Tandem 1SC 1Flow
B)s(®) .

® Buy = Buv, = Br,, 1, = B10,10, 7 € {0,1}

o afo =150 40 =525



TFA FIFO_MUX \ ARB_MUX ‘
Qyy = af0 = 75,25
Vo B = b FIFO per mico flow
10 [t — 10]1)+0 - Pro = b
Djs I 10-[t— 10" = 25
t= 12—
2 t= 12%
Bl o(Ty) = 510125
o = 75
= TUO = Tfo =
VoV1 | Qygouy = (O"'Uo)* Qo (Tvo) =175
= 75,75
a’l)l = avovl — 75,75
1 FIFO per micro flow
ﬁvl = bvl ,8 o b
10-[t—10t = 75 v
D [t = 10] h 10-[t—10* = 75
t= 17= 1
2 t= 175
Bl an(Ty) = 5-101 75
Ui = 125
Do 23:0 Dfo =30
B'f0 IHaXi={071} b{? =125




y SFA | FIFO_MUX [ ARB_MUKX |
" aﬁ[f" = 70,0
ﬁbg)-fo = [B’uo _ Oéigoﬁ = ﬁvo = ﬂlO,lO
| vovr | azly \ = 70,0 \
v Cvglfo - ag({gl = Y,0
b BT = 1By — o]t = B, = Bro.10
Bt = 5R1~;-f07T1-20~f0 ®3:0 Bho-Jo = By .20
Biglo = bP
Do 10-[t—20]" = 25
1
Lo.
Bo (T ") = 520425

125




PMOO \ ARB_MUX

5cf§c ®:}:0 Bvl = 510,20
e2e O‘:Qfg = 70,0
Bese!® = [BLS, — agfo]+ = B, = B10,20
Bl = o
Do 10-[t—20" = 25
t= 22 L
To.f _ -
Bfo o (Tyel*) = 5-20+25
125




Tandem 2SCs 1Flow

(o }——>()

o7 p—

® Buv, = Br,, 1., = P10,10
® Bu, = Br,,, 1., = Pos

o afo = Yrfo bfo = V5,25



TFA FIFO_MUX \ ARB_MUX
Qyy = af0 = V5,25
Vo FIFO per micro flow
/61)0 = b?)() 5 - b
10-[t—10" = 25 oo T
Dfs [t =10 . 10-[t— 10" = 25
t= 12— 1
2 t= 125
B0 G (Toy) = 51025
o = 75
T’UU’Ul - TUO - Tfo -
VoU1 | Qygo, = (041)0)* bvovl Qg (Tvo) =175
= = 75,75
a’l)l = avovl — 75,75
1 FIFO per micro flow
61}1 = bv1 o
6-[t—6"= 75 bo = b,
D . 6-[t—6]*= 75
t= 18= 1
2 t= 185
Bl 0 (To) = 56175
vl = 105
Do S, Dl =31
B'f0 IHaXi={071} b{? =105




y SFA | FIFO_MUX [ ARB_MUKX |
vo ai({o = 70,0
Boa 70 = [Buo — a°]" = Bu, = B10,10
| vovr | azly \ = 70,0 \
1 , aplo = aply = 70,0
Bu'lo'fo = [/8111 - Otiff“}* = B, = Be.6
Beae = BRioso qloso ®io BT = Be 16
Bese = b
Do 6-[t—16]" = 25
1
t= 207
B ol (T Ty = 5.16+25

= 105




PMOO ARB_MUX
B ®1oBe. = Borc
e2e O‘:Qfg = 70,0
Bese!® = [BLS, — agfo]+ = B, = fBs.16
Bazel" = b
Dfo 6-[t—16]" = 25
1
| t= 20,
Bl ol (T )y = 5-16+25

105




Tandem 1SC 2Flows 1AC 1Path

N N

P f——{w]

~ ~

® Bu, = B, = Br,,1,, = Bro,10, i € {0,1}
e oo = ot = Vpdi bis = V5,25, je {071}

Flows fo, f1

TFA results will be equal for all flows as they share the same path of servers.
SFA, PMOO results will be equal for all flows as they share the same path of servers and the same arrival curves.



TFA

FIFO_MUX | ARB_MUX
Qyy = ol +alt = 710,50
Vo ﬂ . b 5”0 = a’L)O
D 0.7t 10”+°_ 58 10-[t—10F = 10-t+ 50
0 N _
£=10) 0-t= 150
t= 15
= Dl{g = 0
BfO O/vo (TUU) 10 . 10 + 50
v = 150
Tvgvy =10
VU1 Ayovy = (Oé’uo)* b'UO’Ul Qg (T’Un) = 150
- = 710,150
Xy T Qugu = 710,150
(%] B _ b ﬂ’Ul = avl
Df 10— 101 = 150 | 10107 = 10-24150
0 N _
" [£=10) 0-t= 250
t= 25 |
= Db =o
Bfo Qi (Tvl) = 10-10+ 150
" = 250
D Sl DE=10_ | 5. Dh=o
Bfo

max;_(o,1} bj° = 250




SFA \ FIFO_MUX \ ARB_MUX
azlo = alt = 75,25
Rl.o.j(, —
v o xr o xr .
O | Bt = [Bu, — alfolt Buy = byl By = azfo
+ _
rhofo | 10-[E=10" =25 | g0 101t = 5.t425
t = 121 t= 25
2
— = B5.122 = B5,25
rols, rli=rt =5
VU1 zfo. yoho allo(T,y) = 5-10+25
vor 75
= = 75,75
Oéfflf“ = 0‘5{31 = 5,75
Ri}f'jo =5
v
! Bqlflo'fo = [Bv, — Otiffc"ﬁ Bo, = biljo B, = ozifo
+ N 1
rlofo | 10-[t=10"= 75 0. 10t = 5.¢475
t= 17% t = 35
— = Bsa72 = Bs,35
Bese” = Brigo gt so ®izo By = B0 ®izo By = Bs.s0
61.2o.f0 — o 61-20-fo — plo
Do 5-[t—30]t = 25 5-[t—60]t = 25
t= 35 t= 65
l.o. I.o.fo
B (T PYy= 5.30+25 | o(T27)= 5-60+25
— 175 = 325




PMOO ARB_MUX
chgc ®;=0 /B’Ui, - BlO,ZO
agft =l = 5,25
eZe Rzgéfo —5
l.o. T T
Bese! = (B85, — agse)* Blhe= o
Thelo | 10-[t—201" = 5-t+25
t= 45
= = B5,45
B = bl
Do 5.-[t—45]" = 25
t= 50
l.o.
B ol (T2 = 5.45+ 25

= 250




Tandem 2SCs 2Flows 1AC 1Path

N N

P f——{w]

~ ~

® Buy = BR,,. 1., = B10,10
° ﬂUl — /BvaaTvl = /8676
° an :Ozf1 :'yrfj,bfj :72%,12%7-]. = {0’1}

Flows f07 fl

TFA results will be equal for all flows as they share the same path of servers.
SFA, PMOO results will be equal for all flows as they share the same path of servers and the same arrival curves.



TFA FIFO_MUX ‘ ARB_MUX
yy = a0 + alt Z;:O ali =5 95
g Bug = by, Bug = Oy,
Do 10-[t=101" = 25| 19,4 _10]" = 5.¢425
t= 12% t= 25
- o (To) = 5-10+25
= 75
Toouy =5
VoU1 | gy = (o)™ | buguy Oy (Tyy) = 75
= = 75,75
gy = Qyyu,y = 75,75
V1 Bop = by, Bo, = Quy
Do 6-[t=6]"= 75 | G.p_6t= 5.t475
t= 18% t= 111
B ay, (Ty,)= 5-64+75
v = 105
Do S Dl =31 ] S, DI =136
Blo

max;_(o,1} bj° = 105




SFA FIFO_MUX [ ARB_MUX
gl =alt = V24,124
Rl.o.jo — 71
vo z Vo = 2
ﬁ%}.oo.fo — [5v0 _ ay({o}-i- ﬂvn = b%fo an _ ai({O
1
+
Ti.o(lfo 10 - [t — 10] = 125 10 - [t _ 10]+ _ 25 -t 4+ 125
1
t= 11- t= 15
4
= = 57%711L = /87%715
o, =2;
VoU1 Oéifg ZJo I 1
it . A (To) = 25-10+123
b’UoU] ].
= 37
2
= = TY2is7d
aglo = ayly, = V21,371
Rl.o.jo — 31
U1 o T Y1 T 2
5!}1"700 = [Bu, — %‘fo}* By = bvfo B, = ai'lfo
1
Thod 6-[t—6]" = 375 6.[t—6]* = 2% . 37%
1
t= 12- t= 21
4
= = Bs121 =P
T.o. ! o. I .0.
Be;efo - BRL;’e'f'ﬂ,Tel';’e'fO Qi—o 572 fo = 63%,23% Xio ﬂii fo = ﬂ3%,36
B = bl Bzt = O
1 1 1 1 1
3=-[t—232]T = 12= — . [t—36]"T= 12=
D S lr-233] ; 351t - 36 >
1 4
1 1 14 1 1 L I
o (T foy = 22.23- 4122 | o (Th ) = 22 .36+ 122
Bfo 2 2 2 2
1 1
= 71= = 102
4 2




PMOO ARB MUX
ngc ®11=0 61)7', = B6,16
0‘:2{3 =alt = V21122
e2e R‘-g-fo — 31
gho-fo — [ﬂfo _ frfo]+ = — zJo
e2e e2e Rede 6e2e - Qe
0. 1 1
Tl | 6. [t—16F = 22 -t+12=
2 2
t= 31
- - ﬁ3§,31
CER
1 1
3--[t-31)t = 122
Dfo 5 [t—31] 5
4
o(qlodoy = ol 314120
Bfo @ et ST 5 2

90




Tandem 1SCs 4Flows 1ACs 1Path

fo

fq 7~ 7~ > 5

=

S >
3

b

® Bv, = Buv, = Br,, 1,, = Br0,10, i € {0, 1}
o ali = Vti pfs = V2,10, § € {0,3}
Flows f;, j € {0,1,2,3}

TFA results will be equal for all flows as they share the same path of servers.
SFA, PMOO results will be equal for all flows as they share the same path of servers and the same arrival curves.



TFA [ FIFO_MUX | ARB_MUX

Qg = Z?:o afi = 78,40
Vo ﬂvo = bvo ﬁvo = Qi
DY 10-[t—10t = 40 | 10-[t—10]* = 8-t440
t= 14 t= 70
B yy (Tyy) = 8-10440
0 = 120
rvgvl = 8
VoV1 | Qyguvy = (avo)* bv0v1 ) (Tvo) =120
= = 78,120
Oy, = Qoo = 778,120
V1 Bvl = bvl 51)1 = Qo
Df 10-[t—10t = 120 | 10-[t—10]" = 8-+ 120
t= 22 t= 110
ay, (Ty,) = 8-10+120
B[ff = 200
D YioDii=36 | ¥, DI =180
B max;_{o,1y bt = 200




SFA \ FIFO _MUX ARB_MUX
aiofj = Zi:o alt = 76,30
Rl.o.fJ — 4
Vo Lo. s o fs %o _ zfj
i T = Buy — ']t Bug = bEP Bu=  alp
. . —_— + f— .
T};;)O.fg 10 - [t _ 10]+ — 30 10 [t 10] 6-1+ 310
t= 13 t= 325
= = /84,13 = 34,32%
rali, —rpdi =
vov1 abls yoh aZli(T,) = 6-10+ 30
Vo1 _ 90
= = 76,90
ai{j = Oéiofi}l = 76,90
Ry>Ti =4
V1 ) o fs L= J
Lllo.fj = [Bm - Oéilfj]+ ﬁvl = bi]ﬂ /8’01 = ai{
+ = .
T’Lll.lo.fj 10 . [t _ 10]+ — 90 10 . [t — 10] = 4 t+ 910
t= 19 t= 475
= = /84,19 = 34,47%
o.f; T To.f;
BipT Ry o = Ba,32 Ri_g Bor i = Bugo
61~20~fy — b 51~2°~fa — bl
eze eze
Dfi 4. [t—32]Jr = 10 4. [15—80]Jr = 1?
t= 34% t= 825
- oI (T = 2.32410 | ofi(Th )= 2-80+ 10
= 74 170




PMOO \ ARB_MUX
5g5e ®3:o Bu; = B10,20
aml = Z?:o afi = 76,30
ﬁeéé = [Beée - aeQé]]+ Bege = 04:216]3
rhofi | 100 [E—20]" = 6-t+30
1
t= 57—
2
= = 54,57%
To.f; 2
ﬁeQe - bf
) 1
DJi 4-[t-5751" = 10
t= 60
fi Lo.fijy _ . 1
Bl adi(Th.7) = 2 572+10
= 125




Tandem 1SC 2Flows 1AC 2Paths

OO
f4

® Bv, = Buv, = Br,, 1,, = B20,20, 1 € {0, 1}

o ofo =ft = Vitfi pfi = 75,25 j €{0,1}



Flow fo

| TFA [ FIFO_MUX | ARB_MUX
ry, = al0 = 5,25
[ 5, = b FIFO per micro flow
20- [t 20v+0 25 o = O
Djs (=207 = . 20-[t—20]* = 25
t= 21- 1
4 t= 211
Bl o(Toy) = 520125
vo = 125
Ty =5
Vo1 Aygvy = (avo)* b'UO'Ul Ay (Tvo) =125
= = 75,125
oy, = ol + gy, = 75,25 + V5,125 = 710,150
U1 ﬁ'“l = bUl Bm = Ay,
+ _
Do 20-[t=20]" = 150 | 90.[r—20]* = 10-¢+ 150
t= 27% t= 55
ok au (Th,) = 10-20+ 150
v = 350
Dfo Z::O Dl = 48% ‘ Zi:o Dl = 76%
BfO maxi:{o_,l} b{? = 350




PMOO and SFA yield the same result because there is no tandem of servers to be convoluted before substracting common crossflows.

] SFA, PMOO \ FIFO_MUX (SFA only) \ ARB_MUX \
.’L'fo J—
Qo = 70,0
[ & :
0 BT = By, = (320,20
[ vovy | apls, \ = 7,0 \
aplo = olt + aflo = 75,25
R;f'fﬂ =15
v xT T xT
Lo Bt = [Buy — aglelt Bu, = BF° Buy = ay o
Lo. fo 20-[t—20]" = 25 20-[t—20]" = 5-t+25
T,
t= 21 L t= 281
_ 4 _ 3
- - 515,21% - 615,28%
.0. 0. 1 .0.
5<192er = ﬂRle';e‘fO,Tel‘Q‘;'fO ®2=0 5711 fo = 515,41% ®1¢=0 ﬂ%; fo = B15,48%
6é;éf0 = bfo Bi;éfo - bfo
1
D/fo 15- [t—411]+ = 25 15 - [t748é]+ 25
t= 42E t= 50
1 12 1
S afo(Tiloy = 5. 417 +25 afo (T oy = 5. 48 +25
B 0
1 2
= 231- = 266—
3 4 3




Flow f1
| computeOutputBound (v, fo) = (af2)* | FIFO_MUX | ARB_MUX |

"V
rho, =5
(afo)* =afo, blo,. vy, (Ty,) = 125
— = 75,125




TFA [ FIFO_MUX | ARB_MUX
ay, =alt + oszgm = 5,25 T V5,125 = 710,150
U1 ﬂvl = bvl ﬁvl = Qo
+_
DI 20-[t=20" = 150 | 90. [ —920]* = 10-¢+ 150
t= 271 t= 55
o ao (To) = 10-20 + 150
Ui = 350
D/ Z::o qu}”] = 27% ‘ Z::o D51 =55
BN max;_{o,1} b! = 350




PMOO and SFA yield the same result because there is no tandem of servers to be convoluted before substracting common crossflows.

y SFA, PMOO | FIFO_MUX (SFA only) ARB_MUX \
’ Vo1 ‘ 0‘%11;1 ‘ = 75,125 ‘
gl = agly = V5,125
v Rt?'h =15
P Be = [Bu — ol = Bpien pren Boy= byl By, = azh
, + _ o1
Tho-fy 20 [t =207 = 125 20 [t—20f = 5-t+125
1
4
= = 615,26% = 515,35
Besilt = Briosi qlon i b5 = Brs,261 ®i—o A5 = Brs ss
5’13-206-161 _ pf1 5é§éfl _ pft
1
Dh 15[t — 2611+ = 25 15-[t—35%"= 25
2
t— o7k t= 363
12 3
Rl = 5.262 + 25 Lo.f
Bf1 Q@ e2e - 4 afl (Te.2e. 1) = 5-35+25
1 = 200
= 1 —
56




Tandem 1SC 3Flows 1AC 3Paths

fy f,

N\ N\ *
Gr—{)1—

Vo
f
2 e >

L4 Bvo = ﬁvl = 51}2 = BRUI,,T% = B20,207 1€ {07 17 2}

e afo =aft =af2 = Vi pti = V5,25, § € {0,1,2}



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

’ TFA ‘ FIFO_MUX ‘ ARB_MUX
Ay, = alo +alt = 710,50
Yo Bog = bug Buo = Qg
+
Do 20-[t=20]" = 50 | 99,4 —20]* = 10-t+50
t= 22% t= 45
o oy (Tog) = 2010 + 50
vo 250
Tvovs =10
Vo1 Aygvy = (avo)* VU1 ) (Tvo) =250
= = 710,250
Ay, = Aoy = 710,250
U1 ﬁvl = bvl Bvl = Aoy
+ _
Do 20-[t=20]" = 250 | o0 [t —20]" = 10-t+ 250
t= 32% t = 65
o Qo (To,) = 1020 + 250
v = 450
DFo Yo D =55 | > D =110
Bfu

max;—{o,1} b{f‘; =450




SFA FIFO_MUX [ ARB_MUX
agh = al2 = 5,25
Rl.o.j(, —
V) Lo T
" Bloto = By, — azfo]* B = B Py =y
TLo.fo 20-[t—20t = 25 20-[t—20]" = 5-t+25
B t= 21 L t= 281
—T - 3
- - 515721% - 615,28§
relo =5
vovy | o = azfo @ B, = af? @ By, (This is computeSfaOutputBound) yelo allo(T,) = 5-20+25
vov = 125
= = 75,125
aﬁlfo = aig”;’l = 75,125
Lo.f —
U1 Lo.f ©fol+ f o 15
51)’1' 0= [ﬁvl - avlo] Bvl = bvlo ﬂ’z)l = a;?fo
+ 1
rhofo | 20-[t=201T = 125 1 gg. (o0t = 5.4 4125
1
t= 26— t= 35
4
= = Bis 261 = B15,35
To. T T
ﬂeQOefO = /BR‘e-;fojel-;e-fo Qi BT = Brs a7y Qo BP0 = B1s,631
Lo.fo _ f
56216 0 —  plo ﬁé;éfu = pfo
fE— 4721t = 1
D/fo 15 [t 472] = 25 15 . [t _ 63§]+ = 925
1
1 . 1
ol (The oy = 5472 425 | /(T2 T0) = 5.63Z +25
Bfo 2 1 3 9
= 262— = 341—
2 3




PMOO ARB_MUX
chgc ®;=0 /B’Ui, - B20,40
age = ol = 75,25
eZe Rzgéfo — 15
l.o. T T
Bese! = (B85, — agse)* Blhe= o
Thofo | 20 [t —40]F = 5-t+25
t= 55
= = 515,55
Bl = bl
Dfo 15-[t—55]" = 25
2
lo.
B F(TT) = 555+ 25

= 300




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

’ computeOutputBound (vo, f2) = (af?)* \ FIFO MUX \ ARB_ MUX
Rl.o.f2 =15
Vo
Bb(?'fz — [Bvo _ awf2]+ = [500 — Oéfo}‘f‘ = ﬂRi;g'h,Tzl;g)'fZ 51)0 = bgi ﬂvo = Od:i
Tlo.fe | 20-[t—20" = 25 20-[t—20]t = 5-t+25
Vo
1 1
t= 21- t= 28—
4 3
- = 515,21% = 515,25%
ri2 =5
. . . VU1
(O/{;é)* = a{;gvl = O[h % B}}(?fz bvgvl al? (Tll,;)o'h) = 131% al? (Til)ao'h) = 166%
= = V5,131 = Vs5,1662
computeOutputBound(vy, fo = (af0)* FIFO_MUX ARB_MUX
(afo)” = (o) = V51311 = 75,1662
computeOutputBound(vy, f2) = (af2)” FIFO MUX \ ARB_MUX
Ry =15
B})lof2 = [ vy 05;5{2]+ = [61}1 - (0‘{3)*]+ = BRLT'f{Ti‘f-f? Bvl = b£8v1 61)1 = a£8v1
1 2
Tlo.f2 | 20- [t —20]" = 1317 | 20- [t—20]" = 5-t+166=
U1
9 7
t= 26— t= 37—
16 9
= :515,26% :515,373
szchvg = 5
(af2) = afz,, = (af2)* 0 Ao b2 | (B (TP =260 | (ol (T 7] = 3553
= = V5,264 = 75,3553




TFA FIFO_MUX ARB_MUX
av, =t +al2, [ 9525+ V5,264 = V10,289 75,25 + V5,3558 = 710,380
V2 vy — v 61}2 = Ay,
1 5
Df 20 - [t —20]" = 28975 20-[t—20]t = 10-¢ + 380
V2
29 5
t= 34 t= 78—
6 , 20
oy (Ty) = 10-20+289— | @y, (T,,) = 10-20+ 380~
B 116 g
V2
- 489— = 580—
16 9
Dh =342 = T84
BT = 489+¢ 5805




SFA FIFO_MUX \ ARB_MUX
ka'fl =R,, — T"If??)z =15
V2 ﬂ’}}.;fl = [B?Jz - ai;fl]vL = [ﬁvz - a£§1)2]+ ﬂvl = bifvz 6111 = a{fvg
1 5
Tho.fr 20 - [t — 20|t = 26475 20-[t—20]" = 5-t+ 355
v2
13 10
64 27
= :ﬁw,ssg :515,50%
Bess’ = BT =Pis5,3318 =B15,5010
Lo. T.o.
I i — bl 61}2 i — bl
13 10
15-[t—33 =]t = 2 15[t —50—]" = 2
Dh 5-( 3364] 5 5[ 5027] 5
167 1
fg 192 1‘:’) 27
afi(Thehy = 5.33°" 425 | o/ (T’ )= 5-505- +25
B 64 27
= 191 = 2762
_ G4 _ 27




A recursive SFA calculation using fs’s SFA left-over service curve to calculate oz{ffvz yields slightly tighter bounds, however, it is not
implemented in the DISCO Network Calculator yet.

SFA \ FIFO_MUX \ ARB_MUX \
ﬂi’fb{o = @;éfu (see SFA for f above) = 515,475 [ = ﬂ15,63%
rwiflz —rl2 =5
V102 of, Lo. f o T 1
agls, = af* @ Bye” P (Thl) = 5475425 | o (TP = 5635 +25
i 2622 3412
_ 2 _ 3
= = 75,2621 = V5,3412
aglt = afly, = 75,2623 ‘ = V5,3412
R,I'O'jl =15
b2 0.J1 z f1 ZJ1 - 1 1
/B}JQf = [6112 - O‘U! ]+ = [61)2 - O‘vlf'Ug}-i_ 6112 = bgg 61}2 = O‘fg
1 2
Tlo.fi 20 - [t —20]" = 2625 20-[t—20]" = 5-t+ 3412
V2
1 4
t= 33- t= 49~
8 9
= :515,33§ :515,493
Bese = By =P15,331 =B15.404
51.2o.f1 _ bt ﬂ1~20~f1 - ph
1 4
Dh 15[t — 33§]+ = 25 15[t — 49§}+ = 25
19 1
t= 34— t= 51
31 24 i 9
; (T = 5. 335 +25 | ol (T = 5- 495 +25
B
5 2
= 190- = 272—
8 9




In contrast to the SFA, the PMOO analysis calculates output bounds needed to abstrac the topology to a tandem recursively.

PMOO [ ARB_MUX |
ﬁ}]&{? = ﬁi‘;e‘fo (compare with PMOO for fy above) = B15,55
rEJ =5
V1V2
o aify, = al2 @ Lo 1ot o (ToT0) = 555+ 25
= 300
= = 75,300
agl = agli = 75,300
RoT =15
v 0. xr xr xT
? ﬂ})z h= [ vy T O‘vgl]+ = [ﬂi& - 0‘1;{11;2}+ B’Uz = avgfl
Tlo.f1 20-[t—20]" = 5-t+300
V2
2
t= 46§
= :515,46§
/Bégoéfl = Byo-h =P15,462 ‘
R
2
Dh 15- [t — 46§]+ = 25
1
t= 48—
3

2
I (T = 5. 463 +25
Bf1

1
258~
3




Flow f2

TFA bounds for flow fs can be calculated from the results for fy and fa, although that is not the way the DISCO Network Calculator
retrieves the bounds. Here’s potential for the Network Calculator to increase performance by reusing cahced results.

y TFA [ FIFO MUX [ ARB_MUX |
Dz = DJo + DI 55 + 3427 = 8927 110 + 785 = 188 %
B2 = max{B’ B/} | max{450,489%} = 489 | max{450,5082} = 5082




Although SFA does not recursively calculate the necessary output bounds, it yields the right result if there’s no cross traffic coming
from outside the flow of interest’s path.



SFA FIFO_ MUX \ ARB MUX
Off({? =al = 5,25
Rl.o.f2 =5
v 3 = T
0 510)‘2 — [ﬁ v agé‘zﬁ — [B’Uo _ a58]+ Buo _ bi({z /Buo — a%Q
Tlo.f2 20 - [t — 20" 25 20-[t—20]t = 5-t+25
"’ t= 21 ! t= 28 L
I _ 3
= = 515,21% = 615,28%
il =5
VU1 aiofgl = a2z ¢ B,, = a’> @ B,, (This is computeSfaOuputBound) yefa a2 (T, Y= 5-20+25
o 125
= = 75,125
il = ailz = 75,125
RLo-T2 =15
v ‘ ot V] T
! /B};]O-fz = [B'Ul - amfz]Jr 6’1}1 = bvfz ﬂvl Oéf‘f2
+ 1
Thefo | 200 [E=201"= 125 | 99, o0t = 5.¢4125
1
t= 26— t= 35
4
— = Bis,201 = B15,35
[ vivg | o272 (This is computeSfaOuputBound) =00
Tf2 — afl + a;l)lfiz — 75725
RLo-T2 =15
v . v2
2 ﬁlo fa — [5 _ aizz}-‘r — [51)2 _ af1]+ 5vz — bﬁf 51;2 — ag‘z
Tlo.f2 20 - [t —20]" 25 20-[t—20]" = 5-t+25
h t= 21 ! t= 28 !
I _ 3
- - ﬂ15,21§ = b5 ,28%
To. 2 o. .0.
ﬂezef2 Xi—o ﬁ}; Sz = 515,68% ®7 oﬂl fo = 515,9%
Bose = b Bose* = b2
3 2
D 15 - [t — 681]+ = 25 15 - [t — 915]+ = 25
) 1
= 70— t= 93
12 5 3
af2(Thof2) = 5. 68 +25 | of2(Ti22) = 5.912 +25
Bf2 3 3 1
= 368— = 483 -
4 3




| PMOO \ ARB_MUX

’ VoU1 ‘ Brosl :ﬂiéoc'fg ‘ = B15,55
’ V2 ‘ Bi;;éfz = 64520']01 ‘ = 615’28%
ﬁl;éh = B}eéoéfo by ﬁi};‘ﬁ = 515,55 & 515,28% = 515783%
Bosil® = b
1
D/ 15-[t —835] = 25
t= 85
1
ol (Ti™) = 5835 +25
Bf2 3 5
= 441 —
3




Tandem 1SC 2Flows 1AC 1Path v2

f £\ £\ N
57 N N

® Buy = Buy = Bu, = Br,, 1, = P20,20, 7 € {0,1}

o afo =oft = Vbi pfi = V5,25, J € {0,1}

Flows fo, f1

TFA results will be equal for all flows as they share the same path of servers.
SFA, PMOO results will be equal for all flows as they share the same path of servers and the same arrival curves.

Here you the third parameter’s magic. It enables calculating the output bound for an aggregate.



TFA \ FIFO_MUX \ ARB_MUX
Qyy = alo +alt = 710,50
Vg Buoo = bu, Bo, = Oy
+ _
Do 20-[t=20]" = 50 | o99.[s —20]" = 10-t+50
t = 22% t= 45
Bfo y (Tyy) = 10-20+ 50
vo = 250
rvgvl - ].0
VoV1 | Qyouy, = (avo)* bv0v1 Aoyg (Tvo) = 250
= = 710,250
Oy, = Qyguy = 710,250
U1 601 = bvl Bvl = Qg
+ _
Dfo 20-[t=20]" = 250 | 9. [t — 201" = 10-t+ 250
t= 32% t= 65
Bfo ay, (Ty,) = 10-20 4+ 250
vt = 450
Ty vs =10
V1V2 Ayivy = (avl)* b’U1U2 Ay, (Tul) = 450
= = 710,450
04‘58 = Qy vy = 710,450
V2 502 = bvz ﬁvg = Ay
+ _
Dio 20 [t =207 = 450 | 90, 201" = 10-¢+ 450
t= 42% t= 85
B0 ay, (Ty,) = 10-20 4+ 450
U2 = 650
bh S R Y S
Bf0 maxi:{ojlg} b{? = 650




SFA FIFO_MUX \ ARB_MUX
agfo = alt = 75,25
Rl-O-fo =15
Vg
vo ﬁ})(?fo = [/B'U(J - ai[{orr = 5Rbg'f0,Ttl,'J"fU /B’UO = bi({u 61)() — alx)[{o
Tlo.fo 20-[t—20"T= 25 20-[t—20]t = 5-t+25
Vo
1 1
t= 221 t= 283
= = 515,21% = ﬂ15,28%
e, =5
vov1 aflo = (aglo)” - QT (T, ) = 5-20 25
ot = 125
= = 75,125
agl = afjofgl = 5,125
v Ri;f'f" =15
! /8'})10100 = [5111 - a5{0]+ 61)1 = bifo /81]1 = O[f/lzjfo
JF . 1
7o 20-[t—=20]" = 125 20 [t— 20" = 5-t+125
t= 26% t= 35
= = /815 261 = ﬁ15,35
i, =5
V12 aply, = (agfo)” <fo a;P(T,,) = 5-20+125
V1V — 225
= = 75,225
ayle = oyl = 75,225
RLo-To =15
(%) Lo. xfol+ 2 T fo z fo
ﬂv'g' 0= [ vy T avzo] Bu, = b1)2 Bu, = Qs
Tl0.fo 20-[t—20]t = 225 20-[t—20]" = 5-t+225
V2
1 2
t= 31- t= 41-
4 3
= = 515,31% = ﬁ15,41§
Bise = Brioto giot Qo BT = B 753 7o A7 = B.105
B(Iggéfo = pfo 61.20.f0 _ pfo
3 eze
Do 15[t — 781]+ = 25 15- [t — 105]" = 25
2
5 t= 106=
Lo.
i (T ®) = 5:T87+25 | pfo(Thofoy = 5.105+ 25
3 _




PMOO ARB_MUX
2
L. ®>_; Bos = Bao,60
age = al = 75,25
eZe —15
Lo. -
Bisle =813, — aZfe]* Bl = e

20-[t—60]" = 5-t+25

2
t= 81—
3
- ﬁ15,81§
Baze" = b
2
Dfo 15[t — 81§]+ = 25
1
t= 83
5 3
afO(Tel-QOe-fo) = 5. 81* + 25
Bfo 3

1
433
3




Tandem 1SC 2Flows 1AC 2Path v2
/N

e A 3 BT
o A

L4 ﬁvo = B’Ul = ﬁ’uz = ﬂvg = BRW,T% = /820,207 Z S {0) 1}

o afo =oft = Vbi pfi = V5,25, J € {0,1}




computeOutputBound (vo, fo) = (afo)* = FIFO MUX \ ARB MUX
aglo = 70,0
vo :
BroTo = [B,, — a2l°]T = B, = 20,20
=5
0‘{3@1 = o Jo %) IB}]»S)-J“O = aJo %) 51}0 alo (qu;;)o'jo) =125
= 75,125
computeOutputBound(v1, fo) = (af0)* = FIFO MUX \ ARB MUX
allo = olt = V5,25
=15
Byo o = [Bu, — ailel* By = b1 Bo, = ayl®
20 - [t —20]* 25 | 20-[t—20]" = 5-t+25
t= 21 L t= 28 L
I _ 3
:515,2% :515,25%
=5
alt,, = ol 0 Bt = afy,, @ B alo, (TeoF0) = 2317 afo (TTo70) = 2662
= 75,2311 = 75,2662
computeOutputBound(vy, f1) = (af})* = FIFO MUX \ ARB MUX
aylt = afo, = 75,125
=15
610f1 = [61}1 - aglﬁ]Jr /B’ul = bfjlfl ﬂvl — Oéifl
+ 1
20 - [t — 20] 125 1 90 [t—20" = 5-t+125
1
4
:ﬂ15,26i =P15,35
=5
of}, = afy @ B2 = o 0 phoh QT (TI7T) = 156 QT (TP = 200
= 75,1561 = 75,200
computeOutputBound(va, fo) = (af0)* FIFO_MUX \ ARB_ MUX
alfo=alt, = V5,1561 ‘ = 75,200
=15
Bl = [0, — )" Fu= B »
+ 1 BUQ = avzo
20 [t =20]" = 1567 | 20.[t—20]* = 5-t+200
13 t= 40
t= 27—
16
=P15,2713 =15,40
=5
aft,, = afy 0 ploo = afs,, @ Bioh ol (T = 3705 | aly,, (T5o7) = 1663
= 75,3703 = 75,4662




computeFifoOutputBound(vq, f1) = (a{i)*

—

- uv2 | FIFO MUX | ARB MUX
for fo as flow of interest O_MU RB_MU
ol = 7,0
BLo-Tt = [By, — o]t = 20,20
i -5
V1 V9
afly, = afy 0 Byt =alr 2 B, bt v, ol (Ty71) = 125
= = 75,125
computeFifoOutputBound(v1, fo) = (0452)* = a{?w FIFO MUX | ARB MUX
for f; as flow of interest - -
o = 0,0
BLoTo = [By, — ao]T = /320,20
T’z{(l]vz =35
045(1)1)2 = OZ{S’Ul @ 6’})1OfO = (O[{jg)* @ /BUI b’tjig’uz agg’m (Tilflo.fg) = 225

= 75,225




Flow fo

At vyvs you can see the reason the network calculator moves backwards from a node to the flow of interest’s source. Otherwise you
don’t know which flows you need separately lateron and thus could not tell which computeOutputBound calculations were necessary.



TFA FIFO _MUX ‘ ARB_MUX
Qy, = af0 = 5,25
Vo FIFO per microflow
ﬂvu = bvo ,6 o b
20-[t—20]t = 25 o
Dfs [t =20] | 20 [t—20]* = 25
t= 21-
4 t= 21%
Bl ton(To) = 5-204 25
0 = 125
’ Vo1 ‘ Qyov; = (avg)* ‘ = 75,125
oy, = ol + gy, = 75,25 T V5,125 = 710,150
U1 Boy = by, B, = Oy,
, +_
Do 20- [t —20]" = 150 20 [t — 20" = 10-¢+ 150
t= 27% t= 55
B o, (T, ) = 10-20+ 150
! = 350
[viva [ oy, = (a)" ] = 710,350
Qyy = Qyyy = 710,350
V2 Bu, = by, Bu, = Oy,
, +_
D 20- [t —20]" = 350 20 [t — 20" = 10-¢+ 350
t= 37% t= 75
B vy (Th,) = 1020+ 350
2 = 550
[ v2v3 | qupey = (o))" ] = V5,370 5 ‘ = 75,4662
Qyg = Qyyug = V5,370 = V5,4662
V3 FIFO per micro flow
51}3 = b’U';
’ ' BU:; = b’Ug
20 [t — 20" = 370-% 2
Df; [t = 20] 16 20-[t —20]" = 466>
= 38§ Zl))
N 64 t= 43—
5} 2 3
g (Th,) = 5-204370— | auy,(T,,) = 5-20+ 466=
5l ;
= 470E = 566§
Dfo S0 (Do =124% S Do =1047
Blo max_, bJ> = 550 max;_, b0 = 5663




y SFA \ FIFO_MUX \ ARB_MUX

a®fo

? = 70,0
v, 2o 5
0 Bro-Io = /320,20
| vovr | aplo | = 70,0
aplo = alt +afly = ol = 75,25
v Ri}f'jo =15
1 O. T T xT
Bqlfl fo = [Bm - Otufc"]Jr Bu, = bvljo Bu, = O‘vlfo
TLo.fo 20-[t—20t= 25 20-[t—20]t = 5-t+25
v1
1 1
t= 21- t = 28 =
4 3
= = 515,21% = 615,28%
[ova | agly = (aglo)* = (o))" ‘ = 5,125
aplo = aghy, = 75,125
Rl.o.jo =15
V2 = V2 =
ﬁbs.fo - [ vy — avzfo}-‘r ﬁvz — bu'gfo ﬁvZ _ a‘cf“
. + V2
1
t= 26— t= 35
4
- = ﬁ15,26i = B15,35
| vavs | azly | = 70,0
VU3 ag‘fo — aﬁfg = 70,0
B0 = By, — o] ™ = /320,20
To. 3 o. 3 .0.
ﬁezefo = BRL';;fU,Ti'Q‘;'f" Ri-o »B}J fo = 515,87% Ri-o 5; fo = »315,103%
To.
ﬂe2lef0 = ph Bé;éfo — o
/721 = 1
t= 89% t= 105
o I o T
; o (T T) = 5875425 | oP(TEP) = 51035 +25
B 0
1 2
= 462— = 541—
2 3




PMOO ARB_MUX
Blo = By, = (20,20
Yo aglo = 70,0
B 7o = = Buo = (20,20
Bvl'@ ﬁvl ® ﬁl)z - 520,40
agly =alt = 5,25
V1V2 RL;’EJ;O =15
l.o. _ x T
5va'§° [ﬁv1v2 - 'Ulf'82]+ ﬁvlvz = av{gZ
Tyofo | 20-[t—40]* = 5-t+25
t 55
= = B15,55
Blo = B, = 320,20
U3 aple = 70,0
51 T = = B = 20,20
5e2e = Bl Bvlvz ® B = B15,95
e2e , ae?e = 70,0
ﬂeéoe;jo = [5628 _ Z{§]+ — 515;95
Beel® =
Do 15- [t — 95" 25
2
t= 96—
. 3
Bl o (Th ) = 5-95+25

500




Flow f1

] TFA \ FIFO_MUX \ ARB_MUX
Qy, = T+ oo, = 5,25 T V5,125 = 710,150
U1 Bo, = bu, B, = iy,
+ _
Do 20-[t=20]" = 150 | 9. [t — 201" = 10-t+ 150
t = 27% t = 55
B oy, (Ty,) = 10-20+ 150
1 = 350
rUlUQ = 10
V102 Ayivg = (avl)* b’z)11;2 oy (Ell) = 350
= = 710,350
Qyy = Qyyuy = 710,350
U2 ﬂv? - bUZ ﬁvz = Ay,
+ _
Do 20-[t=20]" = 350 | 90. [t —20* = 10-¢+ 350
t = 37% t= 75
B auy (Ty,) = 10-20 + 350
v2 = 550
Do Z?:l Dgo =65 ‘ Z?:l Dlj)co = 130
Blo max?_, bJ> = 550




SFA \ FIFO_MUX \ ARB_MUX
gt = afly = alo, = 5,125
; RLoTi =15
1 o.f1 — xf1 _ 1
Byl = (B, — ]t Boy = 027 8y, = oo
+ o1
Tho-fy 20-[t—20]" = 125 20 [t— 201" = 5-t+125
t= 26 L t= 35
I
= = ﬁ15?26% = 515,35
’ U1U2 ‘ O‘gifiz = (ailfl)* = (aﬁ)* ‘ = 75,225
aplt = ol = 5,225
RLoT =15
V: o T v2 T x
? ﬂ7112 fi = [ﬁvz - av§f1}+ ﬂ'l)g = bq,fl 61)2 = OZT,Qh
Tlo.f1 20-[t—20]t = 225 20-[t—20]t = 5-t+225
V2
1 2
t= 31- t= 41—
4 3
- - 515,31% - 515,41%
Lo. 2 o. 2 .0.
Bist = BRle-ge-fl Tl Qi B = Bis,571 Qi B = Brs,762
Bz = O Bl ="
1 2
Dh 15 [t — 57§]+ = 25 15[t — 76§]+ = 25
1 1
t= 59— t= T8
- o
ol (T iy = 5. 575 +25 oI (T Iy = 5. 763 +25
Bfl
1 1
= 312— = 408—
2 3




PMOO ARB_MUX
ngc = B, @ Bu, = 320,40
A=y, = O‘quul - = 75,125
o2 o R =15
= [5.6218 - aeéel]+ Bnge = QZZI(;
Thof | 20-[t—40]" = 5-t4125
2
t= 61=
3
- = ﬁ15,61§
Bt = oh
2
Dh 15[t — 61§]+ = 25
1
t= 63=
5 3
Ty = 5.612 +25
Bfl e2e ) 3 +

1
333
3




