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Programming Paradigm
Introduced in 2010 by David Harel, Assaf Marron and Gera Weiss

Rooted in Scenario-Based Programming (Damm, Harel, Marelly)

Large body of scientific work around this: algorithms, visualizations,
event selection, interoperation.

Implementations in Java, C++, Erlang, StateCharts
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Hello, world!

bp.registerBThread("bt-1", function(){

bp.sync({request:bp.Event("hello")});
r)

bp.registerBThread("bt-2", function(){

bp.sync({request:bp.Event("world")});
r)

Using BPjs, https://github.com/bThink-BGU/BP|s
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Hello World Takeaways

e Additivity / Composability
e Modularity

e Asynchronous-first approach



House Model
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House Model

Simulate a robot moving inside a house

var house
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Parsing into B-Threads: Idea

Parsing: [ " # 0t ",

i1 11
lterate over characters in the HH RH HHAH /

house description string array. L "

1] 1
(Generate b-threads for each cell HHEH HHHH /
based on the character. 1 SH# I ] ; |




Parsing into B-Threads - Code

function parseMaze(mazelLines) {
for ( var row=0; row<mazelLines.length; row++ ) A
for ( var col=0; col<mazelines[row].length; col++ ) {
var currentPixel = mazelines[row].substring(col,col+1);

1f ( currentPixel===" "
currentPixel==="t"
currentPixel==="s" ) {
addSpaceCell(col, row);
if ( currentPixel==="t" ) {
addTargetCell(col, row);
} else if ( currentPixel==="s" ) {

addStartCell(col, row);
s
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Parsing into B-Threads - Code

function parseMaze(mazelLines) {

for ( var row=0; row<mazelLines.length; row++ ) A
for ( var col=0; col<mazelines[row].length; col++ ) {

var currentPixel = mazelines[row].substring(col,col+1);
1f ( currentPixel===" "

currentPixel==="t"
currentPixel==="s" ) {
addSpaceCell(col, row);
if ( currentPixel==="t" ) {
addTargetCell(col, row);
} else if ( currentPixel==="s" ) {
addStartCell(col, row);

h

) "Different types of cells have different behaviors"



bp.registerBThread("cell(c:"+col+" r:"+row+")",

Behaviors for a Space Cell

function addSpaceCell( col, row ) {

function() {

while ( true ) {

bp.sync({waitFor:adjacentCellEntries(col, row)});
bp.sync({

P

request: enterEvent(col, row),

waltFor:

anyeEntrance
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Behaviors for a Target Cell

function addSpaceCell( col, row ) {...}

+
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5 [ " # ot "
bp.sync({ ) )
request: TARGET_FOUND,
block: bp.allExcept( TARGET_FOUND ) ¢¢¢¢ ¢¢#¢ ¢¢¢¢¢¢
r) 1 I
F)i
}
HHEH HAHHE
11 S# 1




Behaviors for a Target Cell

function addSpaceCell( col, row ) {...}

+

function addTargetCell(col, row) {
bp.registerBThread("Target(c:"+col+" r:"+row+")", function(){
bp.sync ({
waitFor: enterEvent(col, row)

5 [ " # ot "
bp.sync({ ) )
request: TARGET_FOUND,
block: bp.allExcept( TARGET_FOUND ) ¢¢¢¢ ¢¢#¢ ¢¢¢¢¢¢
r) 1 I
F)i
}
HHEH HAHHE
11 S# 1




Behaviors for a Target Cell

function addSpaceCell( col, row ) {...}

+

function addTargetCell(col, row) {
bp.registerBThread("Target(c:"+col+" r:"+row+")", function(){
bp.sync ({
waitFor: enterEvent(col, row)

. L A
bp.sync({ ) )
request: TARGET_FOUND,
block: bp.allExcept( TARGET_FOUND ) ¢¢¢¢ ¢¢#¢ ¢¢¢¢¢¢
r) 1 I
r);
}
HHEH HAHHE
11 S# 1




Behaviors for a Target Cell

function addSpaceCell( col, row ) {...}

+

function addTargetCell(col, row) {
bp.registerBThread("Target(c:"+col+" r:"+row+")", function(){
bp.sync ({
waitFor: enterEvent(col, row)

- [ " # T "
bp.sync({ | ) )
request: TARGET_FOUND,
block: bp.allExcept( TARGET_FOUND ) ¢¢¢¢ ¢¢¢¢ ¢¢¢¢¢¢
b)) ; | I
r) i
}
"HAH HHEHH
1l S# I




Behaviors for a Start Cell

function addSpaceCell( col, row ) {...}

+

function addStartCell(col, row) ¢
bp.registerBThread("starter(c:"+col+" r:"+row+")", function() {
bp.sync ({
request:enterEvent(col, row) [ I # t "
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Behaviors for a Start Cell

function addSpaceCell( col, row ) {...}

+

function addStartCell(col, row) {

bp.registerBThread("starter(c:"+col+" r:"+row+")", function() {

bp.sync ({
request:enterEvent(col, row)
)
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Runtime Stack

BP Code

BPjs BProgramRunner

Event Queue

Host Java Application

JVM
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"After the first three
pages, clean the ink
jets”



& bp.registerBThread("cleaner", function(){
| bp.sync({waitFor:PrintPage});
bp.sync({waitFor:PrintPage});

"After the first three bp.sync({waitFor:PrintPage});
pages, clean the ink bp.sync ({
jets” request: CleanInklJets,

block: PrintPage
r)
r)



bp.registerBThread("cleaner", function(){
while ( true ) {
bp.sync({waitFor:PrintPage});
bp.sync({waitFor:PrintPage});
bp.sync({waitFor:PrintPage});
bp.sync({
request: CleanInkJets,
block: PrintPage

€C

"Every three pages,
clean the ink jets”

)
)
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"Do not use more than
LIMIT resources at a
time"



bp.registerBThread("limitConsumption", function(){
var count = 0;

while (true) {

var evt = bp.sync({waitFor:[AnyUsageStart, AnyUsageEndl]l});
if ( AnyUsageStart.contains(evt) ) {

count++;
& } else if ( AnyUsageEnd.contains(evt) ) {
| count——;
¥
" 1f ( count === LIMIT ) {
Do not use more than bp.log.info("limiting...")
LIMIT resources at a bp.registerBThread("tempBlock", function(){
- 1 bp.sync({
time waltFor:AnyUsageEnd,
block:AnyUsageStart
r);
5
}

P



bp.registerBThread("limitConsumption", function(){
var count = 0;

while (true) {

var evt = bp.sync({waitFor:[AnyUsageStart, AnyUsageEndl]l});
if ( AnyUsageStart.contains(evt) ) {

| count++;
& } else if ( AnyUsageEnd.contains(evt) ) {
’ count—;
¥
" 1f ( count === LIMIT ) {
Do not use more than bp.log.info("limiting...")
LIMIT resources at a bp.registerBThread("tempBlock",| function(){
- 1l bp.sync({
time waltFor:AnyUsageEnd,
block:AnyUsageStart
F);
)
}

P
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"when we run out of a
products p7 and p2,
do not allow new
orders until the stock
IS renewed"



function blockOrdersWhenOutOf( p ) {
return function(){

& while(true) {
' bp.sync({waitFor: OutOfStock(p)});

"when we run out of a bp.sync (1

products p7 and p2, waitFor: RefillDone(p),

do not allow new . block: Order(p)
orders until the stock . r)
is renewed" L.
}

bp.registerBThread(blockOrdersWhenOutOf(pl));
bp.registerBThread(blockOrdersWhenOutOf(p2));



Requirement Alignment

function blockOrdersWhenOutOf( p ) {
return function(){

& while(true) {
' bp.sync({waitFor: OutOfStock(p)});

"when we run out of a bp.sync (1

products p7 and p2, waitFor: RefillDone(p),

do not allow new . block: Order(p)
orders until the stock . 7
is renewed" L.
}

bp.registerBThread(blockOrdersWhenOutOf(pl));
bp.registerBThread(blockOrdersWhenOutOf(p2));
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Verification Detecting "Bad States"

bp.registerBThread("robot-falling", function(){
bp.sync({waitFor:TARGET_FOUNDZ}) ;
bp.ASSERT(false, "Robot fell into trap");

F)i
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Verification Detecting "Bad States"

bp.registerBThread("robot-falling", function(){
bp.sync({waitFor:TARGET_FOUNDZ}) ;
bp.ASSERT(false, "Robot fell into trap");

F)i




Keeping the Robot Safe

. Add the "robot-falling" b-thread to the bp.registerBThread("onlyOnce",

- o oroaran function(){
aze b-progra var visited = [];

while (true) {

. Traverse state graph (currently using DFS, var ?}C/JIE = bp-sl\szt:({
* Wal OY. anycentrance,
A" demonstrated) block: visited
r);
. When hitting failed assertion, output trace visited.push(evt);

¥

F)
Use assumptions where possible (right)
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Verification in BPjs

BProgram bprog = new StringBProgram(mazesSource);
bprog.prependSource(mazels) ;

oprog.appendSource(assumptionsSrc);

oprog.appendSource(requirementSrc) ;

new DfsBProgramVerifier();

DfsBProgramVerifier vfr
vfr.setDetectDeadlocks(false);
vfr.setProgressListener(...);

VerificationResult res = vfr.verify(bprog);



B-Program
(modadel)

Event Selection
Strategy




"Mainstream" System

Listener API

B-Program

(modadel)

External Event Queue

B-Program Runner

Event Selection
Strategy




B-Program Verifier "Mainstream" System

Listener API

B-Program
(model)

External Event Queue

B-Program Runner

Event Selection
Strategy

Requirement b-threads
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So What?



Ihere are two ways of constructing a
software design: One way is to make it so
simple that there are obviously no
deficiencies, and the other way is to make it
so complicated that there are no obvious

deficiencies.
C.A.R Hoare, in

1he Emperor's Old Clothes,
Turing Award lecture, 1980
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Photograph by Rama, Wikimedia Commons, Cc-by-sa-2.0-fr



https://commons.wikimedia.org/wiki/User:Rama
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Why not Both?

B-Program * Or, at least, partially
- ! .bt verified, testable,
omra_eg,l u | and possibly
verimnabnle. | runtime verified
"Mainstream" System Sim o, le
- Input -
Output

Long running processes
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Write the scariest tech presentation title

you can using only 4 words.

I'll start:

Q) 356 171131 Q) 274

Simon Ritter
@speakjava

Replying to @brunoborges

Javascript for autonomous vehicles.
11/10/2018, 21:31

14 Retweets 179 Likes
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12.477892064763957
12.51051187%961013
12.571489621366448
12.64952797423218%
12.746863365553715
12.873700813512393
12.994594685723753
13.116232552414857
13.23792292617276
13.3572062093325
13.443825992312092

= Aviran:;Sadon andié

13.594381760385227

er.challenge:proble

13.58763e657288038
| 38420412006
45172184314
13.214737282697197

RoverControl

Rover Cps X -1.401

RoverCps Y 29.453
Leader Cps X -1.401
29.453
13.333

0.463

Leader Cps Y:
Distance

Deg2Target:

2d tools.
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Space Applications

Control Event Log Save...
Simulation Stop ADCSTelemetry currentADCSMode:PayloadPointing, angularRate...
Pass Start End LocationTel... isOverTarget:true

EPSTelemetry vBatt:76, currentEPSMode:Good
Angulanvelocity | _Setto High SIS ADCSTelemetry currentADCSMode:PayloadPointing, angularRate...
Battery Level Auto 77 LocationTel... isOverTarget:true

EPSTelemetry vBatt:76, currentEPSMode:Good
StatUS ADCSTelemetry currentADCSMode:PayloadPointing, angularRate...

. LocationTel... isOverTarget:true
Simulation Status Running
EPSTelemetry vBatt:77, currentEPSMode:Good
Simulation Time _

Battery Level

ADCSTelemetry currentADCSMode:PayloadPointing, angularRate...

LocationTel... isOverTarget:true

Mode ‘ Good EPSTelemetry vBatt:77, currentEPSMode:Good
ADCSTelemetry currentADCSMode:PayloadPointing, angularRate...
Mode Detumbling I PayloadPointing LocationTel... isOverTarget:true

: EPSTelemetry vBatt:77, currentEPSMode:Good
ADCSTelemetry int]

currentADCSMode: PayloadPointing, angularRate...

LocationTel... isOverTarget:true




BPjs a BP Tool Suite for JS

README.md

Open Source (MIT)

BPjs: A Javascript-based Behavioral Programmi

This repository contains a javascript-based BP library. OVER A ll s
C eneitl
SRt

Embeddable / Commandline

Continuous UT+CC, Documentation

build 'passing | coverage 68% J maven central 0.8.4 [ docs 'develop m

GitHub Repo, Maven Central, Jars

<dependency>
Sample code <groupld>com.github.bthink-bgu</groupld>
<artifactId>BPjs</artifactld>
S Renository
: : : <version>0.9.3</version> o OS\
JS using Mozilla Rhino </dependencys = The Cemra\ RepPO

Other tools out there too!

Read the Docs

Create, host, and browse documentation. LL'& j ava d O C. i O

*mostly
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e Scenario Based Programming
o Live Sequence Charts: Werner Damm, David Harel (1999, 2001)
« David Harel, Rami Marelly, Come, Let's Play: Scenario-Based Programming Using LSCs and the Play-

e Behavioral Programming
o David Harel, Assaf Marron, Gera Weiss (2010, 2012)

o BPjs developed at BGU Software Engineering Group, Gera Weiss (2017)
e Michael Bar-Sinai, Aviran Sadon, Reut Shmuel, Moshe Weinstock
o (ollaborating with David Harel's Group, Assaf Marron

Engine (2003)

e SE/CS Students
e Qther BP Groups:

e Weizmann Institute of Science (David Harel),

e

5/

oniz Universitat

React: https://qit

People and Works

annover (Joel Greenyer)

ub.com/Imatteis/behavioral (Luca Matteis)



https://github.com/lmatteis/behavioral

Resources

b-prog.org: Main BP site, including other BP frameworks
(C++, Java, Erlang, Blockly)

Academic Papers (algorithms, event selections, visualizations, ...)
Behavioral Programming, Live Sequence Charts (LSCS)

github.com/bthink-BGU: BPjs, projects presented in this talk

bpjs.readthedocs.io: BPjs tutorial and reference

groups.google.com/forum/#!forum/bpjs: Google group

scenariotools.org Live Sequence Charts take on this subject, Joel

Greenyer &\2
(
@ 'ScenarioTools.org

»



http://b-prog.org
http://github.com/bthink-BGU:
http://bpjs.readthedocs.io
http://groups.google.com/forum/#!forum/bpjs:
http://scenariotools.org

D"? Please Rate Me! . ‘ .
{ { / Ben-Gurion University
5 IET of the Negev

If you enjoyed the talk
Or give feedback

// Thanks.

bp.sync({
waitFor:questions

1)

Y @michbarsinai

http://b-prog.org
http://github.com/bthink-BGU

Partial funding for this presentation generously
granted by the Frenkel Foundation, BGU
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