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SPEC Table;

BASE Integer, Boolean, String;
SORT table;

OP initial-table: -> table,
- put : int, string, table -> table,
delete: int, table -> table,
in : int, table -> bool,
access: int, table -> string;
VAR t SORT table,
i, i SORT int,
] SORT string;
Axl: in(i, initial-table) == false;
Ax2: in(i, put(i®, s, t)) ==
if i = i then true else in(i, t);

Ax3: in(i, delete(i”, t)) ==

if i = i then false else in(i, t);

1]

o~

Ax4: access (i, put(i®, s, t))

if i = i then s else access
Ax5: access (i, delete(i”, t)) =

i, t);

if i # 1i” then access (i, t)

~e

END;
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(1) [Presburger Arithmetic]

SORT bool, int;

oP true, false: -> bool,
not : bool -> bool,
and, or : bool, bool -> bool,
0, 1 : -> int,
+1, -1 : int -> 1int,
=0 : int ~-> bool,
>= + int. 1int -> bool;

(2) [identifiers]
SORT fid, rid, bid;
OP FOR EACH S IN {fid, rid, bid},
=, #: §, S -> bool;

(3) [character strings]
SORT string;

OP IIOP/PT" , n R/W" ’ HCL" ,
"Wwr", "AC" -> string,

=, #: string, string -> bool;

(4) [records and record sequences]

SORT record, seqREC;

op nullR : -> sedREC,
. : seqREC, record -> seqREC,
select: seqgREC, int -> record,
length: segREC -> int,
"eof" : ~> record;

(5) A: if true then x else y == Xx;
B: if false then x else y == y;
C: if true then x == X;
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(1) SPEC Requests-and-user-operations;

(2) BASE Base-Algebra;
(3) SORT uop;
(4) CONSTRUCTOR
OPENW, OPENR: fid, rid -> uop,
WRITE, READ : rid, bid ~-> uop,
CLOSE, WAIT : rid -> uop,
PUTB : bid, record -> uop;
(5) OP [O~-function] _
type : uop -> string,
refID : uop -> rid;
(6) Tl: type (OPENW(f,r)) == "OP/PT";
(7) T2: type (OPENR(f,r)) == "OP/PT";
(8) T3: type (WRITE(r,b)) == "R/W";
(9) T4: type (READ (r,b)) == "R/W";
(10) T5: type (CLOSE(r)) == "CL";
(11) T6: type (WAIT (r)) == "WT";
(12) T7: type(PUTB(b,rec)) == "OP/PT";

(13) RF1*: FOR EACH Q IN {OPENW(f,r) OPENR(f,r)
WRITE (r,b) READ(r,b) CLOSE(r) WAIT(r)},

refID(Q) == r;
(14) END;
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SPEC System-0;

INCLUDE Buffers, Files, File-directory,
Dataset-control-blocks;
SORT Sys;

CONSTRUCTOR
Initials: -> sys,
Execute : uop, sys -> sSys;

OP [O~function]
invalid : uop, sys -> bool,

stateB : sys -> bf,

stateF : sys -> f1,

stateFD : sys -> fd,

stateDCB: sys -> dcb;
LET sB := stateB(s); LET sFD := stateFD (s);
LET sF := stateF(s); LET sDCB := stateDCB(s);

Vl: invalid (OPENW(f,r), s) ==

exist(f, sPD) or used(r, sDCB);
V2: invalid (OPENR(f,r), s) ==

if not exist(f, sFD) then true

else used(r, sDCB) or openedW(f, sFD);
v3: invalid (WRITE(r,b), s) == ’

if not used(r, sDCB) then true

else not openedW(fname(r, sDCB), sFD);
V4: invalid (READ(r,b), s) ==

if not used(r, sDCB) then true

else openedW (fname(r, sDCB), sFD);
V5: invalid (CLOSE(r), s) == not used(r, sDCB);
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BO0: stateB(InitialS) == initialB;
Bl: stateB(Execute (PUTB(b,rec), s)) ==
putB(b, rec, sB);
B2: stateB(Execute (READ(r ,b), s)) ==
if invalid (READ(r,b), s) then sB
else putB(b, READREC, sB)
WHERE READREC :=
if count(r, sDCB) >= length(FILE) then "eof"
else select (FILE, count(r, sDCB))
WHERE FILE := file (fname(r, sDCB), sF);
B3*: FOR EACH Q IN {OPENW(f,r) OPENR(f,r)
WRITE (r ,b) CLOSE(r)},
stateB(Execute (Q, s)) == sB;

FO: stateF(InitialS) == initialF;
Fl: stateF (Execute (WRITE(r,b), s)) ==

if invalid (WRITE(r,b), s) then sF

else appendF (fname (r ,sDCB) , contentB(b,sB), sF);
F2*: FOR EACH Q IN {OPENW(f,r) OPENR(f,r)

READ (r ,b) CLOSE(r) PUTB(b,rec)},

stateF (Execute (Q, s)) == sF;

FDO: stateFD(InitialS) == initialFD;
FDl: stateFD(Execute (OPENW(f,r), s)) ==
_if invalid (OPENW(f,r), s) then sFD
else openFD(f, sFD);
FD2: stateFD(Execute (CLOSE(r), s)) ==
if invalid (CLOSE(r), s) then sFD
else if openedwW (fname (r, sDCB), sFD) then
closeFD (fname (r, sDCB), sFD)
else sFD;
FD3*: FOR EACH Q IN {OPENR(f,r) WRITE(r,b)
READ (r ,b) PUTB(b,rec)},
stateFD (Execute (Q, s)) == sFD;

DCB0: stateDCB(InitialS) == initialDCB;
DCBl*: FOR EACH Q IN {OPENW(f,r) OPENR(f,r)
WRITE (r ,b) READ(r,b) CLOSE(r)},
stateDCB (Execute (Q, s)) ==
if invalid(Q,s) then sDCB else execDCB(Q,sDCB);
DCB6: stateDCB(Execute (PUTB(b,rec), s)) == sDCB;

END;
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SPEC Buffers;
BASE Base-Algebra;

SORT bf;

CONSTRUCTOR
initialR: -> record,
initialB: -> bf,
putB : bid, record, bf -> bf;

OP [O-function]
contentB: bid, bf -> record;

CO0: contentB(b, initialB) == initialR;
Cl: contentB(b, putB(b”, rec, s)) ==
if b = b” then rec else contentB(b, s);

I

END;

SPEC Files;

BASE Base-Algebra;
SORT f1;

CONSTRUCTOR
initialfF: -> f1,
appendF : fid, record, f1 -> fl;

OP [O-function]

file : fid, £l -> seqREC;
FO: file(f, initialF) == nullR;
Fl: file(f, appendF(f”, rec, s)) ==
if £ = £ then file(f,s).rec else file(f,s);
END;
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SPEC File-directory;

BASE Base-Algebra;
SORT fd;

CONSTRUCTOR
initialFD : -> f4,
openFD, closeFD: fid, fd -> f4d;

OP [O-function]
exist, openedW: fid, f£4d -> bool;

EXO: exist(f, initialFD) == false;

EX1l: exist(f, openFD(f", s)) ==
if £f = £° then true else exist(f, s);

EX2: exist(f, closeFD(f”", s)) == exist(f, s);

OWl: openedw(f, openFD(f”, s)) ==

if £ = £7 then true else openedW(f, s);
OW2: openedW(f, closeFD(f", s)) ==

if £ = £° then false else openedW(f, s);

END;
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SPEC Dataset-control-blocks;

INCLUDE Requests-and-user-operations;

SORT dcb;

CONSTRUCTOR
initialDCB: -> dcb,
execDCB : uop, dcb -> dcb;

OP [O-function]
used : rid, dcb =-> bool,
fname: rid, dcb -> fid,
count: rid, dcb -> int;

INI: used(r, initialDCB) == false;

OPl*: FOR EACH Q IN {OPENW OPENR}
{used(r, execDCB(Q(f,r"), s)) =

o~

if r = r“ then true else used(r, s):
fname (r, execDCB(Q(f,r”), s)) ==

if r = r° then f else fname(r, s);
count (r, execDCB(Q(f,r"), s)) ==

if r = r° then 0 else count(r, s)};

WR1*: FOR EACH Q IN {WRITE READ},

[used (r, execDCB(Q(r”,b), s)) == used (r, s);
fname (r, execDCB(Q(r”,b), s)) == fname(r, s);
count (r, execDCB(Q(r”,b), s)) ==
if r = r” then count(r,s)+l else count(r,s)};
CLl: used(r, execDCB(CLOSE(r”), s)) ==

-

if r = r“ then false else used(r, s);
CL2*: FOR EACH F IN {fname count},

F(r, exXecDCB(CLOSE(r”), s)) ==

if r # r°“ then F(r, s);

END;
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SPEC File-system;

INCLUDE System-1;

SORT fsys;

CONSTRUCTOR
InitialFS: -> fsys,
Issue : uop, fsys -> fsys,

Complete: rid, fsys -> fsys;
OP [O-function]

stateSl : fsys -> sys,
UP~executing: £fsys ~> bool,
last~uop : fsys -> uop;

LET sS1 := stateSl(s);

STO0: stateSl(InitialFS) == InitialsS;
STl: stateSl(Issue(g, s)) ==
if UP-executing(s) then

(if type(g) = "OP/PT" then Execute (g, sS81)
else if busyR(refID(g), sSl1l) or
(type(q) = "WT") then sS1

else if type(q)="R/W" then Initiate(g, sSl)
else Execute(q, sSl));
ST2: stateSl (Complete(r, s)) ==
if busyR(r, sS1) then
(if UP-executing(s) then Execute(Q, sSl)

else if (refID(Q”) # r) or (type(Q”) = "WI")
then Execute (Q, sS1)
else if type(Q°) = "R/W" then

Initiate (Q°, Execute (Q, sS1))
else Execute (Q”, Execute(Q, sS1)))
WHERE Q := initiated-uop(r, sS1l) AND
Q° := last-uop(s);

UEO: UP-executing (InitialFS) =
UEl: UP-executing(Issue (g, s)) ==
if UP-executing(s) then
(if type(q) = "OP/PT" then true
else not busyR(refID(g), sSl));
UE2: UP-executing (Complete(r, s)) ==
if busyR(r, sSl1l) then
(if UP-executing(s) then true
else (refID(last-uop(s)) = r));

LUl: last-uop(Issue (g, s)) ==
if not UP-executing(Issue (g, s)) then qg;
LU2: last-uop(Complete(r, s)) == last~uop(s);

END;
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SPEC System-1;
INCLUDE System-0;

CONSTRUCTOR
Initiate : uUop, sSys -> sys;

OP [O-function]
busyR : rid, sys -> bool,
initiated-uop: rid, sys -> uop;

BSO0: busyR(r, InitialS) == false;
BSl: busyR(r, Initiate(g, s)) ==
if invalid(g, s) or (type(q) # "R/W")
busyR(r, s)
else if r = refID(g) then true
else busyR(r, s);
BS2: busyR(r, Execute(g, s)) ==
if type(g) # "R/W" then busyR(r, s)
else if r = refID(gq) then false
else busyR(r, s);

IOPl: initiated-uop(r, Initiate(g, s)) =
if invalid(g, s) or (type(q) # "R/W")
initiated-uop(r, s)
else if r = refID(g) then g
else initiated-uop(r, s);
IOP2: initiated-uop(r, Execute(qg, s)) ==
if busyR(r, Execute(q, s)) then
initiated-uop(r, s);

WrPl*: FOR EACH X IN {B F FD DCB},
stateX(Initiate(g, s)) == stateX(s);

END;
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SPEC Sequence-of-UOP

INCLUDE Requests-—-and-user-operations;
SORT seqUOP;

CONSTRUCTOR
nullUOP: -> sedqUOP,
uop, sequOP -> seqUOP,
ACCB + bid -> uop;
OP [O-function] .
eqUOP : uop, uop -> bool;
LET BINARY-UOP := {OPENW OPENR WRITE READ PUTB};
LET UNARY-UOP := {CLOSE WAIT ACCB};

EQl*: FOR EACH Q IN BINARY-UOP,
equorP(Q(i,j), Q(i*,37)) == (i
FOR EACH Q° IN BINARY-UOP -~ {
eqUOP(Q(ilj) r Q’(i’rj’)) =
FOR EACH Q° IN UNARY-UOP,
equUOP (Q(i,j), Q°(i”)) == false};
EQ41*: FOR EACH Q IN UNARY-UOP,
{equoP (Q(i), Q(i%)) == (i = i”);
FOR EACH Q° IN UNARY-UOP - {Q},
eqUOP (Q (i), Q”(i”)) == false;
FOR EACH Q° IN BINARY-UOP,
eqUOP(Q(i), Q*(i”,j”)) == falsel};

T8: type (ACCB(b)) == "AC";

“) and (3=37);

}

o

14
false;

END;
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SPEC Relations-between-SeqUOP-and-System0;

INCLUDE Sequence-of-UOP, System-0;

oP state0: seqUOP -> syYS;
500: state0(nullUOP) == InitialS;
S0l: stateO(g.seq) ==
if (type(g) = "WT") or (type(qg) = "AC")

then stateO(seq)
else Execute (g, stateO(seq)):

END;

(0) B ¥ otatel a 2 &

SPEC Relations-between-SeqUOP-and-FileSystem;
INCLUDE Sequence-of-UOP, File—system;'

oP reachable: seqUOP, fsys -> bool;

RCO: reachable (nullUOP, InitialFS) == true;
RCl: reachable (nullUOP, Issue(q, s)) == false;
RC2: reachable (nullUOP, Complete(r, s)) == false;

RC3*: FOR EACH Q IN {OPENW(f,r) OPENR(f,r) WAIT(r)
WRITE (r ,b) READ(r,b) CLOSE(r) PUTB(b,rec)},
{reachable (Q.seq, InitialFS) == false;
reachable (Q.seq, Issue (g, s)) ==

UP-executing (s) and eqUOP(Q, g)
and reachable(seq, s);
reachable (Q.seq, Complete(r, s)) ==
busyR(r ,stateSl(s)) and reachable(Q.seq,s)};

RC24*: reachable (ACCB(b) .seq, s) ==

UP-executing (s) and reachable(seqg, s);

END;

(b) ¥ veachable « '»i}‘x
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SPEC How-to-use-buffers;
INCLUDE Sequence-of-UQCP;

OP wellB: seqUOP -> bool,
freeB: bid, seqUOP -> bool,
rname: bid, seqUOP -> rid;

WB0: wellB(nullUOP) == true;
WB1l*: FOR EACH Q IN {WRITE(r,b) READ (r ,b)
PUTB (b,rec) ACCB(b)},

wellB(Q.seq) == wellB(seq) and freeB(b, seq);
WB5*: FOR EACH Q IN {OPENW(f,r) OPENR(f,r) WAIT(r)
CLOSE(r)}, wellB(Q.seq) == wellB(seq);

LET FREED (b, r, seq) :=
if freeB(b, seq) then true
else (r = rname(b, seq));

FRO: freeB(b, nullUOP) == true;

FR1*: FOR EACH Q IN {WRITE(r,b”) READ(r,b”)},
freeB(b, Q.seq) ==
if b = b” then false else FREED(b, r, seq);

FR3*: FOR EACH Q IN {CLOSE(r) WAIT(r)},
freeB(b, Q.seq) == FREED(b, r, seq);

FR5*: FOR EACH Q IN {OPENW(f,r) OPENR(f,r)
PUTB (b,rec) ACCB(b)},
freeB(b, Q.seq) == freeB(b, seq);

RN1*: FOR EACH Q IN {WRITE(r,b”) READ(r,b”)},
rname {b, Q.seq) ==
if b = b” then r else rname(b, seq);

RN3*: FOR EACH Q IN {OPENW(f,r) OPENR(£f,r)
CLOSE(r) WAIT(r) PUTB(b,rec) ACCB(b)},
rname (b, Q.seq) == rname(b, seq);

END;
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SPEC Sequential-state-of-FS;
INCLUDE Sequence-of-UOP, File-system;
.OP stateFS: seqUOP -> fsys;

FS0: stateFS(nullUOP) == InitialFS;
FSl: stateFS(g.seq) == ‘
if type(q) = "AC" then stateFS(seq)
else if type(g) = "R/W" then
Complete (refID(g), Issue(g, stateFS(seq)))
else Issue (g, stateFS(seq)):

END;
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