<< 0O 0 0 Formal Verification Memo

Alternating Bit Protocol (ABP)
ABP OO

0000000000 (Alternating Bit Protocol; ABP) 000000000000 DOODOODOOOOO
ooboboooooooooboooobooobooooooooooOooD

000 (sender) 000000000 DO0OOOOOD 1-bit00000000000DO0O0ODOOOOOO
goboboooooboooooooooooooboOobooboooooooooobooOoooOooOooboOoOoooboooOoo
goboboboooboooooooooooooboooboooooooooooooooOooobooOoooonog
cooboboooooooooooooOobooOobOoOoboOooOoOobooOoOoOoOobOOoOoOobOboOoobOoOoboobooOoOoo
ooobooooooooooboOoooboboooooooooooooboOooDboOoOoooooOoo

000 (receiver) 000D 0ODO0ODOOO0DODOUOODOOOOODLDOOOODOODOUODOODOODOO
oooooooobooooboboboobooobooooboboooobooobooooDbDOobOoooOoDobDOon
cobooocoboooboobobobobooobOobooOooOoboooOooOOobOobOOoOoboOobOooOoOoOoooon
goboboooooboooooooooooooboOobooboooooooooobooOooobooOooboOoOooobooOon
goboboboooboooboooooooooooooood

ABPUOOOUOOOUOOOUDOOODDOOUODOOODOOOOOOOOOOUOOUOOOUOOUOOUOOO
ooboobooooboooomooooooooooooobooooooooooobooooooDoOoDo
cooobobooobooooOooOooOoooOobocOoOoOOoOoOoOoOoOoOoOoOoOoOoOOOOOOOOODbOOnOn

0000000000000000000000000UABPOOO0ODOOOUOOOOOOOOOOO
ACKOOODOOOOODOOUOOoOOoOooOoooO ACKOoooooooooooooooooooooo

Spin 000000

Promela DOO0D0OOO0O (abp_promela)
#define MAX 5
#define ERRMAX 2 /* Error JOOOO non-progress DO0OO0O0OO =/

mtype = {msg, ack, nack, corrupt};

proctype sender(chan in, out)
{
int nerr;

byte dat, cbit_s, r;

nerr = 0;
dat = MAX - 1;
cbit_s = 0;



do
:: dat = (dat + 1) ¥ MAX; /* entity of Next message */
again:
if
:: out!msg(dat, cbit_s);

(nerr <= ERRMAX) -> nerr = nerr + 1; out!corrupt(0, 0);
(nerr <= ERRMAX) -> nerr = nerr + 1; /* lost */
fi;
if
: timeout -> goto again
in?corrupt (0, 0) -> goto again
in?nack(r, 0) -> goto again

in?ack(r, 0) ->

if
(r == cbit_s) -> goto progress
(r !'= cbit_s) -> goto again
fi
fi;
progress:

cbit_s = 1 - cbit_s; /* alternate bit */
od

proctype receiver(chan in, out)

{
int nerr;
byte d, c; /* received data entity and control bit */
byte d_expect;

byte c_expect;

nerr = 0;
d_expect = 0;
c_expect = 0;
do
in?msg(d, c) ->
if
(c == c_expect) ->

assert(d == d_expect);



progress:

c_expect = 1 - c_expect;
d_expect = (d_expect + 1) % MAX;
if

: outlack(c, 0);

(nerr <= ERRMAX) -> nerr = nerr + 1; out!corrupt(0, 0);

(nerr <= ERRMAX) -> nerr = nerr + 1; /* lost */
fi
(c '= c_expect) ->
if
: out!nack(c, 0); /* why nack!? */
(nerr <= ERRMAX) -> nerr = nerr + 1; out!corrupt(0, 0);
(nerr <= ERRMAX) -> nerr = nerr + 1; /* lost */
fi
fi
:: in?corrupt (0, 0) ->
if
: out!nack(c, 0);
(nerr <= ERRMAX) -> nerr = nerr + 1; out!corrupt(0, 0);
(nerr <= ERRMAX) -> nerr = nerr + 1; /* lost */
fi
od

init {

chan msg_ch = [1] of {mtype, byte, bytel};

chan ack_ch = [1] of {mtype, byte, bytel};

atomic {
run sender (ack_ch, msg_ch);

run receiver(msg_ch, ack_ch);
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% spin -a abp_promela

% gcc -DNP -o pan pan.c
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% ./pan
warning: never claim + accept labels requires -a flag to fully verify

hint: this search is more efficient if pan.c is compiled -DSAFETY

(Spin Version 5.1.4 -- 27 January 2008)

+ Partial Order Reduction

Full statespace search for:

never claim +
assertion violations + (if within scope of claim)
non-progress cycles - (not selected)

invalid end states (disabled by never claim)
State-vector 72 byte, depth reached 828, errors: 0O
5717 states, stored
5590 states, matched
11307 transitions (= stored+matched)
2 atomic steps

hash conflicts: 13 (resolved)

5.044 memory usage (Mbyte)
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% ./pan -1

pan: non-progress cycle (at depth 25)

pan: wrote abp_promela.trail

(Spin Version 5.1.4 -- 27 January 2008)

Warning: Search not completed

+ Partial Order Reduction

Full statespace search for:

never claim +
assertion violations + (if within scope of claim)
non-progress cycles + (fairness disabled)

invalid end states

(disabled by never claim)

State-vector 72 byte, depth reached 51, errors: 1

108 states, stored (199 visited)

116 states, matched

315 transitions (= visited+matched)

2 atomic steps

hash conflicts:

4.653

0 (resolved)

memory usage (Mbyte)
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% spin -t -r -s abp_promela

spin: couldn’t find claim (ignored)

1
2
2
1

(sender) line 20 "abp_promela" Send msg,0,0 -> queue 1
(receiver) line 51 "abp_promela" Recv msg,0,0 <- queue 1
(receiver) line 60 "abp_promela" Send corrupt,0,0 ->

(sender) line 26 "abp_promela" Recv corrupt,0,0 <-

<<<KL<START OF CYCLE>>>>>

11: proc
13: proc
23: proc
25: proc
27: proc
29: proc
33: proc
35: proc

1
2
2
1

(sender) line 20 "abp_promela" Send msg,0,0 -> queue
(receiver) line 51 "abp_promela" Recv msg,0,0 <- queue

(receiver) line 65 "abp_promela" Send nack,0,0 -> queue

N N -

(sender) line 27 "abp_promela" Recv nack,0,0 <- queue

spin: trail ends after 35 steps

#processes: 3

35: proc
35: proc
35: proc

2
1
0

(receiver) line 50 "abp_promela" (state 37)
(sender) line 19 "abp_promela" (state 11)
(:init:) line 87 "abp_promela" (state 4) <valid end state>

(out)
(in)
queue 2 (out)

queue 2 (in)

(out)
(in)
(out)
(in)



3 processes created
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:: out!nack(c, 0); /* why nack!? */
oooooooooog
:: outlack(c, 0);
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proctype r(chan ch)
{

int to_count;

to_count = 0;

do

: timeout -> printf("timeout: %d\n", to_count)
:: ch?0 -> skip

od



proctype s(chan ch)

{
do
:: ch!0
od
}
init
{
chan ch = [1] of {int};
atomic {
run s(ch);
run r(ch);
}
}
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% spin -a toex
% gcc —o pan pan.c

% ./pan

hint: this search is more efficient if pan.c is compiled -DSAFETY

(Spin Version 5.1.4 -- 27 January 2008)

+ Partial Order Reduction

Full statespace search for:

never claim - (none specified)
assertion violations +

acceptance cycles - (not selected)
invalid end states +

State-vector 40 byte, depth reached 6, errors: O
6 states, stored
4 states, matched
10 transitions (= stored+matched)
1 atomic steps

hash conflicts: 0 (resolved)



4.653 memory usage (Mbyte)

unreached in proctype r
line 8, state 3, "printf(’timeout: %d\n’,to_count)"
line 11, state 9, "-end-"
(2 of 9 states)
unreached in proctype s
line 18, state 5, "-end-"
(1 of 5 states)
unreached in proctype :init:

(0 of 4 states)

pan: elapsed time O seconds

OOO0Otimeout 0000000000000 O0O0O0O0OOOOOODOOODOOOOO
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proctype s(chan ch)
{
int skip_ct;

skip_ct = 0;

do
: ch!0; skip_ct = 0;
(skip_ct < 100) -> skip_ct++; skip
od
}
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