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General Information

The network calculus analyses presented in this document were created for the purpose of testing the Disco Deterministic Network
Calculator (DiscoDNC)! — an open-source deterministic network calculus tool developed by the Distributed Computer Systems
(DISCO) Lab at the University of Kaiserslautern.

Naming of the individual network configurations depicts the name of the according functional test for the DiscoDNC.

The naming scheme used in this document is detailed in NetworkCalculus_NamingScheme.pdf.

Arrival bound computations are equivalent to the PbooArrivalBound_Output_PerHop. java class of the DiscoDNC.

The end-to-end left-over service curve for PBOO arrival bounds can be computed by simply convolving the server-local ones.

Arrival bounds for PmooArrivalBound. java and analyses using them are listed only if results are different to PBOO.

Changelog:
Version 1.1 (2014-Dec-30):

Streamlined the PMOO left-over latency T, Lo-f computation.

e2e

Adapted to naming scheme version 1.1.

Thttp://disco.cs.uni-kl.de/index.php/projects/disco-dnc


http://disco.cs.uni-kl.de/index.php/projects/disco-dnc
http://disco.cs.uni-kl.de/index.php/projects/disco-dnc
http://disco.cs.uni-kl.de/
http://disco.cs.uni-kl.de/
http://disco.cs.uni-kl.de/index.php/projects/disco-dnc

Tandem 1SC 1Flow

(s y——(s)

© N S

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

o afo =, 450 =525



arrivalBound(sq, {fo},G), G € P (F) = a;f(f

FIFO_MUX | ARB_MUX

a{g = V5,25
Oéf(gfo) = 70,0
Blodo = B, 00l = Brigto g o = Bro,10
rJo =5
afo = afo o 61»0~f0 — j‘é Fo (7T.0.fo
s1 S0 - ’Yr,{gb{g bSl (0] (TSO ’ ) =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 |
S0 aié'fo) . = 70,0
B;S”CU = Bs, © afu( o= Bso = 10,10
51 aﬁl(fo) = 70,0
BiTo =B, © ail(fO) = Bs, = (10,10
Bzl = BRioto ploso ®i_o BLFo = Bro,20
Bl = bl
Do 10-[t—20" = 25
t= 221
fi Lo. f — 2
Bfo a’*(T5’*) = 5:20+25
= 125
PMOO ARB_MUX
5 Ozf(ng) = 0.0
a;féf(]) = 70,0
s1 a5y = 70,0
a§£f°) = 70,0
10-0)A(10-0
R = Nicrony ( R, — rfi(fo)) ( ) A ( )
ﬁl.o.fo:ﬁ ot o ’ = 10
e2e B3’ Tepe™® oo retio) 10+ 0F+0-10 10+ 0F+0-10
lo. 5100 00T, = _ _
TeQOefo = 216{0,1} (Tsl + ’Rl;)’fo> 10 10 %
— = 10,20
Beaze” = b
Do 10-[t—201" = 25
1
Io.
Bo (T T) = 5-20+25

125




Tandem 2SCs 1Flow

® B = Br,, 1., = B10,10
® Bs, = Br,, 1., = Bo6
o F={fo}

o afo = Vrto bl = V5,25



arrivalBound(sq, {fo},G), G € P (F) = a;f(f

FIFO_MUX | ARB_MUX

a{g = V5,25
Oéf(gfo) = 70,0
Blodo = B, 00l = Brigto g o = Bro,10
rJo =5
afo = afo o 61»0~f0 — j‘é Fo (7T.0.fo
s1 S0 - ’Yr,{gb{g bSl (0] (TSO ’ ) =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




y SFA | FIFO_MUX [ ARB_MUKX |
a?é'fo) = 70,0
" BLofo = B, © ast? = B, = B10,10
’ S051 ‘ aféf(f) ‘ = 70,0 ‘
., as! = oy = %00
BLodo = B, ©ai = By, — Bos
Busnle = Prio-to pioso ®i_o B0 = Be 16
Bzl = bl
Do 6-[t—16]" = 25
1
t= 20;
B ol (T 70y = 5.16+25
= 105




PMOO ARB_MUX
50 aféf0> = 70,0
af‘gf(]) = 70,0
z(fo)
sy =
o D) — 100
*s0 = 70,0
RS = Niegoy (Roo = 125) = (10-0)A(6-0)
Bl.o.fo -3 e2e i€{0,1} i i _ 6
e2e RLyJ0 rleFo b2 (F0) ppz(Fo) 10 4+ U0+0-10 6+ U0+0-6
Tééefo = ZiG{O,l} (Tsi + ‘Rlo’fo) 6 6
e2e — 16
= B6,16
Blzofo — bfo
Do 6-[t—16]F = 25
t= 201
: "6
B oo (T Ty = 516 + 25
= 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}

o afo = afl = Yrfn bfn = V5,25, T € {07 1}



arrivalBound(s1, {fo}, {f1}) =
= arrivalBound(sy, {fi1},{fo}) = OéQ

FIFO_MUX | ARB_MUX

agg = 75,25
aglr = 70,0
Beodn =By, © adfn = BRiotn plein = f10,10
7"51" =5
ol = aly @ Bl =Ygy [0 [P (TLET) = 510425 =75
= = 75,75
arrivalBound(s1, { fo, f1}, {}) = ad/*/} | FIFO_MUX | ARB_MUX
ag”’fl} = 710,50
a’go{fo,fl} — 7070
Bi}?'{f‘)’fl} = fs, O affo{fo’fl} = 5RL-8-{fovf1}7T61‘-00-{fovf1} = B10,10
Uoofi} _ {ofi} o glodfofi) i =10
a8107 15 asoo, 1 ®Bb(§) 0sJ1y Vrﬁlf"’fl},bifﬂ*fl} bifnafl} ai({mfl}(T;;)o'{fO’fl}) =10- 10+ 50 = 150
= = 710,150




Flows f,, n € {0,1}
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TFA results will be equal for all flows as they share the same path of servers.
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RLo-T2 =15
S1
ﬁlofz B, @am(fz) Bs, © (afo) = ﬁRL_O_fQIi.o.fz Bs, = bggsl Bs; = aggsl
2
Tlo.fa 20- [t — 20| = 1311 20-t—201t= 5-t+ 1665
S1
9 7
t= 26— t= 37—
16 9
= :615,26% :515,375
rl2 =5
52
ot =al 0B =70 10 B> [ al2(To72) = 5262 + 1312 = 2642 | al?(T°7%) = 5-37% + 1662 = 3552
= = V5,264 = 75,3558
PMOO-AB, ARB_MUX:
off = alopy

Note, that we use a simplified notation here due to the use of rate-latencies and token-buckets
as well as the lack of demultiplexing on the analyzed path.

B

l.o.f2
(30731)

= (/630 ®/831)@af0
(620,20 ® B20,20) © V5,25

B20,40 © V5,25

= ﬂ15,55

P
Qg

— f2®510f2

(50 Sl
V5,25 @ B15,55
= 75,300




arrivalBound(s, {f2},G) ,G € P({f1}) = al2 FIFO_MUX ARB_MUX
af? = ¥5,1311 = 75,1662
=(f2)
sy = V5,131 = 75,1662
RLoP =15
ﬁgl(lfz =05, © a?l(h) =fs O (a{g)* = ﬂRls,f,fz’T;,lo,fQ Bs, = bggsl Bs, = aggsl
1
Tho-f> 20 - [t —20]" = 1315 20-[t—20]" = 5-t+166=
9 7
t= 26— t= 37—
16 9
= —615726% —515,37%
rf:g =3
ofs = a0 B0 =1 110 b2 [ al(TTo7?) =5-262 1 1311 = 264 | of?(TL°72) =5 372 + 1662 = 355
= = 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
aigﬂ’) = ol = 5,25
< Rls'[?'fﬂ =5
0 T T T
Bi.c?.fo = B4y © Ozso(fo) By = bséfO) Bey = aséfg)
TLo-fo 20- [t — 20| = 25 20-[t—20]t= 5-t+25
S0
1 1
t = 21- t = 28—
4 3
= = 515,2% = 615,28%
Oéil(fo) = afjl(fﬂ) = 75,125
s Rls'f'fo =15
1 T T
5;‘10.f0 =8, © asl(f") Bs, = b51(fo) B,, = o2(fo)
, + _ 51
Thodo | 20-[E=201T = 125 | o9 [ _90]t = 5.t+125
1
t= 26~ t= 35
4
= = ﬂ15,26% = B15,35
T.o. 1! o. 1 .0.
ﬁe2ef0 = ﬂRL';’C'f“,Tj;;'f" ®i:0 Bi fo = »315,47% ®i:0 5}9 fo = ﬁlS,GB%
A= v R
f 15- [t — 471]+ = 25 1
Do 2! 15~[t—63§]+: 25
1
t= 49— t= 65
1 . I
ol Tty = 5472 425 | ofo(Th’*) = 5-635 +25
Bl ‘2 S
= 262— = 341-
2 3




PMOO ARB_MUX

z(fo)

S0 asof = V5,25
afé 0; = 5,25
z(fo
Ogy = s
51 2(J0) 10,0
Qs = 75,125
RLo-fo — Iy (R _ T.$(fo)> (20 —5) A (20 -5)
Lo.fo __ e2e i€{0,1} S; ED _ 15
Peae™” = Pz fo riziso e et 50 D FD0 20 T TTUEE
Lo. rU0) pprlfolr, = = = e =
TeQefo = ZiG{O,l} (TSL + Rlofo) 15 15
e2e 55
— = B15,55
61-20<fo _ bfo
Do 15-[t—55]" = 25
2
T.o.
BfU afo (TeQefO) = 5-55 + 25
= 300




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

PBOO-AB:
] TFA FIFO MUX ARB MUX
as, =l +al2 | 9525 + Y5200 = 0,280 L 75,25 + V5,3555 = V10,3803
S2 632 = b32 682 = Agy
1 5
D1 20 - [t —20]" = 2891—6 20t — 20|t = 10-t+380§
29 5
= 47 = —_—
t 3 e 1 t 785?0
, as,(Ts,) = 10-20 + 2891—6 as,(Ts,) = 10-20 + 380§
Bt
82 1 5
= 489— = 580—
16 9
D7y =342 =784
BN = 4895 5802
PMOO-AB:
TFA ARB_MUX
s, = aft + 045352 Ys5,25 + V5,300 = 710,325
52 /882 = aSQ
D 20-[t—20]" = 10-t+325
B as,(Ts,) = 10-20 + 325
52 = 525
D7 =723
BTy =525




PBOO-AB:

SFA FIFO_MUX [ ARB_MUX
Ckgscz(fl) =af2 o7 = V5,264 % ‘ = 75,3552
R 0.1 — 15
52 z x =2 7 =
/8}9.20.]01 = 632 © aSQ(fl) = Bsz S O‘ﬁ({i) 652 = bSQ(fl) ﬂsz = asg(fl)
1 5
Tlof: 20 - [t — 20|t = 26475 20-[t—20]" = 5-t+ 355
13 10
t 3327 t= 505-
= —»315,3333—3 —515,50;—7
ﬁé’goéfl = Bi‘f'fl —3157333 —515,50%
Gl =0 P =P
13 10
15-[t—33—-]" = 2 15[t —50—]" = 2
DN 5-1 3364] 5 5-1 5027] 5
167 1
t f3 192 ! 1% 27
; ol (T iy = 5 33 +25 ol (Tl Iy = 5 505 +25
1
7 = 1914 = 27623
_ 64 _ 27




PMOO-AB:

SFA ARB_ MUX
a;(fl) = 045 = 75,300
=15
s N . _
Pl gleh = B, o0t = B, 6 alll)) B= ot

20 [t—20]" = 5-t+300

2
t = 46—
3
:515,46§
53;;éfl _ 5;.20.1‘1 :615,46§
Bl.zo.ﬁ _ bfl
2.4
D 15t —a6g) = %
1
t= 48—
5 3
Ty = 5.46Z 425
B ’

1
— 2 -




PMOO ARB_MUX
afz(fl) = 75,3553
7 z(f1) 9
e = 75,3553
Rl.;)-fl — Rq o ng(fo) = 20—-5
- BRI.O.fl Tl.o_fl o . _ 15
e2e 1 Le2e ] _ 9 3553 +5-20
plof _q, g VT, | = ST
o * R 10
= 50—
27
_ = 515,50%
Bl = o
10
b | 27]
= 52 1
10 2
f1 T1-0-f1 — 5.50— 195
B @ ( e2e ) 97 +

Il
)
N
1




Flow f2

PBOO-AB:
| TFA FIFO_MUX | ARB_MUX
Ay = a£8 + afé = 710,50
S0 Bso = bs, ﬂSo = Qg
+_
DYz 20-[t—20]" = 50 20 [t —20]* = 10-¢+ 50
t = 22% t= 45
Bt Gl = 2010550
50 = 250
Qg = Oégo’fl} = 710,250
81 ﬁsl = b81 le — asl
+_
D 20-[t—20]" = 250 20-[t—20]" = 10-¢+ 250
t= 32% t= 65
o o (To,) = 10-20 1 250
1 = 450
g, =all +al2 | 505+ V5,2641 = V10,289 75,25 + V5,3555 = V10,3803
82 S2 - b52 S2 — asz
1 5
Df: 20-[t-20" = 2897 | 20-[t—20]" = 10-t+ 3507
29 5
t= 34— t= 78 —
64 I go
s, (Ts,) = 10-20+289— | @y, (Th,) = 10-20+ 380
BY: by 5
= 489 — = 580~
16 9
D’ Yo DI =89% Yo DI =1885;
B2 max;_(o,1,23 bl0 = 489 max;_(o,1,23 bl* = 5802




PMOO-AB:

] TFA \ ARB_ MUX
Oy = af:g + ozfé = 710,50

S0 ﬂso = Qsg
D{z 20-[t—20]" = 10-t+50

B2 s (Ts,) = 20-10+50

so 250

g, = atfod = 710,250

S1 631 = gy
D! 20 [t —20]" = 10-¢+ 250
t= 65

B2 s, (Ts,) = 1020 + 250

81 = 450

as, = all + a£f52 V5,25 + V5,300 = 710,325

So 552 = Asy
Dh 20-[t—20]* = 10-t+325
S2 1
t= 725

Bh s, (Ts,) = 10-20+325

82 = 525

o7 >, Dl — 152
B2 max;_(o,1,2y b0 = 525




SFA FIFO_MUX \ ARB_MUX
an’ = alo = 5,25
Rl.[;).fg — 5
S0 T . T x
/8;3]02 = Bs, © ab’u(ﬁ) = Bs0 © a£8 Bso = bséh) Bs, = O‘séh)
Tlo.f2 20- [t —20]" = 25 20-[t—20]t = 5-t+25
50
1 1
t = 21= t= 28—
4 3
= = 515,21% = 515,28%
ai?) = i) = 75,125
Rgloufz =15
S1 x( f- T
ﬂé.lo.fz =8, © aSI(fz) Be,= b 1(fz) By, = a.;cl(fa)
+ _
T;.lo.fz 20 - [t—QO] = 125 20 - [t720]+ = 5.t+125
1
t= 26— t= 35
4
= = 51572(% = ﬁ15,35
atl??) = aft = 75,25
T.o.f- —
§2 Lo.f z(f2) f e z(J2) = z(f2)
55.2. ’= 682 © Qsy = ﬁsz ©a't BS2 b32 ﬂ82 - aSQ
Tlo.f2 20- [t — 20|t = 25 20-[t—20]"t = 5-t+25
EP)
1 1
t= 21= t= 28—
4 3
= = 515,21% = 515,28%
B’ ®?:o pro-fz = Bis.683 ®?:0 pLo-fo = Bis,912
/81.20.f2 _ pr2 BI-QO-f’z —
3 2
D/ 15 [t — 681]+ = 25 15 [t — 91§]+ = 25
5 1
t= 70— t= 93-
3 12 5 3
. al2(Thely = 5. 68 +25 o2(Tl Py = 5. 913 +25
Bf2
3 1
= 368— = 483 -
4 3




PMOO ARB MUX
S0 afgh) = 75,25
a:géfz) = 75,25
S1 ail(fz) = 70,0
a%’l(fz) = 75,125
o afﬁfZ) = 5,25
O‘Z’C?(f?) = 75,25
Rios — A (Rs- B Tf(fz)) = (20—5)A(20—5) A (20 —5)
/Bl.o.fQ _ ﬂ Lot o e2e 1€{0,1,2} i Si _ 05
e2e Ry T ? 725+ 5-20 UF+5-20 25 F+5-20
Lo.f2 bi R 4ri ) T, 04— T2+ AT
Tere™ =D icq01,2} (TSi + M) 1
‘e2e
: 83—
3
— = B15,83%
Bz = bl
1
D”2 15 - [t — 835] = 25
t= 85
1
afo (T foy = 5.83- 425
B2 3 )
= 441 —

3




Tandem 1SC 2Flows 1AC 1Path v2

f——A N\ N,
. (so)—>(sl)—>(sz)>
TN N P

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

o ofo = ft = Vrfn bfn = V5,25, T € {0,1}



| arrivalBound(s1, { fo, i}, {}) = ot/ FIFO_MUX | ARB_MUX
alfo ) = 710,50
gl = 70,0
Bi}?'{fo’fl} =B © Oéf(;{fo’fl} = BRgg-{fovh}7T360~{f0-,f1} = B20,20
rilf"’fl} =10
alfr ™t = ol o g ol — o oy ey [T | QP TT@OOTT) Z 1020 1 50 = 250
1 1 = = 710,250
arrivalBound (so, { fo, 1}, {}) = ol FIFO_MUX | ARB_MUX
ot/ = 710,250
azlio-nd = 70,0
Byt = g o gl = BRiotsony plotion) = 20,20
rg”’fl} =10
alfohth = olfo i g grotio it - Vytsond yisosny | pO T Lo ik plodde ik — 1020 + 250 = 250
] ’ = = 710,450
arrivalBound(sq, , = ag”o
aalBoma(ss, () (] = afy | FIFO-MUX | ARB_MUX
af{; = 75,25
aZin = 0,0
BesTn = Bsy © affn = BRion photn = f20,20
r;”; =5
afy =aly @B =7, g0 yr [ B | o (TE0T7) =520 + 25 = 125
= = 75,125




arrivalBound(s2, {fo}, {f1}) = o

= arrivalBound(so, { f1},{fo}) = af! FIFO_MUX ARB_MUX

Ofﬁc}‘ = 75,125
aZin = 70,0
ﬁ}s.;).fn =, © og?lfn = /BRL_f_fn7,Ig.lo.fn = /320,20
r{g =35

oly = aly @B =gy |8 [ aly (Th77) = 5-20 + 125 = 225
= = 75,125




Flows f,, n € {0,1}

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

| TFA FIFO_MUX | ARB_MUX
sy = off + o} = 710,50
N Poo = bao Bs, = Qs
+_
Dl 20-[t=20]" = 50 | 9.t —201* = 10-¢+50
t= 22% t= 45
Bfn OéSQ (TQO) = 10 . 20 + 50
" 250
Oésl - Oéitlfo’fl} — 710,250
S1 6.@1 = bm le _ s,
+_
DI 20+ [t =20]" =250 | o0.[p — 201" = 10-¢+ 250
t= 32% t = 65
Bin as, (Ts,) = 1020+ 250
- 450
Ozfg - agoyfl} = 710,450
S2 652 = b32 532 _ s,
+_
t= 42% t = ]5
Bfn o, (Ts,) = 10-20 + 450
” = 650
b SL.DL=9rk | e ,Dh=1%
B max;={0,1,2} bﬁf = 650




SFA FIFO _MUX \ ARB_MUX
afuf" = 75,25
< ‘ Rls'g'f” =15
0 ﬂi'(?'f" = Bsy © O‘f({" = ﬂRls-g-fmT;bo-fn Bso = b?{” Bso = O‘?({n
TLo.fn 20-[t—20]" = 25 20-[t—20]t = 5-t+25
N t= 22 L t= 281
_ 4 _ 3
= = 515,21% = 515728%
O‘iif" = 75,125
s Rls'f‘f" =15
! gLodn = By, & ot RN RE 5. — ozl
Tho-fr 20-[-201"= 125 | 90, _20]r = 5.t+125
1
4
= = ﬁ15,26% = 515,35
a;g“” = 75,225
Rl;jf" =15
52 Zfn : —  jTrn — ZTn
ﬂ}?éo‘fn = 552 9 aszf 552 - bsg ﬁ52 - aszf
Tho.f 20- [t —20]" = 225 20-[t—20]" = 5.t+225
N t= 31 L t= 41 2
_ 4 _ 3
= = 515,31% = 515,41§
Lo.fn 2 o. 2 .0.
5C20f = BRIC';C-fn_’TCI-an R BLodn = Bs 783 ;o BLoTm = Bs 105
Lo.fnn _ fn
5(:2; = b Bllg;éf” _ bf”
Dfn 15[t — 781]+ = 25 15[t — 105]+ = 25
2
5 t= 106
t= 80—
12 3
fn (o fuy _ 72 o f
Bfn (07 (TCQC ) = 5 784 + 25 Oéfn (Tel'Qe.fn) — 5 . 105 + 25
3 = 550
= 418—
4




PMOO ARB_ MUX
So ag{ﬂ i 75,25
Xsq = 75,25
i —
51 O‘;}n = 70,0
Xsq = 75,75
o —
So a;2jn = 70,0
Q) = 75,225
Lowf x = (205 A(20_5) A (20— 5)
R = ucoas (o =) _ 5
Beze’" = BRlosn plom 25 F 520 0F5-20 0F5-20
@ of 204+ ——-+20+ — + 20+ ———
lo-fu _ o Bl T 15 15 15
e = Zie{O,I,Q} s; T TR 812
3
— = 615,81%
/Blgofn _ bfn
2.4
D 15-[t—815]" = 25
t= &3 1
= : 2
ol (T Iy = 5.812 + 25
Bfn 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}

alo =alft =55, 4 =525, n € {0,1}



| arrivalBound(s1,{fo},G), G € P (F)

" [ FIFO_MUX | ARB_MUX

a£8 = 75,25
afgfo) = 70,0
pLo-fo = B, © a?éfo) = BRL-S-fo’Ti-OO-fO = 20,20
rfo =10
ofy = ol 0 B =y B el =5 01 B =12
= = 75,125
arrivalBound(sg, {fo}, {fo}) = o0 | FIFO MUX ARB MUX
Oé{ff = 75,125
Oz';(f()) = 75,25
RLo-To =15
s1
ﬁi}.lo.fo =B, © a?l(f‘)) Bs, = bssvl(fo) Bs, = Olffl(f())
Tho-fo 20- [t —20]" = 25 20-[t—20]t = 5-t+25
: t= 21 ! t= 28 L
_ 4 _ 3
= 2315,2% 2515728%
rfg =5
als =alt @ pyle = Todoufe | OIS | ald(TiP70) = 5-217 +125 = 231 [ afo(T37°) =5 - 285 + 125 = 2663
= = 75,2311 = 75,2662
| arrivalBound(sy, {f1},{fo}) =of! | FIFO_MUX | ARB_MUX
a(% : = 5,25
ais, ! = 0,0
proft = B, 6t = BRro-s gios = 20,20
ri1 =10
afy =all 0B =y B0 ol (T T =520+ 25 = 125
= = 75,125




PBOO-AB:

| arrivalBound(ss, {fo},{}) = al® FIFO MUX \ ARB_MUX
Oéfo = ¥5,2311 ‘ = 75,2662
an(fo) = 75,125
RlLo-fo =15
S2
61 ofo =g, © oz?éfo) Bs, = b;(fo) b )
1 S2 T S2
Thofo | 20-[E=201" = 1567 | 90.[t—20]* = 5.+ 200
1 _
fo orl3 t= 40
16
= =B15,2713 =/15,40
rf:g =5
aly =aly 0 B =y yn [l | alg(TET0) = 3705 ol (T 7°) = 4663
= = V5,370 = 75,4662
PMOO-AB, ARB_MUX:
off = ol OB,

Note, that we use a simplified notation here due to the use of rate-latencies and token-buckets
as well as the lack of demultiplexing on the analyzed path.

ﬁl.o.fg

(80,82)

= Bso®(

(Bs; ® Bs,) © Cyfl)

= (20,20 ® ((B20,20 ® B20,20) © V5,25)

520,20 ® (B20,40 © ¥5,25)

= (20,20 ® Bis,55

= /815,75

fo
0(33

afo %) /31 .0. fb

(s0,s2)
V5,25 @ B15,75
V5,400



| arrivalBound (sa, { fo, 1}, {}) = ol FIFO_MUX | ARB_MUX
ai{b,fl‘} = 710,150
azl{fo-,fl} = 70,0
5}s'f'{f0’fl} =5 © Oéfl{fo’fl} = BRlsf-{vah}7T3v10~{f0-,f1} = B20,20
?,,£2fo,f1} =10

agm.fl} _ agmfl} @/leu{fo,fl}

=7, ot yrony | bHOTT | Qe Y e fe iy — 1020 4150 = 350

= 710,350

| arrivalBound(ss, {fo}, {f1}) =af° | FIFO_MUX | ARB_MUX

|

Oéf‘j = 75,125
Oéil(fo) = Y0,0
plodo =g, & afl(fo) = 6Ri-f-fo’Tl-10-fo = B20,20
rio =10
afy = aly © BT =00 yr0 [ I [ alo(THT0) =520 + 125 = 225
= = 75,225




Flow fo

PBOO-AB:
y TFA FIFO_MUX ARB_MUX
Qg = 75,25
S0 FIFO per microflow
/850 = bSO B . b
Do 20-[t—20]" = 25 oo
50 ) 20-[t—20]" = 25
t= 21- 1
4 t= 21y
B oy (T5) = 5-20425
%0 125
oy, =alo 4+ al! = Y5,125 + V5,25 = 710,150
S1 531 = bs1 651 = O,
+ _
Do 20- [t —20]" = 150 20 [t —20]* = 10-t+ 150
t = 27% t= 55
B s, (1s,) = 10-20+ 150
51 = 350
O, = ai{“’fi} = 710,350
52 BS? = bs? 552 = Qgy
+ _
Do 20- [t —20]" = 350 20 - [t —20]* = 10t + 350
t= 37% t= 75
Bfo sy (Ts,) = 1020 4 350
5 = 550
oy, = alo = V5,370 = V5,4662
S3 FIFO per micro flow
553 = b53 o
583 - ng
20 - [t —20]" = 3703 2
D [t —20] 16 20- [t 20/ = 4663
33
t= 38— 1
64 t= 43=
5 7
e, (Ts,) = 5204 370— e, (Tsy) = 5204 466=
B/fo 156 %
83
= 470— = 566~
% 3
Do S0 Do =1242 S22 o DI =194T
BJo max’_, bl> = 550 max’_ b0 = 566%




PMOO-AB:

] TFA ARB_ MUX
Qs = 75,25
S0 FIFO per microflow
/Bso = ng
Di; 20-[t—20]* = 25
1
Bl sy (T5)) = 125
g, = Oz?;fl) + ag’; = V5,125 + V5,25 = 710,150
81 581 = asl
Dfo 20-[t—20]" = 10-t+ 150
t= 55
Bo as, (Ts,) = 10-20 + 150
5t = 350
s, = ago’fl} = 710,350
82 /652 = aSQ
D{g 20-[t—20]" = 10-t+ 350
t= 75
Bl as,(Ts,) = 550
Ay = a{;’ = 75,400
S3 FIFO per micro flow
Dfo 533 = bsa
5 20- [t —20]t = 400
t= 40
Bfo s, (Tsy) = 520+ 400
8 = 500
3 .
Do > DIt =1914
Bfo max;_, bJ° = 550




SFA FIFO_MUX \ ARB_MUX
z(fo)
So af% To —_ 00
Bss = 20,20
ozsl(fO) = 75,25
RIoT0 =15
S1
S1 Bi'lo'fo = B,, GCY?I(JCO) Bs, = b';(f‘)) Bs, = afl(fo)
TLo-fo 20- [t —20]" 25 20-[t—20]" = 5-t+25
S1
1 1
= = 515,21% = ﬁ15,28%
asz(fO) — = 75,125
RLOTo =15
s 22
? ﬁl ofo = Bsy © 011 (fo) Bs, = bng) Bs, = agfo)
+
Thofo | 20 [t —20] 1251 20 [t —20]* = 5-¢+125
1
t= 261 t= 35
= = ﬁ15,26% = ﬁ15,35
z(fo) _
ozsg = 70,0
S3 = -
pro-do = B, © ag o) = 20,20
@lagefo BRleger Tl0-fo ®1 0 BL fo = = Pis,871 ®z 0 352 fo= = P15,1031
ﬁizoe'fu = b/o Bl-QO-fo — plo
1 eze
21— 1
Dfo 15- [t—872] = 25 15'[t—103§}+ — 25
t— 89% t= 105
. T 1
alo(riploy = 5. 875 +25 oo (Tl oy = 5. 103 +25
Bfo
1 2
= 462= = 541—
2 3




PMOO ARB_MUX
ai(fo)
S0 _
S0 ax(fo) 70,0
S0 =
e 0,0
5 ) = 75.25
jEl(fo) = 75,25
So ajf(fo) = 70,0
sy —
z(J0) = 75,125
%3 ea = 70,0
aﬂi(fo) )
= = 70,0
lo.fo __ z — 20 — 0 A (20 — — —
ghofo _ RIS = Nicion s ( Ry, — r2U0) ( ) A (20— 5) A (20 — 5) A (20 — 0)
2o = Pigio glon 020 - 15
lo.fo _ bfff0)+ri§§fo).T§i 20 + gy +920 M w 0F0-20
T92e - Zi6{0,1,2,3} (Ts7 + Rl;lf0> 15 + 15 + 20 + 15 + 20 + 175
- 95
= 15,95
Bosl” = bFo
Dl 15-[t— 957 = 25
2
t= 96—
fo (lo.f 4
B alo (T 7o) = 5-95+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
aif‘fl) = 75,125
; R =15
1 T T
pioh = B, © szl B = B3V o= aglo
+_ o
Thofr | 20-[t=20T = 125 99 (90t = 514125
1
t=  26- t= 35
4
= = 615,26% = ﬁ15,35
afﬁfl) = 75,225
5 Ry =15
2 z(J1 X x
5;‘;.f1 =B, © asz(f ) Bs, = bs2(f1) Bs, asz(fl)
Thoh 20-[t—20]"T = 225 20-[t—20]"T = 5.t+225
; t= 31 L t= 41 2
_ 4 _ 3
= = 515,31% = 515,41%
To. 2 o. 2 .0.
ﬁe2ef1 = ﬁRLE’C'h,TiSZh X1 Bi = »315,57% Q-1 5}9 = 515,76%
61‘2(”[1 —_ 51-20-f1 - ph
1 2
Dh 15[t — 575]+ = 25 15[t — 76§]+ = 2
1 1
t= 59— t= T8
1 6 5 3
of (T = 5572425 | V(T = 5762 +25
Bh 2 3
— 312 1 = 4081
_ 2 _ 3




PMOO ARB_MUX
afl(fl) = 75,125
o <70
Qo = 75,125
52 oz, = 0,0
agﬂjfl) = 75,225
z = (20—5)A(20-5
Lo. f1 Rggéfl = Aie{1,2} (Rsi - TS'i(fl)> = | e 15))
e g 125 F 520 0520
l.o.f1 bf{fl)_i_,,.:_(fl),TS‘ 20 + T + 20 + 175
TGQe = Zie{l,Q} (Tsl —+ 1Rl°7f1> ,
e2e
61—
3
Bt = "
2
DN 15~[ﬁ—61§]+: 25
t= 631
= 2 ;
ol (T = 5615 +25
Bfl 3

1
333
3




