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Appl. Servers én Top of UDP 33

e appl. server aps is jdep\mjed in_ well-known

host sh on top aof guell_known Mow.numbered
upe pork 1

o2ps is always running in sh

: .'lni'c.'a.au.g_ aps a\locaﬂ-es .,UDP_‘:..QH:{ 2and any
UDP socket ss and binds ss to i and adds

_enkry Cport =i, sockek = s5) to UDP socket
table in_sh |

o when sh rcvs a UDP segment whose src
is (chy, i) and whose dst is (sh,id, sh
checks 3ts sockebt table and adds revd
Segment to ?n-bFF of ss

o \laker, aps rcvs thﬁ rcvd  seqment, Prepares.
a reply whose src is (sh,i) and whose
dst _is (ch,}), and sends the reply
25 2 UDP seqment Yo (ch,}d>



— BAppl. Clienks on Top of UDP 39
— o appl- client _apc is deployed in any clienb

~host _ch on top of any high.numbered
— e 2pc runs, only when needed, in any ch
e when _apc runs, it allocates any UDP port i
—and _any UDP socket cs, binds ¢s to j, and
—adds _enkry (port=}, sockeb=¢CS) to UDP
socket table iw ¢ch

o how 2apc can Send 4 UDP segment to the
—appl._server aps by wmaking the sre of +his
segmenk - - and ks dst (sh,>

o later, upc rcvs a reply Lo its sent segment
Evom  the nbfF of socket cs and removes
~the enkry (port=i, sockekz ss) from the
_ Socket table of Ch e P e



Ubp Ség.m.ents - 40

o €2ach UDP seqment has Ffive Fields:
_ §_\’_‘£ ubp P;ort_nu...mb.er y

upbp | dst  UDP porkt number .

ubp

!
header | length of segment
checksum of segment segment

appl. msg

s . = b I , e e I e
olength oF UDP ,SegMEnb, is _vumber of BS’(‘_ES..

~in__seqment (UDPheader o appl. msq)
i

o Checksum of \UDP Segment is used to.
deteck (most) end.to.end Corruptions in
the segment |



Ok_:jt?.c‘:'wes of UDP 4)

e 2ddressing of applications running on top
of UDP : :

_*Gowphmms_iﬂ_umLseg ments

e best effort” data transfer




~ Objectives of TCP. 42

— e addressing %“QF__.aPp_ILca\'.icmj__\:unnjng_p_n_ -

{:grn of TCP

e end.to_end detection of (most)

corruptions in TCP segments

——@ Connection wmanagement (i.e. establishment,

— _temoval and vese

D

@ Control of seqi’s |

__Sﬁ_gmf_n_tj

|
and __ack’s in TCP

|
l

g reliable data tr av? sfer

__A_ELo_w_Co_n_\:_tQL

e Congeskion conkrol




TCP Connection Establishment &3
_eServer sh:

__2add enktry (src- any 5 dst (sh,1),88) to TCH

~socket table of sh. (ss is the welcome socket)
_eclienkt chi:

_2dd_entry (src=(shyid, dsks (chl, §a), cs1) b
TCP sockebt table of chd. Send SYN segq

—(5vc = (chi, 34y, dsk (sh,iY)
oserver sh:

rev SYN seq 2and aidd it to in-bff of socket
Ss_in _sh. Add entry ——

(sre = (chi, >, d_s;l-: = (sh,), ss1) —
ko TCP socket table of sh.Send SYN.ACK seg

(src = (sh,i), dsk(ch1, j1))
sclient chi: !_

rev SYN-ACK seg and add it ko in.bFF of
Socket cs4d in chil. Send ACK seg

_(Src = (chi, j1) o ‘#St = (sh,i))
o - Server sh: |

rev ACIK seq a.ndjadd...ibto._ in_bEf of socket
ssd in sh. Send DATA seq

Lsrez (shy D, dsk zcchi, §15)
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o client and .Servév waik 30 seconds.

of wno ackivity before they release
Portji..and sockebs €CS1 2and ssi _
_and u.Pdate their TCP socket tables



o S
Connection Reset 45

oif server sh rcvs 2 TCP segq

_ (src=(chd, j1) , dsk =z ¢sh,1)) and doesnat
find an enty Y )

— Csve o (ohd, f45 o dsb s Cehd), 981)
in_ _the TCP socket table of sh

ﬁ“_._\:hﬁn_i\r'n_sgnwdi_b%uk‘_a._RSI_j,eg
— (Csre = (sh,id , debio (chd, $4W)




Sequ’s 46

_ofor simplicity, consider TCP conneckion
between tuwo s‘.desg called src and dst.
Side sve sends Dé.ta seg’s to dst and

side dst  sends Ack seg’s to src

o €ach Data seq has, Sag 100, data bytes, and
the data bytes in the Data seq’s constitute
a byte stream. Cavtjse,cu.\‘-'we, BEQ bytes in this
_skream have consecutive seq4s’s. The Ffiesk

Seqip_in the stream, say 5, is selecred at
random bg sy¢c |

|
o €3ch Data seq ha_si seqt, which s the
seq#t of the First data byte in the seq.
Thus, the Ffirst two Data seq’s sent From
sv¢ to dst ave: _

dsk ¢ (Data,5) , (Dala,105), ..., S¢C



Ackws 43

_— f,o_ﬂC.L.__AG_\!&_Sﬂg._, sent from dst to src has an

_ack # which is ,,tbg.L_seq#-__qE_ _the next

___data byte that dst _expects to rcv From
|

sre S ﬁjL, e T e A

. ,sxaﬁmp\j_;“ - : S—

dst src
- __-1--’Data,5 l___i_:
 {Akges
™ N
 Ads

AS_Eq;#fgL_x{-_\u_ELmh_éD_ai@_ seq is &5 .
 Ack g of the Firskt Ack seq is 105




_ Examples of Reliable Data TransFer 48

- Loss

e Exampled: ‘E‘r§t [ AL N

S . Data,S/ ["__'___ -
| / e~ No Ack
- 0 Timeout
7 +—- Data,5 - -
- Lefak,es — 7

oExample2:

) D Data,s e -
B B Loss, W N
i Ack,ms/

) - | o L— No Ack
. - - meoukt

_ Repeat  f«qDatas
Seg | B

‘—-’ ACk) 1085 -

T ——— N -—

| o o




| Sliding W(ngdow_ProtoC_O\ | | 1—!—9

e Xy, ... Seqdt’s of data bytes in stream

e N2 : Seqir of next data bgte to be acked bg dst
NS 2 1ot te %n 0. 4 Sent blj Src
Wz max number of data bytes that have been

sent by src 2nd not yet ackd bydst
|
e Nd: seqr of next da'éa byte to be read by applic.

NY s 4o rr  te  te| te 44 12 rchbs dst
|

na,  ns
14.._. (w—-——-l

ast L [xe] ] ] -] - Z.._
i + *

N | np

“__S 13e oF eV MS b“:—-\

e Next, wediscuss how Src keeps track of w
I
]



S FlOw Contro\ . -

o Si de dsl: has circular bff to store revd
_data bytes from src until these bytes
. are rcvd by rt\ne,_aippli__catio‘n_:_ S

e Side dsl‘: keeps track o? the recv wmc\ow wr

_as follows: | e
— B (bFF s-g&l_ (nr..nd) BStesM, —
_Si cle o\sl-. mcludes the latest wr in every Ack
_seq that dsk send,s_;to,,__“,s.m___ e —

~ e when side Src revs an Ack seq with wr from
_side dst, then src computes w as follows:
— w o= omax(wr,1) Bytes 00000

e when wr=0 Jn,,d_si: t\nen w=1_in svc and
~_side src can cContinue to send segments
o with 4 .B“.g\'..eu,.oﬁ,,dai‘.a.,,,,,e ach.



Congestian Conkrol Bl
o side src keeps track of window size w
a5 follows: |
w = min (max (wr,1) , wc) Bytes
where wc 1s congestion window computed
by src through alternating phases of
slow starkt and cfnqeshon avoidance
o Slow skark . _ &
Inibially, we:= 4 MSS w\nere MSS is max
seg size 1500 Bytes
2.As long as no senk seg is losl: then
G o Do Wi EVQYS RTT seconds
3. When a sent seg is lost, then wc:= 1 MSs,
and Skep 2 s \r_e,peat_e_d until value of we
1s half of its v;alue _when seg loss is
deteckted, and proceed ko Skep 4 in
,c_omaesb'xon avw.clance Phase

® Congest\on AVotaance

+.0s long 25 no senk seg is lost, then
we iz we 4 MSS Bytes every RTT sec.

2. When 2 sent seg is lost | then
Proceed ko SEEP 3 in s|ow start
phase



TCP sgim_ents B YA

each TCP segment seg has Following fields:

o src 1CP ?or\:. (in_host that sent seq)
dst TCP ,Por\:;, Cin host that vevd seg)

o Seq i+ of seq
ack gt of segq

o flags: SYN, ACK, FIN, RST
o rev window wr of host that sent seg

+ TCP check sum

. data bytes |

—~—optional



