Tandem 1SC 1Flow

(s y——(s)

© N S

® 35y = Bs; = Br,, 1., = Bro,10, 7 € {0,1}
o F={fo}

o afo =5 450 =525



arrivalBound(s1, {fo},G), G € P(F) = of° | FIFO_MUX | ARB_MUX
af() = ’Yr 25
Sq 9,49
aZjo = 7,0
BigTo = Bsy ©aplo = Brioo gioso = Bro,10
r{‘f =5
ofy = alo @ B3I =510 110 b (TP Ty =5-10+25 =175
= = 5,75




TFA |  FIFO_MUX | ARB_MUX
oy, =alo = 75,25
S0 FIFO per mico flow
Bso = bso B o b
10-t—101" = 25 v
D [t = 10] | 10-[t— 10" = 25
t= 12— 1
B on(Toy) = 510125
5o = 75
a81 = agtl) = 75’75
$1 FIFO per micro flow
551 = b51 B o b
fo 10-[t—10* = 75 .
Dg ) 10-t—10" = 75
t= 17= 1
2 t= 175
Bl an(Ty) = 510475
51 = 125
Do 27}:0 DJ° =30
Bf0 IHaXiz{OJ} bg? =125




SFA [ FIFO_MUX | ARB_MUX |
8 azlo = 70,0
BLoTo = By, 0 atlo = B, = 10,10
aglo = 7.0
51 M plofo — B 6 affo — — 5,
B0 = Bs, © agl® = B, = 10,10
ﬂi;c'fo = 531;-fo7T1-°~fo ®7}=0 pLo-fo = B1g 90
Bezel* = bP
Do 10-[t—20]" = 25
1
t= 22—
i Lo.fo 2
i o (T2 = 520+ 25
= 125
PMOO ARB_MUX
z" fo _
Qg = 70,0
S 20 2
’ agfo = 70,0
z' fo _
s = 70,0
o atlo = 70,0
Lo.fo _ , (10 — 0) A (10 — 0)
Lo.fo Rep = Nieqoy (Bsi = 73°) - 10
Peze’" = 5Rl;;e'fo T’ - (bx/f0+ . ) 10410+ 0F0-I0F0F0-10
l.o. i€{0,1} \ Vs, rsi Ly =
Te2ef0 = Zie{O,l} TSi + S Rlo70 10
‘e2e — 20
— = 510,20
Beasel* = bP
Do 10-[t—201" = 25
t = 221
— 2
Bo o (Top ) = 520425

= 125




Tandem 2SCs 1Flow

® B = Br,, 1., = B10,10
® Bs, = Br,, 1., = P66
o F={fo}

o afo = Vrto bl = V5,25



arrivalBound(s1, {fo},G), G € P(F) = of° | FIFO_MUX | ARB_MUX
af() = ’Yr 25
Sq 9,49
aZjo = 7,0
BigTo = Bsy ©aplo = Brioo gioso = Bro,10
r{‘f =5
ofy = alo @ B3I =510 110 b (TP Ty =5-10+25 =175
= = 5,75




TFA |  FIFO_MUX | ARB_MUX
as, = al° = 75,25
S0 FIFO per micro flow
Bso = bso B o b
10-t—101" = 25 v
D [t = 10] ) 10-[t—10* = 25
t= 12— 1
Bl on(Toy) = 510125
o = 75
a81 = agtl) = 75’75
$1 FIFO per micro flow
ﬂsl = bsl B o b
6-t—6t= 75 S
Dfo [t~ 6] h 6-[t—6" = 75
t= 18— 1
2 t= 185
Bl an(Ts)= 56175
51 = 105
Do 27}:0 DI? =31
Bf0 IHaXiz{OJ} bg? =105




SFA

| FIFO_MUX [ ARB_MUX |

s af{o = 70,0
0 Bea T = By © a3l° = By, = Bio.10
| TODOsps; | atlo \ = 70,0 ‘
atl = atlh = 70,0
s
' Boo = By, ©atlo = B, = Be,6
Bé;éfo = 53}3’;“,7’;&;'& ®7}:0 ﬂ;io'fo = 56,16
=
Do 6-[t—16]" = 25
1
t= 20—
6
Bio ol (T2 = 5.16+25
= 105
PMOO ARB_MUX
ai”ofo = ’Y0,0
S0 Ozfg" = 70,0
aglfﬂ = 7070
51 oo = 70,0
. = (10—0)A(6—0)
l.o. T (
Lo f Re2ef0 = /\ie{O,l} (Rsi - rsfzfg) _ 6
.o.fo __
Pere” = Ppigiso pipso P 0F0-10+0+0-6
oo _ - Sicqony (b 04rtfor ) | = 1046+ G
e = Loy oo+ R0 — 16
= = f6,16
61~20~f0 — plo
Do 6-[t—16]" = 25
1
t= 20—
6
B ol (T )y = 5-16+25
0
= 105




Tandem 1SC 2Flows 1AC 1Path

fO /_\ /_\ >

—
=
—
93]
o
—
0
fi
1

S S

® 35y = Bs; = Br,, 1., = Bro,10, 7 € {0,1}
o F= {anfl}

Y afO — afl — Fy’l’“fj ,bfj = "Y57257 ] S {071}



arrivalBound(s1, {fo}, {f1}) = af°
s A MUX
= arrivalBound(sy, {fi1},{fo}) = OCIQ FIFO_MUX S

ozf:ﬁ; = 75,25
ai{j = 70,0
T =B, 00kl = B oty plos; = B10,10
Y P
5 _ i o plof i =5
sy =i OB ™ =705,5 | b | alo(Thefo) =510+ 25 =75
= = 5,75
arrivalBound(s1, {fo, i}, {}) = o/} | FIFO_MUKX | ARB_MUX
ai{”’ff} = 710,50
az(;{fo,fl} = Y0.0
ﬂl'f'{fo’fl} =B © afg{fo’fl} = »BRL.S.{fo,fl}’Tsl.oo.{fo,fl} = B10,10
£ _ o} ) glotfo i} i =
a;{{m 1} _ 045[30’ 1t BS'(JO' JosJiy ’Yrifo‘fl},bilfo'fl) bé{o’fl} aigo,ﬁ}(TSl;)o.{foLfl}) =10-10 4+ 50 = 150
= = 710,150




Flows f;, j € {0,1}

TFA results will be equal for all flows as they share the same path of servers.

| TFA [ FIFO_MUX | ARB MUX
Asy = alo + alt = 710,50
S0 /B _ b /BSO = as()
f U010 [t— 10 = 10-¢+50
Dy 10- [t — 10" = 50
0-t= 150
t= 15 ‘

= Dg{; =00

Bl asy(Ts,) = 10-10+50

" 150

Qg = Oéifo’fl} = 7107150
51 /831 = O,
s1 — bs
£ oo " 10-[t—101" = 10-¢+150
Dy} 10-[t—10]" = 150
0-t= 250
t= 25 .

= Dsi = 00

Bl as, (Ts,) = 10-10+ 150

" = 250

DY Zi:o ng =40 ‘ Zi:o D£’ =00
Bfi

maxi:{o’l} b{f = 250




SFA FIFO_MUX ARB_MUX
Oéf({] =¥
1 xf; x f;
VP =B 0] Bo = B30 b= off
o. N - + =
T;O f.7 ].O [t 10} = 25 t— 10]+ 5 -t + 25
t= 121 4 25
2
= = 55712l = 55,25
Oéasvlfj = 75,75
RilofJ _
10 fi _ le =) axfj 651 = bl le _ afl?fj
s1
rredi | 10+ [t —10] ool 0.t —101f = 5-t+75
1
t= 17= t= 35
2
= = 55,17% = 55,35
Lo.f; Lo.f; Lo.f;
ﬁe2efj = B lo.fj lo.fj ®3:() Si T = 65;30 =0 MSi T = 65:60
ReZe TeZe I I -
Bese” = b Bes” = b
D7 5-[t—30" = 25 5-[t—60F = 25
oI (T = 5.304+25 | ofi(T)= 5-60+25
ij e2e e2e
175 = 325




PMOO ARB_MUX
ol fi = 5,25
SO Oé(LfJ —
S0 5,25
ol h = 70,0
51 amjj _
S1 V5,75

5Rl.o.fj ho-f

lo.f;
Ry = /\ie{o,l} (Rsi -

= (10 _5)A(10_5)

5

P 25F5-10F0+F5-10
e2e Lo.f; Yico1} <b57‘,j +T51:j T%) = 10+ 10+ s Ut
Te2e = ZiG{O,l} TSi + 5 45
= 55,45
Bus” = P
DYi 5-[t—45" = 25
t= 50
] Lo.f;
Bh ol (T?)y = 5-45+25

250




Tandem 2SCs 2Flows 1AC 1Path

f, 7~ N\ N\ >

—
=
—
93]
o
—
0
fi
1

S S

® Bsy = Br,,,1., = P10,10
® Bs, = Br,, 1., = P66
o F={fo, 1}

o afo = ft = Vifi pfi = V2i 121 j€{0,1}



1 — fo
arrivalBound(s1, {fo}, {/1}) = ox | ppo MUX | ARB_MUX
— arrivalBound(sy, {f1},{fo}) = o} - -
Ofgé = Y2l121
a?{" = 70,0
o7, T7; _
S;’ f— ﬂso o a“scoﬂ = ﬁRL.g,fj)Ti;,fj = 610,10
Lt o glod T ~23
sy = s O Fso ™ =705, | bl | ofi(T ) =21 - 10+ 121 =37]
= = Yol37i
arrivalBound(s1, {fo, i}, {}) = all*/} | FIFO_MUX | ARB_MUX
alfo = V5,25
Oé?(;{fo;fl} = 70,0
ﬁi.:.{foﬁfl} = B,, © a;lo{fmfl} = ﬂRl_o_(fo,fl} Tl.oo.{fo,fl} = 10,10
SO 9 El
rgfn,fl} _
, Lo.{fo, >
oM = ol P 0 B3I = s o BT QI T ISUTT) 25 104 25 = 75
= = 5,75




Flows f;, j € {0,1}

TFA results will be equal for all flows as they share the same path of servers.

| TFA [ FIFO_MUX | ARB_MUX
a5y =l +alt = 75,25
» ﬁso - bso 550 = Qg
; +_
Dl 10- [t = 10]" = 215 10-[t—10]* = 5-t+25
Bl g (Tsy) = 5-10425
S0
= 75
i ai{mh} = 75,75
o - sy Bs, = Qs
; +_
D] 6-[t 6] | 6.jt—6T= 5-t+75
t= 18% t= 111
ij Qs (Tsl) - 5 . 6 + 75
- = 105
D >io DL =31 ‘ S, Dl =136
Bl max,;—{0,1} bf:’ =105




SFA FIFO_MUX ARB_MUX
ai”({j %
ng;)fj
= s, G0k B = BT By = o’
1
o.f; 10T = 19- 1 1
T 10-[t 101" = 125 10-[t =101 = 25 -t4125
1
4
- - 57%,1@ = 57%,15
z fj
(673 1
7o .
= 85, Gt Bu = U7 By = af
1
o.f; _glt 2 1
Tt G-[t—6] 375 6-[t—6]* = 25 -1+37;
1
t= 12- t= 21
4
- - ﬂ:ﬁ%,lzi - 53%,21
1 Lo.fj 1 To.f;
= BRl,;_fJ 7T1.2o.fj ®i:0 5‘;7 T = /83%,23% ®i:0 537& = 53%136
P’ = b P’ = ¥
1 1 1 1
5 S t—-232]T = 122 . [t—36" = 12=
DI 35+ [t —237] 35 - [t = 36] 5
4
t= 27— t= 39=
1 | 7 T
ofi (T = 22232 4122 | ofN(TT) = 2236+ 12=
Bl 2 772 2 %
— = 102=

2




PMOO ARB_MUX
' f; _
S0 Oés;jj = Yol12d
(O = 72%’12%
ailfy = 70,0
S1 2T —
i = Y2l .371
1 1
Lo.f; ;i = (10-25)A(6-25)
Lo.f; REQe' 7 = /\iE{O,l} (RgZ — Ts; J) )
6e2e = 6R1';fj ,Tl;'fj = 35
127 +21.10+0+2L-10
l.o.f; Zie{o,l} (bsif,] +7's,,'fj 'T311> 6-+10+ 2 2 - 2
Teze™ = Xicqony Tsi + PERE 31
e2e
31
_ - ﬁ3%,31
Lo.f; 5
BeQe = bf'
1 1
fi 3= -[t—31" = 122
D 3 -3t = 12
4
t= 34-
1 L 1
j(Tho-fiy —
Bl i (T = 2531+ 125




Tandem 1SCs 4Flows 1ACs 1Path

f
f, > Z N\ 7~ > >
.I:Z ( So H( S; ) _ .
f, > e — >

® Boy = fs = BR%,TSZ, = B10,10, 7 € {0,1}
o ‘F:{foaf17f27f3}

b afj = 77-f.7',bfj = 72,10) .7 € {07 17 27 3}



arrivalBound(s1, 2 f;, {f;}) = o), j € {0,1,2,3} | FIFO_MUX | ARB_MUX
TJj
Qs = 76,30
Oéfffj = 70,0
Toxf; zxf; _
S0 = 630 S Qs = 5Rl.o.a:fj Tl.o.:l:fj = 610,10
b _ it o gioar 7 =
sy’ = oo’ @ Bog ™ =Y 205 o b}’ i (T ) = 610+ 30 = 90
= = 76,90
arrivalBound (s, { fo, f1, fo, f3}, {}) = allo-vf2fad FIFO_MUX | ARB_MUX
agof"’fl’h’fi‘} = 8,40
a-:[;{fmfuf%fs} = 0.0
6;.(;3.{f07f1,f27f3} _ 650 o agc(;{fo,fhfmfs} _ ﬂRL‘S‘”“’fl"f2"f3},Tiéo’{fo’fl’fQ‘f‘g} = 510’10
T;{fmfhfmfs} -8

ai{oyfl,fmf.%} _ aigo,fl,fmf:;} @BL-UO-{fo,fl,fzyfs}

= ’yr{fn-hvfzvfg} pifo.f1.f2.f3}
s1 105y

1
b{f01f11f2~,f3}
S1

aiofo’fl’fzafs}(Tg160~{f0’flvf2sf3}) =8-10+40 =120

= 78,120




Flows f;, j € {0,1,2,3}

TFA results will be equal for all flows as they share the same path of servers.

| TFA [ FIFO_MUX | ARB_MUX
Qsy = Z?:O afj = 778,40
S0 630 = bso ﬁso = Asq
Dl 10-[t—10]T = 40 | 10-[t—10]* = 8-t440
55 05y (Ts,) = 8-10+40
= 120
o, = ai{o,fhfmfs} = 8,120
S1 581 = bs1 /831 = Qg
D 10-[t—10]t = 120 | 10-[t—10]* = 8-¢t+120
t= 22 t= 110
P s, (T5,) = 8-10+120
Bl
= 200
DY S, Dl =36 | S, DI =180
BYi max;_(o.1} bl = 200




SFA [ FIFO_MUX ARB_MUX

Oéfjj = Zi:o afr = 76,30
lo.f; _ R;r?‘jj =4
s.(?.fJ = ﬁsa © Ozgg’ 5\0 — beJ Bso = a?gj
S S0
T;00f7 10 - [t— 10]-1— — 30 10 - [t* 10]+ = 6-t+30
1
t= 13 t= 32—
2
= = 54713 = /84,32%
aifcj = Oé?ifj = 76,90
Lo.f; f; R =4 :
507 = Bs, © aig)’ Bs, = bzlfj Bsy = ailf]
o.f; I + _ .
Tsl.l S 10 [t — 10}+ _ 90 10 [t 10] = 4-t+ 9?
t= 19 t= 47—
2
= = 54,19 = 54747%
Lo.f; Lo.f; Lo.f;
Bese”? ®io B = Baso ®io B = Buso
»Blzoefj —  pf ﬁé;eh — b
Dfi 4-[t—-32" = 10 4-[t—80" = 10
1 1
Lo.f; . Lo.fj
B ol (T Ty = 2.32410 | oI (T = 2-80+ 10
= 74 = 170




PMOO ARB_MUX

azufj = 76,30
! a;f({j = 76,30
o, = 70,0
. azlfj =75, xxx TODO: see SFA
= (10-6) A (10— 6)
lo.f; o f; (
l.o.f; ReQS 7= /\iE{O,l} (_RS1 — Ts; ) _ !
-0. 15 = Lo.f; lo.f; | |
Beze 63626 Tege < wfy — 10410+ 30F6-10F0F6-10
Toae” = Tieton) T+ = 37!
— 2
_ = 53%,31
ﬁl';'fj — pli
1
DFi 4]t — 57§}+ — 10
t= 60
Lo.fj\ _ 1
BYi ali (Tn7)y= 2- 575 +10
= 125




Tandem 1SC 2Flows 1AC 2Paths

f, £\ N\ -
W S
fll l

e B =Bs = BRSi,TSi = 20,20, % € {0,1}
o F= {fOufl}

e oo = ot = Vpds bis = V5,25, je {07 1}



| arrivalBound(sy, {fo},G) G = P (F) = of° | FIFO_MUX | ARB_MUX

s19

04{8 = 5,25
agle = 70,0
pro-fo =g, ©atl = BRI;"fU,T;g'fU = 10,10
‘ rfy =5
ofy = aly @ BT =100 110 blo oo (TET0) =510 + 25 = 125

= 75,125




Flow fo

[ TFA | FIFO_MUX | ARB_MUX
Qg, = afo = 75,25
S0 i FIFO per micro flow
[350 = b’ By, = bfo
20-[t—20T = 25 0
Dis [t = 20] | 20-[t—20]* = 25
t= 21— 1
4 t= 211
o as(To) = 520425
S0 125
Qs = aﬁ? = 75,25 + V5,125 = 710,150
S1 ﬁsl = b51 ﬂsl = g,
+ _
Do 20-[t=20]" = 150 | 90.p 20t = 10-¢+ 150
t= 27% t= 55
o as (To,) = 1020 + 150
st = 350
Do oD =487 | > DL =763
BfO maxi:{oyl} bf:? = 350




SFA FIFO_MUX \ ARB_MUX
z fo —
g = 70,0
S =0 :
0 BLoTo = B, = 20,20
aglo = oft =525
RLoT0 =15
s1
S1 ﬁ;.lo.fo — ﬁsl o (Xflfo le — bf:ljo le _ Oéilfﬂ
Tlo.fo 20-[t—20t = 25 20-[t—20]" = 5-t+25
s1
1 1
t= 21- t= 28—
4 3
= = 515,21% =~ 615,28%
Blféfo = ﬂRL-;éfo,Telv;;fo ®3:0 5;0']00 = »315,41% ®3:0 5}41-0"00 = ﬂ15,48%
Bé{éfﬂ — bfo ﬂééoéfo — bfo
=412 = 1
Do 15 [t 414] = 25 15 - [t _ 48§]+ = 925
11
t= 42— t= 50
1 12 1
oo (T ?oy = 5412 425 | ofo (T ?0) = 5-485 +25
B t o S
= 231 = 266—
4 3




PMOO ARB_MUX
' fo _
A = 70,0
s S0 ,
’ aglo = 7.0
. ot Jo = 75,25
ollo = 75,25
. — (20—5)A (20— 5)
lo.fo __ T (
Lo.fo Rese’” = Nietory (Res = 13F%) - 15
Beae™” = Bpuoso pioso UF 0 20725 F5-20
l.o. fo 2ic{0.1} (b:/fo +rifo 'T5i> = 20420+ 15
TeQe‘ = Zie{o,l} TSi + Rl;.f@ A 1
e2e — 87
3
— = 515,48%
Bl = o
1
Do 15[t — 48§]+ = 25
t= 50
1
alo(Thofoy = 5.48- +25
Bfo 3

2
= 266~
3




Flow f1

] TFA \ FIFO_ MUX \ ARB_MUX \
Qg = a{} + aff = 75,25 + 75,125 = 710,150
S1 651 = bS1 le = Qg
+ _
Dh 20- [t =207 = 150 | o0 [t — 201" = 10-t+150
t= 27% t= 55
B s, (T5,) = 10-20+ 150
51 = 350
D/ YDl =275 | > DIt =55
.Bf1 maxiz{oﬁl} bg‘ll = 350
y SFA \ FIFO_MUX \ ARB_MUX
aflfl = a{? = 95,125
Rl.o.jl =15
S o. z = z
! 5£1 h= ﬂs1 o aslfl = ﬂRi‘f‘fl ,Tél,'lo'f1 651 = bslf1 /681 = O‘:lfl
phon | 200[E=201T =125 oo _ogt = 504125
1
t= 26— t= 35
4
= = 515,26% = 515,35
Bt = 5Rle-§e.f1 Tl ®;:0 pro-ft = B1s,261 ®;:() BLo-It = By 35
1.0~f1 — f1 lLo. i 1
Beie b ﬁeQef = bf
Dh 15[t — 261]+ = 25 15-[t—35" = 25
2
11 t= 362
t= 27—
12 3
fi (Lo f1 I
ot (Tpe™) = 5267425 | ofirhofty = 5.354 25
Bfl 1 eZe
= 200
= 156—
4




PMOO ARB_MUX

7
z' f1
o)

51 = 75,125
aifl = 75,125
. 20—5
l.o.
Lo.f1 Rt = R, =i - 15
Beae™ = BR;;;“ Tt b f f1 20 + Io+5: 20
» HIAREE LR ) = _—
Tcléc;fl =T, +— ngj}o - 15
ez = 35
- = ﬁ15,35
Bt = b
Dh 15-[t—35"= 25
2
t= 36-
. 3
B ol (T = 5.35+25
= 200




Tandem 1SC 3Flows 1AC 3Paths

0 fy
f (50 > s f—>{ s _
2 S o~ N

® 35y = Bs; = Bs, = Br., 1., = Bo,20, 7 € {0, 1,2}
hd J"-Z{fo,fhfﬂ’

° O[fo = Oéfl = af2 = 'erj’bfj = 75,25, .] € {Oa 172}



arrivalBound(s1, {fo}, {f2}) = al°
= arrivalBound(sl, {f2}.{fo}) = af? FIFO_MUX | ARB_MUX
off, j € {0 2} = 75,25
ozso = 70,0
10 i _ If7
= B, © Qs BRls,g.fj s = B20,20
fj Lo.f; T{i =9
ofl = aly @ 7 =4 it |0 [ ol (T =520+ 25 =125
= = 75,125
arrivalBound(s1, {fo}, {fo}) =
= arrivalBound(s1, { fo}, {fo}) = af? FIFO_MUX ARB_MUX
O‘Q)a ] € {Oa 2} — 75,25
asl = 75,25
Lo, 1 Ray =1
O. xT N -
= b 00l = B, o B =l
lo-fi | 20 [t —20]F 25 | 20-[t—20]t = 5-t+25
S0
t= 21 L t= 28 L
T4 _ 3
= = 515,2% = 615,28%
o 5 r{i =9
- j O.J4 j 0.4
ol =all 0B =~ Wi bl bl D’y =1311 DT> 77) = 1662
= = V5,131 = 75,1662
arrivalBound(s1, { fo, f2},6) ,G € P ({f1}) = o/} [ FIFO_MUX | ARB_MUX
alfof) = 710,50
azo{foyfz} = 70,0
5;5'%’)02} Bso © OlT{fo T2k 53}0 (0.2 glotfo.f2) = 20,20
{fmfz} — 10
Sl -
ai{o’fz} _ a‘g({mfz} % BL;*{fo;fﬁ — fyréfo’h},bi{“’fﬂ bi{mﬁ} ai({mfz}(fglbo.{fo’fz}) =10-20 + 50 = 250
= = 710,250




arrivalBound(ss, { f2},9) ,G € P ({/1}) = of? FIFO_MUX ARB_MUX

al? = V51311 = 75,1662
azl = 75,1311 = V5,1662
RLo-T2 =15
1
profz = B, & atf? = B, © (af0)* = 5R15_i,_f27T;_10_f2 Bs = bl Bs, = alo,
1 2
Tlo.f2 20- [t — 20|t = 1317 20-[t—20]t = 5-t+ 1665
S1
9 7
t= 26— t= 37—
16 9
= 2515,26% =515,37g
r{i =5
afy =alr @ By =70 1o b [ ol (THoP) = 5262 + 1311 = 2644 | al?(T°72) = 5-37% + 1662 — 3552
= = V5,264 = 75,3553




Flow f; (comparable to Tandem 1SC_ 2Flows 1AC _1Path)

y TFA \ FIFO_MUX \ ARB_MUX
oy, = alo 4ol = 710,50
S0 Bso = b Bsy = o,
+ _
Do 20-[t=20]" = 50 | 9.t —201* = 10-¢+50
t= 22% t= 45
Bfo gy (Ts,) = 20-10+50
%0 = 250
sy = alfo = 710,250
51 681 - bsl le = Ogy
+ _
Do 20+ [t =20]" =250 | o904 — 201" = 10-¢+ 250
t= 32% t= 65
B s, (Ts,) = 10-20 + 250
. = 450
Dfo S Dl =55 ] S, Do =110
.BfO maxi:{ovl} bg? = 450




SFA FIFO_MUX ARB_MUX
atlo = ol = 5,25
RLo-Jo
s o " 50 T
0 ﬁ;.o Jo = Bsy © (X'sofo Bso = b?gjo Bso = 0‘5({0
Tlo.fo 20-[t—20t = 25 20-[t—20]" = 5-t+25
! t= 21 L t= 28 L
— _ 3
- = 515,21% = 515,28%
aéglfo — a§1fo =7
Rl‘o.fo =
s Al
1 5;‘10.]00 — ﬂsl o) ailfo le — bflfo B51 _ Ozglfo
+
Tho-fo 20- [t =207 = 125 20 [t— 20" = 5-t+125
1
t= 26- t= 35
4
= = 615,26% = 515,35
T.o. 1 o. 1 .0.
Beé)efo = BR;;e-fo,Tel-;e-fo i B2l = Bis.ar1 Qg B0 = Bis.631
To.
Be?(l)ef() = bf() lBé;éfo _
Do 15[t — 475]+ = 25 . 63%]+ _
1
t= 49— t=
1 . 1
alo (T Foy = 5. 475 +25 Theloy= 5. 63 + 25
Bfo
1 2
= 262~ = 341
2 3




PMOO ARB_MUX

O/L’/fﬂ ="
s sq 5,25
0 aibjo — 75 25
S0 >
7
T —
5 aslf“ = 70,0
1 al‘f() = ’}/
s 5,125

— - = (20_5)A(20_5)
Rle?efo = /\ie{O,l} (R, — Tsifo)

B(ln,;éfo = BRI""fU T!-0-fo —~ 20 +5-20+F (1)5+ 5-20
e2e 7 e2e ’ ° °
l.o. Zz {0,1} bfl fo +T:if0 'Tsi = 20 + 20 +
Tyl = Dictoy Tsi + — <R1.o.f0 ) 15
e2e — 55
- = /615,55

Bl = o

Do 15-[t—55]" = 25

2

t= b56=

3

ol (Th2 70y = 5.55+25

Bfo eZe
= 300




Flow f, (comparable with Node 2Flows 2ACs)

| TFA | FIFO_MUX | ARB_MUX
ag, =alt +al2 | 55 + V5,264 = V10,289 75,25 + V5,3555 = V10,3803
82 /382 = bsz 682 = a82
1 5
i 20-[t—20" = 289— | 20-[t—20]* = 10-t+3802
29 5
t= 34— t= 78—
64 1 55))0
0o, (To,) = 10-204289— | @ (T,,) = 10-20 + 3802
B ;
= 489 — = 580~
16 9
——= 29 — a5
D = 3427 =785
BT = 489+ =580¢




SFA FIFO_MUX ARB_MUX
afl' = af? = V5,264 % = V5,3553
RLo-h
EDY
B}g~2()~f1 = 682 © angl = ﬁSz © Oé?{;Q BSQ = bigl ﬂsz = aigfl
1 5
Lo. [t—201T = 264— 20" = 5-t+355-
Tho-f 20 - [t — 20] 64 0] + 3553
13 10
t= = t= 50—
Ry 27
= 2515,335 :515,50%
o = B =Pis,3318 =Bis,5010
o = " Bz = b
13 10
15-[t—33—]" = 25 t—50—_]" = 25
Dh 5[t =335 77
167 1
t= 34— t= 52—
fa 192 2
o (T = 53322 425 Ty = 5.50=- +25
Bh c 64 27
1 23




PMOO ARB_MUX

7
a® f1

S5 s;fl = 75,3553
(074 = 75,3553
= 20-5
Rl = R, —rifo
ﬂiéoc'fl = B 1o lo-f1 — 15
Rexe " Toae 20 355% +5-20
o b2 I d1T, - 13,
Téééfl =Ts, + RI'O-?‘l : o 10
e2e
i = 50—
27
= = 515,505—‘;
Bl-zo-fl _ ph
10
15[t —50—-]" = 25
Dh [ 77
1
t= 52—
10 2L
oI (T Yy = 5.50—=+25
Bh 27
= 276 —




Flow f2

] TFA FIFO_MUX ARB_MUX
Qg = a{g + aﬁé = 710,50
S0 ﬁso = bso 580 = g,
+_
DY 20-[t—201" = 50 20 [t — 20T = 10-t+50
t = 22% t= 45
B sy (Tsy) = 20-10+50
s = 250
Oy = ai{“’fl} = 710,250
S1 Bs, = bs, Bs, = O,
+
Df2 20- [t —20]" = 250 20 [t — 20" = 10-¢+ 250
1
t= 325 t= 65
B as, (Ts,) = 10-20+ 250
ot = 450
Qs = 04{; + a£§ V5,25 + V5,264 L = V10,289 L 75,25 + V5,3555 = 10,3803
EP) 552 = b52 ﬂsz = QSQ
1 5
D 20- [t —20]" = 2891—6 20- [t — 20|t = 10-t+380§
29 5
t= 4— t= 78—
5 64 n gO
s, (Ts,) = 10204 289— o, (Ts,) = 10-20+ 380—
B2 116 g
S2
= 489 — = 580—=
16 9
D/ Z?:o D£2 — 89%2 Z?:o DL]:Q - 1889%
BI> max;_(o,1,2) b0 = 4897 max;_(o,1,2) bJ° = 5802




SFA FIFO_MUX \ ARB_MUX
agl> = alo = 75,25
Rl.o.j2 =
s 3 . 50 =
V| Bt =By 0 atfr = B, 0 al) Beo = b3 Bso = all?
Tlo.f2 20-[t—20"T= 25 20-[t—20]t = 5-t+25
S0
1 1
t= 21= t= 28—
4 3
= = 515,21% = ﬁ15,28%
Oéilfz = aiiﬁ = 75,125
RLoT =15
S S
! pho-fs = B, © atlz Bsy = b 8, — s
+_ 51
Thofo | 200 [t—20]7 = 121” 20 [t — 20" = 5.1+ 125
4
= = 61536% = ﬂ15735
atl> = of! = 75,25
Rl.o.f2 =15
s v 52
2 B;.Qo.fQ = 652 © angz = ﬁsz © ol 552 = bigz 652 = aiéfz
Tho.f> 20-[t—20"T = 25 20-[t—20]t = 5-t+25
p— o1l t= 281
_ 4 _ 3
= = 515,21% = 615,28%
T.o. 2 o. 2 .0.
Bc20f2 ®i:0 ﬂi 2= 515,68% ®i=0 52 fo = 515,9%
B> = b B> = b
3 2
DF2 15[t — 681}+ = 25 15[t — 915]+ = 25
5 1
t= T0-—= t= 93—
12 o3
; ol (Tyf) = 5687 +25 | of(Ti07) = 5915 +25
B 2
3 1
= 368 = 483~
4 53




PMOO ARB MUX
s a%fz = 75,25
agl? = 75,25
. a’silf = 7,0
(o % 2 = 75,125
% ozl = 525
atlz = 75,25

- lo.f l.o. fe
ﬂRch 27Tc2c 2

Lo.
Regef2 = /\iG{O,l,Z} (Rsi - T;Cifz)

= (20—5)A (20— 5) A (20 — 5)

15

Zie{o.l,z} (bf{;h +7fif2 ‘Ts,;)

20420 + 20 +

25+5-20F0+5-20F25+5-20

15
= Zie{O,LZ} T, + 1
83~
3
= = ﬂ15,83§
Beze? = !
1
D/ 15 [t — 835] = 25
t= 85
|
afo(Thfoy = 5.83- 425
sz 3

2
= 441 -
3




Tandem 1SC 2Flows 1AC 1Path v2

f N N\ e NI
S () g e D
! N N N

® By = Bsy = Bs, = ﬁRsi7Tsi = /820,20, xS {O, 1}
d ]:: {anfl}

o ofo =ft = Vi pfi = 75,25, j €{0,1}



arrivalBound(s1, { fo, i}, {}) = ot/ FIFO_MUX | ARB_MUX
Oéggb’fl.} = 710,50
azo{fo-,fl} = 70,0
»3}4(?'{fo’fl} =B © afjfo’fl} = BRgg.{fo,fl}’Tibo.{fo.,fl} = B20,20
, l T,ilfmfl} =10
ailfom 1} _ ai{]}"mfl} %) Bs'g)~{fo~,f1} — ’YT.E{O«fl},b.g{val} bi{oxﬁ} ai({o"fl}(T;;)o'{fmfl}) —10-20 + 50 = 250
= = 710,250
arrivalBound (so, { fo, 1}, {}) = ol FIFO_MUX | ARB_MUX
ai{?’fl} = 710,250
agl{jo’fl} = 70,0
By Vol = g g atlo i) = Briotfo.n) pho-tonn) = P20,20
(o} _ {fouhi} o glodfota) o =10
04320’ 1t 04510’ 1o 65'10' o.f1} _ ,Yrizfo‘fl},bié:o'fl) bifmfl} ai{mfl}(TSl.la{fo’fl}) = 10-20 + 250 = 250
= = 710,450
arrivalBound(s1, {fo}, {f1}) =
= arrivalBound(s1, { f1},{fo}) = af* FIFO_MUX | ARB_MUX
ol = 5,25
Oéffj = 70,0
T.o. j xJj
so Ti = Bso © Ozs({' = BR:o-fj e = B20,20
fi _ Ji o ghods T =0
Qs = s O fs ™ =5 0 | bl | ol (T ) =520+ 25 =125
= = 75,125




arrivalBound(s2, {fo}, {f1}) = o
= arrivalBound(se, {f1},{fo}) = Oé{;

FIFO_MUX ARB MUX

aﬁc{ = 75,125
alli = 70,0
l.lc).f_i = 631 © aflfj = BRls'f'fJ 7Tsl'1°'f.7' = 520’20
i Ji Lo.fj _ Ts% - . =5
@y = s OB =300 | bl [ ol (T ) =520+ 125 = 225
= = 75,125




Flows f;, j € {0,1}

TFA results will be equal for all flows as they share the same path of servers.

| TFA [ FIFO_MUX | ARB_MUX
ag, = alt +alt = 710,50
So 650 - bso Bso — s,
) +
Dl 20-[t=20]" = 50 | 9.t —201* = 10-¢+50
t= 22% t= 45
Bl teg (Toy) = 10204 50
% = 250
O, = aif‘”ﬁ} = 710,250
S1 631 = bsl le = Ay
) + _
D 20+ [t =20]" =250 | o0.[p — 201" = 10-¢+ 250
t= 32% t= 65
b s, (Th,) = 10-20 + 250
o 450
afo = affo = 710,450
S92 652 = bsz [332 = Qg
) + _
D 20+ [t =20]" = 450 | 0.4 — 201" = 10-¢+450
t= 42% t= 85
b as (Th,) = 10-20 + 450
- = 650
DY >i D =97 | > oDl =195
B'fj maxi:{oJ,Q} b;: = 650




SFA FIFO MUX \ ARB_MUX
Oéijj = 75,25
S0 Lo.f; f; Ry =15
so = ﬁso S aSo] = BRI'O’fj ot Bso = bzojj BSO = a?gj
ot 20-[t—20t= 25 20-[t—20]t = 5-t+25
S0
1 1
= = 515,21% = 615,28%
Oéilfj = 75,125
S1 Rlé:f).jj =15
l.O.fj _ :Efj X 7 -
S1 - le 6 asl ﬂ‘:l_ bslf /381 = aglfj
TS 20 - [t —20] 125 20t —201* = 5-t+125
t= 26% t= 35
- = Pi5,261 = B15,35
Oéifj = 75,225
5 Ryl 15
P =By, 0 alf B = B Ber = il
ot 20 - [t —20]" 225 20-[t—20]" = 5-t+225
S2
1 2
= = 515,31% = 515,41%
Lo.f; TLo.f; Lo.f;
BQrof, = 5R1~;-fj ’T1~20-fj ®?=0 sl'o T = 55,78% ®,?:o sl-o 7 = 55,105
e ege 1'0' J -
BT bi giefi = b
3
DY 15[t — 781]+ = 25 15-[t—105]" = 25
2
5 t= 106=
t= 80-—
12 3
fi Lo.fiy _ . 2 o. fs
Bfi ol (T ™) = 5 LTS ol = 5.105+25
' 3 - 550
= 418
4




PMOO ARB_MUX
S0 = 35,25
= 75,25
S1 = 70,0
= 75,75
So = 70,0
= 75,225
Lot = (20—5)A(20—5) A (20—5)
Bl.o.fj 3 R = /\ie{o,l,z} (Rs,, - _
ez " = Ppito alyhs - B F5-20F0F5-20F0F5-20
Lo.f; >ie{o,1,2} (b:ij] +7’:,; 20+ 204+ 20+ T5
Teoe™ =2 ictonoy Isi + )
81—
3
= 615,81§
B = bF
204
DFi 15-[t—81]" = 25
1
t= 83
5 3
ol (Thply = 5.812 425
Bli 3

1
433
3




Tandem 1SC 2Flows 1AC 2Paths v2

£ N N N N >
OaacEsS e,

f;

® Bsy = Bsy = Bsy = Bsy = Br., 1., = Boo,20, i € {0,1}
i ]:: {anfl}

af() = (Xfl = ’erjvbfj = 75,25, .] € {O’ 1}



| arrivalBound(sy, {fo},G), G =P (F) =af° [ FIFO_MUX [ ARB_MUX
a£3 = 75,25
azio = 7,0
52'00'}60 = fs, © a§{° = 5Rg-g-fo,T;b°-fo = 20,20
A rfo =10
ofy = aly @ BT =100 110 bl ofo(TEoT0) =520+ 25 = 125
= = 75,125
arrivalBound(sg, {fo}, {fo}) = o0 | FIFO_MUX ARB MUX
aﬁ? = 75,125
a‘;‘f“ = 75,25
RLo-To =15
6;1(”‘0 = le S O";:lfo le = bgljo ﬁﬁ = aglfo
Tlo.fo 20-[t—20]" = 25 20-[t—20]t = 5-t+25
: t= 21 1 t= 28 !
4 _ 3
= 2515,2& 2515,28%
rls =5
ofy = als @ By =0 o [ B | ol (TLT0) =5 211 125 = 231L | afo(T1070) = 5281 + 125 = 2662
= = 75,2311 = 75,2662
| arrivalBound(sz, {f1},{fo}) = ot [ FIFO_MUX | ARB_MUX |
of! = 75,25
ol = 7,0
BTt = Bo © it = Bpron pron = B20,20
. . rl; =10
of =y @ By =y (W [T =5 0 =105
= = 75,125




arrivalBound (ss, {fo},{}) = o FIFO_MUX \ ARB_MUX
aly = 75,2311 ‘ = 75,2662
azjo = 5,125
RLo-To =15
Bl.o.fo = B,, O zfo 2 — pEJo
So Sa Qs 682 ED) z fo
N 1 Bs, Qg
Thefo | 2008 =207 = 1567 | 90. [t —20]* = 5.+ 200
13 =
1= 272 t= 40
16
= :515,27}—3 =P15,40
rdo =5
S3
afy =aly BT =y R ol (T T0) = 3705 a0 (T T0) = 4662
= = V5,370 = V5,4662
| arrivalBound(so, { fo, f1},{}) = alf} | FIFO_MUX | ARB_MUX
Ozgo’fl} = 710,150
azl{fo,ﬁ} = 0.0
ﬁi.lo.{fmfl} =B, © ail{fo»fl} - ﬂRl'f'{fO‘fl} pholou1} = B20,20
s sy
(o} _ Afouhi} ) ghotfoufi) o —10
a8207 1 04310’ 1 ®ﬂ8-10- 0:J1y ’yrb{,go’fl},bigo’fl} bigo,fl} ai{o,fl}(Tsl’.lo.{fO-,fl}) =10-20 4+ 150 = 350
= = 710,350
| arrivalBound(sy, {fo},{f1}) =0 [ FIFO_MUX [ ARB_MUX |
alo = 75,125
agifo = 0,0
pro-fo =B, ©atlh = BRgf-foyT;-lozfo = 320,20
rg’ =10
ofy = afs @ By =700 o[BI | ol (T070) =520 + 125 = 225
= = 75,225




Flow fo

] TFA FIFO_ MUX \ ARB_MUX
s, = 5,25
S0 FIFO per microflow
/850 = bSo B _ b
20-[t—20]F = 25 v
Di; [t —20] | 20-[t—20]* = 25
t= 21- 1
B e (To) = 520125
so = 125
o, = ag‘f + aﬁ} = 75,125 + V5,25 = 710,150
S1 le = bs1 /831 = A,
+_
Dfo 20-[t—20]" = 150 20 [t — 20" = 10-¢+ 150
t= 27% t= 55
B s, (Ts,) = 10-20+ 150
o = 350
g, = ago’fl} = 710,350
S92 632 b32 632 = g,
Jr
Dio 20-[t—20]" = 350 20 [t — 20" = 10-¢+ 350
t = 37% t= 75
ot s, (Ts,) = 10-20 + 350
2 = 550
g, =al? = V5,3705 = 75,4662
83 FIFO per micro flow
ﬁs:g = bSS /6 — b
f 20 - [t —20]" 370> X 5
Dz - 16 20 [t —20]* = 466
t= 38§ ?
5} 2
s;(Tsy) = 520+ 370— s5(Tsy) = 520+ 466-
Bfo 156 %
S3
= 470 — = 566 =
7 16 3
Dfo Z?:o DI? = 124% Z?:o sz = 1945
BJo max’_, bl> = 550 max;_, bf° = 566




SFA FIFO_MUX ARB_ MUX
z fo —
& = 70,0
] o .
0 BeoIo = B20,20
aiifo = 75,25
Rlo-Jo =15
s =
| B =By e agh Bey = B Bs= il
Tl fo 20 - [t —20]" 25 20-[t—20]" = 5-t+25
S1
1 1
t= 21- t= 28—
4 3
515 211 = B15,28§
ag’,jo =7
Rl;).fg =
s ) S
?| Bt = B, S azp B = 0P b= ol
Tho-fo 20-[t - 20]" = 125 20 [t —20]* = 5-t+125
1
t= 26= t= 35
4
- 515,26& = P1s35
. atfo = 7.0
BLoTo = By, & atlo = 320,20
T.o. 3 o. 3 .0.
BchfO = 5Rlege-fo7T;-2<;fo ®i=0 @ fo = 515,87% ®i=0 ﬂi fo = 515,103%
62209'100 = plo ﬁ‘le;efo — o
1
+ 1
Dfo 15 [t — 875] = 25 15 - [t _ 103§}+ — 25
t= 89% t= 105
1 3 I
)= 5-87=+25 | ofo(T2f)= 5.103= +25
Bfo 2 3

1
= 462~
023

2
= 412
P43




PMOO ARB_MUX
) af o = 7,0
%0 atlo = 70,0
] af Jo = V5,25
1 aflf" = 75,25
a?;fo = 0,0
*2 aZfo = 5,125
az o = 70,0
S- S3 5
3 azgo = 70,0
= (20—0)A(20—=5)A(20—5)A(20—0
TP (200 A2 5)A (205 A (20 0)
glofo _ g e Thetas e e = 15
o2e. = PR 0 10 / 0F0-20F25F5 20 F0F5-20F0F0-20
- e l.o.fo >ie{0,1,2,3} (b:il fo +T:,Lf0'Tsi) = 20420+20+ 20+ + il il ~Ur U
TeQe = Zi6{0,1,2,3} TSi + Rl.;.fo 15 .
— = B15,95
Bael* = bl
Do 15-[t—95"= 25
2
To.
Bfo o (T ") = 595+ 25

= 500




Flow f1

| TFA [ FIFO_MUX | ARB_MUX
Qg = af‘f + aﬁ = 75,25 + 75,125 = 710,150
S1 651 = bS1 le = Qg
+ _
Dh 20- [t =207 = 150 | o0 [t — 201" = 10-t+150
t= 27% t= 55
ar ay (Th,) = 10-20 + 150
1 = 350
A, = ai{“’fl} = 710,350
EP) st = b52 Bsz = Qg,
D 20+ [t =20]" = 350 | o0t — 201" = 10-¢+ 350
t= 37% t= 75
o ay,(Ts,) = 10-20 + 350
52 = 550
D/ >P  Dii=65 | >r  Df' =130
BN maxf:1 b{i = 550




SFA FIFO_MUX \ ARB_MUX
ath = 75,125
RO =15
s o xf1 . c f1 .
L] B = 8, o A= 0 fu=  azf
Tle-fi 20-[t—20]" = 125 20 [t—20]" = 5-t+125
t= 261 t= 35
_ 4
= = Bis,261 = Prs,35
ol = 5,225
R =15
S
2| Bieh =B, eazh By = b Ber = all
Tlo.fi 20-[t—20]" = 225 20-[t—20]t = 5-t+225
S2
1 2
t= 31= t= 41—
4 3
= = 615,31% = 515,41%
To.f1 2 .0. 2 o.f1 _
ﬁeé)ef = BR;;e-fl ,Tel;e'fl ®¢:1 5}% h= 515,57% ®i:1 Bii = 515,76§
61.2o.f1 _ bl ﬂl';'fl _ b
eze eze
1 2
Dh 15 [t — 57§]+ = 25 15[t — 76§]+ = 25
1 1
t= 59— t= T8=
I . 2 3
o ol (T) = 5:575 +25 | oM(T7) = 5763 +25
1 1
2 3




PMOO ARB_MUX

z’ f1 —
S1 O‘szljl 75,125
Ay = 75,125
z’ f1 _
Q. = 70,0
S 2 )
° ot = 75,225
lLo. f - = (20—5)A(20-5)
Lo.fi By = Nieqray (Rei = 730) _ 15
Beae™ = Bronn pion 12575 20 F0F 520
lo.f Yien 2}(bm/f1+r"f1»Tsv> = 20+20+ 15
O J1 T N sS4 S; i
Te?e - Zie{l,Q} TSi + RI-O-h 2
e2e — 617
3
— = 515,81%
Bt = ol
2
Dh 15-[t—615]" = 25
t= 63 L
— 2 2
of (T = 5612 425
Bfl 3 1
= 333—=
3




