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Appendix A

Congestion Avoidance and Selective
Retransmission Policiesfor TCP

Our TCPSACK-NewRenoimplementatiorobeys standaradcongestioravoidancepolicies
andrulesfor selectve acknaviedgment{SACKSs) asspecifiedn [129] and[83], with thefollowing
extensions. Thefollowing extensionsapply whetheror not SACK is enabledor a given connec-
tion:?

1. Initialize anew statevariable,snd_recover, to thevalueof snd_una uponconnectiorstart.

2. Uponreceving threeduplicateacknaviedgmentsjf the sequenceaumberacknavledgedis
greaterthanor equalto snd_recover, thensetsnd recover equalto snd_max, andperformfast
retransmitaccordingo [129].

3. If, while in fastrecosery phase a segmentacknavledgingnewn datais receved andthe se-
guencenumberacknavledgedis greaterthanor equalto snd_recover, thenexit fastrecovery
by settingsnd_cwnd to eithersnd_ssthresh or the amountof outstandingdatain the network
plusoneseggment,whichereris smaller

4. While in fastrecosery phasejf a segmentacknavledgingnew datais receved, andthe se-
quencemumberacknavledgeds lessthansnd_recover, if SACK is notenabledor theconnec-
tion thenretransmitthe next unacknavledgedsegment. Additionally, whetheror not SACK
is enabledpartially deflatethe (inflated)snd_cwnd by theamountof new dataacknavledged,
addbackoneseggmentto snd_cwnd, andcall tcp_output().

In addition,if SACK is enabledor a givenconnectionthefollowing rulesapplyto retransmissions
andnew datatransmissionsluringtherecovery phase:

5. A givensggmentis consideredeligible” for retransmissioif it hasnotalreadybeenretrans-
mitted andif eitherthreeduplicateacknavledgmentshave arrived for the segmentjust prior
to it or the SACK informationimpliesthattherecever is holdinga segmentthatwassentat
leastthreesegmentsbeyondthegivensegment.

' This descriptionassumes TCPimplementatiorsimilarin structureto Berkeley-derived TCPimplementations.
2Thesefirst four guidelinesare for the TCP NewReno portion of the implementationand have beenacceptedas
(experimentalRFC 2582within the IETF [42].
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6. While in fastrecorery, uponreceptiorof eachACK thatdoesnotendthefastrecovery phase,
the TCP sendeffirst checkswhetherthereareary eligible retransmissiont be sent. If so,
onesuchretransmissiors sent.If not,the TCP sendeinflatessnd_cwnd by onesegmentand
attempgo sendoneor morenew segmentsf permittedoy thewindow.

7. Whensnd_max is greatethansnd_nxt (e.g.,following a TCPtimeout),ary SACK information
receved subsequenb thetimeoutis usedto avoid retransmittingdatafor which therecever
is sendinga SACK.



