EP 3 537 656 B1

(19)

(12)

(49)

(21)

(22)

Europdisches
Patentamt

EP 3 537 656 B1

European
Patent Office

9

Office européen

des brevets (1 1 )

EUROPEAN PATENT SPECIFICATION

Date of publication and mention
of the grant of the patent:
06.01.2021 Bulletin 2021/01

(51) IntClL.:
HO4L 12/24 (2006.01)
HO4L 12/801 (2013.01)

HO4L 12/26 (2006.01)
HO4L 12/911 (2013.01)

(86) International application number:
PCT/CN2017/111928

Application number: 17874487.6

Date of filing: 20.11.2017
(87) International publication number:

WO 2018/095300 (31.05.2018 Gazette 2018/22)

(54)

NETWORK CONTROL METHOD, APPARATUS AND SYSTEM, STORAGE MEDIUM
NETZWERKSTEUERUNGSVERFAHREN, -VORRICHTUNG UND -SYSTEM, SPEICHERMEDIUM
PROCEDE, APPAREIL ET SYSTEME DE COMMANDE DE RESEAU, ET SUPPORT DE STOCKAGE

(84)

(30)

(43)

(73)

(72)

(74)

Designated Contracting States: (56) References cited:

AL AT BEBG CH CY CZDE DKEE ES FIFR GB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR

Priority: 23.11.2016 CN 201611046876

Date of publication of application:
11.09.2019 Bulletin 2019/37

Proprietor: Huawei Technologies Co., Ltd.
Longgang District
Shenzhen, Guangdong 518129 (CN)

Inventors:

ZHANG, Fan

Shenzhen

Guangdong 518129 (CN)
CHEN, Yi Chao
Shenzhen

Guangdong 518129 (CN)
ZHANG, Gong
Shenzhen

Guangdong 518129 (CN)

Representative: Maiwald Patent- und
Rechtsanwaltsgesellschaft mbH
Elisenhof

ElisenstraBBe 3

80335 Miinchen (DE)

CN-A- 102 076 025
CN-A- 106 059 942
US-A1-2004 105 393

CN-A-104 994 033
CN-A- 106 059 960
US-A1-2015 188 837

XIA WENFENG ET AL: "A Survey on
Software-Defined Networking", IEEE
COMMUNICATIONS SURVEYS & TUTORIALS,
vol.17,no. 1,16 March 2015 (2015-03-16) , pages
27-51, XP011576284, DOI:
10.1109/COMST.2014.2330903 [retrieved on
2015-03-16]

LIU LEI: "SDN orchestration for dynamic
end-to-end control of data center multi-domain
optical networking", CHINA COMMUNICATIONS,
CHINA INSTITUTE OF COMMUNICATIONS,
PISCATAWAY, NJ, USA, vol. 12, no. 8, 31 August
2015 (2015-08-31), pages 10-21, XP011667556,
ISSN: 1673-5447, DOI: 10.1109/CC.2015.7224702
[retrieved on 2015-08-25]

MACEDO DANIEL F ET AL: "Programmable
Networks-From Software-Defined Radio to
Software-Defined Networ", IEEE
COMMUNICATIONS SURVEYS & TUTORIALS,
vol. 17, no. 2, 19 May 2015 (2015-05-19), pages
1102-1125, XP011582196, DOI:
10.1109/COMST.2015.2402617 [retrieved on
2015-05-19]

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been

paid.

(Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 3 537 656 B1
Description
TECHNICAL FIELD

[0001] This application relates to the field of network technologies, and in particular, to a network control method,
apparatus, and system, and a storage medium.

BACKGROUND

[0002] As network technologies rapidly develop, more services (such as a voice service, a video service, and an online
gaming service) are carried over a network. This leads to a large quantity of data streams with different properties in the
network. However, network resources are limited. The limited network resources can be properly allocated to the large
quantity of data streams by controlling the network. This can not only maximize network resource utilization, but also
optimize service performance indicators.

[0003] Software-defined networking (English: Software Defined Networking, SDN for short) is a network architecture
that separates a data plane from a control plane, and can flexibly control network traffic. Therefore, the SDN is usually
used to control a network in a related technology. The SDN includes an SDN controller and a plurality of switches. The
SDN controller may collect global network information, calculate a network resource allocation rule based on the global
network information, and then distribute a corresponding resource decision to each switch according to the network
resource allocation rule. Each switch performs a decision action based on the corresponding resource decision. The
global network information is, for example, a status of a data stream in a network. The network resource allocation rule
is, for example, a link bandwidth rule (bandwidth occupied by a data stream on a link) or a link transmission rate rule.
Each switch may transmit data based on a link transmission rate distributed by the controller.

[0004] In a process of implementing this application, The related technology has at least the following problem:
[0005] In a process of using the SDN to control the network, the SDN controller needs to collect the global network
information, calculate the network resource allocation rule, and distribute a resource decision to each switch. A delay
exists in the process, and a relatively large network scale leads to a relatively high delay. The delay may affect network
performance. Therefore, a network control effect is relatively poor.

US 2015/188837 A1 describes hierarchical SDN architectures, comprising a network is sub-divided into multiple regions,
and each region is assigned to a different SDN controller. Network status information is collected and consolidated at
a regional level, and fed upstream through the SDN control plane until it reaches a root SDN controller. The root-SDN
controller computes cost-based parameters, which are distributed to regional SDN controllers for local provisioning. The
cost-based parameters can include Lagrangian variables estimations or other parameters that constrain regional traffic
engineering optimization in a manner that advances global traffic engineering objectives.

XIA WENFENG ET AL: "A Survey on Software-Defined Networking", IEEE COMMUNICATIONS SURVEYS & TUTO-
RIALS, vol. 17,n0.1 , pages 27-51, relates to Software-Defined Networking.

SUMMARY

[0006] To resolve a problem of a relatively poor network control effect, embodiments of this application provide a
network control method, apparatus, and system, and a storage medium. The invention is defined by the independent
claims, wherein preferred embodiments are defined in the dependent claims. The technical solutions are as follows:
[0007] According to a first aspect, a network control method is provided according to claim 1.

[0008] According to the solution provided in this embodiment of this application, the first controller slices the commu-
nications network to obtain a sliced network, where each sliced network is corresponding to one second controller; and
sends the resource information of the corresponding sliced network to each second controller, so that each second
controller performs, through closed-loop control based on a queue status of the corresponding sliced network, closed-
loop correction on initial link bandwidth allocated to each aggregation flow in the resource information of the corresponding
sliced network on each link in the corresponding sliced network, and each switch in the corresponding sliced network
transmits an aggregation flow based on corrected link bandwidth. Therefore, the first controller and the second controller
can cooperatively control the communications network, thereby reducing a delay and improving a network control effect.
[0009] Optionally, the method further includes:

determining, based on the global network information, a routing policy corresponding to the at least one sliced
network, where a routing policy corresponding to each sliced network includes a routing policy corresponding to
each aggregation flow in each sliced network; and

sending a corresponding routing policy to each second controller.
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[0010] According to the solution provided in this embodiment of this application, the first controller may implement
overall control on the network by determining the routing policy corresponding to the at least one sliced network and
sending the corresponding routing policy to each second controller.

[0011] According to a second aspect, a network control method provided according to claim 3.

[0012] Optionally, the network status of the target sliced network varies at different moments, and the queue status
corresponding to the target sliced network varies at different moments.

[0013] A queue status corresponding to the target sliced network at the target moment includes: a real network status
of the target sliced network at the target moment and observed noise of the target sliced network at the target moment.
[0014] The predicting a network status of the target sliced network based on the queue status corresponding to the
target sliced network, to obtain a predicted network status includes:

determining a first covariance matrix for the observed noise of the target sliced network at the target moment;
determining a second covariance matrix for an aggregation flow in the target sliced network at the target moment; and
calculating the network status of the target sliced network based on the queue status corresponding to the target
sliced network at the target moment, the first covariance matrix, and the second covariance matrix to obtain a
predicted network status of the target sliced network at the target moment, where the predicted network status is
associated with the real network status.

[0015] Optionally, the corrected link bandwidth corresponding to the target sliced network at the target moment is:

{f('f,,v)(f) = f(Z:) + AﬂZ,V)(f),Vn,(u,V)} |

t indicates the target moment, u indicates a source node of a link (u, v), v indicates a destination node of the link (u, v),

%
Vn indicates any aggregation flow n in the target sliced network, ]((n ) indicates initial link bandwidth allocated to
u,v

n
any aggregation flow n in the target sliced network on any link (u,v) in the target sliced network, Af(u V) (t)
indicates a link bandwidth correction value corresponding to any aggregation flow n in the target sliced network on any
n
link (u,v) in the target sliced network at the target moment, and f(Z V) (t) indicates corrected link bandwidth
4,

allocated to any aggregation flow n in the target sliced network on any link (u, v) in the target sliced network at the target
moment.
[0016] Optionally, the queue status corresponding to the target sliced network at the target moment is:

Y (1) = Qk(t_fk)—i_z(t)‘

t indicates the target moment, Qk (t) - {an (t)} Z(t) — {Zln (t)} indicates a number

2

of the target sliced network, Y,(f) indicates the queue status corresponding to the target sliced network at the target
moment, Y, (f) is obtained through observation, Q,(t) indicates the real network status of the target sliced network at the

target moment, an (f) indicates a queue status of an aggregation flow n corresponding to a switch i in the target

sliced network at the target moment, Z(f) indicates the observed noise of the target sliced network at the target moment,
n

Zz' (f) indicates observed noise of the queue status of the aggregation flow n corresponding to the switch i in the

target sliced network at the targetmoment, and 7 indicates an observed delay of obtaining the queue status corresponding
to the target sliced network by the target second controller.
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[0017] According to a third aspect, a processing apparatus is provided, where the processing apparatus includes at
least one circuit, and the at least one circuit is configured to perform the network control method provided in any one of
the first aspect or the optional manners of the first aspect.

[0018] According to a fourth aspect, a processing apparatus is provided, where the processing apparatus includes at
least one circuit, and the at least one circuit is configured to perform the network control method provided in any one of
the second aspect or the optional manners of the second aspect.

[0019] The technical solutions provided in the embodiments of this application bring the following beneficial effects:
[0020] According to the network control method, apparatus, and system, and the storage medium provided in the
embodiments of this application, the first controller slices the communications network to obtain a sliced network, and
each sliced network is corresponding to one second controller. Each second controller performs, through closed-loop
control based on the queue status of the corresponding sliced network, closed-loop correction on the initial link bandwidth
allocated to each aggregation flow in the corresponding sliced network on each link in the corresponding sliced network,
so that each switch in the corresponding sliced network transmits an aggregation flow based on the corrected link
bandwidth. Therefore, the first controller and the second controller can cooperatively control the network, thereby reducing
a delay and improving a network control effect.

BRIEF DESCRIPTION OF DRAWINGS
[0021]

FIG. 1 is a schematic diagram of network control according to a related technology;

FIG. 2 is a schematic diagram of another type of network control according to a related technology;

FIG. 3 is a schematic diagram of an implementation environment according to an embodiment of this application;
FIG. 4A and FIG. 4B are a method flowchart of a network control method according to an embodiment of this
application;

FIG. 5 is a flowchart of a method for performing closed-loop correction on initial link bandwidth allocated to each
aggregation flow in a target sliced network on each link in the target sliced network according to an embodiment of
this application;

FIG. 6 is a flowchart of a method for predicting a network status of a target sliced network based on a queue status
corresponding to the target sliced network according to an embodiment of this application;

FIG. 7 is a schematic diagram of network control according to an embodiment of this application;

FIG. 8 is a block diagram of a network control apparatus according to an embodiment of this application;

FIG. 9 is a block diagram of another network control apparatus according to an embodiment of this application;
FIG. 10 is a block diagram of a correction module according to an embodiment of this application;

FIG. 11 is a block diagram of a first controller according to an embodiment of this application; and

FIG. 12 is a block diagram of a second controller according to an embodiment of this application.

DESCRIPTION OF EMBODIMENTS

[0022] To make the objectives, technical solutions, and advantages of this application clearer, the following further
describes this application in detail with reference to the accompanying drawings. Apparently, the described embodiments
are merely some rather than all of the embodiments of this application.

[0023] Internet technologies have been developing rapidly over the past decades, and have brought ubiquitous con-
venience to production and life of human being. As the Internet technologies develop, more applications emerge in a
network, and more terminal users are involved in the network. This increases network bearer services (such as a voice
service, a video service, and an online gaming service). Because of different properties of various services, data streams
with different properties are presented in the network, and a quantity of coexisting data streams in the network increases
explosively. However, network resources are limited. How to properly allocate the limited network resources to a large
quantity of data streams with different properties to maximize network resource utilization and optimize performance
indicators of various services is an urgent problem to be resolved. This problem can be considered as a large-scale flow
control optimization problem. It is also a difficult problem in current academic and industrial circles.

[0024] It should be noted that, in a conventional network architecture based on the Transmission Control Protocol
(English: Transmission Control Protocol, TCP for short), an end side may adaptively adjust a transmission rate of a data
stream (the transmission rate of the data stream may be understood as bandwidth allocated to the data stream on a
link). However, TCP-based end side does not provide global optimal control. It can only ensure that the network is not
congested, but cannot ensure that performance indicators of data streams with different properties are met and optimized.
Therefore, the conventional TCP-based network architecture cannot essentially resolve the large-scale flow control
optimization problem.
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[0025] Existing large-scale flow control technologies mainly fall into two types: a distributed control technology and a
centralized control technology. In this application, a differentiated services (English: Differentiated Services, DiffServ for
short) technology is used as an example to describe the distributed control technology, and an SDN control technology
is used as an example to describe the centralized control technology.

[0026] The DiffServtechnology is atechnology in which data streams are classified (or clustered) to obtain aggregation
flows, and the data streams are scheduled at an aggregation flow level to implement large-scale flow control optimization.
The DiffServ technology can classify hundreds of data streams in the network into several categories. Different categories
are scheduled in a switch based on different priorities to control different data streams based on priorities and further
implement differentiated services. For example, a voice service requires a continuous data stream to some extent to
ensure call quality of a user terminal. Therefore, a data stream of the voice service requires a higher priority than a data
stream of another service. In the DiffServ technology, queues and aggregation flows in a switch are in a one-to-one
correspondence. The switch may use a flexible queue policy to implement differentiated services. For example, the
switch may use a strict priority queue (English: rist Priority Queue, FPQ for short) policy to implement differentiated
services. In the FPQ policy, a data stream of a high priority service is buffered in a high-level queue to ensure quality of
service (English: Quality of Service, QoS for short), and a data stream of a low priority service is buffered in a low-level
queue. For another example, the switch may use a weighted fair queue (English: Weighted Fair Queue, WFQ for short)
policy to implement differentiated services. In the WFQ policy, higher bandwidth is allocated to a queue corresponding
to a data stream of a high-level service to ensure QoS, and relatively low bandwidth is allocated to a queue corresponding
to a data steam of a low-level service.

[0027] The following describes the DiffServ technology by using the WFQ policy as an example with reference to the
accompanying drawings. Referring to FIG. 1, FIG. 1 shows a schematic diagram of a WFQ policy control network
according to a related technology. Referring to FIG. 1, services in a network are classified into three levels: a gold level,
a silver level, and a bronze level. Each level is corresponding to one queue. Priorities of the three levels are as follows:
gold > silver > bronze. In large-scale flow control, when data streams of the services in the network arrive at a switch,
a classifier in the switch may distribute the data streams to different queues based on different priorities and header
(English: header) information of the data streams. The WFQ policy is used for dequeuing. A high-level queue occupies
a higher proportion of bandwidth resources. For example, bandwidth proportions corresponding to the three queues in
FIG. 1 may be w1 = 0.7, w2 = 0.25, and w3 = 0.05. Therefore, more bandwidth resources are allocated to a queue
corresponding to a "gold" level service to ensure QoS for the gold level service. Because a "silver" level service and a
"bronze" level service have lower QoS requirements than the "gold" level service, relatively fewer bandwidth resources
are allocated to the "silver" level service and the "bronze" level service. It can be seen from FIG. 1 that, in the DiffServ
technology, a priority queue manner is used to resolve a large-scale flow control problem and implement differentiated
services for data streams. However, an idea of the DiffServ technology is a distributed heuristic algorithm, and therefore
the DiffServ technology cannot ensure global optimal utilization of communications network resources.

[0028] As a popular technology, the SDN control technology is widely concerned in academic and industrial circles in
recent years. The SDN control technology is a new type of network innovation architecture developed by the Clean Slate
research group at Stanford University in the United States in 2006. FIG. 2 shows a diagram of a network architecture
of the SDN control technology. As shown in FIG. 2, an SDN network includes an SDN controller and a plurality of switches
controlled by the SDN controller. Different from a conventional network in which a routing table of a data plane is generated
on a control plane through calculation based on a distributed routing protocol, in the SDN control technology, the SDN
controller centrally collects global network information on a control plane, calculates a network resource allocation rule
(such as a forwarding rule) based on the global network information, and then delivers the network resource allocation
rule to a switch through an open southbound interface of the SDN controller. In this way, each switch learns a corre-
sponding network resource control decision, and data packet forwarding behavior in the SDN network can be flexibly
controlled by using software. To achieve this effect, the control plane and the data plane that are coupled in the con-
ventional network are separated in the SDN network to form an independent infrastructure layer (that is, a data plane
in FIG. 2) and a control layer (that is, a control plane in FIG. 2). The infrastructure layer includes the switches and is
responsible for data packet forwarding. The control layer includes the SDN controller. A data packet forwarding rule is
generated by the SDN controller on the control layer.

[0029] The SDN control technology can implement functions such as network throughput enhancement, resource
optimization and allocation, and congestion control through global control by the SDN controller. However, in a control
process of the SDN control technology, the SDN controller needs to collect the global network information (such as
statuses of all data streams in the network), calculate the network resource allocation rule based on the global network
information, and allocate a control decision to each switch. Delays exist in processes of collecting the global network
information, calculating the network resource allocation rule, and allocating the control decision to each switch by the
SDN controller. Overall SDN network control is extremely sensitive to these delays. When a network scale is extremely
large, a transmission delay and an SDN controller responding delay may be extremely high. These unfavorable delay
factors may lead to a control decision failure, cause significant losses in network resource utilization and data stream
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performance, and greatly affect network performance. The SDN control technology focuses on optimizing steady-state
network performance to meet an average bandwidth requirement of different data streams, but neglects a dynamic
process of effectively pulling the network to a steady state. In addition, the SDN control technology uses a global control
manner to eliminate traffic requirement fluctuation. In a whole control process, performance may sharply deteriorate
because of an expanded network scale. Therefore, centralized SDN control cannot process an uncertainty in the network,
and cannot robustly adapt to a rapidly changing network disturbance factor. Global SDN control is non-scalable and
cannot resolve the large-scale flow control optimization problem.

[0030] In a human fast/slow nerve architecture, a slow nerve in a human brain is separately connected to all human
organs and a brain gray matter nerve. The brain constantly learns external world changes to form human capabilities
such as a language, an idea, logic, and an emotion. A fast nerve in a local human organ uses a reflex nerve in the local
organ to respond to an external rapidly changing environmental disturbance factor. The slow nerve in the human brain
and the fast nerve in the local human organ cooperatively work, are responsible for different functions, and complete
complex human activity behavior through flexible information exchange and coordination. For example, a human arm
controls a balance pole. The brain needs to learn to generate a decision-making action when an event of controlling a
balance pole by a human arm happens for the first time or happens occasionally. Specifically, after human eyes observe
the pole, a vision is formed in the brain. The brain generates an action after a delay and delivers the action to the arm,
so that the arm performs the action to control balance of the pole. In addition, the slow nerve in the brain stores the
action in the cerebellum by using an auxiliary visual system. When the event of controlling a balance pole by a human
arm happens again, the arm can perform the corresponding action to control balance of the pole without a need of
learning by the brain. Specifically, when human eyes observe the pole, a vision is formed in the auxiliary visual system
and then transmitted to the cerebellum. The cerebellum transmits the corresponding action to the arm based on the
vision. A fast nerve in the arm controls the arm to perform the corresponding action. It can be learned from the above
that when an event of holding a pole by a human arm happens again, the brain does not need to be used. Therefore, a
delay can be reduced, and the arm can quickly perform the corresponding action.

[0031] Inspired by the human fast/slow nerve architecture, the embodiments of this application provide a network
control method, apparatus, and system to resolve the large-scale flow control optimization problem. The embodiments
relate to a network architecture combining fast control and slow control. The network architecture includes a slow
controller (equivalent to the slow nerve in the human fast/slow nerve architecture) and at least one fast controller (equiv-
alent to the fast nerve in the human fast/slow nerve architecture). The slow controller optimizes a network through
complex calculation in a large time scale, and is responsible for sensing a relatively slowly changing factor in the network
(for example, a network topology, link bandwidth, and a traffic statistics characteristic such as an average value or a
variance of aggregation flows). The fast controller optimizes the network through a simple operation in a small time
scale, and is responsible for sensing a relatively rapidly changing factor in the network (for example, a link status and
a queue status) to counter a real-time traffic disturbance change. According to the network control method, apparatus,
and system, and the storage medium provided in the embodiments of this application, the slow controller grasps global
network information, and optimizes the network at an aggregation flow level based on the global network information.
The optimization can maximize network resource utilization, and ensure bandwidth requirements and QoS requirements
of various services at the aggregation flow level. The fast controller further optimizes and configures the network at a
data stream level (or granularity) through local optimization based on a result of aggregation flow-based optimization
performed by the slow controller, to respond to a time-varying traffic flow characteristic. The large-scale flow control
optimization problem is resolved in the manner of combining fast control and slow control in the embodiments of this
application. For related descriptions of the network control method, apparatus, and system, and the storage medium
provided in the embodiments of this application, refer to the following embodiments.

[0032] Referring to FIG. 3, FIG. 3 shows a schematic structural diagram of an implementation environment according
to an embodiment of this application. Referring to FIG. 3, the implementation environment includes: a first controller, at
least one second controller, and at least one switch. The first controller may be a slow controller. The at least one second
controller may include a second controller 1, a second controller 2, and a second controller 3. Each second controller
may be a fast controller. Any two switches in the at least one switch are connected to form a link. The first controller
may be alternatively referred to as an overall controller. The second controller may be alternatively referred to as a
slicing controller.

[0033] The first controller may obtain global network information, and slice a communications network based on the
global network information to obtain at least one sliced network. Each sliced network may include at least one switch,
and each sliced network is corresponding to one second controller. After slicing the communications network, the first
controller may determine resource information of the at least one sliced network, and send resource information of a
corresponding sliced network to a second controller corresponding to each sliced network. Resource information of each
sliced network may include initial link bandwidth allocated to each aggregation flow in each sliced network on each link
in each sliced network.

[0034] A target second controller is a second controller corresponding to a target sliced network. The target sliced
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network is any sliced network in the at least one sliced network. After receiving resource information of the target sliced
network, the target second controller may obtain a queue status corresponding to the target sliced network, perform,
through closed-loop control based on the queue status corresponding to the target sliced network, closed-loop correction
on initial link bandwidth allocated to each aggregation flow in the target sliced network on each link in the target sliced
network, to obtain corrected link bandwidth corresponding to the target sliced network, and deliver corresponding cor-
rected link bandwidth to each switch in the target sliced network, so that each switch transmits a corresponding aggre-
gation flow based on the corresponding corrected link bandwidth. The queue status corresponding to the target sliced
network includes a queue status corresponding to each switch in the target sliced network. Each switch is corresponding
to one queue.

[0035] Referring to FIG. 4A and FIG. 4B, FIG. 4A and FIG. 4B show a method flowchart of a network control method
according to an embodiment of this application. Referring to FIG. 4A and FIG. 4B, the network control method includes
the following steps.

[0036] Step 401: A first controller obtains global network information, where the global network information includes
a capacity of each link in a communications network and traffic matrix information of each aggregation flow in the
communications network.

[0037] Each aggregation flow in the communications network is obtained by classifying all traffic flows in the commu-
nications network by the first controller. A traffic flow may be a data stream, a video stream, a voice stream, or the like
of a service, which is not limited in this embodiment of this application.

[0038] The first controller may obtain the global network information. The global network information may include: the
capacity of each link in the communications network and the traffic matrix information of each aggregation flow in the
communications network. The global network information may further include a network topology structure of the com-
munications network. The network topology structure of the communications network is used to indicate a connection
relationship between switches (alternatively referred to as nodes; each node in the communications network has one
switch) in the communications network. The capacity of each link in the communications network may be {C(u,v), V(u,v)},
where u indicates a source node (or a source switch) of a link (u, v), v indicates a destination node (or a destination
switch) of the link (u, v), C(, ) indicates a capacity of the link (u, v), and V(u,v) indicates any link (u,v) in the communications
network. The traffic matrix information of each aggregation flow in the communications network may be {V", ¥n} , where
V" indicates a bandwidth requirement of an aggregation flow n, and vh indicates any aggregation flow n in the commu-
nications network.

[0039] Optionally, each switch in the communications network may report network information to the first controller;
and the first controller receives the network information reported by each switch, and collects the network information
reported by each switch to obtain the global network information. Alternatively, the first controller may actively obtain
network information from each switch, and collect the network information obtained from all switches to obtain the global
network information. Alternatively, the first controller may obtain the global network information in another manner, which
is not limited in this embodiment of this application.

[0040] Step402: The first controller determines resource information of at least one sliced network based on the global
network information, where the at least one sliced network is obtained by slicing the communications network, each
sliced network in the at least one sliced network is corresponding to one second controller, and resource information of
each sliced network includes initial link bandwidth allocated to each aggregation flow in each sliced network on each
link in each sliced network.

[0041] Optionally, thefirstcontroller may first slice the communications network based on the global network information
to obtain the at least one sliced network, and then determine the resource information of the at least one sliced network
based on the global network information. Each sliced network in the at least one sliced network may include at least
one switch. Each sliced network in the at least one sliced network may be corresponding to one second controller. The
resource information of each sliced network includes the initial link bandwidth allocated to each aggregation flow in each
sliced network on each link in each sliced network. For example, as shown in FIG. 3, the first controller slices the
communications network to obtain a sliced network 1, a sliced network 2, and a sliced network 3. Each of the sliced
network 1, the sliced network 2, and the sliced network 3 includes five switches. The sliced network 1 is corresponding
to a second controller 1; the sliced network 2 is corresponding to a second controller 2; and the sliced network 3 is
corresponding to a second controller 3.

[0042] Optionally, the first controller may determine the resource information of the at least one sliced network by
calculating a traffic engineering (English: Traffic Engineering, TE for short) issue. The resource information of each sliced

n*
network may be {f(u,v) ) Vn ) (u, V)} indicating initial link bandwidth allocated to any aggregation flow

2

n in each sliced network on any link (u, v) in each sliced network.
[0043] In this embodiment of this application, that the first controller determines resource information of at least one
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sliced network based on the global network information may include: determining, by the first controller, the resource
information of the at least one sliced network based on the capacity of each link in the communications network and the
traffic matrix information of each aggregation flow in the communications network when a target function uses a minimum
value. The target function meets a first constraint, a second constraint, a third constraint, a fourth constraint, and a fifth

constraint. The target function, the first constraint, the second constraint, the third constraint, the fourth constraint, and
the fifth constraint are as follows:

[0044] The target function is y = max Z f(” v)
(u,v) (u,v)

n
[0045] The first constraintis Z f(W d) and Vd is a destination node of the aggregation flow n.

n
[0046] The second constraint is Z ,f(s w) and VS is a source node of the aggregation flow n.

n¥*
[0047] The third constraint is z 'f(u V) z ,f(v,u') Yv,n.
uV

3

[0048] The fourth constraint is z :f(u v) — C(u V) Y(uv).
2
[0049] The fifth constraint is f(u V) - O v(u,v),
[0050] In the target function, the first constralnt, the second constraint, the third constraint, the fourth constraint, and
n*

the fifth constraint, ](( ) indicates initial link bandwidth allocated to any aggregation flow n in the communications
u,v

n*

(u,v)
Cluw)

network on any link (u,v) in the communications network, indicates initial usage of any aggre-

gation flow nin the communications network on any link (u,v) in the communications network, E (u V)

" (u,v)

indicates a sum of initial usage of all aggregation flows n in the communications network on any link (u,v) in the com-
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munications network, max E f(u V) indicates a maximum value in sums of initial usage of all

(u,v) (u,v)

aggregation flows n in the communications network on each link (u,v) in the communications network, Z f( w,d)
w

indicates a sum of initial link bandwidth occupied by any aggregation flow n in the communications network on all links

(w,d) that use a node d as a destination node in the communications network, E f(s w) indicates a sum of
w

initial link bandwidth occupied by any aggregation flow n in the communications network on all links (s,w) that use a

node s as a source node in the communications network, E f(u V) indicates a sum of initial link bandwidth
u

occupied by any aggregation flow ninthe communications network on all upstream links of anode v in the communications
network, u’indicates a sum of initial link bandwidth occupied by any aggregation flow n in the communications network

on all downstream links of the node v in the communications network, and Z f(u V) indicates a sum of initial
n

link bandwidth allocated to all aggregation flows n in the communications network on any link (u,v) in the communications
network.

[0051] It should be noted that, in the first to the fifth constraints, the first to the third constraints are traffic balancing
constraints, that is, for each aggregation flow, a service speed (or link bandwidth) matches an aggregation flow arriving
speed (or link bandwidth) on each node; the fourth constraint is a link bandwidth constraint, that is, the sum of the initial
link bandwidth allocated to all aggregation flows n in the communications network on any link (u,v) in the communications
network needs to be lower than a capacity of any link (u,v) ; the fifth constraint is a non-negative constraint, that is, the
initial link bandwidth allocated to any aggregation flow n in the communications network on any link (u,v) in the commu-
nications network is greater than or equal to 0.

%
[0052] The first controller may use the global network information as an input, and solve fl’l in the target

u,v
function when the target function uses the minimum value, to obtain the initial link bandwidth allocated to any aggregation
flow n in the communications network on any link (u,v) in the communications network, and further obtain resource
information of a sliced network.
[0053] Step 403: The first controller sends resource information of a corresponding sliced network to each second
controller.
[0054] After determining the resource information of the at least one sliced network, the first controller may send the
resource information of the corresponding sliced network to each second controller. For example, as shown in FIG. 3,
the first controller sends resource information of the sliced network 1 to the second controller 1, sends resource information
of the sliced network 2 to the second controller 2, and sends the resource information of the sliced network 3 to the
second controller 3. For a process of sending the resource information of the corresponding sliced network to each
second controller by the first controller, refer to a related technology. Details are not described in this embodiment of
this application.
[0055] It should be noted that, in actual application, new switches are constantly added to a network to form new links.
To fully control the network, after obtaining the global network information, the first controller may further determine,
based on the global network information, a routing policy corresponding to the at least one sliced network, and then
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send a corresponding routing policy to each second controller. A routing policy corresponding to each sliced network
includes a routing policy corresponding to each aggregation flow in each sliced network. Optionally, the first controller
may determine the routing policy corresponding to the at least one sliced network while determining the resource infor-
mation of the at least one sliced network. That is, in step 402, the first controller may obtain, through calculation, the
routing policy corresponding to the at least one sliced network while calculating the TE issue. Specifically, the first
controller obtains, by solving the target function, the routing policy corresponding to the at least one sliced network.
[0056] Step 404: A target second controller receives resource information of a target sliced network sent by the first
controller.

[0057] When the first controller sends the resource information of the corresponding sliced network to each second
controller, each second controller may receive the resource information of the corresponding sliced network. In this
embodiment of this application, the target sliced network may be any sliced network in the at least one sliced network
obtained by the first controller by slicing the communications network. The target second controller is a second controller
corresponding to the target sliced network. The target second controller may receive the resource information of the
target sliced network sent by the first controller. The resource information of the target sliced network may include initial
link bandwidth allocated to each aggregation flow in the target sliced network on each link in each sliced network. For
example, as shown in FIG. 3, the target sliced network may be the sliced network 1, the sliced network 2, or the sliced
network 3. The target second controller may be the second controller 1, the second controller 2, or the second controller
3. This embodiment of this application is described by using an example in which the target sliced network is the sliced
network 1, and the target second controller is the second controller 1. The second controller 1 may receive resource
information of the sliced network 1 sent by the first controller. For a process of receiving, by the target second controller,
the resource information of the target sliced network sent by the first controller in this embodiment of this application,
refer to a related technology. Details are not described in this embodiment of this application.

[0058] Step405: The target second controller obtains a queue status corresponding to the target sliced network, where
the queue status corresponding to the target sliced network includes a queue status corresponding to each switch in
the target sliced network, and each switch is corresponding to one queue.

[0059] After receiving the resource information of the target sliced network, the target second controller may obtain
the queue status corresponding to the target sliced network. The queue status corresponding to the target sliced network
includes the queue status corresponding to each switch in the target sliced network. Each switch is corresponding to
one queue. Each queue may be used to buffer one aggregation flow.

[0060] For example, as shown in FIG. 3, the second controller 1 obtains a queue status corresponding to the sliced
network 1. If the sliced network 1 includes a switch 11, a switch 12, a switch 13, a switch 14, and a switch 15, queue
statuses that are corresponding to the sliced network 1 and that are obtained by the second controller 1 include: a queue
status of a queue corresponding to the switch 11, a queue status of a queue corresponding to the switch 12, a queue
status of a queue corresponding to the switch 13, a queue status of a queue corresponding to the switch 14, and a
queue status of a queue corresponding to the switch 15.

[0061] In this embodiment of this application, a switch in each sliced network may report network information to a
corresponding second controller, where the network information includes a queue status corresponding to the switch in
each sliced network; and the corresponding second controller may receive network information reported by a switch in
a corresponding sliced network, to obtain a queue status corresponding to the corresponding sliced network. Optionally,
the switch 11, the switch 12, the switch 13, the switch 14, and the switch 15 all report network information to the second
controller 1; and the second controller 1 receives the network information reported by the switch 11, the switch 12, the
switch 13, the switch 14, and the switch 15, to obtain the queue statuses corresponding to the sliced network 1. In this
embodiment of this application, the queue status that is corresponding to the target sliced network and that is obtained
by the target second controller may be specifically an observed value of the queue status corresponding to the target
sliced network. Therefore, the queue status that is corresponding to the target sliced network and that is obtained by
the target second controller may be alternatively referred to as an observed queue status corresponding to the target
sliced network. This is not limited in this embodiment of this application.

[0062] Optionally, in this embodiment of this application, a network status of the target sliced network varies at different
moments, and the queue status corresponding to the target sliced network varies at different moments. Therefore, the
target second controller may obtain, in real time, the queue status corresponding to the target sliced network. A queue
status corresponding to the target sliced network at a target moment includes: a real network status of the target sliced
network at the target moment and observed noise of the target sliced network at the target moment. Specifically, the
queue status corresponding to the target sliced network at the target moment may be:

Y (1) = Qk(t_fk)—i_z(t)‘
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t indicates the target moment; Qk (f) = {an (t)} ‘ Z(Z‘) = {Zln (Z‘)} ‘ k indicates a number

2

of the target sliced network (k = 1 in this embodiment of this application); Y,(t) indicates the queue status corresponding
to the target sliced network at the target moment; Y)(t) is obtained through observation, and therefore Y,(f) may be

referred to as an observed value of the queue status corresponding to the target sliced network at the target moment,
or Y,(f) may be alternatively referred to as an observed queue status corresponding to the target sliced network at the

target moment; Q,(f) indicates the real network status of the target sliced network at the target moment; Qn (Z‘)
i

indicates a queue status of an aggregation flow n corresponding to a switch i (for example, the switch 11) in the target
sliced network at the target moment; Z(f) indicates the observed noise of the target sliced network at the target moment;

n
Zz' (f) indicates observed noise of the queue status of the aggregation flow n corresponding to the switch i in the

target sliced network atthe target moment; and 7, indicates an observed delay of obtaining the queue status corresponding

to the target sliced network by the target second controller.

[0063] It should be noted that, because a process of obtaining the queue status corresponding to the target sliced
network by the target second controller needs to take a period of time, there is a time difference between a moment at
which the target second controller starts to obtain the queue status corresponding to the target sliced network and a
moment at which the target second controller obtains the queue status corresponding to the target sliced network.
Therefore, that the target second controller obtains, in real time, the queue status corresponding to the target sliced
network may be understood as that the target second controller periodically obtains the queue status corresponding to
the target sliced network. In this embodiment of this application, the target moment may be considered as any moment
in a current period. The current period is a period in which the target second controller obtains the queue status corre-
sponding to the target sliced network in step 405. The target moment may be a moment at which the target second
controller obtains the queue status corresponding to the target sliced network in the current period, or may be a moment
after the target second controller obtains the queue status corresponding to the target sliced network in the current
period. This is not limited in this embodiment of this application.

[0064] Step 406: The target second controller performs, through closed-loop control based on the queue status cor-
responding to the target sliced network, closed-loop correction on initial link bandwidth allocated to each aggregation
flow in the target sliced network on each link in the target sliced network, to obtain corrected link bandwidth corresponding
to the target sliced network, where the corrected link bandwidth corresponding to the target sliced network includes
corrected link bandwidth allocated to each aggregation flow in the target sliced network on each link in the target sliced
network.

[0065] After obtaining the queue status corresponding to the target sliced network, the target second controller may
perform, through closed-loop control based on the queue status corresponding to the target sliced network, closed-loop
correction on the initial link bandwidth allocated to each aggregation flow in the target sliced network on each link in the
target sliced network, to obtain the corrected link bandwidth corresponding to the target sliced network. In this embodiment
of this application, the corrected link bandwidth corresponding to the target sliced network varies at different moments.
Therefore, at each moment, the target second controller needs to perform, through closed-loop control, closed-loop
correction on the initial link bandwidth allocated to each aggregation flow in the target sliced network on each link in the
target sliced network.

[0066] For example, referring to FIG. 5, FIG. 5 shows a flowchart of a method for performing, by a target second
controller, closed-loop correction on initial link bandwidth allocated to each aggregation flow in a target sliced network
on each link in the target sliced network according to an embodiment of this application. Referring to FIG. 5, the method
includes the following steps.

[0067] Substep 4061: Predict a network status of the target sliced network based on the queue status corresponding
to the target sliced network, to obtain a predicted network status.

[0068] The target second controller may predict the network status of the target sliced network based on the queue
status corresponding to the target sliced network, to obtain the predicted network status. For example, the second
controller 1 predicts a network status of the sliced network 1 based on the queue status corresponding to the sliced
network 1.

[0069] In this embodiment of this application, as described in step 405, the network status of the target sliced network
varies at different moments, and the queue status corresponding to the target sliced network varies at different moments.
Therefore, the target second controller may predict a network status of the target sliced network at each moment. The
queue status corresponding to the target sliced network at the target moment includes: the real network status of the
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target sliced network at the target moment and the observed noise of the target sliced network at the target moment.
[0070] For example, referring to FIG. 6, FIG. 6 shows a flowchart of a method for predicting a network status of a
target sliced network by a target second controller according to an embodiment of this application. Referring to FIG. 6,
the method includes the following steps.

[0071] Substep 40611: Determine a first covariance matrix for observed noise of the target sliced network at a target
moment.

[0072] It can be learned based on the foregoing description that the queue status corresponding to the target sliced
network at the target moment includes: the real network status of the target sliced network at the target moment and
the observed noise of the target sliced network at the target moment. Therefore, the target second controller may
determine the first covariance matrix for the observed noise of the target sliced network at the target moment. The first
covariance matrix may be shown as follows:

Var (z,) Cov(z,,z,) - Cov(z,z,)
Cov,(Z) = Cov (:zl,zz) Var :(22) .- Cov (z:l,zl._l)
Cov(z,,z;) Cov(z,z, ) . Var (z,)

k indicates the number of the target sliced network, Cov,(Z) indicates the first covariance matrix for the observed noise
of the target sliced network at the target moment, Var(z;) indicates a variance of observed noise of a queue status of a
queue corresponding to the switch i in the target sliced network, and Cov(z,,z;) indicates a covariance between observed
noise of a queue status of a queue corresponding to a switch 1 in the target sliced network and the observed noise of
the queue status of the queue corresponding to the switch i.

[0073] Substep 40612: Determine a second covariance matrix for an aggregation flow in the target sliced network at
the target moment.

[0074] The target second controller may determine the second covariance matrix for the aggregation flow in the target
sliced network at the target moment. The second covariance matrix may be shown as follows:

Var (V") Cov(V',V* - Cov(V' V")
Cov(V',V* Var (V* - Cov(V', V™
Cov (1) | VI V() o (7'
Cov(V'. V') Cov(V'. V') - Var (V")

k indicates the number of the target sliced network, Cov,(V) indicates the second covariance matrix for the aggregation
flow in the target sliced network at the target moment, Var(V/) indicates a variance of a bandwidth requirement of the
queue corresponding to the switch i in the target sliced network, and Cov(V!, V/) indicates a covariance between a
bandwidth requirement of the queue corresponding to the switch 1 in the target sliced network and the bandwidth
requirement of the queue corresponding to the switch i.

[0075] It should be noted that, for a process of determining the first covariance matrix in step 40611 and a process of
determining the second covariance matrix in step 40612, refer to a related technology. Details are not described in this
embodiment of this application.

[0076] Substep40613: Calculate the network status of the target sliced network based on a queue status corresponding
to the target sliced network at the target moment, the first covariance matrix, and the second covariance matrix to obtain
a predicted network status of the target sliced network at the target moment, where the predicted network status is
associated with a real network status.

[0077] After determining the first covariance matrix for the observed noise of the target sliced network at the target
moment and the second covariance matrix for the aggregation flow in the target sliced network at the target moment,
the target second controller may calculate the network status of the target sliced network based on the queue status
corresponding to the target sliced network at the target moment, the first covariance matrix, and the second covariance
matrix to obtain the predicted network status of the target sliced network at the target moment. The predicted network
status of the target sliced network at the target moment is associated with the real network status of the target sliced
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network at the target moment.

[0078] Substep 4062: Calculate, based on the predicted network status, a link bandwidth correction value correspond-
ing to each aggregation flow in the target sliced network on each link in the target sliced network at the target moment.
[0079] After predicting the network status of the target sliced network, the target second controller may calculate,
based on the predicted network status of the target sliced network, the link bandwidth correction value corresponding
to each aggregation flow in the target sliced network on each link in the target sliced network at the target moment.
[0080] In this embodiment of this application, the target second controller may calculate, by using a Kalman filtering
control idea, the link bandwidth correction value corresponding to each aggregation flow in the target sliced network on
each link in the target sliced network. A specific calculation process is as follows:

[0081] A network dynamic change equation in the Kalman filtering control idea is as follows:

Qr () - z Z Af o () + Z z Afir,, (1), intra-network node

7 _ mek(n)u'eDL(v) mek(n)ucUL(v)
o+ =1 ) ’
or() - z Z Af o () + Z AV (1), network edge node
mek(n)u'eDL(v) mek(n)

[0082] Inthe network dynamic change equation, Qf (t) indicates a queue length of an aggregation flow n buffered

in a switch v at a moment t, k indicates the number of the target sliced network, k(n) indicates a set of data streams
included in the aggregation flow n in the target sliced network, m indicates any data stream in the aggregation flow n in
the target sliced network, DL(v) indicates a set of end points of downstream links of the switch v, u’ indicates an end

point of any downstream link of the switch v in the target sliced network, Af(i}nu.) (f) indicates a link bandwidth

correction value corresponding to a data stream m in the target sliced network on any downstream link (v, u’) of the
switch v in the target sliced network at the moment t, UL(v) indicates a set of start points of upstream links of the switch

v, u indicates a start point of any upstream link of the switch v in the target sliced network, Af(r: " (l‘) indicates a

link bandwidth correction value corresponding to the data stream m in the target sliced network on any upstream link
(u, v) of the switch v in the target sliced network at the moment t, and AV™(¢) indicates a fluctuation, around an average
value of link bandwidth of the data stream m in the target sliced network, of the link bandwidth correction value of the
data stream m in the target sliced network at the moment t. It can be learned that a network status (for example,

Qf (f + 1) ) at a moment t+1 is related to a network status (for example, Qj (l‘) ) at the moment t, a network

action (for example, Af(nuq’v)(l‘) ) at the moment t, and a traffic change (for example, AV™(t)) at the moment t. In the

target sliced network, the network dynamic change equation is sorted into a vector or a matrix form, and may be shown
as follows:

Qk(t+l) - Qk(t)_Bk XAEc(t)-l_Ek XAI/k(Z‘)‘

[0083] As described in step 405, Qk (l‘) = {Ql.n (l‘)} k indicates the number of the target sliced network, and
2

Ql.n (t) indicates a queue status of the aggregation flow n corresponding to the switch i in the target sliced network

at the moment t. Aﬂ = {Af(;n’v), ‘v’m, (M,V)} Af(r:,v) indicates a link bandwidth correction value corre-

2
sponding to any data stream m in the target sliced network on any link (u, v) in the target sliced network, AV, ={AV™,Ym} ,

and AV™ indicates a fluctuation, around an average value of link bandwidth of any data stream m in the target sliced
network, of a link bandwidth correction value of any data stream m in the target sliced network.
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[0084] With reference to the queue status Y () = Q,(t-7,)+Z(t) corresponding to the target sliced network at the moment
t (the target moment) in step 405, it may be determined that a process of calculating, based on the predicted network
status, the link bandwidth correction value corresponding to each aggregation flow in the target sliced network on each
link in the target sliced network at the target moment in substep 4062 may be as follows:

0,(t+1)=0,(t) - B, x AF,(t)

+ka(Pk+00vk(Z>)1x(n(z>—ék(z—rk>— iBwAﬂ(f)j

t'=t—t

Qk (t + 1) indicates a predicted network status corresponding to the target sliced network at the moment t+1,

Qk (f) indicates a predicted network status corresponding to the target sliced network at the moment t, Cov,(Z) is

described in substep 40611, P, is an asymptotic estimation error matrix, and P, meets the following matrix equation:
-1 _
P, x (P, + Cov,(2))™ x B, = E,Cov,(V)E,
Cov,(V) in the matrix equation is described in substep 40611. AF,(f) may be calculated by using the following formula:
. T -1 pT 3
AF (1) = =(By x Py x By + A1) " B, x By x Q. (1)
A is a network smoothing and congestion coordination parameter, A > 0, and P, meets the following matrix equation:
P xB (B xP,xB +AI)"'xB xP, =1
kk k k kk k k kk

[0085] A link bandwidth correction value that is corresponding to the target sliced network and that is obtained based
on AF(t) is:

Ay = ZAf(ZV)(t),‘v’n,(u,v)

mek(n)

tindicates the targetmoment, Af(z ) (l‘) indicates alink bandwidth correction value corresponding to any aggregation

m
flow n in the target sliced network on any link (u,v) in the target sliced network at the target moment, Af(u,‘,) (t)

indicates a link bandwidth correction value corresponding to a data stream m in any aggregation flow n in the target
sliced network on any link (u, v) in the target sliced network at the target moment, and k(n) indicates the set of data
streams included in the aggregation flow n in the target sliced network.

[0086] Substep 4063: Perform, based on the link bandwidth correction value corresponding to each aggregation flow
in the target sliced network on each link in the target sliced network at the target moment, closed-loop correction on the
initial link bandwidth allocated to each aggregation flow in the target sliced network on each link in the target sliced
network, to obtain corrected link bandwidth corresponding to the target sliced network at the target moment, where the
corrected link bandwidth corresponding to the target sliced network atthe target momentincludes corrected link bandwidth
allocated to each aggregation flowin the target sliced network on each link in the target sliced network at the target moment.
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[0087] After obtaining the link bandwidth correction value corresponding to each aggregation flow in the target sliced
network on each link in the target sliced network at the target moment, the target second controller may perform, based
on the link bandwidth correction value corresponding to each aggregation flow in the target sliced network on each link
in the target sliced network at the target moment, closed-loop correction on the initial link bandwidth (initial link bandwidth
allocated at the target moment) allocated to each aggregation flow in the target sliced network on each link in the target
sliced network, to obtain the corrected link bandwidth corresponding to the target sliced network at the target moment.
The corrected link bandwidth corresponding to the target sliced network at the target moment includes the corrected
link bandwidth allocated to each aggregation flow in the target sliced network on each link in the target sliced network
at the target moment.

[0088] Optionally, the target second controller may use a sum of the link bandwidth correction value corresponding
to each aggregation flow in the target sliced network on each link in the target sliced network at the target moment and
the initial link bandwidth allocated to each aggregation flow in the target sliced network on each link in the target sliced
network as the corrected link bandwidth allocated to each aggregation flow in the target sliced network on each link in
the target sliced network at the target moment.

[0089] In this embodiment of this application, the corrected link bandwidth corresponding to the target sliced network
at the target moment is:

(0= Fy + Ay (0,9, ()}

t indicates the target moment, u indicates the source node of the link (u, v), v indicates the destination node of the link
n*

(u, v), V¥n indicates any aggregation flow n in the target sliced network, ]((u V) indicates initial link bandwidth
2

allocated to any aggregation flow n in the target sliced network on any link (u, v) in the target sliced network,

n
A indicates a link bandwidth correction value corresponding to any aggregation flow n in the target
(u,v)

n
sliced network on any link (u,v) in the target sliced network at the target moment, and f(u V) (t) indicates corrected

link bandwidth allocated to any aggregation flow n in the target sliced network on any link (u,v) in the target sliced network
at the target moment.

[0090] Step 407: The target second controller delivers corresponding corrected link bandwidth to each switch in the
target sliced network, where each switch is configured to transmit a corresponding aggregation flow based on the
corresponding corrected link bandwidth.

[0091] After obtaining the corrected link bandwidth corresponding to the target sliced network, the target second
controller may deliver the corresponding corrected link bandwidth to each switch in the target sliced network, so that
each switch in the target sliced network transmits the corresponding aggregation flow based on the corresponding
corrected link bandwidth.

[0092] Optionally, as shown in FIG. 3, the target second controller may be the second controller 1, and the target
sliced network may be the sliced network 1; and the target sliced network includes the following switches: the switch
11, the switch 12, the switch 13, the switch 14, and the switch 15. Therefore, the second controller 1 delivers corrected
link bandwidth corresponding to the switch 11 to the switch 11, delivers corrected link bandwidth corresponding to the
switch 12 to the switch 12, delivers corrected link bandwidth corresponding to the switch 13 to the switch 13, and so on.
[0093] It should be noted that link bandwidth in this embodiment of this application may be alternatively a link trans-
mission rate. In this embodiment of this application, for wording consistency, the link bandwidth is used as an example
for description. However, replacing the link bandwidth with the link transmission rate also falls within the protection scope
of this application. Details are not described herein.

[0094] The network control method provided in this embodiment of this application can well resolve a large-scale flow
control optimization problem. When there are a relatively large quantity of data streams in the network, the first controller
finds an optimal control point (for example, an aggregation flow routing policy and a sliced network) in the network at
an aggregation flow level, and then the second controller performs closed-loop control at a data stream level in the sliced
network to trace the optical control point in the network.

[0095] It should be noted that a sequence of the steps in the network control method provided in this embodiment of
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this application may be properly adjusted, and a step may be added or removed based on a situation. All modified
methods that may be readily figured out by a person skilled in the art without departing from the technical scope disclosed
in this application shall fall within the protection scope of this application. Therefore, details are not described.

[0096] In conclusion, according to the network control method provided in this embodiment of this application, the first
controller slices the communications network to obtain a sliced network, and each sliced network is corresponding to
one second controller. The target second controller performs, through closed-loop control based on the queue status of
the target sliced network, closed-loop correction on the initial link bandwidth allocated to each aggregation flow in the
target sliced network on each link in the target sliced network, so that each switch in the target sliced network transmits
the corresponding aggregation flow based on the corrected link bandwidth. Therefore, the first controller and the second
controller can cooperatively control the network, thereby reducing a delay and improving a network control effect.
[0097] According to the network control method provided in this embodiment of this application, the first controller
obtains the global network information through network measurement, properly configures network resources based on
the global network information, and maps the network resources to different sliced networks to ensure that data stream
traffic requirements of different services are met, and to implement service isolation and resource reuse in the network.
[0098] In the network control method provided in this embodiment of this application, the first controller grasps the
global network information, and optimizes the network at the aggregation flow level based on the global network infor-
mation. The optimization can maximize network resource utilization. The first controller updates a policy only when a
network topology changes and an aggregation flow traffic characteristic changes. The second controller senses a time-
varying characteristic of a data stream in the sliced network through network measurement. When traffic suddenly
increases or decreases, the second controller may sense a local network status to obtain the change in real time, and
adjust the policy in real time based on the change to rapidly respond to a local change, so that the network returns to a
global optimal control point.

[0099] According to the network control method provided in this embodiment of this application, a control layer is
divided into two layers: a fast control layer and a slow control layer. A slow controller (the first controller) performs
aggregation flow level scheduling on the network, and a fast controller (the second controller) performs data stream
level scheduling on the network, to more efficiently respond to a service fluctuation. In addition, the slow controller can
find the aggregation flow routing policy and the sliced network to maximize network resource utilization. The fast controller
properly uses resources in the sliced network within the sliced network at the data stream level to reduce network
congestion while maintaining high resource utilization. In this embodiment of this application, the fast controller and the
slow controller cooperate to optimize network performance, so that the network can robustly adapt to a traffic flow change.
[0100] The network control method provided in this embodiment of this application may be applied to a device to
device (English: Device to Device, D2D for short) network to implement large-scale flow control in the D2D network.
Referring to FIG. 7, FIG. 7 shows a schematic diagram of a D2D network according to an embodiment of this application.
Referring to FIG. 7, the D2D network includes a macro base station 01, at least one small cell 02, and at least one user
terminal.

[0101] The macro base station 01 may obtain global network information. The global network information may include
a network topology structure of the D2D network, channel statuses and channel capacities of the user terminal and the
small cell 02, traffic matrix information of an aggregation flow, and the like. Then the macro base station 01 determines
a routing policy of each aggregation flow and resource information of a sliced network by calculating a traffic engineering
issue based on the global network information. Each sliced network includes at least one user terminal, and each sliced
network is corresponding to one small cell 02. After determining the routing policy of each aggregation flow and the
resource information of the sliced network, the macro base station 01 may send the routing policy of each aggregation
flow and the resource information of the sliced network to a corresponding small cell 02.

[0102] After receiving the routing policy and the resource information of the sliced network that are corresponding to
the small cell 02, the small cell 02 obtains a queue status of each user terminal in the corresponding sliced network,
obtains a network status of the sliced network, calculates a link service rate correction value (or a link bandwidth correction
value) of the sliced network through closed-loop control based on the network status of the sliced network, and corrects
a link service rate of the sliced network based on the link service rate correction value. Then, the small cell 02 calculates
a data transmit power of each user terminal in the sliced network based on the corrected link service rate and a current
channel status of the sliced network, and delivers the data transmit power to a corresponding user terminal, so that the
user terminal transmits data in real time based on the data transmit power.

[0103] The following describes an embodiment of an apparatus in this application. The apparatus can be configured
to perform the method embodiment of this application. For details not disclosed in the embodiment of the apparatus in
this application, refer to the method embodiment of this application.

[0104] ReferringtoFIG.8,FIG.8shows ablock diagram of a network control apparatus 800 according to an embodiment
of this application. The network control apparatus 800 may be implemented as a part or all of the first controller in the
implementation environment shown in FIG. 3 by using software, hardware, or a combination thereof. Referring to FIG.
8, the network control apparatus 800 may include:
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an obtaining module 801, configured to obtain global network information, where the global network information
includes a capacity of each link in a communications network and traffic matrix information of each aggregation flow
in the communications network, and each aggregation flow in the communications network is obtained by classifying
all traffic flows in the communications network;

a first determining module 802, configured to determine resource information of at least one sliced network based
on the global network information, where the at least one sliced network is obtained by slicing the communications
network, each sliced network in the at least one sliced network is corresponding to one second controller, and
resource information of each sliced network includes initial link bandwidth allocated to each aggregation flow in each
sliced network on each link in each sliced network; and

a first sending module 803, configured to send resource information of a corresponding sliced network to each
second controller.

[0105] In conclusion, according to the network control apparatus provided in this embodiment of this application, the
first controller slices the communications network to obtain a sliced network, where each sliced network is corresponding
to one second controller; and sends the resource information of the corresponding sliced network to each second
controller, so that each second controller performs, through closed-loop control based on a queue status of the corre-
sponding sliced network, closed-loop correction on initial link bandwidth allocated to each aggregation flow in the cor-
responding sliced network on each link in the corresponding sliced network, and each switch in the corresponding sliced
network transmits a corresponding aggregation flow based on corrected link bandwidth. Therefore, the first controller
and the second controller can cooperatively control the network, thereby reducing a delay and improving a network
control effect.

[0106] Further, still referring to FIG. 8, the network control apparatus 800 further includes:

a second determining module 804, configured to determine, based on the global network information, a routing
policy corresponding to the at least one sliced network, where a routing policy corresponding to each sliced network
includes a routing policy corresponding to each aggregation flow in each sliced network; and

a second sending module 805, configured to send a corresponding routing policy to each second controller.

[0107] Optionally, the global network information further includes a network topology structure of the communications
network. The network topology structure is used to indicate a connection relationship between at least one switch.
[0108] Optionally, the capacity of each link in the communications network is {C(, ), V(u,v)} , where u indicates a
source node of a link (u, v), v indicates a destination node of the link (u,v), C(,, indicates a capacity of the link
(u,v) ,¥Y(u,v) indicates any link (u,v) in the communications network. The traffic matrix information of each aggregation
flow in the communications network is {V,¥n} , where V" indicates a bandwidth requirement of an aggregation flow n,
and Vnindicates any aggregation flow nin the communications network. The first determining module 802 is configured to:
determine the resource information of the at least one sliced network based on the capacity of each link in the commu-
nications network and the traffic matrix information of each aggregation flow in the communications network when a
target function uses a minimum value.

[0109] The target function is y max E f(u V) and the target function meets a first con-

(u,v) (u,v)

straint, a second constraint, a third constraint, a fourth constraint, and a fifth constraint.

n
[0110] The first constraintis Z f(W d) and Vd is a destination node of the aggregation flow n.

n
0111] The second constraint is and Vs is a source node of the aggregation flow n.
(s W)
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n*
[0112] The third constraint is Z ,f(u v) Z ,f(v,u') Yv,n.
uV

[0113] The fourth constraint is Zf(u v) — (u,V) v(u,v).

2

%
n
[0114] The fifth constraintis ﬂu V) - O v(u,v), n. ](( indicates initial link bandwidth allocated to

2

any aggregation flow n in the communications network on any link (u,v) in the communications network,

S

indicates initial usage of any aggregation flow n in the communications network on any link (u,v)

Clum)

in the communications network, E (u V) indicates a sum of initial usage of all aggregation flows n

Cluw)

Z Sous
in the communications network on any link (u,v) in the communications network, max ( )

(u,v) (u,v)

indicates a maximum value in sums of initial usage of all aggregation flows n in the communications network on each

link (u,v) in the communications network, z ,ﬁw d) indicates a sum of initial link bandwidth occupied by any

aggregation flow n in the communications network on all links (w, d) that use a node d as a destination node in the
communications network, Z f(s W) indicates a sum of initial link bandwidth occupied by any aggregation flow

n in the communications network on all links (s, w) that use a node s as a source node in the communications network,

: l, f(u v) indicates a sum of initial link bandwidth occupied by any aggregation flow n in the communications

network on all upstream links of a node v in the communications network, : ,f(v u') indicates a sum of initial

'

U
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link bandwidth occupied by any aggregation flow n in the communications network on all downstream links of the node
n¥*
v in the communications network, and : / f(u,v) indicates a sum of initial link bandwidth allocated to all aggre-
n

gation flows n in the communications network on any link (u,v) in the communications network.

[0115] In conclusion, according to the network control apparatus provided in this embodiment of this application, the
first controller slices the communications network to obtain a sliced network, where each sliced network is corresponding
to one second controller; and sends the resource information of the corresponding sliced network to each second
controller, so that each second controller performs, through closed-loop control based on a queue status of the corre-
sponding sliced network, closed-loop correction on initial link bandwidth allocated to each aggregation flow in the cor-
responding sliced network on each link in the corresponding sliced network, and each switch in the corresponding sliced
network transmits a corresponding aggregation flow based on corrected link bandwidth. Therefore, the first controller
and the second controller can cooperatively control the network, thereby reducing a delay and improving a network
control effect.

[0116] Referring to FIG. 9, FIG. 9 shows a block diagram of another network control apparatus 900 according to an
embodiment of this application. The network control apparatus 900 may be implemented as a part or all of a target
second controller by using software, hardware, or a combination thereof. The target second controller may be any
controller in the implementation environment shown in FIG. 3. Referring to FIG. 9, the network control apparatus 900
may include:

areceiving module 901, configured to receive resource information of a target sliced network sent by a first controller,
where the resource information of the target sliced network includes initial link bandwidth allocated to each aggre-
gation flow in the target sliced network on each link in each sliced network, and the target sliced network is corre-
sponding to the target second controller;

an obtaining module 902, configured to obtain a queue status corresponding to the target sliced network, where the
queue status corresponding to the target sliced network includes a queue status corresponding to each switch in
the target sliced network, and each switch is corresponding to one queue;

acorrection module 903, configured to perform, through closed-loop control based on the queue status corresponding
to the target sliced network, closed-loop correction on initial link bandwidth allocated to each aggregation flow in
the target sliced network on each link in the target sliced network, to obtain corrected link bandwidth corresponding
to the target sliced network, where the corrected link bandwidth corresponding to the target sliced network includes
corrected link bandwidth allocated to each aggregation flow in the target sliced network on each link in the target
sliced network; and

a delivery module 904, configured to deliver corresponding corrected link bandwidth to each switch in the target
sliced network, where each switch is configured to transmit a corresponding aggregation flow based on the corre-
sponding corrected link bandwidth.

[0117] In conclusion, according to the network control apparatus provided in this embodiment of this application, the
first controller slices a communications network to obtain a sliced network, and each sliced network is corresponding to
one second controller. The target second controller performs, through closed-loop control based on the queue status of
the target sliced network, closed-loop correction on the initial link bandwidth allocated to each aggregation flow in the
target sliced network on each link in the target sliced network, so that each switch in the target sliced network transmits
the corresponding aggregation flow based on the corrected link bandwidth. Therefore, the first controller and the second
controller can cooperatively control the network, thereby reducing a delay and improving a network control effect.
[0118] Optionally, the corrected link bandwidth corresponding to the target sliced network varies at different moments.
Referring to FIG. 10, FIG. 10 shows a block diagram of a correction module 903 according to an embodiment of this
application. Referring to FIG. 10, the correction module 903 includes:

a prediction submodule 9031, configured to predict a network status of the target sliced network based on the queue
status corresponding to the target sliced network, to obtain a predicted network status;

a calculation submodule 9032, configured to calculate, based on the predicted network status, a link bandwidth
correction value corresponding to each aggregation flow in the target sliced network on each link in the target sliced
network at a target moment; and

a correction submodule 9033, configured to perform, based on the link bandwidth correction value corresponding
to each aggregation flow in the target sliced network on each link in the target sliced network at the target moment,
closed-loop correction on the initial link bandwidth allocated to each aggregation flow in the target sliced network
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on each link in the target sliced network, to obtain corrected link bandwidth corresponding to the target sliced network
at the target moment, where the corrected link bandwidth corresponding to the target sliced network at the target
moment includes corrected link bandwidth allocated to each aggregation flow in the target sliced network on each
link in the target sliced network at the target moment.

[0119] Optionally, the network status of the target sliced network varies at different moments, and the queue status
corresponding to the target sliced network varies at different moments. A queue status corresponding to the target sliced
network at the target moment includes: a real network status of the target sliced network at the target moment and
observed noise of the target sliced network at the target moment.

[0120] The prediction submodule 9031 is configured to:

determine a first covariance matrix for the observed noise of the target sliced network at the target moment;
determine a second covariance matrix for an aggregation flow in the target sliced network at the target moment; and
calculate the network status of the target sliced network based on the queue status corresponding to the target
sliced network at the target moment, the first covariance matrix, and the second covariance matrix to obtain a
predicted network status of the target sliced network at the target moment, where the predicted network status is
associated with the real network status.

[0121] In conclusion, according to the network control apparatus provided in this embodiment of this application, the
first controller slices a communications network to obtain a sliced network, and each sliced network is corresponding to
one second controller. The target second controller performs, through closed-loop control based on the queue status of
the target sliced network, closed-loop correction on the initial link bandwidth allocated to each aggregation flow in the
target sliced network on each link in the target sliced network, so that each switch in the target sliced network transmits
the corresponding aggregation flow based on the corrected link bandwidth. Therefore, the first controller and the second
controller can cooperatively control the network, thereby reducing a delay and improving a network control effect.
[0122] It should be noted that when the network control apparatus provided in the embodiment controls the network,
descriptions are provided only by using an example of division of the functional modules. In actual application, the
functions may be allocated to different functional modules for implementation as required. That is, an internal structure
of the device is divided into different functional modules to implement all or some functions described above. In addition,
the network control apparatus provided in the embodiment pertains to a same concept as the network control method
embodiment. For a specific implementation process, refer to the method embodiment. Details are not described herein
again.

[0123] Referring to FIG. 11, FIG. 11 shows a schematic structural diagram of a first controller 1100 according to an
embodiment of this application. The first controller 1100 may be the first controller in the implementation environment
shown in FIG. 3, and is configured to perform a part of the method provided in the embodiment shown in FIG. 4A and
FIG. 4B. Referring to FIG. 11, the first controller 1100 may include a processor 1110 and a transmitter 1120. The
processor 1110 and the transmitter 1120 are connected by using a bus 1130.

[0124] The processor 1110 includes one or more processing cores. The processor 1110 executes various function
applications and processes data by running a software program and a unit.

[0125] Optionally, as shown in FIG. 11, the first controller 1100 further includes a memory 1140, a network interface
1150, and areceiver 1160. The memory 1140, the network interface 1150, and the receiver 1160 are separately connected
to the transmitter 1120 and the processor 1110 by using the bus 1130.

[0126] There may be a plurality of network interfaces 1150. The network interface 1150 is used for communication
between the first controller 1100 and another storage device or network device. The network interface 1150 is optional.
In actual application, the first controller 1100 may communicate with another storage device or network device by using
the transmitter 1120 and the receiver 1160. Therefore, the first controller 1100 may not include the network interface.
This is not limited in this embodiment of this application.

[0127] The processor 1110 is configured to obtain global network information, where the global network information
includes a capacity of each link in a communications network and traffic matrix information of each aggregation flow in
the communications network, and each aggregation flow in the communications network is obtained by classifying all
traffic flows in the communications network.

[0128] The processor 1110 is configured to determine resource information of at least one sliced network based on
the global network information, where the at least one sliced network is obtained by slicing the communications network,
each sliced network in the at least one sliced network is corresponding to one second controller, and resource information
of each sliced network includes initial link bandwidth allocated to each aggregation flow in each sliced network on each
link in each sliced network.

[0129] The transmitter 1120 is configured to send resource information of a corresponding sliced network to each
second controller.
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[0130] Optionally, the processor 1110 is further configured to determine, based on the global network information, a
routing policy corresponding to the at least one sliced network, where a routing policy corresponding to each sliced
network includes a routing policy corresponding to each aggregation flow in each sliced network.

[0131] The transmitter 1120 is further configured to send a corresponding routing policy to each second controller.
[0132] Optionally, the global network information further includes a network topology structure of the communications
network. The network topology structure is used to indicate a connection relationship between at least one switch.
[0133] Optionally, the capacity of each link in the communications network is {c(u,v), V(u,v)} where u indicates a source
node of a link (u,v), v indicates a destination node of the link (u,v), ¢, ) indicates a capacity of the link (u,v), V(u,v)
indicates any link (u,v) in the communications network. The traffic matrix information of each aggregation flow in the
communications network is {V", vn}, where V" indicates a bandwidth requirement of an aggregation flow n, and v/,
indicates any aggregation flow n in the communications network.

[0134] The processor 1110 is specifically configured to determine the resource information of the at least one sliced
network based on the capacity of each link in the communications network and the traffic matrix information of each
aggregation flow in the communications network when a target function uses a minimum value.

Z oo
[0135] The target function is y = max ( ) and the target function meets a first con-
(u,v) (u,v)

2

straint, a second constraint, a third constraint, a fourth constraint, and a fifth constraint.

n
[0136] The first constraintis : : f(w d) and Vd is a destination node of the aggregation flow n.

n
[0137] The second constraint is z ,f(s w) and Vs is a source node of the aggregation flow n.

n*
[0138] The third constraint is Z ,f(u v) : ,f(v,u') , Vv, n.
uV

[0139] The fourth constraint is Zf(u v) — C(u v) V().

2

[0140] The fifth constraint |sf( ) = O v(u,v), n. ](( ) indicates initial link bandwidth allocated to

any aggregation flow n in the communications network on any link (u,v) in the communications network,

S

indicates initial usage of any aggregation flow n in the communications network on any link (u,v)

Clum)
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in the communications network, E (u V) indicates a sum of initial usage of all aggregation flows n

Cluw)

| » o - Zf o
in the communications network on any link (u,v) in the communications network, 111X (u.v)

(u,v) (u,v)

indicates a maximum value in sums of initial usage of all aggregation flows n in the communications network on each
link (u,v) in the communications network, Z ﬁw d) indicates a sum of initial link bandwidth occupied by any
aggregation flow n in the communications network on all links (w,d) that use a node d as a destination node in the
communications network, Z f(S W) indicates a sum of initial link bandwidth occupied by any aggregation flow

n in the communications network on all links (s,w) that use a node s as a source node in the communications network,

E f(u V) indicates a sum of initial link bandwidth occupied by any aggregation flow n in the communications

network on all upstream links of a node v in the communications network, z 'f(\; u'") indicates a sum of initial

'

U

link bandwidth occupied by any aggregation flow n in the communications network on all downstream links of the node
v in the communications network, and : l, f(u v) indicates a sum of initial link bandwidth allocated to all aggre-

gation flows n in the communications network on any link (u,v) in the communications network.

[0141] In conclusion, according to the first controller provided in this embodiment of this application, the first controller
slices the communications network to obtain a sliced network, where each sliced network is corresponding to one second
controller; and sends the resource information of the corresponding sliced network to each second controller, so that
each second controller performs, through closed-loop control based on a queue status of the corresponding sliced
network, closed-loop correction on initial link bandwidth allocated to each aggregation flow in the corresponding sliced
network on each link in the corresponding sliced network, and each switch in the corresponding sliced network transmits
a corresponding aggregation flow based on corrected link bandwidth. Therefore, the first controller and the second
controller can cooperatively control the network, thereby reducing a delay and improving a network control effect.
[0142] Referring to FIG. 12, FIG. 12 shows a schematic structural diagram of a second controller 1200 according to
an embodiment of this application. The second controller 1200 may be any second controller in the implementation
environment shown in FIG. 3, and is configured to perform a part of the method provided in the embodiment shown in
FIG. 4A and FIG. 4B. Referring to FIG. 12, the second controller 1200 may include a receiver 1210 and a processor
1220. The receiver 1210 and the processor 1220 are connected by using a bus 1230.

[0143] The processor 1220 includes one or more processing cores. The processor 1220 executes various function
applications and processes data by running a software program and a unit.
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[0144] Optionally, as shown in FIG. 12, the second controller 1200 further includes a memory 1240, a network interface
1250, and a transmitter 1260. The memory 1240, the network interface 1250, and the transmitter 1260 are separately
connected to the receiver 1210 and the processor 1220 by using the bus 1230.

[0145] There may be a plurality of network interfaces 1250. The network interface 1250 is used for communication
between the second controller 1200 and another storage device or network device. The network interface 1250 is
optional. In actual application, the second controller 1200 may communicate with another storage device or network
device by using the receiver 1210 and the transmitter 1260. Therefore, the second controller 1200 may not include the
network interface. This is not limited in this embodiment of this application.

[0146] Thereceiver 1210 is configuredtoreceive resource information of atarget sliced network sent by afirst controller,
where the resource information of the target sliced network includes initial link bandwidth allocated to each aggregation
flow in the target sliced network on each link in each sliced network, and the target sliced network is corresponding to
a target second controller.

[0147] The processor 1220 is configured to obtain a queue status corresponding to the target sliced network, where
the queue status corresponding to the target sliced network includes a queue status corresponding to each switch in
the target sliced network, and each switch is corresponding to one queue.

[0148] The processor 1220 is configured to perform, through closed-loop control based on the queue status corre-
sponding to the target sliced network, closed-loop correction on initial link bandwidth allocated to each aggregation flow
in the target sliced network on each link in the target sliced network, to obtain corrected link bandwidth corresponding
to the target sliced network, where the corrected link bandwidth corresponding to the target sliced network includes
corrected link bandwidth allocated to each aggregation flow in the target sliced network on each link in the target sliced
network.

[0149] The transmitter 1260 is configured to deliver corresponding corrected link bandwidth to each switch in the target
sliced network, where each switch is configured to transmit a corresponding aggregation flow based on the corresponding
corrected link bandwidth.

[0150] Optionally, the corrected link bandwidth corresponding to the target sliced network varies at different moments.
The processor 1220 is specifically configured to:

predict a network status of the target sliced network based on the queue status corresponding to the target sliced
network, to obtain a predicted network status;

calculate, based on the predicted network status, a link bandwidth correction value corresponding to each aggregation
flow in the target sliced network on each link in the target sliced network at a target moment; and

perform, based on the link bandwidth correction value corresponding to each aggregation flow in the target sliced
network on each link in the target sliced network at the target moment, closed-loop correction on the initial link
bandwidth allocated to each aggregation flow in the target sliced network on each link in the target sliced network,
to obtain corrected link bandwidth corresponding to the target sliced network at the target moment, where the
corrected link bandwidth corresponding to the target sliced network at the target moment includes corrected link
bandwidth allocated to each aggregation flow in the target sliced network on each link in the target sliced network
at the target moment.

[0151] Optionally, the network status of the target sliced network varies at different moments, and the queue status
corresponding to the target sliced network varies at different moments. A queue status corresponding to the target sliced
network at the target moment includes: a real network status of the target sliced network at the target moment and
observed noise of the target sliced network at the target moment.

[0152] The processor 1220 is specifically configured to:

determine a first covariance matrix for the observed noise of the target sliced network at the target moment;
determine a second covariance matrix for an aggregation flow in the target sliced network at the target moment; and
calculate the network status of the target sliced network based on the queue status corresponding to the target
sliced network at the target moment, the first covariance matrix, and the second covariance matrix to obtain a
predicted network status of the target sliced network at the target moment, where the predicted network status is
associated with the real network status.

[0153] In conclusion, according to the second controller provided in this embodiment of this application, the first
controller slices a communications network to obtain a sliced network, and each sliced network is corresponding to one
second controller. The target second controller performs, through closed-loop control based on the queue status of the
target sliced network, closed-loop correction on the initial link bandwidth allocated to each aggregation flow in the target
sliced network on each link in the target sliced network, so that each switch in the target sliced network transmits the
corresponding aggregation flow based on the corrected link bandwidth. Therefore, the first controller and the second
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controller can cooperatively control the network, thereby reducing a delay and improving a network control effect.
[0154] Optionally, in the embodiment shown in FIG. 9 or FIG. 12, the corrected link bandwidth corresponding to the
target sliced network at the target moment is

arn ()= Firy + A (0,9, ()}

t indicates the target moment, u indicates a source node of a link (u,v) ,v indicates a destination node of the link (u,v),

%
n
Vn indicates any aggregation flow n in the target sliced network, ]((u V) indicates initial link bandwidth allocated
b

n
to any aggregation flow n in the target sliced network on any link (u,v) in the target sliced network, Af(u V) (t)

indicates a link bandwidth correction value corresponding to any aggregation flow n in the target sliced network on any
n
link (u,v) in the target sliced network at the target moment, and f(u V) (t) indicates corrected link bandwidth

allocated to any aggregation flow n in the target sliced network on any link (u,v) in the target sliced network at the target
moment.

[0155] Optionally, in the embodiment shown in FIG. 9 or FIG. 12, the queue status corresponding to the target sliced
network at the target moment is

Y ()=0,(t-1,) "‘Z(t)‘

t indicates the target moment, Qk (f) — {an (t)} Z(f) — {Zln (f)} indicates a number of

2
the target sliced network, Y,(t) indicates the queue status corresponding to the target sliced network at the target moment,
Y, (f) is obtained through observation, Q,(f) indicates the real network status of the target sliced network at the moment

t, Qn (Z‘) indicates a queue status of an aggregation flow n corresponding to a switch i in the target sliced network
i

at the target moment, Z(t) indicates the observed noise of the target sliced network at the moment , Zln (t) indicates

observed noise of the queue status of the aggregation flow n corresponding to the switch i in the target sliced network
at the target moment, and 1, indicates an observed delay of obtaining the queue status corresponding to the target sliced

network by the target second controller.

[0156] An embodiment of this application further provides a network control system. The network control system
includes a first controller and at least one second controller. The at least one second controller includes a target second
controller.

[0157] In a possible implementation, the first controller includes the network control apparatus 800 shown in FIG. 8,
and the target second controller includes the network control apparatus 900 shown in FIG. 9.

[0158] In another possible implementation, the first controller is the first controller 1100 shown in FIG. 11, and the
target second controller is the second controller 1200 shown in FIG. 12.

[0159] In conclusion, according to the network control system provided in this embodiment of this application, the first
controller slices a communications network to obtain a sliced network, and each sliced network is corresponding to one
second controller. The target second controller performs, through closed-loop control based on the queue status of the
target sliced network, closed-loop correction on the initial link bandwidth allocated to each aggregation flow in the target
sliced network on each link in the target sliced network, so that each switch in the target sliced network transmits the
corresponding aggregation flow based on the corrected link bandwidth. Therefore, the first controller and the second
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controller can cooperatively control the network, thereby reducing a delay and improving a network control effect.
[0160] An embodiment of this application further provides a computer readable storage medium. The computer read-
able storage medium stores an instruction. When the instruction runs on a processing component of a computer, the
processing component performs step 401 and step 402 provided in the embodiment shown in FIG. 4A and FIG. 4B.
[0161] An embodiment of this application further provides a computer readable storage medium. The computer read-
able storage medium stores an instruction. When the instruction runs on a processing component of a computer, the
processing component performs step 403 to step 407 provided in the embodiment shown in FIG. 4A and FIG. 4B.
[0162] Anembodiment of this application further provides a computer program product including an instruction. When
the computer program product runs on a computer, the computer performs step 401 and step 402 provided in the
embodiment shown in FIG. 4A and FIG. 4B.

[0163] Anembodiment of this application further provides a computer program product including an instruction. When
the computer program product runs on a computer, the computer performs step 403 to step 407 provided in the embod-
iment shown in FIG. 4A and FIG. 4B.

[0164] Anembodiment of this application further provides a processing apparatus. The processing apparatus includes
at least one circuit. The at least one circuit is configured to perform step 401 and step 402 provided in the embodiment
shown in FIG. 4A and FIG. 4B.

[0165] Anembodiment of this application further provides a processing apparatus. The processing apparatus includes
at least one circuit. The at least one circuit is configured to perform step 403 to step 407 provided in the embodiment
shown in FIG. 4A and FIG. 4B.

[0166] A person of ordinary skill in the art may understand that all or some of the steps of the embodiments may be
implemented by hardware or a program instructing related hardware. The program may be stored in a computer readable
storage medium. The storage medium may include a read-only memory, a magnetic disk, an optical disc, or the like.

Claims

1. A network control method, wherein the method is applied to a first controller in a communications network, the
communications network comprises the first controller (1100), at least one second controller (1200), and at least
one switch (11, 12, 13, 14, 15), and the method comprises:

obtaining (401) global network information, wherein the global network information comprises a capacity of each
link in the communications network and traffic matrix information of each aggregation flow in the communications
network, , which aggregation flows are obtained by classifying or clustering data streams and scheduling the
data streams at an aggregation flow level, and each aggregation flow in the communications network is obtained
by classifying all traffic flows in the communications network;

determining (402) resource information of at least one sliced network (1, 2, 3) based on the global network
information, wherein the at least one sliced network (1, 2, 3) is obtained by slicing the communications network,
each sliced network in the at least one sliced network (1, 2, 3) is corresponding to one second controller (1200),
and resource information of each sliced network (1, 2, 3) comprises initial link bandwidth allocated to each
aggregation flow in each sliced network (1, 2, 3) on each link in each sliced network (1, 2, 3); and

sending (403) resource information of a corresponding sliced network (1, 2, 3) to each second controller (1200),
wherein the global network information further comprises a network topology structure of the communications
network, and the network topology structure is used to indicate a connection relationship between the at least
one switch (11, 12, 13, 14, 15); and

wherein:

the capacity of each link in the communications network is {c(u,v) ,Y(u,v)}, u indicates a source node of a
link (u,v), v indicates a destination node of the link (u,v), Clu,v) indicates a capacity of the link (u,v), and
V(u,v) indicates any link (u,v) in the communications network;

the traffic matrix information of each aggregation flow in the communications network is {V",vn}, V"indicates
a bandwidth requirement of an aggregation flow n, and Vn indicates any aggregation flow n in the commu-
nications network;

the determining resource information of at least one sliced network (1, 2, 3) based on the global network
information comprises:

determining the resource information of the at least one sliced network (1, 2, 3) based on the capacity

of each link in the communications network and the traffic matrix information of each aggregation flow
in the communications network when a target function uses a minimum value;
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the target function is y = max E (u v) and the target function meets a
(u,v) (u V)

first constraint, a second constraint, a third constraint, a fourth constraint, and a fifth constraint;

2 : n
the first constraint is ﬂw d) and Vd is a destination node of the aggregation
flow n;
S =V"
the second constraint is (s w) and Vsis a source node of the aggregation flow n;

the third constraint is : l,f&u v) : :ﬂvu) Yv,n;

2

the fourth constraint is : :ﬂ v) — C(u,v) V(u,v) ; and

2

the fifth constraint is ]F(u v) = O v (u,v), n; wherein

2

n*
f( ) indicates initial link bandwidth allocated to any aggregation flow n in the communications

fiw

network on any link (u,v) in the communications network, indicates initial usage

Cluv)

of any aggregation flow n in the communications network on any link (u,v) in the communications

network, E ﬂ” V) indicates a sum of initial usage of all aggregation flows n in the

Clu)

communications network on any link (u,v) in the communications network,

max E ﬂ” V) indicates a maximum value in sums of initial usage of all aggre-
(u,v) (u,v)

gation flows n in the communications network on each link (u,v) in the communications network,

z ﬂw d) indicates a sum of initial link bandwidth occupied by any aggregation flow n in the

communications network on all links (w,d) thatuse a node d as a destination node in the communications
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n*
network, z ﬂs,w) indicates a sum of initial link bandwidth occupied by any aggregation flow n
w

in the communications network on all links (s,w) that use a node s as a source node in the communi-
n*
cations network, E ﬂu,v) indicates a sum of initial link bandwidth occupied by any aggregation
u

flow n in the communications network on all upstream links of a node v in the communications network,
n*
: / ﬂv,u') indicates a sum of initial link bandwidth occupied by any aggregation flow n in the
ul
communications network on all downstream links of the node v in the communications network, and

n*
Z " ﬂu,v) indicates a sum of initial link bandwidth allocated to all aggregation flows n in the
n

communications network on any link (u,v) in the communications network.
The method according to claim 1, wherein the method further comprises:

determining, based on the global network information, a routing policy corresponding to the at least one sliced
network (1, 2, 3), wherein a routing policy corresponding to each sliced network (1, 2, 3) comprises a routing
policy corresponding to each aggregation flow in each sliced network (1, 2, 3); and

sending a corresponding routing policy to each second controller (1200).

A network control method, wherein the method is applied to a target second controller (1200) in a communications
network, the communications network comprises a first controller (1100), at least one second controller (1200), and
at least one switch (11, 12, 13, 14, 15), the at least one second controller (1200) comprises the target second
controller (1200), and the method comprises:

receiving (404) resource information of a target sliced network (1, 2, 3) sent by the first controller (1100), wherein
the resource information of the target sliced network (1, 2, 3) comprises initial link bandwidth allocated to each
aggregation flow in the target sliced network (1, 2, 3) on each link in each sliced network (1, 2, 3), , which
aggregation flows are obtained by classifying or clustering data streams and scheduling the data streams at an
aggregation flow level, and the target sliced network (1, 2, 3) is corresponding to the target second controller
(1200);

obtaining (405) a queue status corresponding to the target sliced network (1, 2, 3), wherein the queue status
corresponding to the target sliced network (1, 2, 3) comprises a queue status corresponding to each switch (11,
12, 13, 14, 15) in the target sliced network (1, 2, 3), and each switch (11, 12, 13, 14, 15) is corresponding to
one queue;

performing (406), through closed-loop control based on the queue status corresponding to the target sliced
network (1, 2, 3), closed-loop correction on initial link bandwidth allocated to each aggregation flow in the target
sliced network (1, 2, 3) on each link in the target sliced network (1, 2, 3), to obtain corrected link bandwidth
corresponding to the target sliced network (1, 2, 3), wherein the corrected link bandwidth corresponding to the
target sliced network (1, 2, 3) comprises corrected link bandwidth allocated to each aggregation flow in the
target sliced network (1, 2, 3) on each link in the target sliced network (1, 2, 3); and

delivering (407) corresponding corrected link bandwidth to each switch (11, 12, 13, 14, 15) in the target sliced
network (1, 2, 3), wherein each switch (11, 12, 13, 14, 15) is configured to transmit a corresponding aggregation
flow based on the corresponding corrected link bandwidth;

wherein the corrected link bandwidth corresponding to the target sliced network (1, 2, 3) varies at different
moments; and

the performing, through closed-loop control based on the queue status corresponding to the target sliced network
(1, 2, 3), closed-loop correction on initial link bandwidth allocated to each aggregation flow in the target sliced
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network (1,2, 3)oneach link in the target sliced network (1, 2, 3), to obtain corrected link bandwidth corresponding
to the target sliced network (1, 2, 3)comprises:

predicting a network status of the target sliced network (1, 2, 3) based on the queue status corresponding
to the target sliced network (1, 2, 3), to obtain a predicted network status;

calculating, based on the predicted network status, a link bandwidth correction value corresponding to each
aggregation flow in the target sliced network (1, 2, 3) on each link in the target sliced network (1, 2, 3) ata
target moment; and

performing, based on the link bandwidth correction value corresponding to each aggregation flow in the
target sliced network (1, 2, 3) on each link in the target sliced network (1, 2, 3) at the target moment, closed-
loop correction on the initial link bandwidth allocated to each aggregation flow in the target sliced network
(1, 2, 3) on each link in the target sliced network (1, 2, 3), to obtain corrected link bandwidth corresponding
tothe targetsliced network (1, 2, 3) atthe target moment, wherein the corrected link bandwidth corresponding
to the target sliced network (1, 2, 3) at the target moment comprises corrected link bandwidth allocated to
each aggregation flow in the target sliced network (1, 2, 3) on each link in the target sliced network (1, 2,
3) at the target moment.

The method according to claim 3, wherein the network status of the target sliced network (1, 2, 3) varies at different
moments, and the queue status corresponding to the target sliced network (1, 2, 3) varies at different moments;
a queue status corresponding to the target sliced network (1, 2, 3) at the target moment comprises: a real network
status of the target sliced network (1, 2, 3) at the target moment and observed noise of the target sliced network (1,
2, 3) at the target moment; and
the predicting a network status of the target sliced network (1, 2, 3) based on the queue status corresponding to the
target sliced network (1, 2, 3), to obtain a predicted network status comprises:
determining a first covariance matrix for the observed noise of the target sliced network (1, 2, 3) at the target
moment;
determining a second covariance matrix for an aggregation flow in the target sliced network (1, 2, 3) at the target
moment; and
calculating the network status of the target sliced network (1, 2, 3) based on the queue status corresponding
to the target sliced network (1, 2, 3) at the target moment, the first covariance matrix, and the second covariance
matrix to obtain a predicted network status of the target sliced network (1, 2, 3) at the target moment, wherein
the predicted network status is associated with the real network status.

The method according to claim 3 or 4, wherein:
the corrected link bandwidth corresponding to the target sliced network (1, 2, 3) at the target moment is:

{/[(Z,v)(t) = f(?:v) + Af('f,,v)(f)»Vn»(u,V)} ;

t indicates the target moment, u indicates a source node of a link (u,v) , v indicates a destination node of the link

n*

(u,v), ¥n indicates any aggregation flow n in the target sliced network (1, 2, 3), f(u v) indicates initial link

bandwidth allocated to any aggregation flow n in the target sliced network (1, 2, 3) on any link (u,v) in the target
A n

sliced network (1, 2, 3), ﬂu v) (t) indicates a link bandwidth correction value corresponding to any ag-

gregation flow n in the target sliced network (1, 2, 3) on any link (u,v) in the target sliced network (1, 2, 3) at the

n
target moment, and ﬂu v) (t) indicates corrected link bandwidth allocated to any aggregation flow n in the

target sliced network (1, 2, 3) on any link (u,v) in the target sliced network (1, 2, 3) at the target moment.

The method according to claim 4, wherein:
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the queue status corresponding to the target sliced network (1, 2, 3) at the target moment is:

Y,()=0,(t-1,)+Z(t),

and

tindicates the target moment, Qk (t) - {an (t)} Z(t) - {Zln (t)} K indicates a number of

the target sliced network (1, 2, 3), Y,(f) indicates the queue status corresponding to the target sliced network (1, 2,
3) at the target moment, Y (t) is obtained through observation, Q,(t) indicates the real network status of the target

sliced network (1, 2, 3) at the target moment, an ([) indicates a queue status of an aggregation flow n corre-
sponding to a switch i in the target sliced network (1, 2, 3) at the target moment, Z(t) indicates the observed noise
of the target sliced network (1, 2, 3) at the target moment, Zln (l‘) indicates observed noise of the queue status
of the aggregation flow n corresponding to the switch i in the target sliced network (1, 2, 3) at the target moment,

and 7, indicates an observed delay of obtaining the queue status corresponding to the target sliced network (1, 2,
3) by the target second controller (1200).

Afirst controller (1100), wherein the first controller comprises a processor (1110) and a memory (1140), the processor
(1110) is configured to execute an instruction stored in the memory (1140), and the processor (1110) implements
all the steps of the network control method according to any one of claims 1 or 2 by executing the instruction.

A second controller (1200), wherein the second controller (1, 2, 3) comprises a processor (1220) and a memory
(1240), the processor (1220) is configured to execute an instruction stored in the memory (1240), and the processor
(1220) implements all the steps of the network control method according to any one of claims 3 to 6 by executing
the instruction.

Patentanspriiche

Netzwerksteuerverfahren, wobei das Verfahren auf einen ersten Controller in einem Kommunikationsnetzwerk an-
gewendet wird, wobei das Kommunikationsnetzwerk den ersten Controller (1100), mindestens einen zweiten Con-
troller (1200) und mindestens einen Switch (11, 12, 13, 14, 15) umfasst, das Verfahren Folgendes umfassend:

Beschaffen von (401) globalen Netzwerkinformationen, wobei die globalen Netzwerkinformationen eine Kapa-
zitat jeder Verbindung im Kommunikationsnetzwerk und Verkehrsmatrixinformationen jedes Aggregationsflus-
ses im Kommunikationsnetzwerk umfassen, wobei die Aggregationsfliisse durch Klassifizieren oder Clustering
von Datenstromen und Planen der Datenstrome auf Aggregationsflussebene erhalten werden, und wobei jeder
Aggregationsfluss im Kommunikationsnetzwerk erhalten wird, indem alle Verkehrsflisse im Kommunikations-
netzwerk klassifiziert werden;

Bestimmen (402) von Ressourceninformationen von mindestens einem gesliceten Netzwerk (1, 2, 3) auf der
Grundlage der globalen Netzwerkinformationen, wobei das mindestens eine geslicete Netzwerk (1, 2, 3) durch
Slicen des Kommunikationsnetzwerks erhalten wird, wobei jedes geslicete Netzwerk in dem mindestens einen
gesliceten Netzwerk (1, 2, 3) einem zweiten Controller (1200) entspricht, und Ressourceninformationen jedes
gesliceten Netzwerks (1, 2, 3) die anfangliche Verbindungsbandbreite, die jedem Aggregationsfluss in jedem
gesliceten Netzwerk (1, 2, 3) auf jeder Verbindung in jedem gesliceten Netzwerk (1, 2, 3) zugeordnet ist,
umfassen; und

Senden (403) von Ressourceninformationen eines entsprechenden gesliceten Netzwerks (1, 2, 3) an jeden
zweiten Controller (1200), wobei die globalen Netzwerkinformationen ferner eine Netzwerktopologiestruktur
des Kommunikationsnetzwerks umfassen und die Netzwerktopologiestruktur verwendet wird, um eine Verbin-
dungsbeziehung zwischen dem mindestens einen Switch (11, 12, 13, 14, 15) anzugeben; und

wobei:

die Kapazitat jeder Verbindung im Kommunikationsnetzwerk {C, ), ¥, )} ist, u einen Quellknoten einer
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Verbindung (u,v) angibt, v einen Zielknoten der Verbindung (u,v), C(u,v) angibt, (u,v) eine Kapazitat der
Verbindung angibt, und V(u,v) eine beliebige Verbindung (u,v) im Kommunikationsnetzwerk angibt;

die Verkehrsmatrixinformationen jedes Aggregationsflusses im Kommunikationsnetzwerk {V",vn}, V" ist,
eine Bandbreitenanforderung eines Aggregationsflusses n angibt, und Vn jeden Aggregationsfluss n im
Kommunikationsnetzwerk angibt;

die bestimmenden Ressourceninformationen von mindestens einem gesliceten Netzwerk (1, 2, 3) auf der
Grundlage der globalen Netzwerkinformationen Folgendes umfassen:

Bestimmen der Ressourceninformationen des mindestens einen gesliceten Netzwerks (1, 2, 3) auf der
Grundlage der Kapazitat jeder Verbindung im Kommunikationsnetzwerk und den Verkehrsmatrixinfor-
mationen jedes Aggregationsflusses im Kommunikationsnetzwerk, wenn eine Zielfunktion einen Min-
destwert verwendet;

max o, fio
die Zielfunktion ,, _ 2 ww) ist, und die Zielfunktion eine erste Einschrankung, eine
y= ) n C
u,v (u,v)

zweite Einschrankung, eine dritte Einschrankung, eine vierte Einschrankung und eine fiinfte Einschran-
kung erfillt;

die erste Einschrankung ZW f(’;v*d) = V™ und Vd ein Zielknoten des Aggregationsflusses n ist;
die zweite Einschrankung ) f(’;’;v) = /™ und Vs ein Quellknoten des Aggregationsflusses n ist;

die dritte Einschrankung Y., f(,) = X’ f(?]*u,), Vv, nist;
die vierte Einschrankung an(?:v) < Cauv)y, V(uv)ist;und
die finfte Einschrankung f&*v >0, V(u,v), nist;

wobei f’;*v) die anfangliche Verbindungsbandbreite angibt, die einem beliebigen Aggregationsfluss

n im Kommunikationsnetzwerk auf einer beliebigen Verbindung (u,v) im Kommunikationsnetzwerk
zugewiesen ist, f(?:v)/c(u " die anfangliche Verwendung eines beliebigen Aggregationsflusses n
im Kommunikationsnetzwerl'(aufeinerbeliebigen Verbindung (u,v)im Kommunikationsnetzwerk angibt,
3 f(?LTV)/C(u ” eine Summe der anfanglichen Verwendung aller Aggregationsflisse n im Kommu-

nikationsnetzwerk auf einer beliebigen Verbindung (u,v) im Kommunikationsnetzwerk angibt,

max
(u,v)

onsflisse nim Kommunikationsnetzwerk auf jeder Verbindung (u,v) im Kommunikationsnetzwerk an-

n*
Zn f(u'”)/c einen Maximalwert in Summen der anfanglichen Nutzung aller Aggregati-
(wv)

gibt, ZW f&*d) eine Summe der anfanglichen Verbindungsbandbreite angibt, die von einem Aggre-
gationsfluss nim Kommunikationsnetzwerk auf allen Verbindungen (w,d) belegt wird, die einen Knoten
d als Zielknoten im Kommunikationsnetzwerk verwenden, ZW f(’;:,v) eine Summe der anfanglichen

Verbindungsbandbreite angibt, die von einem Aggregationsfluss n im Kommunikationsnetzwerk auf
allen Verbindungen (s,w) belegt wird, die einen Knoten s als Quellknoten im Kommunikationsnetzwerk

verwenden, Zu f(’;"‘v) eine Summe der anfanglichen Verbindungsbandbreite angibt, die von einem
Aggregationsfluss nim Kommunikationsnetzwerk auf allen vorgelagerten Verbindungen eines Knotens
v im Kommunikationsnetzwerk belegt ist, Zu’ f(?]j‘u,) eine Summe der anfanglichen Verbindungs-
bandbreite angibt, die von einem Aggregationsfluss n im Kommunikationsnetzwerk auf allen nachge-

schalteten Verbindungen des Knotens v im Kommunikationsnetzwerk belegt ist, und Zn f(’&*v) eine

Summe der anfanglichen Verbindungsbandbreite angibt, die allen Aggregationsflissen n im Kommu-
nikationsnetzwerk auf einer beliebigen Verbindung (u,v) im Kommunikationsnetzwerk zugewiesen ist.
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2. Verfahren nach Anspruch 1, das Verfahren ferner Folgendes umfassend:

Bestimmen, auf der Grundlage der globalen Netzwerkinformationen, einer Routing-Richtlinie, die dem mindes-
tens einen gesliceten Netzwerk (1, 2, 3) entspricht, wobei eine Routing-Richtlinie, die jedem gesliceten Netzwerk
(1, 2, 3) entspricht, eine Routing-Richtlinie umfasst, die jedem Aggregationsfluss in jedem gesliceten Netzwerk
(1, 2, 3) entspricht; und

Senden einer entsprechenden Routing-Richtlinie an jeden zweiten Controller (1200).

3. Netzwerksteuerverfahren, wobei das Verfahren auf einen zweiten Zielcontroller (1200) in einem Kommunikations-
netzwerk angewendet wird, das Kommunikationsnetzwerk einen ersten Controller (1100), mindestens einen zweiten
Controller (1200) und mindestens einen Switch (11, 12, 13, 14, 15) umfasst, der mindestens eine zweite Controller
(1200) den zweiten Zielcontroller (1200) umfasst und das Verfahren Folgendes umfasst:

Empfangen (404) von von dem ersten Controller (1100) gesendeten Ressourceninformationen eines gesliceten
Zielnetzwerks (1, 2, 3), wobei die Ressourceninformationen des gesliceten Zielnetzwerks (1, 2, 3) jedem Ag-
gregationsfluss im gesliceten Zielnetzwerk (1, 2, 3) auf jeder Verbindung in jedem gesliceten Netzwerk (1, 2,
3) zugewiesene anfangliche Verbindungsbandbreite umfassen, wobei die Aggregationsfliisse durch Klassifi-
zieren oder Clustering von Datenstromen und Planen der Datenstrome auf Aggregationsflussebene erhalten
werden und das geslicete Zielnetzwerk (1, 2, 3) dem zweiten Zielcontroller (1200) entspricht;

Beschaffen (405) eines Warteschlangenstatus, der dem gesliceten Zielnetzwerk (1, 2, 3) entspricht, wobei der
Warteschlangenstatus, der dem gesliceten Zielnetzwerk (1, 2, 3) entspricht, einen Warteschlangenstatus um-
fasst, der jedem Switch (11, 12, 13, 14, 15) im gesliceten Zielnetzwerk (1, 2, 3) entspricht, und jeder Switch
(11, 12, 13, 14, 15) einer Warteschlange entspricht;

Durchfiihren (406), durch einen geschlossenen Regelkreis, auf der Grundlage des Warteschlangenstatus, der
dem gesliceten Zielnetzwerk (1, 2, 3) entspricht, einer geschlossenen Regelkreis-Korrektur der anfanglichen
Verbindungsbandbreite, die jedem Aggregationsfluss im gesliceten Zielnetzwerk zugewiesen ist (1, 2, 3) auf
jeder Verbindung im gesliceten Zielnetzwerk (1,2, 3), um eine korrigierte Verbindungsbandbreite zu erhalten,
die dem gesliceten Zielnetzwerk (1, 2, 3) entspricht, wobei die korrigierte Verbindungsbandbreite, die dem
gesliceten Zielnetzwerk entspricht (1, 2, 3), eine korrigierte Verbindungsbandbreite umfasst, die jedem Aggre-
gationsfluss im gesliceten Zielnetzwerk (1, 2, 3) auf jeder Verbindung im gesliceten Zielnetzwerk (1, 2, 3)
zugewiesen ist; und

Bereitstellen (407) der entsprechenden korrigierten Verbindungsbandbreite an jeden Switch (11, 12, 13, 14,
15) im gesliceten Zielnetzwerk (1, 2, 3), wobei jeder Switch (11, 12, 13, 14, 15) konfiguriert ist, einen entspre-
chenden Aggregationsfluss auf der Grundlage der entsprechenden korrigierten Verbindungsbandbreite zu tiber-
tragen;

wobei die korrigierte Verbindungsbandbreite, die dem gesliceten Zielnetzwerk (1, 2, 3) entspricht, zu verschie-
denen Zeitpunkten variiert; und

das Durchfiihren, durch einen geschlossenen Regelkreis, auf der Grundlage des Warteschlangenstatus, der
dem gesliceten Zielnetzwerk (1, 2, 3) entspricht, einer geschlossenen Regelkreis-Korrektur der anfanglichen
Verbindungsbandbreite, die jedem Aggregationsfluss im gesliceten Zielnetzwerk zugewiesen ist (1, 2, 3) auf
jeder Verbindung im gesliceten Zielnetzwerk (1,2, 3), um eine korrigierte Verbindungsbandbreite zu erhalten,
die dem gesliceten Zielnetzwerk (1, 2, 3) entspricht, Folgendes umfasst:

Vorhersagen eines Netzwerkstatus des gesliceten Zielnetzwerks (1, 2, 3) auf der Grundlage des Warte-
schlangenstatus, der dem gesliceten Zielnetzwerk (1, 2, 3) entspricht, um einen vorhergesagten Netzwerk-
status zu beschaffen;

Berechnen, auf der Grundlage des vorhergesagten Netzwerkstatus, eines Verbindungsbandbreiten-Kor-
rekturwerts, der jedem Aggregationsfluss im gesliceten Zielnetzwerk (1, 2, 3) auf jeder Verbindung im
gesliceten Zielnetzwerk (1, 2, 3) zu einem Zielzeitpunkt entspricht; und

Durchfiihren, auf der Grundlage des Verbindungsbandbreiten-Korrekturwerts, der jedem Aggregationsfluss
im gesliceten Zielnetzwerk (1, 2, 3) entspricht, fir jede Verbindung im gesliceten Zielnetzwerk (1, 2, 3) zum
Zielzeitpunkt, einer geschlossenen Regelkreis-Korrektur der anfanglichen Verbindungsbandbreite, die je-
dem Aggregationsfluss im gesliceten Zielnetzwerk (1, 2, 3) auf jeder Verbindung im gesliceten Zielnetzwerk
(1, 2, 3) zugewiesen ist, um zum Zielzeitpunkt eine korrigierte Verbindungsbandbreite zu erhalten, die dem
gesliceten Zielnetzwerk entspricht (1, 2, 3), wobei die korrigierte Verbindungsbandbreite, die dem gesliceten
Zielnetzwerk (1, 2, 3) zum Zielzeitpunkt entspricht, eine korrigierte Verbindungsbandbreite umfasst, die
jedem Aggregationsfluss im gesliceten Zielnetzwerk (1, 2, 3) auf jeder Verbindung im gesliceten Zielnetz-
werk (1, 2, 3) zum Zielzeitpunkt zugeordnet ist.
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4. Verfahren nach Anspruch 3, wobei der Netzwerkstatus des gesliceten Zielnetzwerks (1, 2, 3) zu verschiedenen

Zeitpunkten variiert und der Warteschlangenstatus, der dem gesliceten Zielnetzwerk (1, 2, 3) entspricht, zu ver-
schiedenen Zeitpunkten variiert;

wobei ein Warteschlangenstatus, der dem gesliceten Zielnetzwerk (1, 2, 3) zum Zielzeitpunkt entspricht, Folgendes
umfasst:

einen realen Netzwerkstatus des gesliceten Zielnetzwerks (1, 2, 3) zum Zielzeitpunkt und ein beobachtetes
Rauschen des gesliceten Zielnetzwerks (1, 2, 3) zum Zielzeitpunkt; und

das Vorhersagen eines Netzwerkstatus des gesliceten Zielnetzwerks (1, 2, 3) auf der Grundlage des Warte-
schlangenstatus, der dem gesliceten Zielnetzwerk (1, 2, 3) entspricht, um einen vorhergesagten Netzwerkstatus
zu beschaffen, Folgendes umfasst:

Bestimmen einer ersten Kovarianzmatrix flir das beobachtete Rauschen des gesliceten Zielnetzwerks (1, 2, 3)
zum Zielzeitpunkt;

Bestimmen einer zweiten Kovarianzmatrix fir einen Aggregationsfluss im gesliceten Zielnetzwerk (1, 2, 3) zum
Zielzeitpunkt; und

Berechnen des Netzwerkstatus des gesliceten Zielnetzwerks (1, 2, 3) auf der Grundlage des Warteschlangen-
status, der dem gesliceten Zielnetzwerk (1, 2, 3) zum Zielzeitpunkt entspricht, der ersten Kovarianzmatrix und
der zweiten Kovarianzmatrix zum Erhalten eines vorhergesagten Netzwerkstatus des gesliceten Zielnetzwerks
(1, 2, 3) zum Zielzeitpunkt, wobei der vorhergesagte Netzwerkstatus dem tatsachlichen Netzwerkstatus zuge-
ordnet ist.

Verfahren nach Anspruch 3 oder 4, wobei:
die korrigierte Verbindungsbandbreite, die dem gesliceten Zielnetzwerk (1, 2, 3) zum Zielzeitpunkt entspricht, Fol-
gendem entspricht:

{f(?t,v) (t) = f(?:v) + Af(?t,v) (t)' vn, (u' U)};

t den Zielzeitpunkt angibt, u einen Quellknoten einer Verbindung (u,v) angibt, v einen Zielknoten der Verbindung
(u,v) angibt, ¥n einen Aggregationsfluss n im gesliceten Zielnetzwerk (1, 2, 3) angibt, f(’&fv) die anfangliche Ver-
bindungsbandbreite angibt, die einem beliebigen Aggregationsfluss n im gesliceten Zielnetzwerk (1, 2, 3) auf einer
beliebigen Verbindung (u,v) im gesliceten Zielnetzwerk (1, 2, 3) zugewiesen ist, Af(?w) (t) einen Verbindungs-
bandbreiten-Korrekturwert angibt, der einem beliebigen Aggregationsfluss n im gesliceten Zielnetzwerk (1, 2, 3) auf
einer beliebigen Verbindung (u,v) im gesliceten Zielnetzwerk (1, 2, 3) zum Zielzeitpunkt entspricht, und f(Z_v) )
die korrigierte Verbindungsbandbreite angibt, die einem beliebigen Aggregationsfluss n im gesliceten Zielnetzwerk
(1, 2, 3) auf einer beliebigen Verbindung (u,v) im gesliceten Zielnetzwerk (1, 2, 3) zum Zielzeitpunkt zugewiesen ist.

Verfahren nach Anspruch 4, wobei:

der Warteschlangenstatus, der dem gesliceten Zielnetzwerk (1, 2, 3) zum Zielzeitpunkt entspricht, Folgendem
entspricht:

V() = Qr(t — 1) + Z(1);

und

tden Zielzeitpunkt Q,, ) = {Qf(t)}, Z(t) = {Zf(t)} angibt, k eine Nummer des gesliceten Zielnetzwerks
(1, 2, 3) angibt, Y,(t) den Warteschlangenstatus angibt, der dem Zielnetzwerk (1, 2, 3) zum Zielzeitpunkt ent-
spricht, Y(t) durch Beobachtung erhalten wird, Q,(f) den tatsdchlichen Netzwerkstatus des gesliceten Zielnetz-
werks (1, 2, 3) zum Zielzeitpunkt angibt, Qf(t) einen Warteschlangenstatus eines Aggregationsflusses n
angibt, der einem Switch i im gesliceten Zielnetzwerk (1, 2, 3) zum Zielzeitpunkt entspricht, Z(f) das beobachtete
Rauschen des gesliceten Zielnetzwerks (1, 2, 3) zum Zielzeitpunkt angibt, Zf(t) das beobachtete Rauschen

des Warteschlangenstatus des Aggregationsflusses n angibt, der dem Switch i im gesliceten Zielnetzwerk (1,
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2, 3) zum Zielzeitpunkt entspricht, und 7, eine beobachtete Verzégerung des Beschaffens des Warteschlan-
genstatus, der dem gesliceten Zielnetzwerk (1, 2, 3) entspricht, durch den zweiten Zielcontroller (1200) angibt.

7. Erster Controller (1100), wobei der erste Controller einen Prozessor (1110) und einen Speicher (1140) umfasst, der
Prozessor (1110) dafir konfiguriert ist, einen im Speicher (1140) gespeicherten Befehl auszufiihren, und der Pro-
zessor (1110) durch Ausfiihren des Befehls alle Schritte des Netzwerksteuerverfahrens nach einem der Anspriiche
1 oder 2 implementiert.

8. Zweiter Controller (1200), wobei der zweite Controller (1, 2, 3) einen Prozessor (1220) und einen Speicher (1240)

umfasst, der Prozessor (1220) dafiir konfiguriert ist, einen im Speicher (1240) gespeicherten Befehl auszufiihren,
und der Prozessor (1220) durch Ausfiihren des Befehls alle Schritte des Netzwerksteuerverfahrens nach einem der
Anspriche 3 bis 6 implementiert.

Revendications

1. Procédé de commande de réseau, le procédé étant appliqué a un premier dispositif de commande dans un réseau
de communications, le réseau de communications comprenant le premier dispositif de commande (1100), au moins
un second dispositif de commande (1200) et au moins un commutateur (11, 12, 13, 14, 15) etle procédé comprenant :

I'obtention (401) des informations de réseau globales, les informations de réseau globales comprenant une
capacité de chaque liaison du réseau de communications et des informations de matrice de trafic de chaque
flux d’agrégation du réseau de communications, lesquels flux d’agrégation sont obtenus par classement ou en
par regroupement des flux de données et par planification des flux de données a un niveau de flux d’agrégation
et chaque flux d’agrégation du réseau de communications étant obtenu par classement de tous les flux de trafic
du réseau de communications ;

la détermination (402) des informations de ressources d’au moins un réseau de tranches (1, 2, 3) en fonction
des informations de réseau globales, 'au moins un réseau de tranches (1, 2, 3) s’obtenant par découpage du
réseau de communications, chaque réseau de tranches de I'au moins un réseau de tranches (1, 2, 3) corres-
pondant a un second dispositif de commande (1200) et les informations de ressources de chaque réseau de
tranches (1, 2, 3) comprenant la bande passante de liaison initiale allouée a chaque flux d’agrégation de chaque
réseau de tranches (1, 2, 3) sur chaque liaison de chaque réseau de tranches (1, 2, 3) ; et

I'envoi (403) des informations de ressources d’un réseau de tranches correspondant (1, 2, 3) a chaque second
dispositif de commande (1200), les informations de réseau globales comprenant en outre une structure de
topologie de réseau du réseau de communications et la structure de topologie de réseau servant a indiquer
une relation de connexion entre 'au moins un commutateur (11, 12, 13, 14, 15) ; et

dans lequel :

la capacité de chaque liaison du réseau de communications est {c(u,v), V(u,v)}, uindiquant un noeud source
d’une liaison (u,v), v indiquant un nceud de destination de la liaison (u,v), Cluv) indiquant une capacité de
la liaison (u,v) et ¥(u,v) indiquant n’importe quelle liaison (u,v), du réseau de communications;

les informations de matrice de trafic de chaque flux d’agrégation du réseau de communications sont{V",vn},
V1 indiquant une exigence en matiére de bande passante d’'un flux d’agrégation n et Vn indiquant tout flux
d’agrégation n du réseau de communications ;

les informations de ressources de détermination d’au moins un réseau de tranches (1, 2, 3) en fonction
des informations de réseau globales comprenant :

la détermination des informations de ressources de I'au moins un réseau de tranches (1, 2, 3) en
fonction de la capacité de chaque liaison du réseau de communications et des informations de matrice
de trafic de chaque flux d’agrégation du réseau de communications, lorsqu’une fonction cible utilise
une valeur minimale ;

, et la fonction cible répondant a

la fonction cible étant } — ma%
{a,v)
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une premiére contrainte, a une deuxieme contrainte, a une troisieme contrainte, a une quatrieme
contrainte et a une cinquiéme contrainte ;

’(*ﬂ“" t i
la premiére contrainte étant W, Ay T et Vd étant un nceud de destination du flux
d’agrégation n ;
e Lrn
la seconde contrainte étant f {5,w § . et Vs représentant un nceud source du flux

d’agrégation n ;

S = f
la troisi€eme contrainte étant M V - (1‘ l‘f vv,nn;

:§ : !?* <c
la quatriéme contrainte étant {avy — “(uv) vwy)e

fﬁ* 0
la cinquieme contrainte étant , (u p‘) - v(u,v),
ont
SERD

de communications sur n'importe quelle liaison (u,v) du réseau de communications,

-
Mjﬁkizyir)

indiquant la bande passante de liaison initiale allouée a tout flux d’agrégation n du réseau

indiquant I'utilisation initiale de tout flux d’agrégation n du réseau de commu-

{f(u,w}

fﬂ“‘”
nications sur n’importe quelle liaison (u,v) du réseau de communications, E (1,v)
" ("(u v}

indiquant une somme de l'utilisation initiale de tous les flux d’agrégation n dans le réseau de commu-
nications sur n'importe  quelle liaison (u,v) du réseau de  communications,

rn&x {" V) ‘ indiquant une valeur maximale en sommes d’utilisation initiale

t':"W( v}

de tous les flux d agregatlon n du réseau de communications sur chaque liaison (u,v) du réseau de

communications, g . {“ ,j) indiquant une somme de la bande passante de liaison initiale

occupée par tout flux d’agrégation n du réseau de communications, sur toutes les liaisons (w,d) qui
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e
utilisent un nceud d comme noeud de destination du réseau de communications, J(aw)
W

indiquant une somme de la bande passante de liaison initiale occupée par tout flux d’agrégation n du
réseau de communications sur toutes les liaisons (s,w) qui utilisent un nceud s comme nceud source

N et
2 : M
du réseau de communications, f(’” v} indiquant une somme de bande passante de liaison
O
i

initiale occupée par tout flux d’agrégation n du réseau de communications sur toutes les liaisons amont

-
d’'un nceud v du réseau de communications, (p}u"} indiquant une somme de la bande

¥

i

passante de liaison initiale occupée par tout flux d’agrégation n du réseau de communications sur

2 :t n*
toutes les liaisons aval du noeud v du réseau de communications et # fén v} indiquant une

H
somme de la bande passante de liaison initiale allouée a tous les flux d’agrégation n du réseau de
communications sur n’importe quelle liaison (u,v) du réseau de communications.

Procédé selon la revendication 1, le procédé comprenant en outre :

la détermination, en fonction des informations globales de réseau, d’'une politique de routage correspondant a
I'au moins un réseau de tranches (1, 2, 3), une politique de routage correspondant a chaque réseau de tranches
(1, 2, 3) comprenant une politique de routage correspondant a chaque flux d’agrégation de chaque réseau de
tranches (1, 2, 3) ; et

I'envoi d’'une politique de routage correspondant a chaque second dispositif de commande (1200).

Procédé de commande de réseau, le procédé étant appliqué a un second dispositif de commande cible (1200) dans
un réseau de communications, le réseau de communications comprenant un premier dispositif de commande (1100),
au moins un second dispositif de commande (1200) et au moins un commutateur (11, 12, 13, 14, 15), 'au moins
un second dispositif de commande (1200) comprenant le second dispositif de commande cible (1200) et le procédé
comprenant :

la réception (404) des informations de ressources d’'un réseau de tranches cible (1, 2, 3) envoyées par le premier
dispositif de commande (1100), les informations de ressources du réseau de tranches cible (1, 2, 3) comprenant
la bande passante de liaison initiale allouée a chaque flux d’agrégation du réseau de tranches cible (1, 2, 3)
sur chaque liaison dans chaque réseau de tranches (1, 2, 3), lesquels flux d’agrégation étant obtenus par
classement ou par regroupement des flux de données et par planification des flux de données a un niveau de
flux d’agrégation, tandis que le réseau de tranches cible (1, 2, 3) correspond au second dispositif de commande
cible (1200) ;

I'obtention (405) d'un état de file d’attente correspondant au réseau de tranches cible (1, 2, 3), I'état de file
d’attente correspondant au réseau de tranches cible (1, 2, 3) comprenant un état de file d’attente correspondant
a chaque commutateur (11, 12, 13, 14, 15) du réseau de tranches cible (1, 2, 3) et chaque commutateur (11,
12, 13, 14, 15) correspondant a une file d’attente ;

I'exécution (406), au travers d’'une commande en boucle fermée basée sur'état de la file d’attente correspondant
au réseau de tranches cible (1, 2, 3), d’'une correction en boucle fermée sur la bande passante de liaison initiale
allouée a chaque flux d’agrégation du réseau de tranches cible (1, 2, 3) sur chaque liaison du réseau de tranches
cible (1, 2, 3), pour obtenir une bande passante de liaison corrigée correspondant au réseau de tranches cible
(1, 2, 3), la bande passante de liaison corrigée correspondant au réseau de tranches cible (1, 2, 3) comprenant
une bande passante de liaison corrigée allouée a chaque flux d’agrégation du réseau de tranches cible (1, 2,
3) sur chaque liaison du réseau de tranches cible (1, 2, 3) ; et

la transmission (407) de la bande passante de liaison corrigée correspondant a chaque commutateur (11, 12,
13, 14, 15) du réseau de tranches cible (1, 2, 3), chaque commutateur (11, 12, 13, 14, 15) étant configuré pour
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transmettre un flux d’agrégation correspondant en fonction de la bande passante de liaison corrigée
correspondante ;

la bande passante de liaison corrigée correspondant au réseau de tranches cible (1, 2, 3) variant a différents
moments ; et

'exécution, au travers d’'une commande en boucle fermée basée sur I'état de la file d’attente correspondant au
réseau de tranches cible (1, 2, 3), d’'une correction en boucle fermée sur la bande passante de liaison initiale
allouée a chaque flux d’agrégation du réseau de tranches cible (1, 2, 3) sur chaque liaison du réseau de tranches
cible (1, 2, 3), pour obtenir une bande passante de liaison corrigée correspondant au réseau de tranches cible
(1, 2, 3) comprenant :

la prédiction d’un état de réseau du réseau de tranches cible (1, 2, 3) en fonction de I'état de file d’attente
correspondant au réseau de tranches cible (1, 2, 3), pour obtenir un état prédit de réseau ;

le calcul, en fonction de I'état prédit de réseau, d’'une valeur de correction de bande passante de liaison
correspondant a chaque flux d’agrégation du réseau de tranches cible (1, 2, 3) sur chaque liaison du réseau
de tranches cible (1, 2, 3) a un moment cible ; et

I'exécution, en fonction de la valeur de correction de bande passante de liaison correspondant a chaque
flux d’agrégation du réseau de tranches cible (1, 2, 3) sur chaque liaison du réseau de tranches cible (1,
2, 3) au moment cible, d’'une correction en boucle fermée sur la bande passante de liaison initiale allouée
a chaque flux d’agrégation du réseau de tranches cible (1, 2, 3) sur chaque liaison du réseau de tranches
cible (1, 2, 3), pour obtenir la bande passante de liaison corrigée correspondant au réseau de tranches
cible (1, 2, 3) au moment cible, la bande passante de liaison corrigée correspondant au réseau de tranches
cible (1, 2, 3) au moment cible comprenant la bande passante de liaison corrigée allouée a chaque flux
d’agrégation du réseau de tranches cible (1, 2, 3) sur chaque liaison du réseau de tranches cible (1, 2, 3)
au moment cible.

Procédé selon la revendication 3, dans lequel I'état de réseau du réseau de tranches cible (1, 2, 3) varie a différents
moments et dans lequel I'état de file d’attente correspondant au réseau de tranches cible (1, 2, 3) variant a différents
moments ;

un état de file d’attente correspondant au réseau de tranches cible (1, 2, 3) au moment cible comprenant :

un état de réseau réel du réseau de tranches cible (1, 2, 3) au moment cible et le bruit observé du réseau de
tranches cible (1, 2, 3) au moment cible ; et

la prédiction d’un état de réseau du réseau de tranches cible (1, 2, 3) en fonction de I'état de file d’attente
correspondant au réseau de tranches cible (1, 2, 3), pour obtenir un état prédit de réseau comprend :

la détermination d’une premiére matrice de covariance pour le bruit observé du réseau de tranches cible
(1, 2, 3) au moment cible ;

la détermination d’une seconde matrice de covariance pour un flux d’agrégation du réseau de tranches
cible (1, 2, 3) au moment cible ; et

le calcul de I'état de réseau du réseau de tranches cible (1, 2, 3) en fonction de I'état de la file d’attente
correspondant au réseau de tranches cible (1, 2, 3) au moment cible, a la premiére matrice de covariance
et a la seconde matrice de covariance pour obtenir un état de réseau prédit du réseau de tranches cible
(1, 2, 3) au moment cible, I'état de réseau prédit étant associé a I'état réel du réseau.

Procédé selon la revendication 3 ou 4, dans lequel :
la bande passante de liaison corrigée correspondant au réseau de tranches cible (1, 2, 3) au moment cible est :

{f;;il) (t) = ﬁ:ra) + Af;z\x) (f)ﬁ \V‘n, (‘Mﬁ V)} _

tindiquant le moment cible, u indiquant un nceud source d’une liaison (u,v), v indiquant un nceud de destination de
la liaison (u,v), Vn indiquant tout flux d’agrégation n du réseau de tranches cible (1, 2, 3), f“ i) indiquant la
{0 ¥

bande passante de liaison initiale allouée a tout flux d’agrégation n du réseau de tranches cible (1, 2, 3) sur n'importe
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"
quelle liaison (u,v) du réseau de tranches cible (1, 2, 3), Af; v ) (f) indiquant une valeur de correction de

bande passante de liaison correspondant a tout flux d’agrégation n du réseau de tranches cible (1, 2, 3) sur n'importe

£H
Sy
passante de liaison corrigée allouée a tout flux d’agrégation n du réseau de tranches cible (1, 2, 3) sur n'importe
quelle liaison (u,v) du réseau de tranches cible (1, 2, 3) au moment cible.

quelle liaison (u,v) du réseau de tranches cible (1, 2, 3) au moment cible et )(f) indiquant la bande

Procédé selon la revendication 4, dans lequel :
I'état de la file d’attente correspondant au réseau de tranches cible (1, 2, 3) au moment cible est :

V() =0 (t—1)+Z(1)

et
t indiquant le moment cible, , Q,; (!) = IQ,«W {i)} ‘Z([) = jZ;ﬂ ({)} K indiquant un numéro

du réseau de tranches cible (1, 2, 3), Y,(f) indiquant I'état de la file d’attente correspondant au réseau de tranches
cible (1, 2, 3) au moment cible, Y(t) s’obtenant par observation, Q,(t) indiquant I'état réel du réseau du réseau de

tranches cible (1, 2, 3) au moment cible, O:T (f) indiquant un état de file d’attente d’'un flux d’agrégation n

correspondant @ un commutateur i du réseau de tranches cible (1, 2, 3) au moment cible, Z(t) indiquant le bruit
observé du réseau de tranches cible (1, 2, 3) au moment cible, Z” {f) indiquant le bruit observé de I'état de
iowr

file d’attente du flux d’agrégation n correspondant au commutateur i du réseau de tranches cible (1, 2, 3) au moment
cible et 7, indiquant un retard observé d’obtention de I'état de file d’attente correspondant au réseau de tranches

cible (1, 2, 3) par le second dispositif de commande cible (1200).

Premier dispositif de commande (1100), le premier dispositif de commande comprenant un processeur (1110) et
une mémoire (1140), le processeur (1110) étant configuré pour exécuter une instruction stockée dans la mémoire
(1140) et le processeur (1110) mettant en ceuvre toutes les étapes du procédé de commande du réseau selon I'une
quelconque des revendications 1 ou 2 en exécutant l'instruction.

Second dispositif de commande (1200), le second dispositif de commande (1, 2, 3) comprenant un processeur
(1220) et une mémoire (1240), le processeur (1220) étant configuré pour exécuter une instruction stockée dans la
mémoire (1240) et le processeur (1220) mettant en ceuvre les étapes du procédé de commande du réseau selon
'une quelconque des revendications 3 a 6 en exécutant l'instruction.
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First controller

Target second
controller

401. Obtain global network information, where the global network
information includes a capacity of each link in a communications
network and traffic matrix information of each aggregation flow in
the communications network

402. The first controller determines resource information of at least
one sliced network based on the global network information, where
the at least one sliced network is obtained by slicing the
communications network, each sliced network in the at least one
sliced network is corresponding to one second controller, and
resource information of each sliced network includes initial link

bandwidth allocated to each aggregation flow in each sliced network

on each link in each sliced network

403. Send resource information of a target sliced

| to each aggregation flow in the target sliced network

network, where the resource information of the target
sliced network includes initial link bandwidth allocated

cach link in each sliced network, and the target sliced
network is corresponding to the target second controller

on [

404. Receive the resource information of the target sliced network

405. Obtain a queue status corresponding to the target sliced network,
where the queue status corresponding to the target sliced network
includes a queue status corresponding to each switch in the target sliced

network, and each switch is corresponding to one queue
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406. Perform, through closed-loop control based on the queue status
corresponding to the target sliced network, closed-loop correction on initial link
bandwidth allocated to each aggregation flow in the target sliced network on
cach link in the target sliced network, to obtain corrected link bandwidth
corresponding to the target sliced network, where the corrected link bandwidth
corresponding to the target sliced network includes corrected link bandwidth
allocated to each aggregation flow in the target sliced network on each link in

the target sliced network

407. Deliver corresponding corrected link bandwidth to each switch in the
target sliced network, where each switch is configured to transmit a
corresponding aggregation flow based on corresponding corrected link
bandwidth

FIG 4B
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Predict a network status of the target sliced network based on the queue
status corresponding to the target sliced network, to obtain a predicted
network status

'

Calculate, based on the predicted network status, a link bandwidth
correction value corresponding to each aggregation flow in the target
sliced network on each link in the target sliced network at a target moment

'

Perform, based on the link bandwidth correction value corresponding to
each aggregation flow in the target sliced network on each link in the
target sliced network at the target moment, closed-loop correction on the
initial link bandwidth allocated to each aggregation flow in the target
sliced network on each link in the target sliced network, to obtain corrected
link bandwidth corresponding to the target sliced network at the target
moment, where the corrected link bandwidth corresponding to the target
sliced network at the target moment includes corrected link bandwidth
allocated to each aggregation flow in the target sliced network on each link
in the target sliced network at the target moment

FIG 5

target sliced network at the target moment

;

the target sliced network at the target moment

v

Calculate the network status of the target sliced network based on
a queue status corresponding to the target sliced network at the

covariance matrix to obtain a predicted network status of the
target sliced network at the target moment, where the predicted
network status 1s associated with a real network status

FIG 6
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Network control apparatus
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First sending module

Second determining module
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FIG. 8

Network control apparatus
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