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ABSTRACT

In this paper, we propose a CQS(Calendar Queue Scheduler) architecture which was designed for processing
multimedia and timing traffic in home network. With various characteristics of the increased traffic flowed in
home such as VoIP, VOD, IPTV, and Best-efforts traffic, the needs of managing QoS(Quality of Service) are
being discussed. Making a group regarding application or service is effective to guarantee successful QoS under
the restricted circumstances. The proposed design is aimed for home gateway corresponding to the end points of
receiver on end-to-end QoS and eligible for supporting multimedia traffic within restricted network sources and
optimizing queue sizes. Then, we simulated the area for each module and each memory. The area for each
module is referenced by NAND(2x1) Gate(11.09) when synthesizing with Magnachip 0.18 CMOS libraries
through the Synopsys Design Compiler. We verified the portion of memory is 85.38% of the entire CQS. And
each memory size is extracted through CACTI 5.3(a unit in mm?2). According to the increase of the memory’s
entry, the increment of memory area gradually increases, and defining the day size for 1 year definitely affects
the total CQS area. In this paper, we discussed design methodology and operation for each module when

designing CQS by hardware.
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AAZE S8 7€ A E2 HHF (throughput),
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(Beat-efforts) EE So ZlE 7= W
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o] I 847t HHA AEE cfEeAleldTt 7]
E ofEFEAlelAY e el ik o= BAl
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Queueing(SCFQ), and Deficit Round
Robin/Surplus Round Robin 5°] o]ol sgd=n,
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3.1 CQS(Calendar Queue Scheduler)

a8 12 CQS9 o <lEjde]aE HojFErh
Host processor+= General CPUZ & A}8-3}912
CQS WiH-e| wxelE A~ s 7153 5 ‘J
e el 2 Ao} 7lsS kAl drk TSG(Time
Slot Generator)«= CQS7} IZ& A%3st7] ¢l A
£3h= A el &% AR(CTS)S A% 71
7l o] FH(TS_CNT)E Al¥shk= 7ls2 5383
t}. Port processor= HFHo] PHE AHfoll=
Enqueve 22 85l d7lS &35k 735l
= Dequeve 325 F3&t}. Port processor=
Enqueve E2+S $8817] 9134 CQS_Arbiter 2
24 AIZ(EQ_REQS)ES Xuil CQS_Arbiterol]A]
A1el=]m Prot processor + CQSE FZlell tigh #]
RE BUIA =k Prot processor + Dequeue 52}
S F33l7] %18l CQS_Arbiter=
(DQ_REQS)S Hula CQS_ArbiterollA] A1z
CQS = Port processorz aftd 7lol| gk AW E

EERE

Port Processor(Port 0~15, cpu) Port Processor(Port 0~15, cpu)

Enqueue Command
Enqueue address
Enqueue Length
Enqueue Priority

Enqueue ots

Dequeue Command
Dequeue address
Dequeue Length
Dequeue empty
Dequeue discard

Dequeue del
Dequeue pn

Calendar Queue Scheduler

REG
cts address

cts valid REG cen REG rdata
ts cts REG wen
REG wdata

TSG(Time Slot Generator) Host Processor

1% 1. Block Diagram for Exterior interface of CQS
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HafA e

a8 2+ CQSel WiE AEE EEES KB
ojF) CcQSE = ‘%}Eﬂ 12| Enqueves HH
= Enqueue Managerﬁ]r =3 719 DequeueE
Hd5l= Dequeue Manager, 28] 1 373l HB A
A8 Jshe Memory 2 AT

Enqueue Manager$} Dequeue Manager= =%
el &l 94 #9ledl wEl ARl AP
Aated A =9 8, FH e &5 EE A5
Memory W%-¢] PTR_CUT(Pointer Counter)<}
CQ_TBL(Calendar Queue Table)3} AZA=r}l A1
e9 W AleAen Agu deelE AST AT
o] INT_CQ_TBLS AH&3h, INT_CQ TBL®| &

%]:0] —‘—J’]'Q’E‘ o“roﬂ":‘ T7]'X‘]°] ] E]Ql
ADD_CQ_TBLS AHg3le, o]2 3t oj=g Al

A|33k= ADD_MEM_USAGES ARg3lt} &
Enqueue Manager®} Dequeue Managere= &4
o SRl A E=9lell wEbA RS AETE
R Al ARE  H7IEP] Sk
DROP_PTR_CUT<®} DROP_CQ_TBLS o]&3lc},

-l>4“~r1~'

CQS(Calendar Queue Scheduler )

INT Block
INT_PTR_CNT 0

Priority_0 Enqueue
Pointer Contoller

Priority_1 Enqueue
Pointer Contoller
Priority 2 Enqueue
Pointer Contoller
Priority_3 Enqueue
Pointer Contoller

INT_CQ _TBL_0
INT_PTR_CNT _1

INT_PTR_CNT 2

|
\
|
\ INT CQ_TBL 1
|
\
|
\

INT_CQ_TBL 2
INT_PTR_CNT 3
Priority_0 Dequeue INT CQ TBL 3
Pointer Contoller — —
Priority_1 Dequeue ADD_Block
Pointer Contoller ‘ ADD MEM USAGE ‘
Pointer Priority_2 Dequeue ‘ ADD_CQ_TBL ‘
Selector Pointer Contoller —
DROP_Block

Priority_3 Dequeue
Pointer Contoller

Drop Dequeue
Pointer Contoller

| DROPPTRCNT |

‘ DROP_CQ_TBL |

1% 2. CQS Block Diagram

3.2 Enqueue Manager

3% 3-2 Enqueue Manager %i %} Hod :
Enqueue Manager= +41 <91 7 HHE A
37] $Igk 4 R 4 w9 W Enqueue Pointer
Controller® FA% ], 27} INT_Blocke] 7+
INT_PTR_CUT$®} INT_CQ_TBL¥} 24 <17Z=¢]
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INT_Block
PTR CNT Priority 0
EQO Enqu?l’l_e
INT_CQ Pointer
_TBL 0 Contoller
ADD_Block
PTR_CNT Priority 1 ADD MEM
_EQ1 Enqueue USAGE
INT_CQ Pointer -
_TBL 1 Contoller ADD_CQ_TBL
PTR CNT Priority 2
EQ2 Enqueue
INT_CQ Pointer
TBL 2 Contoller
DROP_Block
PIR CNT Priority 3 DROP PTR
EQ3 Enqueue CNT
INT_CQ Pointer DROP CcQ
TBL 3 Contoller TBL

1% 3. Enqueue Manager Block Diagram

Ak

Enqueue Manager®] 5% 4= oha3 2l

1) CQS_Arbiter+ Port Processor==2-45E] Enqueue
£ 833%h= EQ_REQS Al&E Wh=r}.

2) CQS_Arbiter+= ¢32] 7] EQ_REQS AlZE
7hedl shE AlElgE Fell s Port
Processor® EQ_SELS Al3E5 Hullch

3) A¥=l Port Processor CQSE I Zlo] =}
¥ 4 AM(eq_pkt_addr), HHe] Ho] Am
(eq_pkt_len), HZle] A =9 AR
(eq_pkt_pr), 7] = B &£F AR
(eq_pkt_ots), 28] A B 9l HEE
o] A% ASE dHFe= HEY As
(eq_cmd)E RHvlic}

4) CQS+= Port Processor 246 @ik s7]2]
=1 B £% AR(eqpktots)E ©]8-3}d
vlE"e] LSBE &3 e} &3 022 MSB
5 =9 e}l &% 20472 wigksie] i
AE deolEe 24 el &% 75 2A4T

5) CQS+ Port ProcessorZ45E] k2 JH%I
il XWieq_pkt_pri)—é— o]-g-so] M| EN
9] LSBE 4 9 022 MSBE A
9 32 W3ksle] Bl 2AE Elo]Ee
A 9 e AAR

6) CQS+ Port Processor24-E] ke 7]
=9 ¥l &% AH(eq_pkt_ots), L 31 }
o A =9 7‘4i(eq_pkt_pri)£ Alslo] =
7l 2AE HolEe 4 &9 Tl A
AAel 4 A H(eq_pkt_addr)2} #{3le] Ao

Lﬂn

n‘.n

_&:yijz >\i A

o
—_ =

A H(eq_pkt_len) S AAstw 4 3] 72
¥2le] 71¢E(PTR_COUNTER):= #AHEl o)
78] Nrbg 7Re-Eg)

7)CQsE 54 A w9 FE A7l
A7) flete] Aleshe =gl A w9l
F7F 2% Fulle]  EAEE 7S]
DROP_PTR_COUNTER$} DROP_CQ_TBL<-
o]-g3te] dZls 718}

13 4+ EQ_PTR_CTL £22 7 AHRE o]
43l AAE vimey F4& AEE o]8slo
PTR_COUNTER®] 7}$8 7he ¢
k. AZ 4 =9 H Queueolli= W 15 7€)
A7 ARE AT 4 olvk wefd] 7R Fho]
15 mEkl Afelle &g dlEe] 40
INT_CQ_TBL| 3|7 AHRE &g} ek 7}
28 ol 15 &l Afele FoHEel WEgE A
317] $lsle] ADD_MEM_USAGE®] #te] AwE
Herh el HEAQl winelE AME 5 ol
7d-9-olli= ADD_MEM_USAGEZH¥| b i
7FAQl wlxele] Entry T4 ARE o]&sle] F7}
Ao AR ARE A = glck

[e]
= A HAE

===
| STO
L

ey
| ] r=_~"
| ST7  je—ve DROP_EQ CQ ENTRY =15 No—p+|  ST6 |
L —a bmmm =

1%l 4. Enqueue Pointer Controller State Diagram

3.3 Dequeue Manager

Dequeue Manager= 94 ¢ H #7 AR
F=37] 43 4 e A w3 H Dequeue
Pointer Controllers} 7S #A|A3E7] 218 1 719
Drop Dequeue Pointer Controller, 12|32 47| 5
71€] Pointer ControllerE=4-€] g 71| 7l AHr
= A"slr] $J8F Pointer SelectorZ FAIEICH
DQ_PROCESSOR(Dequeue  Processor)  &-3-2
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PTR_COUNTER 52| JHE o]&3}e] CQ_TBL
of A= sfzle] Ar (Aol AAE Fa AW,
s71e] Zo] AM)E Port ProcessorZ A=sh= 7]
=S 7}xIch. DQ_PROCESSOR: #7le] $A41 &+
19} Al ZHol] HRE o]gsle] oy I AHH
= 7kdl shEs Ad=iglth. Dequeue Manager®]
AR ot 2k

1) CQS_Arbiter+ Port Processors-=4%E] Dequeue
= 243k DQ_REQS AlEE wherh

2) CQS_Arbiter= °2] 7I¢] DQ_REQS A& &
7l shE Ad9lgk Fell sid Port
Processor® DQ_SELS A135 Hullt}

3) A% Port Processorv= CQSZE #4527l
I #EE HF 2AF HolES dEZE A
Atz dg_del Alse} Szl 2A|E Hlo]E2]
=44 xE W3E Yepll= dg_pn AEE
AICH

4) CQS+ Al®ME2 Port Processor® IZlo] A
4= 4 A H(dq_pkt_addr), 7] el A
H(dq_pkt_len), 127 A B gl AR
2ol 3 e odEFE MRy Az
(dg_cmd)E ByIch

5) CQSE HH 2AF HeolEo] AET o]
A e Aol wrert veRls of

2]+= dq_mem_empty 4l ¥E Port Processor®=
Bt

r=="1
PTR_POINTER — |
Yes DQ VA IDENTIFIER = 0 No—g T3 |
_____
Yes
i, S
r |

I osm2 |
1 |

_____

Yes No

r=="1 [ —
: ST6 :<N Nu>‘| ST9 :

Yes Yes

INT_CQ_TBL
NEXT_TBL_ADDR
ADD_CQ_TBL EXIST= |

ADD_CQ_TBI
NEXT_TBL_ADDR
DD_CQ_TBL EXIST = |

____________________

1% 5. Dequeue Pointer Controller State Diagram
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6) CQS+= HEFNAE el 75l FUg 7
Zlo] AAE F& A H(eq_pkt_addr)e} 2]
Zo] A H(eq_pkt_len)E°] HEP|AE EE

Mg Felo] o)l e,

3.4 Pointer Selector

PTR_SELECTOR(Pointer Selector) =32 W]
7He] 94 4=¢] ¥ PRI_PTR_CTL E-23} & 7§
DROP_PTR_CTL E£2°23E w7l $4 ¢ #H
E3lE] A M (pkt_addr, pkt_len, valid)E-2S Hdnuk=
t}. PTR_SELECTOR 4%-2 TS_COUNTER £%
ozRE dAl HEFE 5 ole AR Aol AHH
(ts_cnt)S Adk=rl PTR_SELECTOR Y22
PRI_PTR_CTL EZ2°c2X3e AHuhke szl $4
9] ¥ E<ole] A H(pkt_addr, pkt_len, valid)<}
TS_COUNTER EE°2%E Ahe 3z A
g 4 9le HWE Aol AHH(s_en)FE  o]E3}]
Dequeue & #|7-& Al&gc). PTR_SELECTOR &
-2 Port Processor®ZFE] dq_del, dg_pn 2135
Zgke ol szl W AR SRS AHFs)
7] 938Fd  Port Processorel] sl #Fl AR
(dg_cmd, dq_pkt_addr, dq_pkt_len)S A3l
PTR_SELECTOR =& Port Processor- 2 Z4-E]
dq_del, dg_pn A1ZE5 APuke Zof 7l Bz
AAE HZS #7187 €8t Port Processorel]
s BIA ) ¥ (dq_discard, dq_pkt_addr,
dq_pkt_len)S 23t} PTR_SELECTOR &2
PRI_PTR_CTL EZ°7 37 AHH AHio] skgH
98-S gl Ald(select) S HE3lc}

o

3.5 Dequeue Pointer Controller

PRI_PTR_CTL(Priority Pointer Controller) &3
A 4 92 =A3cl PRI_PTR_CTL
2.2 1| 22|(PTR_COUNTER, ADD_MEM_USAGE)
2718} A7 Foll 27|} AEEReS o
= init_done 4135 PTR_SELECTOR 2] &
g3t} PRI_PTR_CTL E22 A €¢] &% A
Hcts)E o83l 7 A =37F =2 A
7383} PTR_SELECTOR £-Zof A3} 7zt
2] PRI_PTR_CTL &5 5oz Falsiw
A 7 2 A 2915 e Z9EH AHRE
PTR_SELECTOR £Zo] AH=sla glojof i)
Z4zke] PRI_PTR_CTL 22 7P =& ¢4 +
e 7He 2AES & el S os)o] A
e} ER(cts) Bl ZAL 2R A9l fraghe

X rlo

[

N

q

% 1L o
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/AR A-Y 5 2AE AA

d2]= valid 2135 AHL3c)
3.6 Memory

3.6.1 CQ_TBL

a3 604 BH, NoC 2218 CQSE mle] A3
2 =9 g9l -i°ﬂ HAEE 4 9]ol wehbA
H45)7] 9lsfe] A=Y F Hlo|E(Calendar Queue
Table, 13} CQ_TBL)S& e]dtcl 73] F sHlo]
o ®»Ad7| &3 ¥E FHOUTPUT_PORT_QUEUE),
A7l 4 <% FHPACKET_PRIORITY_QUEUE),
a8l &4 elg] &% SHTIME_SLOT_QUEUE)
2 AL 54X 2 2E F= dEls AS
37 #15ted mlg] B5% dzle] 2 TEE e

7 54l 28] T ARE AE] $lele] v

Port# Pri CQ_TBL(DPSRAM)
5 WTE 7 6 s 4 3 2 1 o
0
3
B
'
T
o NEXT_TBL_ADDR
T PIZAN
——" - \ \
44444 - \ \
BIT 14 3 2 1 10 9 8 7 6 5 4 2 1 o \\
B | \
3 30 29 28 27 26 25 24 23 2 21 20 19 18 17 16 \\
[ ] \
- \
-
L apbcommLEXST o \\
BT -4 B3 12w w0 9 8 1 6 5 4 3 2 1o\
[ vearmar T P ]

M 30w w2 5w
K

12! 6. Calendar Queue Table(CQ_TBL)
vz 2

1% 7-2 Synopsys Design Compilerg A8}
magnachip 0.18 CMOS zlolHezg]z2 3AsllS
u] NANDQ2x1) Al°]E(11.09) 715 7+ 259 =
e vEhia glek wlwEe]e]
Pointer Controller, Priority DQ Pointer Controller
£ 77t 47)e) wge] xgwiglon, vwe)e] s

7d$-Priority EQ

Memory
DQManager j—

EQManager .
Pointer Selector
Drop DQ Pointer controller
Priority DO Pointer Controller
Priority EQ Pointer Controller

o} 50000 100000 150000 200000 250000 300000

- "
riority | Priority | oo
EQ. oa ; Pointer EQ oQ
) Pointer Memory
Pointer | Pointer Selector | Manager | Manager
controller
Controller|Controller
|lArEa[GatE] 3118 7234 1528 1878 | 13324 | 32798 | 269352

1%l 7. Area for each module(0.18 CMOS technologies)

int_cq_tbl(4k*32) 47, ptr_cnt_eq(512%32) 471,
ptr_cnt_dq(512*32) 478 , JHx] RES 108 =
gr=lo] gl - AR 270 ol FH ool A
o]~ o|fxlck 7 A RE F Priority EQ
Pointer Controller, Priority DQ Pointer Controller
o Sawse] e} A AGTE Zol,
Drop DQ Pointer2} Pointer Selector®] 74-%-<l -$-
Al et Agle] WAe] =717b A9
A¥slcl. DQ_Manager, EQ Manager, Memory & =
T v3ld A CQS 9 area’} =™ Memory?]
H|5o] AA| CQSellA 85.38%5 HEMA 9SS
oF 4 9lek. CQSTF % Aloje} Al Alofe] At
sitjele 7B 2 EAle vlme] Ale]=rh Axlch
= oleh €S el wlzeletyears] SR
day®] 7Hsol wet wesizert FAtebe, e
31 Aol wet wilee] MGk S ek
% se $Ash 40 WE ARl
lyearel| #|dsl= day sizeZZ 1k, 2k, 4k, 8kZ
W3t =5le o A wlEe] Ae]=9] =7]E CACTI
538 g8l F=3 Zlelw, =9l= mmn2e|th
lyear’} 1k Day¥d 7d-9-oll= int_cq_tbl®] entry7}
1k707} =™, ptr_cent_eq®} ptr_cnt_dq] entry+= 7+
7+ 1kE 1622 vhrl287) Hok U8l lyear”}t

_‘

total area

drop_ca_thl{1)

add_cq_tbl{1)

ptr_cnt_da(d)

ptr_cnt_eq(d)

int_cq_tbl(4)

int_cq_thl(4) | ptr_cnt_eq(4) | ptr_cnt_da(4)| add_cq_thl(1) |drop_ca_tbl(1) totalarea

™ lyear=1kdays| 029356 0.05868 0.05868 001467 0.01467 0.44026

Lyear=2kdays| 041516 0.09676 0.09676 001467 001467 063802
B lyear=4kdays| 065488 01426 0.1426 001467 001467 096942

M lyear=8kdays| 122892 029356 029356 001467 0.01467 184538

2] 8. Area for each memory(CACTI 5.3)
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2k Dayd 73-%-oll= int_cq_tbl7} 2k*32, ptr_cnt_eq
¢} ptr_ent_dqE 256%327} Etvk  Add_cq_tbl}
drop_cq_tbl2] o)== 128*32% A Sle] o=
5 F=39tk Total areas AW Daye] #le]
27} 1k, 2k, 4k, 8kE T7Igtol| uwle} zZbzh oF
1449, 1519, 1906w Z/1EE < otk
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