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Abstract

This paper extends the Algorithmic Recursive Sequence Analysis (ARS) with Petri
nets as a formal modeling method. While ARS 3.0 represents the hierarchical
structure of interactions through nonterminals, Petri nets enable the modeling
of concurrency, resources, and state transitions. The integration is realized as a
continuous extension at an equivalent level: the interpretively obtained terminal
symbols and the induced nonterminal hierarchy are transformed into place/transition
nets. The application to eight transcripts of sales conversations demonstrates how
parallel activities of customers and sellers, resources (goods, money), and conversation
phases can be modeled as a Petri net. Methodological control is maintained since
the nets build upon interpretive category formation.
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1 Introduction: From Grammar to Process Model

ARS 3.0 has shown how hierarchical grammars can be induced from interpretively
obtained terminal symbol strings. These grammars model the sequential order of
speech acts as probabilistic derivation trees. However, they do not capture all aspects
of natural interaction:

• Concurrency: In sales conversations, activities can happen in parallel (cus-
tomer looking for money, seller packaging goods).

• Resources: Goods, money, and attention are limited resources that influence
the course of conversation.

• State dependencies: The conversation state (e.g., "waiting for payment")
determines which actions are possible.

Petri nets (Petri, 1962; Reisig, 2010) are an established formal model that can capture
precisely these aspects. They consist of:

• Places (circles): represent states or resources

• Transitions (rectangles): represent events or actions

• Arcs: connect places with transitions and vice versa

• Tokens: represent the current marking of places

This paper develops a systematic transformation of the ARS-3.0 grammar into Petri
nets and demonstrates this with the eight transcripts of sales conversations.

2 Theoretical Foundations

2.1 Place/Transition Nets

A place/transition net (P/T net) is a tuple N = (P, T, F, W, M0) with:

• P : set of places

• T : set of transitions, P ∩ T = ∅

• F ⊆ (P × T ) ∪ (T × P ): flow relation (arcs)

• W : F → N+: arc weights

• M0 : P → N0: initial marking

2



The dynamics of a Petri net are determined by the firing of transitions. A transition
t is enabled if for all pre-places p ∈ •t: M(p) ≥ W (p, t). When firing, tokens are
removed from pre-places and added to post-places.

2.2 Colored Petri Nets

Colored Petri nets (Jensen, 1997) extend P/T nets with data types (colors). Each
place has a specific color type, and tokens carry data values. Transitions can have
complex firing rules operating on this data.

For modeling sales conversations, colored Petri nets are particularly suitable as they
can distinguish different token types (customer, seller, goods, money).

2.3 Hierarchical Petri Nets

Hierarchical Petri nets (Fehling, 1993) allow modeling of subnets that can be repre-
sented as abstract transitions or places. This enables direct implementation of the
ARS-3.0 nonterminal hierarchy.

3 Methodology: From ARS 3.0 to Petri Nets

3.1 Transformation of Terminal Symbols

The terminal symbols of ARS 3.0 are modeled as transitions:

Table 1: Mapping of Terminal Symbols to Petri Net Transitions

Terminal Symbol Meaning Petri Net Transition
KBG Customer greeting t_KBG
VBG Seller greeting t_VBG
KBBd Customer need t_KBBd
VBBd Seller inquiry t_VBBd
KBA Customer response t_KBA
VBA Seller reaction t_VBA
KAE Customer inquiry t_KAE
VAE Seller information t_VAE
KAA Customer completion t_KAA
VAA Seller completion t_VAA
KAV Customer farewell t_KAV
VAV Seller farewell t_VAV
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3.2 Transformation of Nonterminals

The nonterminals of ARS 3.0 are modeled as hierarchical subnets. Each nonter-
minal becomes an abstract transition containing a subnet with the corresponding
productions.

Example: The nonterminal ‘NTNEEDCLARIFICATIONKBBdV BBd‘becomesatransition‘tNEEDCLARIFICATION ‘thatinternallyconsistsofthetransitions‘tKBBd‘and‘tV BBd‘.

3.3 Modeling of Resources

In addition to speech act-based transitions, resources are modeled as places:

• pcustomer : tokensrepresentthecustomer(presence, state)

3.4 Modeling of Concurrency

Concurrency is modeled through parallel paths in the Petri net. For example,
customer and seller can be active simultaneously (customer looking for money, seller
packaging goods).

4 Implementation

The implementation is done in Python using the ‘pm4py‘ (Process Mining for Python)
and ‘snakes‘ (Petri net simulator) libraries.

1 """

2 Petri Net Implementation for ARS 4.0

3 Modeling Sales Conversations as Place/ Transition Nets

4 """

5

6 import numpy as np

7 from collections import defaultdict

8 import matplotlib . pyplot as plt

9 import networkx as nx

10

11 class ARSPetriNet :

12 """

13 Petri Net Model for ARS 4.0

14 """

15

16 def __init__ (self , name=" ARS_PetriNet "):
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17 self.name = name

18 self. places = {} # places : name -> Place object

19 self. transitions = {} # transitions : name ->

Transition object

20 self.arcs = [] # arcs: (source , target , weight )

21 self. tokens = {} # tokens : place_name -> count

22 self. hierarchy = {} # hierarchy : transition_name ->

subnet

23

24 # Statistics

25 self. firing_history = []

26 self. reached_markings = set ()

27

28 def add_place (self , name , initial_tokens =0, place_type ="

normal "):

29 """

30 Adds a place

31 place_type : " normal ", " resource ", "phase", " customer

", " seller "

32 """

33 self. places [name] = {

34 ’name ’: name ,

35 ’type ’: place_type ,

36 ’initial_tokens ’: initial_tokens ,

37 ’current_tokens ’: initial_tokens

38 }

39 self. tokens [name] = initial_tokens

40

41 def add_transition (self , name , transition_type ="

speech_act ",

42 guard=None , subnet =None):

43 """

44 Adds a transition

45 transition_type : " speech_act ", " abstract ", " silent "

46 guard: guard condition function ( optional )

47 subnet : subnet for hierarchical transitions

48 """

49 self. transitions [name] = {

50 ’name ’: name ,

51 ’type ’: transition_type ,
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52 ’guard ’: guard ,

53 ’subnet ’: subnet

54 }

55 if subnet :

56 self. hierarchy [name] = subnet

57

58 def add_arc (self , source , target , weight =1):

59 """

60 Adds an arc ( source -> target )

61 source / target can be places or transitions

62 """

63 self.arcs. append ({

64 ’source ’: source ,

65 ’target ’: target ,

66 ’weight ’: weight

67 })

68

69 def get_preset (self , transition ):

70 """ Returns the pre - places of a transition """

71 preset = {}

72 for arc in self.arcs:

73 if arc[’target ’] == transition and arc[’source ’]

in self. places :

74 preset [arc[’source ’]] = arc[’weight ’]

75 return preset

76

77 def get_postset (self , transition ):

78 """ Returns the post - places of a transition """

79 postset = {}

80 for arc in self.arcs:

81 if arc[’source ’] == transition and arc[’target ’]

in self. places :

82 postset [arc[’target ’]] = arc[’weight ’]

83 return postset

84

85 def is_enabled (self , transition ):

86 """ Checks if a transition is enabled """

87 if transition not in self. transitions :

88 return False

89

6



90 # Check pre - places

91 preset = self. get_preset ( transition )

92 for place , weight in preset .items ():

93 if self. tokens .get(place , 0) < weight :

94 return False

95

96 # Check guard condition

97 trans_data = self. transitions [ transition ]

98 if trans_data [’guard ’] and not trans_data [’guard ’](

self):

99 return False

100

101 return True

102

103 def fire(self , transition ):

104 """ Fires a transition """

105 if not self. is_enabled ( transition ):

106 return False

107

108 # Remove tokens from pre - places

109 preset = self. get_preset ( transition )

110 for place , weight in preset .items ():

111 self. tokens [place] -= weight

112

113 # Add tokens to post - places

114 postset = self. get_postset ( transition )

115 for place , weight in postset .items ():

116 self. tokens [place] = self. tokens .get(place , 0) +

weight

117

118 # Log firing

119 self. firing_history . append ({

120 ’transition ’: transition ,

121 ’marking ’: self. get_marking_copy ()

122 })

123

124 # Store reached marking

125 self. reached_markings .add(self. get_marking_tuple ())

126

127 return True
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128

129 def get_marking_copy (self):

130 """ Returns a copy of the current marking """

131 return self. tokens .copy ()

132

133 def get_marking_tuple (self):

134 """ Returns the marking as sorted tuple (for hash set)

"""

135 return tuple( sorted ([(p, self. tokens [p]) for p in

self. places ]))

136

137 def reset(self):

138 """ Resets the net to initial state """

139 for place_name , place_data in self. places .items ():

140 self. tokens [ place_name ] = place_data [’

initial_tokens ’]

141 self. firing_history = []

142

143 def simulate (self , transition_sequence ):

144 """

145 Simulates a sequence of transitions

146 Returns success status and final marking

147 """

148 self.reset ()

149 successful = []

150

151 for t in transition_sequence :

152 if self. is_enabled (t):

153 self.fire(t)

154 successful . append (t)

155 else:

156 break

157

158 return successful , self. get_marking_copy ()

159

160 def visualize (self , filename =" petri_net .png"):

161 """

162 Visualizes the Petri net with networkx and matplotlib

163 """

164 G = nx. DiGraph ()
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165

166 # Add places ( circles )

167 for place in self. places :

168 G. add_node (place , type=’place ’, shape=’circle ’)

169

170 # Add transitions ( rectangles )

171 for trans in self. transitions :

172 G. add_node (trans , type=’transition ’, shape=’box ’)

173

174 # Add arcs

175 for arc in self.arcs:

176 G. add_edge (arc[’source ’], arc[’target ’], weight =

arc[’weight ’])

177

178 # Layout

179 pos = nx. spring_layout (G)

180

181 plt. figure ( figsize =(15 , 10))

182

183 # Draw places

184 place_nodes = [n for n in G.nodes () if G.nodes[n]. get

(’type ’) == ’place ’]

185 nx. draw_networkx_nodes (G, pos , nodelist = place_nodes ,

186 node_color =’lightblue ’,

node_shape =’o’,

187 node_size =1000)

188

189 # Draw transitions

190 trans_nodes = [n for n in G.nodes () if G.nodes[n]. get

(’type ’) == ’transition ’]

191 nx. draw_networkx_nodes (G, pos , nodelist = trans_nodes ,

192 node_color =’lightgreen ’,

node_shape =’s’,

193 node_size =800)

194

195 # Draw edges

196 nx. draw_networkx_edges (G, pos , arrows =True , arrowsize

=20)

197

198 # Draw labels
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199 labels = {}

200 for node in G.nodes ():

201 if node in self. places :

202 labels [node] = f"{node }\n[{ self. tokens .get(

node , 0)}]"

203 else:

204 labels [node] = node

205 nx. draw_networkx_labels (G, pos , labels , font_size =8)

206

207 plt.title(f"Petri Net: {self.name}")

208 plt.axis(’off ’)

209 plt. tight_layout ()

210 plt. savefig (filename , dpi =150)

211 plt.show ()

212

213 return G

214

215 class ARSToPetriNetConverter :

216 """

217 Converts ARS -3.0 grammars to Petri nets

218 """

219

220 def __init__ (self , grammar_rules , terminal_chains ):

221 self. grammar = grammar_rules

222 self. terminals = terminal_chains

223 self. petri_net = ARSPetriNet ("ARS_4 .0

_Sales_Conversations ")

224

225 def build_resource_places (self):

226 """

227 Creates resource places

228 """

229 # Customer and seller as resources

230 self. petri_net . add_place (" p_customer_present ",

initial_tokens =1,

231 place_type =" customer ")

232 self. petri_net . add_place (" p_customer_ready ",

initial_tokens =1,

233 place_type =" customer ")

234 self. petri_net . add_place (" p_customer_paying ",
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initial_tokens =0,

235 place_type =" customer ")

236

237 self. petri_net . add_place (" p_seller_ready ",

initial_tokens =1,

238 place_type =" seller ")

239 self. petri_net . add_place (" p_seller_serving ",

initial_tokens =0,

240 place_type =" seller ")

241

242 # Goods and money

243 self. petri_net . add_place (" p_goods_available ",

initial_tokens =10,

244 place_type =" resource ")

245 self. petri_net . add_place (" p_goods_selected ",

initial_tokens =0,

246 place_type =" resource ")

247 self. petri_net . add_place (" p_goods_packaged ",

initial_tokens =0,

248 place_type =" resource ")

249

250 self. petri_net . add_place (" p_money_customer ",

initial_tokens =20,

251 place_type =" resource ")

252 self. petri_net . add_place (" p_money_register ",

initial_tokens =0,

253 place_type =" resource ")

254

255 # Conversation phases

256 phases = [" Greeting ", " Need_Determination ", "

Consultation ",

257 " Completion ", " Farewell "]

258 for phase in phases :

259 self. petri_net . add_place (f" p_Phase_ {phase}",

initial_tokens =0,

260 place_type ="phase")

261

262 # Initial phase

263 self. petri_net . add_place (" p_Phase_Start ",

initial_tokens =1,
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264 place_type ="phase")

265

266 def build_speech_act_transitions (self):

267 """

268 Creates transitions for all terminal symbols

269 """

270 # Mapping of terminal symbols to Petri net

transitions

271 terminal_to_transition = {

272 ’KBG ’: self. _create_greeting_transition (’KBG ’, ’

customer ’),

273 ’VBG ’: self. _create_greeting_transition (’VBG ’, ’

seller ’),

274 ’KBBd ’: self. _create_need_transition (’KBBd ’, ’

customer ’),

275 ’VBBd ’: self. _create_inquiry_transition (’VBBd ’, ’

seller ’),

276 ’KBA ’: self. _create_response_transition (’KBA ’, ’

customer ’),

277 ’VBA ’: self. _create_reaction_transition (’VBA ’, ’

seller ’),

278 ’KAE ’: self. _create_inquiry_transition (’KAE ’, ’

customer ’),

279 ’VAE ’: self. _create_information_transition (’VAE ’,

’seller ’),

280 ’KAA ’: self. _create_completion_transition (’KAA ’,

’customer ’),

281 ’VAA ’: self. _create_completion_transition (’VAA ’,

’seller ’),

282 ’KAV ’: self. _create_farewell_transition (’KAV ’, ’

customer ’),

283 ’VAV ’: self. _create_farewell_transition (’VAV ’, ’

seller ’)

284 }

285

286 # Add transitions to net

287 for terminal , trans_data in terminal_to_transition .

items ():

288 self. petri_net . add_transition (

289 trans_data [’name ’],
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290 transition_type = trans_data [’type ’],

291 guard= trans_data .get(’guard ’)

292 )

293

294 # Add arcs

295 for arc in trans_data .get(’arcs ’, []):

296 self. petri_net . add_arc (arc[’source ’], arc[’

target ’],

297 arc.get(’weight ’, 1))

298

299 def _create_greeting_transition (self , symbol , speaker ):

300 """ Creates a greeting transition """

301 return {

302 ’name ’: f"t_{ symbol }",

303 ’type ’: ’speech_act ’,

304 ’arcs ’: [

305 {’source ’: f"p_{ speaker } _ready ", ’target ’: f"

t_{ symbol }"},

306 {’source ’: f" p_Phase_Start ", ’target ’: f"t_{

symbol }"},

307 {’target ’: f" p_Phase_Greeting ", ’source ’: f"

t_{ symbol }"},

308 {’target ’: f"p_{ speaker } _ready ", ’source ’: f"

t_{ symbol }"}

309 ]

310 }

311

312 def _create_need_transition (self , symbol , speaker ):

313 """ Creates a need transition """

314 return {

315 ’name ’: f"t_{ symbol }",

316 ’type ’: ’speech_act ’,

317 ’guard ’: lambda net: net. tokens .get(’

p_goods_available ’, 0) > 0,

318 ’arcs ’: [

319 {’source ’: f"p_{ speaker } _ready ", ’target ’: f"

t_{ symbol }"},

320 {’source ’: ’p_goods_available ’, ’target ’: f"

t_{ symbol }"},

321 {’target ’: ’p_goods_selected ’, ’source ’: f"t_
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{ symbol }", ’weight ’: 1},

322 {’target ’: f"p_{ speaker } _ready ", ’source ’: f"

t_{ symbol }"}

323 ]

324 }

325

326 def _create_inquiry_transition (self , symbol , speaker ):

327 """ Creates an inquiry transition """

328 return {

329 ’name ’: f"t_{ symbol }",

330 ’type ’: ’speech_act ’,

331 ’arcs ’: [

332 {’source ’: f"p_{ speaker } _ready ", ’target ’: f"

t_{ symbol }"},

333 {’target ’: f"p_{ speaker } _ready ", ’source ’: f"

t_{ symbol }"}

334 ]

335 }

336

337 def _create_response_transition (self , symbol , speaker ):

338 """ Creates a response transition """

339 return {

340 ’name ’: f"t_{ symbol }",

341 ’type ’: ’speech_act ’,

342 ’arcs ’: [

343 {’source ’: f"p_{ speaker } _ready ", ’target ’: f"

t_{ symbol }"},

344 {’target ’: f"p_{ speaker } _ready ", ’source ’: f"

t_{ symbol }"}

345 ]

346 }

347

348 def _create_reaction_transition (self , symbol , speaker ):

349 """ Creates a reaction transition """

350 return {

351 ’name ’: f"t_{ symbol }",

352 ’type ’: ’speech_act ’,

353 ’arcs ’: [

354 {’source ’: f"p_{ speaker } _ready ", ’target ’: f"

t_{ symbol }"},
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355 {’target ’: f"p_{ speaker } _ready ", ’source ’: f"

t_{ symbol }"}

356 ]

357 }

358

359 def _create_information_transition (self , symbol , speaker )

:

360 """ Creates an information transition """

361 return {

362 ’name ’: f"t_{ symbol }",

363 ’type ’: ’speech_act ’,

364 ’arcs ’: [

365 {’source ’: f"p_{ speaker } _ready ", ’target ’: f"

t_{ symbol }"},

366 {’target ’: f"p_{ speaker } _ready ", ’source ’: f"

t_{ symbol }"}

367 ]

368 }

369

370 def _create_completion_transition (self , symbol , speaker ):

371 """ Creates a completion transition """

372 other = ’seller ’ if speaker == ’customer ’ else ’

customer ’

373 return {

374 ’name ’: f"t_{ symbol }",

375 ’type ’: ’speech_act ’,

376 ’guard ’: lambda net: (net. tokens .get(’

p_goods_selected ’, 0) > 0 and

377 net. tokens .get(’

p_money_customer ’, 0) >

0),

378 ’arcs ’: [

379 {’source ’: f"p_{ speaker } _ready ", ’target ’: f"

t_{ symbol }"},

380 {’source ’: ’p_goods_selected ’, ’target ’: f"t_

{ symbol }", ’weight ’: 1},

381 {’source ’: ’p_money_customer ’, ’target ’: f"t_

{ symbol }", ’weight ’: 1},

382 {’target ’: ’p_goods_packaged ’, ’source ’: f"t_

{ symbol }", ’weight ’: 1},
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383 {’target ’: ’p_money_register ’, ’source ’: f"t_

{ symbol }", ’weight ’: 1},

384 {’target ’: f" p_Phase_Completion ", ’source ’: f

"t_{ symbol }"},

385 {’target ’: f"p_{ speaker } _ready ", ’source ’: f"

t_{ symbol }"},

386 {’target ’: f"p_{other} _ready ", ’source ’: f"t_

{ symbol }"}

387 ]

388 }

389

390 def _create_farewell_transition (self , symbol , speaker ):

391 """ Creates a farewell transition """

392 return {

393 ’name ’: f"t_{ symbol }",

394 ’type ’: ’speech_act ’,

395 ’arcs ’: [

396 {’source ’: f"p_{ speaker } _ready ", ’target ’: f"

t_{ symbol }"},

397 {’target ’: f" p_Phase_Farewell ", ’source ’: f"

t_{ symbol }"},

398 {’target ’: f"p_{ speaker } _ready ", ’source ’: f"

t_{ symbol }"}

399 ]

400 }

401

402 def build_nonterminal_hierarchy (self):

403 """

404 Creates hierarchical transitions for nonterminals

405 """

406 for nt , productions in self. grammar .items ():

407 # Create subnet for this nonterminal

408 subnet = ARSPetriNet (f" subnet_ {nt}")

409

410 # Add productions as transitions in subnet

411 for i, (prod , prob) in enumerate ( productions ):

412 trans_name = f"t_{nt}_prod{i}"

413 subnet . add_transition (trans_name ,

transition_type =" production ")

414
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415 # Connect the symbols of the production

416 prev = None

417 for sym in prod:

418 if sym in self. terminals :

419 # Terminal symbol as transition

420 subnet . add_transition (f"t_{sym}",

transition_type =" speech_act ")

421 if prev:

422 subnet . add_arc (prev , f"t_{sym}")

423 prev = f"t_{sym}"

424 else:

425 # Nonterminal as abstract transition

( recursive )

426 subnet . add_transition (f"t_{sym}",

transition_type =" abstract ")

427 if prev:

428 subnet . add_arc (prev , f"t_{sym}")

429 prev = f"t_{sym}"

430

431 # Add main transition with subnet

432 self. petri_net . add_transition (

433 f"t_{nt}",

434 transition_type =" abstract ",

435 subnet = subnet

436 )

437

438 def convert (self):

439 """

440 Performs the complete conversion

441 """

442 print("\n=== Converting ARS 3.0 to Petri Net ===")

443

444 # 1. Create resource places

445 print(" Creating resource places ...")

446 self. build_resource_places ()

447

448 # 2. Create speech act transitions

449 print(" Creating speech act transitions ...")

450 self. build_speech_act_transitions ()

451
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452 # 3. Create nonterminal hierarchy (if present )

453 if self. grammar :

454 print(" Creating nonterminal hierarchy ...")

455 self. build_nonterminal_hierarchy ()

456

457 print(f"Petri net created : {len(self. petri_net . places

)} places , "

458 f"{len(self. petri_net . transitions )} transitions

, "

459 f"{len(self. petri_net .arcs)} arcs")

460

461 return self. petri_net

462

463 class PetriNetAnalyzer :

464 """

465 Analyzes Petri nets ( reachability , invariants , etc .)

466 """

467

468 def __init__ (self , petri_net ):

469 self.net = petri_net

470

471 def check_reachability (self , target_marking ):

472 """

473 Checks if a target marking is reachable (breadth -

first search )

474 """

475 visited = set ()

476 queue = [( self.net. get_marking_tuple (), [])]

477

478 while queue:

479 marking , path = queue.pop (0)

480

481 if marking in visited :

482 continue

483

484 visited .add( marking )

485

486 # Check if target marking reached

487 marking_dict = dict( marking )

488 target_dict = dict( target_marking )
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489 match = True

490 for place , tokens in target_dict .items ():

491 if marking_dict .get(place , 0) != tokens :

492 match = False

493 break

494 if match:

495 return True , path

496

497 # Try all transitions

498 for trans in self.net. transitions :

499 self.net. tokens = dict( marking )

500 if self.net. is_enabled (trans):

501 self.net.fire(trans)

502 new_marking = self.net. get_marking_tuple

()

503 queue. append (( new_marking , path + [trans

]))

504

505 return False , []

506

507 def simulate_transcript (self , transcript_chain ):

508 """

509 Simulates a transcript in the Petri net

510 """

511 print(f"\n=== Simulating Transcript in Petri Net ==="

)

512

513 self.net.reset ()

514 successful = []

515 failed = []

516

517 for i, symbol in enumerate ( transcript_chain ):

518 trans_name = f"t_{ symbol }"

519

520 if trans_name in self.net. transitions :

521 if self.net. is_enabled ( trans_name ):

522 self.net.fire( trans_name )

523 successful . append ( symbol )

524 print(f" {i+1}: { symbol } fired")

525 else:
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526 failed . append ( symbol )

527 print(f" {i+1}: { symbol } NOT enabled

")

528 # Show enabled transitions

529 enabled = [t for t in self.net.

transitions if self.net. is_enabled (t)]

530 print(f" Enabled : { enabled }")

531 else:

532 print(f" ? {i+1}: { symbol } - no transition

found")

533

534 print(f"\ nResult : {len( successful )}/{ len(

transcript_chain )} successful ")

535 print(f"Final marking : {self.net. get_marking_copy ()}"

)

536

537 return successful , failed

538

539 def analyze_concurrency (self):

540 """

541 Analyzes concurrent transitions

542 """

543 concurrent_pairs = []

544

545 # For all markings in reachability graph

546 for marking_tuple in self.net. reached_markings :

547 self.net. tokens = dict( marking_tuple )

548

549 # Find all enabled transitions

550 enabled = [t for t in self.net. transitions if

self.net. is_enabled (t)]

551

552 # Check for concurrency (conflict -free)

553 for i, t1 in enumerate ( enabled ):

554 for t2 in enabled [i+1:]:

555 # Check if t1 and t2 can fire

simultaneously

556 # (no shared pre - places with conflict )

557 preset1 = set(self.net. get_preset (t1).

keys ())
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558 preset2 = set(self.net. get_preset (t2).

keys ())

559

560 # If no shared places or enough tokens

for both

561 if not ( preset1 & preset2 ):

562 concurrent_pairs . append ((t1 , t2 , dict

( marking_tuple )))

563

564 return concurrent_pairs

565

566 #

============================================================================

567 # Main Program

568 #

============================================================================

569

570 def main ():

571 """

572 Main program demonstrating Petri net integration

573 """

574 print("=" * 70)

575 print("ARS 4.0 - PETRI NET INTEGRATION ")

576 print("=" * 70)

577

578 # 1. Load ARS -3.0 data

579 from ars_data import terminal_chains , grammar_rules

580

581 print("\n1. ARS -3.0 data loaded :")

582 print(f" {len( terminal_chains )} transcripts ")

583 print(f" {len( grammar_rules )} nonterminals ")

584

585 # 2. Convert to Petri net

586 print("\n2. Converting to Petri net ...")

587 converter = ARSToPetriNetConverter ( grammar_rules ,

terminal_chains )

588 petri_net = converter . convert ()

589
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590 # 3. Visualize Petri net

591 print("\n3. Visualizing Petri net ...")

592 petri_net . visualize (" ars_petri_net .png")

593

594 # 4. Analyze Petri net

595 print("\n4. Analyzing Petri net ...")

596 analyzer = PetriNetAnalyzer ( petri_net )

597

598 # Simulate Transcript 1

599 print("\n" + "-" * 50)

600 print(" Simulation : Transcript 1 ( Butcher Shop)")

601 successful , failed = analyzer . simulate_transcript (

terminal_chains [0])

602

603 # Analyze concurrency

604 concurrent = analyzer . analyze_concurrency ()

605 print(f"\ nConcurrent transitions found: {len( concurrent )}

")

606 for t1 , t2 , marking in concurrent [:5]: # Show first 5

607 print(f" {t1} || {t2} in marking { marking }")

608

609 # 5. Export Petri net

610 print("\n5. Exporting Petri net ...")

611 export_petri_net (petri_net , " ars_petri_net .pnml")

612

613 print("\n" + "=" * 70)

614 print("ARS 4.0 - PETRI NET INTEGRATION COMPLETED ")

615 print("=" * 70)

616

617 def export_petri_net (petri_net , filename ):

618 """

619 Exports the Petri net in PNML format

620 """

621 import xml.etree. ElementTree as ET

622 from xml.dom import minidom

623

624 # Create PNML structure

625 pnml = ET. Element ("pnml")

626 net = ET. SubElement (pnml , "net", id= petri_net .name , type=

"http :// www.pnml.org/version -2009/ grammar /ptnet")
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627

628 # Places

629 for place_name , place_data in petri_net . places .items ():

630 place = ET. SubElement (net , "place", id= place_name )

631 name = ET. SubElement (place , "name")

632 text = ET. SubElement (name , "text")

633 text.text = place_name

634

635 initial = ET. SubElement (place , " initialMarking ")

636 tokens = ET. SubElement (initial , "text")

637 tokens .text = str( place_data [’initial_tokens ’])

638

639 # Transitions

640 for trans_name in petri_net . transitions :

641 trans = ET. SubElement (net , " transition ", id=

trans_name )

642 name = ET. SubElement (trans , "name")

643 text = ET. SubElement (name , "text")

644 text.text = trans_name

645

646 # Arcs

647 for i, arc in enumerate ( petri_net .arcs):

648 arc_elem = ET. SubElement (net , "arc", id=f"arc{i}",

649 source =arc[’source ’], target

=arc[’target ’])

650 inscription = ET. SubElement (arc_elem , " inscription ")

651 text = ET. SubElement ( inscription , "text")

652 text.text = str(arc[’weight ’])

653

654 # Save

655 xml_str = minidom . parseString (ET. tostring (pnml)).

toprettyxml ( indent =" ")

656 with open(filename , ’w’, encoding =’utf -8’) as f:

657 f.write( xml_str )

658

659 print(f"Petri net exported as ’{ filename }’")

660

661 if __name__ == " __main__ ":

662 main ()
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Listing 1: Petri Net Class for ARS

5 Example Output

Running the program produces the following output:
1 ======================================================================

2 ARS 4.0 - PETRI NET INTEGRATION

3 ======================================================================

4

5 1. ARS -3.0 data loaded :

6 8 transcripts

7 13 nonterminals

8

9 2. Converting to Petri net ...

10

11 === Converting ARS 3.0 to Petri Net ===

12 Creating resource places ...

13 Creating speech act transitions ...

14 Creating nonterminal hierarchy ...

15 Petri net created : 15 places , 27 transitions , 64 arcs

16

17 3. Visualizing Petri net ...

18 Petri net visualized as ’ars_petri_net .png ’

19

20 4. Analyzing Petri net ...

21

22 --------------------------------------------------

23 Simulation : Transcript 1 ( Butcher Shop)

24

25 === Simulating Transcript in Petri Net ===

26 1: KBG fired

27 2: VBG fired

28 3: KBBd fired

29 4: VBBd fired

30 5: KBA fired

31 6: VBA fired
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32 7: KBBd fired

33 8: VBBd fired

34 9: KBA fired

35 10: VAA fired

36 11: KAA fired

37 12: VAV fired

38 13: KAV fired

39

40 Result : 13/13 successful

41 Final marking : {’p_customer_present ’: 1, ’p_customer_ready ’:

1, ...}

42

43 Concurrent transitions found: 12

44 t_KBBd || t_VBG in marking {...}

45 t_VBBd || t_KBA in marking {...}

46 ...

47

48 5. Exporting Petri net ...

49 Petri net exported as ’ars_petri_net .pnml ’

50

51 ======================================================================

52 ARS 4.0 - PETRI NET INTEGRATION COMPLETED

53 ======================================================================

Listing 2: Example Output of Petri Net Simulation

6 Discussion

6.1 Methodological Assessment

The integration of Petri nets into ARS fulfills the central methodological requirements:

••••1. Continuity: The interpretively obtained terminal symbols remain the founda-
tion. The Petri nets are derived from them, not automatically learned.

2. Transparency: Every transition and every place is semantically meaningful
named and documented.

3. Extension: Concurrency and resources are explicitly modeled without losing

25



the sequential structure.

6.2 Added Value Compared to ARS 3.0

Petri net modeling offers several advantages over pure grammar:

• Concurrency: Parallel activities of customer and seller become visible.

• Resource dependencies: Availability of goods and money influences the
conversation course.

• State space: The reachability graph shows all possible conversation paths.

• Analysis: Invariants and conflicts can be formally examined.

6.3 Limitations

Petri net modeling also has limitations:

• Modeling resources requires additional assumptions (e.g., initial token counts).

• Very large nets can become unwieldy.

• The probabilistic nature of the ARS grammar is partially lost (can be supple-
mented by stochastic Petri nets).

7 Conclusion and Outlook

The integration of Petri nets into ARS 4.0 expands the methodological spectrum with
important aspects of concurrency and resource modeling. The implementation is
realized as a continuous extension at an equivalent level, maintaining methodological
control.

Further research could explore:

• Stochastic Petri nets: Integration of transition probabilities from the ARS
grammar

• Timed Petri nets: Modeling of conversation pauses and processing times

• Formal verification: Checking properties like "always after greeting, return
greeting" with model checking
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A The Eight Transcripts with Terminal Symbols

A.1 Transcript 1 - Butcher Shop

Terminal Symbol String 1: KBG, VBG, KBBd, VBBd, KBA, VBA, KBBd,
VBBd, KBA, VAA, KAA, VAV, KAV

A.2 Transcript 2 - Market Square (Cherries)

Terminal Symbol String 2: VBG, KBBd, VBBd, VAA, KAA, VBG, KBBd, VAA,
KAA

A.3 Transcript 3 - Fish Stall

Terminal Symbol String 3: KBBd, VBBd, VAA, KAA

A.4 Transcript 4 - Vegetable Stall (Detailed)

Terminal Symbol String 4: KBBd, VBBd, KBA, VBA, KBBd, VBA, KAE, VAE,
KAA, VAV, KAV

A.5 Transcript 5 - Vegetable Stall (with KAV at Beginning)

Terminal Symbol String 5: KAV, KBBd, VBBd, KBBd, VAA, KAV

A.6 Transcript 6 - Cheese Stand

Terminal Symbol String 6: KBG, VBG, KBBd, VBBd, KAA

A.7 Transcript 7 - Candy Stall

Terminal Symbol String 7: KBBd, VBBd, KBA, VAA, KAA

A.8 Transcript 8 - Bakery

Terminal Symbol String 8: KBG, VBBd, KBBd, VBA, VAA, KAA, VAV, KAV
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