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w Data description and caveats

» Taxonomy of prefixes (definitions)
= Topology changes

= Prefix set changes




Data analysis: BGP peer and prefix selection

m Select only full-size tables from RouteViews peers

full: > 104K prefixes
filtered: 89-97K prefixes

Prefix selection: |
« globally routed prefixes (those common to all tables)
& semlglobal (found in the majorlty of backbone tables)




Data sources

UOregon ANTC RouteViews BGP tables

= Oct. 31, 1999 (14 tables)
~ Nov. 1, 2000 (18 tables)
i} Nmn 1, 2001 (26 tables)




Prefix taxonomy

Prefix types:
= standalone -- no subsets/supersets in the table

= root -- a least specific route, has subsets in the table
= more specific -- a subset of some other prefix




prefixes seen by given numberotpeers
Nov.01, 2001, 26 tables
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Bulk measures: Dec. 2001 BGP tables

Global prefixes (26 peers): 102394
Semiglobal (13 or more peers): 103828
Multiorigin prefixes (union of 26 tables): 1170

Smallest blocks (/24s): 57% of global
More specifics: 50% of global

ASes:
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Growth in pretixes, ASes, and degree
1999 2000 2001

Semiglobal

prefixes 64769 88714 (+37%)102394 (+15%)
ASes 6107 9116 (+50%) 12399 (+36%)
AS links/nodes

(avg in/outdegree) 1.97 2.00 2.07

= - i b
e R ey i E 3
2 5 5 e e
(RN 3 e S
=

xxxxxxxxx

xxxxxxx
xxxxxxxxxxxx
xxxxxxxxx




Since 1999, many AS paths changed either way
Change in the average AS path length is insignificant

AS path length distributions for 1999, 2000, 2001
Route View 1999-05-01, 2000-05-02, 2001-05-03. 6 common peers
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Peering richness: changes per AS, not on average

Five month change in outbound entropy of individual ASes
2000-11-28 vs. 2001-05-03. common 19 large peers (all pref; outbd links in all paths)
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AS refinement formula: P = 200 AA(2/3)

Prefix vs. AS growth: P = 200*A"2/3
Route Views 1998-2001. Prefixes present in > 1/2 of all full tables
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Super-refinement

Retinement formula worked for 3 years

= Current prediction: 107140 (formula overestimates)
= Prefix growth --st_o:p_p'ed_(l.a_st few months)
~ AS refinement faster than predicted by formula
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Prefix distribution: findings

= Changes in global routing not captured by bulk
measures such as number of prefixes in a table

= Net change is a sum total of commensurable
contributions of opposite sign, so...

~ Total variation is not the difference,
but m_}. {_:E:I: i{_:e sum Qf -;_%;Eu:‘ ma;"';.'-i"~f'5_juuﬂiﬁs




Prefix distribution

w /24 prelixes

the smallest globally routable address blocks
58% of the table, fraction stable since 1997

~ Q: Is proportion ot /24s in backbone tables growing?

......

A: No




Prefix distribution: refinement of prelfix trees

Prefix type breakdown

(semiglobal prefixes in 26 tables, Nov.01,2001)
standalone 44264 42.75%

root 5601 5.41%

more specitics 53686 51.84%

total prefixes 103551 100.00%
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Pretix set churn

Churn (emergence and disappearance of prefixes
in the table) was much higher than growth rate.
= highest for more specifics

“ lowest for standalone blocks
© net change in table size sometimes < 0
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Changes in prelix status from May->Aug 2001

¥ transitions are from columns to rows
from May to August 2001
equal number of prefixes moved from standalones to roots/m.s.'s
more prefixes changed from m.s. to standalone than v.v.
"Vacuum" counts prefixes which appeared or disappeared

| St. al Root M.sp Vac Sum  Out




Changes in prefix status from Aug->Nov 2001

¥ transitions are from columns to rows

from August to November 2001
Root prefixes coming mostly from standalone (607 vs. 433 new)
more prefixes changed from standalone to m.s. than v.v. (reversal

of May-Aug trend)
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Prefix set churn, cont.

May-Aug 2001 (33 (May) and 42 (Aug) RouteViews peers):
% standalone % ofroot % more spec.

Out 8.45 14.20 18.70
In 13.08 19.71 18.93
Net 4.63 5.51 0.23

No growth for more specifics in May-Aug 2001




Growth of non-transit ASes

= Transit and non-transit ASes contribute about equal
numbers of prefixes despite the fact that there are 5
times as many non-transit ASes as transit ASes.

~ Transit ASes announce over 1/2 prefixes (53%)




Growth of non-transit ASes, cont.

Q: Does the Internet grow mostly at the periphery?
A: Most likely, although BGP graph may not have
enough coverage at network edge to answer

~ may show transit ASes as nontransit
o may undercount mdegree (multl hommg)




Multihomed ASes

Definitions: AS with indegree > 1 in BGP AS graph is called multihomed
AS with outdegree > 0 in BGP AS graph is called transit

BGP gives only a lower bound on multi-homing,

although a consistent one
(26 vs. 39 tables differ by 0.3% in multi-homed ASes)

For Nov 01, 2001 RouteViews data, multihomed networks originated
'76% "o"f'a?ll pr&ﬁxes




‘Transit AS prefixes by type (Nov.01 2001, 26 tables)

Prefixes from transit multihomed ASes:
standalone 23801 49.28%

root 923 (. 71%
more specific 20777 43.02%
total 48301 100.00% -->46.64% of all prefixes

Prefmes fmm t}:ansn: smgleho med ASes




Non-transit AS pretixes by type

Prefixes from non-transit multihomed ASes:

standalone 10715 34.80%

root 999 3.24%

more specifics 19080 61.96%

total 30794 100.00% -->29.74% of all prefixes




New top pretixes

= New address space announcements and
deaggregation of existing prefixes were two major

sources of new root and standalone prefixes between
Nov 2000-May 2001.




Multihomed ASes and traftic engineering

Q: Are extra routes introduced for tratfic engineering?
A: Yes, but only a minority

= Multihomed ASes originating on one link
Nov.01, 2001, 26 tables; multiorigin prefixes are excluded
22.2% of all prefixes -
15.8% of all top prefixes
28.6% of all more specifics

xxxxxx




More specitics and traffic engineering

» tratfic engineering would imply the more specitic

announced on only one connection
= some more specifics are involved in traffic

engineering, but most of them aren't




Routing changes: Oct -Nov 2001

Semiglobal prefixes, 26 tull size backbone tables

104555 prefixes on Oct 01
103815 prefixes on Nov 30
Union: 137374




Flips (reannouncements after withdrawals)

number % of total % of Oct30
Long-lived: 93127 67.79% 89.07%
Apparently emerged: 32819 23.89% 31.39%
Apparently disapp.: 33559 24.43% 32.10%
Transients (came&went): 22131  16.11% 21.17%

Entries w.a tlip: 31007 22.57%
Long lwed entrles w.a fllp 20951 15 25%
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Flips (/24's tlip more frequently; /21-24's most transients)

Ptlen prefxs flp.ptf flips trans %all %llp.pfs %lilips %trans
1 1 0 0 1 000 0.00 0.00 0.00
2 1 0 0 1 000 0.00 0.00 0.00
8 28 8 264 11 002 0.03 0.45 0.05
9 5 0 0 0 000 0.00 0.00 0.00
10 9 0 0 1 001 0.00 0.00 0.00
11 12 1 2 0 001 0.00 0.00 0.00
12 39 8 12 1 003 0.03 0.02 0.00
13 95 13 21 0 007 0.04 0.04 0.00
14 236 27 43 5 0.17 0.09 0.07 0.02
15 410 55 8l 5 030 0.18 0.14 0.02
16 7387 1256 1966 115 538 4.05 SR 0.52
17 1452 203 302 62 1.06 0.65 0.51 0.28
18 2605 401 581 115 1.90 1.29 0.98 0.52
19 7450 1213 1792 203 542 391 3.02 0.92
20 6852 1737 3981 356 499 5.60 b.72 1.61
21 7176 1193 1866 2009 522 3.85 3.15 9.08
22 8803 1792 3367 1169 641 5.78 5.68 5.28
23 11636 2600 4503 2028 8.47 8.39 7.60 9.16
24 83177 20500 40480 16049 6055 66.11 6831 72.52

Total 137374 31007 59261 22131 100.00 100.00 100.00 100.00

The fraction of flips in /24 range is close to fair share



Flips in /24s per class (A,B,C)

Statistics of /24s

Class /24s flp.pts ftlips %/24s %ipg/24s %allip Piip|cl}
A 11266 1890 3336 13.54 9.22 8.25 16.78
B 6666 2034 4587 8.01 992 1133 30.51
C 65245 16576 32555 78.44 80.86 80.42 2541

Total 83177 20500 40480 100.00 100.00 100.00 24.65




Flips per lifetime of a prefix

#) AS Av#pf Flips Fp/Kupt Fp/Klft Pc.fp Acc.pc NewAnn TmpW/drw Reann FinW/hdr
1) 4323 421.72 1466 4,89 459 247 247 34 b2 51 16
2) 752 3.60 1444 564.72 33558 2Z.44 491 1 659 658 =
3) 701 219694 1379 0.88 082 233 7.24 101 351 350 a1
4) 702 956,48 224 1.36 1.32 1.56 8.80 68 373 346 45
5) 3908 652.29 921 1.99 1.79 1.5510.35 b3 105 109 43
6) 705 397.04 661 Z.34 218 1.12 11.47 b2 162 165 46
7) 1580 180,75 B13 4,77 436 1.03 12.50 5 147 144 7
8) 3475 28691 540 26,27 21,79 091 1341 %3 237 238 22
9) 4755 308.19 510 2.33 2.20 0.86 14.27 31 195 180 31
10) 8708 161.29 497 4.33 4.14 084 15.11 21 52 59 19
18) 8112 48.03 378 8.7/1 0.64 2058 7 i 7 4
_2?1 724 24460 278 1.56 047 25.14 12 76 81 11
ﬁ ) 69289 190 032 3021 55
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Several origin ASes over time

#) #or.AS # Prefixes
1y .1 130786
2) 4901
3) 1500
4) 96
5) 50
6) 16
7) 17
8) 5
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BGP table change contributors (summary)

= ASes with new and/or (temporarily) lost prefixes
sum total of all changes in prefix status

= 50% of (all) changes from 127 most "dynamic” ASes
= Sorted by total lost+found prefix occurrences
~ for Oct-Nov 2001 (61 days, 2 hour int, 711 tables)




BGP table change: top 10 contributors

2-hour intervals with changes
type ASN  Av#pf ap+ds a+d a+td %a+d cum new tmp reapp final
{Kupt FK1ft %a+d app disp disp

1 Bac 701 219694 6790 435 4.04 367 367 101 351 350 91
2Bac 3908 65229 5915 12.75 11.49 320 6.87 63 105 109 43
3AO0L 4323 421.72 3236 10.79 1014 1.75 8.62 34 B2 51 16
4Bac 1239 69289 3199 649 647 1.73 1035 55 94 90 33
5Res 752 3.60 2893 11314 672.32 1.56 11.92 1 659 658 2
6Bac 702 95648 25818:-3;:- 424 4317 1hB 13 43 68 373 346 45



BGP table change contributors: prefix flips
(reannouncements after withdrawals)

50% tlips trom 150 ASes (3% ot 5259 flipping ASes)

75% flips from 12.4% ASes
#events for AOL much larger than for other ASes

not just background noise
Cum
type ASN Av#pf Flips Fp/Kupt Fp/Klft %fps %ips newap tmpdisp re-app finaldisp
1 AOL 4323 421.72 1466 489 459 247 247 34 52 51 16
2 Res 752 3.60 1444 564.72 33558 2Z2.44 491 1 659 6538 2
3Bac 701 219694 1379 088 082 233 7.24 101 351 350 a1l
4 Bac 702 956,48 924 136 132 1.56 8.80 68 573 346 45
5 Bac 3908 652,29 9221 1.99 1.792 1.55 10.35 63 105 109 43
6 Bac 705 39704 661 234 2,18 1.12 11.47 b2 162 165 46
7 Mil 1580 180,75 613 4,77 436 1.03 12.50 5 147 144 7
8 Mil 3475 2891 540 26,27 21.79 091 1341 23 237 238 B
9 Dev 4755 308.19 510 233 220 0.86 14.27 31 195 180 31
10 Dev 8708 161.29 497 433 4.14 0384 15.11 21 52 59 19

Under best conditions, a prefix flips once in 3 months
Aside: global (all-peer) prefixes have twice as much flux as

semiglobal (flux estimates depend on the prefix set)



analysis of BGP updates

now we look at granularity of individual BGP updates
RouteViews started archiving October 2001

we analyze BGP updates over one month (Nov 2001)

15 min updates per file, 22 peers contribute

Contribution sizes span an order of magnitude

use 50K cutoff to avoid events like full-table transmission
leaves about 90% of all time intervals (2434 out of 2711)
and about 2/3 of all packets

Results:
Announcements more frequent than withdrawals
Many whole table transmissions, O(100K) prefixes
Weekly and diurnal variations clearly visible
Match tratfic pattern on the 'Net

Trafttic load translates into path fluctuations
Is it human intervention or automatic tools output?



BGP updates over one month
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Prefix announcements from Route View peers
November 2001, 15-min intervals
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BGP pretix announcements

ann/prefix related to counts of 15-min.int, esp. at the cusp

Prefix announcements
RouteView updates, whole month of Nov.2001
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BGP prefix announcements/withdrawals

“ Nov 2001 RouteViews
= 2711 files (no cutoff for #announcements per file)

total packets: 30M
packets with announcements 28.2M
packets with withdrawals 1,955,188
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Dependence between packets seen & bgp announcements

some AS paths update 100s of prefixes at once

Packets and announcements with a common AS path
Route Views BGP updates, full month of November 2001
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packing of prelixes into announcements

two regions: full tables (blue) and incremental updates (green)

Prefix announcements and packet counts
RouteView updates, whole month of Nov.2001
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announcements in 15 min interval (total 55.4M). 2711 intervals



BGP updates contributors

Q: Are small ASes major contributors of BGP updates?

A: The bulk of BGP announcements comes from ISPs
who announce many (tens to hundreds) prefixes:

~ backbone providers
- government networks




Top 10 announcers, Nov 2001

type ASN #Anns %ann cum% /15mi
1 ISP Can 852 777540 140 140 732
2DevEu 12302 578932 1.05 245 681
3 Mil 6595 564201 1.02 3.47 1622
4 Bac 577 508675 092 4.39 1085
5 Dev Asia 4755 471458 0.85 5.24 1985
6 Bac 702 436282 0.79 6.02 2421
7 Dev SAm 20043 412334 0.74 6.77 749
8 GovZA 2018 370335 0.67 7.44 337

9 Gov ;25?2 365096 ';D 66" B 10” 592
10Bac 6453 - 442



Conclusions

= Internet undergoes refinement process
“ Some bulk measures are stable

= Others change slowly

~ Opposite trends cancel each other

- More churn than bulk measures suggest
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