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Abstract—Network function virtualization aims to deploy vir-
tual network functions (VNFs) on commercial off-the-shelf hard-
ware, allowing for efficient implementation of network services
by scheduling various VNFs. However, the requirements of deter-
ministic networking poses higher demands on VNF scheduling
to achieve guaranteed latency performance. In this paper, we
study the online VNF scheduling problem with the objective
of minimizing the system cost regarding to unfinished services
while improving the determinism of latency. The formulated
optimization task yields a mixed integer program problem and
we propose an online VNF scheduling algorithm to tackle it,
which transforms the end-to-end latency constraint into deadlines
for each VNF and adopts an online primal-dual method to
generate scheduling decisions. Numerical results show that the
proposed scheduling algorithm outperforms two traditional rule-
based scheduling methods in terms of latency and acceptance
ratio.

Index Terms—Deterministic networking, network function vir-
tualization, online scheduling, service function chain.

I. INTRODUCTION

Network function virtualization (NFV) aims to enhance
network flexibility and scalability by virtualizing network
functions and deploying them on commercial off-the-shelf
hardware. The virtualized nature of network functions intro-
duces new complexities concerning resource allocation, load
balancing, and Quality of Service compliance [1]. Differen-
t from traditional hardware-based deployments, which rely
on dedicated devices to implement network functions, NFV
allows for dynamic and on-demand instantiation of virtual
network functions (VNFs) on shared infrastructure. Multiple
instances of VNFs can be interconnected in a series to form a
service function chain (SFC), which facilitates the delivery of
network services [2]. When different services share the same
VNF instances, an effective VNF scheduling scheme is critical
to ensure optimal resource utilization, minimize latency, and
meet service level agreements.

The traditional scheduling approach of best-effort delivery
may not suffice to meet the stringent requirements of time-
sensitive applications. Such applications typically necessitate
precise timing, low-latency communication, and deterministic
performance to ensure operational efficiency and safety [3].
Best-effort delivery, in contrast, can result in a wide probability
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distribution with a long tail in terms of end-to-end delays [4].
Moreover, the rise of the Internet of Things and the prolifera-
tion of connected devices have led to an exponential surge in
network traffic and a pressing need for reliable and predictable
communication [5]. In this context, deterministic networking
emerges as a crucial solution capable of guaranteeing smooth
and efficient data exchange.

Existing resource allocation and scheduling schemes for
VNFs often prioritize improving latency performance with-
out providing latency guarantees. In [6], VNF mapping and
traffic routing is considered for services with strict deadlines
within an ultra-low latency network slice. A game-theoretic
approach is developed to tackle this challenge by leveraging a
decentralized scheduling process. In [7], an efficient heuristic
framework is introduced to address the joint VNF placement
and routing problem with delay constraints. This framework
sequentially handles the two sub-problems, resulting in an im-
proved system acceptance ratio. In [4], the authors investigate
the deterministic SFC lifetime management problem in beyond
5G edge fabric and propose algorithms for SFC deployment
and adjustment to ensure the deterministic latency. Even if
deterministic latency is considered, the focus remains on a
fixed set of SFCs to be deployed and scheduled.

However, service requests typically arise continuously,
thereby changing current network state and disrupting previous
scheduling [8]. Real-time scheduling schemes are necessary
to address this issue. In [9], the authors study an online
VNF mapping and scheduling problem and attempt to solve it
using greedy strategies and tabu search. In [10], the migration
and re-instantiates of VNFs are allowed to enable an online
VNF remapping and rescheduling scheme, which improves
the system acceptance ratio. It should be noted that real-time
scheduling solutions can potentially compromise the determin-
ism of previous and future scheduling processes [11]. There-
fore, scheduling VNF in an online manner while maintaining
a deterministic network presents a significant challenge.

In this paper, we investigate the online VNF scheduling
problem to mitigate the long-tail effects of end-to-end latency
in network services. The problem yields a mixed-integer
programming task with the objective of minimizing the frac-
tional weighted completion time while satisfying the latency
constraints. We first examine the online VNF scheduling
process for a single node to comprehend how to design a rule
that determines the priority of each VNF. Then we propose978-1-6654-3540-6/22 © 2022 IEEE
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Fig. 1. Illustration of SFCs in a virtual network.

an online algorithm for the scheduling task. We employ a
primal-dual method to assign VNFs to virtual nodes, and
transform the latency constraint of an SFC into deadlines for
each VNF. The assigned VNFs are then scheduled by each
individual virtual node. Numerical results demonstrate that the
proposed algorithm effectively mitigates both delays and delay
variations of services.

The rest of the paper is organized as follows: In Section II,
we give system model and formulate optimization problem. In
Section III, the online VNF scheduling algorithm is presented.
In Section IV, numerical results and discussions are presented.
In Section V, we conclude this work.

II. SYSTEM MODEL AND PROBLEM FORMULATION

A. System Model

Consider an edge network comprising multiple edge n-
odes and switches. Virtual machines and containers have
been deployed on the edge nodes, on which VNF instances
are deployed. All VNF instances form a virtual network
represented by an undirected graph G = (V, E). Here, V
represents the set of virtual nodes, and E represents the set
of virtual links. At cell sites, user devices send out service
requests over time. As shown in Fig. 1, each service request
is fulfilled by passing its traffic flow through the chain of VNFs
represented by fk1 → · · · → fknk

, where fkj represents the
j-th VNF in SFC k and nk denotes the number of VNFs.
We consider the scenario with virtual nodes deployed at the
fully connected edge network, where transmission delay is
negligible compared to processing delay. For each SFC k ∈ K,
the arrival time is denoted by rsk. Let Jk be the set of VNFs
in k and J be the set of all VNFs.

The required VNFs in the continuous arriving service re-
quests should be deployed in the form of virtual nodes in
advance. Then, for VNF j in a given SFC, it should be
assigned to the same type virtual nodes V(j). The processing
sequences of VNFs owned by different SFCs on the same node
should be scheduled to meet the specific QoS requirement of
each service. Since the process of VNF placement is time-
consuming and should be performed on a large time scale, we

focus on the VNF assignment and scheduling for continuously
arriving SFC requests, which together constitute online VNF
scheduling process.

The context of deterministic network necessitates satisfying
the end-to-end delay requirement for each SFC. Let csk be
the completion time of k. We denote the processing deadline
of SFC k by dsk. The latency constraint is expressed by
csk ≤ dsk + ϵ(dsk − rsk), where ϵ implies the tolerance of
the latency variation. Addressing the potential disruptions of
schedules caused by continuous SFC requests and dynamic
network environment is critical, since these disruptions may
interrupt well-designed schedules and lead to significant laten-
cy variation. To maintain the latency and its variation within
a deterministic range, we consider decomposing the latency
constraint of each SFC into specific deadlines for all VNFs.
The deadline of VNF j is denoted by dj . The set of slots is
denoted by T , where |T | = maxk d

s
k.

B. Problem Formulation

We first provide the offline form of the VNF scheduling
problem with identical arrival time. Suppose that all SFCs
arrive at slot 0. We use xijt to denote the ratio of the maximum
rate at which node i processes VNF j at slot t. The total
processing rate of all VNFs assigned to a node cannot exceed
its processing capacity, which is given by∑

j∈J
xijt ≤ 1, ∀i ∈ V, t ∈ T . (1)

Each VNF j has a predefined load qj for processing, which
is revealed to the virtual node i upon the arrival of the SFC.
Let vi be the maximum processing rate of each virtual node
and qjt be the remaining load at slot t. The amount of load
that has been processed is given by∑

i∈V

t′∑
t=1

xijtvi = qj − qjt′ , ∀j ∈ J , ∀t′ ∈ T . (2)

The VNF should be fully processed by the assigned node and
the latency constraints for each VNF should be satisfied:∑

i∈V

dj∑
t=1

xijtvi = qj , ∀j ∈ J . (3)

One VNF can only be assigned to one virtual node:(∑
t∈T

xijtvi − qj

)∑
t∈T

xijt = 0, ∀i ∈ V, j ∈ J . (4)

One VNF can only be assigned to the VNF instances of the
same type:

xijt = 0, ∀i /∈ V(j), j ∈ J , t ∈ T . (5)

In addition, the traffic flow should be processed by the
predecessor VNF before being traversed through the successor.
Denote the order of VNF in the SFC by sq(j). We have

∑
i′∈V(j′)

xi′j′t

 ∑
i∈V(j)

t′∑
t=1

xijtvi − qj

 = 0,
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∀k ∈ K, j, j′ ∈ Jk : sq(j) < sq(j′), t′ ∈ T . (6)

The deadline of all VNFs along the SFC should be set in
ascending order and cannot be greater than that of the SFC,
which is given by

dj ≤ dj′ , ∀k ∈ K, j, j′ ∈ Jk : sq(j) < sq(j′), (7)
dj ≤ dsk(1 + ϵ), ∀k ∈ K, j ∈ Jk. (8)

Each virtual node can only process the requirement of at most
one VNF at a time slot:

xijt ∈ {0, 1}, ∀i ∈ V, j ∈ J , t ∈ T . (9)
dj > 0, ∀j ∈ J . (10)

Our goal is to dispatch the VNFs to the virtual nodes and
process them on their assigned nodes so as to improve the
determinism of service provisioning while satisfying latency
constraints shown in (3). We use wj to denote the importance
of a VNF j. Incorporating the optimization of the total
completion time, the system cost is the weighted impact
of remaining processing time on the subsequent scheduling
process, i.e.,

∑
i∈V

∑
j∈J

∑dj

t=1
wjpjt

pj
I(
∑

τ∈T xijτ =
qj
vi
),

where pjt =
qjt
vi

and pj =
qj
vi

. I(
∑

τ∈T xijτ =
qj
vi
) indi-

cates whether VNF j is assigned to node i. The remaining
processing load increases the system cost over time when
unprocessed. We aim to minimize the system cost to improve
the determinism of completing SFCs, i.e.,

min
xijt,dj

∑
i∈V

∑
j∈J

dj∑
t=1

wjqjt
qj

I(
∑
τ∈T

xijτ =
qj
vi
),

s.t. (1) − (10).

(11)

III. PRIMAL-DUAL METHOD FOR VNF SCHEDULING

In this section, we first explore the VNF scheduling process
on each virtual node. Then, we extend the process to multiple
virtual nodes and propose an online primal-dual VNF schedul-
ing algorithm.

A. Single Node Online Scheduling
Consider a virtual node that is responsible for scheduling

the set of J independent VNFs assigned to it, denoted by J S .
The arrival time of all VNFs is 0. The deadlines of all VNFs
are sorted in descending order as d1 ≤ d2 ≤ · · · ≤ dJ . The
virtual node should complete each VNF before its specified
deadline and minimize

∑
j

∑dj

t=1
wjqjt
qj

. For the convenience
of study, we relax the problem to continuous time and replace
qjt with a continuous function qj(t). The cost function for
each VNF can be rewritten as

∫ dJ

0
qj(t)
qj

wjdt. The objective is
then given by∑

j∈J S

∫ dJ

0

qj(t)

qj
wjdt =

∑
j∈J S

∫ dJ

0

vwjt

qj
xj(t)dt, (12)

where xj(t) = −dqj(t)
vdt is the ratio of the maximum speed v

at which VNF j is processed. The problem is given by

P1 : min
∑
j∈J S

∫ dJ

0

vwjt

qj
xj(t)dt, (13)

Algorithm 1 Single Node Online Scheduling (SNOS)
1: Input: A set of VNFs J and a virtual node.
2: Output: A VNF schedule.
3: while there exist uncompleted VNFs do
4: Generate a schedule for all unfinished VNFs with the

EDF rule.
5: if no VNF reaches its deadline then
6: Schedule the VNF with the highest density.
7: else
8: Find the first VNF that reaches its deadline.
9: Schedule the VNF with the highest density from the

VNFs whose deadline are less than or equal to the
above VNF.

10: end if
11: end while

s.t.

∫ dj

0

xj(t)dt ≥
qj
v
, ∀j ∈ J S , (14)∑

j∈J S

xj(t) ≤ 1,∀t ∈ [0, dJ ], (15)

xj(t) ≥ 0, ∀j ∈ J S , t ∈ [0, dJ ]. (16)

Constraint (14) ensures that the completion of a VNF should
satisfy its latency constraint. Constraint (15) ensures that
the total processing speed of all VNFs cannot exceed the
processing capacity of the node.

If we replace the latency constraint in (14) with∫∞
0

xj(t)dt =
qj
v and define vwj

qj
as the density of VNF j,

we could know from the Theorem 1 in [12] that processing
the VNF with the highest density is optimal. Building upon
the highest density first (HDF) rule, we propose a single node
online scheduling (SNOS) algorithm for P1. The key idea is
to schedule the VNF with the HDF rule while trying to meet
the delay requirements as much as possible.

Specifically, we first generate a schedule to figure out if
scheduling with the HDF will result in any deadline viola-
tions for the currently unfinished VNFs. For this purpose,
the earliest deadline first (EDF) rule is used, as it allows
us to check if all the VNFs can be completed before their
deadlines in subsequent scheduling processes. If none of the
VNFs exceed their deadlines, we could schedule with the
HDF rule. Otherwise, such violations should be avoided while
minimizing the objective value. To achieve this, we identify the
first VNF that violates its deadline in the generated schedule
and designate it as the reference VNF. We schedule the VNF
with the highest density from the set of VNFs with deadlines at
least as early as the reference VNF. Upon the arrival of a VNF,
the SNOS algorithm treats all unfinished VNFs as new VNFs
with a remaining load and an arrival time of 0 to perform
scheduling. The proposed SNOS procedure is summarized in
Algorithm 1.

B. Extension to Multiple Nodes

Since each virtual node manages its scheduling process
to meet the deadlines for the VNFs assigned to it by us-
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Algorithm 2 Multiple Node Online Scheduling (MNOS)
1: Input: A set of SFCs K, a virtual network and a deadline

control parameter δ.
2: Output: A VNF schedule.
3: while there exist uncompleted SFCs do
4: if there is a newly arrived SFC k then
5: for VNF j in SFC k do
6: Let {Il : l ∈ J (rj)} denote the old scheduling

intervals before the arrival time rj of VNF j for
node i. Let β′

it =
∑

l∈J (t)

∑T
t=τ

viwl

ql
xil(τ) be the

old β′ on node i.
7: Assign VNF j to machine i′ =

argmini∈V{mint>rj (β
′
it +

viwj

qj
(t− rj))

qj
vi
}.

8: Generate a schedule with HDF until j ends.
9: end for

10: for VNF j in SFC k do
11: Set a available processing time p̂j =

(pj/
∑

n∈Jk
pn)(d

s
k − rsk).

12: Set the deadline for the VNF as dj = r̂j + p̂j +

δ(dsk − rsk) , where r̂j =
∑j−1

n=1 p̂n.
13: end for
14: end if
15: Schedule with the SNOS for unfinished VNFs;
16: end while

ing the SNOS algorithm, we can extend the algorithm to
multiple nodes by incorporating the processes of determining
the deadlines for all VNFs in an SFC and assigning VNFs
to virtual nodes. However, setting a deadline for a VNF is
dependent on its processing time, which is only determined
after the assignment. Hence, we first delve into the single
node scheduling process to obtain some insights for VNF
assignment. Let q(t) = (q1(t), · · · , qk(t))T . We define the
optimal value function of the scheduling process as

V o(q(t), t) = min{
∫ dJ

t

∑
j∈J S

vwjτ

qj
xj(τ)dτ}. (17)

If the latency constraint of P1 is replaced with a constraint
that ensures fully processing, expressed as

∫ dJ

0
xj(t)dt =

qj
v ,

the dual problem is given by

P2 : max
∑
j∈J S

αj −
∫ dJ

0

βtdt, (18)

s.t.
v

qj
αj ≤ βt +

vwj

qj
t,∀j ∈ J S , (19)

αj , βt ≥ 0,∀j ∈ J S , t ∈ [0, dJ ]. (20)

Let Ij = [tb1j , te1j ) ∪ · · · ∪ [t
bnj

j , t
enj

j ) be the intervals where
xj(t) equals 1. By using complementary slackness, the con-
straint in (19) is tight for optimal dual variables whenever a
VNF is scheduled [13]:

v

qj
αj = βt +

vwj

qj
t,∀j ∈ J S , t ∈ Ij , (21)

Based on the aforementioned conclusions, it is derived in [12]
that the optimal dual variables of P1 are related to the optimal
value function, which is given by

v

qj
αj =

∂

∂qj
V o(q(t), t), ∀j ∈ J S , ∀t ∈ Ij , (22)

βt =
∂

∂t
V o(q(t), t), ∀j ∈ J S , ∀t ∈ Ij , (23)

βt ≤
∑
j∈J S

nj∑
a=1

vwj

qj
(teaj − tbaj ), ∀t ∈ [0, dJ ]. (24)

Thus determining the dual variables may help determine xj(t).
As for the online VNF scheduling for multiple nodes, it

can be formulated without latency constraints to gather some
instructions of determining the dual variables. We use J (t) to
denote the set of VNFs that are available for processing at t.
The online scheduling problem for J (0) is expressed by

P3 : min
∑
i∈V

∑
j∈J (0)

∫ dM

0

viwjt

qj
xij(t)dt,

s.t.
∑
i∈V

∫ dM

0

xij(t)dt ≥
qj
v
, ∀j ∈ J (0),∑

j∈J (0)

xij(t) ≤ 1, ∀i ∈ V, t ∈ [0, dM ],

xij(t) ≥ 0, ∀i ∈ V, j ∈ J (0), t ∈ [0, dM ].

dM denotes the maximum deadline of all VNFs. We regard
the online VNF scheduling process as repeatedly solving P3
for currently available VNFs. The dual of P3 is given by

P4 : max
∑

j∈J (0)

αj −
∑
i∈V

∫ dM

0

βtdt,

s.t.
vi
qj
αj ≤ βit +

viwj

qj
t,∀i ∈ V, j ∈ J (0), t ∈ [0, dM ],

αj ,βit ≥ 0,∀i ∈ V, j ∈ J (0), t ∈ [0, dM ].

The conclusions in (22)-(24) are utilized to design an
effective assignment policy. Suppose we are addressing the
assignment and scheduling of the first VNF j of an SFC at
slot rj and the existing VNFs with their remaining load are
scheduled over the disjoint time intervals {Il, l ∈ J (rj)}. The
r.h.s of (24) is the upper bound of β, which is used to obtain
a feasible estimate β′

it instead of the unknown value function.
Since time is slotted, β′

it for virtual node i is calculated as

β′
it =

∑
l∈J (t)

T∑
τ=t

viwl

ql
xil(τ), (25)

where T is large enough to cover the scheduled intervals.
Furthermore, based on (21), it can be inferred that we should
make the constraints as tight as possible to maintain dual
feasibility while achieving higher dual objective. Therefore,
αj should be feasible with respect to β′

it for any virtual
node i. We set αj to be equal to the minimum value a-
mong all the constraints that need to be satisfied, given by
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mini,t>rj{(β′
it +

viwj

qj
(t − rj))

qj
vi
}. The virtual node to be

assigned is chosen as

i′ = argmin
i∈V

{min
t>rj

(β′
it +

viwj

qj
(t− rj))

qj
vi
}. (26)

Once a VNF have been assigned, the HDF is optimal for
scheduling in that node without latency constraints. Here, we
apply the HDF to the existing VNFs on the nodes to generate a
preliminary schedule until the VNF is completed, which helps
update β′

it and assign the successor VNF in the SFC.
After completing the assignment of an SFC and determining

the processing time for each VNF, it is possible to set a
processing time margin for each VNF based on the latency
constraint of the SFC. Specifically, the available processing
time, dsk − rsk, is allocated proportionally to each VNF based
on its individual processing time. The overall tolerance time
of the SFC is also allocated to each VNF by using a deadline
control parameter δ. The processing time is pj =

qj
vi′

. The
available processing time for a VNF is calculated as

p̂j =
pj∑

n∈Jk
pn

(dsk − rsk). (27)

The preset arrival time r̂j is calculated as r̂j =
∑j−1

n=1 p̂n and
the deadline of a VNF j is set as dj = r̂j + p̂j + δ(dsk − rsk).
Then the scheduling process on each virtual node is handled
with the SNOS algorithm. The proposed MNOS procedure is
summarized in Algorithm 2.

IV. NUMERICAL RESULTS

A. Settings

Consider a virtual network of 20 nodes and 10 types of VNF
instances are deployed. Each type of VNF is implemented
with two instances. The process rate of each VNF instance is
uniformly chosen form {1, 2, 3} Gbps. As for SFCs, the arrival
of requests is modeled by a Poisson process with intensity
λ ∈ [0.05, 0.20]. The length of SFC is an integer uniformly
distributed over [5, 15]. The time slot length is 1 ms. The traffic
size of each VNF is uniformly distributed over [1, 10] Mbits.
The maximum processing time of a VNF is calculated by
processing it using the node with the minimum rate. Let η
be the total maximum processing time of all VNFs belonging
to an SFC. The deadline of the SFC is uniformly distributed
between [rsk+1.2η, rsk+1.8η]. These parameters are generated
independently for each SFC. The tolerance of accepting an
SFC for the system is set to ϵ = 0.15, which means an SFC is
accepted by the system if it is completed within rsk+ϵ(dsk−rsk).
The deadline control parameter is set to δ = 0. Each online
scheduling process lasts for 10000 slots.

Since no existing work has studied the problem while
considering deterministic latency, we introduce two priority
rule-based scheduling schemes. These schemes are composed
of commonly used assignment and scheduling rules.

• Shortest processing time first and earliest deadline first
(SPF-EDF): Assign the VNF to the virtual node that has
the shortest total processing time for the already assigned
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Fig. 2. Distribution of lateness in the online scheduling process of the MNOS
algorithm.
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Fig. 3. Average lateness and lateness variance as a function of the arrival
rate.

VNFs and schedule the VNF of the SFC with the earliest
deadline.

• Shortest processing time first and shortest slack first
(SPF-SSF): Assign the VNF using the SPF rule and
schedule the VNF with the shortest slack time. The slack
time is calculated as dsk − rj − pj .

B. Online VNF Scheduling Performance

We define the lateness of an SFC as its completion time
subtracted by the deadline, whose distribution implies the
satisfaction of latency constraints and delay variation. The
SFC failing to meet the delay constraints may be rejected
by the system in practical scenarios, but we focus on the
lateness and acceptance ratio to comprehensively demonstrate
the performance. Fig. 2 shows the lateness distribution in
an online VNF scheduling process of 10000 slots, in which
the arrival rate of services is 0.15. It can be observed that
both the SPF-EDF and the SPF-SSF, compared to the random
algorithm, exhibit a higher concentration of lateness less than
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Fig. 4. Average cost and acceptance ratio as a function of the arrival rate.

0. This suggests that these algorithms effectively meet latency
requirements. However, these algorithms also display a long-
tail effect on latency, indicating their weak ability to guarantee
strict latency satisfaction. In contrast, the proposed MNOS
algorithm mitigates this issue by prioritizing the execution of
VNFs with different deadlines through the characteristics of
the EDF rule, thereby maintaining latency satisfaction as much
as possible.

Fig. 3 shows the lateness and the lateness variance as the
arrival rate increases, where each simulation last for 10000
slots. It can be seen that the MNOS algorithm achieves the
lowest lateness and lateness variance when λ ≥ 0.15. This
indicates that the MNOS method effectively reduces both
delay and delay variation under high service load. However,
when the arrival rate is lower, the proposed MNOS algorithm
exhibits higher variance. This is due to sufficient time being
available to meet the delay requirements, causing the schedul-
ing process prioritize minimizing the cost function with the
HDF rule, resulting in higher variance. Moreover, as the arrival
rate increases from 0.10 to 0.15, the lateness variance of the
SPF-SSF and the SPF-EDF increase by 71.8% and 80.2%,
respectively, while that of the MNOS only increases by 5.4%.
Therefore, the MNOS is more robust than the others as the
load increases.

Fig. 4 shows the cost and the acceptance ratio as the arrival
rate increases. The MNOS algorithm achieves a lower cost
and higher service acceptance ratio when λ ≥ 0.10. This can
be attributed to the SNOS scheduling process on each node,
which minimizes objective values when there is no need to
consider the delay constraints. In the online VNF scheduling
process, a larger the amount of remaining load leads to a
higher cost, which consumes more computing resources in
subsequent scheduling processes. Optimizing the fractional
completion time actually increases the available scope for
scheduling subsequent SFCs and enhances the overall ac-

ceptance ratio. Consequently, the system becomes capable of
handling scenarios with high arrival rates.

V. CONCLUSION

In this paper, we have investigated the online VNF schedul-
ing problem in a deterministic network with the objective
of minimizing fractional weighted completion time while
providing guaranteed latency performance. We propose the
MNOS algorithm, which utilizes the value function and d-
ual variables to generate solutions for VNF assignment. In
addition, the algorithm determines deadline for each VNF and
uses the characteristics of the EDF rule to generate scheduling
decisions, which enhances the overall determinism of the SFC
completion by increasing the determinism of each VNF. The
numerical results demonstrate that the proposed algorithm
achieves lower delay and delay variation compared to the
SPF-EDF and the SPF-SSF schemes. This effective mitigation
of long-tail effects in latency distribution leads to improved
system acceptance ratio.
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