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1 Overview

VPR (Versatile Place ad Route) is an FPGA placement and routing tool. VPR has four required and
many optional parameters; it isinvoked bytyping:
vpr netlist.neta rchitecture.archplacement.pr outing.r[ -options]

Netlist.net is the netlist describing the drcuit to be placed and/or routed, while architedure.arch
describes the achitecture of the FPGA in which the drcuit isto berealized. If VPR is placing acircuit, the
final placement will be written to placement.p; if VPR isrouting a previously placed circuit, the placement
is read from placement.p. The final routing o a drcuit is written to file routing.r. The format of each o
thesefilesis described in Section 6

VPR can berunin one of two basic modes. In its default mode, VPR places a drcuit on an FPGA and
then repeatedly attemptsto routeit in order to find the minimum number of tracks required bythe specified
FPGA architedure to route this circuit. If arouting is unsuccessful, VPR increases the number of tracksin
eah routing channel andtries again; if aroutingis successul, VPR deaeases the number of tradks before
trying to route it again. Once the minimum number of tracks required to route the drcuit is found VPR
exits. The other mode of VPR is invoked when a user specifies a specific channel width for routing. In
this case, VPR places a circuit and attempts to route it only once, with the specified channel width. If the
circuit will not route at the specified channel width, VPR simply report that it is unroutable.

VPR can perform either global routing a combined global and detailed routing.

T-VPack isapadking program which can be used with or withou VPR. It takes atechnology-mapped
netlist (in bif format) consisting d lookup tables (LUTS) and flip flops (FFs) and packs the LUTs and FFs
together to form more coarse-grained logic blocks. The netlist it outputs isin the .net format required by
VPR, and hence can be fed diredly into VPR. Itsusageis:
t-vpackin put.blifo utput.net[ -options]

Typing either VPR or T-VPadk with noparameters will print out alist of al the avail able command
line parameters.

2 Compiling VPR and T-VPack

If your compiler of choice is gcc and you are running a Solaris-based Sparcstation, you can compile
VPR simply by typing makein the directory containing VPR’s source mde and makefile. If your compiler
and/or architecture ae different, however, you will have to make some small modifications to the make-

1. T-VPack isatiming-driven version d the VPack program that was provided with earlier versions of VPR. When
run in its nontiming-driven mode, T-VPack is equivaent to VPack.
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file. First, change the CC = gcc line in the makefile so that CCis st to the name of your desired compiler.
Second, you may want to change the line OPT_FLAGS = -0O3 to set OPT_FLAGS to the value that gives
the highest level of optimization with your compiler, and it may be necessary to give the linker different
options g it finds al the relevant libraries on your madiine. If, during compil ation, you get an error that
type XPointer is nat defined, uncomment the “typedef char * XPointer” line in graphics.c (many X Win-
dows implementations do nd define the XPointer type). Finally, if you are compiling VPR on a system
withou X Windows (e.g. Windows NT), you should add a “#define NO_GRAPHICS’ line to the top o
vpr_types.h. VPR’s built-in graphicswill al be removed by this define, al owing compil ation on non-X11
machines.

If you are using T-VPack to convert SIS output to VPR’s netlist format, you shoud make similar
modificationsto T-VPad’s makefile.

3 Typical CAD Flow

Figure 1 illustrates the CAD flow we typically use. First, the SIS [1] synthesis padage is used to per-
form technology-independent logic optimization d each circuit. Next, each circuit is technology-mapped
into 4-LUTs andflip flops by FlowMap [2]. The output of FlowMap is a .blif format netlist of LUTs and
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Figure 1. CAD flow.
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flip flops. Our T-VPack program [3, 4, 5, 6] then packs this netlist of 4-LUTs and flip flops into more
coarse-grained logic blocks, and autputs a netlist in the .net format VPR uses. VPR [3, 4, 7, 8, 9, 10, 11]
can then place the drcuit and either globally route it or perform combined gobal and detail ed routing on it.
The output of VPR consists of afile describing the circuit placement, ancther file describing the circuit’s
routing, and various gatistics concerning the minimum number of tracks per channel required to success
fully route, the total wirelength, etc. In order to find the minimum number of tracks required for successul
routing, VPR adually attempts to route the circuit several times with different numbers of tracks all owed
per channel in each attempted routing.

Of course, many variations on this CAD flow are possible. One can use different logic optimizers and
techndogy mappers than SIS and FlowM ap; just put the output netli st from your technd ogy-mapper into
Jblif format andfeed it into T-VPack. Alternatively, if thelogic block you areinterestedinisnot suppated
by T-VPadk, your CAD flow can bypass T-VPack atogether by ouputting a netlist of logic blocksin .net
format. VPR can place and route netlists of any type of logic block -- you simply have to create the netlist
and describe the logic block in the FPGA architedure description file. Finally, if youwant only to route a
placement produced by another CAD todl you can create a placement file in VPR format, and have VPR
route this pre-existing gacement.

4 Operation of T-VPack

As dated earlier, T-VPack takes as input a technology-mapped netlist of lookuptables (LUTs) and
flip flops in .blif format, and ouputs a .net format netlist compaosed of more complex logic blocks. The
logic block to be targeted is selected via ommand-line options. The simplest logic block T-V Pack can tar-
get consists of aLUT and a FF, in the configuration shown in Figure 2. We cdl this logic block a basic
logic dement.

To have T-VPack target alogic block of thisform, use the command:
t-vpack<input.blif> <output.net> -lut_siz e <K> -no_clustering

In the command above, the italicized values in angled bradets, <>, should be replaced by the file
names or numbers you are using, while unitalicized words are keywords and must be typed exadly as
shown.

The -lut_size <K > option spedfies the number of inpusto aLUT (i.e. K in Figure 2). If -lut_sizeis
not specified, a default LUT size of 4 is assumed by T-VPack. The -no_clustering option indicates that
the logic block is a single basic logic element with nolocd routing to route the logic block output back to
the logic block inputs. By default, T-VPadk marks al clock netsin the input netlist as global nets which
VPR shoud na route. Since docks aretypically routed via adedicated network in FPGAS, thisis usually

_> i
Inputs — > K-input D FF Out
—» LUT
Clock —»]

Figure 2: Basic logic dement.
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Figure 3: A cluster-based logic block.

the most realistic thingto do. If, however, youwant clocksto be routed as using normal routing resources,
you should specify -global_clocks off on the T-VPack command line.

T-VPack is capable of targeting a more complex form of logic block, which we call a cluster-based
logic block [5]. Figure 3 depicts an example. A cluster-based logic block consists of N basic logic ele-
ments (i.e. N LUTsand N FFs), alongwith locd interconrect that allows the N cluster outputs to be routed
badc to LUT inpus. Since the number of logic block inputs, I, can be less than the total number of LUT
inpus (KN, where K is the number of inputs per LUT), the local interconred also allows ead o the |
inpus to be routed to any of the KN LUT inpus. Cluster-based logic blocks are very similar to the logic
blocks used in the Altera 8K and 1K FPGAS, and are reasonably similar to thase used in the Xilinx 5200
and Virtex FPGAs.

To target such alogic block, use a ®@mmand line of the form:

t-vpack input.blif output.net -lut_size <K> -cluster_size <N>
-inputs_per_cluster <I> -cl ocks_per_cluster <C

The meaning of the -inputs_per_cluster and -cluster_size parameters shoud be dea from Figure 3.

The -clocks_per_cluster option is used to specify how many dstinct clocks can be used by each logic
block.

4.1 T-VPack Options

4.1.1 Architecture Description Options That Are Always Valid

-lut_size <int>: Number of inputs per LUT (i.e. K). Default: 4.

-no_clustering: Specifies that no clustering is to be performed -- i.e. the logic block consists of one
BLE (aLUT and aFF) with nolocal routing. Default: cluster.

-global_clocks {on | off}: Indicates whether clocks $houd be marked as being routed via aspecial,
global resource. VPR does nat route global signals. Default: on.
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4.2 Architecture Options Valid Only When -no_clustering I s Not Specified

-cluster_size<int>: Number of BLEsin a duster-based logic block (i.e. N). Default: 1.

-inputs_per_cluster <int>: Number of distinct inputsin alogic duster (i.e. 1). Default: lut_size*
cluster_size.

-clocks per_cluster <int>: Number of distinct clocksin alogic duster. Default: 1.

-muxes to_cluster _output_pins{on | off}: If “off”, each BLE output is hooked diredly to a cluster
output pin. If “on”, aset of N (one per cluster output) N:1 multiplexers all ows each output pin to be driven
by any of the N BLEswithin acluster. Default: off.

4.3 CAD Optimization Options

-timing_driven {on | off}: Controls whether the dustering algorithm attempts to optimize drcuit
timing by attempting to capture aitical conrnections within alogic cluster. Default: on.

-connection_driven {on | off}: Controlswhether or not T-V Pack attemptsto absorb, within one dus-
ter, connections from the output of one BLE to the input of another. Default: off.

-hill_climbing {on | off}: Controls whether the dgorithm used to pack BLEs into clusters alows hill
climbing a is strictly greedy. Default: on.

-cluster_seed {timing | max_inputs}: Specifiesthe way in which the cluster packing algorithm picks
the first BLE to be placed in an empty cluster. Max_inpus picks the BLE with the most used inputs, while
timing picks the BLE onthe most criticd path. Default: timingif timing_diven is on, max_inpus other-
wise.

-allow_unrelated_clustering {on | off}: Controls whether or not BLEs with noattraction to the aur-
rent cluster can be packed intoit. Default: on.

-alpha <float>: A tradeoff parameter that controls the optimizaion o delay in pading vs. the opti-
mization d signa sharing. A value of 0 focuses Dlely onsignal sharing, while avalue of 1 focuses lely
ontiming. Thisoptionismeaningful only when timing_divenison. Default: 0.75.

-recompute_timing_after <int>: T-VPack will recompute its estimate of how timing-criticd each
conredion is after packing the specified number of BLEs into clusters. This option is meaningful only
whentiming_divenison. Default: 32 000

-block_delay <float>: The relative delay of a BLE. This option is meaningful only when
timing_divenison. Default: 0.1.

-intra_cluster_net_delay <float>: The relative delay of asignal that goes from one BLE to ancother
using the locd routingwithin a duster. Thisoptionis meaningful only whentiming_divenison. Default:
0.1

-inter_cluster_net_delay <float>: Therelative delay of asignal that goes from one BLE to another
BLE that isin adifferent cluster, or an 1O pad. Thisoption is meaningful only when timing_driven is on.
Default: 1.0.

-allow_early_exit {on | off}: If on, the dusterer will stop re-timing analyzing a circuit once it
believes the arrent, partialy complete packing, has fixed (“locked”) the aitical path. Default: off.
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5 Operation of VPR
Invoke VPR by typing:

vpr input.net input.arch placenent.p output.routing [-options]
This sction autlineshow VPR’s graphics and options work; Section 6 describes the format of each of
the four files used by VPR.

5.1 Graphics

The graphicsincluded in VPR are very easy to use. Click any mouse button onthe arrow keys to pan
the view, or click on the Zoom-In, Zoom-Out and Zoom-Fit keysto zoom the view. Click onthe Window
button, then on the diagonally opposite corners of a box, to zoom in ona particular area Selecting Post-
Script creates a PostScript file (in picl.ps, pic2.ps, etc.) of theimage on screen. Proceed tells VPR to con-
tinue with the next step in placing and routing the drcuit, while Exit aborts the program. The menu buttons
will be greyed ou to show they are not seledable when VPR isworking, rather than interadively display-
ing gaphics.

The Toggle Nets button togges the nets in the drcuit visible/invisible. When a placement is being
displayed, routing information is not yet known so nets are simply drawn asa “star;” that is, a straight line
is drawn from the net source to each of itssinks. Click onany clb in the display, and it will be highlighted
in green, while its fanin and fanou are highlighted in blue and red, respectively. Once a drcuit has been
routed the true path of each net will be shown. Again, you can click on Togde Nets to make net routings
visible or invisible, and clicking onaclb or pad will highlight their fanins and fanouts.

When arouting is on-screen, clicking onToggle RR will switch between various views of the routing
resources available in the FPGA. Wiring segments and clb pins are drawn in blad, conrections from wir-
ing segments to input pins are shown in blue, connections from output pins to wiring segments are shown
in red, and connections between wiring segments are shown in green. The points at which wiring segments
conred to clb pins (connection boxswitches) are marked with an “X”. Switch boxconnections will have
buffers (triangles) or passtransistors (circles) drawn ontop d them, depending onthe type of switch each
conredion wses. Clicking ona db or pad will overlay therouting d all nets connected to that block ontop
of the drawing d the FPGA routing resources, and will label each of the pins on that block with its pin
number. The routing resource view can be very useful in ensuring that you have correctly described you
FPGA in the achitedure description file -- if you see switches where they shoudn't be or pins on the
wrongside of a db, your architecture description needsto be revised.

When arouting is shown on-screen, clicking onthe Congestion button will show any owverused rout-
ing resources (wires or pins) in red, if any overused resources exist. Finaly, when a routing is on screen
you can click onthe Crit. Path buttonto see ech df the netsonthe aitical pathinturn. The arrent net on
the critical path is highlighted in cyan; its ource block is shown in yellow and the criticd sinkis shownin
green.
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5.2 Command-Line Options

To get alist of al the avail able options type vpr with no @rameters.

VPR hasalot of options. The four options most people will be interested in are -fast, -inner_num, -
route chan_width, and -route _type. In general for the other options the defaults are fine, and only peo-
plelooking at how different CAD algorithms perform will try many of them. To understand what the more
esoteric placer and router options acdually do, buy [3] or download [7, 8, 9, 10] from the author’sweb page
(http://www.eecg.toronto.edw/~vaughn).

In the following text, values in angle bradets, e.g. <int>, shoud be replaced by the gpropriate file-
name or number. Vauesin curly braces ssparated byvertica bars, e.g. { on| off}, indicae dl the permiss-
ble choices for an option.

5.2.1 General Options

-fast: Sets various placer and router parameters 9 that a circuit will be placed and routed more
quickly, at the cost of some (~10 - 15%) degradationin quality. Note: -fast shoud probably not be used
with the timing-driven router, asit can degrade the circuit speed by over 30%, without significantly speed-
ing the router.

-nodisp: Disablesal graphics. Useful if you're nat running X Windows. Default: graphics enabled.

-auto <int>: Can be0, 1, or 2. This sets how often youmust click Proceed to continue execution after
viewing the graphics. The higher the number, the more infrequently the program will pause. Default: 1.

-route_only: Take an existing gacement from the placement fil e spedfied onthe command line and
routeit. Default: off.

-place_only: Placethe drcuit, but do nd route it. Default: off.

-timing_analysis only_with_net_delay <float>: Do na place or route the drcuit; just assume the
delay of every net has the specified value (in seconds), and perform atiming analysis of the drcuit. Nets
marked as .global in the netlist still have azero delay (normally these ae just clocks); every other net is
asumed to have the specified delay.

-aspect_ratio <float>: Specifiesthe asped ratio (number of columns/ number of rows) of an FPGA.
Default 1 (square FPGA).

-nx <int>: Number of columnsin the FPGA logic aray. Default: set to minimum required to fit cir-
cuit.

-ny <int>: Number of rows in the FPGA logic array. Default: set to minimum required to fit circuit.

-full_stats; Print out some extra statistics about the drcuit and itsrouting wseful for wireability analy-
sis. Default: off.

-timing_analysis{ on | off }: Turn timing analysis of the routing onor off. If itisoff, you dar't have
to spedfy the various timing analysis parameters in the achitecturefile. Default: on.
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5.2.2 Placer Options

By default, the automatic annealing schedule [3, 9] is used. This shedule gathers gatistics as the
placement progresses, and uses them to determine how to update the temperature, when to exit, etc. This
schedule is generall y superior to any user-specified schedule. If any of init_t, exit_t or apha_t is gedfied,
the user schedule, with afixed initial temperature, final temperature and temperature updete fador is used.

-seed <int>: Setstheinitial randam seed used bythe placer. Default: 1.

-inner_num <float>: The number of moves attempted at each temperature is inner_num times the
total number of blocks®3 in the drcuit. The number of blocks in a drcuit is the number of pads plus the
number of clbs. Changinginner_num is the best way to change the speed/quality tradeoff of the placer, as
it leaves the highly-efficient automatic annealing schedule on and simply changes the number of moves per
temperature. Default: 10. Note: specifying-inner_num 1 will speed up the placer by a factor of 10 while
typically reducing gdacement quality only by 10% or less (depends on the architecture). Henceusers more
concerned with CPU time than quaity may find this a more appropriate value of inner_num.

-init_t <float>: The starting temperature of the anneal for the manual annealing schedule. Default:
100.

-exit_t <float>: The (manua) anned will terminate when the temperature drops below the exit tem-
perature. Default: 0.01.

-alpha_t <float>: The temperature isupdated by multiplying the old temperature by alpha_t when the
manual annealing schedule is enabled. Default: 0.8.

-fix_pins{random | <file.pads>}: Do na allow the placer to move the 1/O locations abou during the
anneal. Instead, lock each 1/0 pad to some location at the start of the aneal. If -fix_pinsrandom is ec-
ified, each 1/0O block is locked to a random pad locaion to model the dfect of poar board-level 1/0 con
straints. If any word ather than randam is ecified after -fix_pins, that string istaken to be the name of a
file listing the desired locaion of each 1/O block in the netlist (i.e. -fix_pins <file.pads>). This pad loca-
tionfileisin the same format as anormal placement file, but only specifiesthe locations of 1/O pads, rather
than the locations of al blocks. Default: off (i.e. placer choases pad locaions).

-place_algorithm {bounding_box | net_timing_driven | path_timing_driven}: Controlsthe dgo-
rithm used by the placer. Boundng_boxfocuses purely on minimizing the bounding box wirelength of the
circuit, while path_timing_diven focuses on minimizing bdh wirelength and the critical path delay.
Net_timing_driven is similar to path_timing_driven, but assumes that all nets have the same delay when
estimating the aiticd path during dacement, rather than using the arrent placement to oltain delay esti-
mates. Default: path_timing_diven.

-place_cost_type{linear | nonlinear}: Seled the (wirelength portion d the) placement cost function.
For FPGAs in which al channels have the same width the linear cost function reduces to a boundng box
wirelength cost function. The norlinear cost function, on the other hand, considers both wirelength and
congestion during placement. Default: linea.
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-place_cost_exp <float>: Only relevant for FPGAs in which the channel width varies from channel
to channel. Sets the exponent (a) used in the linear cost function to penalize routing in narrow channels.
Default: 1.

-place_chan_width <int>: Can be used with the nonlinear cost functionto tell VPR how many tracks
a dhannel of relative width 1 isexpected to need to completerouting d thiscircuit. VPR will then placethe
circuit only once, and repeatedly try routing the circuit as usual. If place chan_width is not specified and
the nonlinea cost is used, VPR will replace and reroute the drcuit for each channel width at which it
attempts to map the circuit.

-num_regions <int>: Used orly with the nonlinea cost function. VPR will compute congestion on
an array of num_regions X num_regions subareas. Large values of num_regions greatly sow the placer.
Default: 4.

-enable_timing_computations {on | off}: Controls whether or not the placement agorithm prints
estimates of the circuit speed of the placement it generates. This tting affeds datistics output only, not
optimization kehaviour. Default: onif timing-driven placement is spedfied, off otherwise.

-block _dist <int>: Specifies that the placement algorithm should print out an estimate of the drcuit
criticd path, assuming that each inter-block conrection is between blocks a (horizonta) distance of
block dist logic blocks apart. This setting affeds datistics output only, not optimization behaviour.
Default: 1. (Currently the ade that prints out this lower bound is #ifdef’ed out in place.c -- #define
PRINT_LOWER BOUND in place.c to reactivateit.)

5.2.3 Placement Options Valid Only With Timing-Driven Placement

-timing_tradeoff <float>: Controls the trade-off between boundng box minimization and delay
minimizationin the placer. A value of 0 makes the placer focus completely onboundng box (wirelength)
minimization, while avalue of 1 makes the placer focus completely ontiming ogimizaion. Default: 0.5.

-recompute_crit_iter <int>: Controls how many temperature updates occur before the placer per-
formsatiming analysis to update its estimate of the criticdity of each conredion. Default: 1.

-inner_loop_recompute_divider <int>: Controls how many times the placer performs a timing
analysis to update its criticdity estimates while & a single temperature. Default: O.

-td_place exp_first <float>: Controls how critical a mnnedion is considered as a function of its
slack, at the start of the aned. If thisvalueisO, al conrections are nsidered equally critical. If this
value is large, connections with small slacks are cnsidered much more iticd than connedions with
small slacks. Asthe aned progresss, the exporent used in the aiticality computation gradually changes
from its starting value of td_place_exp_first toitsfinal value of td_pace exp_last. Default: 1.

-td_place exp_last <float>: Controls how critical a connection is considered as a function of its
slack, at the end d the anneal. Seediscusson for -td_pace exp_first, above. Default: 8.

5.2.4 Router Options

-route_type {global | detailed}: Spedfies whether global routing a combined gobal and detail ed
routing shoud be performed. Default: detailed (i.e. combined global and detail ed routing).

VPR and T-VPad User's Manual (Version 4.30) March 27, 2000 9



-route_chan_width <int>: Tells VPR to route the drcuit with a certain channel width. No binary
seach onchannel capadty will be performed to find the minimum number of tradks required for routing --
VPR simply reports whether or not the drcuit will route at this channel width.

-router_algorithm {breadth_first | timing_driven}: Seleds which router algorithm to use. The
breadth-first router focuses lely onrouting a design successully, while the timing-driven router focuses
both onadieving a successul route and achieving goodcircuit speed. The breadth-first router is capable
of routing adesign wsing slightly fewer tracks than the timing-driving router (typicaly 5% if the timing-
driven router usesits default parameters; this can be reduced to about 2% if the router parameters are set so
the timing-driven router pays more atention to routability and lessto area). The designs produced by the
timing-driven router are much faster, however, (2x - 10x) and it uses less CPU time to route. Default:
timing_driven.

-max_router_iterations <int>: The number of iterations of a Pathfinder-based router that will be
executed before a drcuit is dedared urrouteable (if it hasn’'t routed successully yet) at a given channel
width. Default: 30. Speed-qudity trade-off: reduce this number to speed up the router, at the st of some
increasein final track court. Thisis most effediveif -initial_pres fac is smultaneously increased.

-initial_pres fac <float>: Sets the starting value of the present overuse penalty fador. Default: 0.5.
Sea-qudlity trade-off: increase this number to speed up the router, at the cost of some increase in final
track count. Valuesof 1000 o so are perfectly reasonalde.

-first_iter_pres fac <float>; Similar to -initial_pres fac. This sts the present overuse penalty fac-
tor for the very first routing iteration. -initial_pres fac setsit for the seconditeration. Default: 0.5.

-pres_fac_mult <float>: Setsthe growth factor by which the present overuse penalty factor is multi-
plied after each router iteration. Default: 2.

-acc_fac <float>: Specifies the accumulated owveruse factor (historicad congestion cost fador).
Default: 1.

-bb_factor <int>: Sets the distance (in channels) outside of the boundng box of its pins aroute can
go. Larger numbers slow the router somewhat, but allow for a more exhaustive search of posdble routes.
Default: 3.

-base _cost_type [demand_only | delay_normalized | intrinsic_delay]: Sets the basic cost of using
arouting nock (resource). Demand_orly sets the basic cost of a node according to how much demandis
expected for that type of node. Delay normalized is smilar, but normalizes all these basic costs to be of
the same magnitude & thetypical delay througharouting resource. Intrinsic_delay sets the basic cost of a
node to its intrinsic delay. Default: delay_namalized for the timing-driven router and demand_ony for
the breadth-first router.

-bend_cost <float>: The mst of abend. Larger numbers will lead to routes with fewer bends, at the
cost of some increase in track court. If only global routing is being performed, routes with fewer bends
will be easier for a detail ed router to subsequently route onto a segmented routing architecture. Default: 1
if global routing is being performed, O if combined gobal/detailed routing is being performed.
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5.2.5 Routing Options Valid Only for Timing-Driven Routing

-astar_fac <float>: Sets how aggressve the directed search used by the timing-driven router is. Val-
ues between 1 and 2 are reasonable, with higher values trading some qudity for reduced CPU time.
Default: 1.2.

-max_criticality <float>: Sets the maximum fraction o routing cost that can come from delay (vs.
coming from routability) for any net. A value of 0 means no attentionis paid to delay; avalue of 1 means
nets onthe aitical path pay noattention to congestion. Default: 0.99.

-criticality_exp <float>: Controls the delay - routability tradeoff for nets as afunction d their slack.
If thisvalueis 0, all nets are treded the same, regardless of their dack. If it isvery large, only nets on the
criticd path will be routed with attention paid to delay. Other values produce more moderate tradeoffs.
Default: 1.

6 File Formats

In all the file format that foll ow, a sharp (#) character anywhere in a line indicates that the rest of the
lineisa comment, while abackslash (\) at the end of aline (and ot in a wmment) means that thislineis
continued onthe line below.

6.1 Circuit Netlist (.net) Format

Three different circuit elements are avail able: input pads, output pads, and logic blocks, and are spec-
ified using the keywords .input, .output, and .clb, respectively. The format is shown below.

el ement _ty pe_keyword bl ocknane
pinlist: net_a net_b net_c ...
subbl ock: subbl ock_name pin_numl pin_nun2 ... # Only needed if a clb

A circuit element is created by specifying a keyword at the start of aline, followed bythe nameto be
used to identify this block. The line immediately below this keyword line starts with the identifier pinlist:
and then lists the names of the nets connected to each pin of the logic block or pad. Input and output pads
(.inpus and .outputs) have only one pin, while logic blocks (.clbs) have as many pins as the architecture
file used for thisrun of VPR spedfies. Thefirst net listed in the pinlist conrectsto pin 0 of a db, and so on.
If some pin of a db isto be left unconnected, the corresponding entry in the pinlist shoud specify the
reserved word open instead of a net name.

Logic blocks (.clbs) also have to specify the interna contents of the logic block with subblock lines.
Ead clb must have & least one subblock line, and can have upto subbdocks per_clb subdock lines, where
subblocks per_clb is set in the achitecture file. A clb may have less than subbocks per_clb subdock
lines, since some of the subbocks in the clb may be unused. Each subblock isa BLE -- aK-input LUT
(whereK is =t viathe subbock lut_size line in the architedure description file) and aflip flop, as hown
in Figure 2. The subblock line first gives the name of the subldock, and then gives the clb pin or a sub-
block output pin within thislogic block to which each BLE pinisconnected. If aBLE pinisunconreded,
the oorrespondng pn entry should be set to the keyword open. The order of the BLE pins is:
subblock lut_size LUT inpu pins, the BLE output, and the clock input (subdock lut_size+ 2 pinstota).
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Ead of the subdock LUT inpu pins can be cnreded to any of the db (logic block) input pins, or to
the output of any of the subdocksin thislogic block. A conrectionto a db input pinis specified by giving
the number of the clb pinin the gpropriate place, while a mwnredion to asubbock output is Pecified by
“ble_<subblock_number>". For example, to connect to clb pin O, one lists 0 in the appropriate place
while to conrect to the output of subbdock 0, onelistsble 0inthe gpropriate place. Each subblock clock
pin can similarly be conrected to either a db inpu pin or the output of a sublock in the same logic block.
If the subblock clock pinis*open” the BLE output isthe unregistered LUT output; otherwise the BLE out-
put is assumed to be registered. The entry correspondng to the subdock output pin specifies the number
of the db output pin to which it conrects, or open if this subdock output is doesn’t conred to any clb ou-
put pin (which happens when a subbock output is used only locally, within alogic block).

The only other keyword is .globd. Use .global linesto spedfy that anet or nets shoud not be consid-
ered by the placement cost function a routed. It is assumed that some globa routing resources exist to
route these very highfanou signals (generally clocks). The syntax of the .global statement is:

.global net_a net_b ...
An example netlist in which the logic block isasingle BLE is given below.

#Thisn etl istd escribes asmallc ircuitwi tht woi nputs

#and o ne output.T hereiso nlyoneclbblock,w hichi s

#a3 -inputB LE ( LUT+FF) thath aso neu nconnectedi nput.

#Thisn etl i sta ssumest hatt hearchitecturei nputf iled efi nes
#aclbas a3 -inputB LEwithpinsO0,1 ,an d2b eingt heL UTi nputs,
#pin3b eingt heLUToutput,a ndpindb eingt heBLEc! ock

.inputa #l nputp ad.
pinlist: a #Bl ocksca nh avet hes ane naneasnetswit hnoconflict.
.inputb pad
pinlist: b
.clbsinple #Lo gicb I ock.
pinlist: abo pena nd2o pen #2LU Ti nputsu sed,cl ocki nputu nconnect ed.
subbl ock: sb_one0Olo pen 30 pen #Subbl ockl ines aysth es anet hing.

.outputou t_and2 #Qut put pa d.

pi nlist: and2

In the netli st above the sublock line alds no rew information -- since the logic block only contains
one BLE, which pins are hooked to this BLE is obvious. Consider a netlist in which ead logic block isa
cluster-based logic block containing two subblocks, or BLES, however.

.inputa
pinlist: a

.inputb pad
pinlist: b

.inputc
pinlist: ¢

.inputc Ik
pinlist: clk
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a pin 4
>l - out_1
b
c
pin 5
] - out_2
clk

Figure 4: Conredionswithin logic block “more_complex” specified by subdock lines of netlist above.

.globalcl k #T ypic alc ase: clock needn'tb er outed,a st here'sa
#s peci aln etworkf orit

#Exanple logicb lock: 4i nputs,20 utputs,1c | ock.

#1 nternally,t hel ogic blockc ontainst woBLEs,

#eachof whichconsists ofa3 -LUTanda FF.

#L ocalro utingallowssu bblocko utputstoc onnectt os ubbl ocki nputsi nt hes ane
#1 ogi cbl ock.

.clbmore_conpl ex
pinlist: abco penout_1 out_2c lk
subbl ock: sb_zero0lo pen 40 pen #BLE inputsareaa nd b,o utput
# goest oout_1.0u tputi sn'tr egistered.
subbl ock: sb_oneble 012 56 #BLE inputsaret heoutputo fs ubbl ock O,
# andnetsba ndc. T heoutputg oes too ut_2.
# Theo utputi sr egistered.

.outputop ad_1
pinlist: out_1

.outputop ad_2

pinlist: out_2

In the netlist above, one needs the sublock statements to knav what conrections are made internally
to the logic block by local routing. Figure 4 shows the conredions this netlist describes for the db
“more_complex.” Note also that whil e the subbock lines describe the internal structure of a clb in terms
of BLES, the BLE structure is general enoughthat the timing behaviour of essentially arbitrary logic blocks
can be described in terms of subblock lines. VPR needs the sublock informationin anetlist only for tim-
ing analysis.

6.2 FPGA Architecture File (.arch) Format

Ead line in an architecture file mnsists of a keyword followed by one or more parameters. In the
description below, strings between curly braces, {} , denate dl the possble choicesfor an ogtion. All of the
following keywords must be spedfied in the architecturefile.
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io_rat <int>: Setsthe number of pads (inputs or outputs) that fit into the space occupied by one db.
Thisis the number of padsin each row or column of the FPGA.

6.2.1 Description of Relative Channel Widthsin the FPGA

The next threekeywords are used to describe the relative widths of the various channelsin the FPGA.
If global routingisto be performed, channelsin dfferent directions andin different parts of the FPGA can
be set to different relative widths. If detail ed routing is to be performed, howe\er, all the chanrelsin the
FPGA must have the same width.

chan_width_io < float>: Width o the channels between the pads and core relative to the widest core
channel.

chan_width_x {gaussian | uniform | pulse | delta} <peak> <width> <xpeak> <dc>: The italicized
quantities are neaded orly for pulse, gaussan, and celta (which doesn’t need width). Most values are from
0to 1 Setsthedistribution o tracks for the x-directed channels -- the channels that run haizontally.

If uniform is gecified, you simply spedfy one argument, peak. This value (by convention between 0
and 1) sets the width of the x-directed core channels relative to the y-directed channels and the channels
between the pads and core. Figure 5 shoud make the spedfication d uniform (dashed line) and puse
(solid line) channel widths more dear. The gaussan keyword takes the same four parameters as the pulse
keyword, and they are dl i nterpreted in exadly the same manner except that in the gaussian case width is
the standard deviation of the function.

The delta function is used to specify a channel width distribution in which all the channels have the
same width except one. The syntax ischan_width_x delta peak xpe&k dc. Peak isthe extrawidth of the sin-
gle wide channel. Xpeak is between 0and 1 and specifies the location within the FPGA of the extra-wide
channel -- it is the fradiona distance acossthe FPGA at which this extra-wide channel lies. Finally, dc
specifies the width of al the other channels. For example, the statement chan width x delta 3 Q5 1 speci-
fiesthat the horizontal channel in the middle of the FPGA isfour times as wide & the other channels.

chan_width_y {gaussian | uniform | pulse | delta} peak <width> <xpeak> <dc>: Sets the distribu-
tion o tracksfor the y-directed channels.

A xpeak is pulse midpoint
—— width ———
Relative
Ch_annel uniform 0.5 peak
Widh r———"T———— — — — — 1 ———————
A
dc
0 v |
Fractional Distance across FPGA 1

Figure 5: Spedfication d relative dhannel widths.
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6.2.2 Logic Block Description

inpin class: <int> [global] {top | bottom | left | right} {top | bottom | left | right} ...: Declares an
inpu pin, determines the classto which this pin belongs, and sets the side(s) of CLBs onwhich the physi-
cd output pin connection(s) is (are). All pinswith the same classnumber are logicdly equivaent -- such as
al the inpus of a LUT. Class numbers must start at zero and be @mnseautive. The global keyword is
optiond; if spedfied, it comes after the dass number. Global inpu pins can connect only to signals
marked as global in the netlist (typically clocks). Global inpu pinsare not conneded into the normal rout-
ing; it is assumed they conned to a special, dedicate resource used for spedal nets like docks.

outpin class: <int> {top | bottom | left | right} {top | bottom | left | right} ...: All parameters have
the same meanings as their counterpartsin the inpin statement.

NOTE: The order in which your inpin and oupin statements appear must be the same asthe order in
which your netlist (.net) fil e li sts the conrections to the dbs. For example, if the first pin onead clb in the
netlist fileisthe dock pin, your first pin statement in the achitecture file must be an inpin statement defin-
ing the clock pin.

Pads are always assumed to have only one pin (either an input or an ouput), and this pinisaccessible
from the one channel bordering that pad. Hencenoinpin or outpin statements are given for pads.

subblocks _per_clb <int>: Specifies the maximum number of subbocks, or BLES, in each logic
block. Thisinformationisused only for timing analysis.

subblock_lut_size <int>: The number of LUT inpusto each of the subbock BLEs (i.e. K). Again,
thisinformationisonly needed for timing analysis. Evenif your logic block isnot constructed from BLES,
it is possible to describe the timing relations between inputs and ouputs in terms of BLES, as one of the
examples below ill ustrates.

Thelisting below is for an FPGA with all channels of the same width, and a clb compatible with that
produced by T-VPadk with the -no_clustering gotion. This clb contains a4-input LUT and aflip flop; the
inpu pins are listed first, followed by the db ouput pin, followed by the dock pin. Notice that the four
inpus al have the same pin class, indicating that they are logicdly equivalent and the router may connect
nets to any one of them. Notice dso that pins can be physicdly accesgble from severa sides.

#Uni formchannela rchitecture,4 -inputLU TandaF F( one BLE)p erc Ib.

io_rat2 #2Padsp err ow orc ol um.
chan width _iol #Same a sc orec hannel s.
chan width _xuniforml #Alls anewidth

chan_wi dth _yuniform1

#4 -input LUT.L UTi nputsf irst,t henoutput,t henc | ock.

inpinclass:0b ottomt op #Physicalpi nsatb otht opandbottomofc Ib.
inpinclass:0l eftr ight

inpinclass:0b ottomt op

inpinclass:0l eftr ight

outpinclass:1t opbottom

inpinclass:2t op #Clockpin

#Class0O isL UTi nputs, classli st heoutput,c lass2i s theclock
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#i nt his case.

subbl ocks_per _clb1 #0OneBLEi n eachl ogicb | ock
subbl ock | ut_size4 #TheLUTi n aBLEhas4i nputs

As asemndexample of an architecture file, consider alogic block consisting of a duster-based logic
block, where each logic block has 5 inputs for use by its BLES, 2 ouputs and ore clock input. Ead logic
block contains two separate BLES, and each BLE consists of a4-inpu LUT and aflip flop. If the .net file
was created with T-VPack, the pin ordering we need to match the .net fileis. inpusfor use by BLES, out-
puts, clock.

#Uni formchannela rchitecture,c luster-basedl ogicb | ock containing
#2B LEs.

io_rat2 #2Padsp er roworc ol um.
chan width _iol #Same a sc ore c hannel s.
chan width _xuniforml #Alls anewidth

chan_wi dth _yuniform1

#Logichl ockwith2B LEs. 51 nputsf or usebyBLEsf irst,t hent wo
#outputs,t hent hec | ock.

inpinclass:0b ottom
inpinclass:0l eft
inpinclass:0r ight
inpinclass:0t op
inpinclass:0b ottom

outpinclass:1t opbottom #Qut put 1
outpinclass:11 eftr ight #Qut put 2
inpinclass:2g |obalt op #Cl ock- > accessibleonly byg lobaln etsi n thisc ase

#Class0O isL UTi nputs, classli st heoutput,c lass2i s theclock
#i nt his case.

subbl ocks_per_clb2 #Tw BLEsine achl ogicb | ock
subbl ock | ut_size4 #TheLUTi n aBLEhas4i nputs

Notice that al the inputs are of the same class indicaingthey are all logicdly equivalent, and al the
outputs are of the same class, indicaingthey are dso logicdly equivalent. Thisistrue of al cluster-based
logic blocks, as the locd routing within the block provides full connectivity. However, for most logic
blocks al the inputs and all the outputs are not logically equivalent. For example, consider thelogic block
in Figure 6, which consists of a 3-input and gate and a 2-input or gate. In this case, the set {inl, in2, in3}
islogically equivalent, and could al be made class 0. Similarly, the set {in4, in5} islogically equivalent,
and could be made class 1. Outl and ou2 are obviously nat logically equivalent, so each must be a differ-
ent class, say class 2 and class3.

VPR and T-VPad User's Manual (Version 4.30) March 27, 2000 16



ind |
—— out2

inl
in2 — outl
in3

in5 —

Figure 6: Example logic block where many pins are not logically equivalent.

inpinclass:0 top #inl
inpinclass:0 | eft #i n2
inpinclass:0 right #i n3
inpinclass:1 bottom #i nd
inpinclass:1 right #i n5
outpinc lass:2 | eft #out 1
outpinc lass:3 top #out 2

If wewant to perform timing analysis onthelogic block of Figure 6, we must describe the timingrela-
tionship between the inputs and outputs. Clealy outl depends only on inl, in2 and in3, while out2
depends only on in4 and in5. Therefore we muld model this logic block as consisting o two BLES, with

each BLE having 3inpus.

subbl ocks_per_cl b2
subbl ock | ut_size 3

Oneline of a.net file of a drcuit made out of such logic blocks might therefore be:

.clbblock_1
pinlist:i nli n2i n3i n4d in5 outl out2
subbl ock: and_gate0125 open #outld ependsoni nl, in2andi n3,

# andi sn otr egistered.
subbl ock: or_gate3 40 pen 60 pen #out2d ependsoni n4 andi n5
# andi sn otr egistered.

6.2.3 Detailed Routing Architecture Description

The following information is only required to be in the architecure description file if combined go-
bal/detailed routing is to be performed. Note that currently combined global/detailed routing is possible
only when all channels have been specified to have the same width.

switch_block_type {subset | wilton | universal}: All the switch blocks [12] have Fg = 3. That is,
whenever horizontal and verticd channels intersed, each wire segment can conrect to three other wire
segments. The exact topdogy of which wire segment conrects to which can be one of three choices. The
subset switch box is the planar or domain-based switch box used in the Xilinx 4000 FPGAS -- a wire seg-
ment in track O can orly connect to other wire segments in track 0 and so on. The wilton switch box s
described in [13], while the universal switch boxis described in [14]. To seethetopdogy of aswitch b,
simply hit the “Toggle RR” button when a completed routing is on screen in VPR. In genera the wilton
switch bax isthe best of these three topdogies and |eads to the most routable FPGAS.
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Fc_type {absolute | fractional}: Indicaes whether the three F. [12] values (see below) shoud be
interpreted as the number of tradks to which each pin conneds (absolute), or the fradion of tracksin a
channel to which each pin connects (fractiond).

Fc input <float>; Sets the number of trads to which each logic block input pin conneds in each
channel bordering the pin. The F. value used is always the minimum of the specified F. and the channel
width, W, so youcan set F. to be huge if youwant F to always be W.

Fc output <float>: Setsthe number of tracksto which each logic block output pin connectsin each
channel bordering the pin.

Fc pad <float>: Setsthe number of tracks to which each I/O pad conreds in the channel bordering
the pad.

segment frequency: <float> length: <int | longline> wire_switch: <int> opin_switch: <int>
Frac ch: <float> Frac_sbh: <float> Rmetal: <float> Cmetal: <float>
Describes a type of segment. You can specify as many types of segments as you like -- just use one seg-
ment line for each. The meaning o each valueis:

 frequency: Thefraction (from O to 1) of routing tracks composed of thistype of segment. The sum
of the frequency values for al the segment lines must be 1 -- i. e. 100 of the tracks have been
described.

* length: Either the number of logic blocks spanned by each segment, or the keyword longine. Lon-
gline means ssgments of this type span the entire FPGA array.

* wire switch: Theindex of the switch type used by other wiring segments to drive this type of seg-
ment. That is, switches going to this ssgment from other pieaes of wiring will use this type of
switch.

* opin_switch: Theindex of the switch type used by clb and pad ouput pinsto drive thistype of seg-
ment.

* Frac_ch: Describes the internal popuation of the segment for connedion boxes (conredions to
logic blocks). This number gives the fraction (from O to 1) of logic blocks passed by this ssgment
to which it will have a connection box A switch exists from a segment to alogic block pin only if
(1) the segment wants a connedion box to that logic block and (2) the logic block connection box
pattern for that pin wants a connection to that segment.

* Frac_sh: Describes the internal popuation d the segment for switch baxes (conrections to other
routing tradks). This number gives the fraction (from 0 to 1) of the length + 1 switch blocks which
could exist aongthe segment that do in fact exist. So, a segment of length 9 that had a Frac sb
value of 0.5 would have 5 switch boxes aongits length. Exactly which tracks a segment conreds
to at eadh switch box is determined by the switch_box_type parameter.

* Rmetal: Resistance per unit length (in terms of logic blocks) of this wiring tradk, in Ohms. For
example, a segment of length 5with Rmetal = 10 Ohms / logic block would have an end-to-end
resistance of 50 Ohms.
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* Cmetal: Capadtance per unit length (in terms of logic blocks) of this wiring tradk, in Farads. For
example, asegment of length 5with Cmetal = 2e-14 F / logic block would have atotal metal capac-
itance of 10e-13F.

For example, let’s say an architecture fil e describes two types of segments.

segnentfr equency:0 .5 length:2 wire_switch:0 opin_switch:0 Frac_cb: 1.\
Frac_sb:0 .666 Rnetal:5 Cnetal :5 e-15
segnentfr equency:0 .5 length:4 wire_switch:0 opin_switch:0 Frac_cb: 0.5\
Frac_ sh:1 . Rnetal:3 Cnetal :2 e-15
If the FPGA you wish to route has a channel width of 4, one channel will look as hown in Figure 7.
Notice that 2 tracks (50% of the tradks) are segments of length 2, and 2tracks are segments of length four.
Also notice that the number of switch boxes and connedion boes aong each segment has been set in
accordance with the Frac_sb and Frac_cb values for each segment type.
switch <int> buffered: { yes|no} R: <float> Cin: <float> Cout: <float> Tdel: <float>
Describes aatype of switch. This datement defines what a certain type of switch is-- segment statements

refer to a switch types by their number (the number right after the switch keyword). The various values
are:

buffered: yes, if this switch is atri-state buffer, noif this switch is a passtransistor.

R: resistance of the switch.

Cin: Inpu capadtance of the switch.

Cout: Output capacitance of the switch.

Tdel: Intrinsic delay through the switch. If this switch was driven bya zero resistance source, and
drove a zero capacitance load, its delay would be Tdel + R * Cout.

R_minW_nmos <float>: The resistance of minimum-width nmos transistor. This datais used only
by the area model built into VPR.

R_minW_pmos <float>: The resistance of minimum-width pmos transistor. This datais used only
by the area model built into VPR.

Thelines below give an example of a detailed routing descriptionfrom a.arch file.

><] Switch Box
<l—&s &> S =< & Conrection Box
- S ST

~ _—1

N | (| I\/IK\!><!/\

> m—— P

= =J
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=
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AN
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1

S S | S
- —
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Figure 7: Example of a segmented routing channel with four tracks per channel.
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switch_blo ck_typep | anar #Usest hef ewests witcheso na segmenteda rchitecture.
Fc_typefr actional #Fcv aluesb elowarei nt erms off ractionofW.

Fc_out put 1. #clboutputp insc onnect toallWt racks inadjacentc hannels
#(ife acho ft hoset racksw antsac onnecti onb oxt here).

Fc_input 0 .5 #clbi nputp insc onnect tohalf( 0.5*W ) ofa djacentt racks
#(ife acho ft hoset racksw antsac onnecti onb oxt here).

Fc_pad 0.7 #1 /Opadsc onnectt 070%(0.7*W )o fa djacentt racks
#(ife acho ft hoset racksw antsac onnecti onb oxt here).

#5 0% of segnentsarel ength2,5 0%arele ngth4. Length twos egnentsare drivenby
#t ypel switcheswhenth ec onnectioni s comngf romanotherwire,a ndare driven
#byt ype Os witcheswhent hec onnection comesf romac | b outputp in.

#Thel engthf ours egnentsarealwaysdrivenbyt ypeOs wit ches.

segnentfr equency:0 .5le ngth:2w ire_swit ch:1 opin_swi tc h: 0 Frac_cb: 1.\
Frac_sb:0 .666 Rnetal:5 Cnetal :5 e-15

segnentfr equency:0 .5le ngth:4 Frac_cbh:0 .5Frac_sbh:1 . Rmetal:3\
Cretal:2 e-15

#1 nt his case,t ypelsw itchesarepass transistors,w hilet ypeOs wtches are
#tri-stateb uffers.

switchl b ufferedin o R1 00Cin:2 e-15 Cout:2 e-15Tdel:0 # P ass transistor
switchO b uffered:y es R :5 0Cin:. 5e-15 Cout:4 e-15Tdel:1 e-11#T ri-stateb uffer

R m nWnma 1 00 #Usedbyareamodel. Mn-widtht ransi storr esistances.
R _m nW pmaos 2 00

6.2.4 Timing Analysis Parameters

The following parameters are required if timing analysisis to be performed onthe placed and routed
circuit, or the timing-driven router is to be used.

C_ipin_cblock <float>: Input capadtance of the buffer isolating a routing track from the annection
boxes (multiplexers) that select the signal to be mnnected to an logic block input pin. One of these buffers
isinserted in the FPGA for each trad at each location at which it conrects to a connedion box. For exam-
ple, arouting segment that spans threelogic blocks, and connectsto logic blocks at two of these three pos-
sible locations would have two isolation buffers attached to it. If a routing track conneds to the logic
blocks both above and below it at some point, only one isolation buffer is inserted at that point. If your
conredion from routing track to conrection Hock does not include abuffer, set this parameter to the
cgpacitive loading atrack would see at each point where it connedsto alogic block or blocks.

T_ipin_cblock <float>: Delay to go from arouting track, through the isolation bufer (if your archi-
tecture mntainsthese) and a conrection Hock (typicdly a multiplexer) to alogic block input pin.

T_ipad <float>: Delay throughan inpu pad.

T_opad <float>: Delay through an ouput pad.
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Figure 8: Routingtrack to logic block connection structure.

T clb_ipin_to _sblk_ipin <float>: Delay from aninput pin of a db (logic block) to aninpu pin of a
subblock within that clb. For architedures withou local routing (i.e. clb input pins conned directly to
some logic dement, like aLUT or multiplexer) this delay is essentialy zero.

T _sblk_opin_to_sblk_ipin <float>: Delay from the output of a subbock to theinpu of ancother sub-
block within the same clb. For architectures without local routing (e.g. the output of one subblock is hard-
wired to the input of anacther) this delay is essentially zero.

T _sblk_opin_to_clb_opin <float>: Delay from the output of asubbock to a db (logic block) output
pin. For architedures withou locd routing (e.g. the output of a LUT is hardwired to each logic block out-
put), thisdelay is esentialy zero.

T subblock T_comb: <float> T_seq_in: <float> T_seq_out: <float>
Describes the delays within a subbock. There must be one T_sublock line for each subblock a logic
block can contain -- i.e. there must be subdocks per_clb of these T_subbock lines. Thefirst line specifies
the delays of subbock zero, which isthe first subdock listed in each clb in the drcuit netlist file. The sec-
ond T_subhbock line spedfies the delay of subblock one, (the second subbock in each clb in the drcuit
netlist file), and so on If the subblocks within aclb have different delays then, you must list them in the
same order in the architecture and retli st fil es.

T_shblk_opin_to_sblk_ipin

Subblock
u 0 >N
CLB B Oﬁ':_pits
Inpus
Subbock u
. 1 T_shlk_opin_to_clb_opin
T_clb_ipin_to_shlk_ipin

Figure9: Locd routing delays within alogic block (CLB).
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e T _comb: The delay from any subbock input to the subbock output when this subblock is used in
combinational mode. A sublbock is used in combinational mode when the netlist leaves its clock
pin OPEN.

* T seg_in: Thedelay from any subbock inpu pin to the FF storage element when this sibblock is
used in sequential mode. A subbock is used in sequential mode when the netlist hooks its clock
pinto some signal. If this subbdock was asimple flip flop, for example, then T_seq in isthe setup
time. If this subdock correspondsto, say, aLUT feeadinginto aflip flop, then T_seq_in shoud be
set to the LUT delay plus the setup time.

* T seqg_ou: Thedelay from the subbock storage dement (FF) to the subbock output pin when this
block isused in sequential mode. A sublock isused in sequential mode when the netlist hooks its
clock pinto some signa. If this subblock had aflip flop haked to itsoutput pin, for example, then
T_seq_out would be the clock-to-Q delay of the flip flop.

6.3 Placement File Format:

Thefirgt line of the placement fil eli sts the netlist (.net) and architecture (.arch) files used to creae this
placement. Thisinformationis used to ensure you are warned if you accidentally route this placement with
adifferent architecture or netlist file later. The second line of the file gives the size of the logic block array
used bythis placement.

All the foll owing lines have the format:

block_name x y subblock_number

The block name is the name of this block, as given in the inpu netlist. X and y are the row and col-
umn in which the block is placed, respedively. The subbock number is meaningful only for pads. Since
we @an have more than one pad in arow or column whenio_rat is st to be greater than 1 in the achitec-
ture file, the subblock number specifies which of the several passible pad locations in row x and column y
contains this pad. Note that the first pads occupied at some (X, y) location are dways those with the lowest
subblock numbers -- i.e. if only one pad at (X, y) is used, the subkdock number of the I/O placed there will
be zero. For clbs, the subdock number is always zero.

The placement files output by VPR aso include (as a comment) afifth field: the block number. This
isthe internal index used by VPR to identify ablock -- it may be useful to know thisindex if you are mod-
ifying VPR and trying to debug something.

Figure 10 showsthe mordinate system used by VPR viaasmall 2 x 2clb FPGA. The number of clbs
in the x andy directions are denated by nxand ry, respedively. Clbsall goin the areawith x between 1
and rx and y between 1and ry, inclusive. All pads either have x equal to Oor nx + 1 or y equal to Oor ny +
1.

An example placement file is given bel ow.
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Pad Pad
(1,3) (2,3)
Chanx Chanx
(1,2) (2,2)

Pad |Chany| clp [Chany| Clb |Chany|  pad
02 |02 | 12 w2 | 22 | @d] @2
Chanx Chanx
(11) (2,1)

Pad IChany| cib |Chany| Clb |Chany| Pad
@) oy | @1y |@y| @y |@y| GI
Chanx Chanx
(1,0) (2,0)

Pad Pad
(10 (20)

Figure 10: Coordinate system used by VPR.

Netlistfi |e:x or5. net
Arraysize:2x2l

Architecturef ile:s anple.arch
ogi ¢ bl ocks

#bl ockn ame  x y subbl k bl ock n umber

- - - - e e e e e e e e e e e ==

a 0 1 0 #0 --N B:b lockn unberi s ac oment.
b 1 0 0 #1

[ 0 2 1 #2

d 1 3 0 #3

e 1 3 1 #4

out: xor5 0 2 0 #5

xor5 1 2 0 #6

[1] 1 1 0 #7

The blocksin aplacement file can belisted in any order.

6.4 Routing File Format

Thefirst line of theroutingfile givesthe aray size nx x ny. The remainder of the routing file lists the
global or the detail ed routing for each net, one by one. Each routing begins with the word net, followed by
the net index used internally by VPR to identify the net and, in brackets, the name of the net given in the
netlist file. The following lines define the routing of the net. Each begins with a keyword that identifies a
type of routing segment. The possible keywords are SOURCE (the source of a cetain ouput pin class),
SINK (the sink of a certain input pin class), OPIN (output pin), IPIN (input pin), CHANX (horizontal
channel), and CHANY (vertical channel). Each routing begins on a SOURCE and ends on a SINK. In
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brackets after the keyword is the (X, y) locdion d this routing resource. Finally, the pad number (if the
SOURCE, SINK, IPIN or OPIN was on an 1/O pad), pin number (if the IPIN or OPIN was on aclb), class
number (if the SOURCE or SINK was on a db) or track number (for CHANX or CHANY) is listed --
whichever oneis appropriate. The meaning d these numbers shoud be fairly obviousin each case. If we
are attachingto a pad, the pad number given for aresource isthe subdock number defining to which pad at
location (X, y) we ae attached. SeeFigure 10for a diagram of the coordinate system used by VPR. Ina
horizontal channel (CHANX) tradk 0 isthe bottommost trad, while in averticd channel (CHANY) track
0 is the leftmost track. Note that if only global routing was performed the tradk number for each of the
CHANX and CHANY resources listed in the routing will be 0, as global routing does not assign tracks to
the various nets.

For an N-pin net, we need N-1 distinct wiring “paths’ to connect all the pins. The first wiring peth
will always go from a SOURCE to a SINK. The routing segment listed immediately after the SINK is the
part of the existing routing to which the new path attaches. It isimportant to realize that the first pin after
a SNK isthe mnrection into the already spedfied routing tree when computing routing statistics be sure
that you do na count the same segment several times by ignoring this fact. An example routing for one net
islisted below.

Net5 ( xor5)

SOURCE ( 1,2) Class:1 #Sourcef orp inso fc |lassl.
OPIN(1,2) Pin:4

CHANX ( 1,1) Track:1

CHANX ( 2,1) Track:1

IPIN(2,2) Pin:0

SINK(2,2) Class:0 #Sinkf or pinsofc lassOonac |b.

CHANX ( 1,1) Track:1 #Note: Connectiont oe xisti ngr outing!
CHANY ( 1,2) Track:1

CHANX ( 2,2) Track:1

CHANX ( 1,2) Track:1

IPIN(1,3) Pad:1

SINK( 1,3) Pad:1 #Thissinki s anoutputp adat (1,3),s ubblock 1.

Nets which are specified to be global in the netlist file (generally clocks) are not routed. Instead, a list
of the blocks (name and internal index) which this net must connect is printed ou. The locdion o each
block and the dassof the pin to which the net must connect at each block is also printed. For clbs, the dass
is smply whatever classwas specified for that pin in the achitecure inpu file. For pads the pinclassis
aways-1; since pads do ot have logicdly-equivaent pins, pin classes are not neaded. An examplelisting
for aglobal net is given below.

Netl 46 (p clk):g lobalne tc onnecting:

Bl ockp clk ( #146)a t( 1, 0),p inclass- 1.

Bl ockp ksi _17_( #431)a t (3,2 6),p inclass2 .
Bl ock p ksi _185_( #432)at( 5,4 8),p inclass?2.
Bl ockn _n2879 ( #433)a t (49,2 3),p inclass2 .

VPR and T-VPad User's Manual (Version 4.30) March 27, 2000 24



7 Debugging Aids

After parsing the netlist and architecture files, VPR dumps out an image of itsinternal data structures
into net.echo and arch.echo. These fil es can be examined to be sure that VPR is parsing the inpu files as
you expect. The aitical_path.echo file lists details about the aitical path of acircuit, and is very useful for
determining why your circuit is 9 fast or so slow. Various other data structures can be output if you
uncomment the calls to the output routines; search the ade for echo to see the various data that can be
dumped.

If the preprocessor flag DEBUG is defined in vpr_types.h, some additional sanity checks are per-
formed duingarun. | normally leave DEBUG on all thetime, asit only slows execution by 1to 2%. The
major sanity chedks are dways enabled, regardlessof the state of DEBUG. Finally, if VERBOSE is t in
vpr_types.h, agrea ded of intermediate data will be printed to the screen as VPR runs. If you set verbose,
you may want to redirect screen ouput to afile.

Theinitial and final placement costs provide useful numbers for regresson testing the netli st parsers
and the placer, respectively. | generate and print out a routing serial number to allow easy regresson test-
ing d the router.

Finaly, if you need to route an FPGA whose routing architedure caanat be described in VPR’s archi-
tecture descriptionfile, don’t despair! The router, graphics, sanity checker, and statistics routines all work
only with a graph that defines al the available routing resources in the FPGA and the permissible conrec-
tions between them. If you change the routines that build this graph (in rr_graph*.c) so that they create a
graph describing your FPGA, you shoud be able to route your FPGA. If you want to read a text file
describing the entire routing resource graph, cdl the dump_rr_graph subroutine.
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