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What Is RapidSmith? What is XDL?

.
/SUMI\/IARY /SUMMARY XDL DESIGNS
- RapidSmith is a research-based FPGA CAD tool . )e(l:EcgzﬁtatohlligaDn(-:;e”aecLaQI[e)Lnative netlist . z(SEID_II_CdégcrE)bSer) deiigns at the FPGA primitive level
written in Java ff’r mo_der_n XI_ImX FPGAS _  This provides RapidSmith a gateway to create tools < XDL can represent designs that are:
* Based on XDL, its objective Is to serve as a rapid and manipulate Xilinx designs at a very low level - unplaced and unrouted
prototyping platform for research ideas and algorithms « partially or fully placed and unrouted
relating to low level FPGA CAD tools / XDL DEVICE REPORTS (XDLRC FILES) » fully placed and partially or fully routed
=  Describes an entire FPGA and its resources « XDL design files have 2 common statements:
/ e * Represents device as a 2D array of “Tiles” * instance
DEVICE AND TOOL SUPPORT ‘va « Each tile has primitive sites, wires and PIPs * An FPGA primitive instance in the design with
- Curr_ently RapidS_mith supp(_)_rts the Xilinx FPGASs In the Virtex vnméx . 'ThEeZ‘;“fﬁQ;rgfe”ysﬁ'yogrtgebgfvggrgi;‘;ﬂyﬁgz;”s . necf nfiguration and placement information
4, \(Irtex 5 and Virtex 6 fa.mllles. 5 5 » Details pins, sources and sinks and how they
¢ It alms tO be fUIIy COmpath|e W|th a” mOdem X|I|nX FPGAS 8 are Connecting in the routing resources j
« RapidSmith works with Xilinx ISE 11.1 and above v b
4 How RapidSmith interacts with conventional Xilinx Flow
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* To provide an easy-to-use rapid % packase o par -r . par -p . bitgen .

prototyping platform for new FPGA ) |-, m) |
CAD algorithms and ideas cass o |F ‘
» Provide useful infrastructure to s Real

demonstrate new and unique ideas ldea Implementation  tagt

on real Xilinx FPGAs /

(place only) (route only)
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CHECK OUT RAPIDSMITH AT: ! complete descr
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Xilinx provides an
executable called xd1

which has 3 modes:
« -report, provides

complete description of

xdl

» —-xdl2ncd, converts
XDL designs to NCD
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What’s in RapidSmith? RapidSmith Device Package

‘ human-readable XDL

J a Va *RapidSmith requires some Xilinx tools for installation G P L

which only run on Windows or Linux
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» 70+ classes, over 650 APIs in RapidSmith =z, = ——" i e « During installation, RapidSmith parses
« 225 APIs inthe design package alone for — =eee e e the large XDLRC files to generate
\ manipulating designs in RapidSmith small, fast loading device file
« Package names prefixed with . — representations
“edu.byu.ece.rapidSmith” e 7 Uese elevek iEs (Se2 e selon) el
* GUIs built with Qt (gt jambi) ——————— s loaded automatically with a design
_ _ e ot of the RapidSmith | e Support up to the largest Virtex 6 parts
 Several javadocs and lots of documentation = Device Browser, showing primitive | £as: & _ . RapidSmith comes with graphical
 Tools for comparing XDL designs e AN sites, wires and file [ayouts . =i vivwnen ' viewer to browse devices (see left) j
-

Performance of RapidSmith Device Files
XDLRC Report RapidSmith Java Heap Load Time in

\
N
:
\

Size File Size Usage* RapidSmith*

* Excellent hard macro support (modules and module Nore y
Instances) | P Features <.

PACKAG ES Virtex 4 LX15 232 KB 0.48 secs

* dev:!.ce — S€€ boxX on rlght I I I Virtex 4 FX140 7.8 GB 1546 KB 140 MB 1.63 secs
* design — see box below Virtex 4 LX200 9.7 GB 1011 KB 116 MB 1.53 secs
 util — several utilities to manipulate, analyze XDL designs in Virtex 5 LX20T 0.9 GB 497 KB 30 MB 0.52 secs
RapidSmith as well APIs to run Xilinx tools PrimitiveType Virtex 5 FX200T 9.2GB  1227KB 129 MB 1.62 secs
* placer — example placers and algorithms for placing Virtex 5 LX330T 13GB  1250KB 153 MB 1.91 secs
« router — example routers and framework for building routers |l P Virtex 6 LX75T S0GB - S83KB >4 MB 019 secs
 primitiveDefs — definitions of primitives found on the FPGAS n Virtex 6 HXOB5T OB A09KE A2 NE 01 secs
: : N i : Virtex 6 LX760 1756 KB 2.48 secs

 examples — examples illustrating the capabilities of RapidSmith | . :
Smith Device Class Hierarchy

*Times and statistics were recorded on an HP workstation with an Intel Core 2 Duo 3.0 GHz processor (E6850), 4C
500 GB SATA hard drive, Windows XP Pro SP3 32-bit and using the Oracle (previously Sun) JVM version 1.6.0_21

RapidSmith Design Package What can you do with RapidSmith?

# Wire indicates that this a normal wire. ( 5] pd_control_routed.xd| - XDL Design Explorer |£|E|éj
# Power indicates that this net is tied to a DC power source. DES'GN CLASS File
# You can use "power", "vcc" or "vdd" to specify a power net. ' B U I L D CUSTO M TOO L S 7
RA P I DS M IT H D ES I G N S i Ground indicates that this net is tied to ground. ::12i2rl:ﬂczs.<5trlnglln5tance> . . . . Ties | Nets | Instances Modules | Module Instances
R . S . . XD L i You can use fground®, or fgnd" to specify & ground net. [ : \ e RapIdS m Ith al IOWS for rapld prOtOtypIng Of Custom MName = Type Primitive Site Primitive Tile Module Instance Name  Module Mame
() apld mlth de SlgnS are p atterned after # The <dir> token will be one of the following: NET CL ASS . . D:I:)r_::z)rzg::_d:I:}rl?_xﬂ_::d:I:}rl?_q_:et((]] SUCEL  SLICE ?&:60:@2 CLB ?a:41:f46 %ﬁ 116948882467023650170175746945131 58192
P . tools and un igue CAD algorlth ms oy orpen o7 0/ oy ncks ML e e D Lo A6 01 0104513510
. ymbol Descripti tring name; Delay/sysgen_delaylT x0/delayl?_q_net(7) SLICEL  SLICE X61Y93  CLB X41V46 Delay 116948882467023650170175746945131 58192
deS|g nS # T , tT T . Delayl/sysgen_delayl03_x0/delayl03/op_mem_20_24(0) SLICEL  SLICE X40V48  CLB X28Y24 Delayl 145014143126273926866274798404141 537757
# = |Bidirectiongl;umbufferesd: BrlpE e ® Cre ate neW klnds placers router map perS Delay2/sysgen_delayl03 x0/delayl03/op_mem_20_24(0) SLICEL  SLICE X60Y44  CLB X41v22 Delay2 1450141431 76273026866274798404141 537757
. . [ . . # => Bidi ti 1, buff d i di ti . i i ins: elay3/sysgen_dela /dela Jop_mem K62 HA2Y elay
- Tile, primitive sites and wires all reference L R B e, A el S ’ e e e e ——
. . p "= =m Filter pattern:
objects loaded from Device class o pivs efiat for unputes nets, PIN CLASS ’
| g e PERFORM UNIQUE DESIGN ANALYSIS
. o - LOBAL, _ A ' . ) ) BXINV 2OFF
« Contains a deterministic XDL export (save) i o] 5 s e s G, |, ][ nstance nstance; _ _ . -
pin _F/U_ add_ _addsu cy e String pinName; CEINV 20FF
- - pip CLa 33426 BYP INT B INT > B PINAIREL] eotring ) « RapidSmith provides several APIs to get at low i
methOd to a”OW XDL dlff eaSIGr gii igg_xgigg Iﬁfﬁ;ﬁof;gaiggg% , —/I»- =(ArrayL|st<PIP> pips; . t ] t t t ] ) EgUUFTUSED :SEE
—— o ' : level parts of design to extract unique design
e Custom XDL parser to ensure speed and XDL FlPELase . . o o
CO m at| bl I It oTile tile; I nform atl O n J | xc4voa5(i668 | EMPTY_CLBX1Y5 | EMPTY_CLE (4.0)
p y eint startWire; . . . . .
/ oint endWire: b A screenshot of the RapidSmith XDL Design Explorer which illustrates the
\ Y, A . . . .
= = ~NE— flexibility researchers have in constructing custom design analysis tools

lllustrates RapidSmith design abstraction for nets, pins and PIPs

e
e R E:_f_ ZDL Design Tree Explorer | o | E |&]
The syntax for instances is: DESIGN CLASS = pilot_ind_msb/sysgen_enables_x0/enables_g_net(3) (SLICEL) -
instance <name> <sitedef>, placed <tile> <site>, cfg <string> ; HashMan<String Inst - * PicoBlaze_nMicrocontroller/sysgen_kcpsm3_x/kcpsm3/proc_inst/shift_result(g) (SLICEL)
< > ; . . i i
instance <name> <sitedef>, unplaced, cfg <string> ; (as Lt ~ ** PicoBlaze_nMicrocontroller/sysgen_kcpsm3_x0/kcpsm3/proc_inst/stere_loop[l]l.memeory_bit/F5.51 (SLICEM)

= PicoBlaze_nMicrocontroller/sysgen_kcpsm3_x/kcpsm3/proc_inst/stack_address(0) (SLICEL)
= PicoBlaze_nMicrocontroller/sysgen_kepsm3_x/kepsm3/proc_inst/carry_flag (SLICEL)

For typing convenience you can abbreviate instance to inst. INSTANCE CLASS

For IOs [there are two specilal keywords: bonded and unbonded =Str|ng name;

that canl be used to gesigrate—whether—the PAb—of an—unptaced—F6— ® PrimitiveType type;

bonded dut. If neithpr keyword is specified, bonded is assumed. e PrimitiveSite site: Instan Ce MOd ule Modulelnstance
7

The bonding of placefl IOs is determined by the sjite they are plgcedImm: =ArrayLiSt<AttribUtE> attribUtes;

4 ' PicoBlaze_nMicrocontroller/sysgen_kecpsm3_x/kepsm3/proc_inst/stack_pop_data(s) (WIRE)

% inpin PicoBlaze_nMicrocontroller/sysgen_kcpsm3_0/kcpsm3_interrupt_ack_net G2
“_ outpin PicoBlaze_nMicrocontroller/sysgen_kcpsm3_0/kcpsm3/proc_inst/stack_pop_data(s) XQ
PP (CLB_X30%56 IMUX_B2_INT -= G2_PINWIRED

S HE e $E HE e S FE 9k SR SE 9 9E SE 9 3 e 9 SF 9 9E 3

F:counter<18> rt:#LUT:D=Al1 BEL PROP::F:PK PACKTHRU: F5USED::#0OFF Stnng |0gica|Name;
FEX: COUHtQI_lg CH#FF FFX_INIT ATTR:: INITO FFX_SR ATTR: :SRLOW

W Delay3/delaylo_outport (WIRE)
% PicoBlaze_nMicrocontroller/sysgen_kecpsm3_x/kepsm3/proc_inst/alu_result{4) (WIRE)

FFY:counter 19:#FF FFY INIT ATTR::INITO FFY SR ATTR::SRLOW Strlng Value; (LISt)

FXMUX: :FXOR FXUSED: :#OFF G:counter<l19> rt:#LUT:D=Al

% PicoBlaze_nMicrocontroller/sysgen_kepsm3_xl/kepsm3/proc_inst/store_loop[7].memory_bit/F5.51 (WIRE)
¥ sec_max_valuel?) (WIRE)

_BEL PROP::G:PK PACKTHRU: GYMUX: :GXOR REVUSED: : #OFF SRINV:: #OFF

SYNC_ATTR: :ASYNC XBUSED: : #OFF XMUXUSED: : #OFF XUSED: : #OFF

YBUSED: : #OFF YMUXUSED: : #OFF YUSED: : #OFF
CYMUXF:Mcount_counter cy<18>: CYMUXG:Mcount_ counter cy<19>:

GNDF:ProtoCompl.GNDF.8: GNDG:ProtoCompl.GNDG.8:
XORF:Mcount_counter_ xor<18>:

XORG:Mcount counter xor<19>:

_INST PROP::XDL SHAPE MEMBER:Shape 0:0,9 "

If you specify bznded or unbonded for an instanc¢ that is not ar ~ - exe LB _X30V57 XQ_PINWIREZ -= SECOMDARY_LOGIC_OUTSZ_INT
0B it ifs i .
° ranore eze JNT_X30Y56 OMUX_53 -> IMUX_B2
Shown bellow ari threp eximpl(ejs for IOs. . 11 be bonded P o oo T pIF INT_X30%57 SECOMDARY _LOGIC_QUTSZ -= OMLUX3
inst 101 IOB, ; This Wi )
ees 190 Ton|mriced fonasa ;5 mnic [ilt b bonscs rimitive Type ¥ sec max index 0 JBUF (WIRE)
stance 101 IOB,|unplaced unbonded ; # This will be unbonded % PicoBlaze_nMicrocontroller/sysgen_kcpsm3_«)/kepsm3/proc_inst/shift_result(7) (WIRE]
W section_done(d) (WIRE)
inst fcounter<isy" ",S_I.I‘(’?E",placed cLB x17v51[snIcE x27v10d ATTRIBUTE CLASS % PicoBlaze_nMicrocontroller/sysgen_kepsm3_x0/kepsm3/proc_inst/zero_flag (WIRE)
cfg " BXINV::#OFF BYINV::#OFF CEINV::#OFF CLKINV::CLK COUTUSED:: i X . R ) . . . .
CYOF::0 CYOG::0 CYINIT::CIN DXMUX::XMUX DYMUX::YMUX String physicalName; AttrlbUte W & PicoBlaze_nMicrocontroller/sysgen_kcpsm3_x/kcpsm3/proc_inst/sel_carry(3) (WIRE)

% PicoBlaze_nMicrocontroller/sysgen_kecpsm3_x/kepsm3/proc_inst/stack_pop_data(d) (WIRE]
P rl m |tlve S Ite ¥ F'ICI:I Blaz?_n MICFDFDHtrD”E[-' sysgen_kcpsm3_x0/kcpsm3/ proc_inst/t_state (WIRE)
% ind_reg_input/registerlo_9_cutport (WIRE)

% PicoBlaze_nMicrocontroller/sysgen_kepsm3_x/kcpsm3/proc_inst/call_type (WIRE) bl

\_ Y, 4 SFfE6: M _INT %54 | INT (111,61 8 : :
. . - ' screenshot of a custom, interactive placer built to place and debug A screenshot of a tool that explores XDL designs as a tree illus
Rap I d Sm Ith Des I g n CI ass H | erg‘ automatic hard macro placement algorithms ease by which interactive design tools can be constructed in Rapi



http://rapidsmith.sourceforge.net/

