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ABSTRACT 
 
We present a novel high-dynamic optical network 
control architecture based on spatiotemporal 
synchronization. By introducing high-precision time 
synchronization, control coordination among nodes and 
controllers can be established to improve the network 
dynamic performance by orders of magnitude. 
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1. INTRODUCTION 

 
The development of emerging network applications 
such as data centers [1], high performance computing 
[2], and 5G mobile communications [3] places higher 
demands on the dynamic performance of optical 
network resource allocation. However, at present, the 
control systems of dynamic optical networks are based 
on signaling interaction between nodes, or between 
nodes and controllers, which relies on messages to 
trigger changing the state of each node to achieve 
specific network functions [4]. However, due to the 
existence of signaling delay and processing delay in the 
traditional network control mechanism, it is difficult to 
further improve the dynamic performance of optical 
networks in mechanism. In order to solve this problem, 
we introduce a new type of high-dynamic optical 
network control architecture based on spatiotemporal 
synchronization. By introducing high-precision time 
synchronization, a control coordination mechanism 
between nodes and controllers is established in the time 
dimension, making it possible to improve the dynamic 
performance of optical networks by orders of 
magnitude. To achieve this goal, we conducted 
preliminary explorations and achieved preliminary 
feasibility results in numerous application scenarios, 
including but not limited to fine-grained optical data 
center networks, high-performance computing systems, 
high-dynamic core/metro optical networks, low-latency 
metro-access optical networks, and large-scale 
smart-grid communication networks, laying the 
foundation for further research of a new generation of 
high-dynamic spatiotemporal synchronization optical 

networks.  
The rest of the paper is organized as follows. 

Section 2 explicates the concept of spatiotemporal 
synchronization optical network control mechanism. 
Section 3 introduces typical application scenarios of 
spatiotemporal synchronization optical networks and 
some preliminary results are also presented in this 
section. Finally, Section 4 concludes the paper. 
 
 
2.  SPATIOTEMPORAL SYNCHRONIZATION 

NETWORK CONTROL MECHANISM 
 

The control mechanisms of optical networks determine 
their dynamic performance. In traditional optical 
networks, the control mechanism is based on signaling 
interaction between nodes, which relies on messages to 
trigger every nodal operation, as shown in Fig. 1. Due 
to the uncertainty of signaling transmission delay, it is 
difficult to guarantee the arrival time of a signaling 
packet, and thus network resources with short time 
windows are not able to be utilized. This restricts the 
optical networks from improving their dynamic 
performance, and further leads to a long connection 
establishment/teardown time at the level of seconds [5]. 
By using the SDN-based centralized control mechanism, 
this time can be reduced to several hundred 
milliseconds [6], but it is difficult to be further 
improved. 

To improve the dynamic performance of optical 
networks, we introduce a novel spatiotemporal 
synchronization optical network control mechanism 
enabled by high-precision time synchronization, which 
is currently a mature technology [7-9]. In work [7], 
sub-microsecond time synchronization was achieved in 
the range of 1014 kilometer. With the help of 
high-precision time synchronization, nodal operations 
at different nodes can be executed coordinately.  

In the spatiotemporal synchronization control 
mechanism, the traditional “message-triggered” mode is 
changed to the “time-triggered” mode as shown in Fig. 
1. More specifically, before a serial of nodal operations 
start, the control packets containing precise operation 
time labels are sent to the corresponding nodes in 
advance. Each node then executes the corresponding 
operations at the exact time in the time labels to 
coordinately perform the network control functions 
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the bearer networks. Optically bypassing the IP routers 
using all-optical transmission and switching 
technologies becomes a potential solution. However, 
current optical access networks adopting the passive 
optical network (PON) technologies can not support 
cross-PON E2E lightpath establishment due to the lack 
of cross-PON coordination mechanism, presenting a 
significant obstacle for the realization of low latency in 
large-scale networks. To solve this problem, a new 
metro-access converged network architecture was 
proposed based on inter-PON time synchronization [16]. 
By enabling coordinated time slot assignment among 
PONs, cross-PON lightpaths can be established to 
reduce E2E latency by almost two orders of magnitude. 
 
3.5 Large-scale smart-grid communication networks 
 
The optical network is regarded as a promising 
candidate for smart grid communications due to its 
unique advantages such as low latency and jitter. 
However, there exists a significant gap between the 
number of lightpaths required for the latency-sensitive 
traffic in large-scale smart grid, e.g. teleprotection and 
under frequency load shedding (UFLS), and that can be 
offered by optical networks at the wavelength 
granularity. Luckily, the optical time slice switching 
(OTSS) technology based on spatiotemporal 
synchronization is able to offer over one thousand 
sub-channels on a single wavelength channel, and thus 
can become a promising solution [17]. Numerical 
results showed that by using OTSS, the E2E latencies 
of the latency-sensitive traffic can be reduced by 60% 
under heavy load. 
 
 

4. CONCLUSION 
    
The emerging real-time applications place new 
requirements in the dynamic performance of optical 
networks. Because of the uncertainty of signaling 
transmission delay, the traditional “message-triggered” 
control mechanism becomes a major bottleneck to 
network dynamics. In order to improve the dynamic 
performance of optical networks, we introduce a novel 
spatiotemporal synchronization optical network control 
architecture which is enabled by high-precision time 
synchronization, and its typical application scenarios as 
well. Preliminary results show that by establishing 
control coordination among nodes and controllers, the 
proposed architecture can improve the network 
dynamic performance by orders of magnitude.  
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