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Module-based routing resource graph modeling of eFPGA
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2.Institute of Electronics, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: During each iteration of embedded Field Programmable Gate Array(eFPGA) customization
process, router has to be run on a new Route Resource Graph(RRG) for the new architecture in order to
meet design constraints in many aspects, such as area and timing. Conventional eFPGA RRG modeling
method regenerates the whole chip’s architecture description and builds routing nodes and edges based on
it in every evaluation iteration. However, the efficiency of this method suffers from the rising scale of the
chip being evaluated. A module-based RRG modeling method is proposed to address this problem. It
firstly builds RRG for every module type and models interconnect relations among them, after that,
stitches them together according to the device resource arrangement. It depends on a relatively small
database, reduces the modeling runtime and memory peak footprint by around 84% and 64% respectively
and thereby improves the eFPGA evaluation efficiency.

Keywords: embedded Field Programmable Gate Array(eFPGA); pathfinder; routing; Route Resource
Graph(RRG); stitch
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B IR AR, G R, SRR AR R B A w R R AT, DL R R R £ S e A R
i 2k T.H (Versatile Place and Route, VPR)E I Al 41 Xt FPGA B A #4724, I N #2 L RRG, Hoy i &R A&
A AR AT R 25 M, (H7E eFPGA N S b, BRI @B AL T . a) T aih 4
P iR SCF 75 BT A B, 38 T T S5 B 2 5 19 FPGA JSR, B IG5 38 I PEA 2 78 vt F 8 V5 0 45 # AR
FTEA AR eFPGA; b) HE XSS MMAFEATE NS, T g i, REFELRTE, o
A B S A A% eFPGA HBEAY SCIR™ ™, 3 13 B8RO [ 3 72 2k DPAG 28 R 19 RTL 1 0 J5 4% EDA
AR, R A B RO R, AU A AR TR B AR A R RTL 7 L mhy b 57 A 2k
IRNAR LA, R ) AT 4 RS e R 2 g O, AR AR 5 3k 30 BB 39

J TP LR, T — A 7E eFPGA PEAL RIS s PR U E RRG 77, ML T iR ik A U
oM. a) REUEER T (tile) % #E1T RRG &, SRIGTE eFPGA 1Al ik A8 4 A& v i FH sh A Bk 4 19 Oy =X
e AL T AE RN eFPGA MTTFAR TR 225 b) i FXFE o2 d 57 RRG T HE 9% 1 B [ A8 Bif s A RAR i) 242 £k T A%
b, T A PR B B B P e b ) A R R A R i R O AR, DR TR AR DU R R N A RS ARG
) 7EA F B ICH R HARIC G 1Y Verilog W26 L #2 AJFMENT IO ik, RS T 88 %, I H T I ST 45 .

1 #H#ERX RRG EBF .
1.1 ZEE®E

eFPGA 1%l FPGA A% AL,
A M ¥ T, # el g f2 2 5 Rk
(Configurable Logic Block, CLB). M7t
B (Memory Block, MEM) . ¥t 715 5 &b
PR Bt (Digital Signal Processor, DSP)Z%
BT Z 0, e AR, X
L6 53 HT T LB Sy Sl AT — R B
M H B AG . BTk e s R AITE — 3K
O F 2 T A A R v O N AR Y, B AR
FAERILEER, AP I RRG @57 4f .
BT FR AR, &1 et M AE BT
AR, FEARAE RO R ENZ
[F] fY % 42 5C 2 (connexion) , 1 3t == {5 B
(shared info library).7¢ eFPGA PFAfi i L i,
PEARHE STk A PR HEAG (5 B, IR

St — Ve S e Fig.1 Flow of stitthed RRG modeling
L Hp AR IR N 2P B T 2 A 2 % R A A B 1 PR I i

FIHAR O 1 7 e 3¢ R A B AT PR, JE A

2R B A M AR A R BT B9 RRG.
1.2 eFPGA X EEEEEE

1.2.1 Emiﬁﬁ%%?ﬁ(tﬂe_graph)ﬁfﬁ

Ve85 JHBATT I Verilog M2 SC 14 (tile_ netlist)fE Rk A, 1B iVerilog™ IF 5 F2 e E4T i b, T 38751% 5
FH BALTT 1 TR 2 B (top-module) . T8k (sub-module) . 3 [T (port) LA K £k I (wire)fs B . it 52 I 8AI0 1) A 28 % R
B, RIS A AT M A AR O R AT A S R R Rk . AR Z AT, b T ik PathFinder A 42 5k T LA AR
2k A% B 4R T 4 (source) . B E Y 4 (channel) LA B 2845735 05 (sink), B S0 XA S TR BE AT A0 T ARl

1) i (route module) bR . X 42 F B TC I 3R SC PR b i B AN BEHLIEAT 43 RbRic, AR IC AR R A AR
AR, TR HAR SRR BERI2F B UL FILZE: “TOP” M TARiCTH )28t ; “CONNECTION” i T4%ic 7l 4
PR PEE BB He , 9 40 JF 56 & (SwitchBox) . 1% 4% £ (ConnectionBox)%%; “BRIDGE” ] T-FriC %7 B % 416 1
e, BIanBl . RAHER . ZnhasSE; “THIGH” I TARicla & m i Bk, (5 41 i (TieHigh) Btk ; “TLOW”
FHF b e 8 I i PR, B anE AR (TieLow) Bl ; FLARZ IR TIRE T HIHUARIE  “FUNCTION” 28, {4 4 %
F(LUT)., itk 28 (FF)&, & 2 LIRS CLB 28114 5 FH 85T 0 36 W L 1 A #R ) .
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2) ﬁéﬂ%ﬁ%)ﬁ(route nOdEﬁ/ﬁ%{E: Xff module BLE TILE { blk cout, blk rcascout,...... i) TOP
e . N an R cutput blk cout, blk rcascout;
S D s 7 ) 22 SC A o 4 i 1 R i 9 S
R HL T A7 5 B 11 A7 2 A H b &5 1R AT 40 wize E;g: Tob_lab lobi
Ehpil, ZAR LR R AL S bR ire [9:0] Icb lab coutls FUNCTION

27 ALY AR M T BER 43 5

. 4392 SOURCE 2% | SINK &
%l CONSTHIGH 2% . CONSTLOW

AL, K CHAN 257! HiH  SOURCE
25 WYY ok — A 2R AR R A
FUNCTION 2 YA He i) i i o 1 2
YRR SINK Y 5 oy — i
1 % AR B 28 05, FUNCTION 2 R
Ay A S O SR I 2K R

| Icb lab Tlab Ile 50({.coutD(Icb_lab coutO[0]),.coutl{Icb lab coutl[O0]),
.lea(Icb_lab_lea[0]),.leb (Ich lab leb[01),...... )i
LE CELL Icb lab Tlab Ile S58(.cout0(Icb lab cout0[%]),.coutl{Icb lab coutl[%]},
.lea(Icb lab lea[9]),.leb (Icb lab 1eb[9]),...... )z

SWITCH CELL TIcb Isw N1D(.y(so 18[0],.din0 (channel leftlink[0]),.dinl (ei 14[0] ;,‘

o . CONNECTION

TIELO CELL Iclab Itielo 0_ Ttielo (.y{Iclab Ttielo lo[U]J}:‘ TLOW

RES CELL Iswb Isw N13 U0 9 (.in{ei_14[19]),.out(wo_14[29]))s
RES CELL Iawb_Isw N13 U0_8 (.in{ei_ 14[18]),.out(wo_14[28]))s ‘ BR I DGE

Fig.2 Route module label in a tile
&l 2 5 HspoTh A R AER 4

CONSTHIGH ZKRIAT i, LigEE BT, i VCC 551 &k %
7R S, THIGH 28 B AT He (9 B 8 o O 8 SCRk ok 28 71

CONSTLOW ZERIYy i, 48 ENH -, i GND 5 5 & i 1%
A A, TLOW 28 BUAEHe iy fan ) o 11 SO 2R A ;. CHAN 267!
W N AR ER TP E Y A5, CONNECTION ZERIRHe iy —4H
B2 L —1 CHAN KBRS, CHAN 28 RUA 850 A X e
Bk, FEAIE X R B — AN 1, R XN — R, BT K
() 3 11 [ isF 422 input A1 output., {E15 M2, W T BRIDGE
PR FURAF AR, AT A MO e 8%, IR 7
ST, A S T I, WS S o HoE ST
— AR, AR R DL A N AR E UL 1.

1 ALBHRLL KA SRS E X
Tablel Definition of route module and route node labels

route module label port type route node label
TOP / none
FUNCTION output SOURCE
FUNCTION input SINK
THIGH output CONSTHIGH
TLOW output CONSTLOW
CONNECTION input and output CHAN
BRIDGE / none

TEARIC e M e, U Dy = R B vh B A Y 7R, MR A1 8 s B R A R A 21 A AR, PR R
SO R IR A 2% A TR R 2 T 3 e S 11 S ST B 3 R O R R X N A e A T R, ARG, AT AT B S8 B Y
A, BZE HEITH RRG, t TA LR RAE1E, PathFinder i 45 75 32 RRG IR BV AT 37 4 3 01 1 Wi
S AT A D A £ i (source) , MR AT AR SRy A L 28 A5 (Sink) A, DT SE R RH L A9 Y5 RS I AT R . X — s IR e
Bt IR SRS A A SR SO IR A BT R, i T 28 R (5 BRI T = 850 HY Verilog, A{HWT LI
FTAEEE, HAE T RE N T0E SCE BRI ES #1538 SO I )

122 8B HBITERE LR (tile_connexion)@*ﬁ
VLS BT R 28 SRy By g vy H A

<TILE name="CLB">

o F 5 oA BT I B A G 2 :
B R EEXR. K 3LIATALE CLB 2% :
R T e, i XML 55 5
WF M CLB HYZEHE X FR . OUTPORT A
AR A % R B 0T i A e o o

FI A A 00, A 5 s 44 o 58 )
JBYE{E H, CONNEXION i iy I i it
T s T AT ) oAb & T
FR B A g 1 3% 2 6 2R JB R AR IR 3
A 4 1) o 52 R B 5T 4 A G AR AR AR
B RANGI 4,

1.3 eFPGA REHERIEEEE

</TILE>

<QUTPCRT name="channel link" width="3">
<CONNEXION delta x="1"
<CONNEXION delta x:
<CONNEXION delta_x="0"

delta y="0" port name="CLB.in"/>
1" delta y="0" port name="IOB.rlink"/>
delta y="1" port_name="I0OB.blink"/>

10B 10B
blink
[y
10B CLB »lin CLB
rlink
10B CLB CLB

Fig.3 Tile connexion modeling

Pl 3 S B TTE O R A

FFIR eFPGA 1 PEAR 2 AR AR 25 A i — AN A R 24 iy 9% 05 HE A 155 450 19 HE A5 15 B SO (device_arrangement) . LA 4
R, SRR T 2R E S A AR A AR AR A B CE T R B T
TILE A4k FPGA 2314 Frfdi i B FH B 025 80, TILE_INS 35 /) 3 3R 12 25 B9 5251 43 A 1) A b for
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1.4 eFPGA ¥ {4 85 14 77 £k = R (device_graph)E B

FET 11 TR R A A A AR T BT
i 3 A5 B Y BB AUR B AT SC & ST

1 <DEVICE series="seriesl" name="devicel” size x="8" size y="8">
2 <TILE name="BLK" size x="1" size y="1">

3 <TILE_INS loc_x="1:8" loc_y="1:8"></TILE_INS>

4 </TILE>

5 <TILE name="IOB T" size x="1" size_y="1">

6 <TILE_INS loc x="1,3,5,7" loc_y="9"></TILE_ INS>

7

8

HHTIEAG IR I eFPGA 34 (9 RRG Ji AU F - e
1) & R HEA (5 B o BN A FR T B9 BT 13 , <TILE INS loc x="1,3,5,7" IUCJ{:U"></TILE71NS>
BT AR LK R A A L T AR noo o
ﬁﬁ$ﬁﬂg RRG(tile_graph), IR H o il £ 4 e Fig.4 Device arrangement modeling
VAR VL R ARG B A i B & RRG Pl 4 AR PR X R

EP?L:, ~EILE 5(a).
2) U PR RR TR T, MR R S e E R E R R RO E LR

(tile_connexion), - 75 H: rfvii [ % 52 F 5 50 B AN X A0 28 H2 g 1109 3% 324 8 GE R Pl — 13 s g 11 0 220 A ity 11 4

AR), BT R A i 1R T R 1) AR AR AR RS R A 2R WE IR IR device_graph  Hf R N 9 B A 2R 15 A5 (out_nodes),

IR A 3% ) A e A g 1 P ()R A 3k AR A AR I 4 i A A 219 S (in_nodes) , B S oA B R R A A T

RS L IS A RRG, /RE LA 5(b).

\

\!fjuplicate eFPGA device RRG duplicate tile typel eFPGA devwe RRG

I_tlletypel ? '__ Ir_tllgty_pe?__’___l —K—.— I Tile typel? . ™ type2 , |
el | : I [

g | S

~~~~~ “@|| | ez l‘* A~ @ e g
|

J

I ‘- q -------- ~ ‘ ] -
6o _ e o T l_¢ b @l _»

rtl el Irut 2 [ | tiletype2 o N i
ile type . fle type , | ["tile typel q I il ype2 ?
. . ! ! B\
Rt ~ | P , . e
|

S
<Q
o
»
\ "
[
1
L/

Y
g
4 —1 .,
R I3} ‘.\

E
o
E
o
TadA1aIn
4

tile type2
»

(2] \.‘
LS

E
o

6. ' |
6 b le T — iy e
/dupllcate duplicate \ tile connexion l ___ 9 @ _

N
(a) duplicate tile RRGs into the eFPGA device RRG (b) stitched eFPGA device RRG
Fig.5 Stitching of eFPGA device routing resources

I 5 eFPGA fef Al Lk B IR B R B

3R R R E DS

1: new device_graph //current device's RRG

2: for every tile of the device do//duplicate tile_graph's nodes and edges
tile_type = device_arrangement(i,j); }//i,j is the coordinate of current tile
4:  tile_graph = GetTileRRG(series_library,tile_type);
5. forall nodes, n, in tile_graph do
6: Add n to device_graph
7
8

for all edges, e, in tile_graph do
: Add e to device_graph
9: end for

10: end for
11:end for

12:for every tile of the device //build inter-tile connections

13: tile_type = device_arrangement(i,j); //i,j is the coordinate of current tile
14: tile_conn = GetTileConn(series_library,tile_type);

15: for every port connection, port_conn, in tile_conn do

16: out_nodes = tile_graph(port_conn.outport,i,j); /get out_nodes using outport

17: list of in_nodes = tile_graph(port_conn.inports,k,1)} k,1 is the possible connected inport's tile coordinate
18: for each out_nodes do

19: for each in_nodes do

20: Build edges from out_nodes to in_nodes in device_graph

21: end for

22: end for
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23: end for
24:end for

2 EWHER

B XHE e 45 4 g A DR 20 RRG A &1 7 ik AR B8 M 28 . AT R A3 e R o5 RS DL B AT T S0 AR
SEG T . LB SR . a) 4] 3 GHz 45 CPU, 8GB NTEHI PC. b) TEAL Y eFPGA U5 1 x 1 Bfii Ak
PR R/ CLB LA M 3% 3R R (CLB & fe B AR R MR &2 FH o0, BAUSE A CLB 7 ] Ak [n] 8 i) [7] e A 52 i Xof bE 25 21 ) o
c) LA 7 FIFITAL eFPGA 1E N B KT 4, YRR MM 24 x 24 4> CLB(30 /1112 4)%] 128 x 128 4~ CLB(# 32 1 000
TINAREE, XA A REIE S T Hl 2R eFPGA K/h. d) Gi— R A Verilog £ B A 88 - 25 #4 LA B AN [R) 45
Fag A A A% =X SR 1 D 25

2 FhEATXT L) RRG B 5L 40T -

TPk 1 MRIRAL G 7 T RBI BAE X 7 UOPRAE SR AR R R RE S ALY eFPGA 23 F(24 x 24~128 x 128) 4341l
Sed ST Verilog AR, PR HEATHREOGR A .

ik 20 ARMAT T, XF 7 WPRAR AT A [R] B 51 e 2 RN TV AR B P SR/ INae L
A1 eFPGA %§ﬁ:(24 « 24~128 x 128)&??5% & Table2 Depending database file size comparison of the two methods
¢ Eval. iteration  device scale method 1/MB method 2(this paper)/MB

ST EEE R LR 5 1 2EAT AR . T o o5
1) AHSCEHE KN . ik 2045 1R ) AR G B i 2 40 % 40 6.4 05
VB 2 B HE BT AT 2 F BT Y 2 S0 . R BT Y i B 3 64 64 87 05
KRS VL B A HE A DG R SO . X BT AL : ;zz;z 190'51 8'2
AL () eFPGA AR i FE R Ut , AL #5 F HEAR O R F AT L . 96.x 96 1 05
INAEAR . TR L BT AR A B 2 T A A R ) 7 128 x 128 16.0 06
RER, SHE DR IB R LK. 2 Forik
JIT AR 6 B B T SCATE R /X L L3R 2,

R 3 2 Py A 2 B R PR 1S A ) % H

2) AR . ik 3 LUA Table3 RRG building time comparison of the two methods
ﬁ/i 2(2|K ﬁff) EE ¥ TT‘ oA Fﬁ i j( i) s Eval. iteration  device scale method 1/s method 2(this paper)/s method 2/method 1/%
A6 S 7 AT 2 T AR 2% 5 e T A e ! 2424 29 10 s
PEYE AT R TS R D30 4 A S . -
A R AT 2 R AT R, 7 IR 4 2% 72 115 18 16
JoE 7 I ] IR BR AR T 24 84%, 5 80 x 80 142 21 15

3) PIAFUEEIF Y o T 2 PR L 6 %xse 20 2 14
3o K 9 V9 7 WA T 2 5 ORI DY A7 R LT o .
62T A {5t (SE 90 1 1 AR 9 8 GB N A7
BA X FE AL, (HAn R N 2 GB, % 4 TIROT 0 N APV T R XT 1L
M7 1M% 6. 7 WRaE < K m af Table4 Memory peak footprint comparison of the two methods
{ﬁ‘) ) ﬁff 2(4‘7‘7‘(2*_%) EH :J:]Ega T EEI% 1i/\ Eval. iteration device scale method 1/MB method 2(this paper)/MB  method 2/method 1/%
S5 M Verilog 9 2 1 45 e T4 0 5 18 A - -
(8] 4n TG 7 78 37 A 4 ORI 4R Y PR R A 3 64 x 64 1385 528 38
B LN EE Y tile_graph/connexion 15 & 4 72x 72 1664 631 38
HE), AE W FE WA TE B 5 L A A TR ° o - -
K, WA 4, TR AR R T s som w0
T 64%, average 1836 699 36

3 #Hit

ASCHR T —F i 201 eFPGA RRG M5 vk o AMESE IR ik AL, AUHOBAR /N RO P, HLAE B EHOR IR T
BT R, AL T A2 T BT G AR SCPE IR o AR AT G R T T T S AP 9 07 AU A s AR R R
A RRG. SLURZREN], SEGEMEEA 2SR RTL AR EIEM L, HOUE /N Bl P A28 8 4, B
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1 g B B ) RO T2 84%, WIAFVEEIT RS20 T 64%, M AT LA FE 43 B AL eFPGA £ Uk AR T Al 1 A2 v i 11
BEBTIRT R, PR AP BRI, DL B PR EE 5 TP 5 SR ) eFPGA S5 F R H Y .
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