TAC
(RIMP (SPECL [“tp’’:timeC”;”t’‘:timeC”;”1”] LESS_EQ_MONO_ADD_EQ))
THEN IMP_RES_TAC SUB_STABLE_FALSE_THEN_TRUE
THEN RRERS_TAC
THEN ASM_CASES_TAC “tp’ <= ti‘”
THEN ASM_REWRITE_TAC(]
THEN IMP_RES_TAC NOT_LESS_EQ LESS
THEN IMP_RES_TAC NTH_TIME_TRUE_X_ IMP_X
THEN NRULE_ASSUM_TAC
(#TRUB_THEN_STABLE_FALSE(ale_sig ib p’)(t’',tp’ - 1)~,
(BETA_RULE ¢ (REWRITE_RULE [TRUE_THEN_STABLE_FALSE])))
THEN POP_ASSUM_LIST (MAP_RVERY (\thm. STRIP_ASSUME_TAC thm))
THEN SPEC_ASSUM_TAC
(#1t. £’ <t /\ t <= (tp’-1) ==> ~ale_sig ib p’ t~,”ti’:timeC”)
THEN IMP_RES_TAC TRUE_EVENT_ TIMES_MONO
THEN IMP_RES_TAC LT IMP_LE
THEN IMP_RES_TAC (REWRITE_RULE [PRE_SUBl1l] LT IMP_LE_PRE)
THEN RES_TAC

% Subgoal 2.2.2: [ “~(t’’ + 1) <= tp’” ] %
IMP_RES_TAC NOT_LESS_EQ_LESS

THEN IMP_RES_TAC (REWRITE_RULE [ADD1] LT_SUC_IMP_LE)
THEN IMP_RES_TAC LESS_EQ_LESS_TRANS

THEN IMP_RES_TAC LT_IMP_LE

THEN ASM_REWRITE_TAC[)

1
Yis

let NTH_TRANS_ONE_TO_ONE = TAC_PROOF
(e,
“) (¢t :timeT) (tp’ ti’ :timecC)
(8’ :timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out)
(8 :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(pti :PTI) .
PCSet_Correct 8’ e’ p' ==>
PTAbsSet s e P 8’ e’ D’ ==>
(tp’ > 0) ==>
PT_Exec ptl s e p t ==>
PT_PreC pti s e p t ==>
PStateAbs pti s ep t 8’ e’/ p’ tp’ ==>
PB_Slave pti e p t e’ p’ tp’ ==>
IBA_PMaster ptli e p t e’ p’ ==>
Rat_Slave pti e t e’ ==>
NTH_TIME_TRUE t (ale_slg pb e‘) 0 tp’ ==>
NTH_TIME_TRUE t (ale_sig ib p’) O ti’ ==>
TRUE_THEN_STABLE_FALSE (ale_sig pb e’) (tp’,ti’)~”),
INDUCT_TAC
THENL [
% Subgoal 1: (Base Case) %
REPEAT STRIP_TAC
THEN IMP_RES_TAC NTH_TRANS_CAUSAL
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]
Yii

THEN IMP_RES_TAC TRANS_ONE_TO_ONE
THEN SPEC_ASSUM_TAC
(#1ti’. STABLE_FALSE_THEN_TRUE (ale_sig ib p’) (tp’,ti’) ==>
TRUE_THEN_STABLE_FALSE (ale_sig pb e’) (tp’,ti’)”,”ti’ :timec”)
THEN REWRITE_ASSUM_TAC
(“NTH_TIME_TRUE O(ale_sig ib p’)0 ti’#, [NTH_TIME_TRUR])
THEN IMP_RES_TAC GREATER
THEN IMP_RES_TAC LT_IMP_LE
THEN IMP_RES_TAC SUB_STABLE_FALSE_THEN_TRUE
THEN RES_TAC

% Subgoal 2: (Induction Step) %
REPEAT STRIP_TAC
THEN IMP_RES_TAC ABS_SET_IMP_ABS
THEN IMP_RES_TAC PRE_EXEC_PREC
THEN NRULE_ASSUM_TAC
(#“ipti t. PTAbs pti s ep t 8’ e’ p'”,
( (REWRITE_RULE [PTAbs]) o (SPECL [“ptiO:PTI”;”t:timeT”])))
THEN POP_ASSUM_LIST (MAP_EVEBRY (\thm. STRIP_ASSUME_TAC thm))
THEN RES_TAC
THEN RES_TAC
THEN ASSUME_TAC (SPEC “t:timeT” LESS_SUC_RREFL)
THEN IMP_RES_TAC PRIOR_EVENTS_EXIST
THEN RES_TAC
THEN IMP_RES_TAC TRANS_ONE_TO_ONEB
THEN SPEC_ASSUM_TAC
(#1ti’., STABLE_FALSE_THEN_TRUR(ale_sig _ib p’) (tp’,ti’) ==>
TRUE_THEN_STABLE_FALSE (ale_sig pb e’) (tp’/,ti’)”,”ti’:timeC”)
THEN ASM_CASES _TAC #t‘’’ < tp’”
THENL [
% Subgoal 2.1: [ “t’’ < tp’'” 1 %
IMP_RES_TAC LT_IMP_LE
THEN IMP_RES_TAC NTH_TRANS_CAUSAL
THEN REWRITE_ASSUM_TAC
(“NTH_TIME_TRUE(SUC t) (ale_sig ib p’)0 ti’”, [NTH_TIME_TRUE])
THEN CHOOSE_ASSUM_TAC
“7t’. NTH_TIME_TRUE t(ale_sig ib p‘)0 t’ /\
STABLE_FALSE_THEN_TRUE (ale_sig ib p’)(t’ + 1,ti’)”
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN SUBGOAL_THEN “(t’/‘/:;timeC) = t’’“ ASSUME_TAC
THENL [
% Subgoal 2.1.1: (New subgoal) %
IMP_RES_TAC TRUE_EVENT_TIMES_EQUAL

% Subgoal 2.1.2: (Continue) %
ASM_RBWRITE_ASSUM_TAC
(“STABLE_FALSE_THEN_TRUE(ale_sig ib p’)(t’’’ + 1,ti’})~,[])
THEN IMP_RES_TAC (REWRITE_RULE [ADD1l] LT_IMP_SUC_LRE)
THEN IMP_RES TAC SUB_STABLE_FALSE_THEN_TRUE
THEN RES_TAC
]

% Subgoal 2.2: [ “~t’'’ < tp’'” ] -contradiction- %
IMP_RES_TAC NOT_LESS
THEN IMP_RES_TAC TRUE_REVENT_ TIMES _MONO
THEN IMP_RES_TAC NTH_TIMB_TRUE_X_IMP_X
THEN REWRITE_ASSUM_TAC
(#*TRUB_THEN_STABLE_FALSE (ale_sig pb e’) (tp’',t’'’)”,
[TRUE_THEN_STABLE_FALSE])
THEN POP_ASSUM_LIST (MAP_REVERY (\thm. STRIP_ASSUME_TAC thm))
THEN SPEC_ASSUM_TAC
(“tt. tp’’ <t /\ t <= t’’ ==> ~ale_sig_pb e’ t”,”tp’:timeC”)
THEN RES_TAC

let NTH_TRANS_ONTO = TAC_PROOF
(L1,

g

(t :timeT) (tp’ tp’’ ti’’ :timecC)
(8’ :timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out)
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(s :timeT->pt_state) (e :;timeT->pt_env) (p :timeT->pt_out)
(pti :PTI) .
PCSet_Correct 8’ e’ p’' ==>
PTAbsSet s e D 8’ @' p’' ==>
(tp’’ > 0) ==>
PT_Exec pti s e p t ==
PT_PreC ptl s e p £t ==>
PStateAbs pti s e p t 8’ e’ p’ tp’’ ==>
PB_Slave pti e p t e’ p’ tp’’ ==>
IBA_PMaster pti e p t e’ p’ ==
Rat_Slave pti e t e’ ==> -
NTH_TIME_TRUE t (ale_sig ib p’) 0 ti’’ ==>
NTH_TIME_TRUE t (ale_sig Db e’) 0 tp'’' ==>
NTH_TIME_TRUE (SUC t) (ale_sig pb e’) 0 tp’ ==>
TRUE_THEN_STABLE_FALSE (ale_sig_ib p’) (ti’’,tp’-1)7),
REPEAT STRIP_TAC
THEN IMP_RBS_TAC TRANS_ONTO
THEN SPEC_ASSUM_TAC
(#!1tp’suc. STABLE_FALSE_THEN_TRUE(ale_sig pb e’) (ti’’+1,tp’'suc) ==>
TRUE_THEN_STABLE_FALSE(ale_sig_ib p’)(ti’’,tp’suc-1)", "tp‘:timeC”)
THEN IMP_RES_TAC NTH_TRANS_CAUSAL
THEN ASSUME_TAC (SPECL [“ti’’:timeC”;”1”] LESS_EQ_ADD)
THEN IMP_RBS_TAC LESS_EQ_TRANS
THEN IMP_RES_TAC TRUR_RVENT_TIMRS_MONO
THEN IMP_RES_TAC NTH_TIME_TRUE_X _IMP_X
THEN REWRITE_ASSUM_TAC
(“NTH_TIME_TRUE(SUC t) (ale_sig_ pb e/)0 tp’”, [NTH_TIME_TRUE])
THEN CHOOSR_ASSUM_TAC
“?t’. NTH_TIME_TRUE t(ale_sig pb e’)0 t’ /\
STABLE_FALSE_THEN_TRUE (ale_sig pb e’)(t’ + 1,tp‘’)”
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN SUBGOAL_THEN “(t’:timeC) = tp’‘’” ASSUME_TAC
THENL [
% Subgoal 1: (New subgoal) %
IMP_RES_TAC TRUE_EVENT_TIMES_EQUAL

% Subgoal 2: {(Continue) %
ASM_REWRITE_ASSUM_TAC
(“STABLE_FALSE_THEN_TRUE (ale_sig pb e‘)(t’ + 1,tp’)",[])
THEN ASM_CASES_TAC “(ti’’ + 1) <= tp’”
THENL [
% Subgoal 2.1: [ “(ti’’ 4+ 1) <= tp’” 1 %
IMP_RES_TAC P
(RIMP (SPRCL [“tp’’:timeC”;”ti’’:timeC”;”17] LESS_EQ_MONO_ADD_EQ))
THEN IMP_RES_TAC SUB_STABLE_FALSE_THEN_TRUE
THEN RES_TAC

% Subgoal 2.2: [ “~(ti’’ + 1) <= tp'” ] %
IMP_RES_TAC NOT_LESS_EQ_LESS
THEN IMP_RES_TAC (REWRITE_RULE [ADD1] LT_SUC_IMP_LE)
THEN IMP_RES_TAC NTH_TRANS ONE_TO_ONE
THEN REWRITE_ASSUM_TAC
(“TRUE_THEN_STABLE_FALSE (ale_sig pb e’) (tp’’,ti’’)~,
[TRUE_THEN_STABLE_FALSE])
THEN POP_ASSUM_LIST (MAP_BVERY (\thm. STRIP_ASSUME_TAC thm))
THEN SPEC_ASSUM_TAC
(“tt. tp’’ <t /\ t <= til‘’ ==> ~ale_sig pb e’ t”,”tp’:timecC”)
THEN IMP_RES_TAC TRUE_EVENT TIMES_MONO
THEN RES_TAC

]
Yi:

let NTH_IBUS_TRANS_BXISTS = TAC_PROOF
ey,
“1 (¢t :timeT) (ptl :PTI)
(s :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(8’ itimeC->pc_state) (e’ :timeC->pc_env) (p’ stimeC->pc_out)
(tp’ :timeC)
PCSet_Correct s’ e’ p’' ==>
PTAbsSet s e D 8’ @' P’ ==>
PT _Bxec pti s e P t ==>
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PT PreC pti s e p t ==>
(?ti’:timeC. NTH_TIME_TRUE t (ale_sig ib p‘) 0 ti’ /\ ti’ > 0)7),
INDUCT_TAC
THEN REPEAT STRIP_TAC
THENL [
% Subgoal 1: (Base Case) %
IMP_RES_TAC ABS_SBET_IMP_ABS
THEN NRULE_ASSUM_ TAC
(#“ipti t. PTAbs pti s ep t 8’ e’ p'”",
( {REWRITE_RULE [PTAbs)) o (SPECL [#“pti:PTI”;”0”]1)))
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))--
THEN RES_TAC
THEN RES_TAC
THEN ASM_CASES_TAC
#.BRLEMENT (PST(L_ad_inE (e’ tp‘’))) 31 /\ New_State_Is_PA s’ e’ tp’'”
THEN IMP_RES_TAC (RIMP ONE_LESS_EQ)
THEN PURE_ONCE_REWRITE_ASSUM_TAC
(#1 <= tp‘”, [BYM_RULE (REDUCE_CONV “0417)])
THEN IMP_RRS_TAC SUC_LE_IMP_LE
THEN IMP_RES_TAC (RIMP ONE_LESS_EQ)
THENL [
% Subgoal 1.1: #?ti‘. NTH_TIME_TRUR O(ale_sig_ib p’)0 ti’ /\ ti’ > 0~
[ “~ELEMENT(FST(L_ad_inE{e’ tp‘)))31 /\
New_State_Is_PA 8’ e’ tp’'” ] %
POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN IMP_RES_TAC ALE_SIG_IB_TRUE_ON_TP’
THEN EXISTS_TAC “tp’:timecC”
THEN ASM_REWRITE_TAC [NTH_TIME_ TRUE; STABLE_FALSE_THEN_TRUE]
THEN IMP_RES_TAC ALE_SIG_IB_FALSE_UPTO_FIRST
THEN NRULE_ASSUM_TAC
(“STABLE_FPALSE(ale_sig ib p’)(0,tp’ - 1)~,
(BETA_RULE o (REWRITE_RULE [STABLE_FALSE])))
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN GEN_TAC
THEN ASSUME_TAC
(SPRCL [“t:timeC”;”tp’:timeC”]
(REWRITE_RULE [PRE_SUBl] LT_EQ_LE_PRE))
THEN RES_TAC
THEN ASM_RRWRITE_TAC(]

% Subgoal 1.2: ~“?ti’. NTH_TIME_TRUE O(ale_sig_ib p’)0 ti’ /\ ti’ > 0~
[ #~(~ELEMENT (PST(L_ad_inE(e’ tp’)))31 /\
New_sState_Is_PA s’ e’ tp’)” 1 %

IMP_RES_TAC ALE_SIG_IB_TRUE_AFTER_TP’
THEN IMP_RRS_TAC ALE_SIG_IB_FALSE_UPTO_FIRST
THEN IMP_RRES_TAC SUP_INTERVAL_STABLE_FALSE_THEN_TRUE
THEN IMP_RES TAC (SPECL [“tp’:timeC”;”1”] SUB_ADD)
THEN ASSUME_TAC (SPEC “tp’:timeC” LESS_EQ REFL)
THEN REWRITE_ASSUM_TAC

(#STABLE_FALSE_THEN_TRUE (ale_sig_ib p‘) (tp’,ti’)~,

[STABLE_FALSE_THEN_TRUE])
THEN POP_ASSUM_LIST (MAP_RVERY (\thm. STRIP_ASSUME_TAC thm))
THEN IMP_RES_TAC LESS_EQ_TRANS
THEN ASM_REWRITE_ASSUM_TAC

(#“tp’ <= ((tp’ - 1) + 1) ==>

0 <= ti’ ==>
STABLE_FALSE_THEN_TRUE (ale_sig_ib p’) (0,ti’)~,[])
THEN IMP_RES_TAC (LIMP ONE_LESS_EQ)
THEN RXISTS_TAC “ti’:timec”
THEN ASM_REWRITE_TAC [NTH_TIME_TRUE]
]

% Subgoal 2: (Induction Step) %
IMP_RES_TAC PRE_EXRC_PREC
THEN RES_TAC
THEN IMP_RES_TAC ABS_SET IMP_ABS
THEN NRULE_ASSUM_TAC
(#!pti t. PTAbs pti s ep t 8’ e’ p’”,
( (REWRITE_RULE [PTAbs]) o (SPECL [“pPti:PTI”;”S8UC t”1)))
THEN IMP_RES_TAC ABS_SRBT_IMP_ABS
THEN NRULB_ASSUM_TAC
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(#iptli t. PTAbs pti s e p t 8’ e’ p’”,
((REWRITE_RULE [PTAbs]) o (SPECL [“ptliO0:PTI”;”t:timeT”])))
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN RES_TAC
THEN RES_TAC
THEN ASM_CASES_TAC
“.BLEMENT (FST(L_ad_inR (e’ tp’))) 31 /\ New_State_Is_PA s’ e’ tp'”
THEN IMP_RES_TAC (RIMP ONE_LESS_EQ)
THEN PURE_ONCE_REWRITE_ASSUM_TAC
(1 <= tp’”, [SYM_RULE (REDUCE_CONV “0+17)1)
THEN IMP_RES_TAC SUC_LE_IMP_LE =
THEN IMP_RES_TAC (RIMP ONE_LESS_EQ)
THENL [
% Subgoal 2.1: #?ti’ . NTH_TIME_TRUE(SUC t) (ale_sig ib p’)0 ti’ /\ ti’>o”~
[ “~BLEMENT(FST(L_ad_inB(e’ tp’)))31 /\
New_State_Is_PA s’ e’ tp‘'” 1 %
EXISTS_TAC “tp’:timecC”
THEN ASM_REWRITE_TAC [NTH_TIME_TRUE]
THEN EXISTS_TAC “ti’’s:timeC”
THEN ASM_REWRITE_TAC [STABLE_FALSE_THEN_TRUE]
THEN IMP_RES_TAC NTH_TRANS_ONTO
THEN NRULE_ASSUM_TAC
(“TRUE_THEN_STABLE_FALSE (ale_sig_ib p’) (ti‘’’,tp’ - 1)~,
(BETA_RULE © (REWRITE_RULE [TRUE_THEN_STABLE_FALSE])))
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN ASSUME_TAC
(SPECL [#ti’/’:timeC”;7tp’-17;71”] (SYM_RULE LESS_RBQ_MONO_ADD_EQ))
THEN IMP_RES_TAC (SPECL [“tp’:timeC”;”1”] SUB_ADD)
THEN ASM_REWRITE_ASSUM_TAC (#ti’’ <= (tp’ - 1)7,[1)
THEN IMP_RES_TAC ALE_SIG_IB_TRUE_ON_TP'
THEN ASM_REWRITE_TAC[]
THEN GEN_TAC
THEN SPEC_ASSUM_TAC
(“1t, i’ < £’ /\ t/ <= (tp’ - 1) ==> ~ale_sig ib p’' t”,
“t’itimeC”)
THEN IMP_RES_TAC
(SPECL [“t’:timeC”;"tp’:timeC”]
(REWRITE_RULE [PRE_SUBl] LT _EQ LE_PRE))
THEN ASM_REWRITE_TAC
[REWRITE_RULE ([ADD1]
(SPERCL [#ti‘’/:timeC”;”t’:timeC”] (SYM_RULE LT_EQ_SUC_LE))]
THEN ASM_CASES_TAC “ti’’ < t’ /\ t’ <= (tp’ - 1)”
THEN POP_ASSUM_LIST (MAP_RVERY (\thm. STRIP_ASSUME_TAC thm))
THEN RES_TAC
THEN ASM_REWRITE_TAC([]
H
% Subgoal 2.2: “?ti‘. NTH_TIME_TRUER(SUC t)(ale_sig_1b p‘)0 ti’ /\ ti’ > o~
[ “~(~BLEMENT (FST(L_ad_inE(e’ tp’)))31 /\
New_State_Is_PA s’ e’ tp’)” 1 %
REWRITE_TAC [NTH_TIME_TRUE; STABLE_FALSE_THEN_TRUE; SYM_RULE ONE_LESS_EQ]
THEN IMP_RES_TAC ALE_SIG_IB_TRUR_AFTER_TP'
THEN EXISTS_TAC “ti’’’’/:timeC”
THEN IMP_RES_TAC NTH_TRANS_ONTO
THEN NRULB_ASSUM_TAC
(#STABLE_FALSE_THEN_TRUE (ale_sig ib p’) (tp‘,tirrr/)»,
(BETA_RULE o (REWRITE_RULE [STABLE_FALSE_THEN_ TRUE])))
THEN NRULE_ASSUM_TAC
(“TRUE_THEN_STABLE_FALSE(ale_sig _ib p’)(ti’’,tp’ - 1)~,
(BETA_RULE o (REWRITE_RULE (TRUE_THEN_STABLE_FALSE])))
THEN POP_ASSUM_LIST (MAP_BVERY (\thm. STRIP_ASSUME_TAC thm))
THEN IMP_RES_TAC (SPECL [“tp’:timeC”;”1”] SUB_ADD)
THEN ASM_REWRITE_ASSUM_TAC
(#ed*’ <= (tp’ ~ 1)~,
[SYM_RULE (SPECL [~“ti’’:timecC”;"tp‘-1%;"1"]
LBSS_EQ_MONO_ADD_EQ)} 1)
THEN IMP_RES_TAC LESS_EQ_ TRANS
THEN ASM_REWRITE_TAC []
THEN EXISTS_TAC “ti’’stimec~
THEN ASM_REWRITE_TAC []
THEN GEN_TAC
THEN ASM_CASES_TAC “(ti’’ + 1) <=t/ /\ t’ < tirr"'»
THEN ASM_REWRITE_TAC(]
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THEN ASM_CASES_TAC “t’ <= tp’ - 1”
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THENL [
% Subgoal 2.2.1: [ “t’ <= (tp’ - 1)” ] %
SPEC_ASSUM_TAC
(#1t, ti’r <t /\ t <= (tp’-1) ==> ~ale_sig ib p’ t~”,7t’:timec”)
THEN ASSUME_TAC
(PURE_ONCE_REWRITE_RULE
[ADD_SYM] (SPBCL [“1”;”ti’’:timeC”] LESS_EQ ADD))
THEN IMP_RES_TAC LESS_EQ_TRANS
THEN IMP_RES_TAC e
(SPECL [~#ti’‘:timeC”;”t’/:timeC”]
(REWRITE_RULE [ADDl1l] SUC_LE_IMP_LT))
THEN RES_TAC

% Subgoal 2.2.2: [ “~t’ <= (tp’ - 1)” 1 %
IMP_RES_TAC NOT_LESS_EQ LESS
THEN SPEC_ASSUM_TAC
(#1t. tp’<=t /\ t<ti’’’'’ ==> ~ale_sig_ib p’ t”,”t’:timec”)
THEN IMP_RES TAC (REWRITR_RULE [PRE_SUB1l] PRE_LT IMP_LE)
THEN RES_TAC

1
Yi:

let TRANS_TIMES_EQUAL = TAC_PROOF

(([1,

#] (t ttimeT) (s :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(8’ :timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out)
(tp’ :timeC) (ti’ :timecC) (pti :PTI) .

PCSet_Correct s’ e’ p’' =x>
PTAbsSet s e D 8' e’ P’ ==>
NTH_TIME_TRUE t (ale_sig pb e’) 0 tp’ ==
tp’ > 0 ==>
NTH_TIME_TRUE t (ale_sig_ib p’) 0 ti’ ==>
PT_RBxec pti 8 e p t ==>
PT _PreC ptl s e p t ==>
PStateAbs pti s ep t 8’ e’ D’ tp’ ==>
Rst_Slave pti e t @’ ==n>
PB_Slave pti e p t e’ p’ tp’ ==>
IB_PMaster pti e D t @’ p’ ti’ ==>
IBA_PMaster pti e p t e’ p’ ==
(New_State_Is_PA 8’ e’ tp’ /\
~BLEMENT (FST(L_ad_inE (e’ tp’))) (31)) ==>
(el = tp’)")r

INDUCT_TAC

THEN REWRITE_TAC (New_sState_Is_PA]

THEN REPEAT STRIP_TAC

THEN ASSUME_TAC

(SPECL [“t:timeT”;”0”;”ti‘:timeC”;”tp’:timeC”;”ale_sig ib p’”]
TRUE_EVENT TIMBS_EQUAL)

THEN RES_TAC

THEN IMP_RES_TAC NTH_TRANS_CAUSAL

THEN IMP_RES TAC LESS_OR_EQ

THEN ASM_REWRITE_TACI]

THEN IMP_RES_TAC (REWRITE_RULE [New_sState_Is_PA] ALE_SIG_IB_TRUE_ON_TP‘)

THENL [

% Subgoal 1: (Base Case) %
REWRITE_ASSUM_TAC

(“NTH_TIME_TRUE 0(ale_sig_ib p’)0 ti’~,

[NTH_TIME_TRUE; STABLE_FALSE_THEN_TRUE])
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN SPEC_ASSUM_TAC

(“tt, 0 <=t /\ t < ti’ ==> ~ale_sig_ib p’ t”,”tp’':timec”)

THEN IMP_RES_TAC GRRATER
THEN IMP_RES_TAC LT_IMP_LE
THEN RES_TAC

% Subgoal 2: (Induction Step) %

REWRITE_ASSUM_TAC
(“NTH_TIME_TRUR(SUC t) (ale_sig ib p’)0 ti‘”~,
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{NTH_TIME_TRUE;STABLE_FALSE_THEN_TRUE])
THEN CHOOSE_ASSUM_TAC
“7t’, NTH_TIME_TRUE t(ale_sig ib p’)0 t’ /\
(t’ + 1) <= i’ \/\
(tt. (£’ 4+ 1) <=t /\ t < ti’ ==> ~ale_sig ib p’ t) /\
ale_sig ib p’ ti‘~
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN SPEC_ASSUM_TAC
("1err, (2 4+ 1) <= t'* /\ £/’ < ti’ ==> ~ale_gig ib p’ t''”,
“tp’ 1timeC”)
THEN IMP_RES_TAC PRE_EXEC_PREC =
THEN IMP_RES TAC ABS_SET_IMP_ABS
THEN NRULE_ASSUM_TAC
(#“!pti t. PTAbs pti s ep t 8’ e’ D'”,
( (REWRITE_RULE [PTAbs]) o (SPRCL [“ptiO:PTI”;”t:timeT”]))))
THEN POP_ASSUM_LIST (MAP_ERVERY (\tbhm. STRIP_ASSUME_TAC thm))
THEN RBS_TAC
THEN RES_TAC
THEN IMP_RES_TAC NTH_TRANS_ONTO
THEN REWRITE_ASSUM_TAC
(“TRUB_THEN_STABLE_FALSE(ale_sig ib p’)(t’,tp’ - 1)”,
[TRUE_THEN_STABLE_FALSE])
THEN POP_ASSUM_LIST (MAP_RVERY (\thm. STRIP_ASSUME_TAC thm))
THEN IMP_RES_TAC
(SPECL [“t’:timec”;”tp’-17;717] (RIMP LESS_EQ MONO_ADD_EQ))
THEN IMP_RES_TAC (RIMP ONE_LEBSS_EQ)
THEN IMP_RES_TAC (SPECL [“tp’:timeC”;»17] SUB_ADD)
THEN ASM_REWRITE_ASSUM TAC (¥(t’ + 1) <= ({tp’ - 1) + 1)*, (1)
THEN RES_TAC
1
)i

let NEXT_IBUS_TRANS_IS_NTH = TAC_PROOF

e,

#} (t t1timeT) (s :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(8’ stimeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out)
(cp’ :timeC) (ti’ :timeC) (pti :PTI) .

PCSet_Correct 8’ e’ p’ ==>
PTAbaSet 8 e P 8’ o’ P’ =x=>
NTH_TIME_TRUE t (ale_sig pb e’) 0 tp’ ==>
tp’ > 0 ==>
PT _Exec pti s e p t ==>
PT_PreC pti s e p t ==>
PStateAbs pti s ep t 8’ e’ p’ tp’ ==>
Rst_Slave pti e t e’/ ==>
PB_Slave pti e p t e’ p’ tp’ ==>
IBA_PMaster pti e p t @’ p’ ==>
STABLE_FALSE_THEN_TRUE (ale_sig_ib p’) (tp’,ti’) ==>
NTH_TIME_TRUE t (ale_sig ib p’) 0 ti’'”"),

INDUCT_TAC

THEN REPEAT STRIP_TAC

THENL [

% Subgoal 1: (Base Case) %
REPEAT STRIP_TAC
THEN IMP_RES TAC ALEB_SIG_IB_FALSE_UPTO_FIRST
THEN IMP_RES_TAC SUP_INTERVAL_STABLE_ FALSE_THEN_TRUB
THEN IMP_RES_TAC (RIMP ONE_LEBSS_EQ)
THEN IMP_RES_TAC (SPECL [“tp’:itimeC”;”17] SUB_ADD)
THEN ASSUME_TAC (SPEC ¥ti’:timeC” 2BRO_LESS_EQ)
THEN ASSUME_TAC (SPEC “tp’:timeC” LESS_EQ_REFL)
THEN ASM_REWRITE_ASSUM_TAC
(“tp’ <= ((tp’ - 1) + 1) ==> 0 <= ti’ ==>
STABLE_FALSE_THEN_TRUE (ale_sig ib p’)(0,ti’)~,[])
THEN ASM_REWRITE_TAC [NTH_TIME_TRUE]

% Subgoal 2: (Induction Step) %
IMP_RES_TAC PRE_EXEC_PREC
THEN IMP_RES_TAC ABS_SET_IMP_ABS
THEN NRULB_ASSUM_TAC
(“ipti t. PTAbs pti s e p t 8’ e’ p’'”,
( (REWRITE_RULE [PTAbs]) o (SPERCL [“ptiO:PTI”;”t:timeT”])))
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
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THEN RRS_TAC
THEN RES_TAC
THEN POP_ASSUM (\thm. ALL_TAC)
THEN POP_ASSUM (\thm. ALL_TAC)
THEN IMP_RES_TAC NTH_IBUS_TRANS_ EXISTS
THEN IMP_RES_TAC NTH_TRANS_ONTO
THEN POP_ASSUM (\thm. ALL_TAC)
THEN POP_ASSUM (\thm. ALL_TAC)
THEN REWRITE_TAC [NTH_TIME_TRUE;STABLE_FALSE_THEN_TRUE]
THEN EXISTS_TAC “ti’’’:timeC”
THEN ASM_REWRITE_TAC(] -
THEN REWRITE_ASSUM_TAC
(“TRUR_THEN_STABLE_FALSE(ale_sig _ib p’)(ti’’/,tp’ - 1)”,
[TRUE_THEN_STABLE_FALSE])
THEN REWRITE_ASSUM_TAC
(#STABLE_FALSE_THEN_TRUB(ale_sig_ib p’) (tp’,ti’)~,
[STABLE_FALSE_THEN_TRUE])
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN IMP_RES_TAC
(RIMP (SPECL [“ti‘’’/:timeC”;”tp‘-17;71”] LESS_BQ_MONO_ADD_EQ))
THEN IMP_REBS_TAC (RIMP ONE_LESS_EQ)
THEN IMP_RES_TAC (SPECL [“tp’:timeC”;”1”] SUB_ADD)
THEN ASM_REWRITE_ASSUM_TAC (“(ti’’’ 4+ 1) <= ((tp’ -~ 1) + 1)~,[1])
THEN IMP_RES_TAC LESS_BQ_TRANS
THEN ASM_REWRITE_TAC(]
THEN REPEAT STRIP_TAC
THEN SPRC_ASSUM_TAC
(#1t. tp’ <=t /\ t < ti’ ==> ~ale_sig_ib p’ t”,”t’:timeC”)
THEN SPRC_ASSUM_TAC
(#1t. €17/’ <t /\ t <= (tp’ - 1) ==> ~ale_sig ib p’ t”,”t’:timec”)
THEN ASM_CASES_TAC “tp’' <= t'”
THENL [
% Subgoal 2.1: [ “tp’ <= t’'”7 ] %
RES_TAC

% Subgoal 2.2: [ “~tp’ <= t’'”" 1 %

IMP_RES_TAC NOT_LESS_EQ LESS

THEN IMP_RES_TAC (REWRITE_RULE [ADD1l] SUC_LE_IMP_LT)
THEN IMP_RES_TAC (REWRITE_RULE [PRE_SUBL] LT _IMP _LE_PRE)
THEN REBS_TAC

1
Yii

let P_RQT _FALSE_ON_TI’ = TAC_PROOF
(([”PCSet_Correct 8’ e’ p’'";
“PTAbsSet 8 e P 8’ e’ D'";
“NTH_TIME TRUE t (ale_sig pb e’) 0 tp’”;
lltp !’ > 0 n ,

“NTH_TIME_TRUE t (ale_sig ib p’) 0 ti’'";
“PT Bxec pti s e p t7;

“PT _PreC pti s e p t7;

“pStateAbs pti s e p t 8’ e’ D’ tp'”";
“Rst_Slave pti e t e’";

“PB_Slave pti e p t e’ p’ tp’'";
#IB_PMaster pti e p t e’ p’ ti’'”,;
“IBA_PMaster ptli e p t e’ p’'”],
“#(New_State_Is_PA s’ e’ tp’') /\
(~BELEMENT (FST(L_ad_inE (e’ tp’))) (31))
1 33
(~P_rqts (s’ ti‘))”),
REPEAT STRIP_TAC
THEN IMP_RES_TAC TRANS_TIMES_EQUAL
THEN IMP_RES_TAC PREC
THEN REWRITE_ASSUM_TAC (“PStateAbs pti s e p t 8’ e’ p’ tp’”, [PStateAbs])
THEN POP_ASSUM_LIST (MAP_BVERY (\thm. STRIP_ASSUME_TAC thm))
THEN RES_TAC
THEN ASM_REWRITE_ASSUM_TAC (“P_rqgtS(s’ (ti’:timec))”,[])
Y1

P_RQT_TRUE_ON_TI‘_IMP_DEBLAY CONDS =
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|- ipti ep t @' p’ ti’ tp’ 8 8’.
IBA_PMaster pti e p t e’ p’ ==>
IB_PMaster pti ep t e/ p’/ ti’ ==>
PB_Slave pti e p t e’ P’ tp’ ==>
Ret_Slave pti e t ¢’ =x>
PStateAbs ptli s ep t 8’ e’ p’ tp’ ==>
PT_PreC pti s e p t ==>
PT_Exec pti s e p t ==>
NTH_TIME_TRUR t(ale_sig ib p’)0 ti’ ==>
tp’ > 0 ==>
NTH_TIME_TRUE t(ale_sig pb e’)0 tp’' ==> --
PTAbsSet s e p 8’ e’ P’ ==>
PCSet_Correct s’ e’ p’' ==
P_rqtsS(s’ ti’) ==>
~(New_State_Is_PA 8’ e’ tp’ /\ ~ELEMENT(FST(L_ad_inRE(e’ tp’)))31)

let P_RQT_TRUE_ON_TI'_IMP_DELAY CONDS =
REWRITE_RULE [] (GEN_ALL (DISCH_ALL (CONTRAPOS P_RQT_FALSE_ON_TI’)));;

let P_RQT TRUE_ON_TI’ = TAC_PROOF
(([“PCSet_Correct s’ e’ p’";
“PTAbsSet 8 e P 8’ @' D'";
“NTH_TIME_TRUE t (ale_sig pb e’) 0 tp’7;
“tp’ > 07
“NTH_TIME_TRUB t (ale_sig_ib p’) 0 ti'w;
“PT_Exec pti s e p t~;
“PT_PreC ptl s e p t”;
“pStateAbs pti s e p t 8’ e’ D’ tp'";
#“Rst_Slave pti e t e’";
#“pB_Slave ptli e p t e’ p’ tp’'";
#IB_PMaster pti e p t e’ p’ ti‘~;
“IBA_PMaster pti ep t e’ p’”],
“~(~BELEMENT (FST(L_ad_inE (e’ tp’))) (31) /\ New_State _Is PA 8’ e’ tp’)
==
pP_rqts (s’ ti’)”),
REPEAT STRIP_TAC
THEN IMP_RES_TAC ALE_SIG_TIB_TRUE_AFTER_ TP’
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN RES_TAC
THEN IMP_RES_TAC TI’_AFTER_TP'
THEN IMP_RES_TAC NEXT_IBUS_TRANS_IS_NTH
THEN SUBGOAL_THEN “(ti’:timeC) = ti’’” ASSUME_TAC
THENL [
% Subgoal 1: (New Subgoal) %
IMP_RES_TAC TRUEB_EVENT_TIMES_EQUAL

% Subgoal 2: (Continue) %
REWRITE_ASSUM_TAC
(#~(~ELEMENT (FST(L_ad_inE(e’ tp’)))31 /\ New_State_Is_PA s’ e’ tp’)”,
[DE_MORGAN_THM] )

THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))

THEN RES_TAC

THEN IMP_RES_TAC (REWRITE_RULE [PRE_SUBl] LT_IMP_LE_PRE)

THEN IMP_RES_TAC STABLE_PALSE_THEN

THEN ASSUME_TAC (SPECL [“ti’’:timeC”;”1”] SUB_LESS_EQ)

THEN IMP_RES_TAC NEW_P_RQT TRUE_FROM_TP‘_TO_TI'

THEN IMP_RES TAC M_LESS_0_LESS

THEN IMP_RES_TAC (REWRITE_RULE [ADD1l] LT_IMP_SUC_LRE)

THEN POP_ASSUM_LIST (MAP_REVERY (\thm, ASSUME_TAC (REDUCE_RULE thm)))

THEN ASM_REWRITE_TACI[]

THEN IMP_RES_TAC (SYM_RULE (SPECL (“ti’‘:timeC”;”1”] SUB_ADD))

THEN PURE_ONCE_ASM_REWRITE_TAC([]

THEN DELETE_ASSUM_TAC “ti’’ = (ti’’ - 1) + 1~

THEN IMP_RES_TAC P_rgt_ISO

THEN REWRITE_ASSUM_TAC (“New_P_Rgt Is_TRUE s’ e’(ti‘’ - 1)~,
{New_P_Rqgt_Is_TRUE;New_State_Is_PD})

THEN ASM_REWRITE_TAC[]
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P_RQT_FALSE_ON_TI‘_IMP_FLOWTHRU_CONDS =
|- ipti ep t e p’ ti’ tp’ 8 8.
IBA_PMaster pti e p t e’ p’ ==>
IB_PMaster pti e p t e’ p’ ti’ ==>
PB_Slave pti e p t e’ p’ tp’ ==>
Rst_Slave pti e t e/ =z==>
PStateAbs pti s ep t 8’ e/ p’ tp’ ==>
PT_PreC pti s e p t ==>
PT_Exec pti s e p t ==>
NTH_TIMB_TRUE t(ale_sig_ib p’)0 ti’ ==>
tp’ > 0 ==> NTH_TIME_TRUE t(ale_sig pb /)0 tp’ ==> =
PTAbsSet 8 e p 8’ @’ D’ ==>
PCSet_Correct s’ e’ p’' ==>
~P_rqt8(s’ ti’) ==>
~ELEMENT (FST (L_ad_inB(e’ tp’)))31 /\ New_State_Is_PA 8’ e’ tp’

________________________________________________________________________________ %
let P_RQT_FALSE_ON_TI’_IMP_FLOWTHRU_CONDS =
REWRITE_RULE [] (GEN_ALL (DISCH_ALL (CONTRAPOS P_RQT_TRUE_ON_TI’)));:;
let MAXWORD = mk_thm
(5]; n b, (VAL a b) < (2 BXP (SUC n))”
Yis
G m o o i e 2 e e e e o e 20 e B O o e e o e e e
File: pt_thms2.ml
Author! (¢) D.A. Fura 1993
Date: 7 March 1993
More theorems used in the P-Port trans~level proof.
________________________________________________________________________________ %

let GREATER_TRANS = TAC_PROOF
([,
“! mAapspum. mMm>ND=s>N>P ==>m>p’),
REWRITE_TAC [GREATER]
THEN REPEAT STRIP_TAC
THEN IMP_RES_TAC LESS_TRANS
Yi:

let PRIOR_FALSE_RVENTS_EXIST = mk_thm
(1,
#y (x stime->bool) (m n :num) (t0 t :time) .
NTH_TIME_FALSE n x t0 t ==>
(m < n) ==>
(?t’. £’ < t /\ NTH_TIMB _FALSE m x tO0 t’)~
Yis

let GT_IMP_NOT EQ = mk thm
([}, “! (mn tnum). m > N ==> ~(m = n)”);;

let SUP_INTERVAL_STABLE_FALSE = mk_thm
([1,
#1 (t0 t9 tl t2 :time) (x stime->bool) .
STABLE_FALSE x (t0,tl) ==>
STABLE_FALSE x (t2,t9) ==>
(t2 <= tl+l) ==>
(0 <= t9) ==>
STABLE_FALSE x (t0,t9)~
|F;

let LT _IMP_NOT_EQ = mk_thm
({}J, “! mn :oum . (m < n) ==> ~(m = n)”);;

let DECN_WORDN_1 = TAC_PROOF
1.
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“#% (m n snum) .
(m <= 3) ==>
(n <= 3) ==>

(m=n+ 1) ==>
(DECN 1 (WORDN 1 m) = WORDN 1 n)”),

REWRITE_TAC ([DECN]
THEN REPEAT STRIP,_TAC
THEN COND_CASES_TAC
THENL [
% Subgoal 1: “SETN 1 = WORDN 1 n”

{ “ZEROS 1(WORDN 1 m)” ] % -

SUBGOAL_THEN “n < 3” ASSUME_TAC
THENL {

1

%

% Subgoal 1.1: “n < 3”7 %

REWRITE_ASSUM_TAC (“n <= 37, [LESS_OR_EQ])

THEN POP_ASSUM_LIST (MAP_RBVERY (\thm. STRIP_ASSUME_TAC thm))
THEN ASM_REWRITE_TACI[]

THEN ASM_REWRITE_ASSUM_TAC (m = n + 17,1])

THEN UNDISCH_TAC “m <= 37

THEN ASM_REWRITE_TAC(]

THEN REDUCE_TAC

% Subgoal 1.2: [ “n < 3”7 ] %
SUBGOAL_THEN “ZRROS 1(WORDN 1 m) ==> (m=0)” IMP_RES_TAC
THENL {
% Subgoal 1.2.1: (New Subgoal) %
REWRITE_TAC [num_CONV “17;ZEROS;WORDN]
THEN BETA_TAC
THEN REDUCE_TAC
THEN REWRITE_ASSUM_TAC (“m <= 3”7, [LESS_EQ_3_CASES])
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUMR_TAC thm))
THEN ASM_REWRITE_TAC[]
THEN REDUCE_TAC

% Subgoal 1.2.2: (Continue) %

UNDISCH_TAC “m = n + 1”7

THEN REWRITB_ASSUM_TAC (#“n <= 37, [LESS_RQ_3_CASES])

THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN ASM_REWRITE_TAC[]

THEN REDUCE_TAC

Subgoal 2: “WORDN 1((VAL 1(WORDN 1 m)) - 1) = WORDN 1 n” %

IMP_RES_TAC VAL_WORDN_IDENT_1
THEN ASM_REWRITE_TAC (ADD_SUB]

1
Yz

let STABLE_HI_IMP_NOT_STABLE_LO = TAC_PROOF

(11,

“y (x :itime->wire) (tl t2 :time) .
STABLE_HI x (tl1l,t2) ==> ~STABLE_LO x (tl1,t2)”),
REWRITE_TAC [STABLE_HI;STABLE_LO]

THEN
THEN

THEN

THEN
THEN
THEN
THEN
Vi

REPEAT STRIP_TAC
SPEC_ASSUM_TAC
("1t, £l <= t /\ t <= t2 ==> (x t = HI)”,”tl:timeC”)
SPREC_ASSUM_TAC
(#“1t, €1 <= t /\ t <= t2 ==> (x t = LO)}”,”tl:timeC”)
ASSUME_TAC (SPEC “tl:timeC” LRSS_EQ_ REFL)
RES_TAC
UNDISCH_TAC “x (tl:timeC) = LO”
ASM_REWRITE_TAC (prove_constructors_distinct wire]

let Standard Assumps = new_definition
(‘sStandard_Assumps’,
#1 (ptl :PTI) (s :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)

(t

ttimeT) (8’ :ttimeC->pc_state) (e’ :timeC->pc_env) (p’ :stimeC->pc_out)

(tp’ ti’ :timecC) .
Standard_Assumps pti s e p t 8’ e’ p’ tp’ ti’ =
PCSet_Correct s’ e’ p’ /\

137



Vi

PTAbsSet 8 e p 8’ o’ p’' /\

PT _Exec pti s e p t /\

PT_PreC pti s e p t /\

PB_Slave pti e p t e’ p’ tp’ /\
IB_PMaster pti e p t e’ p’ ti’ /\
IBA_PMaster pti ep t e’ p’ /\
Rat_Slave pti e t e’ /\

PStateAbs ptl s e p t s’ e’ p’ tp’ /\
NTH_TIME_TRUE t(ale_sig pb e’)0 tp’ /\
tp’ > 0 /\

NTH_TIME_TRUE t(ale_sig ib p’)0 ti’ /\ ="
ti’ > 0~

let EXPAND_STANDARD_ASSUMPS = TAC_PROOF
((rl.,

“y

(pti :PTI) (s :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(t :timeT) (s’ :timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out)
(tp’ ti’ :timec) .

Standard _Assumps pti s e p t s’ e’ p’ tp’ ti’' ==>

(PCSet_Correct s’ e’ p’ /\

PTAbsSet s e p 8’ @' P’ /\

PT_Exec pti s e p t /\

PT _PreC pti s e p t /\

PB_Slave pti e p t e’ p’ tp’ /\
IB_PMaster pti e p t e’/ p’ ti’ /\
IBA_PMaster pti ep t e’ p’ /\
Rst_Slave pti e t e’ /\

PStateAbs pti s ep t 8’ e’ p’ tp’ /\
NTH_TIME_TRUR t(ale_sig pb e’)0 tp’ /\
tp’ > 0 /\

NTH_TIME_TRUB t(ale_sig ib p’)0 ti’ /\
ti’ > 0)”),

REWRITE_TAC ([Standard_Assumps]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI[]

Yi:

let OFFSET_NEW_P_RQT_TRUE_FROM TI’_TO_T'SACK = TAC_PROOF
ey,

“1

(u’ :timecC)
(pti :PTI) (s :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(t :timeT) (s’ :timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out)
(tp’ ti’ t’sack :timeC) .
PCSet_Correct s’ e’ p’ ==>
PT _Exec ptl s e p t ==>
IBA_PMaster pti e p t e’ D’ ==>
Rat_Slave pti e t &’ ==>
NTH_TIME_TRUE t(ale_sig_ib p’)0 ti’ ==>
(el > 0) ==>
STABLE_FALSE (Sack_Sig Is_TRUE 8’ e’) (ti’,t’sack-l) ==>

((ti’+u’) < t’'sack) ==>

New_P_Rqgt_Is_TRUE s’ e’ (ti‘+u’)”),

INDUCT_TAC

THEN REWRITE_TAC ([ADD_CLAUSES;ADD1;ADD_ASSOC]
THEN REPEAT STRIP_TAC

THENL [

% Subgoal 1: (Base Case) %
IMP_RES_TAC NTH_TIME_TRUB_X_IMP_X
THEN IMP_RES_TAC IBUS_ALE_IMP_NEW_P_RQT

% Subgoal 2: (Induction Step) %
ASSUME_TAC (SPECL [~#ti’+u’”;”1”] LESS_EQ_ADD)
THEN IMP_RES_TAC LBSS_EQ_LESS_TRANS
THEN RES_TAC
THEN REWRITE_ASSUM_TAC
(#“STABLE_FALSE(Sack_Sig Is_TRUR s’ e’)(ti’,t’sack-1)",
[STABLE_FALSE})
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN SPEC_ASSUM_TAC
(#tt, ti’ <= t /\ t <= (t’sack - 1) ==> ~Sack_Sig_Is_TRUR s’ e’ t”,
“(td +u’)+1”)
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THEN ASSUME_TAC (SPBRCL [“ti’:timeC”;”u’:timeC”] LESS_EQ_ADD)
THEN IMP_RES_ TAC LESS_EQ TRANS
THEN IMP_RES_TAC (REWRITE_RULE [PRE_SUB1] LT_IMP_LE_PRE)
THEN RES_TAC
THEN SUBGOAL_THEN “P_rqgtS (e’ ((ti‘+u’)+1l))” ASSUME_TAC
THENL [

% Subgoal 2.1: (New Subgoal) %

IMP_RES_TAC P_rqt_ISO

THEN REWRITE_ASSUM_TAC

(“New_P_Rqgt_Is_TRUEB s’ e’(ti’ + u')~,
[New_P_Rqt_Is_TRUR;New_State_Is_PD]) b
THEN ASM_REWRITE_TAC(]

% Subgoal 2.2: (Continue) %
IMP_RES_TAC RST_FALSE
THEN NRULE_ASSUM_TAC
(#~8ack_gSig Is_TRUE s’ e’ ((ti’ + u’) + 1)7,

(BETA_RULE o (REWRITE_RULE[Sack_sSig_Is_TRUE;New_State_Is_PD])))
THEN IMP_RES_TAC P_rgt_ISO
THEN ASM_REWRITE_TAC [New_P_Rqt_Is_TRUE;New_State_Is_PD;COND_TRUE_TRUE;

COND_TRUR_CHOICES]

]
Yis

let NEW_P_RQT _TRUB_FROM_TI’_TO_T’SACK = TAC_PROOF
1,
“y (£’ :timeC)
(pti sPTI) (s :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(t :timeT) (s’ :timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out)
(tp’ ti’ t’sack itimeC) .
PCSet_Correct s’ e’ p’ ==>
PT_Exec pti s e p t ==>
IBA_PMaster pti ep t e/ p’ ==>
Rst_Slave pti e t @’ ==>
NTH_TIME_TRUE t(ale_sig_ib p’)0 ti’ ==>
(ti’ > 0) ==>
STABLE_FALSE (Sack_Sig_Is_TRUE s’ e’) (ti’,t’sack-1l) ==>
(td’ <= t*) ==>
(t’ < t’sack) ==>
New_P_Rqgt_TIs_TRUE s’ e’ t'”7),
REPEAT STRIP_TAC
THEN IMP_RES_TAC (SPEC “t’~ti’” OFFSET_NEW_P_RQT_TRUR_FROM_TI'_TO_T'SACK)
THEN SPECL_ASSUM_TAC
(#3e’ i, (ed’ + (£’ - ti’77)) < t’sack ==>
New_P_Rqgt_Is _TRUE s’ e’(ti’ + (t’ - ti’’’))~,
[#t’i1timeC”;7ti’:timeC”])
THEN IMP_RES_TAC
(SPECL ([#t‘:timeC”;”ti’:timeC”]
(PURE_ONCE_REWRITE_RULE [ADD_SYM] SUB_ADD))
THEN ASM_REWRITE_ASSUM_TAC
(“(ti’ + (£’ - ti’)) < t’sack ==>
New_P_Rqt_Is_TRUB s’ e’(ti’ + (t’ - ti’))~,[])
THEN ASM_REWRITE_TAC[]
Yii

let SACK_SIG_FALSE_DURING_DATA_0 = TAC_PROOF
(11,
71 (pti :PTI) (s :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(t :timeT) (s’ :timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out)
(ti’ t/sack t’'rdy0 :timeC) .
PCSet_Correct 8’ e’ p’ =x>
PT_Exec pti s e p t ==>
IBA_PMaster pti e p t e’ p’ ==>
NTH_TIME _TRUE t(ale_sig_ib p’)0 ti’/ ==>
(tl’ > 0) ==>
STABLE_TRUE_THEN_FALSE (bsig I_srdy E e’) (ti‘’+l,t’rdy0) ==>
STABLE_FALSE (Sack_Sig Is_TRUE g’ e’) {(ti’,t‘rdayd-1)*),
REWRITE_TAC [STABLE_TRUE_THEN_FALSE;bsig;BSel;STABLE_FALSE;Sack_Sig_Is_TRUE]
THEN BRETA_TAC
THEN REPEAT STRIP_TAC
THENL [
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% Subgoal 1: “ti’ <= (t'rdy0 - 1)7 %

IMP_RES_TAC (SPECL [“ti’+17”;”t’'rdy0:timec”;”1”] LESS_EQ MONO_SUB)
THEN RULE_ASSUM_TAC (REWRITE_RULE [SPECL [~ti’:timeC”;”1”] ADD_SUB])
THEN ASM_REWRITE_TACI[]

% Subgoal 2: [ “~SND(I_sxrdy E(e’ t’))” 1 %
SPEC_ASSUM_TAC
(#tt, (td’ 4+ 1) <=t /\ t < t'rdy0 ==> SND(I_srdy E(e’ t))”,”t’stimeC”)
THEN IMP_RRS_TAC (RIMP ONE_LESS_RQ)
THEN ASSUME_TAC (SPECL [“ti’:timeC”;”1”] LESS_RQ_ADD)
THEN IMP_RRS_TAC LESS_EQ_TRANS ~-
THEN IMP_RES_TAC (REWRITE_RULE [PRE_SUB1] LE_PRE_IMP_LT)
THEN ASM_CASES_TAC “(ti‘+l)<=t’'”
THENL [
% Subgoal 2.1: [ “(ti’ + 1) <= t'” 1 %
RES_TAC
THEN RES_TAC

% Subgoal 2.2: [ “~(ti’ + 1) <= t’'”" ] %

IMP_RES_TAC NOT_LESS_EQ_LESS

THEN IMP_RES_TAC (REWRITE_RULE [ADD1] LT_SUC_IMP_LE)

THEN IMP_RES_TAC LESS_EQUAL_ANTISYM

THEN DRLETE_ASSUM_TAC “t’ = (ti’:timeC)”

THEN ASM_REWRITE_ASSUM_TAC (“NTHE_TIMER_TRUE t(ale_sig ib p’)0 ti‘’~”,[])
THEN IMP_RES_TAC NTH_TIME_TRUE_X IMP_X

THEN IMP_RES_TAC IBUS_ALE_IMP_PA

THEN UNDISCH_TAC #“New_State_Is_PD s’ e’ t'”

THEN REWRITE_ASSUM _TAC (“New_State_Is_PA 8’ e’ t’”,[New_sState_Is_PA])
THEN IMP_RES_TAC PA_IMP_NOT_PD

THEN ASM_REWRITE_TAC [New_State_Is_PD]

]
Y1

let P_LOAD_TRUE_THEN_STABLE_FALSE_FROM_TP‘_TO_T’SACK = TAC_PROOF
(L1,
#y (£’ :timeC)
(pti :PTI) (8 :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(t :timeT) (s’ :timeC->pc_state) (e’ :1timeC->pc_env) (p’ :timeC->pc_out)
(tp’ ti’ t’sack itimeC) .
(Standard_Assumps pti s e p t 8’ e’ p’ tp’ ti’ /\
STABLE_FALSE (Sack_Sig Is_TRUE 8’ e’) (ti’,t’sack-1l)) ==>
TRUE_THEN_STABLE_FALSE (\u‘. P_loads (s’ u’)) (tp’,t’sack)”),
REWRITE_TAC [Standard_Assumps; TRUE_THEN_STABLE_FALSE]
THEN BETA_TAC
THEN REPEAT STRIP_TAC
THENL [
% Subgoal 1: “tp’ <= t‘sack” %
REWRITE_ASSUM_TAC
(#“STABLE_FALSE (Sack_Sig Is_TRUR 8’ e’)(ti’,t’sack - 1)”, [STABLE_FALSE])
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN ASSUMR_TAC (SPECL [“t’sack:timeC”;”17] SUB_LESS_EQ)
THEN IMP_RES_TAC NTH_TRANS_CAUSAL
THEN IMP_RES_TAC LESS_EQ_TRANS

% Subgoal 2: “P_loadS(s’ tp’)” %
SUBGOAL_THEN “~P_xrqtS(s’ (tp’‘:timeC))” ASSUME_TAC
THENL [

% Subgoal 2.1: (New Subgoal) %

PREC_TAC

% Subgoal 2.2: (Continue) %
UNDISCH_TAC “~P_xrqgtS(s’ (tp’/:timeC))”
THEN SUBGOAL_THEN “tp’ = (tp‘-1)+1” (\thm. PURE_ONCE_REWRITE_TAC ([thm])
THENL [

% Subgoal 2.2.1: (New Subgoal) %

IMP_RES_TAC (RIMP ONB_LESS_EQ)

THEN IMP_RES_TAC

(SPECL [~“tp’:timeC”;”1”] (SYM_RULE SUB_ADD))

H

% Subgoal 2.2.2: (Continue) %

IMP_RES_TAC P_load_ISO
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THEN IMP_RES_TAC P_rqt_ISO

THEN ASM_REWRITE_TAC[]

THEN DISCH_TAC -
THEN ASM_REWRITE_TAC[]

]
]

% Subgoal 3: [ #tp’ < t‘” ]

[ #t’ <= t’‘sack” ]
[ “P_loadS(s’ t‘)}” 1 %

UNDISCH_TAC “P_loadsS(s’ (t’:timec))” -
THEN SUBGOAL_THEN “t‘ = (t’-1)+1” (\thm. PURE_ONCE_REWRITE_TAC (thm])

THENL [

% Subgoal 3.1: (New Subgoal) %

IMP_RES_TAC (RIMP ONE_LESS_RQ)

THEN IMP_RES_TAC LESS_BQ_ LESS_TRANS

THEN IMP_RES_TAC LT_IMP_LE

THEN IMP_RES_TAC (SYM_RULE (SPECL [“t’/:timeC”;”1”] SUB_ADD))

% Subgoal 3.2: (Continue) %
IMP_RES_TAC IBUS_TRANS_EXISTS

THEN IMP_RES TAC NEXT_IBUS_TRANS_IS_NTH
THEN SUBGOAL_THEN

#tl’’ = (ti‘:timeC)” (\thm. RULE_ASSUM TAC (REWRITE_RULE [thm}))

THENL [

%

Subgoal 3.2.1: (New Subgoal) %

IMP_RES_TAC TRUE_EVENT_ TIMES_EQUAL

H
%

Subgoal 3.2.2: (Comntinue) %

REWRITE_ASSUM_TAC

(*STABLE_FALSE THEN TRUR (ale_sig ib p‘) (tp’,ti’)”,
{STABLE_FALSE_THEN TRUE])

THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))

1

THEN IMP_RES_TAC NEW_P_RQT _TRUE_FROM_TI’_TO_T'SACK
THEN IMP_RES_TAC NEW_P_RQT TRUE_FROM_TP’_TO_TI’
THEN NRULE_ASSUM_TAC

(“1ti’. STABLE_FALSE(ale_sig_ib p’)(tp’,ti’ - 1) ==>
(l1t’. tp’ <= t’ ==> t’ <= ti’ ==> New_P_Rqt_Is_TRUE g’ e’ t’)”,
( (REWRITE_RULE [STABLE_FALSE]) o (SPEC “ti’:timeC”)))

THEN ASM_CASES_TAC “tp’ <= (ti’ - 1)~
THENL [

%

Subgoal 3.2.2.1: [ #tp’ <= (ti’ - 1)" 1 %

SUBGOAL_THEN

(e, tp’ <= t /\ t <= (ti’ - 1) ==> ~ale_sig_ib p’ t)” ASSUME_TAC

THENL [

% Subgoal 3.2.2.1.1: (New Subgoal) %
REPEAT STRIP_TAC
THEN SPRC_ASSUM_TAC
(“1t. tp’ <= t /\ t < ti’ ==> ~ale_sig_ib p’ t”,”t’’:itimeC”)
THEN IMP_RES_TAC (RIMP ONE_LESS_EQ)
THEN IMP_RES_TAC (REWRITE_RULE [PRE_SUB1] LE_PRE_IMP_LT)
THEN RES_TAC

% Subgoal 3.2.2.1.2: (Continue) %
ASM_REWRITE_ASSUM_TAC
(“cp’ <= (ti’ - 1) /\
(tt., tp’ <=t /\ t <= (ti’ - 1) ==» ~ale_sig _ib p’ t) ==>
('t’. tp’ <= t’ ==> t’ <= ti’ ==> New_P_Rqgt_JXs_TRUE s’ e’ t’)”,
1
THEN SPRC_ASSUM_TAC .
(#1t’, ti’<=t’ ==> t’<t’sack ==> New_P_Rqt_Is_TRUE 8’ @' t‘”,
ugrLyn )
THEN SPRC_ASSUM_TAC
(#1t’, tp’<=t’ ==> t’<=tl’ ==> New_P_Rqgt_Is_TRUE s’ e’ t’”,
nprognm )
THEN ASM_CASES_TAC “ti’ <= (t’ - 1)~
THENL |
% Subgoal 3.2.2.1.2.13 [ #til’ <= (¢’ - 1)” 1 %
IMP_RES_TAC (RIMP ONE_LESS_EQ)
THEN IMP_RBS_TAC LESS_RQ LESS_TRANS
THEN IMP_RES_TAC LESS_LRESS_EQ TRANS
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THEN IMP_RES_TAC LT_IMP_LE
THEN IMP_RES_TAC (REWRITE_RULE [PRE_SUB1] LE_IMP_PRE_LT)
THEN RES_TAC
i
% Subgoal 3.2.2.1.2.2: [ #~ti’ <= (£’ - )" 1 %
IMP_RES_TAC NOT_LESS_EQ_ LESS
THEN IMP_RES_TAC LT_IMP_LE
THEN IMP_RES_TAC (REWRITE_RULE [PRR_SUB1l] LT_IMP_LE_PRE)
THEN RES_TAC
]
THEN REWRITE_ASSUM_TAC -
(“New_P_Rqgt_Is_TRUE 8’ e’(t’ - 1)7,
[New_P_Rqt_Is_TRUE;New_State_Is_PD])
THEN IMP_RRS_TAC P_load_IS0
THEN ASM_REWRITE_TAC({]
1

% Subgoal 3.2.2.2: [ “~tp’ <= (ti’ - 1)" 1 %
IMP_RES_TAC NOT_LESS_RQ_LESS
THEN IMP_RES_TAC (RIMP ONE_LESS_EQ)
THEN IMP_RES_TAC (REWRITE_RULE ([PRE_SUBl1l] PRE_LT_IMP_LE)
THEN SUBGOAL_THEN
#tl’ = (tp’i1timeC)” (\thm. RULE_ASSUM_TAC (REWRITE_RULE [thm]}))

THENL [

% Subgoal 3.2.2.2.1: (New Subgoal) %

IMP_RES_TAC LESS_ERQUAL_ANTISYM

% Subgoal 3.2.2.2.2: (Continue) %
SPEC_ASSUM_TAC
(71t’/. tp’ <= t’' ==> t’' < t’sack ==> New_P_Rqt_Is_TRUE 8’ e’ t'”",
wEt-1")
THEN IMP_RES_TAC (REWRITE_RULE [PRE_SUBLl] LT_IMP_LE_PRE)
THEN IMP_RES_TAC (RIMP ONE_LESS_EQ)
THEN IMP_RES_TAC LBSS_EQ LRESS_TRANS
THEN IMP_RES_TAC LT_INMP_LE
THEN IMP_RES_TAC (REWRITE_RULE ([PRE_SUB1l) LE_IMP_PRE_LT)
THEN RES_TAC
THEN REWRITE_ASSUM_TAC
(“New_P_Rqgt_Is_TRUE s’ e’ (t’ - 1)7,
[New_P_Rqt_Is_TRUE;New_State_Is_PD])
THEN IMP_RES_TAC P_load_ISO
THEN ASM_REWRITE_TACI[]

1
Vi

let P_DOWN_STABLE_FALSE_THEN_TRUE_FROM_TP’'_TO_T’/RDY0 = TAC_PROOF

((11,

#1 (t’ ttimeC)
(pti :PTI) (8 :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(t :timeT) (8’ :timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out)
(tp’ ti’ t’sack :timeC) .

(Standard Assumps pti s ep t 8’ @/ P’ tp’ ti’ /\
STABLE_TRUE_THEN_FALSE (bsig I_srdy B e‘) (ti‘+l,t’rdy0)) ==>

STABLE_FALSE_THEN_TRUE (\u’. P_downS (s’ u’)) (tp’+1l,t’rdy0+1}”"},

REWRITE_TAC ([Standard_Assumps;STABLE_FALSE_THEN_TRUE]

THEN BETA_TAC

THEN REPEAT STRIP_TAC

THEN IMP_RES_TAC SACK_SIG_FALSE_DURING_DATA_O

THENL [
% Subgoal 1: #(tp’ + 1) <= (t/'rdy0 + 1) %
REWRITE_ASSUM_TAC

(#“STABLE_TRUE_THEN_FALSE(bsig I_srdy B e’)(ti’ + 1,t’rdy0)”,
[STABLE_TRUE_THEN_FALSE])
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN ASSUME_TAC (SPECL [“t‘rdyO:timeC”;”17] LESS_EQ_ADD)
THEN IMP_RES_TAC NTH_TRANS_CAUSAL
THEN IMP_RES_TAC
(RIMP (SPECL [“tp’itimeC”;”ti’:timeC”;”1”) LESS_EQ MONO_ADD_EQ))

THEN IMP_RES_TAC LESS_EQ_TRANS
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% Subgoal 2: [ #(tp’ + 1) <= t'” ]

[ #“t’ < (t’xdy0 + 1)” ]
[ “P_downS(s’ t*)” 1 %

NRULE_ASSUM_TAC
(#STABLE_TRUE_THEN_FALSE(bsig I_srdy B e’)(ti’ + 1,t‘rdy0)~,
(BETA_RULE o (REWRITE_RULE [STABLE_TRUE_THEN_FALSE;bsig;BSel])))

THEN POP_ASSUM_LIST (MAP_EVERY (\thm, STRIP_ASSUME_TAC thm))
THEN SPEC_ASSUM_TAC
(“1t. (t1’ + 1) <=t /\ t < t’'rdy0 ==> SND(I_srdy E(e’' t}))”, “t’'-1")
THEN IMP_RES_TAC (REWRITE_RULE [ADD1] LT_SUC_IMP_LE) =
THEN IMP_RES_TAC (RIMP ONE_LESS_EQ)
THEN ASSUME_TAC (SPECL [~“tp’:timeC”;”1%] LESS_EQ_ADD)
THEN IMP_RES_TAC LESS_EQ_TRANS
THEN IMP_RES_TAC (REWRITE_RULE [PRE_SUB1l] LE_IMP_PRE_LT)
THEN ASM_CASES_TAC *(ti’ + 1) <= (t* - 1)~
THENL [
% Subgoal 2.1: [ #“(ti’ + 1) <= (' - 1)" 1 %
RES_TAC
THEN UNDISCH_TAC “P_downS(s’ (t‘:timeC))”
THEN SUBGOAL_THEN “t’ = (t’-1)+1” (\thm. PURB_ONCE_REWRITE_TAC [thm])
THENL [
% Subgoal 2.1.1: (New Subgoal) %
IMP_RES_TAC (RIMP ONE_LESS_EQ)
THEN IMP_RRS_TAC LESS_EQ_LESS_TRANS
THEN IMP_RES_TAC LT_IMP_LE
THEN IMP_RRES_TAC (SYM _RULE (SPRCL [“t’:timeC”;”17”] SUB_ADD))
i
% Subgoal 2.1.2: (Continue) %
IMP_RES_TAC
(SPECL ([“s’:timeC->pc_state”;”e’ :timeC->pc_env”;”p’:timeC->pc_out”;
#t’-«17] (GEN_ALL P_down_IS0))
THEN ASM_REWRITE_TAC(]
]
H
% Subgoal 2.2: [ “~(tl’ + 1) <= (£’ - 1)" 1 %

IMP_RES_TAC NOT_LESS_EQ_LESS

THEN IMP_RES_TAC (REWRITE_RULE [ADDl1l] LT _SUC_IMP_LE)

THEN IMP_RES_TAC (SPECL [#ti’+1”;7t’':timeC”;”1”] LESS_EQ_ MONO_SUB)
THEN SUBGOAL_THEN

#(tp’+1)-1=tp’” (\thm. RULE_ASSUM_TAC (REWRITE_RULE (thm]))

THENL [

% Subgoal 2.2.1: (New Subgoal) %
REWRITE_TAC [ADD_SUB]

% Subgoal 2.2.2: (Continue) %
UNDISCH_TAC “P_downsS(s’ (t’:timeC))”
THEN SUBGOAL_THEN
#g’ = (/-1)+1” (\thm. PURE_ONCE_REWRITE_TAC [thm])
THENL [
% Subgoal 2.2.2.1: (New Subgoal) %
IMP_RES_TAC (RIMP ONE_LESS_EQ)
THEN IMP_RES_TAC LESS_EQ LESS_TRANS
THEN IMP_RES_TAC LT_IMP_LE
THEN IMP_RES_TAC (SYM_RULE (SPECL [“t‘:timeC”;”1”] SUB_ADD})

% Subgoal 2.2.2.2: (Continue) %
IMP_RES_TAC IBUS_TRANS_RBXISTS
THEN IMP_RES_TAC NEXT_IBUS_TRANS_IS_NTH
THEN SUBGOAL_THEN
“ti'’ = (ti’:timeC)”
(\thm. RULEB_ASSUM_TAC (REWRITE_RULE [thm]))
THENL [
% Subgoal 2.2.2.2.1: (New Subgoal) %
IMP_RES_TAC TRUE_EVENT_TIMES_ EQUAL

% Subgoal 2.2.2.2.2: (Continue) %
REWRITE_ASSUM_TAC
(#“STABLE_FALSE_THEN_TRUR(ale_sig_ib p’) (tp’/,ti")~,
[{STABLE_FALSE_THEN_TRUR])
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN IMP_RES_TAC NEW_STATR_PD_FALSRE_FROM_TP’_TO_TI'
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THEN NRULE_ASSUM_TAC
(#1ti’. STABLE_FALSE(ale_sig_1ib p’)(tp‘,ti’ - 1) ==>
(It’. tp’ <= t* ==> £’/ <= ti’ ==>
~New_State_Is_PD 8’ e’ t’')”,
( (REWRITE_RULE [STABLE_FALSE]) o (SPEC “ti‘:timecC”)))

THEN ASM_CASES_TAC “tp’ <= (ti‘’ - 1)7
THENL [
% Subgoal 2.2.2.2.2.1: [ “tp’ <= (ti’ - 1)" 1 %
SUBGOAL_THEN
“(tt, tp’ <=t /\ £t <= (ti’ - 1) ==> -
~ale_sig_ib p’ t)” ASSUME_TAC
THENL [
% Subgoal 2.2.2.2.2.1.1: (New Subgoal) %
REPEAT STRIP_TAC
THEN SPRC_ASSUM_TAC
{#1t, tp’ <=t /\ t < ti‘’ ==>
~ale_sig _ib p’ t7,7t’’:itimeC”)
THEN IMP_RES_TAC (RIMP ONE_LESS_EQ)
THEN IMP_RES_TAC (REWRITE_RULE [PRE_SUB1] LE_PRE_IMP_LT)
THEN RES_TAC

% Subgoal 2,2.2.2.2.1.2: (Continue) %
ASM_REWRITE_ASSUM_TAC
(“ep’ <= (i’ - 1) /\
(tt, tp’ <= £t /\ t <= (tl’ - 1) ==>
~ale_sig ib p’ t) ==> (lt’. tp’ <= t’' ==> t’' <= ti’
==> ~New_State_Is_PD s’ &’ t’)~,[])
THEN SPEC_ASSUM_TAC
(#“1t’, tp’ <= t’ ==> t’' <= ti’/ ==>
~New_State_Is_PD s/ e’ t'7,"t/-1")
THEN RES_TAC
THEN REWRITE_ASSUM_TAC
(“~New_State_Is_PD B’ e‘(t’ - 1)”,[New_State_Is_PD])
THEN IMP_RES_TAC
(SPECL [“s’:timeC->pc_state”;”e’:timeC->pc_env”;
“p’itimeC~->pc_out”;7t’/-17)
(GEN_ALL P_down_ISO))
THEN ASM_REWRITE_TACI[]
]

% Subgoal 2.2.2.2.2.2: [ “~tp’ <= (i’ - 1)”7 1 %
IMP_RES_TAC NOT_LESS_EQ LESS
THEN IMP_RES_TAC (REWRITE_RULE {[PRE_SUB1] PRE_LT_IMP_LE)
THEN SUBGOAL_THEN
#cp’ = (ti‘:timeC)”
(\thm. RULE_ASSUM_TAC (REWRITE_RULE [thm]))
THENL [
% Subgoal 2.2.2.2.2.2.1: (New Subgoal) %
IMP_RES_TAC LESS_EQUAL_ANTISYM

% Subgoal 2.2.2.2.2.2.2: (Continue) %
SUBGOAL_THEN “(t‘~1) = ti’# (\thm. REWRITE_TAC {[thm})
THENL [
% Subgoal 2.2.2.2.2.2.2.1: (New Subgoal) %
IMP_RES_TAC LESS_EQUAL_ANTISYM

% Subgoal 2.2.2,2.2.2.2: (Continue) %
IMP_RES_TAC IBUS_ALE_IMP PA
THEN REWRITE_ASSUM_TAC
(“New_State_IXs_PA s’ e’ ti’~, [New_state_Is_PA])
THEN ASSUME_TAC
(SPECL [#s’:timeC->pc_state”;”e’:timeC->pc_env”;
“p’itimeC->pc_out”;7ti’:timeC”]
(GEN_ALL P_down_ISO0))
THEN RES_TAC
THEN ASM_REWRITE_TAC
[prove_constructors_distinct pfsm_ty_Axiom]
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]

% Subgoal 3: “P_downS(s’'(t’'rdy0 + 1))” %
IMP_RES_TAC NTH_TIME_TRUB_X_IMP_X
THEN IMP_RBS_TAC NBEW_STATE_PD_FROM TI’'_TO_T'SACK_1
THEN NRULE_ASSUM_TAC
(#“STABLE_TRUE_THEN_FALSE (bsig I_srdy B e‘)(ti’ + 1,t’'xrdy0)”,
(BETA_RULE © (REWRITE_RULE [STABLE_TRUE_THEN_FALSE;bsig;BsSell)))
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))~"
THEN SPEC_ASSUM_TAC
(1€, (tl’ 4+ 1) <= t’ ==> t’' <= t'rdyl0 ==>
New_State_Is_PD 8’ e’ t’”,"t’'rdyl:timec”)
THEN ASSUME_TAC (SPEC “t 'rdy0:timeC” LESS_EQ REFL)
THEN RES_TAC
THEN REWRITE_ASSUM_TAC (“New_State_Is_PD 8’ e’ t/rdy0”, [New_sState_Is_PD])
THEN IMP_RES_TAC P_down_ISO
THEN ASM_REWRITR_TACI[]
1
Y

let OFFSET_p_SIZE_STABLE_FROM TP’ _TO_T'RDY0 = TAC_PROOF
({1,
#1 (u’ :timeC)
(ptl :PTI) (8 :timeT->pt_state) (e :timeT->pt_env) {(p :timeT->pt_out)
(t :timeT) (8’ :timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out)
(tp’ ti’ t’/rdy0 :timecC)

(Standard _Assumps pti s e p t 8’ e’ p’ tp’ ti’ /\
STABLE_TRUE_THEN_FALSR (bsig I_srdy R e’) (ti’+l,t’xdy0) /\
{(tp’+u’+1l) <= t’rdy0))

(P_sizeS (8’ (tp’+u’+l)) = SUBARRAY (SND(L_ad_inE (e’ tp‘))) (1,0))”),

INDUCT_TAC
THEN REPEAT STRIP_TAC
THEN RULE_ASSUM_TAC (REWRITE_RULE ([ADD1;ADD_CLAUSES;ADD_ASSOC])
THENL [
% Subgoal 1: (Base Case) %
IMP_RES_TAC EXPAND_ STANDARD_ ASSUMPS
THEN IMP_RES_TAC SACK_SIG_FALSE_DURING_DATA_O
THEN IMP_RES_TAC P_LOAD_TRUE_THEN_STABLE_FALSE_FROM_TP‘_TO_T’'SACK
THEN NRULE_ASSUM_TAC
(#“TRUE_THEN_STABLE_FALSE(\u’. P_loads(s’ u’))(tp’,t’rdy0)”,
(BETA_RULE © (REWRITE_RULE [TRUE_THEN_STABLE_FALSE])))
THEN IMP_RES_TAC P_size_ISO
THEN ASM_REWRITE_TAC [ADD_CLAUSES]

% Subgoal 2: (Induction Step) %
ASSUME_TAC (SPECL [~#(tp’+u’)+17”;71”] LESS_EQ ADD)
THEN IMP_RES TAC LESS_EQ_TRANS
THEN RES_TAC
THEN POP_ASSUM (\thm. ALL_TAC)
THEN POP_ASSUM (\thm. ALL_TAC)
THEN IMP_RES_TAC EXPAND_STANDARD_ASSUMPS
THEN IMP_RES_TAC SACK_SIG_FALSE_DURING_DATA_O
THEN IMP_RES_TAC P_LOAD_TRUE_THEN_STABLE_FALSE_FROM_TP'_TO_T'SACK
THEN NRULE_ASSUM_TAC
(#TRUB_THEN_STABLE_FALSE(\u’. P_loadS(s’ u’))(tp’,t’'rdy0)”,
(BETA_RULE o (REWRITE_RULE [TRUE_THEN_STABLE_FALSE])))
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN SPEC_ASSUM_TAC
(#1t., tp’ < t /\ t <= t’'rdy0 ==> ~P_loadS(s’ t)”,”(tp‘+u’)+1”)
THEN ASSUME_TAC (SPECL [”tp‘:timeC”;”u’:timeC”] LESS_EQ_ADD)
THEN ASSUME_TAC (REWRITE_RULE [ADDl] (SPEC “tp‘+u’” LESS_SUC_REFL))
THEN IMP_RES_TAC LESS_EQ _LRSS_TRANS
THEN IMP_RES_TAC P_DOWN_STABLE_FALSE_THEN_TRUE_FROM_TP'_TO_T/RDY0
THEN NRULE_ASSUM_TAC
(“STABLE_FALSE_THEN_TRUEB(\u’. P_downS(s’ u’))(tp’ + 1,t’rdy0 + 1)”~,
(BETA_RULE o (REWRITE_RULE [STABLE_FALSE_THEN_TRUE])))
THEN POP_ASSUM_LIST (MAP_RVERY (\thm. STRIP_ASSUME_TAC thm))
THEN SPEC_ASSUM_TAC
(#1t. (tp’ + 1) <=t /\ t < (t‘xrdy0 + 1) ==> ~P_downS(s’ t)~,
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”n (tpl +ul ) +1II)
THEN IMP_RES_TAC (REWRITE_RULR [ADD1] LE_IMP_LT_ SUC)
THEN IMP_RES_TAC
(SPECL [“tp’':timeC”;”tp’+u’”;”1”] (RIMP LESS_EQ MONO_ADD_EQ))
THEN RES_TAC
THEN IMP_RES TAC P_size_ISO
THEN ASM_REWRITE_TAC [ADD_CLAUSES;ADDl;ADD_ASSOC]
]
Vi

let P_SIZE_STABLE_FROM_TP’_TO_T'RDY0 = TAC_PROOF =
{1,
“1 (¢’ :timeC)
{(pti :PTI) (8 :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(t :timeT) (8’ :timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out)
(tp’ ti’ t’rdy0 :timeC) .
(Standard Assumps pti s e p t 8’ e/ p’ tp’ ti’ /\
STABLE_TRUE_THEN_FALSE (bsig I_srdy E e’) (ti‘+l1,t/rdy0) /\
((tp’+1) <= t’) /\
(t’ <= t’rdy0))
==>
(P_sizesS (8’ t’') = SUBARRAY (SND(L_ad_inE (e’ tp‘’))) (1,0))"),
REPEAT STRIP_TAC
THEN IMP_RES_TAC (SPEC “t’-tp’+1” OFFSET_P_SIZE_STABLE_FROM_TP’'_TO_T'RDY0)
THEN POP_ASSUM (\thm. ALL_TAC)
THEN POP_ASSUM (\thm. ALL_TAC)
THEN SPECL_ASSUM_TAC
(1t tp'“’. (tp’ + ((t’ = (tp’’’ + 1)) + 1)) <= t’zdy0 ==>
(P_sizeS(s’/{tp’ + ((t’' -« (tp’’’ + 1)) + 1))) =
SUBARRAY (SND(L_ad_inEB(e’ tp‘)))(1,0))”,
{7t/ itimeC”;"tp’ ttimeC”})
THEN SUBGOAL_THEN
“(ep’ + ((t/ - (tp’ + 1)) + 1)) = t’/*
(\thm. RULE_ASSUM _TAC (REWRITE_RULE [thm]))
THRNL [
% Subgoal 1: -New subgoal- “tp’ + ((t’ - (tp’ + 1)) + 1) =t %
REWRITE_TAC [SYM_RULE (ASSOC_SUB_SUB1)]
THEN ASSUME_TAC (REWRITE_RULE {] (REDUCB_CONV “l<=l17))
THEN IMP_RES_TAC SUC_LE_IMP_LE
THEN SUBGOAL_THEN “1 <= (t’ - tp’)” ASSUME_TAC
THENL [
% Subgoal 1.1: ”1 <= (t’ - tp’)~»
[ “(tp’ + 1) <=t 1 %
REWRITE_TAC
[SYM_RULE (SPRCL [“1”;7t’'~tp’”;”tp’:timeC”] LESS_EQ MONO_ADD_EQ)]
THEN ASSUME_TAC (SPEC “tp’:timeC” LESS_EQ_REFL)
THEN IMP_RES_TAC
(SPECL [“t‘:timeC”;”tp’:timeC”;”tp’:timeC”] ASSOC_SUB_ADD1) THEN
ASM_REWRITE_TAC [SUB_EQUAL_O;ADD_CLAUSES]
THEN PURE_ONCE_REWRITE_TAC [ADD_SYM]
THEN ASM_REWRITE_TACI]

% Subgoal 1.2: [ “1 <= (£’ - tp’)” 1 %
IMP_RES_TAC (SPECL [“t’'-tp’”;7”17;”1”] ASSOC_SUB_ADD1)
THEN ASM_REWRITE_TAC [SUB_EQUAL_0;ADD_CLAUSES]
THEN PURE_ONCE_REWRITE_TAC [ADD_SYM)
THEN ASSUME_TAC (SPEC “tp’:timeC” LESS_EQ_REFL)
THEN IMP_REBS_TAC
(SPECL [#t’:timeC”;”tp’:timeC”;”tp’:timeC”] ASSOC_SUB_ADD1)
THEN ASM_REWRITE_TAC ([SUB_EQUAL_O0;ADD_CLAUSES]
]

% Subgoal 2 %
RES_TAC

1

)1

% This should have been proven above. %
let P_SIZE_STABLE_AT_T‘RDYO_PLUS 1 = TAC_PROOF
({1,
“) (pti $PTI) (8 :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(t :timeT) (s’ :timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pe_out)
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(tp’ ti’ t/rdy0 :timeC) .
(Standard _Assumps ptli s e p t 8/ e’/ p’ tp’ ti’ /\
STABLE_TRUE_THEN_FALSE (bsig I_srdy E e’) (ti‘+l,t’rdy0))
==>
(P_sizesS (8’ (t’/xdy0 + 1)) = SUBARRAY (SND(L_ad_inRE (e’ tp‘}))) (1,0))"),
REPEAT STRIP_TAC
THEN IMP_RES_TAC EXPAND_STANDARD_ ASSUMPS
THEN IMP_RES_TAC P_size_ISO
THEN ASM_REWRITE_TAC([]
THEN IMP_RES_TAC SACK_SIG_FALSE_DURING_DATA_O
THEN IMP_RRS_TAC P_LOAD_TRUE_THEN_STABLE_FALSE_FROM_TP'_TO_T’SACK
THEN NRULE_ASSUM_TAC
(#TRUE_THEN_STABLE_FALSE(\u’. P_loadsS(s’ u’))(tp’,t'rdy0)”,
(BETA_RULE o (REWRITE_RULE [TRUE_THEN_STABLE_FALSE])))
THEN IMP_RES_TAC P_DOWN_STABLE_FALSE_THEN_TRUE_FROM_TP’_TO_T’RDY0
THEN NRULE_ASSUM_TAC
(#STABLE_FALSE_THEN_TRUE(\u‘., P_downS(s’ u’))(tp’ + 1,t’'rdy0 + 1)~,
(BETA_RULE © (REWRITE_RULE [STABLE_FALSE_THEN_TRUE])))
THEN IMP_RES_TAC P_SIZE_STABLE_FROM_TP’_TO_T’RDYO
THEN SPRC_ASSUM_TAC
(#1t’. (tp’ + 1) <= t’ ==> t’ <= t’'rdy0 ==>
(P_slzeS(s’ t’) = SUBARRAY(SND(L_ad_inE(e’ tp‘)))(1,0))”,
#t'rdy0O:timecC”)
THEN POP_ASSUM_LIST (MAP_RVERY (\thm. STRIP_ASSUME_TAC thm))
THEN SPEC_ASSUM_TAC
(71t, (tp’ + 1) <=t /\ t < (t'rdy0 + 1) ==> ~P_downS(s’' t)”,
#g 'ydy0:timec”)
THEN SPRC_ASSUM_TAC
(#tt. tp’ < t /\ t <= t'rdy0 ==> ~P_loadS(s’ t)”,"t’'rdy0:timec”)
THEN ASSUME_TAC (SPEC “t’rdyO:timeC” LESS_EQ_REFL)
THEN ASSUME_TAC (SPEC “t’rdyO:timeC” (REWRITE_RULE [ADD1] LESS_SUC_REFL))
THEN IMP_RES_TAC NTH_TRANS_CAUSAL
THEN ASSUME_TAC (SPEC “ti’:timeC” (REWRITE_RULE [ADD1] LESS_SUC_RRFL))
THEN REWRITE_ASSUM_TAC
(#”STABLE_TRUE_THEN_FALSE (bsig I_srdy B e’)(ti’ + 1,t’rdy0)”,
[STABLE_TRUE_THEN_FALSE))
THEN POP_ASSUM_LIST (MAP_RVERY (\thm. STRIP_ASSUME_TAC thm))
THEN IMP_RES_TAC LESS_RQ_LESS_TRANS
THEN IMP_RES_TAC LESS_LESS_RQ_TRANS
THEN IMP_RRS_TAC (REWRITE_RULE [ADDl1] LT IMP_SUC_LE)
THEN RES_TAC
THEN ASM_REWRITE_TACI]
Yis

let I_LAST_ FOR_BLOCK_SIZE 0 = TAC_PROOF

e,

“3 (pti :PTI) (8 :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(t :timeT) (8’ :1timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out)
(tp’ ti’ t’rdy0 :timeC) .

(Standard Assumps ptli s e p t 8’ e’ p’ tp’ ti’ /\
(SUBARRAY (SND(L_ad_inR(e’ tp’)))(1,0) = WORDN 1 0) /\
STABLE_TRUE_THEN_FALSE (bsig I_srdy E e’) (ti’+l,t’rdy0)) ==>
STABLE_LO (bsig I_last_O p’) (ti‘+1,t‘rdyo0)”),

REWRITE_TAC [bsig;BSel;STABLE_LO]

THEN REPEAT STRIP_TAC

THEN IMP_RES_TAC (REWRITE_RULE [bsig;BSel] IB_READY_ ASSUMPS)

THENL [

% Subgoal 1: #(ti’ 4+ 1) <= t’'rdy0” %
REWRITE_ASSUM_TAC
(#STABLE_TRUE_THEN_FALSE(\t. SND(I_sxdy EB(e’ t)))}(tl’ + 1,t’rdy0)”,
[STABLE_TRUE_THEN_FALSRE] )
THEN ASM_REWRITE_TACI[]

% Subgoal 2:
“#(\t, SND(I_last_O(p’ t)))t’ = LO”
[ “STABLE_TRUE_THEN_FALSE(\t. SND(I_srdy E(e’ t)))(ti’ + 1,t‘xdy0)” ]
[ #(ed’ + 1) <= t’" ]
[ #€/ <= t/'rdy0” ] %
BETA_TAC
THEN IMP_RES_TAC EXPAND_STANDARD_ ASSUMPS
THEN IMP_RES_TAC (REWRITE_RULE [bsig;BSel] SACK_SIG_FALSE_DURING_DATA_0)
THEN IMP_RES_TAC
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THEN
THEN

THEN
THEN

THEN

THEN
THEN

THEN
THEN
THEN
THEN
THEN
THEN
THEN

]
Yis

(REWRITE_RULE [bsig;BSel] P_SIZE_STABLE_FROM_TP’_TO_T/RDY0)
IMP_RES_TAC NTH_TRANS_CAUSAL
IMP_RES_TAC

(SPECL [“tp’/:timeC”;”ti’:timeC”;”1”] (RIMP LESS_BEQ_MONO_ADD_EQ))
IMP_RES_TAC LRSS_EQ_TRANS
IMP_RES_TAC

(REWRITE_RULE

{bsig;BSel] P_DOWN_STABLE_FALSE_THEN_TRUE_FROM_TP’_TO_T'RDY0)

NRULE_ASSUM_TAC

(#STABLE_FALSE_THEN_TRUEB(\u‘’. P_downS(s’ u’)) (tp’ + 1,t'rdy0 + 1)”,

(BETA_RULE o (REWRITE_RULE [STABLE_FALSE_THEN_TRUR])))

POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
SPEC_ASSUM_TAC

(#“1t. (tp’ + 1) <=t /\ t < (t’'rdy0 + 1) ==> ~P_downS(s’ t)”,

#t’:timeC”)

IMP_RES_TAC (REWRITE_RULE [ADD1] LE_IMP_LT_SUC)
IMP_RES_TAC NTH_TIME_TRUE_X_IMP_X
IMP_RRES_TAC NEW_STATE_PD_FROM_TI'_TO_T'SACK_1
RES_TAC
REWRITE_ASSUM_TAC (“New_State_Is_PD s’ e’ t’'”, [New_sState_Is_PD])
IMP_RES_TAC I_last_ISO
ASM_REWRITE_TAC

[WIRE; SYM_RULE (prove_constructors_distinct pfsm_ty_Axiom)]

let I_LAST STABLE HI_FROM_TI'_TO_T'RDY0 = TAC_PROOF

e,
“1 (pti

tPTI) (2 :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)

(t :timeT) (s’ :timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out)

(tp’

ti’ t‘rdy0 :timec) .

(Standard _Assumps pti s e p t 8’ @’ p’ tp’ ti’ /\
(VAL 1 (SUBARRAY(SND(L_ad_inE(e’ tp’)))(1,0)) > 0) /\
STABLE_TRUE_THEN_FALSE (bsig I_srdy E e') (ti’+l,t’rdy0)) ==>
STABLE_HI (bsig I_last_O p’) (ti‘+l,t’'rdy0)”),
REWRITE_TAC [bsig;BSel;STABLE_HI]
THEN REPEAT STRIP_TAC
THEN IMP_RES_TAC (REWRITE_RULE [bsig;BSel] IB_READY ASSUMPS)

THENL (

% Subgoal 1: #“(ti’ + 1) <= t’'rdy0” %
REWRITE_ASSUM_TAC
(#“STABLE_TRUB_THEN_FALSE(\t. SND(I_srdy EB(e’ t)))(ti’ + 1,t’'rdy0)”,

THEN

[STABLE_TRUE_THEN_FALSE] )

ASM_REWRITE_TAC([]

% Subgoal 2:
“(\t. SND(I_last_O(p’ t)))t’ = HI”
[ #“STABLE_TRUE_THEN_FALSE(\t. SND(I_srdy E(e’ t)})(ti’ + 1,t’rdy0)” ]
[ #(tl’ + 1) <= t’'7 ]
[ “t’ <= t'xdy0” ] %
BETA_TAC

THEN
THEN
THEN
THEN
THEN

THEN
THEN

THEN

THEN

THEN
THEN

THEN
THEN

IMP_RES_TAC EXPAND_STANDARD_ASSUMPS
IMP_RES_TAC (REWRITE_RULR ([bsig;BSel] SACK_SIG_FALSE_DURING_DATA_0)
IMP_RRES_TAC NTH_TRANS_CAUSAL
POP_ASSUM (\thm. ALL_TAC)
IMP_RES_TAC

(SPECL [“tp’:timeC”;”ti’:timeC”;”1”] (RIMP LESS_RQ MONO_ADD_EQ))
IMP_RES_TAC LESS_EQ_TRANS
IMP_RES_TAC

(REWRITE_RULE [bsig;BSel] P_SIZE_STABLE_FROM_TP‘_TO_T’‘RDYO0)
IMP_RES_TAC

(REWRITE_RULE

[bsig;BSel) P_DOWN_STABLR FALSE_ THEN_TRUE_FROM_TP‘_TO_T’RDYO)

NRULE_ASSUM_TAC

(#“STABLE_FALSE_THEN_TRUE(\u’. P_downS(s’ u‘))(tp’ + 1,t'rdy0 + 1)~,

(BETA_RULE o (REWRITE_RULE [STABLE_FALSE_THEN_TRUE})))

POP_ASSUM_LIST (MAP_BVERY (\thm. STRIP_ASSUME_TAC thm))
SPEC_ASSUM_TAC

(“1t. (tp’ + 1) <=t /\ t < (t'rdy0 + 1) ==> ~P_downS(s’' t)”,

“t’stimecC”)

IMP_RES_TAC (REWRITE_RULE [ADD1] LE_IMP_LT_SUC)
IMP_RES_TAC NTH_TIME_TRUE_X_ IMP_X
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THEN IMP_RES_TAC NEW_STATE_PD_FROM_TI’_TO_T'SACK_1
THEN RES_TAC
THEN REWRITE_ASSUM_TAC (“New_State_Is_PD s’ e’ t'”,[New_State_Is_PD])
THEN IMP_RES_TAC I_last_ISO
THEN ASM_REWRITE_TAC

[WIRE; SYM_RULE (prove_constructors_distinct pfsm_ty_Axiom)]
THEN IMP_RES_TAC GT_IMP_NOT_EQ
THEN ASSUME_TAC

(SPRCL [~717;7SUBARRAY(SND(L_ad_inR(e‘ (tp‘:timecC)))) (1,0)”] MAXWORD)
THEN RULE_ASSUM_TAC REDUCE_RULE
THEN IMP_RES_TAC (REWRITE_RULE [PRE_SUB1] LT IMP_LE_PRR) ="
THEN RULE_ASSUM_TAC REDUCE_RULE
THEN ASSUME_TAC (REWRITE_RULE [] (REDUCE_CONV “0<=3"))
THEN IMP_RES_TAC WORDN_1_ NOT_RQUAL
THEN ASSUMB_TAC (SPEC “SND(L_ad_inE(e’ (tp’:timeC)))” SIZE_SUBARRAY_1)
THEN IMP_RES_TAC
(REDUCE_RULE
(SPEC “SUBARRAY (SND(L_ad_inE(e’ (tp’:timecC)))) (1,0}~
WORDN_VAL_IDEBNT_ 1))

THEN ASM_REWRITE_ASSUM_TAC

(#~(WORDN 1(VAL 1(SUBARRAY(SND(L_ad_inE(e’ (tp’:timecC))))(1,0))) =

WORDN 1 0)~,[1])
THEN ASM_REWRITE_TACI[]
]
Vi

let I_SRDY_STABLE_TRUR_THEN_FALSE_FROM_T/RDY0_TO_T'RDY1l = TAC_PROOF
(.,
“] (8 1timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(t :timeT) (s’ :timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out)
(tp’ ti’ t’rdy0 :timeC) .
(Standard_Assumps pti s e p t 8’ @/ p’ tp’ ti’ /\
NTH_TIME_FALSE 0 (bsig I_srdy B e’) (ti‘+l) t’rdyd /\
VAL 1 (SUBARRAY(SND(L_ad_inB(e’ tp‘)})(1,0)) > 0) ==>
(?7t’rdyl. STABLE_TRUE_THEN_FALSE (bsig I_srdy B e’) (t’rdy0O+1,t’rdyl))”),
REPEAT STRIP_TAC
THEN IMP_RES_TAC BXPAND_STANDARD_ASSUMPS
THEN IMP_RES_TAC IB_READY_ ASSUMPS
THEN NRULE_ASSUM_TAC
(#“tu’., rdy_sig_ib e’ p’ u’ ==>
(?v’. STABLE_TRUE_THEN FALSE(bsig I_srdy R e‘)(u’ + 1,v’))”,
(BETA_RULE o
(SPBC “t’rdyl:timeC”) o (REWRITE_RULE ([rdy_sig _ib;BSel]l)))
THEN IMP_RES TAC NTH_TIME_FALSE_X_IMP_NOT_X
THEN NRULE_ASSUM_TAC
(#~bsig I_srdy_E e’ t’'rdy0”, (BBETA_RULE o (REWRITE_RULE [bsig;BSel}l)))
THEN REWRITE_ASSUM_TAC
(“NTH_TIME_FALSE O(bsig I_srdy E e’)(ti’ + 1)t’rdy0”, [NTH_TIME_FALSE])
THEN IMP_RES_TAC I_LAST_STABLE_HI_FROM_TI'_TO_T'RDY0O
THEN REWRITE_ASSUM_TAC
(#“STABLE_HI (bsig I_last_O p’)(ti’ + 1,t’rdy0)”, [STABLE_HI;bsig;BSell)
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN NRULEB_ASSUM_TAC
(1€, (t1’ + 1) <=t /\ t <= t'xdy0 ==>
((\t. SND(I_last_O(p’ t)))t = HI)~”,
(BETA_RULE o (SPEC “t’rdy0O:timec”)))
THEN ASSUME_TAC (SPEC “t’‘rdy0O:timeC” LESS_RQ_ REFL)
THEN RES_TAC
THEN RES_TAC
THEN EXISTS_TAC “v/itimeC”
THEN ASM_REWRITE_TACI[]
Yii

let I_SRDY_ TRUE_IMP_SACK_SIG_NOT_TRUE = TAC_PROOF
(1,
“) (pti :PTI) (8 :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_ocut)
(t :timeT) (8’ :1timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out)
(ep’ ti’ ¢/ u’ stimeC) . .
(Standard_Assumps pti s e p t 8’ e’ p’ tp’ ti’ /\
STABLE_TRUE_THEN_FALSE (\t. SND(I_sxdy B(e’ t)))(t’+1l,u’) /\
STABLE_FALSE (Sack_Sig Is_TRUE s’ e’) (t’,t’) /\
1 <= u’) =a>
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STABLE_PALSE (Sack_Sig Is_TRUR s’ e’) (t/,u’-~-1)7),
REWRITE_TAC [STABLE_TRUE_THEN_FALSE; STABLE_FALSE;Sack_Sig_Is_TRUE]
THEN BETA_TAC
THEN REPEAT STRIP_TAC
THENL [
% Subgoal 1: “t’ <= (u’ - 1}" %
IMP_RES_TAC (SPBCL [“t’+17;"u’:timeC”;”17] LEBSS_EQ_MONO_SUB)
THEN RULE_ASSUM_TAC (REWRITE_RULE [SPECL [“t‘:timeC”;”1”] ADD_SUB])
THEN ASM_REWRITE_TACI(]

% Subgoal 2: [ “~SND(I_srdy EB(e’ t’’))}”" ] % b
SPEC_ASSUM_TAC

(1€, (t’ +# 1) <=t /\ t < 0’ ==> SND(I_sxdy E(e’ t))”,”t’'’':timeC”)
THEN IMP_RES_TAC (RIMP ONE_LESS_REQ)
THEN IMP_RES_TAC (REWRITE_RULE [PRE_SUB1] LE_PRE_IMP_LT)
THEN ASM_CASES_TAC #“(t'+1l)<=t’'”
THENL (

% Subgoal 2.1: [ #(t’ + 1) <= t/'" ] %

RES_TAC

THEN RES_TAC

% Subgoal 2.2: [ “~(t’ 4+ 1) <=¢t’'" 1 %
IMP_RES_TAC NOT_LESS_EQ_LESS
THEN IMP_RES_TAC (REWRITE_RULE [ADDl] LT_SUC_IMP_LE)
THEN SUBGOAL_THEN
#t’' = (t’:timeC)” (\thm. RULE_ASSUM_TAC (REWRITE_RULE ([thm]))
THENL [
% Subgoal 2.2.1: (New subgoal) %
IMP_RES_TAC LESS_EQUAL_ANTISYM
H
% Subgoal 2.2.2: (Continue) %
NRULE_ASSUM_TAC
(#I1t, £’/ <= ¢t /\ t <= £’ ==
~((P_sizeS(s’ t) = (P.downS(s’' t) => WORDN 1 1 | WORDN 1 0)) /\
rdy E(e’ t)) /\ New_State_Is_PD s’ e’ t)”,
((REWRITE_RULE {SPEC #t’:timeC” LESS_EQ_ REFL;
DE_MORGAN_THM]) o (SPEC “t’':timeC”)))
THEN POP_ASSUM_LIST (MAP_RVERY (\thm. STRIP_ASSUME_TAC thm))
THEN RES_TAC
1

1
Yis

let I_LAST_HI_ IMP_SACK_SIG_NOT_TRUE = TAC_PROOF

e,

“)] (pti sPTI) (8 :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(t :timeT) (8’ :timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pec_out)
(tp’ ti’ £/ :1timeC) .

(Standard_Assumps pti s e p t 8’ e’ p’ tp’ ti’ /\
(SND(I_last_O (p’ t‘)) = HI)) ==>
~Sack_Sig Is_TRUE s’ e’ t'”),
REWRITE_TAC [Sack_Sig_Is_TRUR]
THEN BETA_TAC
THEN REPRAT STRIP_TAC
THEN IMP_RES_TAC EXPAND_STANDARD_ ASSUMPS
THEN UNDISCE_TAC “SND(I_last_O(p’ (t’:timeC))) = HI”
THEN IMP_RES TAC I_last_ISO

THEN ASM_REWRITE_TAC [WIRE]

THEN COND_CASES_TAC

THEN ASM_REWRITE _TAC [SYM_RULE (prove_constructors_distinct wire)])

Yis

let SACK_SIG_FALSE_DURING_DATA_O_1 = TAC_PROOF
1,
“y (ptl :PTI) (s :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(t stimeT) (8’ :timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out)
(ti’ t’sack t’'rdy0 :timeC) .
(Standard_Assumps pti s e p t 8’ e/ p’ tp’ ti’ /\
NTH_TIMER _FALSE O (bsig I_erdy E e’) (ti‘+l) t’ rdy0 /\
VAL 1 (SUBARRAY (SND(L_ad_inB(e’ tp‘)))(1,0)) > 0 /\
STABLE_TRUE_THEN_FALSE (bsig I_srdy E e’) (t‘'xdy0+l,t’rdyl)) ==>
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STABLE_FALSE (Sack_Sig Is_TRUE 8’ e’) (ti‘,t'rdyi-1)"),

REWRITE_TAC [baig;BSel]

THEN REPEAT STRIP_TAC
THEN IMP_RES_TAC EXPAND_STANDARD_ ASSUMPS
THEN IMP_RES_TAC
(REWRITE_RULE [bsig;BSel}
I_SRDY_STABLE_TRUE_THEN_FALSE_FROM_T/RDY0_TO_T’RDY1)
THEN REWRITE_ASSUM_TAC
(”NTH_TIME_FALSE O0(\t. SND(I_sxrdy R(e’ t)))(ti’ + 1)t’xdy0”,
(NTH_TIME_FALSE])
THEN IMP_RES_TAC (REWRITE_RULE [bsig:;BSel] SACK_SIG_FALSE_DURING_DATA_0)
THEN IMP_RES_TAC
(REWRITBE_RULE [bsig;BSel] I_LAST_STABLE_HI_ FROM TI'_TO_T'RDY0)
THEN SUBGOAL_THEN
“STABLE_FALSE (Sack_Sig_Is_TRUE 8’ e’) (t‘rdy0,t’/rdy0)” ASSUME_TAC
THENL [
% Subgoal 1: (New Subgoal) %

REWRITE_TAC [STABLE_FALSE]

THEN BETA_TAC

THEN ASSUME_TAC (SPEC “t ‘rdy0:timec” LESS_EQ_REFL)
THEN ASM_REWRITE_TAC[)

THEN REPEAT STRIP_TAC

THEN SUBGOAL_THEN

#t’ = (t’rdyO:timecC)” (\thm. RULB_ASSUM_TAC (REWRITE_RULE [thm]))

THENL [

]

% Subgoal 1.1: (New Subgoal) %
IMP_RES_TAC LESS_RQUAL_ANTISYM

% Subgoal 1.2: (Continue) %
NRULE_ASSUM_TAC
(“STABLE_HY(\t:timeC. SND(I_last_oO(p‘ t)))(ti’ + 1,t’'rdy0)~,
(BETA_RULE o (REWRITE_RULE [STABLE_HI])))
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN SPEC_ASSUM_TAC
(#1t., (ti’+1)<=t /\ t<=t'rdy0 ==> (SND(I_last_O(p’ t))=HI)”",
#t'rdy0:timec”)
THEN RRES_TAC
THEN IMP_RES_TAC I_LAST HI_IMP_SACK_SIG_NOT_TRUE

% Subgoal 2: (Continue) %
SUBGOAL_THEN “1 <= t’'rdyl” ASSUME_TAC
THENL [

% Subgoal 2.1: (New Subgoal) %
IMP_RES_TAC (RIMP ONE_LESS_EQ)
TEEN REWRITE_ASSUM_TAC
(#STABLE_TRUE_THEN_FALSE(\t. SND(I_srdy E(e‘’ t)))(ti’+l,t’rdy0)”,
[STABLE_TRUE_THEN_FALSE])
THEN REWRITE_ASSUM_TAC
(“STABLE_TRUB_THEN_FALSE(\t. SND(I_srdy E(e’ t)))
(t‘rdy0+1,t/rdyl)”, [STABLE_TRUE_THEN_FALSE])
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN ASSUME_TAC (SPECL [“ti‘:timeC”;”1”] LESS_EQ_ADD)
THEN ASSUME_TAC (SPBCL [“t’/rdyO:timeC”;”1”] LESS_EQ ADD)
THEN IMP_RES_TAC LESS_EQ_TRANS

% Subgoal 2.2: (Continue) %
IMP_RES_TAC I_SRDY_TRUE_IMP_SACK_SIG_NOT TRUE
THEN SUBGOAL_THEN
#lei’ <= (t'rdyl-1)) /\
(t'rdy0 <= (t’‘rdy0-1)+1)”
STRIP_ASSUME_TAC
THENL [
% Subgoal 2.2.1: (New subgoal) %
REWRITE_ASSUM_TAC
(#“STABLE_FALSE (Sack_Sig_Is_TRUE 8’ e’)(ti’,t’rdy0 - 1)~,
[STABLE_FALSE])
THEN REWRITE_ASSUM_TAC
(“STABLE_TRUE_THEN_FALSE (\t. SND(I_srdy_B(e’ t)))
(t’rdy0 + 1,t‘rdyl)”, [STABLE_TRUE_THEN_FALSE])
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN IMP_RES_TAC
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(SPECL [“t’'xdy0+1”;”t’rdyl:timeC”;~1”] LESS_EQ_MONO_SUB)
THEN REWRITE_ASSUM_TAC

(*((t’rdy0 + 1) - 1) <= (t’rdyl - 1)~, [ADD_SUB])
THEN IMP_RES_TAC (RIMP ONE_LESS_EQ)
THEN ASSUME_TAC (SPECL {”t‘rdyO:timeC”;”1”] SUB_LESS_EQ)
THEN IMP_RES_TAC LESS_EQ_TRANS
THEN IMP_RES_TAC (SPECL [“t‘rdyO:timeC”;”1”] SUB_ADD)
THEN IMP_RES_TAC

(SPECL [#“ti‘+17”;”t’rdy0:timeC”;”1”] LESS_EQ_MONO_SUB)
THEN REWRITE_ASSUM_TAC

(#((ti’ + 1) - 1) <= (t’rdy0 ~ 1)~, [ADD_SUB]) e
THEN IMP_RES_TAC LESS_EQ_TRANS
THEN ASSUME_TAC (SPEC “t’rdy0:timeC” LESS_EQ REFL)
THEN ASM_REWRITE_TACI]

% Subgoal 2.2.2: (Continue) %
IMP_RES_TAC SUP_INTERVAL_STABLE_FALSE
THEN ASM_REWRITE_TACI[]

]
Yis

let P_DOWN_TRUE_THREN_STABLE_FALSE_FROM_T‘'RDY0_TO_T’RDYl = TAC_PROOF

(3,

#t (pti :PTI) (s :timeT->pt_state) (e :timeT->pt_env) (p :ttimeT->pt_out)
(t :timeT) (s’ :timeC->pc_state) (e’ :timeC->pc_env) (p’ :1timeC->pc_out)
(tp’ ti’ t’rdy0 t’'rdyl :timeC) .

(Standard_Assumps ptli s e p t 8’ e/ p’ tp’ ti’ /\

NTH_TIME_FALSE 0(bsig I_srdy E e’)(ti’ + 1)t’rdy0 /\

STABLE_TRUE_THEN_FALSE(bsig I_srdy E e’)(t’‘rdy0 + 1,t‘rdyl) /\

(VAL 1(SUBARRAY(SND(L_ad_inB(e’ tp’}))(1,0))) > 0) ==>
TRUE_THEN_STABLE_FALSE(\u’. P_downS(s’ u’))(t‘rdy0 + 1,t’rdy1)”),

REWRITE_TAC [TRUE_THEN_STABLE_ FALSE]

THEN BETA_TAC

THEN REPEAT STRIP_TAC

THENL [

% Subgoal 1: “(t’‘rdy0 + 1) <= t/rdyl” %
REWRITB_ASSUM_TAC
(#“STABLE_TRUR_THEN_FALSE(bsig I_srdy E e’)(t’‘rdy0 + 1,t’'rdyl)”,
{STABLE_TRUB_THEN_FALSE] )
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN ASM_REWRITE_TACI]

% Subgoal 2: #P_downS(s’(t’'rdy0 + 1))” %
REWRITE_ASSUM_TAC
(“NTH_TIME_FALSE O(bsig I_srdy E e’)(ti’ + 1)t’'rdy0”, (NTH_TIME_FALSE])
THEN POP_ASSUM_ LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN IMP_RES_TAC P_DOWN_STABLE_FALSE_THEN_TRUE_FROM_TP’_TO_T’RDYO
THEN NRULE_ASSUM_TAC
(#“STABLE_FALSE_THEN_TRUE (\u‘. P_downS(s‘ u’))(tp’ + 1,t'rdy0 + 1)~,
(BETA_RULE o (REWRITE_RULE [STABLE_FALSE_THEN_TRUR])))
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN ASM_REWRITE_TAC[)

% Subgoal 3: [ #(t‘xrdy0 + 1) < t’~ }
[ “t’ <= t’rdyl” ]
[ “P_downS(8’ t’)” ] %
UNDISCH_TAC “P_downS(s’ (t’:timeC))”
THEN IMP_RES_TAC EXPAND_STANDARD_ASSUMPS
THEN SUBGOAL_THEN “t’ = (t’~1)+1” (\thm. PURE_ONCE_REWRITE_TAC [thm])
THENL [
% Subgoal 3.1: (New Subgoal) %
IMP_RES_TAC (RIMP ONE_LESS_EQ)
THEN REWRITE_ASSUM_TAC
(“NTH_TIME_FALSE O(bsig I_srdy B e’)(ti’ + 1)t rdyo0”,
[NTH_TIME_FALSE])
THEN REWRITE_ASSUM_TAC
(“STABLE_TRUE_THEN_FALSE (bsig I_srdy_E e’)(ti’ + 1,t’'rdy0)”,
[STABLE_TRUE_THEN_FALSE])
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN ASSUME_TAC (SPECL [“ti’:stimeC”;”1”] LESS_EQ_ADD)
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THEN ASSUME_TAC (SPECL [“t’rdy0:timec”;”1”] LESS_EQ_ADD)
THEN IMP_RES_TAC LT_IMP_LE

THEN IMP_RES_TAC LESS_EQ TRANS

THEN IMP_RES_TAC LESS_EQ TRANS

THEN IMP_RES_TAC (SPECL [“t’:timeC”;”17] (SYM_RULE SUB_ADD))

% Subgoal 3.2: (Continue) %
IMP_RES_TAC P_down_ISO
THEN ASM_REWRITE_TAC(]
THEN NRULE_ASSUM_TAC
(“STABLE_TRUE_THEN_FALSE(bsig I_srdy R e’)(t’rdy0 +7I,t’‘rdyl)”,
(BETA_RULE o (REWRITE_RULE [STABLE_TRUE_THEN_FALSE;bsig;BSell)))
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN SPERC_ASSUM_TAC
(#1t. (t'rdy0 + 1) <=t /\ t < t’'rdyl ==> SND(I_sxrdy_ _E(e’ t))”,
upr-1")
THEN IMP_RES_TAC (REWRITE_RULE [PRE_SUBl] LT_IMP_LE_PRE)
THEN SUBGOAL_THEN #1 <= t’"” ASSUME_TAC
THENL [
% Subgoal 3.2.1: “1 <= t'# %
IMP_RES_TAC (RIMP ONE_LESS_EQ)
THEN ASSUME_TAC (SPECL [“ti’:timeC”;~17] LESS_RQ_ADD)
THEN REWRITE_ASSUM_TAC
(“NTH_TIME_FALSE O(bsig I_srdy E e’)(ti’ + 1)t’'rdyo”,
[NTH_TIME_FALSE])
THEN REWRITE_ASSUM_TAC
(“STABLE_TRUR_THEN_PALSE(bsig I _srdy R e’)(ti’ + 1,t’rdyo0)”,
[STABLE_TRUE_THEN_FALSE])
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN ASSUME_TAC (SPECL [#t/rdyO:timecC”;”1”] LESS_EQ_ ADD)
THEN ASSUME_TAC (SPECL [~#t’/:timeC”;”1”] SUB_LESS_EQ)
THEN IMP_RES_TAC LESS_BQ_TRANS
THEN IMP_RES_TAC LESS_REQ_TRANS

% Subgoal 3.2.2: (Continue) %

IMP_RES_TAC (REWRITE_RULE [PRE_SUB1l] LE_IMP_PRE_LT)
THEN RES_TAC

THEN ASM_REWRITE_TAC[]

]
Yiz

let OFFSET_P_SIZE_STABLE_FROM_T’/RDYO_TO_T'RDY1 = TAC_PROOF
(.,
“3y (u’ :stimeC)
(pti :PTI) (s :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(t :timeT) (s’ stimeC->pc_state) (e’ :timeC->pc_env) (P’ :timeC->pc_out)
(tp’ ti’ t'rdy0 t’'rdyl :timecC) .
(Standard_Assumps pti s ep t 8’ @’ p’ tp’ ti’ /\
NTH_TIME_FALSE O(bsig I_srdy E e’)(ti’ + 1)t xdy0 /\
STABLE_TRUE_THEN_FALSE (bsig I_srdy E e‘) (t’xdy0+l,t’rdyl) /\
VAL 1 (SUBARRAY(SND(L_ad_inE(e’ tp‘)))(1,0)) > 0 /\
((t/'rdy0+u’+2) <= t’rdyl+l))
==
(P_sizeS (s’ (t’'rdyl+u’+2)) =
DECN 1 (SUBARRAY (SND(L_ad_inE(e’ tp‘))) (1,0)))~),
INDUCT_TAC
THEN REWRITE_TAC [ADD1;ADD_CLAUSES;ADD_ASSOC; SYM_RULE (REDUCE_CONV #“14+17)]
THEN REPEAT STRIP_TAC
THEN IMP_RES_TAC EBXPAND_STANDARD_ASSUMPS
THENL |
% Subgoal 1: (Base Case) %
IMP_RES_TAC P_size_ISO
THEN ASM_REWRITE_TAC[]
THEN IMP_RES_ TAC SACK_SIG_FALSE_DURING_DATA_0_1
THEN IMP_RES_TAC P_LOAD_TRUE_THEN_STABLE_FALSE_FROM_TP’_TO_T’SACK
THEN SUBGOAL_THEN
“ep’ < t'rdy0 /\ (t’rdyO+l) <= t’rdyl” STRIP_ASSUME_TAC
THENL |
% Subgoal 1.1: (New Subgoal) %
IMP_RES_TAC NTH_TRANS_CAUSAL
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THEN POP_ASSUM (\thm. ALL_TAC)
THEN ASSUME_TAC (SPEC “ti’:timeC” (REWRITE_RULE [ADD1] LEBSS_SUC_REFL))
THEN REWRITE_ASSUM_TAC

(“NTH_TIME_FALSE O(bslg I_srdy E e’)(ti’ + 1)t’rdy0”,
[NTH_TIME_FALSE; STABLE_TRUE_THEN_FALSE])

THEN REWRITE_ASSUM_TAC

(“STABLE_TRUE_THEN_FALSE (bsig I_srdy E e’)(t’rdy0 + 1,t‘'rdyl)”,
[STABLE_TRUE_THEN_FALSE])

THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN IMP_RES_TAC LESS_EQ TRANS

THEN IMP_RES_TAC LESS_EQ_LESS_TRANS =
THEN IMP_RES_TAC LESS_LESS_REQ_TRANS

THEN IMP_RES_TAC LT_IMP_LE

THEN ASM _REWRITE_TAC[])

%

Subgoal 1.2: (Continue) %

ASSUME_TAC (SPECL (“t’‘rdy0:timeC”;”1”] LESS_EQ_ADD)
THEN IMP_RES_TAC LESS_LESS_EQ TRANS

THEN IMP_RES_TAC LESS_RQ_TRANS

THEN NRULE_ASSUM_TAC

(“TRUE_THEN_STABLE FALSE(\u’. P_loadsS(s’ u’))(tp’,t‘rdyl)”,
(BETA_RULE o (REWRITE_RULE [TRUE_THEN_ STABLE_FALSE])))

THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN SPEC_ASSUM_TAC

(#“1t, tp’ < t /\ t <= t’rdyl ==> ~P_loadsS(s’ t)”,”t'xrdyl:timeCc”)

THEN IMP_RES_TAC P_LOAD_TRUE_THEN_STABLE_FALSE_FROM TP’_TO_T'SACK
THEN NRULE_ASSUM_TAC

{#TRUE_THEN _STABLE_FALSE(\u’. P_loadS(s’ u’)) (tp’,t’'xrdyl)”,
(BETA_RULE o (REWRITE_RULE [TRUE_THEN_STABLE_FALSE])))

THEN SPEC_ASSUM_TAC

(“tt, tp’ <t /\ t <= t’'rdyl ==> ~P_loadsS(s’ t}”,”t’'rdy0+1”)

THEN RES_TAC
THEN ASM_REWRITE_TACI[]
THEN REWRITE_ASSUM_TAC

(“NTH_TIME_FALSE O(bsig I_srdy B e’)(ti’ 4+ 1)t’rdyo0~,
[NTH_TIME_FALSR])

THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN IMP_RES_TAC P_DOWN_STABLE_FALSE_THEN_TRUE_FROM_TP’_TO_T’/RDY0
THEN NRULE_ASSUM_TAC

(#“STABLE_FALSE_THEN_TRUE(\u’. P_downS(s’' u’)) (tp’+1,t'xdy0+1)”,
(BETA_RULE o (REWRITE_RULE [STABLE_FALSE_THEN_TRUE])))

THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN SPEC_ASSUM_TAC

(#“1t. (tp’ + 1) <=t /\ t < (t’xdy0 + 1) ==> ~P_downS(s’ t)”,
“t 'rdy0:timeC”)

THEN IMP_RES_TAC (REWRITE_RULE [ADD1] LT_IMP_SUC_LE)
THEN ASSUME_TAC

(SPEC “t’'rdy0:timeC” (REWRITE_RULE [ADD1] LESS_SUC_REFL))

THEN RES_TAC

THEN ASSUME_TAC (SPEC “t’rdy0:timeC” LESS_EQ_REFL)
THEN IMP_RES_TAC P_SIZE_STABLE_FROM_TP’_TO_T'RDYO
THEN ASM_REWRITE_TAC[)

]

% Subgoal 2: (Induction Step) %
IMP_RES_TAC P_size_ISO

THEN
THEN
THEN

THEN
THEN
THEN
THEN
THEN
THEN

THEN
THEN

ONCE_ASM_REWRITE_TAC[]
POP_ASSUM (\thm. ALL_TAC) %KEEP%
RULE_ASSUM_TAC
(\thm. REWRITE_RULE [SYM_RULE (REDUCE_CONV #1+1"),;ADD_ASSOC] thm)
ASSUME_TAC (SPECL [“(((t‘rdy0 + u’) + 1) + 1)7;~17] LESS_EQ_ADD)
IMP_RES_TAC LESS_EQ_TRANS
RES_TAC
IMP_RES_TAC SACK_SIG_FALSE_DURING_DATA_O_1
IMP_RES_TAC P_LOAD_TRUE_THEN_STABLE_ FALSE_FROM_TP’_TO_T'SACK
NRULE_ASSUM_TAC
(“TRUE_THEN_STABLE_FALSE(\u‘. P_loadS(s’ u‘)) (tp’,t’rdyl)”,
(BETA_RULE o (REWRITE_RULE [TRUE_THEN_STABLE_PALSE])))
IMP_RES_TAC P_DOWN_TRUE_THEN_STABLE_FALSE_FROM_T‘RDY0_TO_T'RDY1
NRULE_ASSUM_TAC
(“TRUE_THEN_STABLE_FALSE (\u‘’. P_downS(s’ u’)) (t‘rdy0 + 1,t’'rdyl)”,
(BERTA_RULE o (REWRITE_RULE [TRUE_THEN_STABLE_FALSE])))
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THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN SPEC_ASSUM_TAC
(#1t., tp’ < t /\ t <= t'rdyl ==> ~P_loadsS(s’ t)”,
#({t'rdy0+u’)+1)+1")
THEN SPRC_ASSUM_TAC
("lt. (t'rdy0 + 1) < t /\ t <= t‘rdyl ==> ~P_downS(s’ t)”,
#({t'rdyO+u’)+1)+1”)
THEN ASSUME_TAC (SPECL [“t’rdyO:timeC”;”u’:timeC”] LESS_EQ_ADD)
THEN IMP_RRES_TAC
(RIMP (SPRCL [#t‘rdy0:timeC”;”t’'rdyl0+u’”;”1”) LESS_EQ_MONO_ADD_EQ) )
THEN ASSUME_TAC (SPEC “(t’/rdyO+u’)+1” (REWRITE_RULE ([ADD1] LRESS_S8UC_REFL))
THEN IMP_RES_TAC LESS_EQ_ LESS_TRANS
THEN IMP_RES_TAC
{SPBCL [#(((t’'rdy0+u’)+1)+1)+1”;%¢’rdyl+1”;71”] LESS_EQ _MONO_SUB)
THEN REWRITE_ASSUM_TAC
(“({({(t’xdy0 + u’) + 1) +# 1) +# 1) - 1) <= ((t‘'zdyl + 1) - L))",
[ADD_SUB]})
THEN IMP_RES_TAC NTH_TRANS_CAUSAIL
THEN ASSUME_TAC (SPECL [“ti’/:timeC¥;”1”] LBSS_EQ_ADD)
THEN NRULE_ASSUM_TAC
(“NTH_TIME_FALSE O(bsig I_srdy E e’)(ti’ + 1)t’rdyo0~,
(BETA_RULE ©
(REWRITE_RULE [NTH_TIME_FALSE;STABLE_TRUE_THEN_FALSE])))
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN ASSUME_TAC (SPRCL {#t‘rdyO+u’”;7”1”] LRSS_RQ_ADD)
THEN IMP_RES_TAC LESS_EQ _TRANS
THEN IMP_RRBS_TAC LESS_RQ_LESS_TRANS
THEN RES_TAC
THEN ASM_REWRITE_TAC([]
1
Yii

let P_SIZE_STABLE_FROM_T/RDY0O_TO_T'RDY1l = TAC_PROOF
(L1,
#3 (t’ :timeC)
(ptl :PTI) (# :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(t :timeT) (8’ :timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out)
(tp’ ti’ t’xrdy0 t’rdyl :timecC) .
(Standard_Assumps pti s e p t 8’ e’ p’ tp’ ti’ /\
NTH_TIME_FALSE O(bsig I_srdy E e‘)(ti‘ + 1l)t’zrdy0 /\
STABLE_TRUB_THEN_FALSE (bsig I_srdy E e’) (t‘xdyO+l,t’rdyl) /\
VAL 1 (SUBARRAY(SND{(L_ad_inE(e’ tp’)))(1,0)) > 0 /\
({t'rdy0+2) <= ©*) /\
(t’ <= t'rdyl+l))
==>
(P_sizeS (s’ t’) = DECN 1 (SUBARRAY (SND(L_ad_inE (e’ tp’))) (1,0)))7),
REWRITE_TAC [SYM_RULE (REDUCE_CONV “1+41”);ADD_ASSOC]
THEN REPEAT STRIP_TAC
THEN IMP_RES_TAC (SPEC “t’-tp’+2” OPFPFSET_P_SIZE_STABLE_FROM_T'RDYO_TO_T'RDY1)
THEN SPECL_ASSUM_TAC
(#1(t’ tp’’‘i1timeC) . (t rdyO+((t/-(tp’‘’'+2))+2)) <=
(P_sizeS(s’/(t'xdy0 + ((t’ - (tp’'’'’ + 2)) + 2))) =
DECN 1(SUBARRAY(SND(L_ad_inE(e’ (tp‘:timecC))))(1,0}))~,
f#t’:timeC”; "t 'rdy0O:timeC”])
THEN SUBGOAL_THEN
“(t'rdy0 + ((t’ - (t'rdy0 + 2)) + 2)) = t*”
(\thm. RULE_ASSUM_TAC (REWRITE_RULE (thm]))
THENL [
% Subgoal 1: -New subgoal- “t‘rdy0 + ((t’ - (t'rdy0 + 2)) + 2) =t‘'" %
REWRITE_TAC [SYM_RULE (ASSOC_SUB_SUB1)]
THEN SUBGOAL_THEN %2 <= (t’ - t’rdy0)” ASSUME_TAC
THENL [
% Subgoal 1.1: #2 <= (t’ - t’rdy0)”
[ “((t’rdy0 + 1) + 1) <= t’'7 ] %

(t:’rdyl + 1) ==>

REWRITE_TAC

[{SYM_RULE (SPECL [#27;7t‘-t’'rdy0”;”t’rdy0:timeC”)

LESS_EQ_MONO_ADD_EQ) ]

THEN ASSUME_TAC (SPECL [~t’rdyO:timeC”;”1”] LRSS _EQ ADD)
THEN ASSUME_TAC (SPBCL [~t‘/rdy0+1”;71”]} LESS_EQ_ADD)
THEN IMP_RES_TAC LESS_EQ_TRANS
THEN IMP_RES_TAC (SPECL [“t’:timeC”;”t’rdy0:timeC”]) SUB_ADD)
THEN ASM_REWRITE_TACI]
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THEN PURE_ONCE_REWRITE_TAC [ADD_SYM]
THEN ASM_REWRITE_TAC [SYM_RULE (REDUCE_CONV “141”);ADD_ASSOC]

% Subgoal 1.2: [ #“2 <= (t’ - t'xrdy0)” ] %

ASSUME_TAC (SPRC “2” LESS_EQ REFL)

THEN IMP_RES_TAC (SPECL [“t’/-t’xrdy07”;”27;72"] ASSOC_SUB_ADD1)

THEN ASM_REWRITE_TAC [(SUB_EQUAL_O0;ADD_CLAUSES]

THEN PURE_ONCE_REWRITE_TAC [ADD_SYM]

THEN ASSUME_TAC (SPECL [“t‘rdyO:timec”;”1”] LRESS_EQ_ADD)

THEN ASSUME_TAC (SPECL [#t’rdy0+1”;”1”] LBSS_EQ_ADD)

THEN IMP_RES_TAC LESS_EQ_TRANS =

THEN IMP_RES_TAC (SPECL [~“t’:timeC”;”t’rdy0:timeC”] SUB_ADD)
]

% Subgoal 2 %
RES_TAC

]

Vi

let DECN_WORDN_1_NOT_EQ = mk_thm
(L1,
“y (x swordm) (m n :num) .
(VAL 1 x > n) ==>
(n > m) ==>
~(DECN 1 x = WORDN 1 m)”
Vi

let I_LAST_ STABLE_HI_FROM_T‘RDYO_TO_T'RDY1l = TAC_PROOF

([,

“) (pti :PTI) (s :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(t :timeT) (s’ :timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out)
(tp’ ti’ t’rdy0 :timecC) .

(Standard _Assumps pti s ep t 8’ o’ p’ tp’ ti’ /\

NTH_TIME_FALSE 0 (bsig I_srdy E e’) (ti‘+l) t/rdy0 /\

STABLE_TRUE_THEN_FALSE (bsig I_srdy E e’) (t'rdy0+1,t’'rdyl) /\

(VAL 1 (SUBARRAY (SND(IL_ad_inR(e’ tp’))})(1,0)) > 1)) ==>
STABLE_HI (bsig I_last_O p’) (t’rdy0+l1,t’'xdyl)”),

REWRITE_TAC [bsig;BSel;STABLE_HI]

THEN REPEAT STRIP_TAC

THEN IMP_RES_TAC (REWRITE_RULE [bsig;BSel] IB_READY_ASSUMPS)

THENL [

% Subgoal 1: #(t'rdy0 + 1) <= t‘rdyl” %

REWRITE_ASSUM_TAC
(“STABLE_TRUE_THEN_FALSE (\t. SND(I_srdy_E(e’ t)))(t‘rdy0 + 1,t’rdyl)~,
[STABLE_TRUE_THEN_FALSE])

THEN ASM_REWRITE_TACI[]

% Subgoal 2:
“(\t. SND(I_last_O(p’ t)))t’ = HI”
{ “STABLE_TRUE_THEN_FALSE(\t. SND(I_srdy E(e’ t)))(t’'rdy0 + 1,t‘rdyl)” )
[ #“(t’rdy0 + 1) <= t'” }
[ #t/ <= t'rdyl” 1 %
BETA_TAC
THEN IMP_RES_TAC EXPAND_STANDARD_ASSUMPS
THEN SUBGOAL_THEN
“VAL 1 (SUBARRAY(SND(L_ad_inE(e’ (tp’:timeC))))(1,0)) > 0~
ASSUME_TAC
THENL (
% Subgoal 2.1: (New subgoal) %
REWRITE_TAC [GREATER]
THEN RULE_ASSUM_TAC (\thm. REWRITE_RULE [GREATER] thm)
THEN ASSUME_TAC (REWRITE_RULE (] (REDUCE_CONV ~0<1”))
THEN IMP_RES_TAC LESS_TRANS

% Subgoal 2.2: (Continue) %
SUBGOAL_THEN ”(tp’/<=ti’) /\ ((ti’+1l) <= t’rdy0)” STRIP_ASSUME_TAC
THENL [
% Subgoal 2.2.1: (New subgoal) %
IMP_RES_TAC NTH_TRANS_CAUSAL
THEN REWRITE_ASSUM_TAC
(“NTH_TIME_PALSE O(\t. SND(I_srdy E(e’ t)))(ti’ + 1)t’rdyo~,
[NTH_TIME_FALSE; STABLE_TRUE_THEN_FALSE])
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THEN
THEN

POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
ASM_REWRITE_TAC{]

% Subgoal 2.2.2: (Continue) %
ASSUME_TAC (SPECL [“t’rdy0O:timeC”;”1”] LEBSS_EQ_ADD)

THEN
THEN
THEN

THEN
THEN
THEN

THEN

THEN
THEN

THEN
THEN
THEN

THEN
THEN

ASSUME_TAC (SPBCL [(“t’rdyl:timec”;”1”] LESS_EQ ADD)
IMP_RES_TAC LESS_EQ_TRANS
IMP_RES_TAC

(REWRITE_RULE [bsig;BSel] SACK_SIG_FALSE_DURING_DATA_O0_1)
IMP_RES_TAC NTH_TIME_TRUB_X_IMP_X
IMP_REBS_TAC NEW_STATE_PD_FROM_TI'_TO_T'SACK_1l =T
IMP_RES_TAC

(REWRITE_RULBE

[baig;BSel]
P_DOWN_TRUE_THEN_STABLE_FALSE_FROM_T‘RDYO_TO_T'RDY1)
NRULE_ASSUM_TAC
(#TRUR_THEN_STABLE_FALSE(\u’.P_downS(s’ u’})) (t’‘xrdyl+l1l,t’'rdyl)”,

(BETA_RULE ¢ (REWRITE_RULE [TRUE_THEN_STABLE_FALSE])))
POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
SPEC_ASSUM_TAC

(“1t, (t’rdy0 + 1) < t /\ t <= t’'rdyl ==> ~P_downS(s’ t)”,

“t’stimeC”)

REWRITE_ASSUM_TAC (“New_State_Is_PD s’ e’ t'”, [New_State_Is_PD])
IMP_RES_TAC I_last_ISO
ASM_REWRITE_TAC

[WIRE;SYM_RULE (prove_constructors_distinct pfam ty Axiom)]
POP_ASSUM (\thm. ALL_TAC)
ASM_CASES_TAC ~(t’'rdy0+l) < t'”~

THENL (
% Subgoal 2.2.2.1: [ “(t‘rdy0 + 1) < t'” 1 %
IMP_RRS_TAC (RRWRITE_RULE (ADD1] LT_IMP_SUC_LE)
THEN NRULE_ASSUM_TAC

(“((t’'xdy0 + 1) + 1) <= t’”,
(REDUCE_RULE o (REWRITE_RULE [SYM_RULE ADD_ASSOC])))

THEN IMP_RES_TAC

(REWRITE_RULE [bsig;BSel] P_SIZE_STABLE_FROM_T’'RDY0_TO_T'RDY1)

THEN RES_TAC
THEN ASSUME_TAC (REWRITE_RULE [] (REDUCE_CONV #1>07))
THEN IMP_RES_TAC

(SPECL [“SUBARRAY (SND(L_ad_inE(e’ (tp‘:timeC))))(1,0)";
“Q7;717] DECN_WORDN_1_NOT_ERQ)

THEN ASM_REWRITE_TACI[]

% Subgoal 2.2.2.2: [ “~(t‘rdy0 + 1) < t’'" 1 %
SUBGOAL_THEN “t’ = t'rdy0+1” (\thm. REWRITE_TAC [thm])
THENL [

% Subgoal 2.2.2.2.1: (New Subgoal) %

IMP_RES_TAC NOT_LESS

THEN IMP_RES_TAC LESS_EQUAL_ANTISYM

% Subgoal 2.2.2.2,2: (Continue) %
REWRITE_ASSUM_TAC

(“NTH_TIME_FALSE O(\t. SND(I srdy B(e’' t)))(ti’ + 1)t’'rdy0~,
[NTH_TIME_PALSE])

THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN IMP_RES_TAC

(REWRITE_RULBE [bsig;BSel) P_SIZE_STABLE AT _T'RDY0O_PLUS_1)

THEN IMP_RES_TAC GT_IMP_NOT_EQ
THEN ASSUME_TAC

(REDUCE_RULE
(SPECL [#17;”SUBARRAY(SND(L_ad_inE(e’ (tp‘:timeC))))(1,0)"]
MAXWORD) )

THEN IMP_RES_TAC (REWRITE_RULE (PRE_SUBl] LT_IMP_LE_PRE)
THEN NRULE_ASSUM_TAC

(# (VAL 1(SUBARRAY(SND(L_ad_inE(e’ (tp’:timeC))))(1,0)))
<= (4 - 1)”,REDUCE_RULE)

THEN ASSUME_TAC (REWRITE_RULR []) (REDUCE_CONV #1l<=3"))
THEN IMP_RES_TAC WORDN_1_NOT_EQUAL
THEN ASSUME_TAC

(8PEC “SND(L_ad_inRE(e’ (tp’:timeC)))” SIZBE_SUBARRAY_ 1)

THEN IMP_RES TAC WORDN_VAL_IDENT_1
THEN ASM_REWRITE_ASSUM_TAC
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(#~(WORDN 1(VAL 1(SUBARRAY(SND(L_ad _inE(e’ (tp‘:timeC))))
(1,0))) = WORDN 1 1)~,[])
THEN ASM_REWRITE_TAC[]
1
]

]
Vi

let I_LAST_FOR_BLOCK_SIZE_1l = TAC_PROOF -
(1,
2y (ptl :PTI) (s :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(t :timeT) (s’ :timeC->pc_state) (e’ :timeC->pc_emnv) (p’ :timeC->pc_out)
(tp’ ti’ t’rdy0 :timecC) .
(Standard_Assumps pti s e p t 8’ e’ p’ tp’ ti’ /\
(SUBARRAY (SND (L_ad_inE(e’ tp‘)))(1,0) = WORDN 1 1) /\
NTH_TIME_FALSE O(bsig I_srdy E e’)(ti’ + 1l)t‘'rdy0 /\
STABLE_TRUE_THEN_FALSE (bsig I_srdy B e’) (t’'rdy0+l1,t’rdyl)) ==>
(STABLE_HT (bsig I_last_O p’) (ti’+1,t’rdy0) /\
STABLE_LO (bsig I_last_O p’) (t‘rdy0+l,t’'rdyl))”),
REPEAT STRIP_TAC
THENL [
% Subgoal 1: “STABLE _HI(bsig I_last_O p‘)(ti’ + 1,t'xrdy0)” %
SUBGOAL_THEN
“VAL 1(SUBARRAY(SND(L_ad_inB(e’ (tp’:timec))))(1,0)) > 0# ASSUME_TAC
THENL [
% Subgoal 1.1: (New Subgoal) %
ASM_REWRITE_TACI[)
THEN ASSUME_TAC (REWRITE_RULE [] (REDUCE_CONV “1 <= 37))
THEN IMP_RES_TAC VAL_WORDN_IDENT_1
THEN ASM_RBWRITE_TAC[]
THEN REDUCE_TAC

% Subgoal 1.2: (Continue) %
REWRITE_ASSUM_TAC
(“NTH_TIME_FALSR O(bsig I_srdy E e’)(ti’ + 1)t'rdy0”,
[NTH_TIME_FALSE]})
THEN IMP_RES_TAC I_LAST_STABLE_HI_FROM_TI'_TO_T’‘RDY0
]

% Subgoal 2: “STABLE_LO(bsig I_last_O p‘)(t‘rdy0 + 1,t'rdyl)” %
SUBGOAL_THEN
“YAL 1(SUBARRAY(SND(L_ad_inE(e’ (tp‘:timeC))))(1,0)) > 07 ASSUME_TAC

THENL [

% Subgoal 2.1: (New Subgoal) %

ASM_REWRITE_TACI[]

THEN ASSUME_TAC (REWRITE_RULE [} (RBDUCE_CONV #“1 <= 37))

THEN IMP_RES_TAC VAL_WORDN_IDENT_ 1

THEN ASM_REWRITR_TAC[]

THEN REDUCE_TAC

% Subgoal 2.2: (Continue) %
REWRITE_TAC [STABLE_LO;bsig;BSel]
THEN BETA_TAC
THEN REPEAT STRIP_TAC
THENL [
% Subgoal 2.2.1: “(t’'rdy0 + 1) <= t/rdyl” %
REWRITE_ASSUM_TAC
(“STABLE_TRUE_THEN_FALSE(bsig I_srdy E e’)(t‘xdy0 + 1,t’'xrdyl)”,
[STABLE_TRUER_THEN_FALSE])
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN ASM_REWRITE_TAC[]

% Subgoal 2.2.2: “SND(I_last_O(p’ t’)) = LO” %
IMP_RES_TAC EXPAND_STANDARD ASSUMPS

THEN IMP_RES_TAC I_last_1ISO

THEN ASM_REWRITE_TAC[]

THEN POP_ASSUM (\thm. ALL_TAC)

THEN IMP_RES TAC P_SIZE_STABLE FROM_T’'RDY(0_TO_T'RDY1
THEN IMP_RES_TAC SACK_SIG_FALSE_DURING_DATA_O0_1
THEN IMP_RES_TAC NTH_TIME_TRUE_X_ IMP_X
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THEN IMP_RES TAC NEW_STATE_PD_FROM_TI’_TO_T'SACK_1
THEN POP_ASSUM (\thm. ALL_TAC)
THEN SPRC_ASSUM_TAC
(*1t’/, (i’ + 1) <= t’ ==> t’ <= t'rdyl ==>
New_sState_Is_PD s’ e/ t’”,”t’':timeC”)
THEN SUBGOAL_THEN #(ti’+l)<=t’” ASSUME_TAC
THENL [
% Subgoal 2.2.2.1: (New Subgoal) %
REWRITE_ASSUM_TAC
(“NTH_TIME_FALSE O(bsig I_srdy E e’)(ti’ + 1)t’'rdyo0”,
[NTH_TIME_FALSE; STABLE_TRUE_THEN_FALSE]) -
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN ASSUME_TAC (SPECL [“t’rdy0:timec~;~1”] LRSS_EQ_ADD)
THEN IMP_RES_TAC LESS_EQ_TRANS

% Subgoal 2.2.2.2: (Continue) %
RES_TAC
THEN REWRITE_ASSUM_TAC
(“New_sState_Is_PD 8’ e’ t’'”, [New_State_Is_PD])
THEN ASM_REWRITE_TAC
[SYM_RULE (prove_constructors_distinct pfsm_ty_Axiom)]}
THEN IMP_RRES_TAC
P_DOWN_TRUE_THEN_STABLE_FALSE_FROM_T‘RDYO_TO_T‘RDY1
THEN NRULE_ASSUM TAC
(#“TRUB_THEN_STABLE_FALSE(\u’.P_downS(s’ u’)) (t’rdy0+1,t’rdyl)”,
(BETA_RULE o (REWRITE_RULE [TRUE_THEN_STABLE_FALSE])))
THEN POP_ASSUM_LIST (MAP_RVEBRY (\thm. STRIP_ASSUME_TAC thm))
THEN SPEC_ASSUM_TAC
(#“tt., (t’rdy0 + 1) < t /\ t <= t‘rdyl ==> ~P_downs(s’ t)”,
#t’:timeC”)
THEN ASM_CASES_TAC “(t‘rdy0 + 1) < t~
THENL [
% Subgoal 2.2.2.2.1: [ “(t'rdy0 + 1) < t'7 ] %
IMP_RES_TAC (REWRITE_RULE [(ADD1] LT IMP_SUC_LE)
THEN REWRITE_ASSUM_TAC
(#((t’zxdy0+1)+1) <=t ‘", [ASSOC_ADD_ADD1;REDUCE_CONV “1+1”])
THEN ASSUME_TAC (SPECL [“t‘rdyl:timeC”;”1”) LESS_EQ_ADD)
THEN IMP_RRS_TAC LESS_EQ_ TRANS
THEN RES_TAC
THEN ASM_REWRITE_TACI[]
THEN ASSUME_TAC (REWRITE_RULE (] (REDUCE_CONV “l<=37))
THEN ASSUME_TAC (REWRITE_RULE [] (REDUCB_CONV “0<=3"))
THEN ASSUMEB_TAC (REWRITE_RULE [] (REDUCE_CONV “1=0+1"))
THEN IMP_RES_TAC (SPECL [#17;70”] DRCN_WORDN_1)
THEN DELETE_ASSUM_TAC “1 = 0 + 17
THEN ASM_REWRITR_TAC [WIRE]

% Subgoal 2.2.2.2.2¢t [ “~(t’zdy0 + 1) < t‘'” 1 %
IMP_RES_TAC NOT_LESS
THEN SUBGOAL_THEN “t’ = t‘rdy0+1” (\thm. REWRITE_TAC ([thm])
THENL [
% Subgoal 2.2.2.2.2.1: (New Subgoal) %
IMP_RES_TAC LESS_EQUAL_ANTISYM
:
% Subgoal 2.2.2.2.2.2: (Continue) %
REWRITE_ASSUM_TAC
(“NTH_TIME_FALSE O(bsig I_srdy_R e’)(ti’ + 1l)t’rdyo”,
[NTH_TIMB_FALSE])
THEN IMP_REBS_TAC P_SIZB_STABLE_AT_T’'RDYO_PLUS_1
THEN ASM_REWRITE_TAC [WIRE]

]
Yis

let I_SRDY_STABLE_TRUE_THEN_FALSE_FROM_T'‘RDY1_TO_T'RDY2 = TAC_PROOF
ey,
“)] (8 :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(t :timeT) (s’ :timeC->pc_state) (e’ :timeC->pc_env) (P’ :timeC->pc_out)
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(tp’ ti’ t‘rdyl :timeC) .
(Standard Assumps pti 8 e p t 8’ e’ p’ tp’ ti’ /\
NTH_TIME_FALSE 1 (bsig I_srdy E e‘) (ti’+1l) t’ rdyl /\
VAL 1 (SUBARRAY(SND(L_ad_inE(e’ tp’)))({(1,0)) > 1) ==
(?t’rdy2. STABLE_TRUE_THEN_FALSRE (bsig I_srdy R e’) (t’/rdyl+l,t‘rdy2))”),
REPEAT STRIP_TAC
THEN IMP_RES_TAC EXPAND_STANDARD_ASSUMPS
THEN IMP_RES_TAC IB_READY_ASSUMPS
THEN NRULE_ASSUM_TAC
(“1u’. rdy_sig ib e’ p’ u’ ==>
{?v’. STABLE_TRUR_THEN_FALSE(bsig I_srdy E e’)(u’~+ 1,v’})”,
(BETA_RULE o
(SPEC “t‘rdyl:timeC”) o (REWRITE_RULE [rdy_sig_ib;BSel])))
THEN IMP_RES_TAC NTH_TIME_FALSE_X IMP_NOT_X
THEN NRULE_ASSUM_TAC
(#~besig I_srdy B e’ t’rdyl”, (BETA_RULE o (REWRITE_RULE [bsig;BSel}l)))
THEN SUBGOAL_THEN
“NTH_TIME_FALSE O (bsig I_srdy E e’) (ti‘+l) u’ /\
STABLE_TRUE_THEN_FALSE (bsig I_srdy E e’) (u‘+l,t’xdyl)”
STRIP_ASSUME_TAC
THENL [
% Subgoal 1: (New Subgoal) %
REWRITE_ASSUM_TAC
(“NTH_TIME_FALSE l(bsig I_srdy E e’)(ti’ + 1)t‘rdyl”,
[num_CONV #1%;NTH_TIME_FALSE])
THEN CHOOSE_ASSUM_TAC
“#72¢. STABLE_TRUE_THEN_FALSE(bsig I_srdy E e’)(ti’+(SUC 0),t)/\
STABLR_TRUE_THEN_FALSE(bsig I_srdy_E e’) (t+(SUC 0),t ‘rdyl)”
THEN POP_ASSUM_ LIST
(MAP_EVERY
{\thm. STRIP_ASSUME_TAC
(REWRITE_RULE [ADD1;ADD_CLAUSES] thm)))
THEN SUBGOAL_THEN “u’ = (t‘:timecC)” (\thm. REWRITE_TAC [thm])
THENL [
% Subgoal 1.1: (New subgoal) %
IMP_RES_TAC STABLE_TRUE_THEN_FALSE_UNIQUE
H
% Subgoal 1.2: (Continue) %
ASM_REWRITE_TAC [NTH_TIME_FALSE]
1

% Subgoal 2: (Continue) %
IMP_RES_TAC I_LAST_STABLE_HI_ PROM_T‘RDY0_TO_T'RDY1
THEN NRULE_ASSUM_TAC
(#STABLE_HI (bsig I_last_O p’)(u’ + 1,t‘rdyl)”,
(BRTA_RULE o (REWRITE_RULE [STABLE_HI])))
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN NRULE_ASSUM_TAC
(#1t. (u’ + 1) <=t /\ t <= t‘rdyl ==> (bsig I_last_O p’ t = HI)”,
(BETA_RULE o (SPEC “t‘rdyl:timeC”) o (REWRITE_RULE [bsig;BSel])))
THEN ASSUME_TAC (SPEC “t’rdyl:timeC” LESS_EQ_ REFL)
THEN RES_TAC
THEN RES_TAC
THEN EXISTS_TAC #v’:timecC”
THEN ASM_REWRITE_TAC[)
]
Vi

let SACK_SIG_FALSE_DURING_DATA_1_ 2 = TAC_PROOF
([l
“1 (pti :PTI) (s :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(t :timeT) (s’ :timeC->pc_state) (e’ :timeC->pc_env) (P’ :timeC->pc_out)
(ti’ t‘rdyl t’rdy2 :timec) .
(Standard_Assumps ptli s e p t 8’ e’ p’ tp’ ti’ /\
NTH_TIME_FALSR 1 (bsig I_sxrdy E e’) (ti‘+l) t’rdyl /\
VAL 1 (SUBARRAY(SND(L_ad_inE(e’ tp’)))(1,0)) > 1 /\
STABLE_TRUE_THEN_FALSE (bsig I _srdy E e’) (t’rdyl+l,t’'xrdy2)) ==>
STABLE_FALSR (Sack_Sig Is_TRUR s’ e’) (ti’,t’rdy2-1)”"),
REWRITE_TAC [bsig;BSel)
THEN REPEAT STRIP_TAC
THEN IMP_RES_TAC EXPAND_STANDARD_ASSUMPS
THEN SUBGOAL_THEN
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“VAL 1 (SUBARRAY(SND(L_ad_inE(e’ (tp‘:timeC))))(1,0)) > 07
ASSUME_TAC

THENL [

~

% Subgoal 1: (New subgoal) %

REWRITE_TAC [GREATER]

THEN RULE_ASSUM_TAC (\thm. REWRITE_RULE [GREATER] thm)
THEN ASSUME_TAC (REWRITE_RULE {[] (REDUCE_CONV “0<1”))
THEN IMP_RES_TAC LESS_TRANS

% Subgoal 2: (Continue) %

ASSUME_TAC (REWRITE_RULE [] (REDUCE_CONV “0<1”)) -
THEN IMP_RES_TAC PRIOR_FALSE_BVENTS_RXIST

THEN SUBGOAL_THEN

“STABLE_TRUE_THEN_FALSE (\t. SND(I_srdy E(e’ t)))(t’' + 1,t’‘rdyl)”
ASSUME_TAC

THENL [

% Subgoal 2.1: (New subgoal) %
REWRITE_ASSUM_TAC
(“NTH_TIME_FALSE 1(\t. SND(I_srdy_EB(e’ t)))(ti’ + 1l)t’rdyl~,
[num_CONV #17;NTH_TIME_FALSRE])
THEN REWRITE_ASSUM_TAC
{“NTH_TIME_FALSR O0(\t. SND(I_srdy E{e’ t)))(ti’ + 1)t‘'~,
[NTH_TIME_FALSE])
THEN POP_ASSUM_LIST (MAP_EVERY (\tbm. STRIP_ASSUME_TAC thm))
THEN RULE_ASSUM_TAC (REWRITE_RULE [ADD1;ADD_CLAUSES])
THEN IMP_RES_TAC STABLE_TRUE_THEN_FALSE_UNIQUE
THEN PFPILTER_ASM_REWRITE_TAC (\tm. tm = #“t’ = (t’‘:timeC)”) []
THEN FILTER_ASM_REWRITE_TAC (\tm. not (is_eqg tm)) []

% Subgoal 2.2: (Continue) %
SUBGOAL_THEN
#STABLE FALSE(Sack_Sig Is_TRUE s’ e‘) (t'rdyl,t’rdyl)” ASSUME_TAC
THENL |
% Subgoal 2.2.1: (New Subgoal) %
REWRITE_TAC [STABLE_FALSRE]
THEN BETA_TAC
THEN ASSUME_TAC (SPBC “t’‘rdyl:timeC” LESS_EQ RRERFL)
THEN ASM_REWRITE_TACI[]
THEN REPEAT STRIP_TAC
THEN SUBGOAL_THEN
#gss = (t’rdyl:timeC)” (\thm. RULE_ASSUM_TAC (REWRITE_RULE [thm]))
THENL [
% Subgoal 2.2.1.1: (New Subgoal) %
IMP_RES_TAC LESS_EBQUAL_ANTISYM

% Subgoal 2.2.1.2: (Continue) %
IMP_RES_TAC
(REWRITE_RULE [bsig;BSel) I_LAST_ STABLE_HI_ FROM_T‘RDY0_TO_T'RDY1)
THEN NRULE_ASSUM_TAC
(#STABLE_HI(\t:timeC. SND(I_last_O(p‘’ t)))(t’ + 1,t rdyl)”,
(BRTA_RULE o (REWRITE_RULE [STABLE_HI])))
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN SPEC_ASSUM_TAC
(#1t.(t'+1l) <=t /\ t<=mt’rdyl ==> (SND(I_last_O(p’ t))=HI)”,
#trdyl:timec”)
THEN RES_TAC
THEN IMP_RES TAC I_LAST_HI_IMP_SACK_SIG_NOT_TRUE
1

% Subgoal 2.2.2: (Continue) %
SUBGOAL_THEN “1 <= t 'rdy2” ASSUME_TAC
THENL [
% Subgoal 2.2.2.1: (New Subgoal) %
IMP_RES_TAC (RIMP ONE_LESS_EQ)
THEN REWRITE_ASSUM_TAC
(“NTH_TIME_FALSE 1(\t. SND(I_srdy_RB(e’ t)))(ti’ + 1l)t’rdyl”,
[num_CONV #17”;NTH_TIME_FALSE; STABLE_TRUE_THEN FALSE])
THEN REWRITE_ASSUM_TAC
(“STABLE_TRUR_THEN_FALSE(\t. SND(I_srdy E(e’ t)))
(t'rdyl+l,t’rdy2)”, (STABLE_TRUE_THEN_FALSR])
THEN POP_ASSUM_LIST
(MAP_BVERY (\thm. STRIP_ASSUME_TAC
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(REWRITE_RULE [ADD1;ADD_CLAUSES] thm)))
THEN ASSUME_TAC (SPECL [“ti’:timeC~;”1”] LESS_EQ_ADD)
THEN ASSUME_TAC (SPECL [“t‘‘:timeC”;”1”] LESS_EQ ADD)
THEN ASSUME_TAC (SPECL [“t‘xdyl:timecC”;~17] LESS_BEQ ADD)
THEN IMP_RES_TAC LESS_EQ_ TRANS
THEN IMP_RES_TAC LESS_EQ TRANS

% Subgoal 2.2.2.2: (Continue) %
IMP_RES_TAC I_SRDY_TRUE_IMP SACK_SIG_NOT_TRUE
THEN IMP_RES_TAC
(REWRITE_RULE [bsig;BSel] SACK_SIG_FALSE_DURING_DATA_0_1)
THEN SUBGOAL_THEN
#(tl’ <= (t'rdy2-1)) /\
(t‘rdyl <= (t’rdyl-l)+1)”
STRIP_ASSUME_TAC
THENL [
% Subgoal 2.2.2.2.1: (New subgoal) %
REWRITE_ASSUM_TAC
(“STABLRE_FALSE(Sack_Sig_Is_TRUE 8’ e’)(ti’,t‘rdyl - 1)~,
[STABLE_FALSE])
THEN REWRITE_ASSUM_TAC
(#“STABLE_TRUE_THEN_FALSE (\t. SND(I_sxrdy E(e’ t)}))
(t‘rdyl + 1,t‘rdy2)”, [STABLE_TRUE_THEN_FALSE])
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN IMP_RES_TAC
(SPECL [“t‘rdyl+l”;”t rdy2:timeC”;”1”] LESS_BEQ_MONO_SUB)
THEN REWRITE_ASSUM_TAC
(#((t‘rdyl + 1) - 1) <= (t‘rdy2 - 1)”,[ADD_SUB])
THEN IMP_RES_TAC (RIMP ONE_LESS_EQ)
THEN ASSUME_TAC (SPECL [“t‘rdyl:timeC”;”1”] SUB_LESS_EQ)
THEN IMP_RES_TAC LESS_EQ TRANS
THEN IMP_RES_TAC (SPECL [“t’rdyl:timeC”;”1”] SUB_ADD)
THEN IMP_RES_TAC
(SPRCL [“ti‘+17;7t/rdyl:timeC”;”1”] LRSS_EQ_MONO_SUB)
THEN REWRITE_ASSUM_TAC
(#((ti’ + 1) - 1) <= (t’rdyl - 1)”, [ADD_SUB})
THEN IMP_RES_TAC LESS_EQ TRANS
THEN ASSUME_TAC (SPEC “t‘rdyl:timeC” LESS_EQ_REFL)
THEN ASM_REWRITE_TAC(]

% Subgoal 2.2.2.2.2: (Comntinue) %
IMP_RES_TAC SUP_INTERVAL_STABLE_FALSE
THEN ASM_REWRITE_TAC{]

1
)i

let P_DOWN_TRUE_THEN_STABLE_FALSE_FROM_T’‘RDY1_TO_T'RDY2 = TAC_PROOF

(Cr1,

“) (pti :PTI) (8 :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(t :timeT) (8’ :timeC->pc_state) (e’ :stimeC->pc_env) (p’ :timeC->pc_out)
(tp’ ti’ t‘rdyl t‘rdy2 :timecC) .

{Standard Assumps pti s ep t 8’ e’ p’ tp’ ti’ /\

NTH_TIME_FALSE l(bsig I_srdy B e’)(ti’ + 1)t’xdyl /\

STABLE_TRUE_THEN_FALSE (bsig I_srdy E e’} (t‘rdyl + 1,t’rdy2) /\

(VAL 1(SUBARRAY (SND(L_ad_inB(e’ tp’)))(1,0))) > 1) ==>
TRUE_THEN_STABLE_FALSE(\u‘. P_downS(s‘’ u’))(t‘rdyl + 1,t’rdy2)”),

REWRITE_TAC [TRUE_THEN_STABLE_FALSE]

THEN BETA_TAC

THEN REPEAT STRIP_TAC

THEN IMP_RES_TAC SACK_SIG_FALSE _DURING_DATA_1_2

THENL [

% Subgoal 1: “(t‘rdyl + 1) <= t’rdy2” %
REWRITE_ASSUM_TAC
(#“STABLE_TRUE_THEN_FALSE (bsig I_srdy E e’)(t’rdyl + 1,t’rdy2)”,
[STABLE_TRUB_THEN_FALSE])
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN ASM_REWRITE_TAC({])
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% Subgoal 2: “P_downS(s’(t‘rdyl + 1))” %
IMP_RES_TAC EXPAND_STANDARD_ASSUMPS

THEN
THEN
THEN

THEN

THEN

THEN

THEN
THEN
THEN
THEN
THEN

THEN
THEN
THEN

IMP_RES_TAC NTH_TIME_TRUB_X_IMP_X
IMP_RES_TAC NEW_STATE_PD_FROM_TI‘_TO_T'SACK_1
NRULE_ASSUM_TAC
(“NTH_TIME_FALSE 1l(bsig I _srdy B e’)(ti’ + 1l)t’‘rdyl”,
(BRTA_RULE o
(REWRITE_RULE [num_CONV #17;NTH_TIME_FALSE;STABLE_TRUE_THEN_FALSE;
beig;BsSel])))
CHOOSR_ASSUM_TAC
#2t, ((tdi’ + (SUC 0)) <= t /\ -
(tt’, (tl’ + (SUC 0)) <=t /\ t’ < t ==> SND(I_srdy E(e’ t’))) /\
~SND(I_srdy E(e’ t))) /\ (t + (SUC 0)) <= t‘rdyl /\
(tt’. (t + (SUC 0)) <= t* /\ t’<t’rdyl ==> SND(I_srdy _E(e’ t’)))
/\ ~SND(I_srdy_R(e’ t’rdyl))”
POP_ASSUM_LIST
(MAP_EVERY
(\thm. STRIP_ASSUME_TAC (REWRITE_RULE [ADD1;ADD_CLAUSES] thm)))
REWRITE_ASSUM_TAC
(“STABLE_TRUE_THEN_FALSE (bsig I_srdy E e’)(t‘rdyl + 1,t’'rdy2)”,
[STABLE_TRUEB_THEN_FALSE])
POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
ASSUME_TAC (SPECL [“t‘:timeC”;”1”] LESS_EQ_ADD)
ASSUME_TAC (SPRCL [“t’rdyl:timeC”;~”1”] LESS_EQ ADD)
IMP_RES_TAC LESS_EQ_TRANS
NRULE_ASSUM_TAC
(#1t’. (ti’4+1)<=t’ ==> t’<=t’‘rdy2 ==> New_State_Is PD 8’ e’ t’'”,
( (REWRITE_RULE [New_State_Is_PD]) o (SPEC “t’xdyl:timeC”)))
RES_TAC
IMP_RES_TAC P_down_ISO
ASM_REWRITE_TAC[]

% Subgoal 3: [ “(t‘rdy0 + 1) < t’'” ]

[ #t’ <= t’xdyl” ]
[ “P_downS(s’ t’)” ] %

UNDISCH_TAC *P_downS(s’ (t’:itimec))”

THEN IMP_RES_TAC EXPAND_STANDARD_ASSUMPS
THEN SUBGOAL_THEN “t’ = (t‘-1)+1"” (\thm. PURE_ONCE_REWRITE_TAC [thm])
THENL [

% Subgoal 3.1: (New Subgoal) %

IMP_RES_TAC (RIMP ONE_LEBSS_EQ)
THEN REWRITE_ASSUM_TAC

(“NTH_TIMB_FALSE 1(bsig I_srdy R e’)(ti’ + 1)t’rdyl”,
[num_CONV “17;NTH_TIME_FALSE; STABLE_TRUE_THEN_FALSE])

THEN POP_ASSUM_LIST

(MAP_EVERY
(\thm. STRIP_ASSUME_TAC (REWRITE_RULE [ADD1;ADD_CLAUSES] thm)))

THEN ASSUME_TAC (SPECL [“ti’:timeC”;”1”) LESS_EQ_ADD)

THEN ASSUME_TAC (SPECL [“t’’:timeC”;”1”] LESS_RQ_ADD)

THEN ASSUME_TAC (SPECL [“t‘rdyl:timec”;”17] LESS_EQ_ADD)
THEN IMP_RES_TAC LT_IMP_LE

THEN IMP_RES_TAC LESS_EQ_TRANS

THEN IMP_RES_TAC LESS_EQ_TRANS

THEN IMP_RES_TAC (SPECL [“t’:timeC”;¥17] (SYM_RULE SUB_ADD))

%

sSubgoal 3.2: (Continue) %

IMP_RES_TAC P_down_ISO
THEN ASM_REWRITE_TAC[]
THEN NRULE_ASSUM_TAC

(“STABLE_TRUE _THEN_FALSE(bsig I_srdy E e’)(t‘rdyl + 1,t’'xrdy2)”,
(BETA_RULE o (REWRITE_RULE [STABLE_TRUB_THEN_FALSE;bsig;BSel])))

THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN SPEC_ASSUM_TAC

{(#“1t. (£'xdyl 4+ 1) <= t /\ t < t’/xrdy2 ==> SND(I_srdy E(e’ t))”,
lltl_lll)

THEN IMP_RES_TAC (REWRITE_RULE ([PRE_SUB1l] LT_IMP_LE_PRE)
THEN SUBGOAL_THEN “1 <= t‘” ASSUME_TAC
THENL |

% Subgoal 3.2.1: “1 <= t'" %

IMP_RES_TAC (RIMP ONE_LESS_EQ)

THEN ASSUME_TAC (SPERCL (“ti’:timec”;~”1”] LESS_EQ _ADD)
THEN REWRITE_ASSUM_TAC
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(“NTH_TIME_FALSE 1(bsig I_srdy E e’)(ti’ + 1l)t’rdyl”,
[num_CONV #17;NTH_TIME_FALSE; STABLE_TRUE_THEN_FALSE))
THEN POP_ASSUM_LIST
(MAP_EVERY
(\thm. STRIP_ASSUME_TAC (REWRITE_RULE [ADD1l;ADD_CLAUSES] thm)))
THEN ASSUME_TAC (SPECL [“t’’:timeC”;”1”] LESS_EQ_ADD)
THEN ASSUME_TAC (SPECL [“t‘rdyl:timeC”;”1”]) LESS_RQ_ADD)
THEN IMP_RES_TAC LT_IMP_LE
THEN IMP_RES_TAC LESS_EQ TRANS
THEN IMP_RES_TAC LESS_EQ TRANS

% Subgoal 3.2.2: (Continue) %

IMP_RES_TAC (REWRITE_RULE [PRR_SUB1] LE_IMP_PRE_LT)
THEN RES_TAC

THEN ASM_REWRITE_TACI]

let OFFSET_P_SIZE_STABLE_FROM_T'RDY1l_TO_T’/RDY2 = TAC_PROOF

1,

71 (u’ itimeC)
(pti :PTI) (s :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)

(t

ttimeT) (s’ :timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pe_out)

(ep’ ti’ t’rdyl t’rdy2 :timecC) .
(standard_Assumps pti s e p t 8’ e’ p’ tp’ ti’ /\
NTH_TIME_FALSE 1l(bsig I_srdy B e’)(ti’ + l)t‘rdyl /\
STABLE_TRUE_THEN_FALSE (bsig I_srdy E e’) (t’‘rdyl+l,t‘rdy2) /\
VAL 1 (SUBARRAY(SND(L_ad_inE(e’ tp‘)))(1,0)) > 1 /\
{((t’'rdyl+u‘+2) <= t’'xrdy2+l))

==)>

(P_sizeS (m’ (t’rdyl+u’‘+2)) =

DECN 1 (DECN 1 (SUBARRAY (SND(L_ad_inE(e’ tp’))) (1,0))))7),

INDUCT_TAC

THEN
THEN
THEN

REWRITE_TAC [ADD1;ADD_CLAUSES;ADD_ASSOC;SYM_RULE (REDUCE_CONV “1+17)1}
REPEAT STRIP_TAC
IMP_RES_TAC EXPAND_STANDARD_ASSUMPS

THEN IMP_RES_TAC SACK_SIG_FALSE_DURING_DATA_1l_2

THEN IMP_RES_TAC P_LOAD_TRUEB_THEN_STABLE_FALSE_FROM_TP’_TO_T’SACK
THEN IMP_RES_TAC P_DOWN_TRUEB_THEN_ STABLE_FALSE_FROM T’RDY1l_TO_T’RDY2
THEN ASSUME_TAC (REWRITE_RULE (] (REDUCE_CONV “0<1”))

THEN IMP_RES_TAC PRIOR_FALSE_EVENTS_BXIST

THEN ASSUME_TAC (REWRITE_RULE (] (REDUCE_CONV “1>0%))

THEN IMP_RES_TAC GRERATER_TRANS

THENL [

%

Subgoal 1: (Base Case) %

IMP_RBS_TAC P_size_ ISO

THEN ONCE_ASM_REWRITE_TACI[]

THEN POP_ASSUM (\thm. ALL_TAC) %KEEP%
THEN SUBGOAL_THEN

“tp’ < t/rdyl /\ (t’rdyl+l) <= t’rdy2” STRIP_ASSUME_TAC

THENL [

% Subgoal 1.1: (New Subgoal) %
IMP_RRES_TAC NTH_TRANS_CAUSAL
THEN ASSUME_TAC (SPEC “ti’:timeC” (REWRITE_RULE ([ADD1l] LESS_SUC_REFL))
THEN REWRITE_ASSUM_TAC
(”NTH_TIME_PALSE 1(bsig I_srdy E e’)(ti’ + 1l)t’rdyl”~,
[num_CONV #17;NTH_TIME_FALSE;STABLE_TRUE_THEN_FALSE])
THEN REWRITE_ASSUM_TAC
(”STABLE_TRUE_THEN_FALSE (bsig I_srdy E e’)(t’rdyl + 1,t’'rdy2)”,
[STABLE_TRUE_THEN_FALSE])
THEN POP_ASSUM_LIST
(MAP_RVERY
(\thm. STRIP_ASSUME_TAC (REWRITE_RULE [ADD1;ADD_CLAUSES] thm)))
THEN ASSUME_TAC (SPECL {~t’‘:timeC”;”1l”] LESS_EQ ADD)
THEN IMP_RES_TAC LESS_EQ TRANS
THEN IMP_RES_TAC LESS_REQ LESS_TRANS
THEN IMP_RES_TAC LESS_LESS_EQ TRANS
THEN IMP_RES_TAC LESS_EQ_TRANS
THEN IMP_RES_TAC LT_IMP_LE
THEN ASM_REWRITE_TACI[]
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%

Subgoal 1.2: (Continue) %

ASSUME_TAC (SPECL [“t’rdyl:timeC”;”1”] LESS_EQ_ADD)
THEN IMP_RES_TAC LESS_LESS_ RQ_TRANS

THEN IMP_RES_TAC LESS_EQ_TRANS

THEN NRULE_ASSUM_TAC

(#TRUE_THEN_STABLE_PALSE (\u’. P_loadS(s’ u’))(tp’,t’'rdy2)”,
(BETA_RULE o (REWRITE_RULE [TRUE_THEN_STABLE_FALSE])))

THEN NRULE_ASSUM_TAC

(#“TRUE_THEN_STABLE_FALSE(\u’. P_downS(s’ u’)) (t’rdyl+l,t’rdy2)”,
(BETA_RULE o (REWRITE_RULE {TRUE_THEN_STABLE_FALSE})})

THEN POP_ASSUM_LIST (MAP_REVERY (\thm. STRIP_ASSUME_TAC thm))
THEN SPEC_ASSUM_TAC

(“1t. tp’ < t /\ t <= t‘rdy2 ==> ~P_loadS(s’ t)”,”t’rdyl+l”)

THEN RES_TAC
THEN ASM_REWRITE_TAC(]
THEN NRULE_ASSUM_TAC

(“NTH_TIME_FALSE 1(bsig I_srdy E e’)(ti’ + 1l)t‘xdyl”,
(PURE_ONCE_REWRITE RULE [num_CONV “171))

THEN NRULE_ASSUM_TAC

(“NTE_TIME_FALSE (SUC 0) (bsig I_srdy E e‘)(ti’+(SUC 0))t’rdyl”,
(PURR_ONCE_REWRITE_RULE [NTH_TIME_FALSRE]))

THEN CHOOSE_ASSUM_TAC

“?t. NTH_TIME_FALSE O(bsig I_srdy B e’)(ti’ + (Suc 0))t /\
STABLE_TRUE_THEN_FALSE(bsig I_srdy E e’)(t + 1,t‘rdyl)”

THEN POP_ASSUM_LIST

(MAP_EVERY
(\thm. STRIP_ASSUME_TAC (REWRITE_RULE (ADD1;ADD_CLAUSES] thm)))

THEN SUBGOAL_THEN

“((t’’'+2) <= t’'rdyl+l) /\ ((t‘rdyl+l) <= t’rdyl+l)”
STRIP_ASSUME_TAC

THENL [

]

% Subgoal 1.2.1: (New subgoal) %
ASSUME_TAC (SPEC “t’‘rdyl+l” LESS_EQ_REFL)
THEN REWRITE_ASSUM_TAC
{#“STABLE_TRUE_THEN_FALSE(bsig I_srdy_E e’)(t’’ + 1,t’'zdyl)”,

[STABLE_TRUE_THRN_FALSRE])
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN IMP_RES_TAC

(SPRCL [”t’’+1”;7t’rdyl:timeC”;”1”] (RIMP LESS_EQ MONO_ADD_EQ))

THEN ASM_REWRITE_TAC [SYM_RULE (REDUCE_CONV #1+1”);ADD_ASSOC]

% Subgoal 1.2.2: (Continue) %
IMP_RES_TAC (SPEC “t’‘rdy+1” P_SIZE_STABLE_FROM_T'RDY0O_TO_T’RDY1)
THEN ASM_REWRITE_TAC([]

% Subgoal 2: (Induction Step) %
IMP_RES_TAC P_size_ISO

THEN
THEN
THEN

THEN
THEN
THEN
THEN

THEN

THEN
THEN

THEN

THEN

ONCE_ASM_REWRITE_TACI[]
POP_ASSUM (\thm. ALL_TAC) %KEBP%
RULE_ASSUM_TAC
(\thm. REWRITE_RULE [SYM_RULE (REDUCE_CONV #“14+1%);ADD_ASSOC] thm)
ASSUME_TAC (SPBCL [#(((t’/rdyl + u’) + 1) + 1)7;717]} LBSS_EQ_ADD)
IMP_RES_TAC LESS_EQ_TRANS
RES_TAC
NRULE_ASSUM_TAC
(#TRUB_THEN_STABLE_FALSE(\u’. P_loadS(s’ u‘))(tp’,t’'rdy2)”,
(BETA_RULE o (REWRITE_RULE [TRUE_THEN_STABLE_FALSE])))
NRULE_ASSUM_TAC
(#TRUB_THEN_STABLE_FALSE(\u’. P_downS(s’ u’))(t‘rdyl + 1,t‘'rdy2)”,
(BETA_RULE o (REWRITE_RULE [TRUE_THEN_STABLE_FALSE])))
POP_ASSUM_LIST (MAP_REVERY (\thm. STRIP_ASSUME_TAC thm))
SPEC_ASSUM_TAC
(#1t. £p’ < t /\ t <= t’'rdy2 ==> ~P_loadS(s’ t)”,
#{(t'rdyleu’)+1)+17)
SPEC_ASSUM_TAC
(#tt, (t'rdyl + 1) <t /\ t <= t’rdy2 ==> ~P_downS(s’ t)”,
#((t'rdyl+u’)+1)+1”)

IMP_RES_TAC
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(SPECL {#(((t’rdyl+u’)+1)+1)+17;7t’rdy2+17,;717] LESS_EQ_MONO_SUB)
THEN REWRITE_ASSUM_TAC

(“(((((t’rdyl + u’) + 1) + 1) + 1) - 1) <= ((t'rdy2 + 1) - 1)~,

{ADD_SUB])

THEN ASSUME_TAC (SPECL [“t‘rdyl:timeC”;”u’:timeC”] LESS_EQ_ADD)
THEN IMP_RES_TAC

(RIMP (SPECL [“t’/rdyl:timecC”;”t’rdyl+u’”;”1”) LESS_EQ_MONO_ADD_EQ))
THEN ASSUME_TAC (SPEC #“(t’rdyl+u’)+1” (REWRITE_RULE [ADD1] LESS_SUC_REFL))
THEN IMP_RES_TAC LESS_EQ_LESS_TRANS

THEN IMP_RBS_TAC NTH_TRANS_CAUSAL ="
THEN ASSUME_TAC (SPECL [#ti’:timec”;~”1v] LESS_EQ_ADD)
THEN NRULE_ASSUM_TAC

(“NTH_TIME_FALSE l(bsig Y_srdy E e’)(ti’ + 1)t’rdyl~,

(BETA_RULE o

(REWRITE_RULE [num_CONV ~1%;NTH_TIME_FALSE:
STABLE_TRUB_THEN_FALSE])))

THEN POP_ASSUM_LIST

{MAP_RVERY

(\thm. STRIP_ASSUME TAC (REWRITE_RULE [ADD1;ADD_CLAUSES] thm)))
THEN ASSUME_TAC (SPEC “t‘‘:timeC” (REWRITE_RULE {(ADD1] LESS_SUC_REFL))
THEN ASSUME_TAC (SPECL [“t’rdyl:timeC”;~1”] LESS_EQ_ADD)

THEN IMP_RES_TAC LRSS_EQ_TRANS
THEN IMP_RES_TAC LESS_EQ_LESS_TRANS
THEN IMP_RREBS_TAC LESS_LESS_EQ TRANS
THEN IMP_RRERS_TAC LRESS_TRANS
THEN RES_TAC
THEN ASM_REWRITE_TAC([]

]

|F¥

let P_SIZE_STABLE_FROM_T'RDY1l_TO_T'RDY2 = TAC_PROOF
(([1,
“) (t’ :1timeC)
(pti :PTI) (s :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(t :timeT) (s’ :timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out)
(tp’ ti’ t’rdyl t’'rdy2 :timeC) .
(standard Assumps pti s e p t 8’ e’ P’ tp’ ti’ /\
NTH_TIME_FALSE 1l(bsig I_sxdy E e’)(ti’ + 1)t’rdyl /\
STABLE_TRUE_THEN_FALSE (bsig I_srdy E e’) (t’/rdyl+l,t‘rdy2) /\
VAL 1 (SUBARRAY(SND(I_ad_inB(e’ tp’)))(1,0)) > 1 /\
((t'rdyl+2) <= t’) /\
(t’ <= t/rdy2+1))
==>
(p_sizes (8’ t’') =
DECN 1 (DECN 1 (SUBARRAY (SND(L_ad_inE (e’ tp‘))) (1,0))))”),
REWRITE_TAC (SYM_RULE (REDUCE_CONV “1+1”);ADD_ASSOC]
THEN REPEAT STRIP_TAC
THEN IMP_RES_TAC (SPEC “t’/-tp’+2” OFFSET_P_SIZE_STABLE_FROM_T'RDY1 TO_T‘RDY2)
THEN SPECL_ASSUM_TAC
(“1{t’ tp’’’1timeC). (t'xdyl+((t’'~(tp’’’+2))+2)) <= (t’'rdy2 + 1) ==>
(P_sizes(s’/(t’xdyl + ((t’ - (tp’'’’ + 2)) + 2))) =
DECN 1(DECN 1(SUBARRAY(SND(L_ad_inE(e’ (tp’:timeC))))(1,0))))~,
(#t’:timec”;“t ‘rdylitimec”])
THEN SUBGOAL_THEN
#(c/rdyl + ({(t’/ - (t'rdyl + 2)) + 2)) = t*
(\thm. RULE_ASSUM_TAC (REWRITE_RULE (thm]))
THENL [
% Subgoal 1: -New subgoal- “t’'rdyl + ((t’ - (t’rdyl + 2)) + 2) =t'" %
REWRITE_TAC [SYM_RULE (ASSOC_SUB_SUB1)]
THEN SUBGOAL_THEN “2 <= (t’ - t’'rdyl)” ASSUME_TAC
THENL [
% Subgoal 1.1: %2 <= (t’' - t’'rdyl)”
[ “((t’xdyl + 1) + 1) <= t'* 1 %
REWRITE_TAC
[SYM_RULE (SPEBCL [#27;"t’-t‘rdyl”;”t'rdyl:timeC”]
LESS_EQ_MONO_ADD_EQ) ]
THEN ASSUME_TAC (SPECL [“t’rdyl:timeC”;”1”] LESS_EQ_ADD)
THEN ASSUME_TAC (SPECL (“t’rdyl+l1¥;717] LESS_EQ ADD)
THEN IMP_RES_TAC LESS_EQ_TRANS
THEN IMP_RES_TAC (SPECL [“t‘:timeC”;”t’/xdyl:timeC”] SUB_ADD)
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THEN ASM_REWRITE_TAC[]
THEN PURE_ONCE_REWRITE_TAC [ADD_SYM]
THEN ASM_REWRITE_TAC[SYM_RULE (REDUCE_CONV #1+1");ADD_ASSOC]

% Subgoal 1.2: [ #2 <= (t’ - tfrdyl)” ] %

ASSUME_TAC (SPEC “2” LESS_EQ REFL)

THEN IMP_RES_TAC (SPECL [“t’-t’/rdyl”;”27;727] ASSOC_SUB_ADD1)

THEN ASM_REWRITE_TAC [SUB_EQUAL_0;ADD_CLAUSES]

THEN PURE_ONCE_REWRITE_TAC [ADD_SYM}

THEN ASSUME_TAC (SPECL (“t/rdyl:timec”;~”1”] LESS_RQ_ADD)

THEN ASSUME_TAC (SPECL [“t‘rdyl+l1”;”1”} LESS_EQ_ADD) ~--

THEN IMP_RES_TAC LESS_EQ_TRANS

THEN IMP_RES_TAC (SPECL [“t’:timeC”;”t’rdyl:timeC”] SUB_ADD)
]

% Subgoal 2 %
RES_TAC

]

Vs

let DECN_DECN_WORDN_1_NOT_EQ = mk_thm
(11,
#y (x :wordm) (m n :num) .
(VAL 1 x > n) ==
(p>m4+ 1) ==>
~(DECN 1 (DECN 1 x) = WORDN 1 m)”
Vi

let I_LAST _STABLE_HI_FROM_T‘RDY1_TO_T‘RDY2 = TAC_PROOF
([,
“1 (ptl :PTI) (s :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(t :timeT) (s’ :timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out)
(cp’ ti’ t’rdyl t’/rdy2 :timecC) .
(Standard Assumps pti s e p t 8’ e’ p’ tp’ ti’ /\
NTH_TIME_FALSE 1 (bsig I_srdy E e‘) (ti‘+l) t’rdyl /\
STABLE_TRUE_THEN_FALSE (bsig I_srdy_ E e’) (t‘rdyl+l,t’'rdy2) /\
(VAL 1 (SUBARRAY(SND(I_ad_inE(e’ tp’)))(1,0)) > 2)) ==>
STABLE_HI (bsig I_last_O p’) (t’‘rdyl+l,t’'xdy2)”),
REWRITE_TAC [bsig;BSel;STABLE_HI]
THEN REPEAT STRIP_TAC
THEN IMP_RES_TAC (REWRITE_RULE [bsig;BSel] IB_READY_ ASSUMPS)
THENL [
% Subgoal 1: “(t‘rdyl + 1) <= t'rdy2” %
REWRITE_ASSUM_TAC
(“STABLE_TRUE_THEN_FALSE(\t. SND(I_srdy E(e’ t)))(t’rdyl + 1,t’xrdy2)”,
[STABLE_TRUE_THEN_FALSE])
THEN ASM_REWRITE_TACI]

% Subgoal 2:
“{(\t. SND(I_last_o(p’ t)))t’ = HI”
[ “STABLE_TRUE_THEN_FALSE(\t. SND(I_srdy R(e’ t)))(t’rdyl + 1,t’'xrdy2)” ]
[ “(t’rdyl + 1) <= t*” ]
[ #£7 <= £'rdy2”7 1 %
BETA_TAC
THEN IMP_RES_TAC EBXPAND_STANDARD_ ASSUMPS
THEN ASSUME_TAC (REWRITE_RULE [] (REDUCE_CONV #“2>17))
THEN ASSUME_TAC (REWRITE_RULE [] (REDUCE_CONV #“1>07))
THEN IMP_RES_TAC GREATER_TRANS
THEN SUBGOAL_THEN “(tp’<=ati’) /\ ((ti’+l) <= t’rdyl)” STRIP_ASSUME_TAC
THENL [
% Subgoal 2.1: (New subgoal) %
IMP_RES_ TAC NTH_TRANS_CAUSAL
THEN REWRITE_ASSUM_TAC
(“NTH_TIME_FALSE 1(\t. SND(I_srdy E(e’ t)))(ti’ + 1)t‘rdyl”,
[num_CONV #17;NTH_TIME_FALSE; STABLE_TRUE_THEN_FALSE])
THEN POP_ASSUM_LIST
(MAP_EVERY
(\thm. STRIP_ASSUME_TAC (REWRITE_RULE [ADDl;ADD_CLAUSES] thm)))
THEN ASSUME_TAC (SPECL [“t’‘:timeC”;”1”] LRESS_EQ_ADD)
THEN IMP_RES_TAC LESS_EQ TRANS
THEN ASM_REWRITE_TAC[]
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% Subgocal 2.2: (Continue) %
ASSUME_TAC (SPECL [“t‘rdyl:timeC”;”1”] LESS_EQ_ADD)

THEN
THEN
THEN

THEN
THEN
THEN

THEN

THEN
THEN

THEN
THEN
THEN

THEN
THEN

ASSUME_TAC (SPECL [“t’rdy2:timeC”;”1”] LESS_EQ_ADD)
IMP_RES_TAC LESS_EQ TRANS
IMP_RES_TAC

(REWRITE_RULE ([bsig;BSel] SACK_SIG_FALSE _DURING_DATA_1_2)
IMP_RES_TAC NTH_TIME_TRUE_X_ TIMP_X
IMP_RES_TAC NEW_STATE_PD_FROM_TI'_TO_T'SACK_ 1
IMP_RES_TAC

(REWRITE_RULE

[bsig;BSel] .
P_DOWN_TRUE_THEN_STABLE_FALSE_FROM_T'RDY1_TO_T'RDY2)
NRULE_ASSUM_TAC
(#TRUEB_THEN_STABLE_FALSE(\u’.P_downS(s’ u’)) (t’rdyl+l,t’'xdy2)”,

(BETA_RULE o (REWRITE_RULE [TRUE_THEN_STABLE_FALSE])))
POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
SPEC_ASSUM_TAC

(#!t. (t’rdyl + 1) < t /\ t <= t’'rdy2 ==> ~P_downS(s’' t)”,

“t’1timec”) .

REWRITE_ASSUM_TAC (“New_State_Is_PD 8’ e’ t’”, [New_State_Is_PD])
IMP_RES TAC I_last_ISO
ASM_REWRITE_TAC

[WIRE; SYM_RULE (prove_constructors_distinct pfsm_ty_Axiom)]
POP_ASSUM (\thm. ALL_TAC)
ASM_CASES_TAC “(t‘rdyl+l) < t'”

THENL [
% Subgoal 2.2.1: [ “(t'xdyl + 1) < t’'” 1 %
IMP_RES_TAC (REWRITE_RULE (ADD1] LT_IMP_SUC_LR)
THEN NRULE_ASSUM_TAC

(“((t'xdyl + 1) + 1) <=¢t'",
(REDUCE_RULE o (REWRITE_RULE [SYM_RULE ADD_ASSOC])))

THEN IMP_RES_TAC

(REWRITBE_RULE [bsig;BSel] P_SIZE_STABLE_FROM_T'RDY1_TO_T'RDY2)

THEN RES_TAC
THEN ASSUME_TAC (REWRITE_RULE [] (REDUCE_CONV #2>0+1”))
THEN IMP_RES_TAC

(SPECL [“SUBARRAY (SND(L_ad_inE(e’ (tp’:timeC))))(1,0)";
#Q"”;72~] DECN_DECN_WORDN_1_NOT_EQ)

THEN ASM_REWRITE_TAC[]

% Subgoal 2.2.2: [ “~(t‘xdyl + 1) < t'” 1 %
SUBGOAL_THEN “t’ = t’rdyl+l” (\thm. REWRITE_TAC [thm])
THENL [

% Subgoal 2.2.2.1: (New Subgoal) %

IMP_RES_TAC NOT_LESS

THEN IMP_RES_TAC LESS_EQUAL_ANTISYM

% Subgoal 2.2.2.2: (Continue) %

ASSUME_TAC (REWRITE_RULE [] (REDUCE_CONV “0<1”))
THEN IMP_RES_TAC PRIOR_FALSE_RVENTS_EXIST

THEN NRULE_ASSUM_TAC

(“NTH_TIME_FALSE 1(\t. SND(I_srdy E(e’ t)))(ti’ + 1)t’rdyl”,
(PURE_ONCE_REWRITE_RULE [num_CONV #17]))

THEN NRULE_ASSUM_TAC

(“NTH_TIME_FALSE (SUC 0) (\t. SND(I_srdy E(e’ t)))
(ti’ + (svuc 0))t’rdyl”,
(PURE_ONCE_REWRITE_RULE [NTH_TIME_FALSE]))

THEN POP_ASSUM_LIST

(MAP_EVERY
(\thm. STRIP_ASSUME_TAC
(REWRITE_RULE [ADD1;ADD_CLAUSES] thm)))

THEN SUBGOAL_THEN

“({t'’742) <= t'rdyl+l) /\
((t’'rdyl +1) <= t’rdyl +1)” STRIP_ASSUME_TAC

THENL [

% BSubgoal 2.2.2.2.1: (New subgoal) %
ASSUME_TAC (SPEC “t’xdyl+l” LESS_RQ_REFL)
THEN IMP_RES_TAC (REWRITE_RULE [ADD1l] LT_IMP_SUC_LE)
THEN IMP_RES_TAC
(SPERCL [#t’’'+1”;7t‘rdyl:timeC”;”1”]
(RIMP LESS_BQ _MONO_ADD_ REQ))
THEN REWRITE_ASSUM_TAC
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("((t’’ + 1) + 1) <= (t‘rdyl + 1)7,
[ASSOC_ADD_ADD1,; REDUCE_CONV “1+17])
THEN IMP_RES_TAC FALSE_RVENT_TIMES_EQUAL
THEN PURE_ONCE_ASM _REWRITE_TACI[]
THEN FILTRR_ASM_REWRITE_TAC (\tm. not (is_eq tm)) (]

% Subgoal 2.2.2.2.2: (Continue) %
IMP_RES_TAC
(REWRITE_RULE (bsig;BSel]
P_SIZE_STABLE_FROM_T’'RDYO_TO_T'RDY1)
THEN ASSUME_TAC (REWRITE_RULE [] (REDUCE_CONV “2>17")7"
THEN IMP_RES_TAC
(SPRCL [“SUBARRAY(SND(L_ad_inEB(e’ (tp‘:timeC))))(1,0)";
ulm,n27] DECN_WORDN_1_NOT_EQ)
THEN ASM_REWRITE_TACI]

I RN

let I_LAST_FOR_BLOCK_SIZE_O0’ = TAC_PROOF
e,
“y (8 1timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(t :timeT) (s’ :timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out)
(tp’ ti’ i1timeC) .
(Standard_Assumps PT Write s e p t 8’ e’ p’ tp’ ti’ /\
(SUBARRAY (SND(L_ad_inE(e’ tp‘’)))(1,0) = WORDN 1 0)) ==>
STABLE_LO
(bsig I_last_O p’)
(ti’ + 1,(Gu’. NTH _TIME_PALSR O(bsig I_srdy E e’)(ti’ + 1)u’))”),
REWRITE_TAC [STABLE_LO;bsig;BSel;NTH_TIME_FALSE]
THEN REPEAT STRIP_TAC
THEN IMP_RES_TAC EXPAND_STANDARD_ASSUMPS
THENL [
% Subgoal 1:
“(tl’ + 1) <=
(Gu’. STABLE_TRUE_THEN_FALSE(\t. SND(I_srdy_R(e’ t)))(ti’ + 1,u’))” %
SUBGOAL_THEN
“1t'rdy0.
STABLE_TRUB_THEN_FALSE (\t. SND(I_srdy EB(e’ t))) (ti‘+l,t’'rdy0) ==>
((Gu’. STABLE_TRUB_THEN_FALSE (\t. SND(I_srdy_ EB(e’ t)))(ti’+1l,u’))
= t/‘rdy0)”
ASSUME_TAC
THENL [
% Subgoal 1.1: %
REPEAT STRIP_TAC
THEN SELECT_UNIQUR_TAC
THRN ASM_REWRITE_TAC([]
THEN REPEAT STRIP_TAC
THEN IMP_RES_TAC STABLE_TRUE_THEN_FALSE_UNIQUE

% Subgoal 1.2: %
IMP_RES_TAC (REWRITE_RULE [bsig;BSel] IB_READY_ASSUMPS)
THEN RES_TAC
THEN REWRITE_ASSUM_TAC
(“STABLE_TRUE_THEN_FALSE(\t. SND(I_srdy _E(e’ t)))(tli’ + 1,u’)”~,
[STABLE_TRUB_THEN_FALSE])
THEN ASM_REWRITE_TAC[]
]

% Subgoal 2:
“(\t. SND(I_last_O(p’ t)))t’ = LO”
[ #(td’ + 1) <= 77 ]
[ “t’ <= (Gu’, NTH_TIME_FALSE O0(\t. SND(I_sxdy E(e’ t)))(ti’ + L)u’)” 1 %
BETA_TAC
THEN SUBGOAL_THEN
“1¢'rdy0.
NTH_TIME_FALSE 0 (\t. SND(I_srdy_R(e’ t))) (ti’ + 1) t’'rdy0 ==>
((Gu’., NTH_TIME_FALSE 0 (\t. SND(I_srdy B(e’ t)))(ti’ + 1l)u’) = t’rdy0)” ASSUME_TAC
THENL
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% Subgoal 2.1: %

REPEAT STRIP_TAC

THEN SRELECT_UNIQUE_TAC

THEN ASM_REWRITE_TACI[]

THEN REPEAT STRIP_TAC

THEN IMP_RES_TAC FALSE_EVENT TIMES_EQUAL

% Subgoal 2.2:

u"

SND(I_last_O(p’ t’)) = LO”
[ ll(cil + l) <= tlll ]
[ #t’ <= (@Gu’.NTH_TIME_FALSE O(\t.SND(I_srdy B(e’ t))r(ti‘+1l)u’)” ]
[ “tt'xdy0.
NTH_TIMB_FALSE 0(\t. SND(I_srdy E(e’ t)))(ti’ + 1)t’rdy0 ==>
((Gu’., NTH_TIME_FALSER O(\t. SND(I_srdy B(e’ t)))(ti’ + 1l)u’) =
t'rdy0)” 1 %

REWRITE_ASSUM_TAC

T
T|
T

(#!1t’'xdy0. NTH_TIME FALSE O(\t. SND(I_srdy E(e’ t)))(ti’+1)t’xrdy0 ==>
((Gu’. NTH_TIME_FALSE 0(\t. SND(I_srdy E(e’ t)))(ti’ + 1l)u’) =
t’rdy0)”, [NTH_TIME_FALSE])

HEN IMP_RES_TAC (REWRITE_RULE [bsig;BSel] IB_READY_ASSUMPS)
HEN RES_TAC
HEN ASM_REWRITE_ASSUM_TAC
(#t’ <= (Gu’. STABLE_TRUE_THEN_FALSE(\t. SND(I_srdy _E(e’ t)))
(el + 1,u'))”, (11

THEN IMP_RES_TAC (REWRITE_RULE ([bsig;BSel] I_LAST_FOR_BLOCK_SIZE_O0)
THEN NRULE_ASSUM_TAC

(#STABLE_LO(\t. SND(I_last O(p’ t)))(ti’ + 1,u")~,
(BETA_RULE o (REWRITE_RULE [STABLE_LO])))

THEN POP_ASSUM_LIST (MAP_RVERY (\thm. STRIP_ASSUME_TAC thm))
THEN SPEC_ASSUM_TAC

(#1t. (ti’ + 1) <= t /\ t <= u’ ==> (SND(I_last_o(p‘’ t)) = LO)”,
#g ¢ srimec”)

THEN RES_TAC

]
)iz

let I_SRDY_FALSE 2_TIMES = TAC_PROOF

(11,

“y (pti
(t 2
(tp’

sPTI) (8 stimeT->pt_state) (e :timeT->pt_env) (p ttimeT->pt_out)
timeT) (8’ :timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out)
ti’ :timecC) .

(Standard Assumps ptli s e p t 8’ e’ P’ tp’ ti’ /\

VAL 1
7t
REPEAT

(SUBARRAY (SND(L_ad_inE(e’ tp’))) (1,0)) > 0) ==>
‘rdyl. NTH_TIME FALSE 1 (bsig I_srdy B e’) (ti’+1) t‘rdyl”),
STRIP_TAC

THEN IMP_RRES_TAC BXPAND_STANDARD_ASSUMPS
THEN IMP_RES_TAC IB_READY_ASSUMPS
THEN SUBGOAL_THEN

THENL [

#7?v’. STABLE_TRUE_THEN FALSE(bsig I_srdy E e’)(u’ + 1,v’)” ASSUME_TAC

% Subgoal 1: (New Subgoal) %
NRULE_ASSUM_TAC

(ll

fu’. rdy_sig_ib e’ p’ u’' ==>
(?v‘. STABLE_TRUE_THEN_FALSE(bsig I srdy E e’)(u’ + 1,v’))”,

(BETA_RULE o (REWRITE_RULE [rdy sig _ib;BSel]) o (SPEC “u’:timeC”)))

THEN
THEN

THEN

THEN
THEN

THEN
THEN
THEN
THEN
THEN

IMP_RES_TAC I_LAST_STABLE_HI_FROM_TI'_TO_T'RDYD
NRULE_ASSUM_TAC
(“STABLE_HI(bsig I_last O p‘)(ti’ + 1,u’)~,
(BETA_RULE o (REWRITE_RULE [STABLE_HI;bsig:BSell)))
NRULE_ASSUM_TAC
(#”STABLE_TRUE_THEN_FALSE (bsig I_srdy_E e‘)(ti’ + 1,u’)”,
(BETA_RULE o (REWRITE_RULE [STABLE_TRUER_THEN_FALSE;bsig;BSell)))
POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
SPRC_ASSUM_TAC

(#te, (el + 1) <=t /\ t <= u’ ==> (SND(I_last_O(p’ t)) = HI}”,
“u’stimeC”)

ASSUMB_TAC (SPEC “u’:timeC” LBSS_EQ_ REFL)

RES_TAC

RES_TAC

EXISTS_TAC “v’:timeC”
ASM_REWRITE _TAC[]
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CHOOSE_ASSUM_TAC
“?v'’. STABLE_TRUE_THEN_FALSE (bsig I_srdy E e’){(u’ + 1,v’")”
THEN BXTSTS_TAC “v’:timecC”
THEN REWRITE_TAC [num_CONV “17;NTH_TIME_FALSE]
THEN EXISTS_TAC “u’:timec”
THEN ASM_REWRITE_TAC [ADD1;ADD_CLAUSES]
]
Y12

let I_LAST_FOR_BLOCK_SIZE_l’' = TAC_PROOF e
([,
#) (pti :PTI) (8 :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(t :timeT) (s’ :timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out)
(tp’ ti’ :timeC) .
{Standard_Assumps pti s e p t 8’ e/ p’ tp’ ti’ /\
(SUBARRAY (SND(L_ad_inE(e’ tp’)))(1,0) = WORDN 1 1)) ==>
(~STABLE_LO (bsig I last_O p‘)
(ti’+1, (u’ .NTH_TIME_FALSE O(bsig I_srdy_ B e’)(ti’+1l)u’)) /\
STABLE_HI (bsig I_last_O p’')
(ti’+1, (Gu’ .NTH_TIME_FALSE O(bsig I_srdy_E e’} (ti‘+l)u’)) /\
STABLE_LO (bsig I_last_O p')
((Gu’. NTH_TIME_FALSRE O(bsig I _srdy B e’} (ti’ + 1)u’)+l,
(@u’. NTH_TIME_FALSE 1(bsig I_srdy E e’)(ti’ + 1)u’)))"),
REPEAT GEN_TAC
THEN STRIP_TAC
THEN IMP_RES_TAC EXPAND_STANDARD_ASSUMPS
THEN SUBGOAL_THEN
“YAL 1 (SUBARRAY(SND(L_ad_inE(e’ (tp‘:timec))))(1,0)) > 07 ASSUME_TAC
THENL [
% Subgoal 1: (New subgoal) %
ASSUMB_TAC (REWRITE_RULE []) (REDUCE_CONV “1l<=3"))
THEN IMP_RES_TAC VAL_WORDN_IDENT_1
THEN ASM_REWRITE_TACI]
THEN REDUCE_TAC

% Subgoal 2: (Continue) %
IMP_RES_TAC IB_READY_ASSUMPS
THEN IMP_RES_TAC I_LAST_STABLE_HI_FROM_TX’_TO_T‘RDYO
THEN SUBGOAL_THEN
#(@u’, NTH_TIME_FALSE O(bsig I _srdy R e’)(ti’ + 1l)u’) = u’'”
ASSUME_TAC
THENL {
% Subgoal 2.1: (New Subgoal) %
SELECT_UNIQUE_TAC
THENL [
% Subgoal 2.1.1: (Existence) %
REWRITE_TAC [NTH_TIME_FALSE]
THEN ASM_REWRITE_TACI[]
H
% Subgoal 2.1.2: (Unigqueness) %
REPEAT STRIP_TAC
THEN IMP_RES_TAC FALSE_EVENT_TIMES_EQUAL
]

% Subgoal 2.2: (Continue) %
IMP_RRES TAC STABLE_HI_IMP_NOT STABLE_LO
THEN ASM_REWRITE_TAC[]
THEN IMP_RES_TAC I_SRDY_FALSE_2_TIMES
THEN SUBGOAL_THEN
“NTH_TIME_FALSE O (bsig I_srdy E e’) (ti’+l) u’ /\
STABLE_TRUE_THEN_FALSE (bsig I_srdy E e‘) (u‘+l,t’rdyl)”
STRIP_ASSUME_TAC
THENL [
% Subgoal 2.2.1: (New Subgoal) %
REWRITE_ASSUM_TAC
(“NTH_TIME_FALSE 1(bsig I _srdy E e’)(ti’ + 1)t‘rdyl~,
{num_CONV “1%;NTH_TIME_FALSE])
THEN CHOOSE_ASSUM_TAC
“#?t. STABLE_TRUE_THEN_FALSE(bsig I_srdy E e’)(tli’/+(SUC 0),t)/\
STABLE_TRUE_THEN_FALSE(bslg I_srdy B e’) (t+(SUC 0),t’xrdyl)”
THEN POP_ASSUM_LIST
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(MAP_RVERY
(\thm, STRIP_ASSUME_TAC
(REWRITE_RULE [ADD1;ADD_CLAUSES] thm)))
THEN SUBGOAL_THEN “u’ = (t’:timecC)” (\thm. REWRITE_TAC (thm])
THENL {
% Subgoal 2.2.1.1: (New subgoal) %
IMP_RES_TAC STABLE_TRUE_THEN_FALSE_UNIQUE
H
% Subgoal 2.2.1.2: (Continue) %
ASM_REWRITE_TAC [NTH_TIME_FALSE]
1 -

% Subgoal 2.2.2: (Continue) %
IMP_RES_TAC I_LAST_FOR_ _BLOCK_SIZE_1
THEN SUBGOAL_THEN
“(@u’. NTH_TIME FALSE 1l(bsig I _srdy_E e’)(ti’ + 1l)u’) = t'rdyl”
ASSUME_TAC
THENL [
% Subgoal 2.2.2.1: (New Subgoal) %
SELECT_UNIQUE_TAC
THENL [
% Subgoal 2.2.2.1.1: (Bxistence) %
ASM_REWRITE_TAC[]

% Subgoal 2.2.2.1.2: (Unigqueness) %
REPEAT STRIP_TAC
THEN IMP_RES_TAC FALSE_EVENT TIMES_RQUAL
]
H
% Subgoal 2.2.2.2: (Continue) %
ASM_REWRITE_TACI[]
]
1

]
Vi

let I_SRDY_FALSE_3_TIMBS = TAC_PROOF

(e,

#y (pti tPTI) (8 :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(t :timeT) (s’ :timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out)
(tp’ ti’ stimec) .

(Standard _Assumps pti s e p t 8’ e’ p’ tp’ ti’ /\
VAL 1 (SUBARRAY(SND(L_ad_inE(e’ tp’))})(1,0)) > 1) ==>
7t’rdy2. NTH_TIME_FALSE 2 (bsig I_srdy B e’) (ti‘+l) t’rdy2”),

REPEAT STRIP_TAC

THEN IMP_RES_TAC RBRXPAND_STANDARD_ASSUMPS

THEN ASSUME_TAC (REWRITE_RULE (] (REDUCE_CONV “1>07))

THEN IMP_RES_TAC GREATER_TRANS

THEN IMP_RES_TAC I_SRDY_FALSE_2_TIMES

THEN IMP_RES_TAC IB_READY_ASSUMPS

THEN SUBGOAL_THEN

“3v’,. STABLE_TRUE_THEN_FALSE(bsig I_srdy E e‘)(t‘rdyl + 1,v’)”
ASSUME_TAC
THENL [
% Subgoal 1: (New Subgoal) %
NRULE_ASSUM_TAC
(“tu’, rdy_sig_ib e’ p’' u’ ==>
(?v’. STABLE_TRUE_THEN_FALSE(bsig I_srdy B e’)(u’ + 1,v’))”,
(PRTA_RULE © (REWRITE_RULE [rdy_sig_ib;BSel]l) o (SPEC “t‘rdyl:timecC”)))
THEN ASSUME_TAC (REWRITE_RULE [] (REDUCE_CONV “0<1”))
THEN IMP_RES_TAC PRIOR_FALSE_ERVENTS_EXIST
THEN NRULE_ASSUM_TAC
(“NTH_TIMB_FALSE 1(bsig I_srdy B e’)(ti’ + 1)t‘rdyl”,
(PURE_ONCE_REWRITE_RULE [num_CONV “17]))
THEN NRULE_ASSUM_TAC
(“NTH_TIMEB_FALSE (SUC 0) (bsig I_sxdy B e’) (ti’ + (SuUC 0))t‘rdyl~,
(PURB_ONCE_REWRITE_RULE [NTH_TIME_FALSE]))

THEN IMP_RES_TAC I_LAST_STABLE, HI_FROM_T'/RDY0_TO_T‘RDYl

THEN NRULE_ASSUM_TAC
(#STABLE_HI (bsig I_last_O p’)(ti’ + 1,u’)”,
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(BETA_RULE © (REWRITE_RULE [STABLE_HI;bsig;BSell)))
THEN NRULE_ASSUM_TAC
(“STABLE_TRUE_THEN_FALSR(bsig I_srdy B e’)(ti’ + 1,u’)~,
(BETA_RULE o (REWRITE_RULE [STABLE_TRUE_THEN_ FALSE;bsig;BSell)))
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN SPEC_ASSUM_TAC
(“31t, (td’ + 1) <=t /\ t <= u’ ==> (SND(I_last_O(p’ t)) = HI)”,
#u’stimec”)
THEN ASSUME_TAC (SPRC “u’:timeC” LESS_EQ_REFL)
THEN RES_TAC
THEN RES_TAC h
THEN EXISTS_TAC “v':timeC”
THEN ASM_REWRITE_TAC[)

CHOOSE_ASSUM_TAC
“7?v’, STABLE_TRUE_THEN_FALSE (bsig I_srdy E e’)(u’ + 1,v’')}”
THEN BXISTS_TAC “v':timeC”
THEN REWRITE_TAC [num_CONV “17;NTH_TIME_FALSE]
THEN EXISTS_TAC “u’:timecC”
THEN ASM_REWRITE_TAC [ADD1;ADD_CLAUSES]
1
Yii

let I_LAST_FOR_BLOCK_SIZE 2’ = mk_thm
(L1,
#} (pti :PTI) (8 :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(t stimeT) (s’ :timeC~->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out)
(tp’ ti’ :timeC) .
(Standard_Assumps pti s ep t 8’ e’ p’ tp’ ti’ /\
(SUBARRAY (SND(L_ad_inB(e’ tp’)))(1,0) = WORDN 1 2)) ==>
(~STABLE_LO (bsig I_last_O p’)
(ti’+1, (Bu’ NTH_TIME_FALSE O(bsig I srdy E e)(ti’/+1)u’)) /\
~STABLE_LO (bsig I_last_0O p’)
((@u’. NTE_TIME_FALSE O(bsig I srdy R e‘)(ti’ + 1)u‘’) + 1,
(Gu’. NTH_TIME_FALSE 1(bsig I_srdy B e’)(ti’ + 1l)u’)) /\
STABLE_HI (bsig I_last_oO p‘)
(ti’+1, (Gu’ .NTH_TIME_FALSE l(bsig I_srdy R e’)(ti’+l)u‘)) /\
STABLE_LO (bsig I_last_O p’)
({(@u’. NTH_TIMB_FALSE 1(bsig I_srdy E e’)(ti’ + 1)u’)+l,
(Gu’. NTH_TIME_FALSE 2(bsig I_srdy B e’)(ti’ + 1l)u’)))”
Yii

let I_LAST FOR_BLOCK_SIZE_3’ = mk_thm
([1,
#{ (pti sPTI) (s :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(t itimeT) (8’ :timeC->pc_state) (e’ :timeC->pc_env) (p’ stimeC->pc_out)
(tp’ tl’ :timeC) .
(Standard_Assumps pti s e p t 8’ e’ p’ tp’ ti’ /\
(SUBARRAY (SND(L_ad_inE(e’ tp’)))(1,0) = WORDN 1 3)) ==>
(~STABLE_LO (bsig I_last_O p’)
(ti’+1, (Gu’ .NTH_TIME_FALSE O(bsig I_srdy B e’)(ti’+1l)u’)) /\
(bsig I_last_O p’)
((@u’. NTH_TIME_FALSE O(bsig I_srdy B e’')(ti’ + 1l)u’) + 1,
(Gu’. NTH_TIME_PALSE 1l(bsig I_srdy E e’)(ti’ + 1l)u’)) /\
~STABLE_LO (bsig I_last_O p’)
((Gu’. NTH_TIME_FALSE l(bsig I srdy R e’)(ti’ + 1l)u’) + 1,
(Gu’. NTH _TIME_FALSE 2(bsig I_srdy E e’)(ti’ + 1)u’)) /\
STABLE_HI (bsig I_last O p’)
(ti’+1, (@u’ .NTH_TIME_FALSE 2(bsig I_srdy B e’)({ti‘+l)u’)) /\
STABLE_LO (bsig I_last_O p’)
((Gu’. NTH_TIME_FALSE 2(bsig I_srdy_E e’)(ti’ + 1)u’)+l,
(@u’. NTH_TIME_FALSE 3(bsig I_srdy_E e‘)(ti’ + 1)u’)))”
Vi1

let SETUP_TAC tm =
REPEAT STRIP_TAC
THEN IMP_RES_TAC ABS_SET_IMP_ABS
THEN NRULE_ASSUM_TAC
(#ipti t. PTAbs pti s ep t 8’ e’ p’”,
((SPECL f{tm;”t:timeT”]) © (REWRITE_RULR [PTAbs])))
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN RES_TAC
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THEN RES_TAC

THEN POP_ASSUM (\thm. ALL_TAC) %XKEEP%
THEN POP_ASSUM (\thm. ALL_TAC) %KEEP%
THEN IMP_RES_TAC NTH_IBUS_TRANS_EXISTS
THEN IMP_RES_TAC NTH_TIME_TRUE_X_ IMP X
THEN POP_ASSUM (\thm. ALL_TAC) %KEEP%
THEN RES_TAC

THEN POP_ASSUM (\thm. ALL_TAC) %KEEP%
THEN POP_ASSUM (\thm. ALL_TAC) %KEEP%;;

let lemmal = TAC_PROOF -
((l1, “1 (xy 1*) (£ *=>**%) |, (x =y) ==> (f x = £ y)”),
REPEAT STRIP_TAC
THEN ASM_RRERWRITE_TAC(]

Yis

let BS_WRITE = TAC_PROOF
e,

"y

(s :timeT->pt_state) (e :timeT->pt_env) (p :timeT->pt_out)
(s’ :timeC->pc_state) (e’ :timeC->pc_env) (p’ :timeC->pc_out) .

PCSet_Correct 8’ e’ p’ ==>

PTAbsSet 8 e D 8’ e’ p’' ==>
PT_Exec PT Write s e D t ==>
PT_PreC PT_Write s e p t ==>
(IB_BS_out0O (PT_WriteOF (s t) (e t)) = IB_BS outO (p t))”),

SETUP_TAC “PT Write”

THEN IMP_RES_TAC (EXPAND_LET RULE IB_BS_out_ISO)
THEN IMP_RES_TAC (EXPAND_LET_RULE PB_BS_in_ISO)
THEN ASM_REWRITE_TAC [PT_WriteOF_EXP;IB_BS_outoO]
THEN POP_ASSUM (\thm. ALL_TAC)

THEN POP_ASSUM (\thm. ALL_TAC)

THEN SUBGOAL_THEN

#gtandard Assumps PT Write s e P t 8’ e’ p’ tp’ ti’” ASSUME_TAC

THENL [

% Subgoal 1: (New subgoal) %
ASM_REWRITE_TAC ([Standard_Assumps]

% Subgoal 2: (Continue) %
ASSUME_TAC
(SPECL [#17; "SUBARRAY (SND(L_ad_inE{e’ (tp’:timeC))))(1,0)”] MAXWORD)
THEN IMP_RES_TAC (REWRITE_RULE [PRE_SUB1] LT_IMP_LE_PRE)
TEEN RULE_ASSUM_TAC REDUCE_RULE
THEN ASSUME_TAC (SPEC “SND(L_ad_inE(e’ (tp’‘:timeC)))” SIZE_SUBARRAY_1)
THEN IMP_RES_TAC LESS_EQ 3_CASES
THENL [
% Subgoal 2.1: [ “VAL 1(SUBARRAY(SND(L_ad_inE(e’ tp’)))(1,0)) = 07 ] %
IMP_RES_TAC
(ISPECL [“VAL 1(SUBARRAY(SND(L_ad_inE(e‘ (tp’:timeC))))(1,0))”;"0";
“WORDN 1%] lemmal)
THEN IMP_RES_TAC WORDN_VAL_IDENT_ 1
THEN ASM_REWRITE_ASSUM_ TAC
(“WORDN 1 (VAL 1(SUBARRAY (SND(L_ad_inB(e’ (tp’:timeC))))(1,0))) =
WORDN 1 07, [))
THEN IMP_RES_TAC I_LAST_ FOR_BLOCK_SIZE_0O’
THEN ASM_REWRITE_TACI]

% Subgoal 2.2: [ “VAL 1(SUBARRAY(SND(L_ad_inR(e’ tp‘)))(1,0)) = 17 ] %
IMP_RES_TAC
(ISPECL [#VAL 1(SUBARRAY(SND(L_ad_inE(e’ {(tp’/:timeC))))(1,0))”;#1~;
“WORDN 1”] lemmal)
THEN IMP_RES_TAC WORDN_VAL_IDENT_1
THEN ASM_REWRITE_ASSUM_TAC
(“WORDN 1 (VAL 1(SUBARRAY(SND(L_ad_inR(e’ (tp‘:timeC))))(1,0))) =
WORDN 1 1~,[])
THEN IMP_RES _TAC I_LAST_FOR_BLOCK_SIZE_1‘
THEN ASM_REWRITE_TAC[]

% Subgoal 2.3: { “VAL 1(SUBARRAY (SND(L_ad_inB(e’ tp’)))(1,0)) = 27 ] %
IMP_RES_TAC
(ISPECL [#“VAL 1(SUBARRAY(SND(L_ad_inB(e’ (tp’/:timeC))))(1,0))7;"2",
“WORDN 1”] lemmal)
THEN IMP_RES_TAC WORDN_VAL_IDENT 1
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THEN ASM_REWRITE_ASSUM_TAC

(“WORDN 1 (VAL 1(SUBARRAY(SND(L_ad_inE(e’ (tp’:timeC)))) (1,0)))

WORDN 1 27,([])
THEN IMP_RES_TAC I_LAST FOR_BLOCK_SIZE_2’
THEN ASM_REWRITE_TACI[]

% Subgoal 2.4: [ “VAL 1(SUBARRAY(SND(L_ad _inE{e’ tp‘)))(1,0)) = 37 ]

IMP_RRS_TAC
(ISPRECL [“VAL 1(SUBARRAY(SND(L_ad_inE(e’
“WORDN 1”] lemmal)
THEN IMP_RES_TAC WORDN_VAL_IDENT 1
THEN ASM_REWRITE_ASSUM_TAC

(tp’:timeC)))) (1,0))";"3";

(“WORDN 1 (VAL 1(SUBARRAY(SND(L_ad_inE(e’ (tp’:timeC)))})(1,0)))

WORDN 1 37,1])
THEN IMP_REBS_TAC I_LAST FOR_BLOCK_SIZE 3
THEN ASM_REWRITE_TAC (]
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