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General Information

e 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.

e 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):
e Streamlined the PMOO left-over latency T, el'zc;'f computation.
e Adapted to naming scheme version 1.1.

Version 2.0 beta2 (2017-Jun-25):

e Rework of the documentation according to code changes

— New, more complete naming.

— Separation of network and test.

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

TFA [ FIFO_MUX | ARB_MUX
s = 00 4 0t = 710,50
S0 B _ b 550 = aS()
So S0 +
10-[t—=10]" = 10-t+50
D 10-[t— 10/ = 50 [t — 10]
h 0-t= 150
t= 15
= Dg.g’ =0
Bfn as’() (T@o) 10 * 10 + 50
" = 150
Os1 = ai{o,fl} = 710,150
o ﬁsl = Qg
o = bsy +_
10-[t—10]" = 10-t+150
Dl 10- [t —10]* = 150
1 0-t= 250
t= 25
Bln o, (Ts,) = 10-10+ 150
= 250
T T
D;" >izo Dfr =40 ‘ >isg DIr =0
B-

max;—_o,1} bfr = 250




SFA FIFO_MUX \ ARB_MUX
alln = V5,25
RI.O.fn =
So ° z(fn 20 TJn
BLodn = By, & ™) B = b3l By = agl
phodn | 10-[E=10" = 25 | 101t = 5-t425
t = 121 t= 25
2
= = B5.101 = f5.25
agif" = 75,75
RLo-Tn =5
S
Y gl =B, oozt Boy = b3 By = ot
S1 S1
phofn | 10-[E=10" = 75 |y p 10t = 5.¢475
= 17, L= 35
— = B5.172 = f35,35
Bége'fn = 5Ré-ge-fn7Tel-2(;fn ®§:0 Brodn = Bs 39 ®§:0 BLo-In = Bs 6o
= v = o
D 5. ft—301t = 25 5.[t—60]" = 25
Bi of (T Ty = 5.30+25 | o (T2 7")= 5-60+25
= 175 = 325




PMOO ARB_MUX
50 aff” = 75,25
agl" = 5,25
" oir S
a?f" = 75,75
Lofn ot = (10-5)A(10-15)
Loofn Rege - /\ie{O,l} (R5L - Tsif ) _ 5
Beae™" = ﬂRle'z?;f" Tz bZIn yp@fin.T, 10 + »+o 10 +10+ 04510
1.o.fn o] n Tsi [ 5 —
TeZef = Zie{o,l} <qu; + R10f> 5 5
e2e — 45
= = 5,45
BI-QO-fn _ bf"
Df» 5-[t—45}+: 25
t= 50
Lo.fn
Bin af" (TeQef ) = 5-45+25

= 250




TA 2S 2SC 2F 1AC 1P Network

f, 7~ N\ N\ >

—
=
—
93]
o
—
0
fi
1

S S

® Bsy = Br,,, 1., = P10,10
® Bs, = Br,, 1., = Bo6
o F={fo, 1}

° O[fo = Oéfl = Yrfn bfn = 72%712%, n e {O, 1}



TA 2S 2SC_2F 1AC_1P_Test

; — o
arrivalBound (s, {0}, {/1}) = 3! | prpo Mux | ARB_MUX
= arrivalBound(s1, { f1} ,{fo}) = o} - -
ozig' = T2l 124
alin = 0,0
Big I = Bsy © aZ]" = Bgrosn qrosa = Bo.10
’ T —9l
¥ f Lo.f o T T2 T T
aln =alr @ 68.0. n — fyr_sf?’bé.? b{;;" aln (TS.Oo.fn,) = 2§ -10 + 125 = 37§
= = Y2l37L
| arrivalBound(sy, { fo, 1}, {}) = a7} | FIFO_MUX | ARB_MUX
ozi;fo’fl} = 5,25
ag(;{foxfl} =0
To.{fo, :
groliolit — g o g2llo i} — 53@-8-“'0"”1},:F_i;f'”o’f” = 10,10
T{fﬁ,fl} =5
{fo,f1} {fo.f1} Lo{fo,f1} 5 T ’T
as; = gy @ /330 ’ = 'Vrifo’f”.,bif“’fl} b;t{.()vfl} ai({o,fl}(Ts.oo.{fo-,fl ) =5.104+25="75
= = 5,75




Flows f,, n € {0,1}

TFA results will be equal for all flows as they share the same path of servers.
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al? = V51314 = V5,1662
fv(fz) _ _
Qsy = V51311 = 75,1662
RLo-T2 =15
x 51
ﬁlofz 5 S ol (f2) _ B o (afo) = BRL'f'h,Tif'fz 651 = bigsl 551 = aggsl
2
Tlo.fa 20 - [t —20]" = 1311 20-[t—20]" = 5-t+ 1665
S1
9 7
t= 26— t= 37—
16 9
= :[315,26% :515,375
r{; =5
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:
2 — 2 Lo.f
a§2 = oPo 'B(SOO,Si

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.fa
(s0,51)

f2
0[52

(Bsy ® Bs,) © af0

(820,20 ® B20,20) © V5,25

B20,40 © V5,25

615,55

_ fz@ﬂlofz

50751
V5,25 @ B15,55

= 75,300




arrivalBound(s, {f2},G) ,G € P({f1}) = al2 \ FIFO_MUX ARB_MUX

aécf = 5,1311 = 75,1662
04?1(1(2) = V5,131 = 75,1662
R15-0~f2 =15
1
ﬁgl(lfz =05, © a?l(h) =fs O (a{g)* = ﬂRls,f,fz’T;,lo,fQ Bs, = bggsl Bs, = O‘igsl
1 2
Tlo-fs 20-[t - 20" = 1315 20 [t—20]" = 5-1+1665
9 7
t= 26— t= 37—
16 9
= 2615,26% :5157375
rf:g =5
ofs = a0 B0 =1 110 bl: | al(To72) = 526 + 1312 = 2644 | al?(T°7?) = 5- 37% 1 1662 = 355
= = V5,264 = 75,3553




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

| TFA [ FIFO_MUX | ARB_MUX
oy, = alo 4ol = 710,50
S0 ﬁso = bso 550 = Qg
+ _
Do 20-[t=20]" = 50 | 904 —20]* = 10-¢+50
t= 22% t— 45
o o (To) = 20-10 1 50
0 250
sy = alfo = 710,250
51 651 - bsl ﬂ51 = Qg
+ _
Do 20+ [t =20]" = 250 | 9.4 —20]* = 10-¢+250
t= 32% t= 65
o o (To) = 1020 1 250
& 450
D;‘] Yo Dl =55 | > DI =110
BJo

maxi:{oyl} b{:? =450




SFA FIFO_MUX \ ARB_MUX
an?) = af: = 5,25
s Rls'[?'fﬂ =5
U Biet = By © azy”” By = 0L B = ol
TLo-fo 20- [t —20]" = 25 20-[t—20]" = 5-t+25
S0
1 1
t=21- t= 28—
4 3
= = 515,21% = 615,28%
Oéil(fo) = afjl(fﬂ) = 5,125
s Ry T0 =15
1 T T
5;‘10.f0 =8, © asl(f") Bs, = bsl(fO) B,, = a2 (fo)
, + _ 51
Thodo | 20-[t=20]" =125 | 9. 90/t = 5.1+125
f— 265 t= 35
_ 4
= = 51572(‘% = ﬂ15,35
T.o. 1 o. I .0.
ﬁe2ef0 = ﬁRL-;éfo’Ti;:fo ®i:0 5}9 fo = ﬂ15,47% ®¢:o Bii fo = ﬁ15,63§
1 eze
+ _ 1
Do 15- [t — 475] = 25 15 . [t _ 63§]+ = 925
1
t= 49— t= 65
1 6 1
ol (T ?oy = 5472 425 | P(Th°) = 5635 +25
Bfo 2 3
= 262 L = 341 2
_ 2 _ 3




PMOO ARB_MUX

S0 af(f-f‘]) = 5,25
az’” = V5,25
z(fo)
[O7R =
51 2(J0) 0.0
Qs = 75,125
RLo-fo — A, (R _ Tﬁ(fo)) = (20—-5)A(20-5)
Lo.fo __ e2e i€{0,1} S; ED _ 15
Peae™ = Brigito rict e et 90 DFD0 20 L T UEE
Lo. 200) 4rzol.r,, = - = i
TeQefo = ZiG{O,l} (TSL + Rlofo) 15 15
e2e — 55
= Bi5.55
Bzl = bPo
Do 15-[t—55]" = 25
t= 562
f Lo. f — 4
Bfo al*(Tp.%) = 5-55+25
= 300




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

PBOO-AB:
] TFA \ FIFO_ MUX ARB_MUX
as, =l +al2, | 7525 + 152001 = T10.289 75,25 + V5,3555 = 710,3803
82 /882 = b82 ﬂsz = aSQ
1 5
D1 20 - [t —20]F = 289E 20- [t —20]" = 10-t+380§
29 5
= 4= = =
t 3 o : t 78590
, as,(Ts,) = 10-20 + 2891—6 as,(Ts,) = 10-20 + 380§
Bt
52 1 5
= 489 — = 580~
16 9
DT =342 = T84
BN = 48915 5803
PMOO-AB:
TFA \ ARB_MUX
oy, =alt +al2 V5,25 + V5,300 = 710,325
52 582 = aSQ
D 20-[t—20]" = 10-t+325
B as,(Ts,) = 10-20+ 325
52 = 525
Dh =723
BTy =525




PBOO-AB:

SFA [ FIFO_MUX [ ARB_MUX
an) = al? o = V5,264 ‘ = 75,3553
RIoTr =15
s 52
Y| Bt =Bu 00l =, cailly Bo = 01TV Bo= aillV
1 )
Tiesi | 20-[t—20" = 2647 | 20-[t—20]" = 5143557
13 10
t= 33@ t= 505
= =P15,3313 =P15,5010
53!2(2]01 = Lo :5115,335 :5151,5024;
ﬁe;éfl - bfl Be;efl = bfl
13 10
15-[t—33 =] = 2 15-[t—50—=]" = 2
Dh 5[t 335 5 5[t =50 5
167 1
= e — 52
t 3 192 ! 1% 27
o (T = 5.3322 425 | V(T2 = 550 +25
Bfl 64 27
1 23
= 191 — = 276 —
64 27




PMOO-AB:

SFA ARB_MUX
ot — of = 75,300
Rl.o.h =15
S2
2| glof = g ot = g, & atl) Bo=  arllV
l.o.f1 : t - = : t +
T 20 20]" 5 300
S2
2
t = 46—
3
= :515,46%
DR L
Beze " = b
2
Dh 15 [t — 46§}+ = 25
1
t= 482
o3
o (T Yy = 5465 +25
B ’

1
= 2 o
583




PMOO ARB_MUX
So O‘fz(fl) = 75,3552
az,”) = 75,3553
= 20-5
Rig = Ry, —rtf" -
Bl.o.fl — 3, ot = 15
e T PR T 2y 5995 + 520
plodfi _qp | bTATE Tey - O 15
e R 502
27
- = ﬂmso%
B = bl
10
15[t — 50" = 25
D7 [t = 5057]
52
_ —
o (T = 550 +25
B 27
23
= 276 =




Flow f2

PBOO-AB:
’ TFA FIFO_MUX ARB_MUX
Qg = a£8 + afé = 710,50
S0 Bso = bso Bse = Qs
+_
DYz 20-[t—20]" = 50 20 [t —20]* = 10-¢+ 50
t= 22% t= 45
Bt ()= 2010550
50 = 250
Qg = Oégo’fl} = 710,250
81 ﬁsl = bsl 681 = Qg
+_
D 20-[t—20]" = 250 20-[t—20]" = 10-¢+ 250
t= 32% t= 65
o as (T )= 10-20 1 250
1 = 450
oy, =all +al2 | 505 + V5,264L = V10,289 75,25 + V5,3555 = V10,3803
S2 S0 = b32 552 = gy
1 5
Df: 20-[t-20" = 2890 | 20-[t—20]" = 10-¢+ 3507
29 5
64 1 5?0
a,(To,) = 10-204+289— |y, (Ty,) = 10-20+ 3802
= 489 — = 580~
16 9
DP Z?:o D> =89% Z?:o DIz = 18845
Bf2 maxi:{07172} b{o = 489% maXi:{oﬁl,g} b{? = 580%




PMOO-AB:

] TFA \ ARB MUX
as, = alo 4+ ol = 710,50

S0 Bso = Qs
Dg’g 20-[t—20]t = 10-t+50
t= 45

B as,(Tsy) = 20-10+ 50

S0 250

as, = ai{(”fl} = 710,250

S1 Bs, = Qsy
DI 20-[t—20]" = 10-t+4250
t= 65

Bf2 as, (Ts,) = 1020+ 250

51 = 450

as, = alt + a£f52 75,25 + V5,300 = 710,325

52 Bs, = Qs
Dh 20-[t—20]" = 10-t+325
S2 1
t= 725

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

82 = 525

b7 >, DL — %2}
BT2 max;_(o.1,2) bJ° = 525




SFA \ FIFO MUX \ ARB MUX
a;ﬂéfz) = 0/{8 = 75,25
Rl.[;).fg — 5
S0 T 2 T T
/8;3]02 = Bs, © ab’u(ﬁ) = Bs0 © a£8 Bso = bscEf2) Bs, = O‘séh)
Tlo.f2 20- [t —20]" = 25 20-[t—20t= 5-t+25
S0
1 1
t = 21= t= 28—
4 3
= = 515,21% = 515,25%
ai?) = i) = 75,125
Ry T2 =15
S1 z( f- L =
ﬂ;&fz =B, © aSI(fz) By, = bSl(fz) B, = Oé‘:l(h)
+ _
T;.lo.fz 20[t—20] = 125 20~[t720]+ = 5.t4+125
1
t= 26— t= 35
4
= = ﬂlS,QGi = 515,35
an = als = 5,25
T.o.f- —
52 Lo.f z(f2) f e z(f2) > z(f2)
55.2 2= /882 © Qs = ﬁsz o a’lt ﬂSQ - 632 552 = g,
Tlo.f2 20- [t — 20|t = 25 20-[t—20]" = 5-t+25
s2
1 1
t = 21= t= 28—
4 3
= = 515,21% = 515,28§
To. 2 o. 2 .0.
Bie”? ®io B = Busess ®i—o 870 = Bis.o12
51.20.)‘2 _ p2 51-20-f2 —
3 2
D/ 15 [t — 681]+ = 25 15[t — 91§]+ = 25
5 1
t= 70— t= 93
3 12 5 3
. al2(Tlely = 5. 68 +25 al2(Tlhe Py = 5. 913 +25
Bf2
3 1
= 368— = 483 -
4 3




PMOO ARB_ MUX
S0 afgh) = 75,25
a?é.fz) — .25
. a?ffZ) = 0.0
a%’l(fz) = 75,125
S9 ai‘z(fZ) = 75,25
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 _ 15
e2e Ry’ ? Tepe ' 25 F5-20 UF+5-20 25 +5-20
Lo.f2 bi R 4ri ) T, 04 =5 T2+ AT
Tere™ =D icq01,2} (TSi + M) 1
‘e2e
83—
3
— = 515,835
B = o
1
D”2 15 [t — 835] = 25
t= 85
osz(Tl'O'fo) = 5- 831 + 25
e2e -
B2 3 5
= 441 —

3




TA 3S 1SC 2F 1AC 1P Network

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}



TA 3S 1SC_2F 1AC 1P _Test

arrivalBound(s1, { fo, 1}, {}) = a7} FIFO_MUX | ARB_MUX
Oéi({o’fl} = 710,50
agi(;[fo,fl} = 70,0
ﬁ;‘oo'{anfl} = By, O (Xiu{fo’fl} - ﬂRl»O-{vah} oo} = 20,20
0 Tsi
1 i =10
ai{mfl} _ Oéi():o’fl} % ﬂs.;).{fmfl} _ FYT'i{O’fl}7b§‘1fU"fl} bi{mh} aigmh}(Tsl.Oo.{fo-,fl}) =10-20 + 50 = 250
= = 710,250
arrivalBound(so, { fo, 1}, {}) = o} | FIFO_MUKX | ARB_MUX
aif”’fl} = 710,250
agl{fo,fl} = 70,0
ﬁ;‘lo'{mefl} =B, © (Xil{fmfl} — ﬂRl»O-{vah} o1} = ﬂ20720
o1 sy
1 rifo =10
ai§07f1} _ ai{o»fl} o ﬂs.lo.{fmfl} — 77'§§°’f1},b§§““f1} bigmh} ai{mh}(Tsl.lo.{fo-,fl}) =10-20 + 250 = 250
= = 710,450
arrivalBound(s1, {fo}, {f1}) =
— arrivalBound(s1, {f1}, {fo}) = o FIFO_MUX | ARB_MUX
aﬁg = 75,25
0@{" = 70,0
pro-In = B, 6 i = BRiosn piein = 20,20
7’{1" =5
afy = aly 0BT =g ppe Bl [ ol (TET") =530 425 = 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
ag, = alt +aoft = 710,50
S0 Bso = bso Bso = s,
DI 20-[£=20]" = 50 | 90, [t —20]* = 10-¢+ 50
t= 22% t= 45
o an(To) = 10-20 150
0 250
Q) = alfol = 710,250
S1 B = bs, Bs, = Qs
DI 20- [t =20]" = 250 | 9. [t 20t = 10-¢+ 250
t= 32% t= 65
o s (To) = 10-20 1 250
" - 450
aft = ol = 710,450
52 Poa =" bss B, = s,
Df 20 [t =207 = 450 | 50. [ _20]* = 10-1+450
t= 42% t= 85
o o, (o) = 1020 1 450
52 650
g;” S DIn=97l ] S DI =195

maX;—{0,1,2} bf:fl = 650




SFA FIFO_MUX \ ARB_MUX
aZin = V5,25
< ‘ Rggfn =15
0 5£(?fn = 650 S o‘f({n = ﬁRls'g'f7l7T;b°'f7l Bso = bi:({n ﬂso = ai:[{n
TLo.fn 20-[t—20]" = 25 20-[t—20]t = 5-t+25
! t= 221 t= 28 L
_ 4 _ 3
= = 515,21% = 615,2&%
agl» = 75,125
s Rls'ff" =15
1 O. xr xr
5;1 fn =B, © Olslf" Bs, = bslf" 8, — ot
+_ 51
Tho-fn 20-[t—20]" = 125 20 [t—20]F = 5-t+125
1
t= 26~ t= 35
4
= = 61526% = 515,35
agl" = 75,225
Ry Tr =15
SS9 zfn £ i — ZJn
Bedn = Bs, © af Bey = b7 Bs, = afl
Tho.f 20 [t—20]" = 225 20-[t—20]" = 5-t+225
; t= 31 L t= 41 2
_ 4 _ 3
= 515,31% - 515,41%
Lo.fn 2 o. 2 o.
5c2cf = BRIC‘;C'f”,TCI'“C'f" ®i-o Bi fr = 55,78% ®i=o ﬂ fr = Bs,105
Lo.frn fn
o I
D 15[t — 781]+ = 25 15-[t—105]" = 25
2
5 t= 106>
t= 80—
12 3
fn Lo.fny
Bfn (0% (TCQC ) = 5- 781 + 25 afn (TeIZZfﬂ) = 5-.105 + 25
= 4183 = 550
4




PMOO ARB MUX

S aig" = 75,25
’ agl" = 75,25
50 *
. o —uo
aglr = V5,75
$2 o5l = 70,0
agl" = 5,225

Loty x — (20 _5) A (20 —5) A (20 5)
Rcch' = /\ie{0,1,2} (qu', - Ts,;f")

/Bl.o.fn — ﬂ | Lo.f = ]_5
e2e Reg /™ Top 25 F+5-20 0F5-20 0F5-20
Lo.f pofn g pefn. = 20+ 15 + 20 + 1 + 20 + 1
T = Zie{O,I,Q} (Tsz + LRi;Lfnl> o
— - 615,81§
/Bézoef n o_ bfn
2.4

Din 15t — 815] = 25

1

t= 83=

3

2
Oéf" (TeIQOef") — 5 . 81* + 25
Bf» 3

1
= 433
3




TA 4S 1SC 2F 1AC 2P Network

£ N N N N >
T, Y

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

alo =alft =55, 4 =525, n € {0,1}



TA 4S 1SC 2F 1AC 2P Test
| arrivalBound(sy,{fo},6), G € P(F) =al> [ FIFO_MUX | ARB_MUX |
afﬁ = 75,25
as = 10,0
Biodo = By, © as = Brio-to gho-so = 20,20
7‘{? =10
afy = aly @ B3 =100 10 blo ol0 (TEoT0) =5 20 + 25 = 125
= = 75,125
arrivalBound(sg, {fo}, {fo}) = o0 | FIFO_MUX ARB_ MUX
afo = 75,125
Oégl(fo) = 75,25
RLo-To =15
Biol = Buy ©ail” Bor = W5 o= afl
Tlo.fo 20 - [t —20]" = 25 20-[t—20]" = 5-t+25
s1
1 1
t= 21= t= 28—
4 3
= =ﬂ15,21i :515,28§
r]:g =5
ofy =aly @ By =00 pr0 [ Bl [l (TH070) =5-21% +125 = 2312 [ alo(T1070) =5 - 281 + 125 = 2662
= = V5,231 = 75,2662
| arrivalBound(sy, {f1},{fo}) =of! | FIFO_MUX | ARB_MUX
of! = V5,25
Oé?ffl) = 70,0
pro-hv = B o a?l(fl) = ﬂRls-f-h i = /320,20
ri1 =10
afy =all @ BN =y B [ofl(TI7) =520+ 25 =125
= = 75,125




PBOO-AB:

| arrivalBound(ss, {fo},{}) = al® FIFO MUX ARB_MUX
Oéfo = V52311 = 75,2662
an(fo) = 75,125

=15

61 ofo =g, © oz?éfo) Bs, = biéff’) b )
1 S2 T S2
20 [t=20]" = 1567 | 90.[t—20]* = 5-%+200
t= o7l t= 40
16
=B15,0713 =15,40
=5

Tsgs

ofy =aly 0 B =y,

oo (T1070) = 370%

oo (T1070) = 4662

= V5,370

= V5,4662

PMOO-AB, ARB_MUX:

Note, that we use a simplified notation here due to the use of rate-latencies and token-buckets

fo
(XSS =

as well as the lack of demultiplexing on the analyzed path.
l.o.
ﬁ(so,ii) = B ® ((Bs, ® Bsy) © )
= (20,20 ® ((B20,20 ® B20,20) © 7V5,25)

afo % /31 .0.fo

(s0,82)

520,20 ® (B20,40 © ¥5,25)

= (20,20 ® Bis,55

= [315,75

fo
(¥33

afo %) /31 .0. fb

(50,82)

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:
| TFA FIFO_MUX ARB_MUX
Asq = 75,25
S0 FIFO per microflow
650 == bSO ﬁ . b
20-[t—20]* = 25 v
Dl [t =20] ) 2-[t—20]" = 25
t= 21- 1
4 t= 211
Bfo sy (Tsy) = 5-20+25
*0 125
oy, =alo 4+ al! = 5,125 + V5,25 = 710,150
S1 le = bs1 ﬂsl = O,
+_
Do 20- [t —20]" = 150 20 [t —20]* = 10-t+ 150
t= 27% t= 55
Bfo s, (Ts,) = 10-20 + 150
5t = 350
Qg, = ozif“’fl} = 710,350
s B =" bu B = o,
+_
Do 20- [t —20]" = 350 20 [t —20]* = 10t + 350
t= 37% t= 75
- s, (To,) = 1020 + 350
52 = 550
sy = aff = V5,370 = 75,4662
83 FIFO per micro flow
553 = b83 o b
n 5 533 - S3
) 20-t—20]" = 370— 2
D [t =20 10 20-[t— 20/ = 4663
t= 38— 1
64 t= 43-
) 2 3
sy (To,) = 5-204+370— | ay,(Ts,) = 5-20+466=
B/fo 156 g
S3
= 470 - z
70 1a 5663
Die >io D = 1243 >0 Do =194T
BJo max’_ bl° = 550 max’_, bl = 5663




PMOO-AB:

! TFA ARB_MUX
PXso = 75,25
S0 FIFO per microflow
650 - bSO
DL 20-[t-20/" = 2
1
t= 211
B{g as,(Ts,) = 125
Cksl = Ckgll) + OZQ — 75’125 + 75725 — ’Y107150
S1 551 — s
Dg(f 20-[t—20]" = 10-t+ 150
t= 55
B0 o, (Ty,) = 10-20+ 150
- = 350
ay, = aii” ) = 710,350
So 652 — 0652
D{;’ 20'[t—20]+: 10 -t + 350
t= 75
ng as,(Ts,) = 550
as, = of; = 75,400
53 FIFO per micro flow
Dfo 1883 = ng
” 20 - [t —20]" = 400
t= 40
Blo e (Ts,) = 520 4400
" = 500
D’ >3 Dl = 1911
BT s S




SFA FIFO_MUX \ ARB_MUX
S0 O‘ngfo) = 70,0
BsoTo = B20,20
afldo) = V5,25
RLoTo =15
$ T 2 x xr
1 B}s'lo'fo = By, 9O[SI(fo) Bs, = bél(fo) Bs, = a-s«l(fo)
TLo-fo 20- [t — 20| = 25 20-[t—20]" = 5-t+25
S1
1
t= 21— t= 28—
3
= = Pis 11 - 61528%
as,z(f()) = 75,125
) RLOTo =15
2 0. T
51 fo — Bs, @a1(fo) Bs, = bs2(f0) Bs, = agfo)
+
Thoo | 20 [t —20] 1251 20 [t—20]* = 5.¢+125
1
t=  26- t= 35
4
= = Pis,261 = B15,35
s3 Ofs;(fO) = 70,0
pLo-fo =B, 6 Oéx(fo) = 20,20
Lo. .0. .0.
5e29f0 BRleger T“’ fo ®1 0 51 fo = B15,87% ®7, =0 51 fo = 515,10?%
Lo. i
ﬁezlef" = bfo ﬂcl:;(;fo _ bfo
/721 = 1
Dfo 15 [t 872] = 25 15 . [t _ 103§}+ — 25
- 89% t= 105
) T N T
; alo(Tiloy = 5. 875 +25 afo(Tiloy = 5. 103 + 25
BJo
1 2
= 462~ = 541 —
2 3




PMOO ARB_MUX
5 a§§f°) = 70,0
O‘iféf()) = 70,0
s1 aiffo) = 5,25
agl(f(’) = 5,25
o a%;oz = 70,0
0‘%2 ’ = 5,125
. aZlfo) = 70,0
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