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SDL for Design intelligence @ everywhere’

Two inherent problems:

« Bad things can happen behind the scenes
— Deadlocks
— Signal send to adead / invalid / unreachable process

— Itis hard to prove correctness!

 Syntactically/semantically correct models can be confusing
— Subrange constants are ignored in data type definition
— Unused signals, data types, variables, procedures, ...

— Excuse: “If they new the semantics better, it would not be
confusing”

— Obvious things should have obvious semantics
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General Recommendations intelligence @ everywhere

e Nondeterminism and Fairness
— SDL has several nondeterministic features
— A good design should be deterministic
— Nondeterminism does not imply fairness

e Abstraction

— Everything should be made as simple as possible,
but no simpler! - Albert Einstein

— Model must capture concepts, not irrelevant details
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Examples Models intelligence @ everywhere’

 First, a bad example

SAMO04 bad_example
switch
router
handler

« Then, a good example for comparison

SAMO04_good_example
switcher

router
set_next_handler
handler
build_payload
near

 Read the paper for details (please?)
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)

system SAM04_bad_example

signal packet(call_info);

signal new_packet(call_info);

signal control(Natural);

signal updates(update_type);
signal status(STATUS);

signal command(cmd_type, Buffer);
signal config;

endnewtype;

syntype destination_select = Destinations
endsyntype;

syntype update_type = Integer
endsyntype;

newtype STATUS

endnewtype;

syntype update_interval = Natural
endsyntype;

syntype cmd_type = Charstring endsyntype;
syntype Buffer = Charstring endsyntype;
syntype Destinations = Integer
endsyntype;

syntype payload_t = Charstring

endsyntype;

. (1)
newtype call_info struct

header Integer;

path Natural;

dest destination_select;
toggle Boolean;
payload payload_t;
level Real;

constants 0 : 255

constants 0, 2, 4, 8

literals standby, current, update

constants -10 : 10

constants 1 : 100

constants size(10)

signallist inbound_signals = packet, control,
command, config;
signallist outbound_signals = updates, new_packet;

traffic

[(inbound_signals) :|

switch

outboundl

[(outbound_signals)

outbound?2

[(outbound_signals)
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traffic

block switch

inbound

[(inbound_signals)

‘ router
1]

internal

I:packet :|

odd

handler(0)

even

I:(outbound_signals)

I:(outbound_signals)

1(1)

outbound1

outbound?2
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process router 1(2)
synonym 911 cmd_type = 'EMERGENCY"; procedure log;
synonym REMOVE_CMD cmd_type = 'REMOVE}, fpar in stat Integer;
synonym max_proc processes = 5; external;

syntype processes = Integer timer TIM; dcli, d, pow Integer;
constants 1:5 dcl j processes;
endsyntype; dcl ci, ci_tmp call_info;

dcl ct cmd_type;
dcl ts Boolean := false;
dcl b Buffer; /* 16-bit unsigned int, LSB first */

=1
d=1
|2

(false)

5et(100, TIM) Handler

3—

'‘dong with initializatig

j=j+l
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process router 2(2)

[ |
TIM < packet(ci) <

| |

log(1) ci_tmp :=ci

(REMOVE_CMD)

set(mow+7.325, TIM d := num(b(0)) ts:=notts

| \

o0 =] (o)

ci_tmp!dest :=d pow := 2
I_l k
(false
ci_fmpltoggle :=ts

(true)

packet(ci_tmp)xvia interpal | d:=d + num(b(i)) * pow

|

dow := pow * 2

|
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process handler

dcl ci call_info; B‘

©)

cilp

ayload :='even

(true) (false)
i'payload := ci'payload|// 'T' c
cilpaylogd := cilpayload

N

1(1)
packet(ci)
(1)
ci'payload :="'odd]
(true) (false)
i'payload :=ci!payload |/ 'T "
II'F' cilpaylodd := cilpayload|/ 'F"'
N
else
Via even llevel = 3.0
(true) cillejel := cillevel * b

new_packet(ch VIA odd
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Time literal

informal text as com
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process router number as identifier 1(2)
synonym 911 cmd_type = 'EMERGENCY, N Charstring instead of enum
synonym REMOVE_CMD cmd_type = 'REMOVE";

[Synonym Max_proc processes = o,

syntype processes = Integer
constants 1: 5
endsyntype;

timer TIM; |f

dcl i, d, pow Integer;

dcl j processes;

dcl ci, ci_tmp call_info;

dcl ct cmd_type;

dcl ts Boolean ;= false;

dcl b Buffer; /* 16-bit unsigned int, LSB first */

J

\

can be decluftered

ment

‘don

<= max_proc

/\\ (true)

loop control is wrong

Handler case insensitivity

j=j+l

—
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Duration precision

possibly incor

ambigud

process router

C reserved word

procedure log;
fpar in stat Integer;
external;

]

et (2

TIM

packet(ci) <
’

co

ddta struct

Dy of large

2(2)

marshi

command(cK b)

(911)

invalid S

(REMOVE_CMD)

= num(b(0))

e

npatible ranges

us signal send

ci_tmpldest :=d pow := 2
k
(fals
mpltoggle := ts i<=15
! / (true)
packet(ci_tmp)Xia interrjal nl:: d + num(b(i)) * pow
" 4 |

[

—

pow := pow * 2

I

can be decluttered

aling
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process handler 1(1)

dcl ci call_info; B‘ “

packet(ci)

can be decluttered

cilpath
() (1)

cilppyload :='even'

Charstring size (true) (true)

(false)

constraint violation
di'payloaf := cilpayload /|'T' cilpayload :=cilpayload // [T

\ cilpayload := cilpayload /|'F' cilpayloagl := cilpayload //|'F '

)

else

llevel = 3.0

case ln@#ﬁfﬂ%gﬁty (true) cilleyel := ci!:evel *5
else
(0)

new_packet(ci)VIA odd

| GOl

send to a dead process
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blocbl switch C keyword 1(1)

inbound

traffic router
I:(inbound_signals) :l

no max number of

_ process instances
internal

|: ‘ I:(outbound_signals) :|
packet :l

[handler(O) ]

outboundl1

odd

even

outbound2
[(outbound_signals) :I
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9

system SAMO04_bad_example ‘&)

newtype call_info struct

uc uc dllio I_.
toggle Boolean;
payload payload_t;

underconstraing¢d soyt

lect;

level Real;
endnewtype;
atural);
signal updates(update_type); syntype destination_select = Destinations
i STATUS): constants 0 : 255

endsyntype;

signal not used in
this version

signal config;

syntype update_type = Integer
constants 0, 2, 4, 8

d ; ;
Sl nonsensical /
newtype STATUS .
literal dby, , upd
| zcloc e o e e confusing data type
unused—‘glg nd[:g Cln([ syntype update_interval = Natural d‘e_][lnltlons
constants -10 : 10
d-ata types endsyntype;
syntype cmd_type = Charstring endsyntype; marsﬁaﬁng
syntype Buffer = Charstring endsyntype;
t Destinati = Int
Vonsants 1100 unbounded /
endsyntype; .
e e — incorrectly bounded
constants size(10)
endsyntype: aggregate data types

signallist inbound_signals = packet, control,
command, config;
signallist outbound_signals = updates, new_packet;

outboundl
raffi witch [(outbound_signals) ]
raitic
outbound? N
[(inbound_signals) :| | [ .
(outbound_signals) ]

C keyword
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]

signal packet(call_info);
signal new_packet(call_info);

1(1)

newtype call_info struct
header Integer;
path path_t;
dest destination_select;
toggle Boolean;
payload payload_t;

: level Real;
signal emergency(Integer); J
signal remove; endnewtype;
ignal config;
Signa’ contig, syntype path_t = Natural
constants 0 : 1
endsyntype;
syntype destination_select = Natural
constants 0 : 255
endsyntype;
syntype payload_t = Charstring
constants size(5)
endsyntype;
signallist inbound_signals = packet, emergency, remove, config;
signallist outbound_signals = new_packet;

traffic

AN
7

[(inbound_signals) ]

switcher

outbound1

N

outbound?2

7
[(outbound_signals)

AN

7
[(outbound_signals)
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traffic

block switcher

1(1)

synonym max_proc Natural = 5;

signal dead(processes), okay;

endsyntype;

syntype processes = Natural
constants 1 : max_proc

inbound

[(inbound_signals)

ﬂ router(1,1)

internal

packet,
okay

dead ]

handler

(0, max_proc)

[(outbound_signals)

odd

even

[(outbound_signals)

outbound1l

outbound?2



Frank vvell, Frank

SJveln@maotorola.com

process router

set_next_handler

timer TIM; dcl d destination_select := 1;

dcl j processes := 1;
dcl ci call_info;

dcl ts Boolean := false;
dcl count processes := max_proc;

dcl handlers pids;

procedure heartbeat;
fpar in stat Integer;
external,

dcl next_handler processes :=

1

newtype pids Array(processes, Pid) endnewtype;

handler(j)

config

................... handled in phase 2

hg

ndlers(j) := offspring

j=j+1

(false)

set(now(+ 100000, TIM)

done with initialization

1(2)
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process router

dead(j)

else

handlers(j) := Null,
count :=count -1

set

l

l

|

packet(ci) <

emergency<

remove <

heartbeat(1)

cildest :=d,
ciltoggle :=ts

now+7325, TIM

packet(ci)
to handlers(ngkt_handler)

set_next_handler

ts ;= not ts

2(2)
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procedure set_next_handler

(max_proc)

<

<

next_handler:=1

else

next_handler :=

next_handler + 1
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process handler

build_payloa

j=a

near

processes;

dcl ci call_info; B

L)

packet(ci)

okay < . <

(@]

Ipayload := call build_payload(ci!path, ci'toggle)

new_packet(ci

(false)

(true)  cillevVel := cillevel * 5

new_packet(ci
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procedure build_payload

1(2)

; fpar in path path_t, in toggle Boolean; syntype position = Integer

returns payload_t;

constants 4 : 5

endsyntype;

dcl insert position;
dcl payload payload_t;

©) @ @

payload :="'even’, payload :='odd ',
insert :==5 insert ;=4
I R |
(true) (false)

payload(insert) := T

payload(insert) := 'F'

payload
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procedure near
s
i returns Boolean;

................................................................

synonym epsilon Real = 0.0001;

)

)

fix((a - b) / epsilon) =0

1(1)
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