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Recap

® Motivation and Goal:
® To better support user-facing client interfaces to large

number of entries from

® Applicable to both config data and state data.
® Examples: traffic logs, interfaces, ACLS, etc.

® Server-side processing reduces

® Enables servers to leverage “indexes” maintained by their
backend storage system

® Originally presented in IETF 109
® 50+ number of msgs on RESTCONF Collection problem
® List Pagination design team was set up.



List Pagination Acronyms

® List Pagination (LP):

* A standard mechanisms to control the filtering, sorting, and
retrieval of entries of list or leaf-list.

* NETCONF List Pagination (LP-NC):
* NETCONF Extensions to Support List Pagination

* RESTCONF List Pagination (LP-RC):
* RESTCONF Extensions to Support List Pagination



Since IETF 109

® List Pagination (v00)

® Factored out from the "list-pagination-nc" and the "list-pagination-rc
drafts.

® Renamed "count" and "skip" parameters into "limit" and "offset".

® General definitions

®* Five query parameters for list pagination.

®* One query parameter for descendant list pagination.

®* Per schema-node tags on server ‘list pagination’ capability
constraints.

®* Appendix contains example YANG module, data set, and queries.
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Since IETF 109

® List Pagination for NETCONF

* Change from new RPC "get-pageable-list" to augmenting three
NETCONF "rpc" statements: get, get-config, and get-data.

* Use grouping factored out from ietf-list-pagination in ietf-list-
pagination-nc.

* Provide example of list pagination with all query parameters in LP
NC draft.

® List Pagination for RESTCONF

* Align query parameters for RC with 6 query parameters for list
pagination draft.

* Declaring "list" and "leaf-list" as valid resource targets for the
GET operation and optionally for the DELETE operation if
needed.

* Remove YANG module for LP RC.
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List or Leaf-list Pagination

* Query Parameters:

Query Parameters Target Data object Description
List or leaf-list Filter expression for result set entries to match
List or leaf-list Node to sort result set entries

List or leaf-list The direction of result set entries to be returned

List or leaf-list The number of entries to be skiped in the result set
List or leaf-list The number of entries returned

Descendant List or leaf-list | The number of entries returned
For descendant list or leaf-list, the target can be any node or a
datastore

* Server Processing order :

Where > Sort-by > Direction > Offset> Limit.

* MetaData attribute - remaining:

- Used together with limit or sublimit.

- Return the number of entries not included due to the limit operation.
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List or Leaf-list Pagination Example

RESPOMNSE

LJESEE(j ir] g "ETEWHlE—EﬂU;ElZTEHUEF"Z [

i
ot

the Request/Response message pair to ), ietr-ltet-pagination:remaining

memoer — 1.0

guide how list or leaf-list should be returned

avatar”

taglina” : Go tc i ;o owake up with a purpose.

Ffollowing [

posts™ @ 4

"post": [
1

REQUEST timestamp™ : "20820-09-17T18:82:042",

title”: Son, brother, husband, father"”
body™ - "What's your story?

. |
Datastore: <oper nals }.
A 3 i ‘me = i favorites": |
Target:. /example-s 11 :members/member e e [~ two" ]
Sublist-limit: @bitss |
Pagination Parai s . {
i p— T ) ietf-list-pagination:remaining
;!
M s _— - X
d% ection. ) [ stats™: {
Offset: g "joined™: "2828-89-17T19:38:32
"membership-lewvel” : pro
"last-activity™: "2828-89-17T18:82 042"

Where.

Sort-by. mer : )
r

member-id™ : "bob",
email-address" : "bob@example.com
password”™: "S5851543

avatar": BASEGAVALUE=",

A.3.7 of draft-wwlh-netconf-list-pagination R

posts™ : {
post": |
1
(i R
"detf-list-pagination:remaining”
¥.
timestamp™: "2828-88-14T83 :32 257"
body™ : "Just got in.

]

Favorites" : |
"decimaléd-numbers
"Idecimaléd-numbers

1

+

) jetf-list-pagination:remaining
|
stats™: {
"jJoined™ : "28280-88-14TA3 :30 867
"membership-lewvel” : standard
"last-activity™: "2828-88-14Ta3 :34 362"
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Descendant List or Leaf-list pagination

Examplel: Target node: '/example-social:members/
Example2: Target node: <intended> datastore

member=alice' in the <intended> datastore.

REQUEST

Datastore: <intended=
Target: Jexample-social:members/member=alice
Sublist-l1imit: 1

Paginmnation FParameters:

Sort .
Direction:
O fFset:
Limit:

RESFPOMNMSE

1

"example-social :member” : [
1
member-id™ : "alice",
gmail-address"” @ "alicefexample .com”
password™ : "585%51543"7
avatar" BASEa4VALUE=",
tagline" : Every day is a
privacy-—-=settings":
"hide-network™ : "false™,
public"”

mnew day "

"post—-wvisibilitwy" :
}.
Ffollowing™: ["bob™],
TTFollowing™ -
1
jetf-list-pagination: remaining” :
3
1

posts

1
ot o
"deL
¥
timestamp
title": Myw First post’
body™ : "Hiwa all!"

f-list-pagination:remaining”

]

Favorites" : {
"uint8-numbers™ : [17].
"int&-numbers”: [-58],
"uint8-numbers" :

3

ietf-list-pagination: remaining

"iZJ_nLIj—"_nlhr-_-rE

jetf-list-pagination:remaining

"2020-87-88T13:12:452"

REQUEST

Datastore: =intended=
Target: f
Sublist-l1imit: 1
Fagination Farameters:

Sort :
Direction:
Offset:
Limit:

RESPOMSE

{

"example-social imembers"
member

{

AL . 1

LEiF—lLSL—:agLHELLUn:'ETa;"lng":

"member-id" : bob" ,
"emall-address "bob@Texample .com",
"password™ : "30531543",
"avatar”: "BASE&4AVALUE=",
"tagline "Here and now, like never
"posts" i 1

post”:

i

-
ietf-list-pagination:remali

1
F
"timestamp” : 2828-88-14Ta3:32 : 257
"bodw" : Just got in."

}

]

"rsﬁur;Leu": 4
decimal&d-—numbers
fdecimalfd-numbers" @ [

{

}

"Jetf-list-pagination:remaining”

]

A.3.6.2 of draft-wwlh-netconf-list-pagination
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Server List Pagination Capabillity Discovery

* Constraints parameters Defintion:
o) - indicate which module: ietf-list-pagination
"config false" list and/or augment /sysc = tem-capabilities/sysc:datastore-capabilities
"leaf-list" nodes are sc:per-node-capab {lities:

| oo comn
constrained. — u-.:Je.:.._h

0 . and, if so, which
nodes may be used in "where*
and "sort-by" expressions.

-system-capabilities
ns="urn:ietf :params:xml:ns:yang: 1--Ir ystem-capabilities
: datastores
¢/ fexample. 116 rial
lHL[ p:rﬂnl:inl:HS:yang:;ELF-l;ﬂL-paglna:;ﬂn =

* Constraints parameters Extensibility:
o There may be other constraints
that need to be added in this
module, e.g., not supporting
100% of the XPath 1.0 syntax or o selector>/es:audit-logs/es:audit-log/es:tinestanps
derived-from()and derived-from- | |
or-self() not supported.

nal</datastore=

/estaudit-log=/node-selectors=

<node-selector=/es:audit-logs/es audit-log/es :member-1id<
selector=

lpq indexed/:

. |.:||' lities:

cnﬂde—ae ector>/es:audit-logs/es:audit-log/es outcome</node-se\
lecto

qu index FJ

Section 4.2.1 of draft-wwlh-netconf-list-pagination
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LP NC Protocol Extension

Augment 3 NETCONF RPC statement <get>,<getconfig>,<get-data>.
Aligned with LP draft for query parameters.

module:

augment

B —T T

L]

uniorn

union

enumeration

uint32

uniorn

union
rinput:

union
union
enumeration
uint32
union
ist—1imit? union
augment /ncds:get—data/ncds:input:
W 1S ragination
: union
union
enumeration
uint32
union
sublist—1imit®? union
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LP NC Protocol Extension

Response from the NETCONF server:

line wrapping per RFC 8792

<lp:xml-list xmlns:lp="urn:ietf:params:xml:ns:yang:ietf-restconf-1isy
t-pagination

xmlns="http://example.com/ns/example-social"=

<member lp:remaining="1"=

List Pagination NC with all parameters <member-id>eric</member-id>

<gmail-address=eric@example . com=/email-address=
1 I <password=5851543</password=
In the Request/Response message pair. <passwordsiliy1 543 /passwards
<tagline=Go to bed with dreams; wake up with a purpose.=</tagline=
<following=alice</following=
<posts=
<post=
<timestamp=>2B828-89-17T18:82 :84Z</timestamp=>
<title=Son, brother, husband, father=</title=
<rpc xmlns="urn:ietf:params:xml:ns:netconf: :1.8" message-id="42"> C;EEEQE’“hat T
<get-config= </posts>
<source= <favoritess
<running/= <bits lp:remaining="2">two</bits=>
</source> :;Ej;g:lteE”
<filter type="xpath® select="/es:members/es:member" <joined>2828-89-17T19:38:32Z</joined>
xmlns:es="http://example.com/ns/example-social" /> <membership-level>pro</membership-level=
<list-pagination <last-activity=2828-B9-17T18:B2 :B4Z</last-activity=>
xmlns="urn:ietf:params:xml:ns:yang:ietf-netconf-list-paginat? _J;;ﬁgﬂﬁ?“
LibL 3tr“9‘511%F paglnation= . I <member 1p:remaining="1">
<where=//stats//joined|starts-with{@timestamp, '2628" ) |</where> <member-id>bob</member-id>
<sort-by>timestamp=</sort-by= <email-address=bob&example com</email-addresss=
<direction>backwards</direction=> PRI 1 s L
coffset>7</offsats <avatar=BASEG4VALUE=</avatars=
L TEerem e <tagline=Here and now, like never be
<limit=2</limit>= <posts>
<sublist-limit>1</sublist-limit= <post lp:remaining="2"=
</filters= ctimestamp=20268-B8-14T83 :32:257</timestamp=
</get-config> E,EEEfEEJUSt S
</rpc> </posts>
<favoritess
<decimaléd-numbers lp:remaining="1">3.14159</bits>
</favorites=
<stats>
<joined>2B87B-B8-14TH3 :38:887</joined=
<membership-level=>standard</membership-level=
<last-activity=2B2B-88-14TB3:34:38Z</last-activity=>
</stats=
</member=
</lp:xml-list=

ore.</tagline=

D.1 of draft-wwlh-netconf-list-pagination-nc
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Update RESTCONF to Support List Pagination

3 Protocol Extensions:

1. Add list and leaf-list as valid resource target for the GET and DELETE operations.
2. Add new media type "application/yang-data+xml-list*.

3. Add 6 new query parameters "limit", "offset", "direction", "sort", "where", and "sublist-limit".

Limits the number of entries urned .

I+ not ifiec the numb entries

direction that the result

I+ not

Response from the RESTCONF server:

HTTP/1.1 2C
Date: Thu, Jan 2017 20:56:30 GMT

Server:. example—server

C.2 of draft-wwlh-netconf-list-pagination-rc

then no entrie

the result

sublist-

limit returned for
leaf-11i
number of entrie

is unbounded.
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Open Issue 1: Cursors support

® For server w/ cursor support:

® Enable the paging to continue over the snapshot, despite the dataset changing.
® The client assumes the list doesn’'t change??

® For server w/o cursor or snapshot support:
® Might return larger remaining value than previous fetch during refetching page in a time

series log (where logs are appended).

® For config, many systems have an internal reader/writer mutex, so a
cursor would never be needed

® Etags/Timestamps can be used to detect dynamic list change.

® The error message is used to indicate the end of the list.

® Question: Do we have a compelling use case for this?
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Open Issue 2: Zero vs Unknown

®* The ‘remaining 'annotation is used to return the
number of elements not included in a result set oo union |
after a 'limit' or 'sublist-limit' operation. type uint32;

type enumeration {

md: annotation remaining {

enum "unknown™ {

® The current draft states that; description

"Indicates that number of remaining entries is unknown

to the server in case, e.g., the server has determined
“If no elements were removed, this | TDeT counting would be profibitively expensive-
annotation MUST NOT appear. .
The minimum value (0), which b
never occurs in normal operation, is
reserved to represent ‘'unknown'. ” in the result set (a positive value) due to a 'limit’ or

"sublist-1imit' operation. If no elements were removed,

this annotation MUST NOT appear. The minimum value (@),

L But one best praCthe proposed by one Of which never occurs in normal operation, is reserved to

. . represent 'unknown’.
design team members is: .

reserved to represent any value greater than or equal

to 2"32-1 elements.”;

® No more entries ---> Return zero
® Unknown ---> Not return the "remaining"
annotation at all

® Comments and suggestions?
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Next Step

®* Two-partial implementations are underway
® One from Kent;

® The other from Olof.

® Questions, comments?
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Thank You
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