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LOTOS definitions
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notation meaning

L set of observable actions

L L U {r = the internal action}

Lr set of strings of observable actions, also called a trace

k

€ the empty string: P = Qifandonlyif P > forsomek > 0

Act(X)  the set of actions belonging to a process X

Tk a sequence of k(k > 0) i-actions

£ a string of observable actions

B2 B 3B,0<i<n:B=By 2 B,Bi 2 By,....B,1 B, =8

(shorthand)B 222 | 22 B’

B3 B 35:u1u2...un|Bﬂ)£££---@>f B’

B= iB': B = B’

out(B) {ac LB =}

out,(B)  Ugzg g out(B') where o € Tr(B)

Figure A.1: Notation for LOTOS and its LTS

name syntax axioms/inference rules
maction stop

action prefix

—observable a; B a;B% B
—unobservable(internal) 1i; B B~ B
. B>~ B] BB/
choice B[] B, L
Bi1[|B2—B; " Bi[|B2—Bj}

. . @ !

generalised choice B %G’BGB
YB—B'

.. B, =B’ B,LB! B1%B! B, %B!,

composition B1|| B, L1 22 1= 5y, By =By a7y

B1||B2LB{||B2 ’ B1||B2L>B1||B§ ’ B1||B2—G>B{||B§

Figure A.2: LOTOS Transition Rules
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B

Guide Words for Flexport

PROVISION

e OMISSON

— Total

— Partial
o COMMISSION (extra data)

e CORRUPTION
TIMING

RELATIVE

— Early

— Late

ABSOLUTE

— Deadline missed

— Timeout

o RATE

— Too Slow

— Too Fast

DURATION
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— Too Short

— Too Long
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C

Tool Summary

As part of the CM Plan, we detail the platform plus tools and their versions which

were used for the development.

HARDWARE: SUN 670MP
0/s : UNIX, SunOS Release 4.1.3.,
Xwindows X11/R5

SPECIFICATION TOOLS:

LITE3.0
- TOPO : 3R6
- SMILE: 2.2
- LOLA :

CADP BETA-VERSION Z-r (Wed Jun 12 16:29:49 MET DST 1996)

hsrc: /research/fm/cadp/VERSION

aldebaran : 6.0
caesar : 5.0
caesar.adt : 4.4
open/caesar : 1.8

bcg : 1.0



CWB : 7.0

CM TOOLS:

RCS Revision Number: 5.6
Gnu Make version 3.74

m4 (see 0/S)
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LOTOS specifications

D.1 Flexport Intensional Specification
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The following is a listing of the Flexport Intensional specification with Baud Rate

Hunting included.

(**********************************************)

(x *)
(* LOTOS intensional specification for *)
(¥ Flexport Protocol Lower Level Link Layer *)
(x *)

(**********************************************)

(x $History$ *)

(* $Log: flexint_t.lot,v §

# Revision 2.1 1997/04/23 11:56:31 cs_s447
This version supports Baud rate hunting
with two extra gates ’baud’ and ’tick’

#

#

#

# Revision 1.2 1997/04/23 11:53:40 cs_s447
# library call for data types omitted
#
#
#
#

Revision 1.1 1997/04/23 11:51:34 cs_s447
Initial revision

*)
specification Flexport [h1,h2,11,12,baud,tick]

(*********************************************)

(** Data Types Definition for Flexport *% )
(ko ok ok ok o ok oK oK K K oK ok oK ok K oK K oK K K KoK KoK KK KKK KKK KKK KKK )

(x $History$ *)

(* $Log: flexdata.lotdat,v §

# Revision 2.1 1997/04/16 10:18:05 cs_s447

# Data types added to support Baud Rate Hunting

. noexit



Revision

Revision

defined.

Revision

H O H H H H H H B H H B H HEH HEH HEH

*)

1.3 1997

1.2 1997

1.1 1997

Initial revision

type Boolean is

sorts

Bool (*! implementedby ADT_BOOL comparedby ADT_CMP_BOOL

opns
false
true
not
_and_

or_

_Xor_
_impl
_iff_
_eq._
_ne_
eqns
foral
ofsor
no

no

X
X
X
X
X
X
X
X
X

/04/09 13:55:57 «cs_s447

Queue Data type added to support n-place buffer

/04/08 15:01:23 cs_s447

Compatibility for CADP - a replacement file which henceforth
is to contain all the data type definitions...

1. Boolean, Natural Data Types added
2. Comments included to be read by caesar.adt

3 TYPE Dataltem replaced to compensate for C’s lack of
support for overloading ..... New sorts: PDU_data and Packet_Data

/04/04 14:28:57 cs_s447

enumeratedby ADT_ENUM_BOOL printedby ADT_PRINT_BOOL *)

€3
€3
€3
€3
€3
€3
ies_ (!
€3
€3
€3

1x,v9
t Bool
t (true)
t (false)
and true
and false
or true
or false
Xor y
implies y
iff y

eq ¥y

ne y

implementedby ADT_FALSE constructor *),

implementedby ADT_TRUE constructor *) : -> Bool

implementedby ADT_NOT *) : Bool -> Bool
implementedby ADT_AND *),

implementedby ADT_OR *),

implementedby ADT_XOR *),

implementedby ADT_IMPLIES *),
implementedby ADT_IFF x*),

implementedby ADT_EQ_BOOL *),
implementedby ADT_NE_BOOL *) : Bool, Bool

: Bool

false;

= true;

= x;

= false;

= true;

= x;

= (x and not (y)) or (y and not (x));
= y or not (x);

= (x implies y) and (y implies x);
= x iff y;

= x xor y;

-> Bool
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endtype (* Boolean *)

type Natural

is Boolean

sorts Nat (*! implementedby ADT_NAT comparedby ADT_CMP_NAT
enumeratedby ADT_ENUM_NAT printedby ADT_PRINT_NAT %)
constructor %),

(*
(*
(*
(*
(*
(*
(*
(*
(*
(*

e}
gel
=}
2]
(@]

© 0 N O Ok WN -

Succ (*! implementedby ADT_

+

*

! implementedby
! implementedby
! implementedby
! implementedby
! implementedby
! implementedby
! implementedby
! implementedby
! implementedby
! implementedby

ADT_NO
ADT_N1
ADT_N2
ADT_N3
ADT_N4
ADT_N5
ADT_N6
ADT_N7
ADT_N8
ADT_N9

*)
*)
*)
*)
*)
*)
*)
*)
*)

b

b

b

b

b

b

b

b

Succ
(*! implementedby ADT_PLUS
(*! implementedby ADT_MULT
(*! implementedby ADT_POWER *),
(*! implementedby ADT_MINUS *),

_div_ (*! implementedby ADT_DIV %),
_mod_ (*! implementedby ADT_MOD *)

-> Nat

constructor *) : Nat -> Nat
*),

*),

: Nat, Nat -> Nat

_eq_ (%! implementedby ADT_EQ_NAT *),
_ne_ (%! implementedby ADT_NE_NAT *),
(*! implementedby ADT_LT_NAT *),
(*! implementedby ADT_LE_NAT *),
(*! implementedby ADT_GT_NAT *),
(*! implementedby ADT_GE_NAT *),
_==_ (%! implementedby ADT_EQ_BIS_NAT *),

_<>_ (%! implementedby ADT_NE_BIS_NAT *),
_<_ (%! implementedby ADT_LT_BIS_NAT *),
_<=_ (%! implementedby ADT_LE_BIS_NAT *),
_>_ (%! implementedby ADT_GT_BIS_NAT *),

1t
_le_
_gt_
_ge_

_>=_ (%! implementedby ADT_GE_BIS_NAT
in (*! implementedby ADT_MIN
(*! implementedby ADT_MAX
(*! implementedby ADT_GCD
(*! implementedby ADT_SCM

min
max
ged
scm

eqns
forall
ofsort
1 =

N
1}

D O kW
|

m, n : Nat
Nat

Succ (0);
Succ (1);
Succ (2);
Succ (3);
Succ (4);
Succ (5);

*)
*)
*)
*)
*)

: Nat, Nat -> Bool

b
b

b

: Nat, Nat -> Nat
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7 = Succ (6);

8 = Succ (7);

9 = Succ (8);
ofsort Nat

m+ 0 =m;

m + Succ(n) = Succ(m) + n;

ofsort Nat
mx* 0 = 0;
m * Succ(n)
ofsort Nat
m **x 0 = Succ(0);

m+ (m * n);

m ** Succ(n) = m * (m ** n)

ofsort Nat
m- 0 =m;
Succ (m) - Succ (n)
ofsort Nat
nne O, mltn=>m
nne O, mgen=>m
ofsort Nat
nne O, mltn=>m
nne O, mgen=>m
ofsort Bool
0 eqO
0 eq Succ (n)
Succ (m) eq O
Succ (m) eq Succ (n)
ofsort Bool
m ne n
ofsort Bool
01t O
0 1t Succ (n)
Succ (n) 1t O
Succ (m) 1t Succ (n)
ofsort Bool
mlen
ofsort Bool
mgenn
ofsort Bool
mgtn
ofsort Bool
m==n
m<>n
m <= n
m<n
m>n
m>=n
ofsort Nat
m le n => min (m, n)

I
=4
|

div n
div n

mod n
mod n

n;

0;
1+ ((m - n) div n);

m;
((m - n) mod n);

true;

false;
false;
m eq n;

not (m eq n);

false;
true;

false;
m 1t n;

(m 1t n) or (m eq n);
not (m 1t n);

not (m le n);

eq n;

ne n;

le n;

1t n;
gt n;

28 8 8 8 85

ge n;
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m gt n =>
ofsort Nat

mge n =>

mlt n =>
ofsort Nat

megn, m
mltn, m

min (m, n) = n;

max (m, n) = m;
max (m, n) = n;

ne 0 => gcd (m,
ne 0 => gcd (m,

m gt n, nne 0 => gcd (m,
ofsort Nat
scm (m, n) = (m * n) div g

endtype (* NATURAL *)

type PDUnits is BOOLEAN, NATURAL

n) = m;
n)
n)

ged (m, n - m);
ged (m - n, n);

cd (m, n);

sorts PDU (%! implementedby PDU comparedby CMP_PDU
enumeratedby ENUM_PDU printedby PRINT_PDU *),

pdu_data (*! implementedby PDU_DATA comparedby CMP_PDU_DATA
enumeratedby ENUM_PDU_DATA printedby PRINT_PDU_DATA *)

opns

(* ’Raw’ Protocol Data Units primitives *)

ACK
CR
DLE
ENQ
NAK
X_ON
X_OFF

(!
(!
(!
(!
(!
(!
(!

implementedby
implementedby
implementedby
implementedby
implementedby
implementedby
implementedby

(* ’Refined’ PDUs %)

PDU_ACK constructor
PDU_CR constructor
PDU_DLE constructor
PDU_ENQ constructor
PDU_NAK constructor
PDU_X_ON constructor
PDU_X_OFF constructor

DAT (*! implementedby PDU_DAT constructor

LC_P (*! implementedby PDU_LC_P constructor
-> PDU

_eq _ (*! implementedby PDU_EQ *),

_ ne _ (*! implementedby PDU_NE *)

PDU,PDU -> Bool

*) ,
*) ,
*) ,
*) ,
*) ,
*) ,
*) ,

*) ,

*)

NumPDU  (*! implementedby PDU_NUM *): PDU -> Nat
send (*! implementedby PDU_DATA_SEND constructor

receive (*! implementedby PDU_DATA_RECEIVE constructor *)
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PDU -> PDU_Data

eqns

forall x,y: PDU
ofsort Nat

NumPDU (ACK) = 0;
NumPDU (CR) = Succ(NumPDU (ACK));
NumPDU (DLE) = Succ(NumPDU (CR));
NumPDU (ENQ) = Succ(NumPDU (DLE));
NumPDU (NAK) = Succ(NumPDU (ENQ));

NumPDU (X_ON) = Succ(NumPDU (NAK));
NumPDU (X_OFF) = Succ(NumPDU (X_ON));

ofsort Bool
Xxeqy = NumPDU (x) eq NumPDU (y);
X ne y NumPDU (x) ne NumPDU (y);

endtype
type Packet is Boolean, Natural
sorts pkt (*! implementedby PKT comparedby CMP_PKT
enumeratedby ENUM_PKT printedby PRINT_PKT *),
pkt_data (*! implementedby PKT_DATA comparedby CMP_PKT_DATA
enumeratedby ENUM_PKT_DATA printedby PRINT_PKT_DATA

opns

LC_packet (*! implementedby PKT_LC_PACKET constructor *): -> Pkt

_eq _ (*! implementedby PKT_EQ *),

_ ne _ (*! implementedby PKT_NE *) : PKT,PKT -> Bool

NumPKT  (*! implementedby PKT_NUM *): PKT -> Nat
send (*! implementedby PKT_DATA_SEND constructor  *),
receive (*! implementedby PKT_DATA_RECEIVE constructor *)

Pkt -> pkt_Data

eqns
forall x,y: pkt
ofsort Nat

NumPKT (LC_Packet) = 0;

ofsort Bool
Xeqy = NumPXT (x) eq NumPKT (y);
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X ney = NumPKT (x) ne NumPKT (y);
endtype (* Packet *)

type Queue is Boolean, PDUnits

Sorts Queue (*! implementedby QUEUE comparedby CMP_QUEUE
enumeratedby ENUM_QUEUE printedby PRINT_QUEUE *)

OPNS
head (*! implementedby QUEUE_HEAD *) Queue ->
tail (*! implementedby QUEUE_TAIL *) Queue ->
_ + _ (%! implementedby QUEUE_ADD constructor *)

Queue, PDU ->
empty (*! implementedby QUEUE_ISEMPTY constructor *): ->
length (*! implementedby QUEUE_LENGTH x):  Queue
maxlength (* implementedby QUEUE_MAXLENGTH constructorx):

EQNS
forall s: Queue, x,y: PDU
OFSORT PDU

head (empty + x) = x;
head (s+ x+ y) = head(s+x)

OFSORT Queue

tail (empty + x) = empty;
tail (s+x+y) = tail(s+x) + y;

OFSORT Nat

maxlength = succ(0);
(* constant for maximum capacity of channel *)

length (empty)
length (s + x)

0;
succ(length (s))

endtype (* Queue *)

type BaudDataRate is Boolean, Natural
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PDU
Queue

Queue
Queue
-> Nat
-> Nat

sorts BaudRate (*! implementedby BAUDRATE comparedby CMP_BAUDRATE
enumeratedby ENUM_BAUDRATE printedby PRINT_BAUDRATE x*)



opns

1200 (*! implementedby BAUDRATE_1200 constructor *)
2400 (*! implementedby BAUDRATE_2400 constructor *)
4800 (*! implementedby BAUDRATE_4800 constructor *)
9600 (*! implementedby BAUDRATE_9600 constructor *)

next (*! implementedby BAUDRATE_NEXT *)
: BaudRate
_ egbaud _ (*! implementedby BAUDRATE_EQBAUD %)
: BaudRate,BaudRate
_ negbaud _  (*! implementedby BAUDRATE_NEQBAUD %)
: BaudRate,BaudRate
BaudNum (*! implementedby BAUDRATE_BAUDNUM *)
: BaudRate
eqns

forall x,y: BaudRate

ofsort BaudRate

next(1200) = 9600;
next(2400) = 1200;
next(4800) = 2400;
next(9600) = 4800;
ofsort Nat

BaudNum(1200) = 0;

BaudNum(2400) = succ(BaudNum(1200));
BaudNum(4800) = succ(BaudNum(2400));
BaudNum(9600) = succ(BaudNum(4800))

ofsort Bool

BaudNum(x) eq BaudNum(y);
BaudNum(x) ne BaudNum(y)

x EqBaud y
x NeqBaud y

endtype (* BaudDataRate *)

->

->

->

BaudRate

BaudRate

BaudRate

BaudRate

BaudRate

Bool

Bool

Nat
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behaviour

(
( Stationilhi,1l1,baud,tick] ||| Station2[h2,12] )

| [hi,h2]|
( Duplex_chan[hl,h2] )
)

where
(oK ok sk ok ok ok 3K oK 3K 3K oK oK 3K 3K 3 oK 3 oK 3 K oK KoK 3 oK 3 K oK Kok ok koK )

(* Duplex Channel Specification *)
(ko Kok ok ok o ok oK oK sk oK ok K ok K oK K KK KK KKK KKK KKK ok KKK Kok K )

(x $History$ *)

(* $Log: buffer.lotsrc,v §

# Revision 2.1 1997/04/09 13:47:07 cs_s447
buffer generalised to n-place, where

n is given by constant type ’maxlength’

Revision 1.1 1997/04/04 14:25:24 cs_s447
Initial revision

#
#
#
#
#
# %)

process Duplex_chan [h1l, h2]: noexit :=

Simplex[h1,h2] ||| Simplex[h2,h1]

where

process Simplex[a,b] : noexit :=
BuffO[a,b] (maxlength)

(% set this constant in the Queue ADT in FLEXPORT.1lib *)
where
process BuffO[get,put] (max: Nat) : noexit :=
(* caters for parametrised sends/receives ... *)

choice x:PDU []
get!send(x); Buff[get,put] (empty + x, succ(0), max)

endproc (* Buff0 *)

process Buff[get,put] (q: Queue, leng, max:Nat) : noexit :=



(put!receive(head(q)) [leng eq succ(0)]; BuffO[get,put] (max)

)

[

(put'!receive(head(q)) [leng gt succ(0)]; Buff[get,put]
(tail(q), length(tail(q)) ,max)

)

[

(choice x:PDU []

get!send(x) [leng 1t max]; Buff[get,put]

((q + x), succ(length(q)), max)

endproc (* Buff *)
endproc (* Simplex *)

endproc (* Duplex_chan *)

(*********************************************)

(¥ Flexport Station 1 *)
(ko ok ok ok o ok oK oK K K oK ok oK ok K oK K oK K K KoK KoK KK KKK KKK KKK KKK )

(x $History$ *)

(* $Log: stationl.lotsrc,v §

# Revision 2.1 1997/04/23 14:06:10 cs_s447
Baud Rate Hunting added

Revision 1.3 1997/04/23 13:56:00 cs_s447
now allows for repeated receipt of data until DLE is

restructuring of the sequences of processes:

S1_connect is now simply S1_sendENQ and

each of S1_sendENQ and S1_TestXON have their exits replaced
a call to the next process

#
#
#
#
#
# Revision 1.2 1997/04/23 13:48:04 «cs_s447
#
#
#
#
# *)
process Stationi[h1,11,b,t] : noexit :=
(S1_Connect[h1,11,b,t] »> Si_DataTransmit[h1,11])
where

process S1_connect[hl,11,b,t] : exit :=

S1_sendENQ[h1,11,b,t]
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where

process S1_sendENQ[h1,11,b,t] : exit :=
(* this is the initial process for station 1 *)
S1_BaudRateHunting[h1,11,b,t] (9600,0)

where

process S1_BaudRateHunting[hl,11,b,t](rate:BaudRate,count:Nat)
exit :=

b!rate;hl!send(ENQ); TestDLE[h1,11,b,t](rate,count)
where
process TestDLE[h1,11,b,t] (rate:Baudrate,count:Nat) : exit :=

(

t (* 1 second elapses *);

([count eq succ(succ(0))] -> TryConnect[hl,11,b,t] (next(rate),0)
(]
[count ne succ(succ(0))] -> TryConnect[h1,11,b,t]
(rate,succ(count))

]
(
choice tx:PDU []

hi'receive(tx); ([tx eq DLE] -> hil!send(X_ON)
; S1_TestX_O0N[h1,11,b,t]
[
[tx ne DLE] -> TestDLE[h1,11,b,t](rate,count)
)

)
endproc (* TestDLE *)

process TryConnect[h1,11,b,t](rate:Baudrate,count:Nat) : exit :=

bl'rate;
(
hi1!'send(ENQ); TestDLE[h1,11,b,t](rate,count)
(]
(choice x3:PDU []
hil'receive(x3); hil!'send(ENQ); TestDLE[h1,11,b,t](rate,count))
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endproc(* TryConnect *)
endproc (* S1_BaudRateHunting *)
endproc (* S1_sendENQ *)
process S1_TestX_0N[h1,11,b,t] : exit :=

(* Now test for X_ON transmission from S2 *)
(* using IF ... THEN .. ELSE construct *)

(choice x:PDU []
hi'receive(x); ([x eq X_0ON] -> S1_SendLCPack[hl,11]
]

[x ne X_ON] -> Si_connect[h1,11,b,t]
)

endproc (* S1_TestX_0ON *)

process S1_SendLCPack[h1,11] : exit :=
(* Send a link configuration packet *)

11!send(LC_packet); (* Upper level sends Link Config. Packet *)

(* - service request *)
h1'send(LC_P); (* Lower level sends corresponding PDUs *)
hi'receive(ACK); (* Lower level receives acknowledgement *)
hi'receive(LC_P); (* Lower level receives PDU sequence *)
11'receive(LC_packet); (* .. which is recomposed into a Link  *)

(* configuration packet *)
h1'send (ACK); (* Acknowledgement sent by lower level *)
(* link *)
exit (* Connection phase over for station 1 %)

endproc (* S1_SendLCPack *)
endproc (* S1_connect *)
process S1_DataTransmit[h1,11] : noexit :=

(* connection established - assume continuous transmission *)
(* modelled as an endless sequence of token PDUs *)

hi1!'send(DAT); Si_DataTransmit[hi1,11]
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]
hil'receive(DAT); S1_DataTransmit[h1,11]

endproc (* S1_DataTransmit *)

endproc (* Stationl *)
(ko ok ok ok o ok oK oK K K oK ok oK ok K oK K oK K K KoK KoK KK KKK KKK KKK KKK )

(* Flexport Station 2 *)
(ko ok ok ok o ok oK oK K K oK ok oK ok K oK K oK K K KoK KoK KK KKK KKK KKK KKK )

(x $History$ *)

(* $Log: station2.lotsrc,v §

# Revision 1.4 1997/04/15 10:22:34 cs_s447

now allows for repeated receipt of data until ENQ is
received; also allows for S1’s X_ON to be received
between sending its DLE and X_ON.

Revision 1.3 1997/04/07 17:12:07 cs_s447
simple bug fixes

Revision 1.2 1997/04/07 16:37:42 cs_s447
restructuring of the sequences of processes:

S2_Connect is now simply S2_AwaitENQ and
each of S2_AwaitENQ and S2_TestX_ON have their exits replaced

by ’>>’ and a call to the next process

REASON: caesar could not cope with recursive instantiation in
a process to the left of ’>>’ operator

Revision 1.1 1997/04/04 14:28:35 cs_s447

Initial revision

#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
# *)
process Station2[h2,12] : noexit :=
(S2_Connect[h2,12] >> S2_DataTransmit[h2,12])
where
process S2_connect[h2,12] : exit :=
S2_AwaitENQ[h2,12]

(* this is the initial process to be instantiated *)

where



process S2_AwaitENQ[h2,12] : exit :=
(choice y1:PDU []
h2'receive(y1l); ([yl eq ENQ] -> h2!send(DLE)
; S2_TestX_0N[h2,12]
[

[yl ne ENQ] -> S2_AwaitENQ[h2,12]
)

endproc (* S2_AwaitENQ *)

process S2_TestX_0N [h2,12] : exit :=

(choice y2:PDU []
h2!'receive(y2); h2!'send(X_0N) ;

(
[y2 eq X_ON] -> S2_SendLCPack[h2,12]
(]
[y2 ne X_ON] -> S2_Connect [h2,12]
)
)
(]

h2!send(X_ON);
(choice y3:PDU []
h2!'receive(y3);

(

[y3 eq X_ON] -> S2_SendLCPack[h2,12]
[

[y3 ne X_ON] -> S2_Connect [h2,12]

)

endproc (* S2_TestX_0ON *)

process S2_SendLCPack[h2,12] : exit :=

h2!receive(LC_P);

12'receive(LC_packet);

h2!send (ACK) ;

12'send(LC_Packet);

h2!send(LC_P);

h2!receive(ACK) ;

exit (* Connection phase over for station 2

*)
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endproc (* S2_SendLCPack *)
endproc (* S2_connect *)
process S2_DataTransmit[h2,12]: noexit :=

(* connection established - assume continuous transmission *)
(* modelled as an endless sequence of token PDUs *)

h2!'send(DAT); S2_DataTransmit[h2,12]
]
h2!'receive(DAT) ;S2_DataTransmit[h2,12]

endproc (* S2_DataTransmit *)

endproc (* Station 2 *)

endspec
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D.2 Unified Tester
The unified tester for the MSC-based specification is given below.

(**********************************************)

(x *)
(* LOTOS Tester for Reduction relation *)
(* with respect to Intensional spec for *)
(* Flexport Protocol Lower Level Link Layer  *)
(x *)
(* Requires: v1.2 or higher *)
(* of Flexdata.lotdat *)

(**********************************************)

(x $History$ *)

(* $Log: testmsc_t.lot,v §

# Revision 1.1 1997/04/24 14:09:06 cs_s447
# Initial revision

# *)

specification FlexportTestMSC [h1,h2,11,12,successMsC,
data_failure,gate_failure,twofold_failure] : noexit

library
Boolean, Set
endlib

(*********************************************)

(** Data Types Definition for Flexport *% )
(ko ok ok ok o ok oK oK K K oK ok oK ok K oK K oK K K KoK KoK KK KKK KKK KKK KKK )

(x $History$ *)

(* $Log: flexdata.lotdat,v §

# Revision 1.2.1.2 1997/04/24 14:24:16 cs_s447
# Queue Data Type added to support n-place buffer

#

# Revision 1.2.1.1 1997/04/24 14:04:12 cs_s447

# Variant for the unified tester:

# * Boolean type omitted

# *x Sort ’Nat’ renamed ’Natl’ to avoid clashes in library

# calls for other types

# x New type ’Dataltem’ with complete equations for sends and
# receives w.r.t to eq and ne operators

# * New type ’Dataset’ to support TestEvent processes

#
#

Revision 1.2 1997/04/08 15:01:23 cs_s447
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Compatibility for CADP - a replacement file which henceforth
is to contain all the data type definitions...

1. Boolean, Natural Data Types added

2. Comments included to be read by caesar.adt

3 TYPE Dataltem replaced to compensate for C’s lack of

support for overloading ..... New sorts: PDU_data and Packet_Data
defined.

Revision 1.1 1997/04/04 14:28:57 cs_s447
Initial revision

*)

H O H H H B H H B H H H HH

type Natural is Boolean
sorts Natl (*! implementedby ADT_NAT comparedby ADT_CMP_NAT
enumeratedby ADT_ENUM_NAT printedby ADT_PRINT_NAT %)

endtype (* Natural *)

type PDUnits is BOOLEAN, NATURAL

endtype (* PDUnites *)

type Packet is Boolean, Natural

endtype (* Packet *)

type Dataltem is PDUnits, Packet

sorts Data

opns
send, receive: Pkt -> Data
send, receive: PDU -> Data
_eq _ ,
- nhe _ ,
1t : Data,Data -> Bool

eqns



(¥ there should be 275

forall x,y: PDU, w,z:

ofsort Bool

send(x) eq
receive(x)
send(x) ne
receive(x)
send(x) 1t
receive(x)

send(w) eq
receive(w)
send(w) ne
receive(w)
send(w) 1t
receive(w)

(* Data Mismatches defined for testing purposes ...
param data types *)

of these

PKT
send(y) = x eq
eq receive(y) = x eq
send(y) = X ne
ne receive(y) = x ne
send(y) = x 1t
1t receive(y) = x 1t
send(z) = v eq
eq receive(z) = w eq
send(z) = ¥ ne
ne receive(z) = w ne
send(z) = w 1t
1t receive(z) = w 1t

(¥ 1. Comparisons of like

send(x) ne
send(x) eq
(¥ undefined

send(w) ne
send(w) eq
(¥ undefined

receive(x)
receive(x)
(¥ undefined

receive(w)
receive(w)
(¥ undefined

(¥ 2. Comparisons with different param data types *)

send(x) eq
send(x) eq
receive(x)
receive(x)

send(w) eq
send(w) eq
receive(w)

receive(y)
receive(y)
for ’1t’ *)

receive(z)
receive(z)
for ’1t’ x*)

ne send(y)
eq send(y)
for ’1t’ *)

ne send(z)
eq send(z)
for ’1t’ x*)

send(w)
receive(w)

eq send(w)

eq receive(w)

send(x)
receive(x)
eq send(x)

true;
false;

true;
false;

true;
false;

true;
false;

*)

¥
¥
¥
¥
¥
¥

false;
false;
false;
false;

false;
false;
false;
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receive(w) eq receive(x) = false;
send(x) ne send(w) = true;
send(x) ne receive(w) = true;
receive(x) ne send(w) = true;
receive(x) ne receive(w) = true;
send(w) ne send(x) = true;
send(w) ne receive(x) = true;
receive(w) ne send(x) = true;
receive(w) ne receive(x) = true

(* undefined for ’1t’ *)
endtype (* Dataltem *)
Type Dataset is Set actualizedby Dataltem, Boolean using

(* note that the library type ’set’ requires the definition *)
(* of operations ’eq’,’ne’,’1lt’ *)

sortnames
Pset for Set
Data for Element
Bool for Fbool
endtype (* Dataset *)
type Queue is Boolean, PDUnits
Sorts Queue

OPNS

head: (* extract first element of a queue *) Queue -> PDU
tail: (* return all but head of a queue *) Queue -> Queue

I : Queue, PDU -> Queue

empty : -> Queue

length : Queue -> Natl
EQNS

forall s: Queue, x,y: PDU

OFSORT PDU
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head (empty + x) = x;
head (s+ x+ y) = head(s+x)

OFSORT Queue

tail (empty + x) = empty;
tail (s+x+y) = tail(s+x) + y

OFSORT Natl

length (empty) = O;
length (s + x) = succ(length (s))

endtype (* Queue *)
behaviour

UnifiedTesterMSCBase[h1,h2,11,12,successMSC,
data_failure,gate_failure,twofold_failure]

| [h1,h2,11,12]|

Flexint[h1,h2,11,12]

where

process Flexint[h1,h2,11,12] : noexit :=

(
( Stationi[hi1,11] |||l Station2[h2,12] )

| [hi,h2]|
( Duplex_chan[h1,h2] )
)

where

(**********************************************)

(* Duplex Channel Specification *)
(ko Kok ok ok o ok oK oK sk oK ok K ok K oK K KK KK KKK KKK KKK ok KKK Kok K )

(x $History$ *)

(* $Log: buffer.lotsrc,v §

# Revision 2.1.1.1 1997/04/24 15:00:06 cs_s447
Variant for test purposes

doesn’t use maxlength constant data type, but
a magic number (5) instead.

Revision 2.1 1997/04/09 13:47:07 cs_s447
buffer generalised to n-place, where

#
#
#
#
#
#
# n is given by constant type ’maxlength’
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it

# Revision 1.1 1997/04/04 14:25:24 cs_s447
# Initial revision

# %)

process Duplex_chan [h1l, h2]: noexit :=
Simplex[h1,h2] ||| Simplex[h2,h1]
where

process Simplex[a,b] : noexit :=
BuffO[a,b] (5)

(* change this constant to any number as required *)
where
process BuffO[get,put] (max: Natl) : noexit :=
(* caters for parametrised sends/receives ... *)

choice x:PDU []
get!send(x); Buff[get,put] (empty + x, 1, max)

endproc (* Buff0 *)

process Buff[get,put] (q: Queue, leng, max:Natl) : noexit :=

(put!receive(head(q)) [leng eq 1]; BuffO[get,put] (max)
)
[
(put!receive(head(q)) [leng gt 1]; Buff[get,put]
(tail(q), length(tail(q)) ,max)
)
[
(choice x:PDU []
get!send(x) [leng 1t max]; Buff[get,put]
((q + x), succ(length(q)), max)

endproc (* Buff *)
endproc (* Simplex *)

endproc (* Duplex_chan *)
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(*********************************************)

(¥ Flexport Station 1 *)
(ko ok ok ok o ok oK oK K K oK ok oK ok K oK K oK K K KoK KoK KK KKK KKK KKK KKK )

(x $History$ *)

(* $Log: stationl.lotsrc,v §

# Revision 1.1 1997/04/23 13:43:14 «cs_s447
# Initial revision

# *)

process Stationl1[h1,11] : noexit :=

endproc (* Stationl *)
(ko ok ok ok o ok oK oK K K oK ok oK ok K oK K oK K K KoK KoK KK KKK KKK KKK KKK )

(* Flexport Station 2 *)
(ko ok ok ok o ok oK oK K K oK ok oK ok K oK K oK K K KoK KoK KK KKK KKK KKK KKK )

(x $History$ *)

(* $Log: station2.lotsrc,v §

# Revision 1.1 1997/04/07 16:12:53 cs_s447
Initial revision

Initial revision

#
#
# Revision 1.1 1997/04/04 14:28:35 «cs_s447
#
# *)

process Station2[h2,12] : noexit :=

endproc (* Station 2 *)
endproc (* flexint *)

(shesk sk o s koo o s o ok ok sk ok sk o o o ok ok stk o o ok skokok s ok skok sk ok ok skokok ok ok )
(x LOTOS sources for MSCTestBase and the *)
(* manaully derived Unified Tester *)

(shesk sk o s koo o s o ok ok sk ok sk o o o ok ok stk o o ok skokok s ok skok sk ok ok skokok ok ok )
process TestMSC[h1,h2,11,12,success] : noexit :=

h1'send(ENQ);

h2'receive(ENQ);



h2!'send(DLE); hil!receive(DLE);
hi'send(X_0ON); h2'receive(X_0ON);
h2!send(X_0N); hi'receive(X_0ON);
11'send(LC_Packet); hi!send(LC_P);
h2'receive(LC_P); 12!'receive(LC_Packet);
h2!send (ACK) ;

(i; hil'receive(ACK);
12'send(LC_Packet); h2'send(LC_P);
hilreceive(LC_P); 1l1'receive(LC_Packet);
hi'send(ACK); h2!receive(ACK);
success; stop

[]

i; 12'send(LC_Packet);

(

i; hi'receive(ACK); h2!'send(LC_P);
hil'receive(LC_P); 1lil'receive(LC_Packet);
hi'send(ACK); h2!receive(ACK);
success;stop
[]

i; h2! send (LC_P); hil! receive(ACK);
hil'receive(LC_P); 1lil'receive(LC_Packet);
hi'send(ACK); h2!receive(ACK);
success;stop

)

endproc (* TestMSC *)

process UnifiedTesterMSCbase[h1,h2,11,12,success,

256
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fail_data,fail_gate,fail_both] : noexit :=

TestEvent[h1,h2,11,12,fail_data,fail_gate,fail_both] (send(ENQ))
>>
TestEvent[h2,h1,11,12,fail_data,fail_gate,fail_both] (receive(ENQ))
>>
TestEvent[h2,h1,11,12,fail_data,fail_gate,fail_both] (send(DLE))
>>
TestEvent[h1,h2,11,12,fail_data,fail_gate,fail_both] (receive(DLE))
>>
TestEvent[h1,h2,11,12,fail_data,fail_gate,fail_both] (send(X_0ON))
>>
TestEvent[h2,h1,11,12,fail_data,fail_gate,fail_both] (receive(X_0ON))
>>
TestEvent[h2,h1,11,12,fail_data,fail_gate,fail_both] (send(X_0ON))
>>
TestEvent[h1,h2,11,12,fail_data,fail_gate,fail_both] (receive(X_0ON))
>>
TestEvent[11,h2,h1,12,fail_data,fail_gate,fail_both] (send(LC_Packet))
>>
TestEvent[h1,h2,11,12,fail_data,fail_gate,fail_both] (send(LC_P))
>>
TestEvent[h2,h1,11,12,fail_data,fail_gate,fail_both] (receive(LC_P))
>>
TestEvent[12,h1,h2,11,fail_data,fail_gate,fail_both]
(receive(LC_Packet))
>>
TestEvent[h2,h1,11,12,fail_data,fail_gate,fail_both] (send(ACK))
>>
i;(
TestEventinChoice[h1,h2,11,11,fail_data,fail_gate,fail_both]
(receive(ACK) ,Insert(send(LC_Packet), Insert_1(receive(ACK),{})))
>>
TestEvent[12,h1,h2,11,fail_data,fail_gate,fail_both](send(LC_Packet))
>>
TestEvent[h2,h1,11,12,fail_data,fail_gate,fail_both](send(LC_P))
>>
TestEvent[h1,h2,11,12,fail_data,fail_gate,fail_both](receive(LC_P))
>>
TestEvent[11,h1,h2,12,fail_data,fail_gate,fail_both]
(receive(LC_Packet))
>>
TestEvent[h1,h2,11,12,fail_data,fail_gate,fail_both](send(ACK))
>>
TestEvent[h2,h1,11,12,fail_data,fail_gate,fail_both](receive(ACK))
>>
success; stop

(]



(* extra choice - actually redundant
TestEventinChoice[h1,h2,11,11,fail_data,fail_gate,fail_both]
(receive(X_0N),Insert(send(LC_Packet), Insert_1(receive(X_0ON),{})))

>>

TestEvent[12,h1,h2,11,fail_data,fail_gate,fail_both](send(LC_Packet))

>>

TestEvent[h2,h1,11,12,fail_data,fail_gate,fail_both](send(LC_P))

>>

TestEvent[h1,h2,11,12,fail_data,fail_gate,fail_both](receive(LC_P))

>>

TestEvent[11,h1,h2,12,fail_data,fail_gate,fail_both]
(receive(LC_Packet))

>>

TestEvent[h1,h2,11,12,fail_data,fail_gate,fail_both](send(ACK))

>>

TestEvent[h2,h1,11,12,fail_data,fail_gate,fail_both](receive(ACK))

>>

success; stop

(]
*)

TestEventinChoice[12,h2,h2,11,fail_data,fail_gate,fail_both]
(send(LC_Packet) ,Insert(receive(ACK), Insert_1(send(LC_Packet),{})))
>>
i; ( TestEventinChoice[h1,h2,11,12,fail_data,fail_gate,fail_both]
(receive(ACK) ,Insert(send(LC_P), Insert_1(receive(ACK),{})))
>>
TestEvent[h2,h1,11,12,fail_data,fail_gate,fail_both] (send(LC_P))
>>
TestEvent[h1,h2,11,12,fail_data,fail_gate,fail_both] (receive(LC_P))
>>
TestEvent[11,h1,h2,12,fail_data,fail_gate,fail_both]
(receive(LC_Packet))
>>
TestEvent[h1,h2,11,12,fail_data,fail_gate,fail_both] (send(ACK))
>>
TestEvent[h2,h1,11,12,fail_data,fail_gate,fail_both] (receive(ACK))
>>
success;stop

(]
TestEventinChoice[h1,h2,11,12,fail_data,fail_gate,fail_both]
(send(LC_P) ,Insert(receive(ACK), Insert_1(send(LC_P),{})))
>>
TestEvent[h1,h1,11,12,fail_data,fail_gate,fail_both] (receive(ACK))
>>
TestEvent[h1,h2,11,12,fail_data,fail_gate,fail_both] (receive(LC_P))

258
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>>
TestEvent[11,h1,h2,12,fail_data,fail_gate,fail_both]
(receive(LC_Packet))

>>
TestEvent[h1,h2,11,12,fail_data,fail_gate,fail_both] (send(ACK))
>>
TestEvent[h2,h1,11,12,fail_data,fail_gate,fail_both] (receive(ACK))
>>
success;stop
)

)

endproc (* UnifiedTesterMSCbase *)

process TestEvent [g,f1,f2,f3, fail_data, fail_gate, fail_both]
(z: data) : exit :=

(¥ If the int spec offers more than one choice, then this *)
(* process testevent will reject at least once choice *)

choice zz: Data []
[zz eq z] -> (* Correct Data *)

(
g'z; exit (* valid input *)
(1
f1lzz; fail_gate; stop
(1
f2!zz; fail_gate; stop
(1
£3!zz; fail_gate; stop
)
(1
[zz ne z ] -> (* Incorrect Data *)
(
g'zz; fail_data; stop (* but Correct Gate *)
(1
f1'zz; fail_both; stop
(1
f2'zz; fail_both; stop
(1
£3'zz; fail_both; stop
)

endproc (* TestEvent *)

process TestEventinChoice [g,f1,f2,f3, fail_data, fail_gate,fail_both]
(e:Data, z: Pset) : exit :=

(* this process copes with choices *)
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choice zz: Data []
[zz eq e] -> (* Correct Data *)

(
gle; exit (* valid input *)
(1
f1lzz; fail_gate; stop
(1
f2!zz; fail_gate; stop
(1
£3!zz; fail_gate; stop
)
(1
[zz NotIn z ] -> (* Incorrect Data *)
(
g'zz; fail_data; stop (* but Correct Gate *)
(1
f1'zz; fail_both; stop
(1
f2'zz; fail_both; stop
(1
£3'zz; fail_both; stop
)

endproc (* TestEventinChoice *)

endspec (* FlexportTestMSC *)
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D.3 Outputs

The following is a path produced in the expansion of Flexport intensional specifi-
cation under SMILE2.4. This path leads to a stop immediately after the last action shown
below.

VERSIONS

flexint_t.lot #Revision 2.1
flexdata.lotdat # Revision 2.1
buffer.lotsrc # Revision 2.1
stationl.lotsrc,v # Revision 2.1
station2.lotsrc,v # Revision 1.4

PATH

baud !9600

h1l !send(ENQ)
send(x_4) = send(ENQ)
h2 !'receive(x_4)
receive(y1_5) = receive(x_4)
h2 !'send(DLE)
send(x_8) = send(DLE);
(y1_5 eq ENQ)
tick

baud !9600

hi 'send(ENQ)
send(x_32) = send(ENQ)
h2 !'receive(x_32)
receive(y2_14) = receive(x_32)
hil !'receive(tx_25)
receive(x_8) = receive(tx_25)
h2 !'send(X_0ON)
send(x_78) = send(X_ON)
hi !'send(X_ON)
send(x_103) = send(X_0ON);
(tx_25 eq DLE)
hil !'receive(x2_22)
receive(x_78) = receive(x2_22)
h2 !receive(y1_80)
receive(x_103) = receive(y1_80);
(y2_14 ne X_0N)
11 !send(LC_packet)
(x2_22 eq X_0N)
hi !'send(LC_P)
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send(x_254) = send(LC_P)

h2 !'receive(y1_265)
receive(x_254) = receive(y1_265);
(y1_80 ne ENQ)
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E

Summary of Versions for Flexport
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F

Flexport Definition : Ambiguities or other

suspected errors

We list below some of the suspected errors in the Universal Flexport protocol. For
each error, we specify the relevant page(s) in the document, the aspect concerned, the kind

of error, followed by a description of the problem and suggested solution (if any).
1. Page 1.3, Baud Rate Hunting:
Error Type: misprint?

”If no recognizable DLE is received, then station 1 drops to the next baud
rate and tries sending DLFE 3 times again.”

Suggestion: The DLFE should be replaced by ENQ since the Link Connect Protocol
and Link Establishment MSC do not mention station 1 transmitting DLE).
2. Page 1.5, Packet Definition
Error type: inconsistency (misprint?)
The diagram of a packet indicates the checksum at Byte ’length + 3’.
Suggestion: This should be length 4+ 2, to be consistent with the definition of length
as the number of DATA bytes in the packet.
3. Page 1-4, Error Recovery
Error type: incomplete information ?

Is the error recovery a continuous automatic repeat request (ARQ)? A ’sliding window’
is mentioned — which ”can have at most 1 packet outstanding”. Is this related to
window size? (The sequence number is actually 8 bit, which would imply a window

size up to 255 ...)
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Some other miscellaneous queries arise (not necessarily errors): What about timeout
between packet transmission? What if a packet is lost? What if an ’ACK’ is damaged?
. page 1.4, ’Link alive period’

Error Type: ambiguity

On this page, in the Link Alive’ section, the ’Link alive period’ is defined as equal to
(link time-out - 1)

("for values greater than 17) ....
There are two possible interpretations of ”for values greater than 17:

FEither:

(a) This refers to the link time-out. Then, referring to the definition of the Link

Configuration Frame, the "Link Alive’ is undefined for
Link Time-out = 0 (No time-out)
*Link Time-out = 1 (Time-out time of 1 second)
Or:

(b) This refers to the link alive period then, referring to the definition of the Link
Configuration Frame, the ’Link Alive’ is additionally undefined for

*Link Time-out = 2 (Time-out time of 2 seconds)

In both cases, it may be the case that a link alive signal is not sent when there

is a timeout of 1 second is defined in the link configuration frame.
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Risk Management Example
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Consider one fault in the FTA, viz: 'Data Corruption due to Upper Level Link

Interface’.

The Flexport document specifies that data to and from this level is sent in

packets. This data may become corrupted, so an error recovery procedure is used as a

method of control.

Baseline 4

Level Link

Branch: 1.1
Hazard No. | Baseline | Hazard & Risk | Req’mt [Method | Req. | Verification & RFU
Entered | Cause of Control] Ref. | Validation
HA-4-1-001 | O Data corruption Error Recovery 1. <descriptn>.
due to Upper 11 Procedure 2. <formulae>

3. <proof>

where <descriptn> quotes the Flexport document:

Table G.1: Example RM Log for Flexport

1. “If a packet is received and the checksum test is passed, the receiving station sends an

ACK followed by the sequence number of the packet. If a packet is received and the

checksum test is failed, the receiving station sends a NAK followed by the sequence

number of the packet.”

2. “If the sending station still has a copy of the packet, it will re-send the requested

packet up to one at a time. If the packet is no longer available, the sender sends a

N AK followed by the sequence number.”

and where <formulae> consists of corresponding formalisations:

1. <modal formulae ¢y 1,... >
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2. < modal formulae ¢ 1,... >

and where <proofs> may read:

“ a) Flexport textual specification flexint.lotos transformed by CASAR into
a labelled transition system representation flexint.aut in ALDEBARAN format. This
transformation preserves strong equivalence (LEMMA ...) and therefore temporal properties
(LEMMA ..).

b) flexint.aut loaded as an automaton into AUTO and saved as flexint.cw
in Concurrency Workbench format. Top level process label flexintensional identified as
agent X also preserving strong equivalence (LEMMA ...) and therefore temporal properties
(LEMMA ... as above).

¢) flexint.cw loaded into Concurrency Workbench, whose modal logic verifier

shows that formulae ¢y 1, ... hold for agent Xg ”
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H

Questionnaire
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