KKM

» f(x)-traverzovanie
> tokeny traverzujii/oznacuji (zemia
> levely: ked sa stretni dva, vznikne novy

» nahananie



KKM

var lev, : integer init —1;
caty, wait, : P init udef;
last, : Neigh,, init udef;

begin if p is initiator then
begin lev, := lev, + 1 ; last, := trav(p, levy) ;
catp :=p ; send (annex, p, levy, ) to last,
end ;
while ... (* Termination condition, see text *) do
begin receive token (g, ) ;
if token is annexing then t := A else t :=C';
if { > lev, then (* Case I *)
begin lev, :=1; caty :=q;
watty := udef ; last, := trav(q, 1) ;
send (annex,q,!) to last,

end
else if | = lev, and wait,, # udef then (* Case I *)
begin wait, := udef ; levy, := levy, +1;
lasty, := trav(p, levy) ; catp :==p;
send (annex, p, levy,) to last,

end
else if | = lev, and last, = udef then (* Case III *)
wait, = q

else if | = lev, and t = A and ¢ = cat,, then (* Case IV *)
begin last,, := trav(g, 1) ;
if last, = decide
then p announces itself leader
else send (annex,q,!) to last,
end
else if I = lev, and ((t = A and
q > catp) or t = C) then (* Case V ¥)
begin send (chase, q,!) to last, ; last, := udef end
else if | = lev, then (* Case VI *)
wait. == a



KKM
pocet sprav
» nahdanacie: 1 na vrchol a level, spolu n za level

» objavovacie: ), f(n;)

> ak f je konvexnd, t.j. f(a) + f(b) < f(a+ b), tak je O(log n(n+ f(n)))
sprav



Kp: vplyv orientacie

zmysel pre orientaciu

Porty st ¢islované podla vzdialenosti vo fixnej Hamiltonove] kruZnici.

> algoritmus: zajat fixny pattern {i[1..k], i[2k], i[3k], ..., i[n — K]}
> prva faza i[1..k]

» level, ID

» Jlevel je pocet zajatych

» pripdja sa celé 1zemie
> druhd faza i[2k],i[3K],...,i[n — K]

» nastav owner vrcholom i[1..k], ack

> posli elect do i[2k], i[3k],...,i[n — K]

> elect: ak je v prvej faze, alebo je slabsi = accept



Kp: vplyv orientacie

pocet sprav
> prva faza: O(n): odpoved zajatému 1x, dizjunknost (zemi
» druha féza: max O(n/k) kandiddtov, kazdy posle n/k sprav =
O(n?/k?) sprav

cas
> po zobudeni (najsilnejsieho) O(k), v najhorsom O(n)
> pridat wakeup fazu (poslat od i[1],i[k]) = O(k + n/k)

» k:\/ﬁ



vplyv synchrénnosti
algoritmy zalozené na porovnaniach

» ekvivalentné okolia

> c-symetricky retazec: pre kazdé \/n < | < n a pre kazdy segment S je

cn

{7J ekvivalentnych

> bit-reversal je 1/2-symetricky
» c-symetricky retazec, alg. nemédze skoncCit po k kolach pre {ﬁJ >2
cn—2

> polet sprav: k = | <2=2|, je aspoii k + 1 kol

> aspon {%J aktivnych v r-tom kole posle spravu



vplyv synchrénnosti

» rozne rychlosti

» v j-tom kroku test



cvicenie

V toruse rozmerov n X n (t.j. zacyklenej mriezke) st na zaciatku zobudené
dva vrcholy. Napiste algoritmus, pomocou ktorého sa kazdy z nich dozvie
identifikdtor druhého s pouZitim O(n) sprév.

Ako sa Gloha zmeni, ak je komunikaéna siet hyperkocka?

Najdite asymptoticky optimalny (¢o do poétu sprav) algoritmus na volbu
$éfa v Gplnom bipartitnom grafe Kj, ,. Dokazte jeho zloZitost a optimalitu.

Najdite algoritmus na volbu $éfa v k-chorddlnom kruhu s pouzitim
O(n+ 7 log 7) sprav.

*

broadcasting a volba $éfa na (ne?)orientovanej hyperkocke s linedrnym
poctom sprav



routovanie

ciel: doruéovat srdvy medzi [ubovolnou dvojicou

modely ciele
> destination based > statické vahy (najkratsie cesty)
> splittable » dynamické vahy (hot potato)
> connections (wormhole) > deadlock
> buffering

v

selfish



najkratsie cesty

begin (* Initialize S to @ and D to @-distance *)
S:=02:
forall u, v do
if u = v then Dlu. v] :=0
else if uv € E then Du, v} := wy,
else Du, v] := oo :
(* Expand S by pivoting *)
while S # V do
(* Loop invariant: Yu, v : D[u, v] = d°(u, v) *)
begin pick w from V'\ S :
(* Execute a global w-pivot *)
forall v € V do
(* Execute a local w-pivot at u *)
forall v € V do
D[u, v] := min ( Du, v], Dfu, w] + D[w, v]) ;
S:=Su{w}
end (*Vu,v:Dlu, v]=d(u, v)*)
end



najkratsie cesty

var S, : set of nodes ;
D, : array of weights ;
Nb,, : array of nodes :
begin S, ;=@ :
forall v € V do
if v=u

then begin D, [v] := 0 : Nb,[v] := udef end
else if v € Neigh,
then begin D, [v] := w,. : Nb,[v] := v end
else begin D, [v] := oc ; Nb,[v] := udef end :
while S, # V do
begin pick w from V' \ S, :
(* All nodes must pick the same node w here *)
if u=uw
then “broadcast the table D,,"
else “receive the table D,
forall v € V do
if D,[w] + D,,[v] < D,[v] then
begin D, [v] := D, [w] + D[] :
Nby[v] := Nb,[w]
end :
Sy =8, U {w}
end
end



najkratsSie cesty

var S, : set of nodes ;
D, : array of weights ;
Nb,, : array of nodes ;

begin S, =0 ;
forall v € V do
ifv=u
then begin D, [v] := 0 ; Nb,[v] := udef end
else if v € Neigh,
then begin D, [v] := wy, ; Nb,[v] := v end
else begin D, [v] := o0 : Nb,[v] := udef end :
while S, # V do
begin pick w from V' \ S, ;
(* Construct the tree T, *)
forall € Neigh, do
if Nb,[w] = z then send (ys,w) to z
else send (nys,w) to z ;
num.rec, := 0 ; (* u must receive | Neigh, | messages *)
while num_rec, < |Neigh,| do
begin receive (ys,w) or (nys,w) message :
num.rec, = num-rec, + 1
end ;
if D,[w] < oo then (* participate in pivot round *)
begin if u # w
then receive (dtab,w, D) fromthis Nb,[w] :
forall = € Neigh, do
if (yys,w) was received from z
then send (dtab.w,D) to z ;
forall v € V do (* local w-pivot *)
if D, [w] + D[v] < Dy[v] then
begin D, [v] := D, [w] + D[v] ;
Nby,[v] := Nb,, [w]

end
end ;
Su =S, U {w}
en
end



Netchange

var Neigh, : set of nodes : (* The neighbors of u *)
D, : (* Dy [v] estimates d(u, v) *)
Nb, : (* Nby[v] is preferred neighbor for v *)
ndis, carray of 0. N'; (¥ ndis, [w, v] estimates d(w, v) *)
Initialization:

begin forall w € Neigh,. v € V do ndis,[w, v] :== N :
forall v € V do

begin D,[v] := N ; Nb,[v] := udef end ;
Dy [u] := 05 Nb,[u] := local ;
forall w € Neigh, do send (mydist.u,0) to w

Processing a (mydist, v, d ) message from neighbor w:

el { A (mydist.v.d) is at the head of Qu. }
in recei mydist,v.d) from w :
Procedure Recompute (v): . mlisu[uf n]y:; d: R(ﬁ('zmlpute (v)
begin if v = u -
then begin D, [v] := 0 ; Nb,[v] := local end )
else begin (* Estimate distance to v *) Upon failure of channel uw:
d =1+ min{ndis,[w, v] : w € Neigh,} ; begin receive (fail, w) ; Neigh, := Neigh,, \ {w} :
if d < N then forall v € V do Recompute (v)
H end

AR R A R Upon repair of channel wuw:

end A : . . y .
) w) ; Neigh, := Neigh, U {w} ;
else begin D,[v] := N ; Nb,[v] := udef end begin ;’:;:al]‘itlfgef’aé; w) ; Neigh, cigh, U {w}
. end ; begin ndis, [w, v] ;
if D, [v] has changed then send (mydist, v, Dyft]) to w
forall z € Neigh, do send (mydist. v, D,[v]) to x end



Netchange

var Neigh, : set of nodes : (* The neighbors of u *)
U : array of 0.. N (* Dy[v] estimates d(u, v) *)
Nb, v of nodes ;  (* Nb,[v] is preferred neighbor for v *)
ndis, array of 0. N5 (* ndis, [w, v] estimates d(w, v) *)
Initialization:

begin forall w € Neigh,. v € V do ndis,[w. v]
forall v € V do
begin D,[v] := N ; Nb,[v] := udef end ;
Dy [u] := 05 Nb,[u] := local ;
forall w € Neigh, do send (mydist.u,0) to w

Processing a (mydist. v, d) message from neighbor w:
{ A (mydist.v.d) is at the head of Qu. }
begin receive ( mydi: .d) from w :

ndis,w, v] = d : Recompute (v)

end

Procedure Recompute (v):
begin if v = u

then begin D, [v] := 0 ; Nb,[v] := local end =
else begin (* Estimate distance to v *) Upon failure of channel ww:
d =1+ min{ndis,[w, v] : w € Neigh,} ; begin receive (fail, w) : Neigh, := Neigh, \ {w} :
if d < N then forall v € V do Recompute (v)
begin D, w] =d end

Nby, [v] := w with 1 + ndis,[w, v] = d Upon repair of channel ww: )
begin receive (repair,w) : Neigh, := Neigh, U {w} ;

forall v € V do

end
else begin D, [v] := N ;

Nb,, [v] := udef end

end ;
. begin ndis,[w, v]
if D, [v] has changed then » send (mydist, I_D““,]) o
forall z € Neigh, do send (mydist. v, D,[v]) to x end
end end
korektnost

lexikograficky klesd hodnota [ty, t1, . . ., tn]
kde t; je pocet sprav (mydist, i)+ pocet dvojic u, v kde D,[v] =



packet routing

» synchrénny rezim

> vrcholy maja pakety (uloZené v bufferoch)

> v jednom kroku po jednej linke ide max. jeden paket
» algoritmus = odchadzajice linky + priorita bufferov

» celkovy cas




packet routing na mriezke VN x VN

Kazdy vrchol ma 1 paket, do kazdého smeruje 1 paket (permutation routing)

Najprv riadok, potom stipec. Prednost m4 ten s najdlhsou cestou.

analyza: sta&i 2v/N — 2 krokov

» po /N — 1 krokoch je kazdy v spravnom stipci (nebrzdia sa)
> routovanie v stipci ide v /N — 1 krokoch

» pre kazdé i plati: po N — 1 krokoch s koncové pakety na
koncovych miestach
» dovod: zdrzujl sa iba navzajom

velkost buffra v najhor§om pripade: 2/3v/N — 3



velkost buffra: priemerny pripad |

setting

Kazdy vrchol m3 jeden paket s ndhodnym ciefom

max. velkost buffra ~ podet zahnuti vo vrchole

r

pst, Ze aspof r zahne < (W) (iy < (&)

logN . o ~(pN—
pre r = o5&y je pst o(N7?)



velkost buffra: priemerny pripad |l

wide-channel: nepredbiehaji sa

lema

pst, Ze vo wch prejde aspoit a«/A/2 paketov cez hranu e po&as
t+1,t+2,...,t+ A je najviac el*-1-ana)a/2

olakavany pocet paketov na hrane (i,j) — (i + 1,j) je

chceme ukazat, Ze s velkou pstou ich neprejde prili§ viac



Cernovov odhad

lema

Majme n nezavislych Bernoulihho nah. prem. Xi, ..., X,, pricom
Pr[Xx = 1] < Py. Potom

PriX > BP] < et=5—nAAP

kde X =3 X;, P =S P;

E[eM¥] < 1+ Pe(e* —1) < ePu(e™ D)

E[e/\X] < eP(exfl)

E[eM] A1y
Pl > eMP] < o < P —1)-AgP



velkost buffra: priemerny pripad |l

lema

Majme n nezavislych Bernoulihho ndh. prem. Xi,..., X,, pricom
Pr[Xk = 1] < Py. Potom

PriX > BP] < et=5—nAAP

kdeX:ZX,-, P:ZP,

lema

pst, Ze vo wch prejde aspoit /A /2 paketov cez hranu e pocas
t+ ]-a t+ 2a sy t+ A je najviac e(Oc—l—ozln a)A/2

odakavany pocet paketov na hrane (i,j) — (i + 1,j) je

2i(vV'N — i)A _A
N =2

chceme ukazat, Ze s velkou pstou ich nepreijde prilig viac



velkost buffra: priemerny pripad |l

lema

ak je paket vo vzd. d od hrany e v Case T, a p prejde cez e v Case
T + d + 6, potom v kazdom kroku [T + d, T + d + 4] prejde paket cez e

dosledok

ak paket prejde cez e v ¢ase T vo wch, a prejde cez e v ¢ase T + 9§ v st. ,
tak v kazdom kroku [T, T + 0] prejde paket

lema

ak pocas [T +1, T + A] prejde cez e x paketov v &t., tak pre nejaké t prejde
X + t paketov cez e v ¢ase [T +1=1t, T + A] vo wch.

lema

pst, Ze cez e prejde viac ako a/A/2 paketov pocas konkrétneho okna A
krokov je najviac O(e(a—l—aln a)A/2)



