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3.1 The need for multiple queues within a
same buffer memory:
Multi-Queue Data Strucutres

» Buffers memories for time switching: what data structures?
» Single queue feeding multiple destinations/classes

= Head-of-Line (HOL) Blocking = poor performance
* Multiple Queues in one buffer:

— Partitioned Space (underutilized) = circular queues

— Shared Space (efficient) = linked-list queues

CS-534, Copyright Univ. of Crete

{
_4'1'.1-[.“ + Ly "
( G
|I"|‘|.€ ,_J\MJ'CH\ ” o I = "u} 1\:1.

Note: Cow buifd e

Wlme,rq_ A 4:,’{-11. m%ﬁ '
shre Puﬁkeﬁ'fu? (-ul&-\i‘.a"\u.éé.-g;i ) ~ote - %huuﬂ o
out 4 tlﬂ&:

—hJ l_:\l "'_A E-).ﬂ" —_""-'_ il ,I
= i
: % ; " A L%
TL%E iR ﬁ}_
] ] 1 :.:: =
“j/; i ! I:'”'. ' M2 23
i

Lt Bufec g

h
i
P b _
Hewory el owt3
' o i |

CS-534, Copyright Univ. of Crete

F

3.1 Multi-Queue Data Structures



http://archvlsi.ics.forth.gr/~kateveni/534

| ~Single. Oubput (owtput quesei-g)
iﬁﬂ_@&‘ -Single Queue
~Shiet Fiest-In First-Out (F1Fo)
cecvice diseipline

&
3 Ex[ry —
F_Z
8- o | &rj = 5
(o D VER - | F N |
= o - ot
L6 1
L1
= S v < write
—
addr
.,E‘ML_ : L tee (depmetuce )
CS-534, Copyright Univ. of Crete 3

M_Gu&ue does NOT work w. Wulhple Prigcities

D:'tgp{‘?“{l-_ _"m% t.ﬁxl'.-‘:-_ﬁ:'g. = won -?"-F_“-“ Servite ocder

5 @ e ;Hiﬁ‘?ﬂv“ﬁ"
S e @
; Sequantiof Rtod Onder:
Eg e /_hbi E:jq ‘:t: diswver" E
Rt able rmaa[]] 2
7] (W= ~how 4o “juupover [E]

of e “‘“‘“"&EI?

Naow - Sequestioll Weite Order:
i J -ofher wewmony Looks
Ll (weite adde b
W 1{@4 u.n.wt-i Y, how
to Untmte Hoa Wolles
Gnd wiite in €hiam T

CS-534, Copyright Univ. of Crete 4

3.1 Multi-Queue Data Structures



http://archvlsi.ics.forth.gr/~kateveni/534

digle Queue

does NgT w{:ck

=3 peed

N
Mj“ -[-.F:: \ r,:u_-.'-“;__r..l ]

H-d:l-f’ge Dm'l‘ful‘“
I:_Eruﬂ-:.'. E_',u_'r:wl}l /
; read <2 -
'@———-‘1 Mdr?' 2 'Hﬂ k_}_,o ’
& —(| quic Hy Seacth
: || T R ‘?nm@-@?
2 — L n
|~ —*D | ssues
3 l// wite J D .Hwﬁ,ﬁat}um [ .wSpu&.
odde | B N v ?
Single Bueue = - -Hu.lll?l! 4 Quauat | Shored Seare
[Head-of Line. Blackig o Bakod QirH , fren u..u;m{-
T T T o Varioble- ngg Pockets ?
( HoL l’ﬂ“r’h'\%\' ~unpocked quie?
nud s Ped wp
f —== r_kul (par.aeatiut) qum7

CS-534, Copyright Univ. of Crete

- ocuek) :ﬂ-i-u.:
cu,Pqu ATy w’;-t?

Shared Queue = Head-of-Line (HOL) Blocking

Single FIFO Queue

Head-of-Line (HOL) packet A

— legln

Chout / Cline

ﬂ

<

CS-534, Copyright Univ. of Crete

T1-—X blocked

Dispatcher can only see HOL packet |

w B
=

other traffic

Dispatcher

Queue shared among multiple destinations/classes (A and B)

* Ciine < Cpui or Ceif < Cpuf due to other traffic
= HOL packet can block packets behind it to other dest./classes
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Reminder: Circular Array Implementation of FIFO Queu
Empty
head - |——————— read [T [T
pointer (consume) | 1 |

- . |
incl ______ ] **% 77777777
_____ ] . hd _
tail — 4 hd v "

A —> o <t pomter 777777 e I
write IR A I .
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hd ==l
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‘ L

,,,,, } v tl L L I

,,,,, I __%__ | — [

,,,,, | I — I — K} tl R
hd | hg hd hd hd |—¥
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<}i| } ____________________
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Multiple Queues Sharing a Buffer Memory Space

CS-534, Copyright Univ. of Crete

» Often need many queues where most have low
occupancy (or empty) but few have high occupancy

« Departures create holes = empty space is fragmented
= neighboring packets physically non-contiguous
= linked-list data structure

Reference: Y. Tamir, G. Frazier: “High Performance Multi-Queue
Buffers for VLS| Communication Switches”, ISCA 1988
* “malloc()” works on fixed-size blocks

— block size is a tradeoff between fragmentation cost (for very
large blocks) and memory address rate (for very small blocks):
see exercise set 4

— ... unless multiple packet fragments in a same block —ex. 6.1
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Notes on Enqueue/Degueue Performance Table

» Table assumes we always need to perform both
normal and exceptional accesses — see ex. 5.1

» Table assumes fall-through timing for off-chip SRAM:
one-cycle latency per access, plus one extra cycle
between dependent off-chip accesses — see ex. 5.2

» For peak throughput: overlap successive operations
(latency of individual operations increases)

For a highly pipelined implementation, refer to: Kornaros,
Kozyrakis, Vatsolaki, Katevenis: “"Pipelined Multi-Queue
Management in a VLSI ATM Switch Chip with Credit-Based Flow
Control", 17t Conf. on Advanced Research in VLSI, 1997
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Queueing for Multicast Traffic

» Multicast traffic is expected to become very important in the future
—but so has it been for many years in the past...

» Supporting multicast traffic usually increases complexity and cost

e Queueing for Multicast Traffic:
— Each segment (block) allowed in only one queue = HOL blocking
— Each segment allowed in multiple queues = need many nxtPtr's

— Enqueue throughput and nxtPtr space: static vs. dynamic sharing

» References:
— F. Chiussi, Y. Xia, V. Kumar: “Performance of Shared-Memory Switches under
Multicast Bursty Traffic”, IEEE Jour. Sel. Areas in Communications (JSAC), vol. 15,
no. 3, April 1997, pp. 473-487.
— D. Stiliadis: “Efficient Multicast Algorithms for High-Speed Routers”, Proc. IEEE
Workshop on High Performance Switching and Routing (HPSR 2003), Torino, Italy,
June 2003, pp. 117-122.
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