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METHOD FOR FINDING AND RESERVING 
AVAILABLE BANDWIDTH IN MULTIHOP 

MOBILE WIRELESS NETWORKS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to the field of multihop 
mobile wireleSS networks and, more particularly, to a 
method for finding and reserving bandwidth in multihop 
mobile wireless networks. 

2. Description of Related Art 
Multihop mobile (or ad hoc) wireless networks can be 

rapidly deployed without the Support of fixed infrastructure. 
Each node in the network acts as a router as well as a host. 
The nodes are free to move randomly and organize them 
selves arbitrarily. Therefore, the topology of the network 
may change rapidly and unpredictably. These networks are 
found in applications Such as disaster relief, military 
operations, and short-term activities. 

In the multihop mobile wireless networks, the CDMA 
(Code Division Multiple Access) spread spectrum modula 
tion technique is used for the radio channels and each 
channel is slotted by the TDMA (Time Division Multiple 
Access). Mobile nodes within two hops are assigned differ 
ent spreading codes to avoid the hidden terminal problem. 

Bandwidth reservation is essential in Supporting Quality 
of Service (QoS) in multihop mobile wireless networks. To 
reserve bandwidth along a path from a Source node to a 
destination node, the available bandwidth (in terms of num 
ber of data slots) of the path need to be found first in order 
to determine whether the requested bandwidth can be sat 
isfied. The Sufficient number of data slots on each of the 
linkS-along the path are reserved. 

In a time-slotted network, finding the available bandwidth 
of a multihop path is known to be a NP-complete. A 
conventional heuristic method uses the DSDV (Destination 
Sequenced Distance-Vector) routing algorithm to find and 
reserve the available bandwidth in a hop-by-hop manner 
Starting from the destination node toward the Source node. 
However, because the available common free slots of the 
next hop are unknown in the process, it is likely to find a 
bandwidth smaller that the actual available one due to the 
lack of network information. Therefore, it is desirable to 
provide an improved method to mitigate and/or obviate the 
aforementioned problems. 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide a method 
for finding and reserving bandwidth in multihop mobile 
wireleSS networks, which is able to accurately determine the 
bandwidth in the path and reserve the same, thereby increas 
ing the network performance. 

To achieve the object, the method for finding and reserv 
ing bandwidth in multihop mobile wireless networks in 
accordance with the present invention first finds the common 
free slots of all the links on a path, and marks the common 
free slots as “available” slots. Then, the slots among the 
common free slots which are not on the same positions in the 
TDMA frame as the common free slots of the downstream 
and upstream links for each link are found. The found slots 
are marked as “reservable' slots. The current bandwidth of 
a link is defined as the current number of reservable slots on 
the link. Next, An iterative process is performed to try to 
increase the bandwidth of the link having the smallest 
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current bandwidth such that the bandwidth of the path can be 
increased, wherein, at each iteration, the link with the 
Smallest current bandwidth is processed to try to increase the 
current bandwidth of the link under processing by marking 
the common free slot which has the least effect on its 
downstream and upstream links as a “reservable' slot. 

Other objects, advantages, and novel features of the 
invention will become more apparent from the following 
detailed description when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows an example path in the multihop mobile 
wireleSS network; 

FIG. 2 schematically illustrates the status of the slots in 
executing the method in accordance with the present inven 
tion; 

FIG. 3 shows a comparison of the call blocking ratios of 
the present bottleneck-link-first method and the conven 
tional hop-by-hop method; 

FIG. 4 shows a comparison of the call blocking ratios of 
the present bottleneck-link-first method and the conven 
tional hop-by-hop method for those calls whose bandwidth 
requirements are 1 information slot; 

FIG. 5 shows a comparison of the call blocking ratios of 
the present bottleneck-link-first method and the conven 
tional hop-by-hop method for those calls whose bandwidth 
requirements are 2 information slots, 

FIG. 6 shows a comparison of the call blocking ratios of 
the present bottleneck-link-first method and the conven 
tional hop-by-hop method for those calls whose bandwidth 
requirements are 3 information slots, and 

FIG. 7 shows a comparison of the call blocking ratios of 
the present bottleneck-link-first method and the conven 
tional hop-by-hop method for those calls whose bandwidth 
requirements are 4 information, slots. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

In the multihop mobile wireless networks to execute the 
method of the present invention for finding and reserving the 
available bandwidth, the CDMA spread spectrum modula 
tion technique is used for the radio channels and each 
channel is divided by the TDMA into multiple slots. 
Transmitter-based code assignment is used to assign a code 
to each transmitter for data transmission, and transmission 
time scale is divided into frames of fixed length. Each of the 
frames is consisted of a number of control slots and infor 
mation Slots. The control Slots are used for the transmission 
of control information Such as Synchronization, routing, 
bandwidth reservation, etc. The information slots are used 
for the transmission of data packets. Half-duplex mode of 
operation is assumed. 

In multihop mobile wireleSS networks, a link exists 
between two nodes if each of the two nodes can receive 
Strong enough radio Signal from the other node. In each of 
the nodes in the network, each information slot in a frame 
can be marked as either “reserved” for providing QoS for a 
connection or “free” to indicate that it is available. 
The information slots that are free at both of the two end 

nodes of a link are said to be the common free slots of the 
link. The available bandwidth of a link is the number of 
common free slots of the link. 
The procedure to find the available bandwidth along a 

path in a wireleSS multihop network in accordance with the 
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method of the present invention is as follows. First of all, 
find the common-free slots of all the links on the path. Mark 
the common free slots as “available' slots. Next, for each 
link, find the slots among the common free slots which are 
not on the same positions in the TDMA frame as the 
common free slots of the downstream and upstream linkS. 
These information slots can be definitely used for reserva 
tion of bandwidth on the path. Therefore, these common free 
Slots are marked as "reservable' slots, and the current 
bandwidth of a link is defined as the current number of 
reservable slots on the link. 

If a common free slot is on the Same position in the 
TDMA frame as any of the common free slots of the 
downstream or upstream link, this slot can be used on only 
one of the two neighboring linkS. Therefore, if a common 
free slot is not on the same position in the TDMA frame as 
any of the common free slots of the downstream and 
upstream links, this free slot can definitely be used for 
reservation of bandwidth on this path. In addition, at this 
Stage, each of the common free slots that are not marked 
“reservable” must be on the same position in the TDMA 
frame as a common free slot on one or both of the neigh 
boring linkS. 

The rest of the steps of the method in accordance with the 
present invention are iterative, So as to try to increase the 
bandwidth of the link having the smallest current bandwidth 
(referred to as “bottleneck link”) Such that the bandwidth of 
the path can be increased. At each iteration, the link with the 
smallest current bandwidth is processed. The method of the 
present invention tries to increase the current bandwidth of 
the link under processing by marking the common free slot 
which has the least effect on its downstream and upstream 
links as a “reservable' slot. That is, the bandwidth is 
increased in a bottleneck-link-first manner. The iterative 
StepS are as follows. 

1. If any one of the linkS along the path does not have any 
common free slot which is marked as “available,” the 
iterative process Stops and the current bandwidth of the link 
is the available bandwidth of the path. Otherwise, find and 
Select the link with the Smallest current bandwidth. If there 
are two or more links with the Same Smallest current 
bandwidth, select the link having the minimum number of 
common free slots remained. If there is a tie, one of the links 
is Selected randomly. 

2. For each common free slot of the selected link, find the 
number of neighboring links that has a common free slot 
which is marked as “available” on the same position in the 
TDMA frame as the slot. This number is referred to as the 
number of overlapped links of this slot. 

3. Find the common free slot of the link under processing 
which is marked as “available” and has the minimum 
number of overlapped links. If there is a tie, Select one of the 
slots randomly. Increase the current bandwidth of the link by 
one slot and mark the slot as “reservable.” Put an “unre 
servable' mark on the common free slot(s) of the neighbor 
ing link(s) which are on the same position in the TDMA 
frame as the Selected slot. 

4. Go to step 1. 
With reference to FIG. 1, there is shown an example path 

for illustrating the method of the present invention. AS 
shown, there are four nodes A, B, C and D along the path. 
The number of the information slots in a TDMA frame is 
assumed to be 5. Also with reference to FIG. 2(a), let the 
common free slots of links (A,B), (B,C), and (C,D) be those 
slots that are marked as “available.” Initially, the current 
bandwidths of the links are Zero. With reference to FIG. 
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4 
2(b), the fifth information slot of link (C,D) is marked as a 
“reservable' slot since it can be definitely used for reserva 
tion of bandwidth on the path. As such, the current band 
widths of links (A,B), (B,C), and (C,D) are 0, 0, and 1 
information slot, respectively. 

Next, the link with the Smallest current bandwidth is to be 
found. As shown, the links (A,B) and (B,C) have the same 
Smallest current bandwidth. Further, the link (A,B) has the 
minimum number of common free slots remained, and thus 
the link (A,B) is selected. On link (A,B), there are two 
common free slots marked as “available” and are on the 
same positions in the TDMA frame as two of the common 
free slots of link (B,C). Select one of the two slots randomly. 
Supposed that the Second slot is Selected. Mark the Second 
slot of link (A,B) as a “reservable” slot. In the mean time, 
the second slot of link (B,C) is marked as “unreservable.” 
The current available bandwidth of the links become 1, 0, 
and 1, respectively. The status of the slots are shown in FIG. 
2(c). 

In the next two iterations, links (B,C) and (A,B) are 
Selected respectively. The resulting Status of the slots are 
shown in FIGS. 2(d) and (e) respectively. At this stage, none 
of the slots of the link (B,C) is marked as “available.” 
Therefore, the iterative process stops; and the bandwidth of 
the path is found to be one information slot. Accordingly, the 
reserved slots are determined thereby reserving the band 
width. 
To verify the performance of the method in accordance 

with the present invention, FIG. 3 compares the call block 
ing ratios of the present method (denoted by bottleneck 
link-first) and the conventional method (denoted by hop-by 
hop). From the figure, it is illustrated that the present 
bottleneck-link-first method produces significantly lower 
call blocking ratio than the conventional hop-by-hop 
method. Furthermore, FIGS. 4-7 show the call blocking 
ratioS of those calls whose bandwidth requirements are 1, 2, 
3, and 4 information slots respectively. From these figures, 
it is illustrated that the present bottleneck-link-first method 
produces Significantly lower call blocking ratio than the 
conventional hop-by-hop method for those calls which 
require relatively large bandwidth. 

Although the present invention has been explained in 
relation to its preferred embodiment, it is to be understood 
that many other possible modifications and variations can be 
made without departing from the Spirit and Scope of the 
invention as hereinafter claimed. 
What is claimed is: 
1. In a multihop mobile wireless network using CDMA 

Spread spectrum modulation for radio channels, each chan 
nel being divided by TDMA into multiple slots, transmission 
time Scale being divided into frames of fixed length, each 
frame having a number of control Slots and information 
Slots, a link existing between two nodes if each of the two 
nodes can receive Strong enough radio signal from the other 
node, each information slot being marked as “reserved” for 
providing quality of Service or “free' to indicate that it is 
available, the information slots that are free at two end nodes 
of a link being defined to be the common free slots of the 
link, the available bandwidth of a link being defined as the 
number of common free slots of the link, a method for 
finding and reserving bandwidth along a path comprising the 
Steps of 

(A) finding the common free slots of all the links on the 
path, and marking the common free slots as “available' 
slots, 

(B) finding slots among the common free slots having 
positions that are different in the TDMA frame than the 
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positions of common free slots of the downstream and 
upstream links with respect to each link, marking the 
found slots as “reservable” slots, and defining the 
current bandwidth of a link as the current number of 
reservable slots on the link; and 

(C) performing an iterative process to try to increase the 
bandwidth of the link having the smallest current 
bandwidth such that the bandwidth of the path can be 
increased, wherein, at each iteration, the link with the 
Smallest current bandwidth is processed to try to 
increase the current bandwidth of the link under pro 
cessing by marking the common free slot which has the 
least effect on its downstream and upstream links as a 
“reservable' slot. 

2. The method as claimed in claim 1, wherein the step (C) 
comprises the Steps of: 

(C1) terminating the iterative process and providing the 
current bandwidth of the link to be the available 
bandwidth of the path if any one of the links along the 
path does not have any common free slot which is 
marked as “available, otherwise, finding and Selecting 
the link with the Smallest current bandwidth; 

(C2) finding the number of neighboring links that a 
common free slot which is marked as “available' in a 
Selected link Successively meets with other slots 
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6 
marked as “available' on a same vertical position in the 
TDMA frame, wherein the number is referred to as the 
number of overlapped links of the slot; 

(C3) finding the common free slot of the link under 
processing which is marked as “available' and has the 
minimum number of Overlapped links, increasing the 
current bandwidth of the link by one slot and mark the 
slot as “reservable;' putting an “unreservable' mark on 
the common free slots of the neighboring links which 
are on the same position in the TDMA frame as the 
Selected slot; and 

(C4) going to step (C1). 
3. The method as claimed in claim 1, wherein, when 

finding the link with the smallest current bandwidth in step 
(C1), if there are two or more links with the same smallest 
current bandwidth, the link having the minimum number of 
common free slots is Selected, and if there is a tie, one of the 
linkS is Selected randomly. 

4. The method as claimed in claim 2, wherein, when 
finding the common free slot of the link under processing 
which is marked as “available” and has the minimum 
number of overlapped links in Step (C2), if there is a tie, one 
of the slots is Selected randomly. 
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