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 The G-ROUTING ALGORITHM Methodology is invented to provide routing 
algorithm for the G-NETWORK layouts in some geometries like Satellites, Internet 3D-
ëWeb Networks, Cell ëMap System and even for Emergency Traffic Lights Routing 
System. The G-ROUTING ALGORITHM provides great routing, fast and robust for any 
networks using Neighbor-to-Neighbors networking technology. The Neighbor-to-
Neighbors networking technology only requires neighbor knowing next neighbors; one 
network node only needs to know its closest neighbors and can only communicate to 
its closest neighbors. The Neighbor-to-Neighbors networking technology provides the 
network with self-adjusting when a node is removed or added into the networks. 

 The G-ROUTING ALGORITHM Methodology is invented with State-of-the-Art and 
invented to work with any geometry networks, G-NETWORK from simple networking 
nodes to most complicated machine networking nodes. The simple networking nodes 
are the network nodes that can only send and receive signal to forward to the next 
closest neighbors; these networking nodes do not have any knowledge about the 
network configuration database or the neighbor nodes’ properties. These network 
nodes cannot perform a re-route when the desired network routing path stuck at their 
position with a neighbor node is disconnected during routing. A center network 
controller is required to build a route path with a series of routing nodes and let one 
node forward to its neighbor routing node until it reaches the destination node. The 
complicate machine networking nodes are the nodes that have knowledge of the 
network configuration database or their neighbor nodes’ properties. These networking 
nodes can perform a re-route when the desired network routing path stuck at their 
position with a neighbor node is disconnected during routing. For complicate machine 
networking nodes, any nodes can be used to build and start a network route. The 
systems with these networking nodes can be built with Auto-Notify-Neighbors and 
broadcasting across entire networks for updating when a node is gone missing or a 
new node has been added into the network structure. For complex networking like 
Star-Tree ëWeb topology network, network nodes can be mixed with both re-routable 
and not re-routable nodes; complicated machine nodes and simple forwarding only 
nodes. The G-ROUTING ALGORITHM is a promise for future of networking and routing 
algorithm with the Neighbor-to-Neighbors networking technology. 
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Network Nodes Layouts 
Figure-1 below shows the square network nodes layout which is similar to the 

Satellite StarLink network layout and Traffic Lights network layout. The network nodes 
are communicated directly to their closest neighbors; and they can only send and 
receive to their closest neighbor nodes. This layout provides a node can only have 
maximum of 4-neighbor nodes.  

 

 

Figure-1: NETWORK NODES IN SQUARE LAYOUT 
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Figure-2 below shows the square network nodes layout plus diagonal lines which 
provides networking layout with some shortcut paths for faster routing networking 
system. The network nodes are crossed by diagonal lines having more neighbor nodes 
than others. The lines showing in the network layout can be direct connected or 
wireless in any forms but required reachable node-to-node or Neighbor-to-Neighbors 
only. The Neighbor-to-Neighbors networking technology is not just in square layout, 
but it can be in hexagon layout or any other layouts like Star-Tree topology layout or 
can be in Multi-layer Network Structure with local-to-local nodes and community-to-
community nodes within the same network. 

 

Figure-2: NETWORK NODES IN SQUARE W/ DIAGONALS LAYOUT 
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G-ROUTING ALGORITHM Database Requirements 
 Table-1 below shows a simple database for the network layout in Figure-2 above. 
Each line shows a node with its list of neighbors and its neighbors’ properties with 
distance and direction from that node. The nodes that are highlight in orange are the 
neighbor nodes on the diagonal lines of the outer square; and nodes that are highlight 
in blue are on the inner square sides. By default for square layout, each node has 
maximum of 4-neighbor nodes not including the ones in diagonal lines. The table 
shows node ‘B1’ has 6-neighbor nodes in order ‘A1; B2; C2; C1; B0; A0’ of clockwise 
direction start from 12 O’ clock. Node ‘A1’ has a distance of ‘dA1’ in North direction; 
node ‘B2’ has a distance of ‘dB2’ in East direction; node ‘C2’ has a distance of ‘dC2’ in 
South East direction; node ‘C1’ has a distance of ‘dC1’ in South direction; node ‘B0’ has 
a distance of ‘dB0’ in West direction; and node ‘A0’ has a distance of ‘dA0’ in North 
West direction. This node is a sample node from the table database below; other 
nodes are having the same format. 

 The G-ROUTING ALGORITHM will start at a source node and look for the list its 
neighbor nodes; again, the list of neighbor nodes is recommended to be in order of 
clockwise start at 12 O’ clock. The next sequence of routing will pick the first node from 
the list and look for this node’s neighbors; and pick the next node from the list and 
look for its neighbor nodes and so on. With the same method, the algorithm will start 
at a destination node and look for the list its neighbor nodes. When iterating through 
nodes on each side, duplicate nodes from previous iterations will be eliminated. The 
algorithm will iterate one node at a time for both source node and destination node 
until both paths contain a shared node. This shared node will be in the first route 
which will connect the source and destination nodes together for the first route. The 
algorithm also provides flexible of more routes to choose by performing more 
iterations through node-by-node on both source and destination nodes. This algorithm 
can be written in a recursive method for both source and destination nodes until both 
paths contain a shared node. Next sections will show more in details and the rules of 
the G-ROUTING ALGORITHM for the above networking layouts. 
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Table-1: NEIGHBOR-TO-NEIGHBORS NODES’ PROPERTIES TABLE 
 

Standard G-ROUTING ALGORITHM’s Rules 
The G-ROUTING ALGORITHM has the following defined rules. 

1. Network Database must define each node with its neighbor nodes’ properties for 
Neighbor-to-Neighbors networking methodology with directions and distances from 
a node to its neighbor nodes. 

2. Always start at 12 O’ clock in clockwise direction when looking for node’s neighbors. 
3. Always try clockwise direction when reaching disconnected node, then back to the 

original direction when possible. 
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4. Iterate through neighbor nodes for both source and destination nodes to find 
sharing node and eliminate the duplicated nodes from previous steps. This means 
that the iterations will start from the source node iterate to the destination node 
and from destination node iterate to the source node until find a sharing node. 

5. When found a shared node from both source and destination nodes’ paths, always 
look for the closest node that contains this shared node and previous nodes that 
link to this shared node from both source and destination directions. 

6. Always try optimization routing with the network layouts in uniform geometry like 
all squares layout or all hexagons layout for faster routing; optimization searching 
four outward directions in 90° for square layout and six outward directions in 30° 
for hexagon layout. 

7. For the non-uniform geometry network layouts, after try optimization routing to 
find the crossing section, then apply the standard G-ROUTING ALGORITHM method 
in clockwise direction for both source and destination nodes within the crossed 
section toward each other direction in degree angles within the crossed section. 
This way the algorithm can find the shortest or shortcut routes to the destination 
node. 

Standard G-ROUTING ALGORITHM Methodology 
Table-2 below shows the standard G-ROUTING ALGORITHM for Figure-1 above in 

uniform network layout with all squares in geometry layout start with the source node 
‘C5’ to find the destination node ‘MC’. Below are the sequences to start searching for 
routes with the standard G-ROUTING ALGORITHM.  

1. Start with source node ‘C5’ on the Left-Side and based on the database Table-1, 
there are 4 neighbor nodes ‘B5, C6, D5, C4’ in order of clockwise direction start at 
12 O’ clock; the following step ‘1.1’ starts with 1st node ‘B5’ which has 3 neighbor 
nodes ‘A5, B6, B4’ not including the source node ‘C5’; the next step ‘1.2’ starts with 
2nd node ‘C6’ which has 3 neighbor nodes ‘B6, C7, D6’ not including the source node 
‘C5’ but found duplicated node ‘B6’ from the previous step ‘1.1’ and this node ‘B6’ is 
shown in purple and should be eliminated from the list in computer programming 
algorithm; the next steps would be the same for the other nodes ‘D5’ and ‘C4’ in 
steps ‘1.3’ and ‘1.4’. 
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2. Start with destination node ‘MC’ on the Right-Side, there are 4 neighbor nodes ‘LC, 
MD, NC, MB’ in order of clockwise direction start at 12 O’ clock; the following step 
‘1.1’ starts with 1st node ‘LC’ which has 3 neighbor nodes ‘KC, LD, LB’ not including 
the original destination node ‘MC’; the next step ‘1.2’ starts with 2nd node ‘MD’ 
which has 3 neighbor nodes ‘LD, ME, ND’ not including the original destination node 
‘MC’ but found duplicated node ‘LD’ from the previous step ‘1.1’ and this node ‘LD’ 
is shown in purple and should be eliminated from the list in computer programming 
algorithm; the next steps would be the same for the other nodes ‘NC’ and ‘MB’ in 
steps ‘1.3’ and ‘1.4’. 

3. Back to the Left-Side in sequence 1) above, starts with step ‘1.1.1’ for 1st node ‘A5’ 
from previous step ‘1.1’, and there are 3 neighbor nodes ‘A6, B5, A4’ with 
duplicated node ‘B5’ from previous step; the following step ‘1.1.2’ for 2nd node ‘B6’ 
from previous step ‘1.1’, and there are 4 neighbor nodes ‘A6, B7, C6, B5’ with 
duplicated nodes ‘A6, C6, B5’ from previous steps; the next steps would be the 
same for other nodes ‘B4’ in step ‘1.1.3’ from its previous step ‘1.1’, and node ‘C7’ 
in step ‘1.2.2’ from its previous step ‘1.2’ for the 2nd node. 

4. Back to the Right-Side in sequence 2) above, starts with step ‘1.1.1’ for 1st node ‘KC’ 
from previous step ‘1.1’, and there are 4 neighbor nodes ‘JC, KD, LC, KB’ with 
duplicated node ‘LC’ from previous step; the following  step ‘1.1.2’ for 2nd node ‘LD’ 
from previous step ‘1.1’, and there are 4 neighbor nodes ‘KD, LE, MD, LC’ with 
duplicated nodes ‘KD, MD, LC’ from previous steps; the next steps would be the 
same for other nodes ‘LB’ in step ‘1.1.3’ from previous step ‘1.1’, and node ‘ME’ in 
step ‘1.2.2’ from previous step ‘1.2’ for the 2nd node. 

5. Repeat the above sequences for both right and Left-Sides for both source and 
destination nodes until found a shared node ‘EC’ which is highlight in green as 
shown in step ‘1.1.2.2.2.2.2.2.3’ of node ‘DC’ on Left-Side and in step 
‘1.1.1.1.1.1.1.1’ of node ‘FC’ on Right-Side. This node ‘EC’ will be connected to the 
1st route for this algorithm. With 2 more iterations as shown at the end of Table-2, 
the algorithm will show 2 more shared nodes ‘FB’ and ‘GA’ for 2 more routes. 

6. Now, links the 1st shared node ‘EC’ to find the 1st route. Starts from the Left-Side, 
node ‘EC’ is connected to ‘DC’, node ‘DC’ is connected to node ‘CC’, node ‘CC’ is 
connected to ‘CB’, node ‘CB’ is connected to ‘CA’, node ‘CA’ is connected to ‘C9’, 
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node ‘C9’ is connected to ‘C8’, node ‘C8’ is connected to ‘C7’, node ‘C7’ is connected 
to ‘C6’, and node ‘C6’ is connected to the source node ‘C5’. Then starts from the 
Right-Side, node ‘EC’ is connected to ‘FC’, node ‘FC’ is connected to ‘GC’, node ‘GC’ 
is connected to ‘HC’, node ‘HC’ is connected to ‘IC’, node ‘IC’ is connected to ‘JC’, 
node ‘JC’ is connected ‘KC’, node ‘KC’ is connected to ‘LC’, and node ‘LC’ is 
connected to the destination node ‘MC’. So, the 1st route would be in the following 
series of nodes ‘C5, C6, C7, C8, C9, CA, CB, CC, DC, EC, FC, GC, HC, IC, JC, KC, LC, 
MC’. 

7. With 2 more iterations as shown at the end of Table-2, the 2nd shared node is ‘FB’ 
and will create the 2nd route would be in the following series of nodes ‘C5, C6, C7, 
C8, C9, CA, CB, DB, EB, FB, FC, GC, HC, IC, JC, KC, LC, MC’; this would be the 2nd 
route to the destination node ‘MC’. The last row from Table-2 shows the 3rd shared 
node is ‘GA’ and will create the 3rd route would be in the following series of nodes 
‘C5, C6, C7, C8, C9, CA, DA, EA, FA, GA, GB, GC, HC, IC, JC, KC, LC, MC’; this would be 
the 3rd route to the destination node ‘MC’. 

8. Now links to the database for all nodes’ properties in Table-1, Table-3 below shows 
the complete routing tables for all 3 routes with the routing paths in series of nodes 
with total distances of each route and how many turns each route takes. Table-3 
below shows the distance of each node to the previous node in a general form of 
“d<Node>” stands for pre-calculated distance ‘d’ of a node which is defined in the 
system database. The 1st route with total of 18 nodes includes the source and 
destination nodes with total of 1 turn from East to South direction. The 2nd route 
also with total of 18 nodes but with total of 3 turns from East to South to East, then 
to South directions. The 3rd route also with total of 18 nodes but with total of 3 
turns from East to South to East, then to South directions. Calculate total distance of 
each route to find out the shortest route; and with number of turns. So, the 1st 
route is the best route found from source node ‘C5’ to the destination node ‘MC’. 

9. Finally, Figure-3 shows the graphical directions for all 3 routes above. The directions 
in Figure-3 with denoted directions of compact symbol with North direction on top. 
The algorithm shows the 1st route as the fastest route which makes perfectly 
matching with expectation in geometry layout. Note that computer programming 
algorithm will only based on the node’s properties database as shown in Table-1 
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above to start with the routing nodes from the source node and the destination 
node step-by-step as shown in sequence ‘1.’ to ‘5.’ above. 
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Table-2: STANDARD G-ROUTING ALGORITHM 
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Figure-3: FOUND 3 ROUTES W/ STANDARD G-ROUTING ALGORITHM 
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Table-3: FOUND 3 ROUTES W/ STANDARD G-ROUTING ALGORITHM 

 

Optimization G-ROUTING ALGORITHM Methodology 

 The optimization G-ROUTING ALGORITHM can be applied to uniform geometry 
network layouts like squares layout and hexagon layout or any other uniform geometry 
layouts. Figure-1 shows the squares uniform layout, the optimization can be quickly 
search for crossing quadrant from source and destination nodes by starting with 
clockwise in outward direction with 90° turns at 12 O’ clock with only North, East, and 
South then West directions. The sequences below show step-by-step for the 
optimization routing. 

1. Start with source node ‘C5’ on the Left-Side, there are 4 neighbor nodes ‘B5, C6, D5, 
C4’ in order of clockwise direction start at 12 O’ clock; the following step ‘1.1’ starts 
with 1st node ‘B5’ with the outward directions has neighbor node ‘A5’; the next step 
‘1.2’ starts with 2nd node ‘C6’ with the outward directions has neighbor node ‘C7’; 
the next steps would be the same for the other nodes ‘D5’ with the neighbor node 
‘E5’ and ‘C4’ with neighbor node ‘C3’ in steps ‘1.3’ and ‘1.4’. 

2. Start with destination node ‘MC’ on the Right-Side, there are 4 neighbor nodes ‘LC, 
MD, NC, MB’ in order of clockwise direction start at 12 O’ clock; the following step 
‘1.1’ starts with 1st node ‘LC’ with the outward direction neighbor node ‘KC’; the 
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next step ‘1.2’ starts with 2nd node ‘MD’ with outward direction neighbor node 
‘ME’; the next steps would be the same for the other nodes ‘NC’ with the neighbor 
node ‘OC’ and ‘MB’ with neighbor node ‘MA’ in steps ‘1.3’ and ‘1.4’. 

3. Continue from both sides step-by-step with the sequences shown in Table-5, the 
optimization algorithm found shared node ‘M5’ in South direction of the source 
node ‘C5’ and in West direction of destination node ‘MC’; found another shared 
node ‘CC’ in East direction of the source node ‘C5’ and in North direction of 
destination node ‘MC’. These 2 shared nodes will create the 2 routes from the 
source to the destination node. 

4. With this quick methodology, the algorithm found the crossing quadrant with 2 
fastest routes around this quadrant. Table-4 shows these 2 routes with the same 
number of routing nodes and the same number of turns. This optimization is perfect 
routing method for the squares uniform network layout like Satellite Network for 
Internet StarLink Network. 

5. Figure-4 below shows graphical layout and directions of this optimization G-
ROUTING ALGORITHM for the squares uniform network layout. 

 

Table-4: FOUND 2 ROUTES W/ OPTIMIZATION G-ROUTING ALGORITHM 
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Table-5: FAST SEARCH 90° OUTWARD DIRECTIONS G-ROUTING ALGORITHM 
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Figure-4: FOUND 2 ROUTES W/ OPTIMIZATION G-ROUTING ALGORITHM 
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Introduce Diagonals in Square Layout 
 The squares uniform network layout is perfect for optimization G-ROUTING 
ALGORITHM. However, with future squares uniform network layouts or the Traffic 
Lights Routing for “Emergency Traffic Lights Routing System”, the algorithm needs to 
combine both optimization and standard routing methods to search for fastest routes 
within the crossed quadrant network section. This section will introduce the two 
diagonal lines and an inner square with four lines in Figure-2, and the G-ROUTING 
algorithm will find the fastest route goes through the diagonal line as a shortcut with 
combination of searching for crossed quadrant and searching within the crossed 
quadrant methods. The optimization method above already found the crossed 
quadrant section of the square network layout in Figure-1. Now, let’s use rule number 
7 to search for the fastest route in Figure-2 within the crossed quadrant by applying 
the standard G-ROUTING ALGORITHM method in clockwise direction for both source 
and destination nodes within the crossed section toward each other direction in 
degree angles within the crossed section. 

1. Start with source node ‘C5’ on the Left-Side and based on the database Table-1, 
there are 2 neighbor nodes ‘C6, D5’ in order of clockwise direction start at 12 O’ 
clock within the crossed quadrant and within East and South directions; the 
following step ‘1.1’ starts with 1st node ‘C6’ with 90° SE (South-East) neighbor nodes 
‘C7, D6’; the next step ‘1.2’ starts with 2nd node ‘D5’ with 90° SE (South-East) 
neighbor nodes ‘D6, E5’ with duplicated node ‘D6’ from the previous steps; the next 
steps would be the same for the other nodes ‘C7’ with the neighbor nodes ‘C8, D7’ 
and node ‘D6’ with the neighbor nodes ‘D7, E6’ with duplicated node ‘D7’ from the 
previous steps in steps ‘1.1.1’ and ‘1.1.2’ for nodes ‘C7’ and ‘D6’. 

2. Start with destination node ‘MC’ on the Right-Side, there are 3 neighbor nodes ‘LC, 
MB, LB’ in order of clockwise direction start at 12 O’ clock within the crossed 
quadrant and within North and West directions; the following step ‘1.1’ starts with 
1st node ‘LC’ with 90° NW (North-West) has neighbor nodes ‘KC, LB’; the next step 
‘1.2’ starts with 2nd node ‘MB’ with 90° NW (North-West) has neighbor nodes ‘LB, 
MA’ with duplicated node ‘LB’; the next steps would be the same for the other 
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nodes ‘LB’ with the neighbor nodes ‘KB, LA, KA’ and ‘KC’ with the neighbor node ‘JC, 
KB’ with duplicated node ‘KB’ in steps ‘1.3’ and ‘1.1.1’. 

3. Continue from both sides step-by-step with the sequences shown in Table-6, the 
algorithm found the first shared node ‘I8’ from direction of the source node ‘C5’ at 
step ‘1.2.2.2.2.2’ and at step ‘1.3.3.3’ in direction from the destination node ‘MC’; 
the following iterations found another shared node ‘H8’ at step ‘1.2.2.2.2.2’ in 
direction from the source node ‘C5’ and at step ‘1.3.3.3.3’ in direction from the 
destination node ‘MC’; and found another shared node ‘H7’ at step ‘1.2.2.2.2’ in 
direction from the source node ‘C5’ and at step ‘1.3.3.3.3’ in direction from the 
destination node ‘MC’. These 3 shared nodes will create the 3 routes from the 
source to the destination node; given 3 routes are good enough to compare and to 
choose the best one. 

4. Now, links the 1st shared node ‘I8’ to find the 1st route. Starts from the Left-Side, 
node ‘I8’ is connected to ‘H7’, node ‘H7’ is connected to node ‘G6’, node ‘G6’ is 
connected to ‘F5’, node ‘F5’ is connected to ‘E5’, node ‘E5’ is connected to ‘D5’, 
node ‘D5’ is connected to the source node ‘C5’. Then starts from the Right-Side, 
node ‘I8’ is connected to ‘J9’, node ‘J9’ is connected to ‘KA’, node ‘KA’ is connected 
to ‘LB’, node ‘LB’ is connected to the destination node ‘MC’. So, the 1st route would 
be in the following series of nodes ‘C5, D5, E5, F5, G6, H7, I8, J9, KA, LB, MC’; shared 
node ‘H8’ creates the 2nd route with the following series of nodes ‘C5, D5, E5, F5, 
G6, H7, H8, I8, J9, KA, LB, MC’; and shared node ‘H7’ creates the 3nd route with the 
following series of nodes ‘C5, D5, E5, F5, G6, H7, I8, J9, KA, LB, MC’. Table-7 below 
shows these 3 routes for comparison. The 1st route and the 3rd route are the best 
routes to choose with the same routing nodes and with only 1 turn; the 
programming algorithm can check further for more routes if requires to have more 
routing options to choose and eliminate the duplicated routes. 

5. Finally, Figure-5 below shows the graphical directions for all 3 routes above. The G-
ROUTING ALGORITHM produces the best route in Figure-5 to compare with the best 
route in Figure-3 above with introduced of diagonal lines; this route in Figure-5 falls 
into the diagonal line as a shortcut with only 11 routing nodes compare to 18 
routing nodes in Figure-3 without diagonal lines.  
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Table-6: SEARCH WITHIN CROSSED QUADRANT W/ DIAGONALS ROUTING ALGORITHM 

 

Table-7: FOUND 3 ROUTES W/ OPTIMIZATION W/ DIAGONALS G-ROUTING ALGORITHM 
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Figure-5: FOUND 3 ROUTES W/ OPTIMIZATION W/ DIAGONALS G-ROUTING ALGORITHM 
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Introduce Disconnected Nodes Network Layout 
In reality, the networks could have some nodes are disconnected from the network 

for any reasons, and the G-ROUTING ALGORITHM has the capability to create routes 
with isolating disconnected nodes. Let’s start with disconnected nodes ‘H8, H9, HA, 
HB, HC, HD’ and ‘I8, I9, IA, IB, IC, ID’ as shown in Figure-6, and use optimization rule 6 
and rule 3 to search for crossing section. The sequences below show step-by-step to 
search for the routes in disconnected nodes network layout with optimization routing. 

1. Start with source node ‘C5’ on the Left-Side, there are 4 neighbor nodes ‘B5, C6, D5, 
C4’ in order of clockwise direction start at 12 O’ clock; the following step ‘1.1’ starts 
with 1st node ‘B5’ with the outward direction neighbor node ‘A5’; the next step ‘1.2’ 
starts with 2nd node ‘C6’ with the outward direction neighbor node ‘C7’; the next 
steps would be the same for the other nodes ‘D5’ with the neighbor node ‘E5’ and 
‘C4’ with neighbor node ‘C3’ in steps ‘1.3’ and ‘1.4’. 

2. Start with destination node ‘MC’ on the Right-Side, there are 4 neighbor nodes ‘LC, 
MD, NC, MB’ in order of clockwise direction start at 12 O’ clock; the following step 
‘1.1’ starts with 1st node ‘LC’ with the outward direction neighbor node ‘KC’; the 
next step ‘1.2’ starts with 2nd node ‘MD’ with outward direction neighbor node 
‘ME’; the next steps would be the same for the other nodes ‘NC’ with the neighbor 
node ‘OC’ and ‘MB’ with neighbor node ‘MA’ in steps ‘1.3’ and ‘1.4’. 

3. Continue from both sides step-by-step with the sequences shown in Table-8, when 
the path from destination node ‘MC’ hits node ‘JC’ which has disconnected North 
neighbor node ‘IC’; node ‘JC’ will look for clockwise available neighbor node ‘JD’; 
then next iterations node ‘JD’ still has disconnected North neighbor node ‘ID’ and 
looks for clockwise available neighbor node ‘JE’; and finally next iterations node ‘JE’ 
has its North available neighbor node ‘IE’ to get back the original outward North 
direction and later node ‘IE’ will keep its North outward direction until this direction 
crosses East direction node of the source node ‘C5’. 

4. Continue from both sides step-by-step with the sequences shown in Table-8, the 
optimization algorithm found shared node ‘M5’ in South direction of the source 
node ‘C5’ and in West direction of destination node ‘MC’; found another shared 
node ‘CE’ in East direction of the source node ‘C5’ and in North direction of 
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destination node ‘MC’. These 2 shared nodes will create the 2 routes from the 
source to the destination node. 

5. With this quick methodology, the algorithm found the crossing quadrant with 2 
routes around this quadrant. Table-9 shows these 2 routes; 1st route for shared 
node ‘M5’ with series of 18 routing nodes ‘C5, D5, E5, F5, G5, H5, I5, J5, K5, L5, M5, 
M6, M7, M8, M9, MA, MB, MC’; and 2nd route for shared node ‘CE’ with series of 22 
routing nodes ‘C5, C6, C7, C8, C9, CA, CB, CC, CD, CE, DE, EE, FE, GE, HE, IE, JE, JD, 
JC, KC, LC, MC’. This optimization is perfect routing method for the squares uniform 
network layout like Satellite Network for Internet StarLink Network. 

6. Figure-6 below shows graphical layout and directions of this optimization G-
ROUTING ALGORITHM for optimization routing of searching for crossed section 
quadrant of the squares uniform network layout. 

 

Table-8: FAST SEARCH 90° OUTWARD DIRECTIONS W/ DISCONNECTED NODES G-ROUTING ALGORITHM 
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Table-9: FOUND 2 ROUTES W/ OUTWARD DIRECTIONS W/ DIAGONALS W/ DISCONNECTED NODES G-ROUTING ALGORITHM 
 

To complete this routing within the crossed quadrant section with disconnected 
nodes, the following sequences show step-by-step to search for the fastest route 
within the crossed section with disconnected nodes ‘H8, H9, HA, HB, HC, HD’ and ‘I8, 
I9, IA, IB, IC, ID’ as shown in Table-10. 

1. Start with source node ‘C5’ on the Left-Side, there are 2 neighbor nodes ‘C6, D5’ in 
order of clockwise direction start at 12 O’ clock within the crossed quadrant and 
within East and South directions; the following step ‘1.1’ starts with 1st node ‘C6’ 
with 90° SE (South-East) has neighbor nodes ‘C7, D6’; the next step ‘1.2’ starts with 
2nd node ‘D5’ with 90° SE (South-East) has neighbor nodes ‘D6, E5’ with duplicated 
node ‘D6’ from the previous steps; the next steps would be the same for the other 
nodes ‘C7’ with the neighbor nodes ‘C8, D7’ and node ‘D6’ with the neighbor nodes 
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‘D7, E6’ with duplicated node ‘D7’ from the previous steps in steps ‘1.1.1’ and ‘1.1.2’ 
for nodes ‘C7’ and ‘D6’. 

2. Start with destination node ‘MC’ on the Right-Side, there are 3 neighbor nodes ‘LC, 
MB, LB’ in order of clockwise direction start at 12 O’ clock within the crossed 
quadrant and within North and West directions; the following step ‘1.1’ starts with 
1st node ‘LC’ with 90° NW (North-West) has neighbor nodes ‘KC, LB’; the next step 
‘1.2’ starts with 2nd node ‘MB’ with 90° NW (North-West) has neighbor nodes ‘LB, 
MA’ with duplicated node ‘LB’; the next steps would be the same for the other 
nodes ‘LB’ with the neighbor nodes ‘KB, LA, KA’ and ‘KC’ with the neighbor node ‘JC, 
KB’ with duplicated node ‘KB’ in steps ‘1.3’ and ‘1.1.1’. 

3. Continue from both sides step-by-step with the sequences shown in Table-10, 
similar to the sequences shown in Table-6, except eliminating disconnected nodes 
when looking for the neighbor nodes within the crossed section and with the 
toward angle direction 90° SE (South-East) to the destination node ‘MC’ or 90° NW 
(North-West) to the source node ‘C5’. As shown in Table-10, the algorithm found 
the 1st shared node ‘I7’ at step ‘1.2.2.2.2.2’ in direction from the source node ‘C5’ 
and at step ‘1.3.3.3.1.1’ in direction from the destination node ‘MC’; found the 2st 
shared node ‘H7’ at step ‘1.2.2.2.2’ in direction from the source node ‘C5’ and at 
step ‘1 1.3.3.3.1.1.1’ in direction from the destination node ‘MC’; and found the 3st 
shared node ‘I6’ at step ‘1.2.2.2.2.3’ in direction from the source node ‘C5’ and at 
step ‘1 1.3.3.3.1.1.1’ in direction from the destination node ‘MC’. These 3 shared 
nodes will create the 3 routes from the source to the destination node; given 3 
routes are good enough to compare and to choose the best one. 

4. Finally, links these shared nodes with their paths together we have these 3 routes 
which are shown in Table-11 below with the best route with series of routing nodes 
‘C5, D5, E5, F5, G6, H7, I7, J7, J8, J9, KA, LB, MC’ with 4 turns (S, SE, S, E, SE) 
directions. Figure-6 shows graphical directions for all 3 routes above within the 
crossed quadrant section with disconnected nodes ‘H8, H9, HA, HB, HC, HD’ and ‘I8, 
I9, IA, IB, IC, ID’.  
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Table-10: SEARCH WITHIN CROSSED QUADRANT W/ DISCONNECTED NODES G-ROUTING ALGORITHM 
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Figure-6: FOUND 3 ROUTES W/ DIAGONALS W/ DISCONNECTED NODES G-ROUTING ALGORITHM 
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Table-11: FOUND 3 ROUTES W/ DIAGONALS W/ DISCONNECTED NODES G-ROUTING ALGORITHM 

 

Introduce G-ROUTING ALGORITHM in Hexagon Layout 

 Hexagon layout is also an uniform geometry network layout, and the G-ROUTING 
ALGORITHM works well with this layout as long as the network nodes have their 
neighbor nodes’ properties. Figure-7 shows an hexagon network layout with each node 
has maximum of 3 neighbor nodes, and Table-12 shows each node’s neighbor nodes’ 
properties. Each line shows a node with its list of neighbors and its neighbors’ 
properties with distance and direction from that node; the direction of node-to-nodes 
in 30° bouncing back and forth within the hexagon layout and this consider one 
straight path. The table shows node ‘B5’ has 3 neighbor nodes ‘A2; B6; B4’ in order of 
clockwise direction start from 12 O’ clock. Node ‘A2’ has a distance of ‘dA2’ in North 
direction from node ‘B5’; node ‘B6’ has a distance of ‘dB6’ in South-East direction from 
node ‘B5’; and node ‘B4’ has a distance of ‘dB4’ in South-West direction from node 
‘B5’. This node is a sample node from the table database below; other nodes are 
having the same format of properties. 
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Figure-7: NETWORK NODES IN HEXAGON LAYOUT 
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Table-12: HEXAGON NEIGHBOR-TO-NEIGHBORS NODES’ PROPERTIES TABLE 
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Table-13: FAST SEARCH 30° HEXAGON OUTWARD DIRECTIONS G-ROUTING ALGORITHM 
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Hexagon Optimization G-ROUTING ALGORITHM can be quickly search for crossing 
section from source and destination nodes by starting with clockwise in outward 
direction with 30° turns at 12 O’ clock in directions of lines ‘C5.SW LINE’, ‘C5.EW LINE’, 
and ‘C5.SE LINE’ at node ‘C5’; and in directions of lines ‘K9.NE LINE’, ‘K9.EW LINE’, and 
‘K9.SE LINE’ at node ‘K9’. The sequences below show step-by-step for the optimization 
routing for the source node ‘C5’ to destination node ‘K9’. Table-13 shows sequences of 
step-by-step for quick searching for routes along the crossed parallelogram section. 

1. Start with source node ‘C5’ on the Left-Side and based on the database Table-12, 
there are 3 neighbor nodes ‘B4, C6, C4’ in order of clockwise direction start at 12 O’ 
clock; the following step ‘1.1’ starts with 1st node ‘B4’ with the outward 30° 
directions has neighbor nodes ‘B5, B3’; the next step ‘1.2’ starts with 2nd node ‘C6’ 
with the outward 30° directions has neighbor nodes ‘C7, D7’; the next steps would 
be the same for the other nodes ‘C4’ with the neighbor nodes ‘D5, C3’ in step ‘1.3’, 
and ‘B5’ with neighbor node ‘A2’ in step ‘1.1.1’. 

2. Start with destination node ‘K9’ on the Right-Side, there are 3 neighbor nodes ‘KA, 
L8, K8’ in order of clockwise direction start at 12 O’ clock; the following step ‘1.1’ 
starts with 1st node ‘KA’ with the outward 30° directions has neighbor nodes ‘JB, 
KB’; the next step ‘1.2’ starts with 2nd node ‘L8’ with outward 30° directions has 
neighbor nodes ‘L9, L7’; the next steps would be the same for the other nodes ‘K8’ 
with the neighbor nodes ‘J9, K7’ in step ‘1.3’ and ‘JB’ with neighbor node ‘JC’ in 
steps ‘1.1.1’. 

3. Continue from both sides step-by-step with the sequences shown in Table-13, the 
optimization algorithm found shared node ‘HF’ in South-East direction of the source 
node ‘C5’ and in North-East direction of destination node ‘K9’; found another 
shared node ‘F5’ in South-West direction of the source node ‘C5’ and in North-West 
direction of destination node ‘K9’. These 2 shared nodes will create the 2 routes 
from the source to the destination node. 

4. With this quick routing methodology, the G-ROUTING algorithm found the crossed 
parallelogram with 2 fastest routes around this parallelogram. Table-14 shows these 
2 routes with the same number of 12 routing nodes and the same number of turns. 
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This optimization is perfect routing method for the uniform network layout; 
hexagon network layout can be used in future for cells structure network layout. 

5. Figure-8 below shows graphical layout and directions of this optimization G-
ROUTING ALGORITHM for the hexagon uniform network layout. 

 

 

Table-14: FOUND 2 ROUTES W/ OPTIMIZATION HEXAGON G-ROUTING ALGORITHM 

 

To complete the routing within the crossed parallelogram section to find more 
possible faster routes if the network has shortcut nodes. Table-15 below shows the 
sequences of routing step-by-step to search for any possible faster routes within the 
crossed section. 
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1. Start with source node ‘C5’ on the Left-Side and nodes’ properties from Table-12, 
there are 2 neighbor nodes ‘C6, C4’ in order of clockwise direction start at 12 O’ 
clock within the crossed section and within 30° angle South-East and South-West 
(SE/SW) directions; the following step ‘1.1’ starts with 1st node ‘C6’ with 30° SE/SW 
neighbor nodes ‘D7’; the next step ‘1.2’ starts with 2nd node ‘C4’ with 30° SE/SW 
neighbor nodes ‘D5’; the next steps would be the same for the other nodes ‘D7’ 
with the neighbor nodes ‘D8, D6’ and node ‘D5’ with the neighbor nodes ‘D6, D4’ 
with duplicated node ‘D6’ from the previous steps in steps ‘1.1.1’ and ‘1.2.1’ for 
nodes ‘D7’ and ‘D5’. 

2. Start with destination node ‘K9’ on the Right-Side, there are 2 neighbor nodes ‘KA, 
K8’ in order of clockwise direction start at 12 O’ clock within the crossed section and 
within 30° angle North-East and North-West (NE/NW) directions; the following step 
‘1.1’ starts with 1st node ‘KA’ with 30° NE/NW neighbor node ‘JB’; the next step ‘1.2’ 
starts with 2nd node ‘K8’ with 30° NE/NW neighbor node ‘J9’; the next steps would 
be the same for the other nodes ‘JB’ with the neighbor nodes ‘JC, JA’ and ‘J9’ with 
the neighbor nodes ‘JA, J8’ with duplicated node ‘JA’ in steps ‘1.1.1’ and ‘1.2.1’. 

3. Continue from both sides step-by-step with the sequences shown in Table-15, 
searching for the neighbor nodes within the crossed section from the source node 
‘C5’ to the destination node ‘K9’. As shown in Table-15 the algorithm found the 1st 
shared node ‘GD’ at step ‘1.1.1.1.1.1.1.1’ in direction from the source node ‘C5’ and 
at step ‘1.1.1.1.1.1.1.1.1’ in direction from the destination node ‘K9’; found the 2st 
shared node ‘GC’ at step ‘1.1.1.1.1.1.1.1.1’ in direction from the source node ‘C5’ 
and at step ‘1.1.1.1.1.2.1.2’ in direction from the destination node ‘K9’; and found 
the 3st shared node ‘GA’ at step ‘1.1.1.1.1.1.1.2.2’ in direction from the source node 
‘C5’ and at step ‘1.1.1.2.1.2.1.2’ in direction from the destination node ‘K9’. These 3 
shared nodes will create the 3 routes from the source to the destination node; given 
3 routes are good enough to compare and to choose the best one. 

4. Finally, links these shared nodes with their paths together for these 3 routes as 
shown in Table-16 below with the best route with series of routing nodes ‘C5, C6, 
D7, D8, E9, EA, FB, FC, GD, GE, HE, HF, IE, ID, JC, JB, KA, LB, K9’ with 1 turn. Figure-8 
shows graphical directions for all 3 routes above within the crossed parallelogram 
section.  
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Table-15: SEARCH WITHIN CROSSED PARALLELOGRAM ROUTING ALGORITHM 

 

Table-16: FOUND 3 ROUTES W/ OPTIMIZATION HEXAGON G-ROUTING ALGORITHM 
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Figure-8: FOUND 3 ROUTES W/ OPTIMIZATION HEXAGON G-ROUTING ALGORITHM 
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G-ROUTING ALGORITHM for other Use Cases/Applications 
 The G-ROUTING ALGORITHM is also useful routing algorithm for other use cases 
like Cell ëMap Layout in the ‘Cell ëMap Live Updates System’ invention and internet 
networking or 3D ëWeb network layout for ‘Cloud OS – Operating System’ invention. 

 

Figure-9 CELL ëMAP SHARED STREETS PROPERTIES FOR G-ROUGING ALGORITHM 
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 Firgure-9 shows the Cell ëMap layout in highest resolution of 1km cell; each cell 
links to its neighbor cells with properties of connected Freeways or Streets as the 
neighbor nodes for routing from one location to another. Figure-10 shows a local 
community StarTree ëWeb nodes layout; the star tree network is one-to-five nodes 
layout. One node can have 5 neighbor nodes and 1 local community node with 1 
linkable community-to-community node connect on demand. This Star ëWeb nodes 
layout is manageable in form of group geometry layout, and this network layout can be 
auto drawing when a node or branch is newly connected to or removed from the 
network using Neighbor-to-Neighbors methodology which has been mentioned in the 
‘Cloud OS –Operating System’ invention. This is the promise internet or Multi-layer 
ëWeb networks for future networking that is the plan for Cloud OS network layout. 

 

Figure-10: CLOUD OS STAR-TREE ëWEB NODES LAYOUT FOR G-ROUGING ALGORITHM 
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G-ROUTING ALGORITHM TX/RX Protocol 
 Once we have the routes from the G-ROUTING ALGORITHM, we need away to 
transfer data or communicate to a destination node with the G-NETWORK layout which 
must be in some geometry layouts that can be controllable and manageable. Figure-11 
shows the TX Protocol Format when a route is defined with the series of routing nodes 
‘N(0)…N(c)…N(n)’; where N(0) is the original source node, N(c) is the current node, and 
N(n) is the destination node. The node with fields that highlight in light-green ‘N(c+1)’ 
is the next node to be transmitted to. When the field ‘N(x)-SET’ is set, ‘N(x)-PROP’ will 
be filled in either by the system or will ask to be filled in when a node is holding the 
package to be routed to others; if this field ‘N(x)-SET’ is not set or ‘0x00’ value, then 
the ‘N(x)-PROP’ will be NULL or empty. This protocol also allows the current node to 
adjust and re-route if the next routing neighbor node is suddenly disconnected or 
unavailable. Note that this node must be a re-routable node which has the database of 
entire network nodes. This protocol allows to set re-routing at a certain percentage 
‘ALLOW-REROUTE-AT-%PATH’ of the routing path for optimization purposes. This 
dynamic protocol is useful and allows the re-routable nodes or destination node to 
make decision when receiving data package. Table-17 below shows the short 
description of each field of the TX Protocol Format. 

 There are 3 options of response to the TX Protocol. Figure-12 shows response 
option-1 with the requirement of every receiving node must replies to the system or 
the source node when received the data package as an acknowledgement of receiving 
data package and confirmed transmitting to the next node. Figure-13 shows response 
option-2 with the requirement of only receiving node replies to the previous node 
when received the data package as an acknowledgment of receiving data package and 
confirmed transmitting to the next node; a neighbor-to-neighbor confirmation only 
option, this option is also known as lazy-responding option. Figure-14 shows response 
option-3 with the requirement of only the last or the destination node replies to the 
system or the source node when received the data package as an acknowledgement of 
receiving data package. This option requires a list of routing nodes to be one-by-one 
passing forward the acknowledgement back to the system with optional of status or 
statistic of the destination node or routing nodes. 
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Figure-11: TX PROTOCOL FORMAT 
 

 

Table-17: TX PROTOCOL FORMAT DESCRIPTION 
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Figure-12: RX RESPONSE OPTION (1) PROTOCOL FORMAT 

 

 

Figure-13: RX RESPONSE OPTION (2) PROTOCOL FORMAT 

 

 

Figure-14: RX RESPONSE OPTION (3) PROTOCOL FORMAT 
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The protocol also supports auto notify when new nodes are added into the 
network or alert when a node is removed from the network. Figure-15 shows protocol 
format for notifying when a node is added, removed or gone missing for some reasons 
with an option of broadcasting using Neighbor-to-Neighbors methodology. Figure-16 
below also shows protocol supporting of system updating with system update data 
package for new configuration, firmware updates or anything related to the system 
updates or system properties changes. Figure-17 shows the format of node’s property 
for status or statistic when TX protocol requests. 

 

Figure-15: NOTIFYING (ADD/REMOVE/MISSING) PROTOCOL FORMAT 

 

Figure-16: SYSTEM UPDATING PROTOCOL FORMAT 

 

Figure-17: NODE’S PROPERTY & STATISTIC FIELDS PROTOCOL FORMAT 
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Conclusion 
The G-ROUTING ALGORITHM is fast and robust searching algorithm to find the 

best routes for the G-NETWORK layouts. The G-ROUTING ALGORITHM Methodology is 
invented with State-of-the-Art and invented to work with any other networks from 
simple networking nodes layouts to the most complicated machine networking nodes 
layouts. This algorithm and the G-NETWORK layouts are ready for the future of the 3-D 
networks or multi-layer networks, or cell structure networks like chemistry elements 
bonding networks. 

The G-ROUTING ALGORITHM Methodology is invented to support any networks 
in some geometry in G-NETWORK layouts. The G-NETWORK layouts are controllable 
and manageable and self-grown when new nodes are added into the network or nodes 
are removed from the network. The G-NETWORK layouts must be defined in form of 
Neighbor-to-Neighbors methodology for the properties of the neighbor nodes of each 
network node. The Neighbor-to-Neighbors methodology requires smaller database 
compare to other existing network routing database. When a node is gone missing or 
unavailable for any reasons, adding a new node into the G-NETWORK layouts is much 
simple compare to the existing networks and only requires Neighbor-to-Neighbors 
notification of network property changes. 

The G-ROUTING ALGORITHM is a promise for the future of networking and 
routing algorithm with the Neighbor-to-Neighbors networking technology. The Cloud 
OS – Operating System, Cell ëMap Live Updates System, and Emergency Traffic Lights 
Routing System inventions were intended to use the G-ROUTING ALGORITHM. The 
Neighbor-to-Neighbors networking technology provides the self-grown layout 
networks and can be more and more complexity and sophisticated in the manageable 
G-NETWORK form with multi-layers; only neighbor node knows its neighbor nodes. The 
G-NETWORK layout and G-ROUTING ALGORITHM provide the great secured and tied 
network than any other existing networks. 


