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Controlling Scenario Execution in Massively Multiagent
Systems

Shohei YAMANE
Abstract
To evaluate large-scale navigation systems, such as evacuation navigation sys-
tems for disaster and car navigation systems for wide-area traffic control, it is
very hard to perform experiments in real space. Performing simulations that
use a large-scale multi agent system and replace users by agents makes this
evaluation easier.

To perform large-scale simulations on a multi agent system, following func-
tions are required.

1. Execution control of simulations and agents
In a large-scale simulation, period of a simulation can be long, as well as
the number of agents is large. So the description about how to perform a
simulation is required. For this description, control functions of simulation
are required. Control functions include management of changes of the
behavior of agents and debug for agents to perform simulation properly.
2. Time management
In performing a simulation, it can be performed efficiently if it is run as fast
as possible except when it need to be run slowly. In addition, if a simulation
can be stopped or slower when the simulation is in an important phase, we
can observe it carefully.
For these purposes, time management function that switches simulation
speed is required.

To solve these problems, this paper proposed to apply metaprogramming
to an agent description language to control behavior of agents. And at the
same time, a simulation is controlled by observing execution environment of a
simulation.

At first, this paper proposed the architecture to integrate metaprogramming
for an agent description language and simulation control. Next, we developed

meta scenario that implements this architecture using scenario description lan-



v

guage Q as an agent description language. On developing meta scenario, we
defined functions of meta scenario such as scenario execution control and set-
ting and acquisition of information about environment of an agent system. The
reason why we use Q language as an agent description language is that the
mother language of O language is scheme and scheme is suitable to implement
metaprogramming. meta scenario can realize following functions.
1. Scenario execution control method by metaprogramming
By metaprogramming for an agent description language, the behavior of
agents can be observed and controlled. In addition, by setting and ac-
quisition of information about environment of an agent system, whole of
a simulation can be also observed and controlled. The architecture that
integrates these observations and controls realized scenario execution con-
trol method based on observations of whole of a simulation and scenario
execution of agents. this made it possible to change, modify and debug the
behavior of agents.
2. Time management by scenario execution control method
As observation functions to an agent system, meta scenario can observe the
behavior of agents by scenario execution control method and can observe
condition of simulator. And meta scenario made it possible to set the envi-
ronment of an agent system based on these observation. This realized time
management that decide when the simulation speed should be switched
and switch it automatically.
Finally, about time management, we described scenario and meta scenario
and performed the simple simulation. This showed that meta scenario can

realize time management.
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(defmetascenario meta-traffic ()
(init
(otherwise
(!createCrowd :name ’Cars :population 20
:agentmanager (repeat 20 "rmi://localhost/am0"))
(!createAvatar :name ’myCar
:agentmanager "rmi://localhost/am0")
('assignScenario :name ’car :agent Cars)
('assignScenario :name ’car-avatar :agent myCar)
(!'startSimulation)
(go fast)))
(fast
GmyCar 0000 (1,1) 0000000000
(?observeEnvironment :name ’onCrossing :args (list myCar 1 1))
; 000o0000oooooooDoo
(!setEnvironment :name ’sim-speed :args "slow")
(go slow)))
(slow
GmyCarU00O0 (1,1) 000000000000
(7observeEnvironment :name ’outOfCrossing :args (list myCar 1 1))
; 000o0000oDoo0oOooDoon
(!setEnvironment :name ’sim-speed :args "fast")
(go fast))
(; myCar 0 car-avatar DO OO0 turn-right 00000000 0ODO0O0O0O
(7observeTransition :scenario ’car-avatar :scene ’turn-right
:agent myCar)
; 0000000000 00DO0O0
(!setEnvironment :name ’sim-speed :args "fast")
(go fast-2))
(; myCar 0 car-avatar JO OO0 turn-left 000000000 OO0ODO
(7observeTransition :scenario ’car-avatar :scene ’turn-left
:agent myCar)
; 0000000ooooooooo
(!setEnvironment :name ’sim-speed :args "fast")
(go fast-2)))
(fast-2
GmyCar 0000 (1,1) 000000000000
(7observeEnvironment :name ’outOfCrossing :args (list myCar 1 1))
(go fast))))

U9 0ouggbbbodd
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Al 0OO00OO0ODOOOO
A1l 0O0O0O0O0OOOOOOOO

;; start meta scenario
(define (start filename)

(ms-eval (read (open-input-file filename))))

(define (load-meta filename)
(letrec ((load-meta-0
(lambda (port)
(let ((exp (read port)))
(if (eof-object? exp)
#t
(begin
(cond
((not (list? exp))
(eval exp))
((eq? (car exp) ’defmetascenario)
(eval
‘(define (,(cadr exp))
(make-scenario-observer ’,exp)
(future (ms-eval ’,exp)))))
(else (eval exp)))
(load-meta-0 port)))))))
(load-meta-0 (open-input-file filename))))

;5 | META SCENARIO EVALUATOR |

; -+

+

(define *meta-cue-action-list*

> (!createAgent
!deleteAgent
!createCrowd
!createAvatar
7observeAction
'runAction
?observeCue
!runCue
?observeTransition
7observeScenario
!releaseScenario
!assignScenario
!'startSimulation
!'stopSimulation
!'setEnvironment
?observeEnvironment

lgetEnvironment))

(define *meta-scenex #f)
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(define (ms-eval exp)
(cond
((and (1ist? exp) (equal? ’defmetascenario (car exp)))
(ms-eval-scenario exp))
((and (list? exp) (equal? ’guard (car exp)))
(ms-eval-gurad exp))
((and (list? exp) (equal? ’begin (car exp)))
(ms-eval-begin (cdr exp)))
((and (list? exp) (eq? (car exp) ’go))
(if (not (eq? *meta-scene* (cadr exp)))
(synchronized *observation-queue-lockx*
(clear-observation-queue)))
(set! *meta-scene* (cadr exp))
(ms-eval-scene
(eval (symbol-append "-" ’meta
(cadr exp)))))
((and (list? exp) (memq (car exp) *meta-cue-action-listx))
(apply (eval (car exp)) (cdr exp)))
(else (eval exp))))

;; evaluate scenario
(define (ms-eval-scenario scenario)

(let* ((scenario-args (list-ref scenario 2))
(scene-list (list-tail scenario 3))
(init-scene (car scene-list)))

(for-each
(lambda (scene)
(eval ‘(define ,(symbol-append "-"
‘meta
(car scene))
’ ,scene)))
scene-list)
(set! *meta-scenex (car init-scene))
(ms-eval-scene init-scene))

(set! *meta-scenex #f))

;; evaluate scene
(define (ms-eval-scene scene)
(let ((scene-name (list-ref scene 1)))

(ms-eval-guard (cdr scene))))

;; evaluate guard
(define (ms-eval-guard guard)
(if (and (= (length guard) 1)
(1ist? (car guard))
(equal? (caar guard) ’otherwise))
(ms-eval ‘(begin ,@(cdar guard)))
(let ((cue-id
(ms-run-guard (make-meta-guard-request guard))))
(ms-eval ‘(begin ,@(cdr (list-ref guard cue-id)))))))

(define (make-meta-guard-request guard)
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(map
(lambda (cue-action-list)
(let ((cue (car cue-action-list)))
(cond ((and (1list? cue)
(memq (car cue) (list ’7observeCue
’?observeAction
’?observeTransition
’?observeScenario
’7observeEnvironment)))
(cons ’cue cue))
((eq? cue ’otherwise)
’(cue 7timeout))
(else
(cons ’exp (cdr cue))))))
guard))

(define *time-out* 300)

(define *time-out-counter* 0)

(define (ms-run-guard guard)
(set! *time-out-counter* 0)
(do ((cue-id 0)
(guard-1 guard)
(observed-num #f))
((or observed-num (ms-run-guard-1 (car guard-1)))
(if observed-num observed-num cue-id))
(cond
((null? (cdr guard-1))
(sleep 0.01)
(set! cue-id 0)
(set! guard-1 guard)
(set! observed-num (check-observation guard)))
(else
(set! cue-id (+ cue-id 1))
(set! guard-1 (cdr guard-1))))))

(define (check-observation guard)
(if (not (null? *observation-queuex))
(let* ((observation (synchronized *observation-queue-locks
(dequeue-observation)))
(observed-num (car observation))
(cue (list-ref guard observed-num))
(agent (cadr observation))
(agent-var (get-keyword-arg :agent (cddr cue) #f))
(wait (caddr observation)))
(if agent-var
(eval ‘(set! ,agent-var ,agent)))
(invoke wait ’finished)
observed-num)
#£))

(define (ms-run-guard-1 cue)

(cond
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((eq? (car cue) ’cue)

(apply (eval (cadr cue)) (cddr cue)))
((eq? (car cue) ’exp)

(ms-eval (cdr cue)))
(else

(ms-eval cue))))

;3 evaluate begin

(define (ms-eval-begin exp)

(cond ((null? exp))
((null? (cdr exp)) (ms-eval (car exp)))
(else (ms-eval (car exp))

(ms-eval-begin (cdr exp)))))

| SCENARIO OBSERVER |

(define *observation-queuex ’())

(define *observation-queue-lock* #f)

(define *released-list* ’())

>

B

>

(make-scenario-observer
’ (defmetascenario ()

(init

(otherwise
(!createCrowd :name ’Ants :population 10

:agentmanager (repeat 10 "rmi://localhost/amO"))

(lassignScenario :name antsort :agent Ants)
(go scenel)))

(scenel

((7observeAction :name ’!putsugar :agent agentx)
(!runAction :name ’'hoge :agent agentx)
(!runAction :name °’!putsugar :agent agentx)
(go scenel))

((7observeScenario :name ’antsort :agent agentx)
(!runAction :name ’'hoge :agent agentx)

(go scenel))))

(define s-eval-0 s-eval)
(define (s-eval agent scenario-name exp)
(cond
((cadr
(assoc (list agent scenario-name)
*released-1list*)))
((eq? *meta-scenex ’init)
(let
((observed-num
(observed agent scenario-name exp
’ (otherwise))))
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H (if observed-num

; (send-observation agent scenario-name exp

5 observed-num)

; (s-eval-0 agent scenario-name exp))))

H ((eq? *meta-scene* ’scenel)

H (let

; ((observed-num

H (observed agent scenario-name exp

H ’((7observeAction name: (quote !putsugar) agent:
H agentx)

H (7observeScenario name: (quote antsort) agent:
; agentx)))))

5 (if observed-num

H (send-observation agent scenario-name exp

; observed-num)

H (s-eval-0 agent scenario-name exp))))

; (else (s-eval-0 agent scenario-name exp))))

(define (make-scenario-observer meta-s)
(let ((make-scenario-observer-0
(lambda (scene)
‘((eq? *meta-scene* ’,(car scene))
(let ((observed-num
(observed agent scenario-name exp
>, (map car (cdr scene)))))
(if observed-num
(begin
(send-observation agent scenario-name exp
observed-num)
(s-eval-0 agent scenario-name exp))
(s-eval-0 agent scenario-name exp)))))))
(eval
‘(define s-eval-0 s-eval))
(eval
‘(define (s-eval agent scenario-name exp)
(cond
((released? agent scenario-name))
,@(map make-scenario-observer-0 (cdddr meta-s))

(else (s-eval-0 agent scenario-name exp)))))))

(define (observed agent scenario-name exp meta-cue-list)
(letrec
((observed-0
(lambda (num mcl)

(if

(null? mcl)

#f

(if
(observed-17 agent scenario-name exp (car mcl))
num
(observed-0 (+ num 1) (cdr mcl)))))))

(observed-0 0 meta-cue-list)))
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(define (observed-17 agent scenario-name exp meta-cue)
(cond
((and (list? meta-cue)
(eq? (car meta-cue) ’7PobserveAction))
(if (and (list? exp) (memq (car exp) *action-list*))
(match-args agent exp (cdr meta-cue))
#1))
((and (list? meta-cue)
(eq? (car meta-cue) ’7observeCue))
(if (and (list? exp) (memq (car exp) *cue-list*))
(match-args agent exp (cdr meta-cue))
#£))
((and (1ist? meta-cue)
(eq? (car meta-cue) ’7PobserveTransition))
(and (1ist? exp) (eq? (car exp) ’go)
(eq? scenario-name
(eval (get-keyword-arg :scenario (cdr meta-cue) #f)))
(eq? (cadr exp)
(eval (get-keyword-arg :scene (cdr meta-cue) #f)))
(eq? agent
(eval (get-keyword-arg :agent (cdr meta-cue) #f)))))
((and (1ist? meta-cue)
(eq? (car meta-cue) ’7observeScenario))
(eq? scenario-name (eval (get-keyword-arg :name (cdr meta-cue) #f))))
(else #£)))

(define (match-args agent exp meta-cue-args)
(if (null? meta-cue-args)
#t
(let ((name (eval (car meta-cue-args)))
(value (cadr meta-cue-args)))
(if (cond
((eq? name ’:name)
(eq? (eval value) (car exp)))
((eq? name ’:agent)
#t)
(else
(eq? value (eval (get-keyword-arg name (cdr exp) #f)))))
(match-args agent exp (cddr meta-cue-args))

#£))))

(define-class <WaitMeta> ()
((waitMeta) :: <void>
(synchronized this
(invoke this ’wait)))
((finished) :: <void>
(synchronized this
(invoke this ’notify))))

(define (send-observation agent scenario-name exp num)
(let ((wait (make <WaitMeta>)))
(synchronized

*observation-queue-lockx*
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(enqueue-observation (list num agent wait scenario-name exp)))

(invoke wait ’waitMeta)))

(define (enqueue-observation elem)
(set! *observation-queue* (append *observation-queue* (list elem)))

*observation-queuex)

(define (dequeue-observation)
(if (null? *observation-queuex)
#1f
(let ((ret (car *observation-queue*)))
(set! *observation-queue* (cdr *observation-queuex))

ret)))

(define (clear-observation-queue)
(cond
((not (null? *observation-queuex))
(dequeue-observation)

(clear-observation-queue))))

+
+

;5 | META SCENARIO CUES & ACTIONS |

+

;; actions
(define (!createAgent . args)
(let ((name (get-keyword-arg :name args #f)))
(eval (list ’define (eval name)

(apply make-agent (eval name) args)))))

(define (!createCrowd . args)
(let ((name (get-keyword-arg :name args #f)))

(eval (expand-defcrowd (eval name) args))))

(define (!createAvatar . args)
(let ((name (get-keyword-arg :name args #f)))

(eval (list ’define (eval name)
(apply make-avatar (eval name) args)))))

(define (!assignScenario . args)
(let ((scenario-name (eval (get-keyword-arg :name args #f)))
(agent (eval (get-keyword-arg :agent args #f))))
(if (list? agent)

(for-each

(lambda (agent)
(released-off agent scenario-name)
(future (s-eval agent scenario-name (eval scenario-name)))
(sleep 0.1))

agent)

(begin
(released-off agent scenario-name)

(future (s-eval agent scenario-name (eval scenario-name)))))))
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(define (!releaseScenario . args)
(let ((scenario-name (eval (get-keyword-arg :name args #f)))
(agent (eval (get-keyword-arg :agent args #£))))
(if (list? agent)
(for-each
(lambda (agent)
(released-on agent scenario-name))
agent)

(released-on agent scenario-name))))

(define (!runAction . args)
(let ((name (get-keyword-arg :name args #f))
(agent (get-keyword-arg :agent args #f)))
(eval

‘(request-action ,name ,agent ,Qargs))))

(define (!'runCue . args)
(let ((name (get-keyword-arg :name args #f))
(agent (get-keyword-arg :agent args #f)))
(eval

‘(request-cue ,name ,agent ,Qargs))))

(define (7observeAction . args) #f)
(define (7observeCue . args) #f)
(define (7observeTransition . args) #f)

(define (7observeScenario . args) #f)

(define (!startSimulation)

(start-simulation))

(define (!stopSimulation)

(stop-simulation))

(defmacro define-observe-environment (name val-name . body)
‘(define (, (string->symbol
(string-append
"observe-environment-" (symbol->string name)))
,val-name)
,@body))

(define (?7observeEnvironment . args)
(let ((name
(string->symbol
(string-append
"observe-environment-"
(symbol->string (eval (get-keyword-arg :name args #£))))))
(args (get-keyword-arg :args args #f)))

(eval (list name args))))
(defmacro define-set-environment (name val-name . body)

‘(define (,(string->symbol
(string-append
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"set-environment-" (symbol->string name)))
,val-name)
,@body) )

(define (!setEnvironment . args)
(let ((name
(string->symbol
(string-append
"set-environment-"
(symbol->string (eval (get-keyword-arg :name args #£))))))
(args (get-keyword-arg :args args #f)))

(eval (list name args))))

(defmacro define-get-environment (name val-name . body)
‘(define (,(string->symbol
(string-append

"get-environment-"

(symbol->string name)))
,val-name)

,@body) )

(define (!getEnvironment . args)
(let ((name
(string->symbol
(string-append
"get-environment-"
(symbol->string (eval (get-keyword-arg :name args #£))))))
(args-name (get-keyword-arg :args args #f)))

(eval ‘(set! ,args-name (,name ,args-name)))))

(define (?timeout . args)
(if (= *time-out* *time-out-counter*)
#t
(begin
(set! *time-out-counter* (+ *time-out-counter* 1))

#£)))

(defmacro delete-keyword-arg (key args)
¢ (delete-keyword-arg-0 ,key ,args))

(define (delete-keyword-arg-0 key args)
(letrec
((dka (lambda (left right)
(cond
((null? right) left)
((eq? (car right) key)
(append left (cddr right)))
(else
(dka ‘(,@left ,(car right) ,(cadr right))
(cddr right)))))))
(dka ’() args)))

(define (released-on agent scenario-name)

(set! *released-listx*
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(remove *released-list*

(assoc (list agent scenario-name) *released-list*))))

(define (released-off agent scenario-name)
(set! *released-listx

(cons (list (list agent scenario-name) #t) *released-listx*)))

(define (released? agent scenario-name)

(not (assoc (list agent scenario-name) *released-listx)))

(define (remove list elem)
(letrec ((remove-0
(lambda (list res)
(if (null? list)
(reverse list)
(if (equal? (car list) elem)
(remove-0 (cdr list) res)
(remove-0 (cdr list) (coms (car list) res)))))))
(remove-0 list *())))

;; for test.

(define (hogel)
(apply !createAgent ’(:name ’Ants :population 10

:agentmanager "rmi://localhost:am0")))

(define (create)
(apply !createCrowd
’(:name ’Ants
:population 10
:agentmanager (repeat 10 "rmi://localhost/am0"))))

(define (assign)
(apply '!assignScenario

’(:name ’antsort :agent Ants)))

Al2 OJ0O0OO0OOOOOO

+

;3 | SCENARIO EVALUATOR |

PR +
+ +

(define (s-eval agent scenario-name exp . args)

(cond

((and (list? exp) (equal? ’defscenario (car exp)))
(apply s-eval-scenario agent scenario-name exp args))
((and (list? exp) (equal? ’guard (car exp)))
(s-eval-guard agent scenario-name (cdr exp)))

((and (list? exp) (equal? ’begin (car exp)))
(s-eval-begin agent scenario-name (cdr exp)))

((and (1list? exp) (memq (car exp) *action-list*))
(eval ‘(request-action ’,(car exp) ,agent ,@(cdr exp))))
; (apply request-action (car exp) agent (cdr exp)))

((and (list? exp) (memq (car exp) *cue-listx))
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(eval ‘(request-cue ’,(car exp) ,agent ,@(cdr exp))))
; (apply request-cue (car exp) agent (cdr exp)))
((and (list? exp) (eq? (car exp) ’go))
(s-eval-scene agent scenario-name
(eval (symbol-append "-"
scenario-name
(cadr exp)))))
((and (list? exp) (eq? (car exp) ’if))
(s-eval-if agent scenario-name exp))

(else (eval exp))))

;; evaluate scenario
(define (s-eval-scenario agent scenario-name scenario . args)
(let* ((scenario-0 (replace-scenario-args agent scenario-name scenario))
(scenario-name (list-ref scenario-0 1))
(scenario-args (list-ref scenario-0 2))
(scene-list (list-tail scenario-0 3))

(init-scene (car scene-list)))
(apply define-args agent scenario-name scenario-args args)
(s-eval-scene agent scenario-name init-scene)))

(define (define-args agent scenario-name args . given-args)
(call-with-values
(lambda ()
(split-args args *O O >0 >0))
(lambda (args2 keys auxs patterns)
(let ((given-key-args (list-tail given-args (length args2))))
(apply define-scenario-args
agent scenario-name args2 given-args)
(apply define-scenario-key-args
agent scenario-name keys given-key-args)
(apply define-scenario-aux-args
agent scenario-name auxs given-key-args)
(apply define-scenario-pattern-args

agent scenario-name patterns given-key-args)))))

(define (define-scenario-args agent scenario-name args2 . given-args)
(if (null? args2)
#t
(begin
(eval ‘(define ,(car args2) ,(car given-args)))
(apply define-scenario-args
agent scenario-name

(cdr args2) (cdr given-args)))))

(define (define-scenario-key-args
agent scenario-name keys . given-key-args)
(for-each
(lambda (key)
(let ((key-name (car key))
(key-value (cadr key)))
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(eval ‘(define ,key-name
, (get-keyword-arg
(string->keyword (symbol->string key-name))
given-key-args
key-value)))))
keys))

(define (define-scenario-aux-args
agent scenario-name auxs . given-key-args)
(for-each
(lambda (aux)
(let ((aux-name (car aux))
(aux-value (cadr aux)))
(eval ‘(define ,aux-name
, (get-keyword-arg
(string->keyword (symbol->string aux-name))
given-key-args
aux-value)))))

auxs))

(define (define-scenario-pattern-args
agent scenario-name patterns . given-key-args)
(for-each
(lambda (pattern)
(let ((pattern-name (car pattern))
(pattern-value (cadr pattern)))
(eval ‘(define ,pattern-name
, (get-keyword-arg
(string->keyword (symbol->string pattern-name))
given-key-args
pattern-value)))))
patterns))

;3 evaluate scene
(define (s-eval-scene agent scenario-name scene)
(let ((scene-name (list-ref scene 1)))
(s-eval-guard agent scenario-name
(replace-scene-args agent scenario-name (cdr scene)))))

; (s-eval-guard agent scenario-name (cdr scene))))

;; evaluate guard
(define (s-eval-guard agent scenario-name guard)
(if (and (= (length guard) 1)
(list? (car guard))
(eq? (caar guard) ’otherwise))
(s-eval agent scenario-name (cons ’begin (cdar guard)))
(let ((cue-id
(request-guard agent
(make-guard-request guard))))
(s-eval agent scenario-name
‘(begin ,@(cdr (list-ref guard cue-id)))))))

(define (make-guard-request guard)



(map
(lambda (cue-action-list)
(let ((cue (car cue-action-list)))
(cond ((and (1list? cue)
(memq (car cue) *cue-list*))
(cons ’cue cue))
((eq? cue ’otherwise)
’(cue ?7timeout))
(else
(cons ’exp (cdr cue))))))
guard))

;; evaluate begin
(define (s-eval-begin agent scenario-name exp)
(cond ((null? exp))
((null? (cdr exp)) (s-eval agent scenario-name (car exp)))
(else (s-eval agent scenario-name (car exp))

(s-eval-begin agent scenario-name (cdr exp)))))

;; evaluate if
(define (s-eval-if agent scenario-name exp)
(let ((test (list-ref exp 1))
(true-case (list-ref exp 2))
(false-case (list-ref exp 3)))
(if (s-eval agent scenario-name test)
(s-eval agent scenario-name true-case)

(s-eval agent scenario-name false-case))))

;3 | SCENARIO LOADER |

(define (load-scenario filename)
(letrec
((load-scenario-0
(lambda (port)
(let ((exp (read port)))
(if (eof-object? exp)
#t
(begin
(if (and (list? exp)
(eq? (car exp) ’defscenario))
(begin
(eval ‘(define
,(list-ref exp 1)
’,exp))

(define-scenario-symbol-replace exp)
(define-scene exp))
(eval exp))

(load-scenario-0 port)))))))

(load-scenario-0 (open-input-file filename))))
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(define (define-scene scenario)
(for-each
(lambda (scene)
(eval
‘(define , (symbol-append "-"
(cadr scenario)
(car scene))
> ,scene)))

(list-tail scenario 3)))
;3 test.

(define (test-expand-guard cue-action-list-list)
‘(case (request-guard
self
(list
,@(map (lambda (cue-action-list)
(let ((cue (car cue-action-list)))
(cond ((and (1list? cue)
(memq (car cue) *cue-listx))
‘(list ’cue ’,(car cue) ,@(cdr cue)))
((eq? cue ’otherwise)
‘(list ’cue ’?timeout))
(else
‘(list ’exp ,@(cdr cue))))))
cue-action-list-1list)))
,0(do ((n 0 (+ n 1))
(1 cue-action-list-list (cdr 1))
(result ()
‘(,@result ((,n) ,@(cdar 1)))))
((null? 1) result))

(else (error "error in guard"))))

(define (test-start num)

(s-eval (list-ref Ants num) ’antsort antsort))

(define (test-all agents)
(for-each
(lambda (agent)
(future (s-eval agent ’antsort antsort)))

agents))

All13 0O0OO0ODDOOODO
;; display exp-list and return last element of exp-list
(define (test . exp-list)
(letrec
((test-0
(lambda (1s)
(cond
((null? 1s) (nmewline) *())
((null? (cdr 1s)) (display (car 1s)) (newline) (car 1s))
(else (display (car 1s)) (test-0 (cdr 1s)))))))
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(test-0 exp-list)))

;; (symbol-append "-" ’hoge ’foo ’bar)
¥ PP g
: =>

;3 ’hoge-foo-bar

(define (symbol-append s symbol . symbols)
(letrec ((symbol-append-0
(lambda (res symbols)
(if (null? symbols)
res
(symbol-append-0
(string-append
res s (symbol->string (car symbols)))
(cdr symbols))))))
(string->symbol
(symbol-append-0 (symbol->string symbol) symbols))))

; (replace-symbol
; ’(hoge foo bar) ’(a b c)
; ?(cond

H ((eq? hoge ’hoge) (display "hoge"))

H ((eq? foo ’foo)

; (let ((hoge 10) (bar 20))

H (display foo)

; (lambda (foo) (+ hoge foo bar))))
; (else

; (display bar))))

;5 =>

; (cond ((eq? a ’hoge) (display "hoge"))
; ((eq? b ’foo)
; (let ((hoge 10) (bar 20))

H (display b)
; (lambda (foo) (+ hoge foo bar))))
;  (else

; (display c)))

(define (replace-symbol-1 from-list to-list sym)
(if (null? from-list)
sym
(if (eq? (car from-list) sym)
(car to-list)
(replace-symbol-1 (cdr from-list) (cdr to-list) sym))))

(define (rs-mapper from-list to-list remove-list)
(letrec ((rs-mapper-0
(lambda (f t f-res t-res)
(if (null? f)
(lambda (1s) (replace-symbol f-res t-res 1s))
(if (member (car f) remove-list)

(rs-mapper-0 (cdr f) (cdr t) f-res t-res)
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(rs-mapper-0 (cdr £) (cdr t)
(cons (car f) f-res)
(cons (car t) t-res)))))))
(rs-mapper-0 from-list to-list ’() ’>())))

(define (replace-symbol from-list to-list 1s)
(if
(not (1list? 1s))
(replace-symbol-1 from-list to-list 1s)
(cond
((eq? (car 1ls) ’lambda)
(if (list? (cadr 1s))
(map (rs-mapper from-list to-list (cadr 1s)) 1s)
(map (rs-mapper from-list to-list ’()) 1s)))
((memg (car 1ls) ’(let let* letrec))
(map (rs-mapper from-list to-list (map car (cadr 1s))) 1s))
((eq? (car 1s) ’quote) 1s)
(else

(map (rs-mapper from-list to-list ’()) 1s)))))

+
+

Argument Symbol Replace

+

(define (split-arg-names args)
(letrec ((split-arg-names-0
(lambda (args-0 res)
(if (null? args-0)
res
(case (car args-0)
((&key &aux &pattern)
(split-arg-names-1 (cdr args-0) res))
(else
(split-arg-names-0 (cdr args-0) (cons (car args-0) res)))))))
(split-arg-names-1
(lambda (args-0 res)
(if (null? args-0)
res
(case (car args-0)
((&key &aux &pattern)
(split-arg-names-1 (cdr args-0) res))
(else
(split-arg-names-0 (cdr args-0) (cons (caar args-0) res))))))))
(split-arg-names-0 args ’())))

(define (define-scenario-symbol-replace scenario)
(let ((scenario-name (cadr scenario))
(args (caddr scenario)))
(eval
‘(define , (symbol-append "-"
scenario-name
’args-replace)

’, (split-arg-names args)))))
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(define (replace-scenario-args agent scenario-name exp)
(let* ((from-list (eval (symbol-append "-"
scenario-name
’args-replace)))
(to-list (map
(lambda (sym)
(symbol-append "-"
(string->symbol (get-agent-name agent))
scenario-name sym))
from-list)))
(list (car exp)
(cadr exp)
(replace-arg-symbol from-list to-list (caddr exp))
(replace-symbol from-list to-list (cadddr exp)))))

(define (replace-scene-args agent scenario-name scene)
(let* ((from-list (eval (symbol-append "-"
scenario-name
’args-replace)))
(to-list (map
(lambda (sym)
(symbol-append "-"
(string->symbol (get-agent-name agent))
scenario-name sym))
from-list)))

(replace-symbol from-list to-list scene)))

(define (replace-arg-symbol from-list to-list args)
(letrec
((replace-arg-symbol-1
(lambda (arg)
(cond
((1ist? arg)
(cons (replace-symbol from-list to-list (car arg))
(cdr arg)))
((or (eq? arg ’&key) (eq? arg ’&aux) (eq? arg ’&pattern))
arg)
(else
(replace-symbol-1 from-list to-list arg))))))
(map replace-arg-symbol-1 args)))

(define (replace-scenario-args-test agent scenario-name exp)
(let ((replace-list (eval (symbol-append "-"
scenario-name
’args-replace))))
¢ (replace-symbol
’,replace-list
>, (map
(lambda (sym)
(symbol-append "-" (string->symbol (get-agent-name agent))
scenario-name sym))

replace-list)



’,exp)))

A2 0OJO00O0OOOOO
A21 0O0O0O0O0O0OO0OOOOODOOOOOODOODOODOO

(define x 2)

(define y 2)

(define w 4)

(define 1 20)

(define *sim-speed* 0.02)
(define *sim-start* #f)

(define *time* 0)

(define (traffic-sleep time)
(let ((end (+ *time* time)))
(do O
((>= *time* end))

(sleep *sim-speed*))))

(define (timer-start)
(future
(do O
(#1£)
(sleep *sim-speedx)
(if *sim-start*
(set! *time* (+ *timex 1))))))

(timer-start)

(define (tail 1s)
(if (null? 1s)
1s
(if (null? (cdr 1s))
1s
(tail (cdr 1s)))))

(define (make-cyclic-list 1s)
(let ((1s2 1s))
(set-cdr! (tail 1s2) 1s2)
1s2))

(define *light-timer* (make-cyclic-list (0 123 456 7 8 9)))

(define (start-light-timer)
(future
(do O
(#£)
(set! *light-timer* (cdr *light-timerx))
(traffic-sleep 50))))

(define (make-tf-list t-num . tf-num)
(letrec ((make-t-list



(lambda (t-num tf-num)
(if (= 0 t-num)
(if (null? tf-num)
0]
(make-f-list (car
(cons #t (make-t-list
(make-f-list
(lambda (f-num tf-num)
(if (= 0 f-num)
(if (null? tf-num)
0]
(make-t-1list (car
(cons #f (make-f-list
(make-t-list t-num tf-num)))

(define (make-ft-list f-num . tf-num)

(apply make-tf-list O f-num tf-num))

(define *v-light* (make-tf-list 6 4))
(define *h-light* (make-tf-list 1 4 5))

(define (random n)
(inexact->exact
(floor

(* n (invoke-static <java.lang.Math>

(define *map* (make <Collision> "Traffic

(define (set-flash x)

(invoke *map* ’setFlash x))

(define (begin-summarize)
(future
(do O
(#£)
(invoke *map* ’summarize)
(sleep 10))))

’ (begin-summarize)
(define (flash) (invoke *map#* ’flash))
(define (random-x dir)

(cond

((eq? dir ’vertical)
(let ((randx (random (* x w))))

tf-num) (cdr tf-num)))
(- t-num 1) tf-num)))))

tf-num) (cdr tf-num)))
(- f-num 1) tf-num))))))

’random)))))

"xywl))

(+ (x (floor (/ randx w)) 1) 1 randx)))

(else

(random (* (+ (* x w) (x (+ x 1) 1)))N)

(define (random-y dir)
(cond

((eq? dir ’horizonal)
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(let ((randy (random (* y w))))
(+ (* (floor (/ randy w)) 1) 1 randy)))
(else

(random (* (+ (x y w) (x (+ y 1) 1)))))))

(define (random-xy)
(let ((dir (if (> (invoke-static <java.lang.Math> ’random)
0.5)
’horizonal ’vertical)))

(cons (random-x dir) (random-y dir))))

(define (random-dx dir)
(if (eq? dir ’vertical)
0
(if (> (invoke-static <java.lang.Math> ’random) 0.5) 1 -1)))

(define (random-dy dir)
(if (eq? dir ’vertical)
(if (> (invoke-static <java.lang.Math> ’random) 0.5) 1 -1)
0))

(define (get-dir x y p)
(let ((xx (modulo x (+ w 1)))
(yy (modulo y (+ w 1))))
(if (< xx 1)

’horizonal

(if (< yy 1)
’vertical
(if (> (invoke-static <java.lang.Math> ’random) p)

’horizonal

’vertical)))))

(define (get-dx y dir)
(if (eq? dir ’horizonal)
(if (< (modulo y (+ w 1))
(+ 1 (floor (/ w 2))))
1 -1)
0))

(define (get-dy x dir)
(if (eq? dir ’vertical)
(if (< (modulo x (+ w 1))
(+ 1 (floor (/ w 2))))
-1 1)
0))

(define (move-car car)
(do O
(#£)
(invoke car ’move)
(traffic-sleep 1)))

(defagenthandler (name args agent)
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’ (debug-output (list name args agent))
(let* ((xy (random-xy))
(x (get-keyword-arg :x args (car xy)))
(y (get-keyword-arg :y args (cdr xy)))
(dir (get-dir x y 0.5))
(dx (get-dx y dir))
(dy (get-dy x dir)))
; (dx (get-keyword-arg :dx args (get-dx y dir)))
; (dy (get-keyword-arg :dy args (get-dy x dir))))
(do O
((not (invoke *map* ’isCar x y)))
(set! x (+ x dx))
(set! y (+ y dy)))
(set-attribute! agent ’dir dir)
(set-attribute! agent ’dx dx)
(set-attribute! agent ’dy dy)
(set-attribute! agent ’car (make <Car> x y dx dy *map* 0))))

’(defactionadapter !move (self)
(let ((car (get-attribute self ’car)))
(invoke car ’changeDirection
(get-attribute self ’dx)
(get-attribute self ’dy))))

(defactionadapter !move (self)
(traffic-sleep 1)

(invoke (get-attribute self ’car) ’move))

(defactionadapter !stop (self)
(traffic-sleep 2))

(defactionadapter !wait (self)
(traffic-sleep 4))

(defactionadapter !turnRight (self)

(let ((new-dx (- (get-attribute self ’dy)))
(new-dy (get-attribute self ’dx))
(new-dir (case (get-attribute self ’dir)

((horizonal) ’vertical)

((vertical) ’horizomnal))))
(set-attribute! self ’dx new-dx)
(set-attribute! self ’dy new-dy)
(set-attribute! self ’dir new-dir)
(invoke (get-attribute self ’car)

’changeDirection new-dx new-dy)))

(defactionadapter !turnlLeft (self)

(let ((new-dx (get-attribute self ’dy))
(new-dy (- (get-attribute self ’dx)))
(new-dir (case (get-attribute self ’dir)

((horizonal) ’vertical)
((vertical) ’horizonal))))

(set-attribute! self ’dx new-dx)
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(set-attribute! self ’dy new-dy)
(set-attribute! self ’dir new-dir)
(invoke (get-attribute self ’car)

’changeDirection new-dx new-dy)))

(defactionadapter !display (self &key (word #f))
(debug-output (list self word)))

;3 cue adapters

(defcueadapter 7timeout (self)
(let-polling
((true #t))
#t))

’ (defcueadapter ?crossing (self)
(let-polling
((crossed
(case (get-attribute self ’dir)
((horizonal)
(= 0 (modulo (invoke (get-attribute self ’car) ’getX) 5)))
(else
#£))))
(debug-output (invoke (get-attribute self ’car) ’getX))
#t
))

(define (get-x agent)
(invoke (get-attribute agent ’car) ’getX))

(define (get-y agent)
(invoke (get-attribute agent ’car) ’getY))

(defcueadapter 7crossing (self)
(let-polling
((crossed
(case (get-attribute self ’dir)
((horizonal)
(if (= (get-attribute self ’dx) 1)

(=11
(modulo (get-x self)
+1w))
(=0
(modulo (get-x self)
+ 1w

((vertical)
(if (= (get-attribute self ’dy) 1)

=C-11
(modulo (get-y self)
(+ 1w
(=0

(modulo (get-y self)
+1wNNN
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#£))

’ (defcueadapter ?carExists (self)
(let-polling
((car-exists
(case (get-attribute self ’dir)
((horizonal)
(if (< (modulo (get-x self) (+ 1 w)) (-1 1))
(invoke *map* ’isCar
(+ (get-x self) (get-attribute self ’dx))
(get-y self))
#£))
((vertical)
(if (< (modulo (get-y self) (+ 1 w)) (- 1 1))
(invoke *map* ’isCar
(get-x self)
(+ (get-y self) (get-attribute self ’dy)))
#£)))))
#£))

(defcueadapter 7carExists (self)
(let-polling
((car-exists
(case (get-attribute self ’dir)
((horizonal)
(invoke *map* ’isCar
(+ (get-x self) (get-attribute self ’dx))
(get-y self)))
((vertical)
(invoke *map* ’isCar
(get-x self)
(+ (get-y self) (get-attribute self ’dy)))))))
#£))

(defcueadapter 7redLight (self)
(let-polling
((red-light
(case (get-attribute self ’dir)

((horizonal)
(list-ref *h-light* (car *light-timerx)))
((vertical)
(list-ref *v-light* (car *light-timerx))))))

#£))

(defcueadapter 7crossingAt (self &key (x 1) (y 1))
(let-polling
((t (let ((agent-x (get-x self))
(agent-y (get-y self))
(Qeft (+ (x 1 x) (xw (- x 1))))
(right (- (x (+ 1 w) x) 1))
(top (+ (x 1 y) (xw (-y 1))
(bottom (- (* (+ 1 w) y) 1)))
(and (>= agent-x left)
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(<= agent-x right)

(>= agent-y top)

(<= agent-y bottom)))))
#£))

(defcueadapter 7turnPoint (self &key (dir "right"))
(let-polling
((t (let ((agent-x (modulo (- (get-x self) 1) (+ 1 w)))
(agent-y (modulo (- (get-y self) 1) (+ 1 w)))
(agent-dir (get-attribute self ’dir)))
(cond
((or (and (eq? agent-dir ’horizonal) (equal? dir "right"))
(and (eq? agent-dir ’vertical) (equal? dir "left")))
(= (+ agent-x agent-y) (- w 1)))
(else
(= agent-x agent-y))))))
#£))

’(defcueadapter 7turnPoint (self &key (dir ’right))
(let-polling
((t #t)) #£))

(defcueadapter 7turning (self &key (dir ""))
(let-polling
((t (equal? dir (get-attribute self ’turning))))
(set-attribute! self ’turning #f)
#t))

; | FOR META |

(define-get-environment car-exists pos

(invoke *map#* ’isCar (car pos) (cdr pos)))

(define-set-environment sim-speed speed

(set! *sim-speed* speed))

(define *sw* #f)

(define *sw-lockx* ’())
(define (sw-on)
(synchronized *sw-lock*
(set! *swk #t)))
(define (sw-off)
(synchronized *sw-lockx

(set! *swkx #f)))

(define-observe-environment switch val

(eq? val *sw*))

(define-set-environment switch val
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(if val
(sw-on)
(sw-off)))

(define (start-simulation)

(set! *sim-startx #t))

(define (stop-simulation)

(set! *sim-startx #f))

(define-set-environment timer val
(cond

((number? val) (set! *timex val))))

(define-observe-environment timer val

(>= *time* (/ val *sim-speedx)))

(define *input-sim-start* #f)
(define (sim-start)

(set! *input-sim-start* #t))

(define-observe-environment sim-start val
(if *input-sim-start*
(begin (set! *input-sim-start* #f) #t)
#£))

(define-set-environment light-timer val
(debug-output (list ’light-timer val))
(if (eq? val ’start)

(start-light-timer)))

(define-observe-environment onCrossing args

(letx ((agent (car args))
(agent-x (get-x agent))
(agent-y (get-y agent))
(cx (cadr args))
(cy (caddr args))
(left (+ (x 1 cx) (x w (- cx 1)) (- 5)))
(right (+ (* (+ 1 w) cx) 5))
(top (+ (* L cy) (xw (- cy 1)) (- 5)))
(bottom (+ (¥ (+ 1 w) cy) 5)))

(and (<= agent-x right)

(>= agent-x left)
(<= agent-y bottom)
(>= agent-y top))))

(define-observe-environment outOfCrossing args
(let* ((agent (car args))
(agent-x (get-x agent))
(agent-y (get-y agent))
(cx (cadr args))
(cy (caddr args))
(left (+ (* 1 cx) (x w (- cx 1)) (- 5)))
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(right (+ (x (+ 1 w) cx) 5))
(top (+ (* L cy) (xw (- cy 1)) (- 5)))
(bottom (+ (* (+ 1 w) cy) 5)))
(or (> agent-x right)
(< agent-x left)
(> agent-y bottom)
(< agent-y top))))

A22 Q000O0O0OO

(defavatarhandler (name args avatar)
(let ((avatar-ui (make <TrafficAvatarUI> name avatar))
(car (make <Car> 0 (+ 1 1) 1 O *map* 1)))
(set-attribute! avatar ’car car)
(set-attribute! avatar ’dir ’horizonal)
(set-attribute! avatar ’dx 1)
(set-attribute! avatar ’dy 0)
(set-attribute! avatar ’ui avatar-ui)
(set-attribute! avatar ’turning #f)
’(do ()
(#£)
(invoke car ’move)

(sleep *sim-speed*))))

(define (change-dir! avatar)
(if (eq? (get-attribute avatar ’dir)
’horizonal)
(set-attribute! avatar ’dir ’vertical)

(set-attribute! avatar ’dir ’horizonal)))

’(define (right avatar)
(debug-output (list ’right avatar))
(let ((dx (- (get-attribute avatar ’dy)))
(dy (get-attribute avatar ’dx)))

(set-attribute! avatar ’dx dx)
(set-attribute! avatar ’dy dy)
(change-dir! avatar)
(invoke (get-attribute avatar ’car)

’changeDirection dx dy)))

(define (right avatar)

(set-attribute! avatar ’turning "right"))

’(define (left avatar)
(let ((dx (get-attribute avatar ’dy))

(dy (- (get-attribute avatar ’dx))))
(set-attribute! avatar ’dx dx)
(set-attribute! avatar ’dy dy)
(change-dir! avatar)

(invoke (get-attribute avatar ’car)

’changeDirection dx dy)))

(define (left avatar)

(set-attribute! avatar ’turning "left"))
g
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(define (stop avatar)
(invoke (get-attribute avatar ’car)

’changeDirection 0 0))

(define (start avatar)

(invoke (get-attribute avatar ’car)
’changeDirection
(get-attribute avatar ’dx)
(get-attribute avatar ’dy)))

(define (avatar-input? avatar)
(invoke (get-attribute avatar ’ui)

’isAvatarInput))

(define-observe-environment avatar-input val

(avatar-input? val))

(define-observe-environment avatar-not-input val

(not (avatar-input? val)))
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