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Weighted Round-Robin (WRR) 
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Simple

WRR Behavior 
Scheduling Policy

Communication 
Networks

Real-time 
Systems

Networks On-Chip

An infinite loop of rounds to visit queues. 

When a queue with weight 𝑤 is visited.

It can send up to 𝑤 packets

Each queue is given a weight.



Example of WRR Scheduling
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Service

Interleaved Weighted Round-Robin (IWRR)
A Variant of WRR

A queue with weight 𝑤 is visited 𝑤 times in each round. 

It can send up to one packet in each visit.
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M. Katevenis, S. Sidiropoulos and C. Courcoubetis, 
"Weighted round-robin cell multiplexing in a general-purpose ATM switch chip,”

in IEEE Journal on Selected Areas in Communications



IWRR Offers a Smoother Service.
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Does IWRR Reduce Worst-case Delays?
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We expect that IWRR would reduce the worst-case delays.

How can we capture that?

Using the Network Calculus framework.

Finding a service curve
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State-of-the-art: WRR Strict Service Curve
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Flow 𝑖 with:
weight 𝑤!
𝑙!"#$

Flow 𝑗 with:
weight 𝑤%
𝑙%
"&'

SWRR 𝛽(𝑡)
.
.
.

Flow 𝑖

Other Flows

Theorem[Bouillard, Boyer, Le Corronc 2018, Section 8.2.4]: 
The strict service curve guaranteed to flow 𝑖 is

qi = wilmin
i , Qi =

P
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j , Ltot = qi +Qi
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Min-plus convolution: 
𝑓 ⊗ 𝑔 𝑡 =	
inf{ 𝑓 𝑠 + 𝑔 𝑡 − 𝑠 }
𝑠 ≤ 𝑡

illustration?
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WRR Strict Service Curve
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weight wi = 7

lmin
i = 9 ⇤ 512 bit

weights wj = {4, 6, 10}
lmax
j = {17, 11, 16} ⇤ 512 bit

�(t) = ct with c = 10Mbps
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Example WRR Strict Service Curve 
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Theorem 1: The strict service curve guaranteed to flow 𝑖 is
�i(t) = (�1 ⌦ Ui)(�(t))

Ui(x)
def
=

wi�1X

k=0

⌫lmin
i ,Ltot

⇣⇥
x�  i(kl

min
i )

⇤+⌘

Ltot = wil
min
i +

X

j,j 6=i

wj l
max
j

 i(x)
def
= x+

X

j,j 6=i

�i,j

✓�
x

lmin
i

⌫◆
lmax
j

�i,j(x)
def
=

�
x

wi

⌫
wj + [wj � wi]

+ +min(x mod wi + 1, wj)
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Min-plus convolution: 
𝑓 ⊗ 𝑔 𝑡 =	
inf{ 𝑓 𝑠 + 𝑔 𝑡 − 𝑠 }
𝑠 ≤ 𝑡

illustration?



Example IWRR Strict Service Curve
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�i(t) = (�1 ⌦ Ui)(�(t))

<latexit sha1_base64="sKKJ3U40D9fv/8qtxqI+1WFzkX4=">AAACGHicbVDLSsNAFJ3UV62vqks3g0VJNzWRim6EohuXFewDmhImk0k7OHkwcyOU0M9w46+4caGI2+78G6dpF9p6YOBwzrncucdLBFdgWd9GYWV1bX2juFna2t7Z3SvvH7RVnErKWjQWsex6RDHBI9YCDoJ1E8lI6AnW8R5vp37niUnF4+gBRgnrh2QQ8YBTAlpyy2eOx4C43IQqPr3GpiP0rE9cGzsx8JAp3HJ51cxTOlN1yxWrZuXAy8Sekwqao+mWJ44f0zRkEVBBlOrZVgL9jEjgVLBxyUkVSwh9JAPW0zQiemc/yw8b4xOt+DiIpX4R4Fz9PZGRUKlR6OlkSGCoFr2p+J/XSyG46mc8SlJgEZ0tClKBIcbTlrDPJaMgRpoQKrn+K6ZDIgkF3WVJl2AvnrxM2uc1u167uK9XGjfzOoroCB0jE9noEjXQHWqiFqLoGb2id/RhvBhvxqfxNYsWjPnMIfoDY/IDoaudpw==</latexit>

Ui(x) =
Pwi�1

k=0 ⌫lmin
i ,Ltot

⇣⇥
x�  i(klmin

i )
⇤+⌘

<latexit sha1_base64="Ob+NqrOH5y0nzfGozd4DbRJ4kbI="></latexit>

Flow 𝑖 with:
weight 𝑤!
𝑙!"#$

Flow 𝑗 with:
weight 𝑤%
𝑙%
"&'

SIWRR 𝛽(𝑡)
.
.
.

Flow 𝑖

Other Flows

weight wi = 7

lmin
i = 9 ⇤ 512 bit

weights wj = {4, 6, 10}
lmax
j = {17, 11, 16} ⇤ 512 bit

�(t) = ct with c = 10Mbps

<latexit sha1_base64="YJQPnqBPdeefRrWfqWhmTHx7Bd0="></latexit>



Sketch of Proof of IWRR Strict Service Curve
• (𝒔 , 𝒕]: flow of interest 𝑖 is backlogged.
• 𝒑: number of complete services of flow 𝑖.
• number of services for other flow 𝑗 ≤ 𝝓𝒊,𝒋 𝒑
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Flow 𝑖 with:
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𝑙!
"#$

Flow 𝑗 with:
weight 𝑤%
𝑙%
"&'

SIWRR 𝛽(𝑡)
.
.
.

Flow 𝑖

Other Flows
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Lower Pseudo Inverse Technique
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f#(y) = inf{x|f(x) � y} = sup{x|f(x) < y}

<latexit sha1_base64="fNA+qI+xD2rdzFu0oyQ8E5BhHYQ="></latexit>

Definition[Jörg Liebeherr 2017, Section 10.1] :

𝑓

𝑓↓

[Jörg Liebeherr 2017, Section 10.1]

Example:
• Sketch of Proof of IWRR Strict Service Curve (cont.)

y  f(x) =) x � f#(y)

<latexit sha1_base64="T5LJykOV/iezGIq5rX83Nabr2Cg="></latexit>

Property:

⇤
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IWRR strict service curve for flow 𝑖

�(t� s)   i(R
⇤
i (t)�R⇤

i (s))

=) R⇤
i (t)�R⇤

i (s) �  #
i (�(t� s)) = (�1 ⌦ Ui)(�(t� s))

<latexit sha1_base64="FD0z9CIanIB4csc3jzIgomCgbSA="></latexit>

(Last step of last slide)



Re-Cap 1

1. Strict Service Curve for IWRR.
• We find a novel strict service curve for IWRR.

• Using lower-pseudo inverse technique. 

2. Comparison to WRR.

3. Tightness.

13/26

Strict Service Curves (IWRR Vs. WRR)?



IWRR Strict Service Curve Always Improves Compared to WRR.
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WRR Strict Service curve IWRR Strict Service curve

�0
i(t) = (�1 ⌦ ⌫qi,Ltot) ([�(t)�Qi]+)  �i(t) = (�1 ⌦ Ui)(�(t))

<latexit sha1_base64="JfBWsxL8ocxs8qcBpT3ECXVKQvQ="></latexit>

⟹Delay bounds for IWRR are less than or equal to delay bounds for WRR.

illustration?

Theorem 2: The IWRR strict service curve is larger than or equal to the WRR strict 
service curve for each flow 𝑖

Flow 𝑖 with:
weight 𝑤!
𝑙!"#$

Flow 𝑗 with:
weight 𝑤%
𝑙%
"&'

S
IWRR
Or
WRR

𝛽(𝑡)
.
.
.

Flow 𝑖

Other Flows



Strict Service Curve of IWRR Is always Larger Than or Equal to WRR
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IWRR Strict Service Curveweight wi = 7
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i = 9 ⇤ 512 bit

weights wj = {4, 6, 10}
lmax
j = {17, 11, 16} ⇤ 512 bit

�(t) = ct with c = 10Mbps

<latexit sha1_base64="YJQPnqBPdeefRrWfqWhmTHx7Bd0="></latexit>

Flow 𝑖 with:
weight 𝑤!
𝑙!
"#$

Flow 𝑗 with:
weight 𝑤%
𝑙%
"&'

S
IWRR
Or
WRR

𝛽(𝑡)
.
.
.

Flow 𝑖

Other Flows

Complicated?

IWRR delay bound < WRR delay bound 

IWRR delay bound = WRR delay bound 



All Non-dominated Rate-latency Strict Service Curves for IWRR.
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Theorem 3: All non-dominated rate-latency service curves guaranteed to flow 𝑖,
among them 𝛽!!∗,#!∗ is the one with the minimum latency and 𝛽!#∗∗ ,##∗∗ is the one
with the maximum rate:

r⇤0 =
lmin
i

 i(lmin
i )�  i(0)

and T ⇤
0 =  i(0)

k⇤ = min{0  k < wi |
lmin
i

 i((k + 1)lmin
i )�  i(klmin

i )
� qi

Ltot
}

r⇤k⇤ =
qi
Ltot

and T ⇤
k⇤ =  i(k

⇤lmin
i )� k⇤lmin

i

r⇤k⇤

<latexit sha1_base64="+Pq1B4JCSfxonX3XiLmnSqFkJPg="></latexit>

Flow 𝑖 with:
weight 𝑤!
𝑙!"#$

Flow 𝑗 with:
weight 𝑤%
𝑙%
"&'

SIWRR 𝛽(𝑡).
.
.

Flow 𝑖
Other Flows

illustration?

If the strict service curve of the aggregate is a rate-
latency ( 𝛽 𝑡 = 𝛽&,( ) , then 𝛽)(∗,((∗(𝛽 𝑡 ) and
𝛽)*∗∗ ,(*∗∗ 𝛽 𝑡 are also rate-latency.



Example of Non-dominated Rate-latency IWRR Strict Service Curve
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latency service curves:

IWRR Service Curve

WRR Service Curve

Optimal Rate-latency

IWRR Service Curve

WRR Service Curve

Maximum Rate

Minimum Latency



Re-Cap 2.1

1. Strict Service Curve for IWRR.
• We find a novel strict service curve for IWRR.

• Using lower-pseudo invers technique. 
• We find all non-dominated rate-latency service curves.

2. Comparison to WRR.
• IWRR Strict Service Curve always improves compared to WRR.

3. Tightness.
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Better Strict Service Curve?



Our Strict Service Curve Is the Best Possible.
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Theorem 4:𝛽$ is the largest strict service curve that can be given for flow 𝑖.

Specifically, we show for all flows 𝑖, there exists a trajectory scenario such that:

9s � 0, (s, s+ ⌧ ] is backlogged for flow i

and R⇤
i (s+ ⌧)�R⇤

i (s) = �i(⌧)

<latexit sha1_base64="0yKxyEIwH/7xnczSRJIPfZOp2O0="></latexit>

Flow 𝑖 with:
weight 𝑤!
𝑙!
"#$

Flow 𝑗 with:
weight 𝑤%
𝑙%
"&'

SIWRR 𝛽(𝑡)
.
.
.

Flow 𝑖

Other Flows 𝑅∗

The same is also valid for the WRR strict service curve.
(Theorem 5)



Re-Cap 2.2

We have found the largest possible strict service curve.

Automatically implies best delay bounds?

Service curve is only an abstraction of the
service. The true thing is IWRR.

Tight delay bounds for constant packet size.

No!

There might be a better service
curve that is not strict.
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Obtained Delay Bound Is Tight, for Constant Packet Size.
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Theorem 6:

Flow 𝑖 only generates packets of size 𝑙 (𝑙9:;< = 𝑙9
:=>). Then, for every integer (multiple of

𝑙) arrival curve 𝛼9
?, the network calculus delay bound is tight (i.e., worst case).

Flow 𝑖 with:
weight 𝑤!
𝑙!"#$

Flow 𝑗 with:
weight 𝑤%
𝑙%
"&'

SIWRR 𝛽(𝑡)
.
.
.

Flow 𝑖

Other Flows

The same is also valid for the WRR strict service curve.
(Theorem 7)
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Re-Cap 3

1. Strict Service Curve for IWRR.
• We find a novel strict service curve for IWRR.
• We find all non-dominated rate-latency service curves.

2. Comparison to WRR.
• IWRR Strict Service Curve always improves compared to WRR.

3. Tightness.
• Our Strict Service Curve is the best possible one.
• For a flow with constant packet size, we show that:

• Obtained delay bound is tight.
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Numerical Example?



Improvement of Delay Bounds with IWRR.
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Simulation Parameters:
8 input flows.
Weights = {22,27,28,30,34,41,45}
𝑙"&' = 𝑙"#$ = 7119 bit.
Constant bit rate server, 10 Mbps.
Token-bucket Arrival Curves:
Initial bursts: uniformly [1,20] packets.
A rate of 0.5 Mbps.



Simulation Parameters:
8 input flows.
Weights ∈ 10 , 50 .
𝑙!"# = 𝑙!$% ∈ 64 , 1522 byte.
Uniformly random.
Constant bit rate server, 10 Mbps.
Token-bucket Arrival Curves:
Initial bursts: uniformly [1,20] packets.
A rate of 0.5 Mbps.

Better Improvement for Flows with Larger Weights.
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Improvement Ratio =
Improvement

Median of WRR worst_case delay
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Conclusion

• We find a novel strict service curve for IWRR.
• Using lower-pseudo inverse technique. 

• We show that:
• It is the best possible one.
• It always improves compared to WRR.

• We also find all non-dominated rate-latency service curves.

• We show that obtained delay bound is tight, for a flow with
constant packet size.
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