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(http://trustee.ietf.org/license-info) in effect on the date of
publication of this docunent. Please review these docunents
carefully, as they describe your rights and restrictions with
respect to this docunent. Code Conponents extracted fromthis
docunent nust include Sinplified BSD License text as described in
Section 4.e of the Trust Legal Provisions and are provided w thout
warranty as described in the Sinplified BSD License.

Tabl e of Contents

1. IntroduCti ONn. ... 4
1.1. Requirements Language. . ... ..... ... 5
2. 1 GP Protocol Advertise energy consunption...................... 5
2.1. Advertise Link energy consunption......................... 5
2.1.1. 1S 1S Link energy consunption........................ 5
2.1.1.1. Interface Maxi num Unit Energy Consunption....... 5
2.1.1.2. Interface Real -Tinme Unit Energy Consunption..... 6
2.1.1.3. Interface Average Unit Energy Consunption....... 6
2.1.2. OSPF Link energy consunption......................... 7
2.1.2.1. Interface Maxi num Unit Energy Consunption....... 7
2.1.2.2. Interface Real -Time Unit Energy Consunption..... 8
2.1.2.3. Interface Average Unit Energy Consunption....... 8
2.2. Advertise Node energy consunmption......................... 9
2.2.1. 1S 1S Extend energy consunption...................... 9
2.2.1.1. Node Maxi mum Energy Consunption................. 9
2.2.1.2. Node Real -Time Energy Consunption............... 9
2.2.1.3. Node Maxi mum Unit Energy Consunption........... 10
2.2.1.4. Node Real -Time Unit Energy Consunption......... 10
2.2.1.5. Node Average Unit Energy Consunption........... 11
2.2.2. OSPF Extend Node energy consunption................. 11
2.2.2.1. Node Maxi mum Energy Consunption................ 12
2.2.2.2. Node Real -Tinme Energy Consunption.............. 12
2.2.2.3. Node Maxi mum Unit Energy Consunption........... 12
2.2.2.4. Node Real -Time Unit Energy Consunption......... 13
2.2.2.5. Node Average Unit Energy Consunption........... 13
3. Flexible AlgorithmDefinition constraints..................... 13
3. L. TGP MetriC-TYPe. oot t 14
3.2, I S-S 14
3.2.1. 1S 1S Exclude Maxi num Node Maxi num Energy Consunpti on
SUD- TLV. L 14
3.2.2. 1S 1S Exclude Maxi num Node Real - Ti me Energy Consunpti on
SUD- TV, L 15
3.2.3. 1S 1S Exclude Maxi num Node Maxi num Unit Energy
Consunption sub-TLV. .. ... . e 15

Li & Lin, et al. Expi res Septenber 03, 2025 [ Page 2]



Internet-Draft Flexible Algorithnms for Energy Efficiency March 2025

Li

3.2.4. 1S 1S Exclude Maxi mum Node Real -Time Unit Energy

Consunption sub-TLV. .. ... 16
3.2.5. 1S 1S Exclude Maxi num Node Average Unit Energy
Consunption sub-TLV. ... ... . . e 16
3.2.6. 1S 1S Exclude Maxi num I nterface Maxi mum Unit Energy
Consunption sub-TLV. .. ... 17
3.2.7. 1S1S Exclude Maxi num I nterface Real -Tine Unit Energy
Consunption sub-TLV. .. ... 17
3.2.8. 1S 1S Exclude Maxi mum I nterface Average Unit Energy
Consunption sub-TLV. .. ... .. e 18
3.3, OBP . . 18
3.3. 1. OSPF Excl ude Maxi mum Node Maxi mum Ener gy Consunption
SUD- TLV. L 18
3.3.2. OSPF Excl ude Maxi mum Node Real - Ti ne Ener gy Consunption
SUD- TV, L 19
3.3.3. OSPF Exclude Maxi mum Node Maxi mum Unit Energy
Consunption sub-TLV. .. ... . 19
3.3.4. OSPF Exclude Maxi mum Node Real -Tine Unit Energy
Consunption sub-TLV. .. ... 20
3.3.5. OSPF Exclude Maxi mum Node Average Unit Energy
Consunption sub-TLV. .. ... 20
3.3.6. OSPF Exclude Maxi mum I nterface Maxi mum Unit Energy
Consunption sub-TLV. .. ... .. e 21
3.3.7. OSPF Exclude Maxi mum Interface Real-Tinme Unit Energy
Consunption sub-TLV. .. ... .. 22
3.3.8. OSPF Exclude Maxi mum I nterface Average Unit Energy
Consunption sub-TLV. . ... 22
3.4. Calculation of Flex-Algorithmpaths...................... 23
4. Security Considerati Ons. . ......... .t 23
5. TANA Considerati ONS. .. ... . i e e e e 23
5.1. IS-I1S Link energy consunption Sub TLV.................... 23
5.2. OSPF Link energy consunption Sub TLV..................... 24
5.3. 1S 1S Node energy consunption TLV........................ 24
5.4. OSPF Node energy consunption TLV ......................... 24
5.5, TGP MetriC-TYPe. .ot e e e 25
5.6. IS-1S Exclude Maxi mum energy consunption sub-TLV......... 26
5.7. OSPF Excl ude Maxi num energy consunption sub-TLV.......... 26
6. ReferenCes. ... ... .. 27
6.1. Normative References........ ... .. . . .. ... 27
6.2. Informational References......... ... ... . . . . . . . . ... 28
AUt hor s’ AdAr €SS eS. . . oot 28
& Lin, et al. Expi res Septenber 03, 2025 [ Page 3]



Internet-Draft Flexible Algorithnms for Energy Efficiency March 2025

1.

Li

I nt roducti on

As comuni cati on devices continue to advance, their power
consunption is al so increasing. However, energy consunption |evels
vary across different devices. Considering these energy consunption
I evel s in routing decisions can help reduce the energy consunption
of network comunications. This energy-aware routing strategy not
only enhances network energy efficiency but al so assists operators
in optimzing operational costs by bal ancing performance with energy
consunption, thus achieving nore sustainabl e network nmanagenent.

[draft-liu-spring-sr-policy-energy-efficiency-00] describes how
energy-consunption information is utilized in SR networks. It

el aborates on the use of energy consunption information for path
comput ation in SR networks

The netrics for energy consunption incl ude:

Node Maxi mum Ener gy Consunption: The power consunption of a node at
full load, neasured in watts.

Node Real - Ti me Energy Consunption: The real-tinme power consunption
of a node, measured in watts.

Node Maximum Unit Energy Consunption: The power consunption of a
node at full | oad divided by traffic, neasured in watts per gigabyte
(WGB).

Node Real -Tinme Unit Energy Consunption: The real -tinme power
consunption of a node divided by real-tine traffic, nmeasured in
watts per gigabyte (WGB).

Node Average Unit Energy Consunption: The change in power
consunption of a node over a neasurenent period divided by the
change in traffic, neasured in watts per gigabyte (WGB).

Interface Maxi mum Unit Energy Consunption: The power consunption of
an interface at full load divided by traffic, nmeasured in watts per
gi gabyte (WGB).

Interface Real -Tinme Unit Energy Consunption: The real-tinme power
consunption of an interface divided by real-tine traffic, neasured
in watts per gigabyte (WGB).

Interface Average Unit Energy Consunption: The change in power

consunption of an interface over a neasurenent period divided by the
change in traffic, neasured in watts per gigabyte (WGB).
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Thi s docunent describes how to extend I GP protocols to carry energy
consunption information, enabling its dissem nation within the | GP
domain and ultimately transmtting it to the controller, allow ng
the controller to performrouting cal cul ati ons based on energy
consunption netrics.

Additionally, by |everaging Fl ex-Al go technol ogy, energy
consunption-based constraints can be specified, enabling nodes in
the network to sel ect paths based on energy consunption information,
t hereby achieving the goal of reducing energy consunption. This
docunent extends the energy consunption-based constraints in Flex-
Al go.

1.1. Requirenments Language
The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMMENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in
BCP 14 [ RFC2119] [RFCB174] when, and only when, they appear in all
capital s, as shown here

2. 1 GP Protocol Advertise energy consunption
The energy consunption information is advertised within the domain

via the IGP protocol. This information is divided into node energy
consunption and |ink energy consunption

2.1. Advertise Link energy consunption
Thi s docunent uses the energy consunption sub-TLV to adverti se
energy consunption information. The TLV types used for this
announcenent include "I S-1S energy consunption Sub-TLV' and " OSPF
energy consunption Sub-TLV"
2.1.1. 1S 1S Link energy consunption

2.1.1.1. Interface Maxi mum Unit Energy Consunption

The format of the "IS-IS Interface Maxi mum Unit Energy Consunption
Sub-TLV" is shown in Figure 1.
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0 1 2 3

01234567890123456789012345678901
B i s T T i i o S o T Ji I
| Type | Lengt h | Resv |
R e s T o T S R El ok i R e e S S e o o s
| val ue |
R e o T T e S S T ol S i T S s ik i I S I S S R S R

Type (1 octet): TBD1, Interface Maxi mum Unit Energy
Consunpti on
Length (1 octet): 4
Val ue (4 octet): Maxi num energy consunption, value range (0 -
4,294,967, 295)
Figure 1: IS 1S Interface Maxi mum Unit Energy
Consunpti on Sub-TLV

2.1.1.2. Interface Real -Tinme Unit Energy Consunption

The format of the "IS- 1S Interface Real-Time Unit Energy Consunption
Sub- TLV" is shown in Figure 2.

0 1 2 3

01234567890123456789012345678901
T e L o o o e i i s it NN R SR S B S
| Type | Lengt h | Resv |
B i s T T i i o S o T Ji I
| Val ue |
e L o i e S  th o i R S

Type (1 octet): TBD2, Interface Real -Tinme Unit Energy
Consunpti on sub TLV
Length (1 octet): 4
Val ue (4 octet): Interface Real-Tine Unit Energy Consunption,
val ue range (0 - 4,294,967, 295)
Figure 2. IS IS Interface Real-Time Unit Energy
Consunpti on Sub-TLV

2.1.1.3. Interface Average Unit Energy Consunption

The format of the "IS- 1S Interface Average Unit Energy Consunption
Sub-TLV" is shown in Figure 3.
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0 1 2 3

01234567890123456789012345678901
B i s T T i i o S o T Ji I
| Type | Lengt h | Resv |
R e s T o T S R El ok i R e e S S e o o s
| val ue |
R e o T T e S S T ol S i T S s ik i I S I S S R S R

Type (1 octet): TBD3, Interface Average Unit Energy
Consunpti on sub TLV
Length (1 octet): 4
Value (4 octet): Interface Average Unit Energy Consunption,
val ue range (0 - 4,294,967, 295)
Figure 3: IS 1S Interface Average Unit Energy
Consunpti on Sub-TLV

2.1.2. OSPF Link energy consunption
2.1.2.1. Interface Maxi num Unit Energy Consunption

The extension of the OSPF protocol for energy consunption is
simlar.

The format of the "OSPF Interface Maxi num Unit Energy Consunption
Sub- TLV" is shown in Figure 6.

0 1 2 3
01234567890123456789012345678901
B i aT T e e o S o S S S I T et sl o ST S S S S S S
| Type | Length |
B T S i T s i i e e SEI S
| Val uel |
T S e S i i SR SR S et i i

Type (2 octets): TBD4, Interface Maxi mum Unit Energy
Consunpti on

Length (2 octets): 4

Val ue : Interface Maxi mum Unit Energy Consunption val ue range
(0 - 4,294,967, 295)

Figure 6: OSPF Interface Maxi mum Unit Energy

Consunpti on Sub-TLV
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2.1.2.2. Interface Real -Tinme Unit Energy Consunption

The format of the "OSPF Interface Real -Time Unit Energy Consunption
Sub- TLV" is shown in Figure 6.

0 1 2 3
01234567890123456789012345678901
B T S i T s i i e e SEI S
| Type | Lengt h |
T T S i I S S ik i SRR N SR SRS
| Val uel |
B i aT T e e o S o S S S I T et sl o ST S S S S S S

Type (2 octets): TBD5, Interface Real -Tine Unit Energy
Consunpti on

Length (2 octets): 4

Value : Interface Real -Tinme Unit Energy Consunption val ue
range (0 - 4,294, 967, 295)

Figure 7: OSPF Interface Real -Time Unit Energy

Consunpti on Sub-TLV

2.1.2.3. Interface Average Unit Energy Consunption

The format of the "OSPF Interface Average Unit Energy Consunption
Sub- TLV" is shown in Figure 8.

0 1 2 3
01234567890123456789012345678901
B i s T T i i o S o T Ji I
| Type | Lengt h |
i I S i S s S Al St N DR
| Val uel |
I e I S i S i i S

Type (2 octets): TBD6, Interface Average Unit Energy
Consunpti on

Length (2 octets): 4

Value : Interface Average Unit Energy Consunption val ue range
(0 - 4,294,967, 295)

Figure 8. OSPF Interface Average Unit Energy

Consunpti on Sub-TLV
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2.2. Advertise Node energy consunption
2.2.1. 1S 1S Extend energy consunption

[ RFC5311] defines the TLV types carried in the 1S 1S LSP. To convey
node energy consunption information, new energy consunption TLVs has
been introduced. [ RFC5305][ RFC5311] defines how Metric information
is carried within link information in the 1S-1S protocol.

The format i s shown bel ow.

2.2.1.1. Node Maxi mum Energy Consunption

0 1 2 3

01234567890123456789012345678901
T S T i T T S e
| Type | Length | Resv |
T i i I T T o s S O o o il S S S
| Val ue |
I i S T i i S e e S i e o

Figure 11: 1S-1S Node Maxi num Energy Consunption
TLV
Type (1 octet): TBD7, Node Maxi mum Energy Consunption
Length (1 octet): 4
Val ue (4 octet): Node Maxi mum Energy Consunption range (0 -
16, 777, 215)

2.2.1.2. Node Real -Time Energy Consunption

0 1 2 3

01234567890123456789012345678901
T S T i T T S e
| Type | Length | Resv |
T i i I T T o s S O o o il S S S
| Val ue |
I i S T i i S e e S i e o

Figure 12: 1S-1S Node Real -Ti me Energy
Consunption TLV
Type (1 octet): TBD8, Node Real -Ti me Energy Consunption
Length (1 octet): 4
Val ue (4 octet): Node Real -Tine Energy Consunption range (0 -
16, 777, 215)
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2.2.1.3. Node Maxi mum Unit Energy Consunption

0 1 2 3

01234567890123456789012345678901
T T T A S T
| Type | Length | Resv |
T T S T T T S T S S A
| Val ue |
T S T I Al ol ST SN S S S S S S S S S i S SIS SN S O Y

Figure 13: 1S-1S Node Maxi num Unit Energy
Consunpti on consunption TLV
Type (1 octet): TBD9, Node Maxi mum Unit Energy Consunption
Length (1 octet): 4
Val ue (4 octet): Node Maxi mum Unit Energy Consunption range (O
- 16,777, 215)

2.2.1.4. Node Real -Time Unit Energy Consunption

0 1 2 3

01234567890123456789012345678901
T T T A S T
| Type | Length | Resv |
T T S T T T S T S S A
| Val ue |
T S T I Al ol ST SN S S S S S S S S S i S SIS SN S O Y

Figure 14: 1S-1S Node Real -Tine Unit Energy
Consunption rate TLV
Type (1 octet): TBD10, Node Real -Tine Unit Energy Consunption
Length (1 octet): 4
Val ue (4 octet): Node Real -Tine Unit Energy Consunption (0 -
16, 777, 215)
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2.2.1.5. Node Average Unit Energy Consunption

Li

0 1 2 3

01234567890123456789012345678901
T I =

| Type | Lengt h | Resv

T T S S i S S e S S s S R N

| Val ue

I S T S S T S S e i i S S i e

Figure 15: 1S-1S Node Average Unit Energy
Consunption rate TLV
Type (1 octet): TBD11l, Node Average Unit Energy Consunption
Length (1 octet): 4
Val ue (4 octet): Node Average Unit Energy Consunption (0 -
16, 777, 215)

2.2.2. OCSPF Extend Node energy consunption

The newl y defined OSPF energy consunption Sub-TLVs is included in
Rout er LSA as Node energy consunpti on.

& Lin, et al. Expi res Septenber 03, 2025 [ Page 11]

+

+

+



Internet-Draft Flexible Algorithnms for Energy Efficiency March 2025

2.2.2.1. Node Maxi mum Energy Consunption

+ P
+OoR

2345
S N

+ ON

89
+- +-

+ O w

12345 7 8 9 123 7 8 9 1
B T o e

-+ o

7 456
- +- +- -+
ype Lengt h
B s e S i R R S R ok i S S N N S

Val ue |
B S S e i S S T A S S S S S S i S S

6 2
+- +
I I

+—+— +00

Type (2 octets): TBD12 Node Maxi mum Energy Consunpti on

Length (2 octets): 32

Val ue : Node Maxi mum Energy Consunption range (0 -
4,294, 967, 295)

Fi gure 16: OSPF Node Maxi mum Energy Consunption TLV

2.2.2.2. Node Real -Time Energy Consunption

+ P
+OoR

2345
S N

+ ON

89
+- +-

+ O w

12345 7 8 9 123 7 8 9 1
B T o e

-+ o

7 456
- +- +- -+
ype Lengt h
B s e S i R R S R ok i S S N N S

Val ue |
B S S e i S S T A S S S S S S i S S

6 2
+- +
I I

+—+— +00

Type (2 octets): TBD13, Node Real - Ti ne Energy Consunption

Length (2 octets): 32

Val ue : Node Real -Ti me Energy Consunption range (0 -
4,294, 967, 295)

Figure 17: OSPF Node Real -Ti me Energy Consunption

2.2.2.3. Node Maxi mrum Unit Energy Consunption

+

2345
N e

+oRr
+oN
+ w

89 12345 789 12 4 789
i S i S s i SR S S o +- -+

—H+ o

7 6 56

- +- +- +- - +-

ype | Length

B S i ks e S S i i i S S S S e e e e
Val ue I

T T e S S T S S T st S S R S S T ol ST S YN S S

+—+— + 00

Type (2 octets): TBD14, Node Maxi num Unit Energy Consunption
Length (2 octets): 32

Li & Lin, et al. Expi res Septenber 03, 2025 [ Page 12]



Internet-Draft Flexible Algorithnms for Energy Efficiency March 2025

Val ue : Node Maxi mum Unit Energy Consunption range (0 -
4,294, 967, 295)

Fi gure 18: OSPF Node Maxi mum Unit Energy Consunption

2.2.2.4. Node Real -Tinme Unit Energy Consunption

+ P
+oOR

2345
N e

+ ON
+ W

89 12345 789 12 4 789
i S i S s i SR S S o +- -+

—H+ o

7 6 56

- +- +- +- - +-

ype | Length

B S i ks e S S i i i S S S S e e e e
Val ue |

T T e S S T S S T st S S R S S T ol ST S YN S S

+—+— + 00

Type (2 octets): TBD15, Node Real -Tine Unit Energy Consunption
Length (2 octets): 32
Val ue : Node Real -Tinme Unit Energy Consunption (0 -

4,294,967, 295)

Figure 19: OSPF Node Real -Tinme Unit Energy
Consunpti on

2.2.2.5. Node Average Unit Energy Consunption

Li

+ P
+OoR

2345
S N

+ ON

89 12345
S

+ O w

789 123 789 1
i S S R

-+ o

7 456
- +- +- -+
ype Lengt h
B s e S i R R S R ok i S S N N S

Val ue |
B S S e i S S T A S S S S S S i S S

6 2
+- +
I I

+—+— +00

Type (2 octets): TBD16, Node Average Unit Energy Consunption

Length (2 octets): 32

Val ue : Node Average Unit Energy Consunption range (0O -
4,294, 967, 295)

Fi gure 20: OSPF Node Average Unit Energy Consunption

Fl exi ble Algorithm Definition constraints
To sel ect | ow power paths when forwarding traffic, this docunent

defines "Exclude energy consunption Constraint” in the context of
Flex-Algorithm If a link's energy consunption consunption exceeds
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the advertised maxi num energy consunption, that link is renoved from
the Fl ex-Al gorithmtopol ogy.

3.1. I1GP Metric-Type
[ RFC9350] the "IS-1S Flexible Al gorithm Definition Sub-TLV' and the
"OSPF Fl exible AlgorithmDefinition TLV' are used to specify the
metric-type for Flex-Al go conputations. This docunent extends the
metric-type to specify the use of energy consunption for path
sel ection in Fl ex-Al go.

Type Description Reference

TBD17 Node Maxi mum Ener gy Consunpti on

TBD18 Node Real - Ti me Energy Consunption

TBD19 Node Maxi mum Unit Energy Consunption

TBD20 Node Real -Time Unit Energy Consunption
TBD21 Node Average Unit Energy Consunption

TBD22 Interface Maxi mum Unit Energy Consunption
TBD23 Interface Real -Time Unit Energy Consunption
TBD24 Interface Average Unit Energy Consunption

3.2. 1S1S
3.2.1. 1S 1S Exclude Maxi num Node Maxi num Energy Consunpti on sub-TLV
I S-1S Fl ex-Al gorithm Excl ude Maxi mum Node Maxi mum Ener gy Consunpti on

sub-TLV (FAEMNME) is a sub-TLV of the 1S-1S FAD sub-TLV. It has the
follow ng format.

Li & Lin, et al. Expi res Septenber 03, 2025 [ Page 14]
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0 1 2 3
01234567890123456789012345678901
i S it it s SR SEIE SR SR R SR SR S S
| Type | Lengt h |
B S T i s T S S S R S i ik Tk I I N R S S S i e
| Max energy consunption |
B i s sl o S S S S N i e ik T SEIE TR e Sl R R i S S e e i e i
wher e:
Type: TBD25, Excl ude Maxi num Node Maxi num Ener gy Consunpti on
Length: 4 octets
Max energy consunption: 4 octet, Max energy consunption
Figure 21: 1S-1S FAEMNME Sub-TLV

3.2.2. 1S 1S Exclude Maxi num Node Real - Ti me Energy Consunption sub-TLV

IS-1S Fl ex-Al gorithm Excl ude Maxi mum Node Real - Ti ne Ener gy
Consunpti on sub-TLV (FAEMNRE) is a sub-TLV of the IS-1S FAD sub-TLV.
It has the follow ng format.

0 1 2 3
01234567890123456789012345678901
R i o i i S S S
| Type | Lengt h |
B I i st ST S I S S S S S S S S e S S S S ik o S N S S S
| Max energy consunption
el i I e i it T e e e e i i T o S e e S e T R R
wher e:

Type: TBD26, Excl ude Maxi num Node Real - Ti me Ener gy

Consunpti on
Length: 4 octets
Max energy consunption: 4 octet, Max energy consunption
Figure 21: 1S 1S FAEMNRE Sub- TLV

3.2.3. 1S 1S Exclude Maxi mnum Node Maxi num Unit Energy Consunpti on sub-
TLV

IS-1S Fl ex-Al gorithm Excl ude Maxi mum Node Maxi mum Unit Energy

Consunpti on sub-TLV (FAEMNMJE) is a sub-TLV of the IS-1S FAD sub-
TLV. It has the follow ng format.
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0 1 2 3
01234567890123456789012345678901
i S it it s SR SEIE SR SR R SR SR S S
| Type | Lengt h |
B S T i s T S S S R S i ik Tk I I N R S S S i e
| Max energy consunption |
B i s sl o S S S S N i e ik T SEIE TR e Sl R R i S S e e i e i
wher e:
Type: TBD27, Exclude Node Maxi num Unit Energy Consunption
Length: 4 octets
Max energy consunption: 4 octet, Max energy consunption
Figure 21: 1S-1S FAEMNMUE Sub- TLV

3.2.4. 1S 1S Exclude Maxi num Node Real -Time Unit Energy Consunption sub-
TLV

I S-1S Fl ex-Al gorithm Excl ude Maxi mum Node Real -Time Unit Energy
Consunption sub-TLV (FAEMNRUE) is a sub-TLV of the IS 1S FAD sub-
TLV. It has the follow ng format.

0 1 2 3
01234567890123456789012345678901
s T i T s sl T S i R S R T
| Type | Lengt h |
B T I i R i e i Sl e e g e S I T s s it sTE O T B S SR
| Max energy consunption
i i i T i I S i e s o o i i
wher e:

Type: TBD28, Excl ude Maxi num Node Real - Time Unit Energy

Consunpti on
Length: 4 octets
Max energy consunption: 4 octet, Max energy consunption
Figure 21: 1S 1S FAEMNRUE Sub- TLV

3.2.5. 1S 1S Exclude Maxi num Node Average Unit Energy Consunption sub-
TLV

IS-1S Fl ex-Al gorithm Excl ude Maxi mum Node Average Unit Energy

Consunpti on sub-TLV (FAEMNAUE) is a sub-TLV of the IS-1S FAD sub-
TLV. It has the follow ng fornmat.
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Li

0 1 2 3
01234567890123456789012345678901
B il s S S S S I S i
| Type | Lengt h |
i i i T i I S i e s o o i i
| Max energy consunption
R et e s i o e s i i
wher e:
Type: TBD29, Excl ude Maxi num Node Average Unit Energy
Consunpti on
Length: 4 octets
Max energy consunption: 4 octet, Max Node Average Unit Energy
Consunpti on
Figure 21: 1S-1S FAEMNAUE Sub- TLV

3.2.6. 1S 1S Exclude Maxi mrum I nterface Maxi num Unit Energy Consunption
sub- TLV

I S-1S Fl ex- Al gorithm Exclude Maxi mum | nterface Maxi num Unit Ener gy
Consunpti on sub-TLV (FAEM MJE) is a sub-TLV of the IS-1S FAD sub-
TLV. It has the follow ng format.

0 1 2 3
01234567890123456789012345678901
B T it o R ik sl I (I I S TR S
| Type | Lengt h |
i i i T i I S i e s o o i i
| Max energy consunption |
R et e s i o e s i i
wher e:
Type: TBD30, Exclude Maxi mum I nterface Maxi num Unit Energy
Consunpti on
Length: 4 octets
Max energy consunption: 4 octet, Max Interface Maxi mum Unit
Ener gy Consunpti on
Figure 21: 1S-1S FAEM MJE Sub- TLV

3.2.7. 1S 1S Exclude Maxi num Interface Real -Tinme Unit Energy Consunption
sub- TLV

IS-1S Flex-Al gorithm Excl ude Maxi mum Interface Real -Time Unit Energy

Consunpti on sub-TLV (FAEM MJE) is a sub-TLV of the IS-1S FAD sub-
TLV. It has the follow ng format.
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0 1 2 3
01234567890123456789012345678901
i S it it s SR SEIE SR SR R SR SR S S
| Type | Lengt h |
B S T i s T S S S R S i ik Tk I I N R S S S i e
| Max energy consunption |
B i s sl o S S S S N i e ik T SEIE TR e Sl R R i S S e e i e i
wher e:

Type: TBD31, Exclude Maxi mum Interface Real -Tine Unit Energy

Consunpti on
Length: 4 octets
Max energy consunption: 4 octet, Max energy consunption
Figure 21: 1S 1S FAEM MJE Sub- TLV

3.2.8. 1S 1S Exclude Maxi mum I nterface Average Unit Energy Consunption
sub- TLV

IS-1S Flex-Al gorithm Excl ude Maxi mum I nterface Average Unit Energy
Consunpti on sub-TLV (FAEMNME) is a sub-TLV of the IS-1S FAD sub-TLV.
It has the follow ng format.

0 1 2 3
01234567890123456789012345678901
il s ST I S S I S T T S
| Type | Length |
B T S i T s i i e e SEI S
| Max energy consunption |
T S S i S S S S ki i
wher e:
Type: TBD32, Exclude Maxi mum I nterface Average Unit Energy
Consunpti on
Length: 4 octets
Max energy consunption: 4 octet, Max Interface Average Unit
Ener gy Consunption
Figure 21: 1S-1S FAEM AUE Sub- TLV

3.3. OSPF
3.3.1. OSPF Exclude Maxi num Node Maxi mum Energy Consunption sub-TLV
The OSPF Fl ex- Al gorithm Excl ude Maxi mum Node Maxi mum Ener gy

Consunpti on sub-TLV (FAEMNME) is a sub-TLV of the OSPF FAD TLV. It
has the foll owing format.
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0 1 2 3

01234567890123456789012345678901
B i s T T i i o S o T Ji I
| Type | Length |
R e s T o T S R El ok i R e e S S e o o s
| Max energy consunption |
R e o T T e S S T ol S i T S s ik i I S I S S R S R

wher e:
Type: 2 octets, TBD33, Exclude Maxi mum Node Maxi mum Ener gy
Consunpti on
Length: 4 octets
Max energy consunption: 4 octet

Fi gure 22: OSPF FAEMNME Sub- TLV

3.3.2. OSPF Exclude Maxi num Node Real - Ti me Energy Consunption sub-TLV

The OSPF Fl ex- Al gorithm Excl ude Maxi mum Node Real - Ti me Ener gy
Consunpti on sub-TLV (FAEMNME) is a sub-TLV of the OSPF FAD TLV. It
has the foll owi ng fornmat.

0 1 2 3

01234567890123456789012345678901
B i s T T i i o S o T Ji I
| Type | Length |
R e s T o T S R El ok i R e e S S e o o s
| Max energy consunption |
R e o T T e S S T ol S i T S s ik i I S I S S R S R

wher e:
Type: 2 octets, TBD34, Exclude Maxi mum Node Real - Ti ne Ener gy
Consunpti on
Length: 4 octets
Max energy consunption: 4 octet

Fi gure 22: OSPF FAEMNRE Sub- TLV

3.3.3. OSPF Exclude Maxi num Node Maxi mum Unit Energy Consunption sub-TLV
The OSPF Fl ex- Al gorithm Excl ude Maxi mum Node Maxi mum Unit Ener gy

Consunpti on sub-TLV (FAEMNUE) is a sub-TLV of the OSPF FAD TLV. It
has the foll owi ng fornmat.
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0 1 2 3

01234567890123456789012345678901
B i s T T i i o S o T Ji I
| Type | Length |
R e s T o T S R El ok i R e e S S e o o s
| Max energy consunption |
R e o T T e S S T ol S i T S s ik i I S I S S R S R

wher e:
Type: 2 octets, TBD35, Exclude Maxi mum Node Maxi mum Uni t
Ener gy Consunption
Length: 4 octets
Max energy consunption: 4 octet

Fi gure 22: OSPF FAEMNUE Sub- TLV

3.3.4. OSPF Excl ude Maxi mum Node Real -Tine Unit Energy Consunption sub-
TLV

The OSPF Fl ex- Al gorithm Excl ude Maxi mum Node Real - Tine Unit Energy
Consunpti on sub-TLV (FAEMNRUE) is a sub-TLV of the OSPF FAD TLV. It
has the follow ng format.

0 1 2 3

01234567890123456789012345678901
B T S i T s i i e e SEI S
| Type | Length |
R i T I e T S S e S TR S T e i I S e S e e e e o o
| Max energy consunption |
i T s i o S i i S R I S I S S S M

wher e:
Type: 2 octets, TBD36, Exclude Maxi mum Node Real - Tine Unit
Ener gy Consunption Consunption
Length: 4 octets
Max energy consunption: 4 octet

Fi gure 22: OSPF FAEMNRUE Sub- TLV

3.3.5. OSPF Excl ude Maxi num Node Average Unit Energy Consunption sub-TLV
The OSPF Fl ex- Al gorithm Excl ude Node Average Unit Energy Consunption
sub-TLV (FAEMNME) is a sub-TLV of the OSPF FAD TLV. It has the

follow ng format.

Li & Lin, et al. Expi res Septenber 03, 2025 [ Page 20]



Internet-Draft Flexible Algorithnms for Energy Efficiency March 2025

0 1 2 3

01234567890123456789012345678901
B i s T T i i o S o T Ji I
| Type | Length |
R e s T o T S R El ok i R e e S S e o o s
| Max energy consunption |
R e o T T e S S T ol S i T S s ik i I S I S S R S R

wher e:
Type: 2 octets, TBD37, Exclude Maxi mum Node Average Unit
Ener gy Consunption
Length: 4 octets
Max energy consunption: 4 octet

Fi gure 22: OSPF FAEMNAUE Sub- TLV

3.3.6. OSPF Exclude Maxi mum I nterface Maxi mum Unit Energy Consunption
sub- TLV

The OSPF Fl ex- Al gorithm Excl ude Maxi mum I nterface Maxi mum Unit
Ener gy Consunption sub-TLV (FAEM ME) is a sub-TLV of the OSPF FAD
TLV. It has the follow ng fornmat.

0 1 2 3

01234567890123456789012345678901
B T S i T s i i e e SEI S
| Type | Length |
R i T I e T S S e S TR S T e i I S e S e e e e o o
| Max energy consunption |
i T s i o S i i S R I S I S S S M

wher e:
Type: 2 octets, TBD38, Exclude Maxi num | nterface Maxi mum Unit
Ener gy Consunption
Length: 4 octets
Max energy consunption: 4 octet

Fi gure 22: OSPF FAEM MUJE Sub- TLV
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3.3.7. OSPF Exclude Maxi mum Interface Real-Tine Unit Energy Consunption
sub- TLV

The OSPF Fl ex- Al gorithm Excl ude Maxi mum Interface Real -Tinme Unit
Ener gy Consunption sub-TLV (FAEMNME) is a sub-TLV of the OSPF FAD
TLV. It has the follow ng fornmat.

0 1 2 3

01234567890123456789012345678901
B T S i T s i i e e SEI S
| Type | Lengt h |
R i T I e T S S e S TR S T e i I S e S e e e e o o
| Max energy consunption |
i T s i o S i i S R I S I S S S M

wher e:
Type: 2 octets, TBD39, Exclude Maxi num I nterface Real -Ti ne
Unit Energy Consunption Consunption
Length: 4 octets
Max energy consunption: 4 octet

Fi gure 22: OSPF FAEM RUE Sub- TLV

3.3.8. OSPF Exclude Maxi mum I nterface Average Unit Energy Consunption
sub- TLV

The OSPF Fl ex- Al gorithm Excl ude Maxi mum I nterface Average Unit
Ener gy Consunption sub-TLV (FAEM AUE) is a sub-TLV of the OSPF FAD
TLV. It has the follow ng format.

0 1 2 3

01234567890123456789012345678901
i s T S i i T S A b e ok
| Type | Length |
i e e T i e e T e e T b i o I N S S
| Max energy consunption |
B i s T T i i o S o T Ji I

wher e:
Type: 2 octets, TBD40, Exclude Maxi mum I nterface Average Unit
Energy Consunption Consunption
Length: 4 octets
Max energy consunption: 4 octet

Fi gure 22: OSPF FAEM AUE Sub- TLV
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3.4. Calculation of Flex-Al gorithm paths

A new additional rules are added to the existing rules in the Fl ex-
Al gorithm cal cul ations specified in sec 13 of [RFC9350].

VWhen the metric-type advertised in the Flex-Algorithmis related to
ener gy consunption, energy consunption nmetrics are used for routing
cal cul ati ons.

5. If the Flex-Al gorithm Definition uses sonething other than the
IGP netric (Section 5), and such metric is not advertised for the
particular link in a topology for which the conputation is done,
such link MJST be pruned fromthe computation. A metric of value O
MJUST NOT be assuned in such a case.

When energy consunption-related constraints are specified in the
advertised Fl ex-Al go conditions, energy consunption nmetrics are used
for path sel ection.

6. Check if any exclude FAEMaM rule is part of the Flex-
Algorithmdefinition. |[|f such exclude rule exists and the |link has
Maxi mum ener gy consunption advertised, check if the |link energy
consunption satisfies the FAEMGMrule. |If the |link does not satisfy
the FAEMGM rul e, the |ink MJST be pruned fromthe Fl ex-Al gorithm
comput at i on.

4. Security Considerations
TBD.
5. |1 ANA Consi derati ons
5.1. IS-IS Link energy consunpti on Sub TLV

New ener gy consunption sub-TLVs is request froml|S-1S Sub-TLVs of
"Advertising Nei ghbor Information":

Type energy consunption
TBD1 I nterface Maxi mum Unit Energy Consunpti on.

TBD2 Interface Real -Time Unit Energy Consunption.

TBD3 Interface Average Unit Energy Consunpti on.
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5.2. OSPF Link energy consunption Sub TLV

New ener gy consunption sub-TLVs is request from OSPF Sub-TLVs of
"Advertising Nei ghbor Infornmation":

Type energy consunption this docunent
TBD4 Interface Maxi mum Unit Energy Consunpti on.

TBD5 Interface Real -Tinme Unit Energy Consunption.

TBD6 Interface Average Unit Energy Consunption.

5.3. 1S 1S Node energy consunption TLV

New TLV Types for energy consunption are request from"IS-1S Top-
Level TLV Codepoints" to advertise Node energy consunption.

o e e e o o e e e e e e e e oo o - +

| Val ue | Type |

S TRy e +

| Description | 1SI'S Node energy consunption |
T IR T +

| Reference | [This Docurent] |

o e e e o o e e e e e e e e oo o - +

Type:

TBD7 Node Maxi mum Ener gy Consunpti on.

TBD3 Node Real - Ti ne Energy Consunpti on.
TBD9 Node Maximum Unit Energy Consunpti on.
TBD10 Node Real -Tine Unit Energy Consunption.

TBD11 Node Average Unit Energy Consunption.

5.4. OSPF Node energy consunption TLV

New TLVs are request from"OSPF Router Information (RI) TLVs" to
adverti se Node energy consunpti on.
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o e e e oo o +

| Val ue | Type |

o e e e o o e e e e e e e e oo o - +

| Description | OSPF Node energy consunption |
o e e o s Fom e e e e a e e oo +

| Reference | [This Docurent] |

o e e e oo o +

Type

TBD12 Node Maxi mum Ener gy Consunpti on.

TBD13 Node Real - Ti me Energy Consunpti on.
TBD14 Node Maxi mum Unit Energy Consunption
TBD15 Node Real -Time Unit Energy Consunpti on.

TBD16 Node Average Unit Energy Consunption.

5.5. I GP Metric-Type
New netric-types are requested from"IGP Metric-Type Registry".
Type Description Reference
TBD17 Node Maxi mum Ener gy Consunpti on
TBD18 Node Real - Ti me Energy Consunption
TBD19 Node Maximum Unit Energy Consunption
TBD20 Node Real -Time Unit Energy Consunption

TBD21 Node Average Unit Energy Consunption

TBD22 Interface Maxi mum Unit Energy Consunption
TBD23 Interface Real -Tinme Unit Energy Consunption
TBD24 Interface Average Unit Energy Consunption
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5.6. 1S 1S Excl

New | S-1S su
Sub- Sub- TLVs

specify the
sel ecti on.
P,
| Val ue
Fmm e e e - - -
| Descripti
.
| Reference
P,
Type
TBD25
TBD26
TBD27
TBD28
TBD29
TBD30
TBD31
TBD32

Fl exi bl e Algorithnms for Energy Efficiency March 2025

ude Maxi mum ener gy consunption sub-TLV

b-TLV types is requested to be allocated fromthe "IS 1S
for Flexible Algorithm Definition Sub-TLV' Registry to
use of MAX energy consunption for path constraint

--------- o e e e e e e e e

| Type |
--------- T
on | Maxi mum energy consunpti on|
--------- e e e e e i+

| [This Docurent] |
--------- o e e e e e e e e

Max Node Maxi mum Ener gy Consunpti on.

Node Real - Ti ne Energy Consunpti on.

Node Maximum Unit Energy Consunpti on.

Node Real -Time Unit Energy Consunpti on.

Node Average Unit Energy Consunption.
Interface Maxi mum Unit Energy Consunpti on.
Interface Real -Tinme Unit Energy Consunption.

Interface Average Unit Energy Consunption.

5.7. OSPF Excl ude Maxi num energy consunption sub-TLV

Li

New OSPF sub

-TLV types are requested to be allocated fromthe "OSPF

Fl exi bl e Al gorithm Definition TLV Sub-TLVs" Registry to specify the

use of Max e

& Lin, et al

nergy consunption for path constraint selection.
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o e e e oo o m e e e e e e e oo - +
| Val ue | Type |
o e e e o S +
| Description | Maxi mum ener gy consunpti onj|
o e e o s o m e e e aa oo s +
| Reference | [This Docurent] |
o e e e oo o m e e e e e e e oo - +

Type

TBD33 Node Maxi mum Ener gy Consunpti on.

TBD34 Node Real - Ti me Energy Consunpti on.

TBD35 Node Maximum Unit Energy Consunpti on.

TBD36 Node Real -Tinme Unit Energy Consunption.
TBD37 Node Average Unit Energy Consunption.

TBD38 Interface Maxi mum Unit Energy Consunpti on.
TBD39 Interface Real -Tinme Unit Energy Consunption.

TBD40 Interface Average Unit Energy Consunpti on.
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