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Background and Content

 Content Urgency Based Scheduler (UBS)
(based on Oct. 2k13 slides)
e UBS Flexible Traffic Class?
(cmp. AAA2C slides)
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Egress Operation

sub queues

Transmission
Selection

e FIFO o UBS class (egress)
-3
Stream 1—> I I § @
5 T ]
Stream n—> | § § .;@ 5.
sub shapers-----------"~

e |eaky buckets
e independent/non-blocking

while (true){
wait until subQi].containsFranme();
frame = subQi].renmoveHead();
priorityQinsert(frane);
wait for frane.bitSize*linkSpeed/ Ri];

Later slides merge multiple streams per sub queue / sub shaper

priority queue

e Qutput highest priority first

Priority per vs. '/Priority pers,
1

fraine \sub shaper,”
I s-__‘__,—
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Work in progress... )
prog slides

ePerformance
*Configuration Complexity




Purpose

. Babbling _®=
e Latency calculation per Hop idiot

25 Mbit/s

Assure: input rate = output rate bursts,

* Prevent burst propagation/ urgent
. " framefirst § | | / outputrate™.
accumulation : :
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e Accelerate Urgent Traffic 1 t@é'gress - egress
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e Side-effect: egress| | egress
Precise bandwidth policing Iili*@»_g»llll*@

AVB Gen. 1 (for reference)

B B | FIFO Queue B B | Prio. Queue @ (Sub) Shaper (rate R)




LATENCY CALCULATION




General Calculation
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Notes -

Calculation under validation; No link delays and additional device dependent delays included;Calculation for bridge—>end station is the same
Frame length includes overhead, interferring traffic frame lengths include IFG



Possible Mappings

j—1 i—1
I N Ut Oy S
max k=1 k=j 4
‘1/1 — j—1 + R
R—> R,
k=1

: Max. latency of priority i [s]
e per hop

Pomaz  gmaz Loy ...
MaxFramelength*MaxIntervalFrames 1 ---tj—1 higher priorities :

AVB Stream MaxFramelength : : . ,
g class measurement interval : l?ax...l;”i‘ﬁw priority of i
Periodic Control Frame leneth P s i
Stream il [T lower priorities
Vet (i L frame length Period P
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i R priority i
: R link
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Unit conversions not shown explicitly; Additional frame overhead not shown for MaxFrameLength




AVB LATENCY GUARANTEES




Latency Guarantees

Engineered Networks Plug and Play (AVB Gen. 1)
e Maximum Latency: e Maximum Latency:
— Requirement per stream — Result of Reservation
= Input parameter — Output parameter
— Known before runtime — Runtime dependent
e Priority Configuration Goal: ¢ Priority Configuration Goal:
[ — 1
— Map latency requirements of I — Stable maximum latency over |
all streams :. reservation lifetime :

Possible algorithm per hop on
the next slides



Priority Configuration

FCFS Priorities (per Port)

1. Reservation of stream s
— Highest free priority

2. Later reservations

o - 2
| — Lower priority than s
L e |

3. De-reservation of streams

— Increase priorities of
later reservations

prio.

Earlier
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Accumulated Latency

------------------------------------------------------------------
=

Earlier res. Unused Later reservations : Earlier il I

: reservation R ]

*Higher priorities (unique (not yet known) . . |

»Can only decrease | | priorities) - Max. fra‘me size s : >R, > =I |
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. Y ‘4 lowest priority
Pnar lm(“ lmaT“l"r‘r‘L-aI lw.?.c;:f: ......... R L LRRLLLLLLLLCRELRELD ............ -------- a
| k; ‘t Z "_mm{ Sl e 3 ¢ pmaz : Max. latency of priorityi[s]
Wma:t % R AP LLLLLL Tkl Yoy s : .
i = T e R jilR R 7'::‘ Dy per hop :
L . ] : E
';‘..Eff.l. ---- : Maximum frame lengths [bit] E
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. . Dk lower classes
Not increased by later reservations } "LC
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Example: +A2>+B—>+C

| Steem ______________|A____[B___Jc D

Sequence:

Max. frame size [bit] 1024 2048 4096
Rate [Mbit/s] 25 25 25
Reservation, FCFS [us] 133,60 198,61 -

Now, FCFS [us] 133,60 198,61 -

Now, no prios” [us] 154,08 154,08 -
Reservation, FCFS [us] - 143,84 232,75
Now, FCFS [us] - 143,84 232,75
Now, no prios” [us] - 184,80 184,80

*For comparison only

1€ 1€E)—111

Assumptions
-100 Mbit/s/Fast Ethernet - Store & Forward
- Max. Frame size: 1542 Byte - No preemption




Example: -B—=>+D

Sequence:

1. +A

Max. frame size [bit]
Rate [Mbit/s]

Reservation, FCFS [us] ]
Now, FCFS [us] 0; 1A 219,09
Now, no prios” [us] 4 | “"

Reservation, FCFS [us] : 232,75

Now, FCFS [us] i 4g 164,32
Now, no prios* [us] - :
........................ .: . ,“' A *For comparison only E
..................... Sta b I e ""‘,‘ : E
No prios: ;
Better for later res.,
o but unstable
1 Ll Hi~@— i stable, (was 184,80 for C)
NN niN even smaller now: ;
de-reservation of B ... .. used by D
Assumptions:
-100 Mbit/s/Fast Ethernet - Store & Forward
- Max. Frame size: 1542 Byte - No preemption




Mixing with engineered streams

FCFS “around” engineered streams

- Reservations ....'3.‘?.9!...‘ Now |Stream| Prio.
1 (RRE=10-> 001

Highest priorities unless required : 220 01 133 6‘ X
latency of eng. streams violated AR

- De-reservations

Increase priorities of lower _Req. | Now [Stream| Prio.
reservations, if possible 45__;@_,__3 1643 A 1 BRE=>10
£,22001928 X | 2 [MRE~I0STL Ly
S722842084 B | 3 REE~107%
Result of reservation 7.5 284,51284 5 C 4 HRE=10
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- Req. | Now |Stream| Prio.
o eenet S izz‘e‘ u 22841336 B | 1 | AEE=10
o fomeare 1542 yte [ E——— 284,5168,9| C | 2 |[MRRP10~Y
i ¢ Reseved  2048bi 220,0 213,1| x | 3 |(REE10*




One way to implement classes

Consideration
Prio.

 Have 2 Latency Classes (A and B) 1 [nnm
(both in one UBS class) Latency
Class A |

R
* Requires definitions: b1 [N . .
F i
R

rmaz . Latency b
B :max. interference onclass B, e.g. 1ms classB - -

vps : max. UBS Class rate, e.g. 75% 11

Sum of class A max. frame lengths

e Y L?a""gg}c% Variable during runtime
MBS (increased/decreased by cl. A)

Stable guarantees for Latency Class B
 FCFS below class A with adjusted math:

Check on class A reservations
(reject cl. A reservations beyond this limit)
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fpeng. 5™ ey 15198
k
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..........
(max o eeenag, feet

et — =L = * ma:'cé._ max max
= F(Rpgs-R) | R LAt= IRt (R — RiTES) — 1642 -8




Latency Guarantees: Summary

FCFS per egress port
e Possible local configuration algorithm
e Stable Latency Guarantees

One single traffic class: UBS

 Multiple latency classes ...
e ... mixed with engineered streams



NUMBER OF SUB SHAPERS




Number of Sub Shapers

UBS (egress)

stream (?) AR}

stream (?) JBR= R

Efficient bridge implementations Scale down to bridge capabilities

e One sub shaper per stream Merge streams/flows

- Best Performance

i
i
i
|
Manage sub shaper allocation :
i
| = Reduced Performance :

Scaling options on the next slides




Merge Option 1

f;: red, 25 Mbit/s
f,: green, 25 Mbit/s

Merge f, and f,, if
o talker(f,) = talker(f,)
AND

e listeners(f,) = listeners(f,) 1p)

(Talker)
No later “split” (r) : Sub shaper with rate r [Mbit/s]
(sub queues and priority queue not shown explicitly)
e f,andf,:OneFIFO P T4 G4BT i B2 {11
.. 1
- Same priority on path egress @ b egressf |a i
(varying priority per port of merged flow still possible) @ > go I » %0 1
< egress - @ < H
K ]
............ T2 1 ! @ g ED |“'|_§“'i
........ egress i
egress
UBS (egress) ; g : ' @ . g i
| =0 I a0
‘r *@-’ il £ i i_ £ i
———————— 4 —— ——
FIFO one
priority



Merge Option 2

f;: red, 25 Mbit/s

Merge f1 and fz’ if f,: green, 25 Mbit/s

AND

@ : Sub shaper with rate r [Mbit/s]

(sub queues and priority queue not shown explicitly)
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Maintains bandwidth policing No bandwidth policing




Merge Option 3

f;: red, 25 Mbit/s

Merge f1 and fz’ if f,: green, 25 Mbit/s

AND

Maintains bandwidth policing

@ : Sub shaper with rate r [Mbit/s]

(sub queues and priority queue not shown explicitly)
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Merge Options: Summary

H_ BRI NEEEET

listeners(f,) = listeners(f,) AND
talker(f,) = talker(f,)

2a listeners(f,) = listeners(f,) No No

2b listeners(f,) = listeners(f,) AND Yes No
ingressPort(f,) = ingressPort(f,)

3a listeners(f,) # listeners(f,) No Yes

3b listeners(f,) # listeners(f,) AND Yes Yes

ingressPort(f,) = ingressPort(f,)

e The above rules can be applied, if
— a device runs out of ressources and
— The stream requirements allow it



Summary

Proposal for Flexible Traffic Class:
 Urgency Based Scheduler
Previous Slides:

 Egress Operation

e Latency Calculation
(for priorities per Sub Shaper)

e Simple plug and play configuration algorithm
 Downscaling Options

Further Work:

e Global configuration algorithms

e Analysis of per frame priority algorithms
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