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LAB 9: Multi-Master Bus Platform & Generic I/Os

Computer Architecture and System Laboratory



BB B o

i /1 AHB Master Signals

7 fZ2Multi-Masterz_ Arbitration

i Generic 1/Os : Timers ~ UART

Y FTHMasterd| T 5 b

B3 T 5 Timerenig #

#-T 5% Vivado £ = > T A FPGAYR 5 28 UART

o Uk W E
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Background
Name | Source | Description

AHB Master Signals

wire [Z1:0] HADDRM RISC3Z;

Wire
Wire
Wire
Wire
Wire
wire
wire
Wire

wire

[1:0]  HTRANSM RISC3Z;
HWRITEM RISC3Z;

:0]  HSIZEM RISC3Z;
:0]  HBURSTM RISC3Z;

3:0]  HPROTM RISC3Z;
31:0] HWDATAM RISC3Z;
HBUSREQM RISC3Z;

HLOCEM RISC3Z;
HGRANTM RISC3Z;

B2-1

HADDR[31:0] Master 32 bit system bus
HTRANS[1:0] Master transfer type

HWRITE Master H:write °L:read °
HSIZE[2:0] Master size of the transfer
HBURST[2:0] Master Burst type
HPROT[3:0] Master Protection Control
HWDATA[31:0] Master write data bus
HBUSREQx Master bus request

HLOCKX Master Lock request
HGRANTX Arbiter Bus grant signal

™ b £ 10 Master Signal £+ Master® 5 - J2 3t

1. % 7 1% 3% 5L (Output) € %3 | M2S<HMultiplexer

2. HBUSREQx{rHLOCKx (Output) ¢ + 3| Arbiter

3. Arbiter Master HGRANTx:L 5. (Input) 4
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About HBUSREQ & HGRANT

4 AHB 3 Multiple Master » e fr — FFRF 2 v3F - B Master 2 access bus »
T F & Arbiter2 #2Arbitration

& ¥ Master®& access BusfF » Master #-HBUSREQ signal % drive high >
Arbiter2 sample & i Master sPHBUSREQ 3 5.5 £ /- 2 7% i Master3 &
% ehpriority » #-#* MastersnHGRANTU §drive high » % 7 . & H 3%
Masteri¥ F|Buserig * J# o

¢ e BF > Arbiter ¢ * HMASTER - AHB } A 3 3R . Grant ¥ 7% & Master >
M2S_ Multiplexer :]‘fu ¢ s 7R B Masteren7R7 s 2 511X L F|AHBF X973
Slaveq -
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Bus Arbiter Interface

Arbiter
requests
and locks

Address
and control

Reset
Clock

'HBUSREQx1

( >
HLOCKX1 |
HBUSREQX2

< HLOCKx2
HBUSREQx3

| HLOCKx |

HSPLITX[15:0]
HTRANS1:0]
JEBURSTI2Ol,

HRESETn

HCLK

AHB
arbiter

>

R 2

HGRANTXx1 = )

HGRANTx2 _ » Adbiter

HGRANTx3 _ | 9rns

HMASTER(3:0]

HMASTLOCK _

6
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Data Bus Ownership

7 PEFE 5 GRANTEM2P » M1 iy 802 % & (HRADY=0)F 32 /7 & ¥ — f# cycle

HCLK
HGRANT_M1
HGRANT M2

HMASTER

HTRANS[31:0]

HADDR[31:0]

HREADY

HWDATA[31:0]

Ti T2 T3 T4 TS Tii T7 T8 [}
U
tf
i }D{ 42

| Master 1 owns Address and Conprol il Masier 2 owns Address and Confrol |

H SEQ D{ SEQ MONSEQ H SEQ [}[C

| S OR) | S R | S |

Master 1 pwns Data Wasles 2 pwns Data

 —

W7 ]

g

\

\

Do

[&+ ]

| ae

| 2| == =3

ol [
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More Detail about Master Signal

Transfer type

HTRANS[1:0] Type Description

00 IDLE Indicates that no data transfer is required.

01 BUSY The BUSY transfer type allows bus masters
to insert IDLE cycles in the middle of bursts
of transfers.

10 NONSEQ  Indicates the first transfer of a burst or a

single transfer. The address and control
signals are unrelated to the previous transfer.

11 SEQ The remaining transfers in a burst are
SEQUENTIAL and the address is related to
the previous transfer.
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More Detail about Master Signal

Transfer type example

T T2 T3 T4 T3 TG T7 Ta
HCLK [ ] | | | | | | | | | | |
HTRANS[1:0] )0( NONSEQ )O( BUSY ){}( SEQ )O( seq )O( seQ )0( )OC

HADDR[31:0] _ﬂﬂ\u{(mﬂ uza\@( \Q . \\Q XL

HBURsT2:0]  |)(Y \ INCR )OE\\ X

\
H(ﬁfmf' X\}‘(LEZ‘E} ? )
V
X

I

HWDATA[31:0]

XX
HREADY  |//
XX

HRDATA[31:0]

e
—EU
Py &
)&
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More Detail about Master Signal

Transfer Size

HSIZE[2] HSIZE[1] HSIZE[0] Size Description
0 0 0 8 bits Byte

0 0 1 16 bits Halfword

0 1 0 32 bits Word

0 | 1 64 bits

1 0 0 128 bits 4-word line

1 0 1 256 bits 8-word line

1 | 0 512 bits -

1 1 1 1024 bits

10
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More Detail about Master Signal

Burst Signal encoding

HBURST[2:0] Type Description
M SINGLE Single transfer
001 INCR Incrementing burst of unspecified length
010 WRAP4 4-beat wrapping burst
011 INCR4 4-beat incrementing burst
100 WRAPS 8-beat wrapping burst
101 INCRS 8-beat incrementing burst
110 WRAPI6 16-beat wrapping burst
111 INCRI16 16-beat incrementing burst
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Arbitration

Arbitersni® 248 H 7 0 p 3T A LS BAF s

& Fixed Priority : = {# Master&ipriority 3% 2+ % 4% Bi‘)j*
AT AFT 0 R g FlE E iR FlE %'ﬁ»i"'ﬁﬁ Ny
A RAEE P &T* Plbusehmaster® 11 3 5 £ 7
bus °

4 Round Robin Priority : £ F|busi¢ * & cmMaster » =.F
— = @ 3 PFpriority € ¥ A5 0 B RS - B
Master 3 $i-T ¥2cbusi * H# o

12
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Fixed Priority example

assign Reguest = {Eeguest_3, ERegquest_Z, Reguest_ 1, Reguest_0};

The default scheme |

s Reguest (3) is the highest priority

L Request (0) is the second highest pricrity — This must only be connected to j; ;t.€12ﬁ;
I a Pause input. ¥

vy Reguest (2) is the middle priority. % j;.; *g
s Request (1) is the lowest priority and default bus master — This input is

s usually used for an uncached ARM core.

£ Bus master 0 is reserved for the dummy bus master, which never performs
v real transfers. This master is granted when the default master is

A performing a locked transfer which has received a split response.

alway=s @ (Reguest or SplitHMask)
| begin

if { Eegquest[2])
TopBRequest = 4'bL0O011;

else if ( REedquest[C])
TopRequest = 4'bLOOOO;

else if ( BEegquest[Z])
TopBRequest = 4'bL0O010;

else if | Request[;]”

TopRequest = 4'bLOOOL;

®2-8
% f# : Master3 > Master0 > Master2 > Masterl
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Round-Robin Scheduling

% In OS, Round-Robin Scheduling®_3F %] = Time-sharing 3% 3+ &7 o
TR o - ) REFR & B REE(Time
Quantum) & FF & & 1, (Time Slice) » # B process ¥ 7 # P+
& ki * CPU- ¢ process i# * CPU 4ZiE — B Time Slice
> R BB (Timer) € 2 4 @ %718 ) process f£_Running
state = I'| Ready state °

# In the hardware arbiter: /-\

v RE2Aa>b>c>dlEFRpriority Pr P,

2 AIRound-Robin ¥l 2 E £ —{EAddrMaster
=b(bIEZIE M AYBusFR B H#E)RYRE - N R BVpriority
@ g P2

ZE R c>d>a>h ¢ KILEEHE....
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2 Generic 1/Os : Timers ~ UART

Timer m@ T'Fﬁ&ﬁﬂ]:
ST B*F""mv;“?f?f{%*’?l‘\%“”%lﬁ%ﬂﬁ

# Chefe f B ) b =i
% i s AT A mf?’g% °

Timer interrupt =g, &:
& 1‘”’# timer m & 4 v %7 ,]ft“'fé'itimerinterrupt » OS
A& =X timer ¢ T K FEF pLscheduImg e (€ o
timer interrupt S#E & g (N PF 0 % ik B g A AR
44 > ¥] % context switch mﬂiﬁ & 4P ;JL% (ST 4

timer interrupt 3 % FF > &k 5L € F1 5 7 $TRJL
timer interrupt m % ¥ L 3 2T o

15
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2 Generic 1/Os : Timers ~ UART

4 UART (Universal Asynchronous Receiver / Transmitter) £_ii
PR e E (AR S B AR T ) hE v R 0 v e
35 7 RS232 ~ RS449 ~ RS423 ~ RS422‘fr'RS4853? i o 1 2R
%@'f\?rﬁ,,, AHRF R o R APCHCOM fr 22 RS232 -
ﬁo e S e o BlAe Vvljﬁi?:» COM1 ~ COM2 >
COMxxx o

& UART#1 :Fj A€ _CPU — =t {28 bits=hF #(parallel) -
R #p i TR 1 1b|t 3% 1% E 3K W (serially) o FF P o
UARTE ¥ uﬁ-_qz& ok B kTR F S 8 bitspF
£ #-FRE L CPU -

@
o
=
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Example AMBA SYstem (EASY)

Computer Architecture and System Laboratory
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EASY-E = (ARM processor)

Master

ARM
CPU Core

RISC32(Wrapper)

Arbiter.

A

Muxe«
M2S.

Muxe«

S2M.

Default
Slave+

18
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& Tool used :

1. ARM GNU Toolchain overview
. F1* GNU ARM Cross Compiler#-C#& = arm assemblyf=machine code

2. Mentor Modelsim

«  F T 5} chwave kS # CPU{rAHB:{7 &
3. Vivado 2016.4

© RREB T % Vivado & = % bith

4. Nexys 4 DDR board
o 1T SRR 5B T FPGAY g % 45 b hl/OBkE (7

Q)
o
=
S
c
—
@
-
>
=S
®)
=
=.
5
o
—+
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-
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Multi-Master Platform
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F 27 H 5 Master< £ Bus

i & #-Master034c 3|EASY-E & |}
7 rvj priority > & & Master03 ¥

“7% 1 > ¥ & Master033 B 3
-ﬁ *%EEEE ’ L__1]Jt)E§E37:ﬂ"(5 :;

&+ ehMaster0l.vfrMaster02.vE_— #& P Master > is i® crd= F
7 e mBUSHT 1B 0§ BT YT B G i Tube ) » 11 o 2’
~ o Gl & %% Master01 = = Master03.vr/ © 7 @ éﬁMasterﬂi;f] 4t
HHL o
n HBURSTM =
HSIZEM =

n HWRITEM
HADDRM

HTRANSM

HBUbHEUH =
gn HWDATAM =
ign HPROTM = 4'beeae;

21
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B it (-

EASY-T 5 ik BeMasterO1 345 2 A7 Master03+#7% & * E'Jéﬁ

=

Master03év’1§%%i"’ 3| ArbiterfeMuxM2S=n % 4 =

P\)
ﬂ;;k ‘:;k

N . uMudM2Ss
uArbiter ( -HCLK

. < (HCLK), -HRESETn
.HRESETn  (HRESETn), i
-HTRANS (HTRANS),
(HBURST),
(HREADY), -HWRTITE_M1

. -HSIZE_M1
e -
(HRESP] -HBURST_M1

.HRESETn (HRESETn)},
-.HREADYM (HREADY),
. HRESPM )

. HGRANTM

-HADDR_ M1

P \ -HWDATA_M1

.HS5PLIT {5'boeoea), -
-HADDR_M2 (HADDRM_t
P. (HTRANSM_-
(HWRTITEM_

. HADDRM

. HTRANSM
.HWRITEM
.H5T7EM
.HBURSTM
-HPROTM

. HHDATAM

- HBUSREQM

.HBUSREQ®  (Pause),

.HBUSREQ4 ( (),

.HBUSREQ3  (HBUSREQM testMez),
.HBUSREQ2  (HBUSREQM testMa1),
.HBUSREQ1

-HLOCK®

-HLO

-HLO
~79 -HADDR_M4
-HLOCK 3 ISC |
= : -HTRANS_M4
-HWRITE_M4

.HGRANT®  (HGRANTdummy),
HGRANTA  ( (),

.HGRANT3  (HGRANTM_testMa2),
.HGRANT2  (HGRANTM testMal),
HGRANT1  (HGRANTM RISC32),
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-HMASTER (HMASTER),
.HMASTLOCK (HMASTLOCK)

-HWDATA
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7 E(=)

3. FAT AL £ AT HAFEASY(E > &Modelsim™ ¥

A 3|12 T Buss
Master034f 7+ ff e g 4 o

‘.‘E‘ “

$##4 Leoading internal memcry, Based Addr
$### Leoad internal memory Complete ##3
$##4 Leading External memcry, Based Addr
$### Leoad internal memory Complete ##3
# TUBE:

L ol gl i i fal a et i et a a® a a at al a dtf at a a at ia at ®  at al pt a  pf a fa ie
T pugig gt gl g g gl i b g g b g b g b g b g g g gl gl g g e e R b R g g g g b g g g g e e e e g R R g g g g g g

TT_TE'E S G gt gl ol il i it it e i gt it it i i i e ittt i et it it it ittt it o i gt e e

P i i S g S g g oo g o g P e g g g g o oo g g g o g g o o oo o g g g g o g g o o g B g B g g

0x00000000, Length 0x04000000 #£##

0x40000000, Length 0x00003000 ###

ol i et it et el et et et i et e et e et e i
g g gl e gt g g e gt gt g et e g gl g e e g e
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Timer & Wrapper
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7E(=)

F & 3y #-Timer(Slave) * wrapper# G4 % EASY
I 5 b T ECPUR 3% Z_Timer 21000 i cycle s
v A¥Master01 3| Master03 -Request
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Timerl
0x50000000 | ENABLE
1. + Bl Z Timer:Memory Mapping == % ° Timer ,50000004 | VALUE
4 5 BAT 3 B 2 3 32ENABLE4- VALUE >
f Lk T , 1 ‘ 0x50000008 ZH
L L i E o F ENABLEAA® ~ 1>
Timer:T‘ﬁL%‘Q:}&VALUEP\ e E B 4 580§
F|#cI|OPFF 5 Y €% Jiinterruptr” fEMaster
OX5FFFFFFF =
25
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7 E(=)

@)
=
. » . = 4 Ve . \
S 2. Tl Timers.v ® ehinput froutputde™ > F 3 & Finput > A %] E_
—t - . . y
@ ENABLE_D = VALUE_D > % 7 timer_itr siooutput® >+ ¢ i Master
>
8 module Timers ( HCLK, HRESETn, HSELT , ENABLE D, VALUE D, HADDR, ACK,timer itr);
>
cc—_Dl-' input HCLK ;
(@) input HRESETn; TimersWrapper uTimers Wra (
E" input HSELT; //BHE Bus Input
—_ input [37:0] ENABLE D; THCLE | §=T0am9 B
(@) input [271:01 VALIUE D- BUS .HRESET n (ERESET n),
. [ T .HADDR (HADDRE) ,
% :!.npu.t [--:7] HRDDR ; .HTRANS (HTRENSS) ,
input RCE; _HWRITE (EWRITES) ,
Qo ocutput timer itr ; \HSIZE (HSIZES),
(f) - . HWDATA (HWDATAS) ,
< .HSEL slave (HSELS) ,
—- , o = 2 . Yoi ) ,
% 3. @ Slavesrinputfroutputs & — B i T, e
.HRDATA {HRDATAS) ,
3 Wr‘apper‘ j; #B Slave E‘f’]’é% %’fu(lp F;Q EE) .HREADY out (ERELADYQUTS)|,
— - ERESE (HEESDS)
2, Ny s > B — T~ TD f""'r"ﬁ* i1
g @:}Tﬁ' ]:"\' AH B-—'— Eﬂ‘-:% %);U(H_E,* EF‘\ ) T .IP_SEL (IP_SEL),
@) Imer .ID_ADDR (IP_ADDE) ,
—_ .IP WRITE (IP_WRITE),
Q .ID_ MASK (IP_MASE) ,
8 .IP_WDATA (IP_WDATA),
—_— //From IP (Timers)
< .ID RDATA (IP_RDATA),
.ID READY (IP_REZDY),
T _EFEEOE (T FEEOE]

) 26
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Timers uTimers (

4. 35 w.TimersSlave_top.v # >

//RHE Bus Input

5 H P2 >y 4 .HCLE (HCLE) ,

;}'&-Tlmerswrapperm?% %ﬁ't‘ilj .HRESETn (HRESET n)
. . R .HSELT (IF_SEL) ,

uTimers® L 7§ &4 > e

., . . . N .VALUE_ D (),

-3¢ Timerertimer_itrd 3 (HADDR (z2_2D0R)

TimersSlave_top=routput IRQ e
//Timer ocutput
| -timer 1tr ] ]
) ;

5. &=MasterOl.v® - Z7Hiinput®%r wake
I assign HBUSREQM = (wake==1'b1) ? 1'b1:1'b0;

6. B~ {$ EASY.v® 4t » TimersSlave_top * #= Slave =773t 54 ¥ Decoderfr
MuxS2M#&4= » T 32 output IRQ* #Timerl_IRQ¥%: 3| *75 Master01~03

thinput wake © (EASY.vZ 6773 5L A0 & )
27
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main_ function ()

*tube = (int*) Bx20008000;

* Timerl;
Timerl = (int*) ex5eee0806;
Timeri[e] = 1;
Timerl[1] 1888 ;
thile(1){}

8. & {& * ModelSim#ic#% 30us » # 3] T % 2 % & &5 * Timereg
AZMaster013|Master03 7 |

### Loading internal memcry, Based Addr
### Load internal memory Complete ###
### Loading External memcry, Based Addr
### Load internal memory Conplotsids

# TUBE T2 15216216G2162162162162162162162162162162162162162162162162162 16T g2
# BE: G21G21G21G21G216216G21G21621621621621621621621G2162162162162162162162162162162162
# G21621G216G21621621621621621621G2162162162162162162162162162162162162162162162156

0x04000000 222

0x00000000, Length

0x400000030, Length = 0x00003000 ###
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7 (=)

1. CPU enable Timerl 2. Timerl Interrupt Master01~03(wake up)

Master Master

ARM
CPU Core

t ot ot ot

ARM
CPU Core

RISC32(Wrapper)

Default
Slaves

Master

ARM
CPU Core

.
. RISC32(Wrapper)

Q)
o
=
S
c
—
@
-
>
)
®)
=
=.
5
o
-
c
-
9
Q
-]
o
0p
<
%
—
@
=
—
Q
o
o
-
Q
-
o
-
<L

o
o
Decoder-
v

IntMem.

Default
Slave
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FPGA Verification

Computer Architecture and System Laboratory



O
o
=
o
c
—
®
-
>
=
®)
=
=
®
O
—
c
=
@
b
-
Q.
0
<
92]
—
®
=
—
b
o
o
-
b
—
)
-
<

FIE(Z )PP

® e F 49 ¥(- )P > ArbitersPArbitration algorithm:z
%\Round Robin=35;¢ » ¥ #* Vivado & = 7 . & F|FPGA
=+ 218 > d UART® @ 7| T P5endg o % vH,&%c‘ ’ —§3f[gs
Master4 B ¥FUARTE » e (W o v+ omese or ssamascan

begi
if ( )
begi
if { Reguest[2]1)

TopRegquest = 5'bB00100;

else if ( Reguest[2])
TopReguest = 5'b0O0011;

— o/:'_ 9" 4 H H else 1 Reguest[2

v &7 B3K 3 a>b>c>d"E F chpriority i S

else if ( Reguest[l]
2 i & fasPRound-Robint$ 4] E_§ + -  AddrMast praa Ao~ 51B0000M;

E b(bip 3| § T hBus#r )L © T =X ehpriority e T
g€ ¥ =o>d>a>h o ik REdELL end

TopRegquest = 5'bL0000O0; 4 ¢ Dummy master
else if | )

begin

if ( Reguest[o1)
TopRegquest = 5'b0O000O0;

else if ( Reguestc[4]
TopReguest = 5'b00100;

else if ( Reguest[i])
TopRegquest = 5'bB00011;

else if ( Reguest[2])
TopReguest = S5'bO0010;

else if ( Reguest[l]
TopRegquest = 5'bB0000L1;

elss

TopRequest = 5'kL0O000O0; Y Dummy mastexr

Round-Robin code
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1. B ExVivado @ File -> Open Project
B ExSYSLab2\vivado\lab9.xpr

2. 3 :zArbiter.veiaph % 0 F B Round-Robin =4 4]
3. &% 7F Program and Dubug™ #Generate Bitstream

4 Program and Debug Sorces O
5 Bitstream Settings QazZ=2e hE
. =4 Design Sources (7)
%l Generate Bmtmﬂml BB Global Inshude (3)

4 ﬂa.k (Open Hardware Manager -5 Non-mod ule Files (2

- EAST (EASY ) (10)

ﬁ‘ Open Target g8 testMasterD] - MasterD1 (Masterl] )

& Devi 8 testtlasterl? - Master0Z (Master2 )
mgram Levice TR S " "

o) et o it |
& 144 Configuratinn Memory Device E ot B BT

-8 nDefanltSlave - DefanltSlave (Defanltilave v)
ol UMM 23 - M 28 (25 )

) UMEEM - MuE2 bl )

[-@E TART - UART (UART v (5)

m-LFr u_elk_wiz 0 - clk wiz 0 (clk wiz 0ed)
[+ Comnstraints (1)

-1 Bimulation Souces (7)

@
o
=
©
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—
D
—
>
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®)
=
=
D
O
—
-
=
D
Q
-
o
)]
<
0
—
D
=
—
Q
O
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Q
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=
<

Hiexaxchy | IP Sources | Libraries | Compile Order
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% & {4 Open Hardware Manager I §3 B 3 15 i 51 > Program Device
THLE N FPGA - A 4 crbitd c B

4.
o
+../SYSLab2/vivado/lab9.runs/impl_1

Bitstream Generation Completed X
¢ Program Device x
ey
'.0_' EBitstream Gensration successfully completed. Select a bitstream pro gramiming file and download it o your hardware device, Yon con optionally select a debug
- probes file that comesponds to the debug cores contained in the bitstream programming file ‘
Next Cpen target

oo Trnple ted D Bitstrearn filz C:Mlsersin2609/Deddop/2020_la9/Lab3/8T3Lab2hvivad 0/labd ninsfmpl_1/EASY bit
Open Implemented Desizn —

%. Auto Conmnect 1 Debug probes il |

() View Reparts
Enable end of startup check

® Dpen Hardwars Mansger

() Generate Memory Configuretion File ? Cancel
[[] Don't show this dislog again
o

5. UA RT%@USB@%] IR FIAPZAEEEE ERAP
N 3ZUSBen L FL 0 4o " B #7702t B]USB Serial Portm? F % COMS o

o EEEEs
BEF ITW &RV =|EH
&= | EH HmE 8 RS

a. ? E%EICOMFHLP'I'J -
HE 01

9”‘*\3‘3}

O
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=
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=
=
®
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YT EREss coM
] i |
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6. FI* ¥ B 8PuttyiE = T QB {F S g M o
1% P~Serial -> Serial line(Ex: COM5) & Speed (38400) -> Open

B i8I W LR DIUARTN B % B 22 5 6 cnfiki & % 4p ¢

#2 PUTTY Canfiguration ? *
Category:
= S_ession Basic options for your PuTTY session
+ Logging Specify the destination you want to connect to
= Terminal L
.. Keyboard Serial line Speed BB COM4 - PUTTY — O X
oBd [coms |[38400 | 2 E12E1 26151
. - Features Connection type:
= Window (ORaw (O Telnet O Rlogin (C)SSH (@) Serial
Appea!'ance Load, save or delete a stored session
i i~ Behaviour
... Translation Saved Sessions
| [ Selection | |
Colo.urs Default Settings Load
=I- Connection 123
Da«ta Sa\fe
. Proxy
. Telnet Delete
- Rlogin
- 55H
""" Seral Close window on exit:
(O Mways  (ONever (@ Only on clean exit
About Help Cancel
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& B RN(F - )
> 3o (% Be+ef)
> FoRNF(ARNAEEE S BEFER)
> FEkei®
& B imE
> ftp://140.116.164.225/ port: 21

» tRE./% 5 : ca_lab/Carch2020
» Deadline: 12/21 18:00pm

4 TA Contact Information:
» B5 3T 4§ :anital9961013@gmail.com
» Lab:92617
» Office hour : (Tuesday)8:00pm~10:00pm
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