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Abstract 

 

The  adaptive dynamic optimal control of an object and selecting next position at 

multi positions recommended visit depending, so far on the values of it's parameters at last 

visited position and the passed path and predictively select the next control scenario by 

using formal grammar.   

The registering of the controlled object's parameters and the class belong to the 

visited position and the passed path it will be required a huge solution table with big 

searching time, in result using this approach isn't sufficient  for solving this problem it's 

recommended more suitable to use the PREDICATE FORMAL GRAMMAR (PFG)where 

it's eliminates the randomly selection next position to be visit, which causes to lost extra 

spend time . 

For this reason, it's necessary to predictive select the best next position to be visited.  

Using this approach and with a finite set of production rules permits registering 

object's parameters (consumed time, passed distance, vertex's visit frequency, etc.)at all 

possible to visit positions, through constructing a set of classes(string series sets), where 

each class has special set of string series and can generate enough set of powerful string 

series representing all visited positions  by controlled object on the defined class which the 

constructed string series belongs to). 
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 الملخص
 

بانن ممووةاة ائائياة مان الأوضااي التاي  اد  التاالي الوضعواختيار  ،حركة كائن ماالأمثل ل الديناميكي توجيهالن إ
جويااع فااي   لارامتراتااهقااي  ومااا ي وكيفنتااه، وضااع الحااالي لا يعتوااد الاا  عااد لعنااد ةااا   ليااة باو ااهالووجااه  الكااائنيشااهائا 

لتاادو ن جويااع الأوضاااي التااي ماار بئااا الكااائن الووجااه والتااي ت اات د  و  ،اً والتااي يشااهائا عالياااً الأوضاااي التااي اااهائا  ااال 
يوجاد ةادد كبنار  لأااهاً اظر و  ،لباوغ الوضع الئدفاً ل ل ننار و تحك  محدد  ااً ووف  ،لاختيار الوضع التالي الواجب اهاه

حااك كبناار جاادا يهااعب معااه ل زماان ذا و اً جااداً ضاا واً تشااهل عمواا ااد  جااداو موااا يتباااب معااه بنااا   ،ماان الاعتوااالا 
 دو نلتاا  PREDICATE FORMAL GRAMMARولااكلن ا تاارت ا اات دا  النحااو الشااكاي الشاار ي ؛ا اات دامئا
 . ) ا اة محارف(وبشكل محرفي ،ليهوالتعرف إ الكائنلارامترا  

، والااكي الااكي ي ااوس لا ااتقعاد ا اال الكااائن ماان وضاا ية الاا   خاار  لاوو ااع التااالي ةاان الاختيااار العشااوائي اً وبعنااد
ياار الوضاع التاالي  بال التأ اد وةاد  اخت ،لأفضال الو اارا اً لاكا يماب التنباؤ م اق  ؛زمن التحك في  در يؤدي بدوره إل  

تاادو ن الأوضاااي التااي  ااد بةااة يااهنر  ماان  واةااد الاااات ا  ن ا اات دا  النحااو الشااكاي ي ااوس وبوموو ماان  اااه الأفضاال. إ
الو بوةااااة او الو ااااار  ةالو اااااف،)الاااا من  هتعكاااار لارامتراتاااا وبشااااكل  م اااال محر يااااة ،الكااااائن الوااااراد توجنئااااه شااااهائاي

التاي و  ،وذلان بتشاكنل  ااواي مان النحاو الشاكاي ؛اً  اال  الأوضااي التاي ااهائاجويع  الو اوك...الخ( في الوضع الحالي و
بنحاو خااا   classعناك ت هاك كال ف اة  ؛ وبد اة متنايياةمان ال م ال الوحر ياة لتويايك الكاائن  يااً كا  اً تولاد ةادد

ل ا ااة را  الكاائن لتادو ن لاارامتالنحاو ال اا  و ات  ا ات دا   واةاد  ،الووجه الكائنجويع ال م ل التي  د يشهائا  ديول  
  .الف ة ه ك م ل وتوجنئه ال  الوضع الوتنا ب مع الف ة التي تنتوي النئا تحديد و  ،محر ية

 .لارامترا  الو ار،  م ل، محر ية، ، ائن، ف ة  اةد ، احو،الكاوا  الوفتاعية:
 
 
 
 

                                                           
  ور ة.-جامعة  ر وس - ند ة تكنولوجيا الوعاوما  والاتهالا   كاية - ت ااة الوعاوما   ند ة م اةد في       تاذ *
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Introduction: 
 

Mainly dynamic optimal object's traversals control depending on the visited position 

and the passed path and then select the next control scenario, using the registered object's 

attributes as spend time, passed distance, child vertex's frequency visit number, etc.  

At recommended graph [1,2] for representation positions which the object can be 

visit and selecting the next optimal effective control scenario  avoiding useless  object's 

traversals, which permits reducing spend time and support dynamic object's scenario 

control through very complex multistate system, rather than using randomly often useless 

transferring control between different dialogue class's states, and  minimizes dialogue total 

passed path. 

Adaptive object's control  efficiency depends so far on supporting adaptive dialogue 

scenario and solve the main problems as  eliminating randomly useless transferring object 

traversals between  different positions depending on the object's parameters at current 

vertex and the type of passed path which minimizes total spent time, delivery the next 

Adaptive dynamic dialogue scenario taking in consideration the object's activities history 

(passed path ), smart recording and later recognizing object's activities by using 

deterministic automats, which defines the next dialogue's scenario  class belong to  where 

the controlled object can visit only one vertex (with satisfied predicate) of many 

recommended to visit (with aren't satisfied predicate), so it will be select next scenario 

addictively defined. 

Object's  adaptive control can be get through using linguistic approach using 

predicate formal grammar "type-1" (non-context-free), it will be used for recording object's 

parameters and later recognizing object's string series and then selecting the next suitable 

adaptive control scenario. 

 

Important and aim of the work: 
Supporting next adaptive object's optimal control scenario must take in consideration 

the object's passed path at all visited vertexes (at all different classes) and vertex recently 

visited by objects. Regarding to the object's parameters (visited child vertex's list, vertex's 

name and sequence serial number, where each class has special set of child vertexes and 

spend time, finite string series, etc.), at controlled vertex and providing next control 

scenario so it can lead  the object to the target optimal aimed position by using formal 

grammar. 

 

Search method and material: 

Using this approach at each recommended to visit vertex it's evaluates object's 

parameters and it will be construct a string series represents the object's parameters at 

recently visited vertex (denoted by  Xver ) and history string series (lets denote by xhist ) 

then it will be define the class the controlled objects belong to, and select the next object's 

control scenario depending on the defined  class which permits leading the controlled 

objects to target final child vertex [3,7,12]. (fig.1), where:  

Child vertexes-represent the recommended to visit object's child vertexes, each one 

has unique name sequence number and class's visiting number. 

Arcs- represent possible object's neighbor visiting child vertexes. 

Weighted Arcs- represent the distances between neighbor vertexes (or spend time). 
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At each child vertex  evaluated the current object's parameters as character followed 

by the child vertex's  serial  number, depending on the current object's state Xver and passed 

path, it will be  constructs string series object' s history series Xhist represent the visited 

child vertexes in different classes and recently visited vertex series Xver, this series will be 

used for defining the class belong to, so it's possible to visit child vertex  belonged to the 

defined class and eliminates all other unvisited  child's vertexes. 

For registration set of object's parameters and selecting next suitable control scenario 

with minimum spent time and passed distance it's useful to use predicate formal grammar 

(pfg,"type-1) [6,8,9,10] defined as follows: 

Using this approach permits visiting only one child vertex belonged to an unique 

class in result no randomly vertex object's visiting of the vertexes. 

The predicate formal grammar defines as follows:  Gn={VT,VN, S, Rn,m, Pn,m } where 

: 

Vt/ Vn -set of terminals/secondary elements respectively. 

 S-start symbol, Pn,m,k -set of predicates of production rules(n =1, 𝑐1 ̅̅ ̅̅ ̅̅  - class's 

sequence serial number(on graph represents row), m =1, 𝑐1 ̅̅ ̅̅ ̅̅  - production rule's serial 

number. 

k-neighbor serial number (on graph represents column number).   

VT ={a,b,c,…,z,0,1,..,9} –set of terminal elements. 

VN={S , S1,1 ,S1,2 , 𝑆1,3 , 𝑆2,1 , 𝑆𝑛−1,𝑚 .. 𝑆𝑛  }-set of secondary elements. 

 𝑐1 ,  𝑐2  -unsigned positive integer constants. 

Rn,m -set of production rules(n-th -class number, m-serial number ) with the following 

format: 

Rn,m : α
P𝒏,𝒎,𝒌
→   𝛽𝑆𝒏,𝒎   , P𝒏,𝒎: 𝑑𝒏,𝒎 > 𝑐𝒏,𝒎  , 𝑡𝒏,𝒎 < 𝑐𝒏,𝒎   ,   α, 𝑆𝒏,𝒎  VN , 𝛽 VT     (1) 

where: 

      𝑑𝒏,𝒎 - current child vertex's distance at candidate to visit neighbor child vertexes. 

      𝑐𝒏,𝒎  - unsigned integer numeric constants. 

         𝑡𝒏,𝒎  - total consumed time at child vertex  𝑆𝒏,𝒎 . 

If and only if the predicate P𝒏,𝒎,𝒌 is satisfied then it will be use the related production 

rule Rn,m ,so it's possible to registerate the objects parameters at now visited vertex by 

substitute "𝛼" by  "𝛽 " then at given child vertex 𝑆𝒏,𝒎   construct a history  string series 

using the formula  xhist +=" 𝛽", ( xhist= 𝜖  𝑒𝑚𝑝𝑡𝑦 𝑠𝑡𝑟𝑖𝑛𝑔 𝑎𝑡 𝑠𝑡𝑎𝑟𝑡 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛). 
Keeping the left side of production rule without changing and using the related 

predicates P𝒏,𝒎,𝒌 , it's possible to construct new production rule with new right site, and in 

result construct a rich set of production rules, which permits registration object's 

parameters and control it traversals as follow:   

Rn,m :α
P𝒏,𝒎,𝒌
→   µ𝑆𝒏,𝒎   , P𝒏,𝒎,𝒌: 𝑑𝒏,𝒎 = 𝑐𝒏,𝒎   , 𝑡𝒏,𝒎 = 𝑐𝒏,𝒎 , α, 𝑆𝒏,𝒎  VN , µVT       (2) . 

By  comparing relations (1)& (2), using one secondary element (in our condition α)as 

left site of the production rule  it's possible to replace it by N different elements (terminal 

and nonterminal elements) through using set of different  related predicates P𝒊,𝒋 consisting 

in result of N set of string series(language L(Gi) ,i=1, 𝑛̅̅ ̅̅̅  , so each object's visit vertex  can 

belong to a predefined language. 

Used one simplified predicate formal grammar for registering and recognizing 

controlled object permits to construct "n" different formal classes, (each one has it's special 

set of production rules) which can generate an unique string language L(Gi) Each class has 

an unique language[9,4,11,12], where : 
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Each class has unique language taking in consideration all possible paths and each 

element reflexes all visited by controlled object states staring at certain start vertex.  

The recommended general predicate formal grammar has the following structure (see 

fig.4 

 

  

                 

    

 

 

  

                

                                                      

         

 

 
Fig.1: multi- classes object's travels control. 
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VT  ={a,b,c,z,f,m,n,j,i,0,1,2,..,9} –finite set of terminal elements. 

S0,2-start element, Rn,m -finite set of production rules where n/m-class's /production 

rules serial number respectively(on the graph represents row /column number, 𝜖 −empty 

string) [3,7,9]. 

Pn,m,k - predicates set of unique production rules, k-neighbor vertexes path serial 

number.  ci, m, n, k -unsigned positive integer constants. 

Rn,m:                                   Pn,m,k: 

1:𝑆0,𝑚
P𝑛,𝑚,1           
→       𝑎𝑁𝑆𝑛,𝑚                   Pn,m,1:d0,1>= c0,1               ,t0,1<=c1,2 

2:𝑆0,𝑚  
P𝑛,𝑚,2                
→        𝑏𝑁𝑆𝑛,𝑚                P𝑛,𝑚,2:d0,2 > c0,3               ,t0,2<c0,4 

3:𝑆0,𝑚
P𝑛,𝑚−1,𝑘          
→        𝑐𝑁𝑆𝑛−1,𝑚                    P𝑛,𝑚−1,𝑘:d n-1,m=c n-1,1        ,t n-1,m=c n-1,2 

4:𝑆0,𝑚
P𝑛,𝑚,𝑘          
→      𝑧𝑁𝑆𝑛−1,𝑚                       P𝑛,𝑚,𝑘 :d n,m=c n,2               ,t n,m=c n,3 

5: 𝑆𝑛,𝑚 
P𝑛,𝑚+1,𝑘          
→        𝑇𝑁𝑆𝑛+1,𝑚             P𝑛,𝑚+1,𝑘 :d n+1,m > c n+1,3      ,t n+1,m < c n+1,4    

6: 𝑆𝑛,𝑚
P𝑛,𝑚−1,𝑘+1          
→          𝑇𝑁𝑆𝑛−1,𝑚               P𝑛,𝑚−1,𝑘+1 :d n-1,m > c n-1,5  ,t n-1,m<c n-1,6 

7: 𝑆𝑛,𝑚
P𝑛,𝑚,𝑘+2          
→        𝑇𝑁𝑆𝑛,𝑚                      P𝑛,𝑚,𝑘+2:d n,m > c n,7          ,t n,m<c m,8 

8: 𝑆𝑛,𝑚
P𝑛,𝑚−1,𝑘+3          
→          𝑇𝑁𝑆𝑛−1,𝑚               P𝑛,𝑚−1,𝑘+3 :d n-1,m > c n-1,10 ,t n-1,m<c n-1,11  

9  : 𝑆𝑛,𝑚
P𝒏,𝒎,𝒌
→   𝜖                              P  n,m,k:finish()=end   

10: 𝑇
P𝑛,10           
→       𝑎|𝑏|. . |𝑧                            P𝑛,10 :m≠0, n≠0 

11: 𝑛
P𝑛,11           
→       𝑁 |𝑚                                 P𝑛,11  :m≠N   

12: 𝑁
P𝑛,12           
→      0                            P𝑛,12   : k=0  

13: 𝑁
P𝑛,13           
→      1                            P𝑛,13   : k=1  

……………………………………………………… 

24: 𝑁
P𝑛,24           
→      9                           P𝑛,24  : k=9        

25: 𝑁
P𝑛,25           
→      0𝑁                         P𝑛,25 : k>=99 

26: 𝑁
P𝑛,26           
→      1𝑁                         P𝑛,26 : k>=999 

        …………………………  

35: 𝑁
P𝑛,35           
→      9𝑁                         P𝑛,35  : k>=m 

  --------------------------------------------------- 

Fig.2-structure of Predicate Formal Grammar n-th class 

Using production rules Rn,m, (Predicate Formal Grammar (PFG) permits generate set of 

unique powerful string series(languages L(Gi), i=1, 𝑛̅̅ ̅̅̅) enough for registration all passed 

vertexes at different positions and select next dynamic object's control scenario.     

The generated languages L(Gi) will be construct through two steps:  

First at current child vertex it will use a certain production rule for registration the child 

vertex's visiting by character denotes by character "xver" followed by child vertex's serial 

number, second construct a history object's string series "xhist" which reflexes all passed child 

vertexes at different classes. 

At each child vertex  the  constructed string series "xhist" will be used for defining the 

class belongs to  xhist L(Gi) , i=1, 𝑛̅̅ ̅̅̅, then the controlled object will be support by the control 

scenario on given child vertex at defined class "i", where all other recommended neighbor 



 Tartous University Journal. Eng. Sciences Series 2019( 6( العدد )3العلوم الهندسية المجلد )    مجلة جامعة طرطوس العلمية

7 

 

child vertexes will be eliminated, so in result no faulty visiting any neighbor child vertexes 

and  no useless using production rules. 

Let's suppose a child vertex "Sn,m" (n, m- row and column vertex's sequence serial 

number respectively at graph(see fig.1)has Ni neighbor child vertexes where each one has 

own character, so for registration object's state at vertexes defined class it's necessary to use  

Qi production rules which needs total time Ti= Ni*tk*Qi , tk- spend  time for visiting one 

neighbor child vertex, because there aren't useless using of production rules this time will be 

Tp= tk, as seen Ti= Ni * Qi * Tp , so expression's analysis time becomes very small.   

If the related predicate Pn,m,k of production rule R n,m is yield, it will be use the 

corresponding rule R n,m for registration the object's position at recently visited child vertex  

constructing string Xver, (character followed by a child vertex 's sequence serial 

number),which will be used for construction xhist taking in consideration all visited before 

vertexes  using concatenation operator "+" , as follows :             xhist +=Xver    

Constructed string  "xhist" will be used to check if xnist L(Gi), i=1, 𝑛̅̅ ̅̅̅, (3,7) if the 

relation was/ wasn't yield so it will be used to determine and selecting next suitable target 

object's control scenario. 

Each string class must has unique special set of production rules Rn,m which can 

generate unique  language( set of string series), L(Gi), i=1, 𝑛̅̅ ̅̅̅, so any string must belong to one 

language only. 

If xhistL(Gi), the controlled object must continue at defined class's sequence number 

"i"   starting at next child vertex, where eliminates all other neighbor child vertexes. 

In this way, it's possible predictively defining the controlled object's scenario.This 

permits to accept visiting only one child vertex of candidate vertexes set. 

 For this reason, it's necessary to define perfectly all classes languages, which will be 

used for controlling object's traversals through complex positions. 

At any child vertex it's possible to select next scenario depending on satisfying the 

predicate P𝒏,𝒎,𝒌 where can be one of the possible following next scenarios as follow: 

 a) Object at start vertex  𝑆𝟎,𝟐    
For registration the controlled object's state at given vertex  "i" it will be use the 

related production rule R𝒏,𝒎(𝑆𝟎,𝒎  
P𝒏,𝒎,𝒌
→   𝑏𝟒,𝟎  𝑆𝒏,𝒎  , P𝒏,𝒎,𝒌: 𝑑𝒏,𝒎 = 𝑐𝒏,𝒎1   , 𝑡𝒏,𝒎 = 𝑐𝒏,𝒎𝟐  , 

𝑤ℎ𝑒𝑟𝑒 𝑛 = 1,𝑚 = 1  ) and generates the string "b4,m" (where b4-path serial number  

0-row serial number), t.e momentary string at recently visited child vertex  is Xver= 

"b4,m".  

If and only if the conditional expressions  P 𝒏,𝒎,𝟏 was satisfied t.e  𝑑𝟎,𝟏 < 𝑐𝟎,𝟏    𝑎𝑛𝑑  
 𝑡𝟎,𝟏 > 𝑐𝟎,𝟐 , so predicate P𝒏,𝒎,𝟏 is true and the candidate child vertex  to be visit  is 

S1,1 on the first class S1,1L(G1).For saving the object's states at all visited child vertexes 

at different  classes "i", it will be use the relation: 

X𝒉𝒊𝒔𝒕 +=Xver⟹ X𝒉𝒊𝒔𝒕 = +"b4,m", (where m=0),because at 𝑆𝒏,𝒎 

 history  series  X𝒉𝒊𝒔𝒕 =   ( −empty string at start vertex ) , 𝑠𝑜 X𝒉𝒊𝒔𝒕 ="b4,m" then it will 

be check if X𝒉𝒊𝒔𝒕L(Gi)  i=1, 𝑛 ̅̅ ̅̅ ̅, if relation was true the next control scenario will be on 

the defined  "i" class. 

Constructed string  X𝒉𝒊𝒔𝒕     it will be use to define the class's number belong to  by 

checking the relation  X𝒉𝒊𝒔𝒕  L(Gi) , i=1, 𝑛̅̅ ̅̅̅ if the relation was satisfied then the  next 

control scenario will be continue on the "i" class ,otherwise it will be check if yield this 

relation   X𝒉𝒊𝒔𝒕L(Gi) and next vertexes to visit is 𝑆𝒏,𝒎(where n=1,m=1). 

Depending on the current and history object's state the controlled objet visits child 

vertex  Sn,m  can get the target position . 
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,n 1S

,j21,1 

,2 0S

,j21,1 

,2 1S

,21,1

j 

,1 1S

,21,1

j 

 

1)Visit next child vertex  𝑺𝒏,𝒎   (n=2,m=1)on the 2-nd class "n=2". 

While controlled object visited the new current child vertex   X𝒉𝒊𝒔𝒕   L(Gi) ,i=1̅ , and 

X𝒉𝒊𝒔𝒕 = b4,m , it will be check the object's parameters  P𝒏,𝒎,𝒌 , t.e  𝑑𝒏,𝒎 >= 𝑐𝒏,𝟏 , and 

 𝑡𝒏,𝒎 <= 𝑐𝒏,𝟐  . 
If the predicateP𝒏,𝒎,𝒌 is true it will be use the related production rule (see fig.4) 

 R0,1: 𝑆𝒏,𝒎 
P𝒏,𝒎,𝒌
→   𝛼 𝑵𝑆𝒏,𝒎   , and 𝑁

P𝒏,𝒌
→  1   , 𝑆𝒏,𝒎

P𝒏,𝒌
→    ( 𝑤ℎ𝑒𝑟𝑒 𝑛 = 1, 𝑚 = 2) 

 

 

 

 

 

 

                          

                            1-st class      2-nd class            n-th class 

              

 

 

 

    Fig. 3. Object's traversals at start vertex 

 

Generated string series at now visited child vertex is Xver="a3,1" ⟹ X𝒉𝒊𝒔𝒕+=Xrver⟹
X𝒉𝒊𝒔𝒕 ="b4,m"+"a3,m" ⟹ X𝒉𝒊𝒔𝒕 ="b𝟒,𝟎a3,m" ⟹if X𝒉𝒊𝒔𝒕  L(G2) ⟹next  child vertex to be 

visit is vertex  S𝒏,𝒎 ( csecond class ) by the same way it will be construct any sequence of 

characters "a". 

2) Visit neighbor child vertexes S𝑛,𝑚 in the 3-d class. 

While controlled object visits the new current child vertex S𝒏,𝒎, (where n=1,m=2)and 

X𝒉𝒊𝒔𝒕="b𝟒,𝒎a3,m", it will be check the object's parameters P 𝒏,𝒎,𝒌 are true t.e  

P 𝒏,𝒎,𝒌: 𝑑𝒏,𝒎 >= 𝑐𝒏,𝟏  , 𝑡𝒏,𝒎 <= 𝑐𝒏,𝟐. 

If the predicate P𝒏,𝒎,𝒌 was true it will be use the related production rule 

    Rn,m:  𝑆𝒏,𝒎 
P𝒏,𝒎,𝒌
→   𝒃 𝑵𝑆𝒏,𝒎   , and 𝑁

P𝒏,𝒎,𝒌
→   1   ,  𝑆𝒏,𝒎 

P𝒏,𝒎,𝒌
→     ,  (where n=1, m=2) 

At visited child vertex and by using this production rule, it will be construct the 

string series, which can be, find by this formula: 

Xver="b3,m" ⟹ X𝒉𝒊𝒔𝒕 +=Xver⟹ X𝒉𝒊𝒔𝒕 ="b𝟒,𝟎a3,m"+"b3,m" ⟹ X𝒉𝒊𝒔𝒕 = "b𝟒,𝟎a3,mb3,m" ⟹if 

  
X𝒉𝒊𝒔𝒕 L(Gn) , so next child vertex  class to be visit is 𝑆n,m(n=2, m=2). 

  3) Visit neighbor child vertex S𝑛,𝑚 on the n-1 class. 

P
𝒏
,𝒎
,𝟐  (b

2
,0 )   
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0,2S 

 1,1S 1,2S 

1,mS 

  31,S 
2,2S 

While controlled object visits at the current child vertex   Sn ,𝒎 and while the history 

string series X𝒉𝒊𝒔𝒕 = "b𝟒,𝟎a3,mb3,m" , it will be check the object's parameters are 

satisfied    Pn−1 ,𝒎,𝒌: 𝑑n−1 ,𝒎 < 𝑐 n−1 ,𝒎𝟏  , 𝑡n−1 ,𝒎 > 𝑐n−1 ,𝒎𝟐    

If the predicate  Pn ,𝒎,𝒌  is true it will be use the related production rule: 

 R1,2 :𝑆n ,𝒎 
Pn,m,5
→   𝑏   𝑵𝑆n ,𝒎−1   , and   𝑁

P n,17
→   2   ,  𝑆n,𝒎−𝟏 

P1,12
→    .  

 

 

             

               

 

 

                    1-st class           2-nd class          …                    n-th class 

 

 

 

Fig. 4 .passed path b𝟒,𝟎a3,1b3,2c4,1 

 

Generated string series at visited child vertex can be Xver= "b4,1" ⟹ X𝒉𝒊𝒔𝒕 +=Xver ⟹
X𝒉𝒊𝒔𝒕 = "b𝟒,𝟎a3,mb3,m"+"b4,1" ⟹ X𝒉𝒊𝒔𝒕 ="b𝟒,𝟎a3,mb3,m+1b4,m+2" ⟹if X𝒉𝒊𝒔𝒕L(G2) ⟹

next  child vertex is on neighbor  class to be visit is Sn ,𝒎 (where n=m=2). 

 

 4)Visit  neighbor child vertex 𝑆n,𝒎+𝟏 in the n+1 class(suppose n=3). 

While controlled object visits child vertex     S𝟐,𝟏 and X𝒉𝒊𝒔𝒕 = "b𝟒,𝟎a3,mb3,m+1b4,m+2", it 
will check the object's parameters are satisfied  : 

 Pn ,𝒎,𝒌: 𝑑n ,𝒎 < 𝑐n ,𝒎  , 𝑡n ,𝒎 > 𝑐n ,𝒎   ), if the predicate Pn ,𝒎,𝒌 is true it will be use the 

related production rule 

  ( Rn,m :  𝑆n ,𝒎   
P𝒏,𝒎,𝟑
→   𝑏 𝑵𝑆𝒏,𝒎   , and   𝑁

P𝒏,𝟏𝟖
→  3,,  𝑆n ,𝒎 

P𝟏,𝟑𝟐
→      , (where n=3,m=2)   

 Generated string series at now visited child vertex can be Xrver= "c3" ⟹
X𝒉𝒊𝒔𝒕+=Xver⟹ X𝒉𝒊𝒔𝒕 ="b𝟒,𝟎a3,mb3,m+1b4,m+2"+"c3,m⟹ X𝒉𝒊𝒔𝒕 = "b𝟒,𝟎a3,mb3,m+1b4,m+2c4,m", then 

check if string series X𝒉𝒊𝒔𝒕 L(G4) ⟹next  child vertex  class "n=4" to be visit (suppose 

the number of classes is 4), by the  same way it will be continue any sequence string  

series. 

In the same way and at each vertex it will be defines the next scenario depending on 

the object's passed path and the object's parameters at visited child vertex consisting in 

result the string followed with vertex serial sequence number as:  

P𝟏,𝟏,𝟑 (a3,1)   P𝟏,𝟐,𝟑 (b3,1)   
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0,1S 0,3S 
0,2S 

b2,0, b2,1b2,2, b2,0b2,1b2,2b2,3b2,4, .. etc. at given class (series second class) or series at 

different classes(a1,0,a1,1b3,2c3,3d3,3, c1,0,c2,1b4,2a3,2b5,2,..). 

If  the predicate  Pn ,𝒎,𝒌 wasn't satisfied for any class's languages L(Gn),it will be  a 

fatal error and(it's necessary to eliminate this condition because it's leading to stop 

working)  so it means no spend time for analysis an useless faulty visiting any child vertex. 

 

discussion: 
Registration object's parameters and predictively selecting next control scenario. 

Suppose the number of passed vertexes can classified in 4  categories(classes) and 

passed path p="b4,0b3,1c4,1b1,2a5,2b3,3 c3,3" ,where pL(Gi), i=2 and the object must to get the 

vertex S3,4 in the given order consists of the following vertices as follows: 

V2={S0,2, S1,2 ,S1,3 ,S2,2, 𝑆2,1 , 𝑆3,2  ,S3,3,S3,4}- finite list  recommended to pass vertexes 

names.  

a/b/c/d- Used characters for object's state registration at 1-st,2-nd,3-d,4-th classes 

respectively each one tailed with path's number to neighbor vertex ( vertex's serial number 

example: b3,1 ,where 3/1- path's vertex's serial number respectively).  

Recommended formal grammar G2 defined by using global grammar: 

Gn ={VT,VN, S, R2,m, P2,m }   [3,7,9]where:    

VN={S0,2 ,S1,1 ,S1,2 ,S1,3, 𝑆2,1 , .. ,S2,3 ,S3,1 ,.. ,S3,4}- finite set  of non-terminal elements. 

VT  ={ a, b, c, d, 0,1,2,..,9} –finite set of terminal elements. 

S0,2 -start element, R3,4 - finite set of production rules, 𝜖 −empty string. 

P2,m- set of production rule's predicates on class  "m=2". 

n=1, 𝑛1̅̅ ̅̅ ̅̅  – class's sequence serial number, m=1,𝑚1̅̅ ̅̅ ̅̅ ̅ - production rule's serial number. 

m1,n1 –row/column serial number, k-path serial number. 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 
 

 

P
0 ,2 ,2 (b

2 ,0 )   
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3,1S 

3,23S 

2,3S 2,2S 2,1S 

1,1S 

3,3S 3,4S 

1,2S 

3,1S 

 

 

 

 

 

                

    

 

 

Fig.5: multi- class  object's travels control. 

 

R2,m:                             Pn,m,k: 

1:𝑆0,2  
P𝟐,0,𝟐     
→    𝑏𝑁𝑆1,2               P2,0,2:d0,2 >c0,2        ,t0,2<c0,3  

2: 𝑆1,1 
P𝟏,𝟏,𝟑      
→    𝑇𝑁𝑆2,1              P𝟏,𝟏,𝟑: d 1,1>=c 1,1    ,t 1,1>c 1,2  

3: 𝑆1,2 
P𝟏,𝟐,𝟑      
→    𝑇𝑁𝑆1,3             P𝟏,𝟐,𝟑: d 2,2>c 2,2      ,t 2,2<=c 2,3  

4: 𝑆1,3
P𝟏,𝟑,𝟒
→   𝑑𝑁𝑆2,2                    P𝟏,𝟑,𝟒: d 3,2 =c 3,2    ,t 3,2>c 3,3. 

5: 𝑆2,1 
P𝟐,𝟏,𝟐      
→    𝑇𝑁𝑆3,1 |𝜖         P2,1,2: d 2,1>c 2,4      ,t 2,1<c 2,5        

6: 𝑆2,2 
P𝟐,𝟐,𝟓      
→    𝑇𝑁𝑆3,3  |𝜖         P2,2,5: d 2,6=c 2,6      ,t 2,6=c 2,7   

7: 𝑆2,1 
P𝟐,𝟏,𝟑      
→    𝑇𝑁𝑆2,2 |𝜖         P2,1,3: d 1,2>=c 1,2    ,t 1,2<=c 1,3  

8: 𝑆3,2 
P𝟐,𝟐,𝟓     
→    𝑇𝑁𝑆3,3  |𝜖         P2,2,5: d 2,3>c 2,7      ,t 2,3<=c 2,8   

9: 𝑆3,3 
P𝟐,𝟐,𝟑      
→    𝑇𝑁𝑆3,4 |𝜖         P2,2,3: d 2,1>c 2,1      ,t 2,1<c 2,2   

10: 𝑆3,1
P𝟐,𝟑,𝟏
→   𝑇𝑁𝑆2,2    |𝜖              P2,3,1: d 3,1>c 3,1     ,t 3,1>c 3,2       

11: 𝑆3,3
P𝟐,𝟑,𝟑
→   𝑇𝑁𝑆4,2                     P2,3,3: d 3,3>c 3,3          ,t 3,3<c 3,4,    

12: 𝑆3,4
P𝟐,𝒎
→  𝜖                         P2,3,4: fn=c1 or  finish()=end, (𝜖 −empty string).   

13: 𝑇
P𝟐,𝟏,𝟏𝟑
→    𝑎|𝑏|. . |𝑧                    P2,1,13: m≠0, n≠0. 

14: 𝑛
P𝟐,𝟏,𝟏𝟒
→    𝑁 |𝑚                          P2,1,14: m≠n.   

15: 𝑁
P𝟐,𝟏𝟓
→  0                        P2,15:  k=0. 

16: 𝑁
P𝟐,𝟏𝟔
→  1                        P2,16:  k=1   

…………………………………………………… 

P2,2,1(b1,1)   

P1,2,3(b3,1)   

P3,3,3,(c3,3)   
P3,2,3(b3,3)   
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23: 𝑁
P𝟐,𝟏,𝟐𝟒
→   9                       P2,24:  k=9         

24: 𝑁
P𝟐,𝟐𝟓
→  1𝑁                      P2,25:  k>=99   

25: 𝑁
P𝟐,𝟐𝟔
→  2𝑁                      P2,26:  k>=999  

 …………………………  

34: 𝑁
P𝟐,𝟑𝟒
→  9𝑁                      P2,34:  k>=m  

 

  --------------------------------------------------- 

Fig.6-structure of Predicate Formal Grammar 2-nd class's L(G2) 

 

Suppose the optimal path necessary to pass by the object is started at vertex S0,2 and 

stopped at vertex  𝑆3,4 , through the following vertexes set in the following sequence:  

         { 𝑆0,2  , 𝑆1,2, 𝑆1,3,, 𝑆2,1 , 𝑆3,2, 𝑆3,3, . . , 𝑆3,4,} ∈ Sn,m ,  ( n=1,3̅̅ ̅̅ , m=1,4̅̅ ̅̅  ). 

Object allocates at vertex S0,2 ,it will check if predicate P2,0,𝟒 (represent  object's 

parameters and for demonstration purpose we will suppose specified predicates are true) is 

true: 

 d0,2 < c0,2  and  t0,2>c0,3 ,because p0,2,4 =true it will use the corresponding production 

rules  as follows(fig.6): 
  
 𝑅2,1 ∶

  
 𝑆0,2  

P2,0,4     
→    𝑏𝑁𝑆1,2     and  R2,15: 𝑁

P𝟐,𝟏,𝟏𝟓
→   4 

Using production rules R2,1&R2,15 at last visited vertex will generate string series 

 𝑋𝑣𝑒𝑟 = "b4,0" , which specifies the controlled object at vertex S0,2 and object's history 

string series  X𝒉𝒊𝒔𝒕reflects passed path which can be find as follow: 

  X𝒉𝒊𝒔𝒕 +=𝑥𝑣𝑒𝑟, 𝑤ℎ𝑒𝑟𝑒 𝑋𝑣𝑒𝑟  ="b4,o" ⟹ X𝒉𝒊𝒔𝒕 ="𝜖" & 𝑋𝑣𝑒𝑟 ⟹ X𝒉𝒊𝒔𝒕 ="𝜖"& 

"b4,0"="b4,0"and because X𝒉𝒊𝒔𝒕 ∈ L(G2),so the next vertex recommended to visit is S1,2 , while  

eliminates visiting all other neighbor vertexes(all predicates in false conditions). 

  

At visited vertex S1,2 ,it will check if P1,2,3=true, while this predicate is true  t.e  

d1,3> c1,3, t1,3<c2,3 , so it can use the grammar's production rule R2,3 (fig.6): 
  
 𝑅2,3 ∶

  
 𝑆1,2  

P2,2,3     
→    𝑏𝑁𝑆1,3      and  R2,18: 𝑁

P2,2,18
→   3 

Using production rules R2,3&R2,8 will generate string series 𝑋𝑣𝑒𝑟 = "b3,1" which 

specifies the controlled object at vertex S1,2 as follow:  

 while  𝑥𝑣𝑒𝑟 = "𝑏3,1" ⟹ X𝒉𝒊𝒔𝒕 = "b4,0" + "𝑏3,1"="b4,0𝑏3,1", because X𝒉𝒊𝒔𝒕 ∈ L(G3), so 

the next vertex recommended to visit is S1,3. 
At  vertex S1,3 , object will check if P1,3,4( d1,3> c1,3, t1,3<c2,3 ), while this predicate 

P1,3,4=true so it can use the grammar's production rule R3,4. 

  
  
 𝑅3,4 ∶

  
 𝑆1,3  

P1,3,4     
→    𝑐𝑁𝑆2,2      and  R2,19: 𝑁

P1,3,19
→   4   ,so   𝑥𝑣𝑒𝑟 = "c1,4", then 

constructed  serie𝒔 X𝒉𝒊𝒔𝒕 = " b4,0𝑏3,1"+"𝑐1,4" = " b4,0𝑏3,1𝑑𝑐1,4", and because  X𝒉𝒊𝒔𝒕 ∈ 

L(G2),so the next vertex recommended to visit is S2,2. 
 

* At S2,2 vertex  will check if P2,2,2=true( d2,2 > c2,2 , t2,2 <c2,3 ), while this predicate is 

true the construction  grammar's production rules permits using only R2,5. 

  
  
 𝑅2,5 ∶

  
 𝑆2,2  

P2,2,2     
→    𝑏𝑁𝑆2,1      and  R2,16: 𝑁

P2,2,16
→   1    

Using
  
 𝑅2,5 production rule, so  𝑥𝑣𝑒𝑟 = "𝑏1,2", while X𝒉𝒊𝒔𝒕 = " b0𝑏3,1𝑐1,4", so new 

value   X𝒉𝒊𝒔𝒕 = " b0b3,1c1,4" + = "𝑏1,2" ⟹    X𝒉𝒊𝒔𝒕 =  "b0b3,1c1,4𝑏1,2" ,because  
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X𝒉𝒊𝒔𝒕 ∈ L(G1), so the next vertex recommended to visit is S2,1. 
 

 * object allocates at vertex S2,1, it will check if P2,1,5( d2,5 > c2,5 , t2,5 <c2,6 ) is true, 

while this predicate is true the related grammar's production rule R2,11 will use. 
  
 𝑅2,11 ∶

  
 𝑆2,1  

P2,2,2     
→    𝑎𝑁𝑆3,2      and  R2,17: 𝑁

P2,2,20
→   5 

Using this production rule R2,11 , so string series at visited vertex is   𝑥𝑣𝑒𝑟 = "a5,2" , 

while 

    X𝒉𝒊𝒔𝒕 = " b0,4,b3,1c1,4𝑏2,2", so new value   X𝒉𝒊𝒔𝒕 = "b4,0b3,1c1,4𝑏2,2"+= ""𝑎5,2" ⟹ 

   X𝒉𝒊𝒔𝒕 = " b4,0b3,1c1,4𝑏2,2𝑎5,2" because X𝒉𝒊𝒔𝒕 ∈ L(G2),so the next vertex recommended       to 

visit is S3,2 . 

* At S3,2 vertex will check if P3,2,3( d3,2 > c3,2 , t3,2 <c3,3 ) is true, while it's true the 

corresponding  grammar's production rule (R2,7 )will be used as follow: 
  
 𝑅2,1 ∶

  
 𝑆3,2  

P3,1,3     
→    𝑏𝑁𝑆3,4      and  R3,5:  𝑆3,2 

P𝟑,𝟏,𝟔    
→    𝑇𝑁𝑆1,2  

Using this production, so  𝑥𝑣𝑒𝑟 = b3,3 , 𝑤ℎ𝑒𝑟𝑒   X𝒉𝒊𝒔𝒕 = "b4,0b3,1c4,1b1,2a5,2", so new 

value   X𝒉𝒊𝒔𝒕 == "b4,0b3,1c4,1b1,2a5,2" += "b3,3"⟹  X𝒉𝒊𝒔𝒕 = " b4,0b3,1c4,1b1,2a5,2b3,3", and 

Because  X𝒉𝒊𝒔𝒕 ∈ L(G2) an next vertex to visit is S3,3. 

* At S3,3 vertex it will be check if P3,2,3( d3,2 > c3,2 , t3,2 <c3, ) is true, while it's true the 

corresponding  grammar's production rule (R2,7 )will be used as follow: 
  
 𝑅2,7 ∶

  
 𝑆3,2  

P3,2,3     
→    𝑐𝑁𝑆3,3      and  R3,5:  𝑆3,2 

P𝟐,𝟑,𝟏𝟖     
→     𝑇𝑁𝑆3,3  

 

Using this production rule , so  𝑥𝑣𝑒𝑟 = "𝑐3,3", 𝑤ℎ𝑒𝑟𝑒    X𝒉𝒊𝒔𝒕 = " b4,0b3,1c4,1b1,2a5,2b3,3" 

and new value   X𝒉𝒊𝒔𝒕 = "b4,0b3,1c4,1b1,2a5,2b3,3" + = "𝑐3,3",where  object's history string 

series became    X𝒉𝒊𝒔𝒕 =  "b4,0b3,1c4,1b1,2a5,2b3,3𝑐3,3" ,and next vertex to visit is 

 𝑆3,4 ∈ L(G4) and because it's the final position ,so the execution will be finished and 

while S3,4  is the last vertex to visit so it will use the production  
  
 𝑅3,12: 𝑆3,4

P𝟑,𝟒,,𝒎
→   𝜖            P3,4,m: fn=c1 , finish()=end 

 

As seen the constructed string series specifies the controlled object at given vertex  Sn,m 

(taking in consideration all passed vertexes) as string series ,if the  predicate Pi,j,k was false it 

will check the next predicate if it's P n+1,m+1,k =true ? , so next vertex recommended to visit is 

Sn+1,m+1. 

By the same way it will check the other predicates  . 

It's necessary to mention that the author can consist a set of production rules as he 

wants and leads the controlled object from one vertex to the target as required. 

 

5.*Effect of using predictively control scenario to the controlled object : 

Suppose the number of classes is 4 and the number of vertexes which can visited by 

controlled object's arranged in 3 rows and  4 columns, where the object can visit each vertex 

if a certain conditional expression is true ( eliminates all other vertexes), while the possibility 

of vertex's visiting number with/without using predicates of the production rules of the 

formal grammar  reflected here (at tab.1). 

As seen from the tab.1 and the fig.7 using predicate formal grammar and predictively 

diagnose the next controlled object's scenario permits get big gain and save time. 

 



 د. ديوب                                                                        الملائم لحركة كائن التوجيه الديناميكي التنبؤي 
 

 

                                                                                        Tab.1 

 

 
Fig7.Effect of using formal grammar for object's traversals control 

 

   

 

 

 

 

 

 

 

 

Results and conclusion: 
Using predictively object's control scenario using formal grammar permits the 

following: 

1-string registration of the controlled object visited different states and specify each 

one with it's special character. 
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2-suport wide range for describing the controlled object at different classes by 

different way. 

3-it's easy to define the object's coordination and it's state.   

4-predictevely selecting the optimal path regarding to predefined object's parameters 

so it's possible execute a certain path by different way. 

5. Using a few production rules it's possible to describe a very complex object's 

movement.   

6-proposed predicates permits using many production rules in the same context so 

generate more powerful and rich language enough for registration object's complex 

traversals and recognizing it's class. 
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