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AFDX HW/SW Co-Design Based on FPGA
DUAN Xiao-Feng, MA Ke-Jie, ZHOU lJiang
(East-China Institute of Computer Technology, Shanéilai 200233, China)

Abstract: With our national st}ategy implementation involving large civil aircraft, AFDX endpoint card based on FPGA
is proposed, which is" specific to AFDX backbone network of large aircraft avionics system. Based on the thought of
HW/SW co-design, the programme designs a new type of AFDX endpoint card with PCIE or SOPC interface. AFDX
endpoint card based on FPGA can be directly applied in such platforms as large military transport aircraft, helicopters,
fighter jets, airport ground maintenance system and so on and can enhance safety and reliability of military computer.
What’s more, development process will be accelerated and the cost will be lowed by offering related standards and
specifications for electronic equipments of different kinds of weapon platforms.

Key words: real-time network; the endpoint card; Virtex5 platform; AFDX protoco; collaborative design,

%

Ltk S B F O T R O A

MBI R IR, B 70 ALK, ATk

DU KHLIKISNE « BUAR LR 3 70 1P eSS T T g KT

PR AR BE 0 A A BB IR A i ] — IR, eh T
HRETA, L. B S BRI RRE, 3R
SEHLAE A GHL Al B, (5B g S f R
HZit RGBT e B CHL E S AP R T
RYE(CIn R kT AE AR A AL ) TR,
MIXLETHEHLER T SCIL& H I DI RELLAL, IE LTS
RS, A B Dy ReLr- a1 H IR, T8 T
B4 W 4% (ADN, Aircraft Data Networks).

B RS HL TR I B R, KRt

@ WA I 1R):2014-04-02; 0 BIME ORIV 17):2014-05-07

18 #%i4k#% System Construction

BEGuit A%y [H I, ARINC 664(AFDX, Avionics
Full Duplex Switched Ethernet 2% FH 4= X0 T.A8 4 f9 2%
NIz A, 5 HAREAE 25 U LG, AFDX M 48 78]
SEPEAISZIN P J7 AR T SRS R AR LUK
() K5 it b ogn g3 N RO IR R 4 R (commercial
off-the-shelf hardware, COTS)FNFF i zChrfE, A{H A LA
fif B EEA, SRAF R I EE =T | R RS
FE, &0 AR TT R AN, BRARIE A A, S mfin
WL R, S AT R R G AL
5 B B TR,

g, RN EE AFDX 46 SEILER S AL R R

© MRS

http:/fwww.c-s-a.org.cn



2014 4 552345 % 9 M

http://www.c-s-a.org.cn

A [N VA

SRS L FR G IR K 5 1 vl 50 2 48t P A 4
.

HJEAE A E 510, KLUk E ST AFDX
28 A% 005 R SCBERR AT T P i B8, FrLAh
T RN R AR ], R LI R BE &2 B R
FEL P KL PR AR FF R R 3y, AT AT e BN
NTI W3 FORs 33 AT W2 W s BRI F . e 2852
BB URZ L 2% 1 T s
TEBAR R s I, AE A s M 48 16 E i B il
AFDX 3 w5 H i =248 H [E SR # 5L T PCT 4 IR
&, LX) PCI-E #; 1111 AFDX i 25 LA 6T SoPC
1) AFDX 3ifg iR IRF IR AT — & IR L5 7
2 BRI (e

Firt AFDX £HLAT FPGA FARPEPM AT &
S SOPC MEFRAE, B BHH I RS B 1)
FPGA JF A MBS b (AR R AT 1P RS0, SRS
TR AR B OB PCI-E Bk 0 b, D
T T AT 52 AT 55 K

FPGA HCRE £ By 1) 56 UF °F & P4 36 4 55 1k A\ X
PowerPC440 fifi#%, wJ LA 2 ik A2X CPU I 3K, 1247
vxWorks 6.9. 7t FPGA A LA TP A% [R5 3CAE fa ) 35 6
£ PEth 2% . DDR #5728 . Flash #7128 . # LI(UART).
AFDX B2z il ge. HaiMHE - 1 fR.

FPGA
PowerPC 440 DDR2 &I 7% SDDiii,,
[ Flashfl?e  |a—»[ FLASH | | =y
EEECE e TR
BRAM
PLBO
A
I B
e I A
B
PLB1 Enet | r&> ’;ﬁ%ﬂ
Hard
ARDX | Ve | || [ BUR
1P " PHYL
AFDXH% il 2%
Xilinx ML510FF &
1 SoPC #Af {4 [r] e T H bk [

Jof % DL AFDX F A2 A RIRE) By

JEHZ PLB; PLB Slaver it HH T4 A FE 2% 11525 25 47
PAR Ay AT A 2SI B WISHBONE Ji2%; PLB Master
P FPGA 1) DMA HIE P A7 508 B35 5N 744
PEEEALIEIE; AFDX IP #5E M AFDX #HGHMY; Enet
Hard MAC &) AFDX #24t 2LK K MAC Lijfg.

ST PCI-E Bk, Wil 2 Pon. iZsiiles H 2
fffi ik AFDX IP #%, 58 AFDX ¢H5CHMY; PCIE
Slaver HEHE, JTIT-14 4 S0 A LR %5 AR5 oy 9 735
FE4410E WISHBONE fa%k; PCIE Master Bidl, Jy
FPGA Hi[f] DMA HITE Py 17 e s o ) 77 54 0t
ALY, PET E Interrupt 05, E SR 487 15
PCIE HIBi 3.

FPGA

wishbone
Wiz bl
HAFEIE0

HAFEIEL

LUK
o
L] WAH

PHY1

Enet
- AFDX
GhfriliE N Hard
373

MAC
GNTFIEIE3

PPC
8640D

B Ao

PCI-E#% [ (AFDX i s F

\@;Wdhﬁﬁﬁmﬁﬂﬂ
TSI 3 S T4 PHY T HCR AFDX L {EEE
NIAE BN S 3 FiR. SN el 0 ¥
S TN AFDX Skfi S Am s, i 75mi 1
T AFDX MOl SRR R
4. K5 R,

(Whie Dt )
ok

* Wem_r_Crml_Empty \ [
B4 Ve v Crd 4 [ | o
g4 ten i O Len [
- Wem_b_Cmd_R I
B4 Hen i Dot Dot [T1Z03344558e7{DMCI00G00000
& Ven ¢ et i [N U o A [ B B
4§ Mem_Wr_Date_Empty

35BN

System Construction RZAE# 19

© MRS

http:/fwww.c-s-a.org.cn



AN VA

http://www.c-s-a.org.cn

2014 F 5234 9 M

4 Read Dita { Fearf Data )

L MMMMMMM’UWUWW
-4 Hem_R_Cd_Empty ! M M -
[ T T i s
B4 Hem_Fid_Cm_Len [z 1 i
B4 Hen_Rd_FID | i iz I it
o Wem_l_Cret_fig ml il ml m

- Wem_Bk_Data_ID_Vi
‘ htem_Bk_Cata_Dane
B4 ten_B_Daty_Dout
- Mo B Dot e
) Hem_Bi_Taln_ St
-4l e _Bk_Dato_Ful
‘ When_Time_Cut

K4 BHNA{Far

4 il Rl

44

Ath Em mtv
4 i 4
Ath Em un

i

AT TE N

}Mzm )an Dnu IV ST

wm 0 u
‘ Nen_Toe_ Ot

K55 e R

3 AEAEP R T

AFDX IP # B S HAR T SR Dh g 4h i1 5 3
Xy AR RRBEAT S BRI Sy AR, AT RA il AT B A
AR, AFDX BRAEAF P ) ¥t T HA$ 1] EDK
WS F P e] DO I S /e EDK H 1) XPS(Xilinx
Platform Studio)?t Windows FJEIESLIH R, J7 i
&R TH, 523 FPGA RAMIFE, H H KM
PR TE AT LA EAT . 1E 2 i 175 EDK M85 T 42 1
THEEME
& Windows FrUERIETEAT I, 16E el T Har
fie ttiﬁiﬁtﬁﬁﬁﬁj\)\ﬁﬁ&fi%ﬁﬁﬁiﬁ (ER:EISRrE=t
DIREA IR 91K, llﬂjliﬁﬁ modesim P37 17 2.

B 53 e v R VHDL/ VerilogHDL & 5 14,
TR 3R 20 G A B P 1) 5 4 B, [R]IND3d e EDK
PSR A I Y i R, AR RO BAT (P A A AR
A, AR BE R C B, BAERE S
RTOS JL[RIAZ X 4k, #EFe. brik HARCHS AL 2E, TB
IRRE EEHEAT T H bR b BEAR 4 256, e A4
RS R AT, W EDK T H., #CAEfF B mT DL N
HHAT.

A R E S UG HE EDK T B AR B
T Modesim #AF AT U7 5, AT LRI R

20 Z# %5k System Construction

FITFRTIL KR P B, DR

4 FETHAELE PRI I AFDX 1P
it
W AFDX PSR TbR, 1 et bR Pk
(SNMP 1 ARINC615A) HH ARSI i Z L CGLRFA
B RAE. SAP SRR L) A I A 58 B R JZE )
RE(SCRF 128 A VL SCHRP 58S VAR AN 42 B85 B D) fie
XG4T 10M/100M AFDX i1, S FF PLB R 2k411)
A S HL.
AFDX Djfigfsidie nJﬁjJF&}:IJJM;%iJ% JEE 2 B
B, LR A, :
41 RBRINEERR
§i2 1 AEDX DS, FPGA r i 1 2 84 B 505
R RVI HEREE ST, R — L SEBL J2 Py i
2 AFDX B350 4 Wilel 6 B,
1) RIEREH
Slave: AN M Ze#: Ram &2k, FT-V5 ) 58X
I Ram 5 77 f74%.
Cap Ram: JTI T-{£i AFDX 256 4~ VL 8 %F, £
ffi bag. VL iR fF k5.
VL Scan Ctrl: F-F47# Cap Ram % H 75 5 k%
1) VL; $475 ERIAE 1) VL #RfF k5 N Desc_Fifo.
Desc_Fifo: HIF-BABIAFHCRE 2250410 VL HibAF
Hiu k.
Desc Read: 1iiJf] Desc_Fifo VLEH%JJS FFHtuhE ) Py
A VL IR 5T 17 3K >
Desc_Head_ Ctrl: FF4ETE AFDX $ofi 3 3k 15 5.
Ans_ Desc fifo. Afs Data Fifo. AnsLenfifo JH T
A0 VL H8 7 VL 5B VL S s 8. VL ik
(GRNIS
DescAddr RAM: 177024 i B0dE 45/ ik (F8 %1).
Desc_Head Ctrl: #R#% NDescAddr RAM 77
—AN R A R (R ED), BN B S5
) i3k
Len_Fifo/data_fifo/info_fifo/ Desc Head Fifo(A/B):
AETBCHT J 3% (R 19 28 IR A A . 0885 T e 82 ISl e R ) it 2
1 1 g A I k.
Afdx_Send Ctrl: ¥ Len_Fifo/data fifo/info_fifo/
Desc Head Fifo(A/B)H A H5 1 15 9 25 4.
2) B
PR ]
Afdx_Recv Ctrl SN 4504 60, 4 0 25 40, Sk

© THEFEEBRETN

http:/fwww.c-s-a.org.cn



2014 4 552345 % 9 M

http://www.c-s-a.org.cn

A [N VA

SR SRR L PRV B 4 i, B AL ) A2 N Desc
Head Fifo. P48 1 EHE 7> HEAF N data_fifo.  Jf
HUE 8= A K B A2 N 2] Len_Fifo.

Sn BEEAR U] Sn brids, FIWEYHET Sn Arik
AU, OAALE Sn bR AT, F B WK 2
MR Afdx I B A RGBS B Sn 5 A& 1L 1) )
P DR BRI, W I Sn S ANIESE, NW'E KR
Sn_vld 5 & MR 122 LA K .

Desc Head Fifo — H #: I 2 % s, M
Afdx_Del_Ctrl £8e5 N Edi, Afdx_Del Ctrl == Z2H]
FERCEAR M 27 Sn_vId Frids /2 15 A RCH 2 15 IR 1%
Wt SEAT A R ERAE, S R, ) R — AR
Select H Al Select D HEBAIE K, 1 HOK 2 HERA A,
] Master 15K NAF 5.

4 Interrupt Fifo H' VL SlCEHE IS 6(#78),
Eji%?ﬁ*ﬂ’ﬁ%%ﬁﬁﬁi?j%ﬁﬂﬂ)ﬁ, Rk,

u
-

PCI Express/PLB & 454 [

R A 3 01 A B 0B 8 P e £

3) AR

TR R B AL S R LR . e T 7 A A
PR LRI VIS BAE AR BT fifo. 4%
OB A 5 B LU . o T 7 2 R B B A ) ) B
) VI 15 BAE AR HL I 5 15 e p T fifo. chITP= AR R R
WL BT FIFOGRE M 512, /)y BRAM {3 B A )47
EHCH 7= A R PR T4 Peie (9 eh T 760 2%

AL e B R R A e W 2, b
359 LRI 45 0 FRGA F— e 1745 5 il
RS SR = 2 — YO T FIFO
PRI, I SE FIFO Hhi A WS, S 2 TR £
SIAAR, 17 PCIE B RI% T Wik, YREhFE R
T B P 2, U 16— A 2 3 1 D 4% 5 i
bk, 1 FPGA 58 B RN A IE - AE .

Pkt_Recv
od Master

oA il A
X | Interrupt | Rx

|
Vi Slave |
7 >
/)_i | gen Fifo
J‘é *7 Pkt_send |
‘Li Cap
}{:J: Ram | ] 1
i VL Rar
\ | Selecter D Selecter H Selecter Selecter
\
! ] u 5
D LB
Master Mester VL Sean Cur adte rav [ [ . "
| e
| ] |
|7 NDesc T N ¥
Addr_RAM I A =
j— \
pp—
“H‘Rpu | 2
Rx Data I
Addr RAM I
VL_Status_ M «[
anager ‘
PLB CLk
C 100Mhz
_ vy | — — — — =+ T ron
ENET CLk
12.5Mhz

PLUK M Mactz M

Kl 6 AFDX BT Refkth

System Construction ZRZEHH 21

© THEFEEBRETN

http:/fwww.c-s-a.org.cn



AN VA

http://www.c-s-a.org.cn

2014 F 5234 9 M

42 [REMHIRR

JRJZ PR B AT A HA L Cap_Ram,
Desc Fifo . Desc Read . DescAddr RAM .
Desc Head Ctrl. Desc Head Fifo. data fifo. len_fifo
By, JA UAUZAE RAM R IF— MR BAA, B4
TIE R, AR SRR B, I AR P A T R
56 B AFDX [FJEZEHLH.

DAIEBLH B A 7 P,

IBMVLE ML VLR s
VLADDR |- > vk o >

Pktl

Ao
Pkt Start Add | s
Pkt End Add | [ Daa P émrg
Data Fptr - J

Data Lptr R ‘DalaﬁPtr]

L

7 AFDX KB AR L

BATAE. FPGA RAM @ty VL Hdla iy, K2
TP, FEXE 128 4~ VL(eciport) SEAAY]GR1L.

a) VL Scanner #2—> VL 544 VLn.

b) VL Scanner #|W¥ii% VLn 7E 41T I B 1] 15 &%,
FiAN N K%, Current Bag++, 5 A Back Fifo, HH VL
Backer 5 [HAH N N A7 (S 33k 5 5 E5). 0 20 [+ IR ik
SRR S A

ST RIMTE AR I Z1, AN IR V1 R A I 2 T

RALXSHIAAE,

¢) VL Scanner ¥ 75 2L K 1A 1) afdx_desc_entity il
5 N Fifo X} 4.

d) Desc Head Ctrl & Hl Fifo R &,
afdx_desc_entity 454 {Atuhk, JfFHRYE afdx desc_entity
Hutib i) MASTER ik 4fis. o

e)f afdx_dese entity ZHI (AR IS, 4L
KM A5 B, S5 A.BDesc Head Fifo, %t#EHhhit*addr
5K ¥ len 5 A\ Data Head & Len Fifo, * next 5
A NDescAddr RAM JHI-+ VL_Scanner [ 555

f) Data Head & Len Fifo 75, 1] MASTER i3k
Huhik (R len £, 5 A Fifo.

g) Afdx_Send Ctrl &3 Len Fifo AZ%, Nz HAL
PfE R, AR AL, 3 E MAC Kk 2.

Sending Machine 1 it £ 28 Master 1321 A A7 50,
FFASIN VL. Port %545 E 5 A Channel Data Fifo

22 Z %5k # System Construction

0

Channel Mac Tx KiEHPE 0. HWHLH
a) BAFECHE VL Info BB, Bag. Sn {5 &, VL Info
B Bag. Sn JEAT 1 3 7 BE, 1058 AT SN.
b) BAFKEEA VL Sl 5 A g k& d, 1T
T VL A58,
c¢) 4 Channel MAC Rx I E|—Mi)i5, 45t Fifo,
Hi N\ 2l Pkt Checker BBk,
e) Pkt Checker ¥ #: &4 VL Wi, 355 VL Info
PLA SN AR ULAC. A AN G R 38 VI ot
£)5 VL Info §1i% VL f) SN B ICAL #7RICHL
Wi Fifoy kR VL i,
g Pkt'Checker B VL Addr Hhfii, Hiid
Master '5 A\ P77 24 . 52 el s g
h) SN++[1'’5 #1] VL Info Fiderf,
ARG E VL Info £tk Bag. Sn {58, VL Info £
Bkt Bagy Sn BH7# I B, 105 M T SN,
BAREAEA VL Bl 5 N VL_Addr 1, T
£ VL A5, *4 Channel MAC Rx #:c 3] —1i)a,
#:3d Channel Data Fifo, #i A\ %! Pkt Checker FxER.
Pkt Checker &I VL i, J155 VL Info H11% VL
) SN A2 ULHC. 5 AVCHC N Data Fifo MiI% VL .
5 VL Info Hi% VL f] SN &7 ULHL. 2 ASUCHC
13 Data Fifo. #HER VL .
Pkt Checker 8 VL Addr. H(E, Jfiid sk
Master 5 AWAE24 . - i
SN++[u| 53 VL Info #H .
li] Interrupt F ifo HA BT L
" Interrupt Fifo 11 VL HCE i %>6, B 5
— B B e AR, R e, R b T Ak
PR S A0 ) B £,
43 EEHIERER
SR, AFDX (1 FZ O 55
ANJyTH: SR B e, Wk 8 Bk,

SNMP. hn#k 1k

UDP

IP

K 8 AFDX Phislhk

© THEFEEBRETN

http:/fwww.c-s-a.org.cn



2014 4 552345 % 9 M

http://www.c-s-a.org.cn

A [N VA

1) W9 2% 385 #LA 1-

AFDX AZHALIY) SNMP Bl A, HT-%) AFDX
P25 11 55N AS e HLIEAT I 48 5 BRI e e, O L
RE1S BIZS Wbl L & Fh AFDX S350, A SNMP 3
WL E G, ZBAT L S SNMP A4 2R 45 44 h
Agent 17 S IhRE: BABCKk A B ALK SNMP 1
P Get. Next. Bulk. Set fil Config W&, FEHIHEH
SSLIRI TR P 75 A 1) B A A H ML Y 5 MIB T ) N
7.

2)HdE g AT

ARINC615A /&= AFDX 4% b4 F (1500 ngg b
W, BAE TFTP HILGSERE 46 AFDX w2 L7 —48k

FEIRIGSCAF G R AR B s r i B AR

g 9 Fron:
\ R R
)
InE R
BB I ST AL S o R A R

PSS Ak TN AL IR 25 K:> -
DN || % B %

I R R 54k
FIND i

TN A A Ak E R4 ALl
o)
\ A2 |
\ AU

K9 ARINC615A Hdi na il &l

WEFTR, Bl g 2
SCAFALE)Z: H A2 TFTP i, #R¥E ARINC615A X

TFTP DMLt T AR ek, b A o i

BEAT TR, 51N T “ABORT™ W EL. 1% B T K i
AN A A 2 1k U AR A A o 2 % ] 3
MﬁW%%ﬁ,@%TWMﬁﬁéﬁﬁﬁﬁﬁﬁﬁﬁ
(e R

BB € LT A ARINC615SA Fpill
B R, ARG R . AR . N AR
WHEEAE;

s 2 R EAE - #54 ARINC615A
PRI EAE. X T AN, 752 DU 8 SO R
ARSI BT 7 L S

FEAHAE:

F SRR I RAE B ERAE SR SRS 2R
BN S B B A& BRI EAR AR A B,

BB B4 (0, OB B HOIECE T 515, e
B LIRS

AR AR K N R B AR S S
B g, EALRAERIE ARINC665 HrifEiE 3,
IV o g Sk SEAPR, o0 B AR 0 K
SCAEEAT RSN R AR Sk SR R ] H
SCAERIMAR T A, b AR T 43 g A AR e %
THSRE TR F AL LRk B ] S
HIE A F AR FbRbL L. R B MR OI A B 2
52 ST BB R A B X RARBER. =

‘
5 KRR

S I B AIML, TechSAT 2 7 )
AFDX W sl I (R AFDX i 5 RAHEAT A

> & LB

i 4 mﬁ%v ﬁii?fca
R
/Y

& 10 Frx.

; i L iUH’
E - Q X
o 1 — PelR%B
JN\Q«J ) Q [ Q Jl
%\ 5 %\
SR sAg2 | WRLS
10 AFDX i i RIiiE R4t

|
51@&%%"
B R B TE S UG EDK T H AR i
K3 Modesim A AT E, P A B4 UE K
T P T R R 1 A
BT, FESERmE 11, K12, B 13 fior;

xxxxx

BT ROEREER T E

System Construction ZRZEHW 23

© MRS

http:/fwww.c-s-a.org.cn



i E R 4 N H http://www.c-s-a.org.cn 2014 4 F 23 % Fo W

- B Ei-ges W seiNUuNE RESDCRYY . T $ERN ? pam PER

B e e s )|

Rl N e e Sy i B T

I EEIIIIINENY

S 01

L LT VY Y T
Mo b $oe 11V Lew Polas | A -
e [ TTTTTTTTTT

|
B ERRRRIIEY |

ol

= = -
K12 o B \ K15 O chipscope 13T K

&
CURLERL) L&) i AL Lk SRESLilrd %

T PCIE $: 111/ AFDX K FPGA & ysiin -
Slice fI&TFF, LI LUT B Ram W 1 fiR;
# 1 Slice fifr$kk, LA LUT [ Ram

Slice Logic Utilization:
Number of Slice Registers: 9,947 out of 28,800
34%
Number used as Flip Flops: 9,941
Number used as Latches: 4
Number used as Latch-thrus: 2
Number of Slice LUTs: 11,866 out of
28,800  41%
Number used as logic: 11,467 out of
28,800  39%
13 HE *ﬁﬁ@fﬁﬁ Number using O6 output only: . H§,996
Number using O5 out[zut only: * - 881
: SO S 3 Number usifig 05 and O6: 1,590
iZL5 AFDX $ Ll Sl T AR, Thg i s
e AL . Number used as Memory: 304 out of
HPERERT & Bt i 2K, 7.680 3%
e e - A Number used as Dual Port RAM: 132
'. ety .IT. .g'.} giolaan ’ Number using O6 output only: 16
== “::M-"""T“ — = - - - - _ i il Number using O5 output only: 1
ridige gl Number using O5 and 06: 115
Number used as Single Port RAM: 8
::::':::;:‘m et Number using O6 output only: 8
oo o e e T Number used as Shift Register: 164
“ - Number using O6 output only: 164
v KBRSt (e o[, ] 11
Number used as exclusive route-thru: 95
Number of route-thrus: 1,016
1y e Number using O6 output only: 971
i e Number using OS5 output only: 41
m__ "'__I'm e Number using O5 and 06: 4
Bl 14 %% chipscope [N K 2)BlockRam I GTP Z U1 2 /R

24 R4 ¥ System Construction

© TTEFEEBREOTUT  hup//www.c-s-a.org.en



2014 4 552345 % 9 M

http://www.c-s-a.org.cn

A [N VA

% 2 BlockRam fil GTP %

Specific Feature Utilization:
Number of BlockRAM/FIFO: 53 out of 60
88%
Number using BlockRAM only: 53
Total primitives used:
Number of 36k BlockRAM used: 38
Number of 18k BlockRAM used: 27
Total Memory used (KB): 1,854 out of 2,160
85%
Number of BUFG/BUFGCTRLs: 8 out of 32
25%
Number used as BUFGs: 8
Number of BUFDS:s: 2 out of 6
33%
Number of BUFRs: 2 out of 24
8%
Number of DCM_ADVs: 1 out of 12
8%
Number of GTP_DUALSs: 3 outof 6
50%
Number of LOCed GTP_DUALS: “3outof3
100% p !
Number of PCIEs: g 1 out of 1
100% .
Number of PLL_ADV: 1 out of 6
16%
Number of TEMACs: 1 out of 2
50%
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