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Disclaimer:

The contents of this document are confidential, privileged, and only for the information
of the intended recipient and may not be published or redistributed.

The design example in this tutorial is not supplied. You need to use your own files to follow the
tutorial steps and instructions
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Introduction

Introduction

VC Formal uses TCL (Tool Command Language) scripts to tell it what to do. The script can define
the app within VCFormal that we want to use, the files we are working on, how we are mapping
them, the clock cycles, and more. Instead of diving into the details of TCL scripts, we will use
templates. One would then simply need to modify those templates to interact with VC Formal
as needed in their project.

To begin, you need to set up the VNCserver as shown in the previous tutorials and open the
Linux GUI. For better practices and to keep everything organized, we create a main folder for
the design we want to analyze, and in this case, | called mine “FXP_Example”. Don’t use spaces
when naming the files and folders.

Inside that folder, we create two folders: one is Design, where you put the actual Verilog or
SystemVerilog designs we want to analyze, and the other is Run, where we put the TCL that will
run the VCFormal FXP analysis for us.

E E_j ) 3 | Places v [Z (| |u||E ahliah FXP_Example|

&) Desktop
& File System Desktop Documents 2 Downloads ECE581
ol Creat= Folder
[ Documents = A Computer [ . R
= (7] @) Create Document * |
& Downloads = i ‘
- Wusic cichures & Open in Terminal Brvcivies ahliah
= - Arrange Items » 3
{3 Pictures - = G Desktop design run
(&) Videos =]
@ Trash Videos dev_html ublic_htm! | J File System
Network ®) Zoom In
@ Browse Ne... E E] £0OM O E‘ 3 Documents
Normal Size
P
smb_files "“3‘2,12?13225'"' Properties verdilog Downloads

Figure 1. Creating folders to organize design and TCL files.
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About and Usage of FXP

The Formal X-propagation (FXP) app in VC Formal is used to X-Propagation Verification
check for and trace back an unknown signal value (X). The app il il o

c=1

detects X propagation through a design and guides you to the a=1

failed property that is the source of this signal by using the Verdi b;._\%ﬂ
schematic and waveform within VC Formal. sel=X 5

To perform Formal X-Propagation Verification, we will need a

design file that is usually written in an HDL language, such as,
Verilog, SystemVerilog, or VHDL.

FXP

The purpose of this app is to prevent unknown signals from getting into critical parts of the
system. VC Formal determines what is critical by generating injection and observation points. A
user is able to customize this and pinpoint the area/s, but for the tutorial, we will only use the
default points. This will result in FPX checking all the following types of ‘X’ values to generate:
abs, absin, absout, auto, bbin, bbout, in, oba, out, snip, snipdrv, undef, undriven, uninit, unresin,
unresout, xassign (see Table 1.1 in the Appendix for more details).

Since we will be looking at everything, there will be some designs that have a number of ‘X’ that
won’t necessarily be a major issue; we are not just looking at the critical parts of the system.
Nonetheless, if your design fails certain FPX checks, it means it is vulnerable and most times the
fundamental design is to blame.
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Design Files

In the Design folder, you’ll put in the SystemVerilog design file. The TCL file will be put in the
Run folder. We suggest you name your folders with lowercase letters, as VC Formal is
case-sensitive.

Places v 3% |[Z |«||@ ahliah || FXP_Example {@ Places v X “_f | «||@ ahliah || FXP_Example L@
Computer e Computer e
@ ahliah ﬁ?‘ [& ahliah set_
(&) Desktop CLASV (&) Desktop run.tcl
(] File System | File System
(& Documents (&) Documents

Figure 2. Showing the SystemVerilog and TCL files in the correct folder locations.

CLA.sv save ||= ™M

Open~ =
| p ~/FXP_Example/design

// Synopsys VCFormal FXP App Example

// Portland State University CLA Example

module| CLA |#(parameter nBITS = 4) (
ouzput logic [nBITS-1:0] sum,
output logic co,
input [nBITS5-1:0] ain, bin,
input cin

logic [nBITS-1:0] P, G;
logic [nBITS: 0] C;

always_comb begin
P = ain * bin;
G = ain & bin;

Cl0] = cin;

for (int i=06; i < nBITS; i++) begin
Cl[i+l] = G[i] | (P[i] & C[i]);

end

sum = P * C[nBITS-1:0];

co = 'Xx;

end
endmodule

Figure 3. Example of the design we are using in this tutorial.

In order for VC Formal to map your design, you need to acknowledge and keep note of your
exact module name, as highlighted in Figure 3 above. This will come in handy when you create
your TCL file. To make things simple, we suggest naming your design file after its corresponding
module name (more on this in the TCL File section below).




TCL File

Introduction

Next, we will set up the TCL file. Below is the TCL file (Figure 4), which you can use as a template

for your functional checks on VC Formal.

run.tcl

Open
BillaiiRe ~/FXP_Example/run

trains.sv H run.tcl

# Portland State University VC Formal Team FXP App Tutorial

set fml appmode FXP| 1

# Run -fxp all analysis on module "CLA!" in the file /design/CLA.sv
read file -top-format sverilog|-sval-vcs|{ ../design/CLA.sv}] 4
3

# Automatically Show the rootcause of falsified properties
set fml var fxp compute rootcause auto true

# Creating clock and reset signals
create clock clk -period 168
create reset resetn -sense low

#Running a reset simulation
sim run -stable
sim_save reset

# Run_the Formal X-progagation Analysis
fxp generate| §

# Automatically Show the rootcause of falsified properties
et fml var fxp compute rootcause auto true I 6

Figure 4. Annotated TCL template file.

(1) Instruction that sets the appmode to FXP in VC Formal.

(2) Name of the main module as established in the Design file.

(3) SystemVerilog assertions (or conditions - automatic for FXP app)
(4) Design file location so VC Formal knows where to find the file.
(5) Generates default points for FXP checking.

(6) This will help identify where a failed FPX check came from.

As mentioned before, VC Formal is case AND character sensitive, and in order for it to map your
designs, you will need to use the same module name in the TCL script (2) and the module name
in the design file. For example, we can see that our module name in the TCL script is the same

as the module name in the design file in Figure 3.

The file name (CLA.sv) can be named however you want.
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Application Setup
There are multiple ways to invoke the VC Formal GUI and load the TCL script.

In this tutorial, we will show two methods for doing so. When using either method, it is

important that you open the terminal within the appropriate “Run” folder associated with the
FXP app.

e |nvoke VC Formal GUI, then manually load the TCL script in the application:

Svcf -gui
OR

e |nvoke VC Formal GUl and TCL script in one command:

Svcf -f run.tcl -gui or Svcf -f run.tcl -verdi
‘run.tcl’ is the name of the TCL file we are using. If your file name differs from this, you

will need to change it accordingly in this command.

The “-gui” switch opens VC Formal in the GUI, and it’s equivalent to the switch “-verdi”.

We will go through both of these methods in the following sections.
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Invoking VC Formal GUI

To proceed with invoking VC Formal:

1) Inside the “run” folder, right-click the whitespace and choose “Open in Terminal”
2) Inthe terminal, type in the command:

vcf -gui
| < ||E@ ahliah || FXP_Example ||run! Mate Terminal DUEE:
File Edit View Search Terminal Help
e bash-4.2$ vcf -guif
set "
run.tcl [ Create Folder
|y Create Document -

Figure 5. Invoking VC Formal in the terminal.

Note: You may have to wait a few seconds for the program to start up.

You should then see the VC Formal GUI as shown in Figure 6 below. You can toggle between
showing Targets, Constraints, or both Targets and Constraints window by clicking the blue box
icon in the upper right-hand of the application (1).

8 B8 B

It may look like any of these three icons:

<Verdi:nTraceMain:1> v) (~) (%
File View Onelrmce Tools Window Help pel

s S =B (£ AR @O RiE N PR E [ (U e @ appmote:[rrv -]

vermskist o & _ O || vCRGoalkist 25 _ 0
Task List f m - ” a T mI=IlE ]

e S e T b (i I Al v B X @] o Lol] B (2] [] (@] [£]

Targets

Constraints: ALL

'. =L [T =
insta... | Declarat.. | /CF:TaskL.| | *Srcl| VCF:GoalList
VC Formal Console +4&F -0
Searcht | () [KE (& - Line: [2 15]@ %
' [<]
1 Ve static =
2 Version R-2020.12-8P2-7 for linux6d - apr 03, 2022
3 copyright (c) 2010 - 2022 synopsys, Inc.
4 This software and the associated documentation are proprietary to Synopsys,
S| Inc. This software may only be used in accordance with the terms and conditions
6| of a written license agreement with Synopsys, Inc. All other use, reproduction,
7 or distribution of this software is strictly prohibited.
8| +(ESML_WARNING-3): Wed Jan 25 12:53:17 2023: High network latency to these hosts: ldap (3000 ms)
| wt> - bk
@ Message |VC Fomal Console
N ML e e KR
n D~ & e

Figure 6. VC Formal GUI introductory screen.
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Then load a TCL script by clicking on the - icon (2) as shown in Figure 6.

III

Next, select the “run.tcl” file we have in the “run” folder:

Open TCL Project File X
Look in: Julahliah/FXP_Example/run j 09 o@
&5 -cenudecu
- [ . vest_tdb
B [ .eertitudeGUI B verdiLog
o [ vest_db
) verdiLog
File Name: | run.tcl Filter: | *.prj;=.tcl :I
QBES | | Cancel |

Figure 7. Selecting TCL file.
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Invoking VC Formal Along with TCL File:

To proceed with invoking VC Formal:

1) Inside the “run” folder, right-click the whitespace and choose “Open in Terminal”
2) Inthe terminal, type in the command:

vcf -f run.tcl -gui

| «||E& ahliah || FXP_Example ||run|
 Po
set_°
run.tcl £ Create Folder

[ 5 Create Document -

Figure 8. Opening terminal in the ‘run’ folder.

File Edit View Search Terminal Help
[ghonim@localhost run]$ vcf - run.tcl -gui

Figure 9. Invoking VC Formal and TCL script in the terminal.

And that’s it!
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Running Files

After successfully invoking VC Formal GUI and loading the TCL script in the above methods, your
screen should have contents in the VCF:GoallList tab and look something like this:

<Verdi-Apex:nTraceMain:1> CLA CLA (../design/CLA.sv) vl i~ Q

View Source OneTace Tools Window Help el /
DL A H-Bde*0ES00%L %@
B 7 & 1 s @ Aepmode [Fxr ~|

% VCF-GoalList 2& -0
- Jusk List E Time |12H | MaxCycle | -1 | | < Enter name Match V ;l @ I [ Al v X 2 | @ @
Name Progress o Targets: ALL
E FXP | status | depth | name | engine | location | rootcause_type | rootcause signal | elapq
_fxp_1_out co 0 ..sign/CLA.sv: 27 rnot_computed
_fxp_1 out sum_1 ..sign/CLA sv: 26 rot_computed
Lt I »
:|.. f =i Total Properties: 2 - passed|0] - failed[ 0] - disabled[0] ; Constraints Enabled: 3
insta...|Declarat.. | sCFTast..| @ *sciclas | VCF.GnaIList|

Message

Eencfa|| Eu-npik:l OneTiace | _S_enn:hl _Inl.ertonnel:tiun|
Load the dssign from /u/ahliah/FXP_Example/run/veat rtdb/ intermal/design/simv daidir specified with the -simBin option
Total 0 errec(s). 0 warning(s)
Hprop attribute sets to tmerge for whole design
Smart-load 12 enabled, complete KDE will be loaded on demand.

I

I‘!@ a

Selected: a2 D~ £ 6 ::

Figure 10. Screen after loading TCL script.

You should see all of your outputs listed here. Now, go ahead and run the verification analysis

by clicking on the play E] icon in the upper left corner of the VCF:GoallList tab.

11



Running Files

Detecting Errors

<Verdi-Apex:nTraceMain:1> CLA CLA (../design/CLA.sv) y) a) (X
View Source OneTmce Tools Window Help P

P40 L Bles0D00%% @

vCEBskist & & _ 0O

| Tusk List @ Time |12H | MaxCyde |-1
| Name Progress Targets: ALL
FXP | status | depth | name | engine | location |  rootcause type |  rootcause signal | elapg
1 x ] _fxp_1 out co 0 b2 ...5ign/CLA.sv: 27 x_assignment o 00
_2 v _fxp_1 out sum_1 b2 ..sign/C LA.sv: 26| not_computed | 00

Constraints; ALL

name I vacuity I witness I expression | type class
1 ..._1 oba CLA O - TX_OBA{ CLA ) injectx_oba Xprop
I3 ._undef CLA_1 | .._UNDEF( CLA )| injecoe_undef Xprop T
_3 xassign CLA 2 - ASSIGN( CLA ) | injectx xassign xprop E

T Total Properties: 2 - passed[1] - failed[1] - disabled[0] ; Constraints Enabled: 3 : Min depth: 0 : Max depth: 0 ; Run Time: 0:00.07
= .
Insta...| Declarat... |.'CF:TaskL__| @ rselClAsv | VCFGoalList

VC Formal Console o< ép -0

Rule View Tools Window

[®) - Line: 81 @ ¢
- ) o - —
81 Each runtime license supports 12 workers. { Uttty Tool Barl & |

82| [Info] LIC RT CHECKOUT: VC Formal run time license checkout. Base:1 FxP:1l.

83 [Info] TW_INFO_MSG: Starting rewrite (rwl_l) command at 2023-02-09::22:43:26.

84 [Info] BITLEVEL MODEL STATS: Generated model with 3 gates, 2 inputs, 0 registers, 0 initial constraints, 0 constraints.
85| [Info] TW_INFO MS5G: Proof rwl 1 gates : 3 inputs : 2 reg : 0 initConst : 0 invarcConst : 0 .

86| [Info] ﬂ_rﬂ!’o—)ﬂﬁz Finished ;evrir.e (rwl 1) command in 2 seconds.

87| [Info] RADETCMTE!__READY: The root cause of the property fxp 1 out co 0 is ready

88 [Info] ROOTCAUSE REMAIN: There are 0 properties to be c;npuzed for their root cause

-

[ veficheck_vi0][00:00:07]) v] D T
@ Message |vc Fom’\alCDnsu\el
Selected: a2 B~ E ::

Figure 11. Screen after running TCL script and the status given = %.
In Figure 11 above, we see one icon for not computed.

The sign here means that the ‘sum’ variable on line 26 was not computed and therefore
passed FXP checking.

We also see one IEI icon for x_assignment.

The EI sign here means that the ‘co’ variable on line 27 was assigned the value ‘x’.

12



Running Files

On the left under Task List, we can see that VC Formal was given one task by the FXP app. You
can hover over the numbers under Result to see the results in detail. You may need to alter the

tab size by dragging the side panels or scrolling to the left:

Task List
Name 'Fmgrﬂs Result

Runtime(HH:MM:55)

Total:12H; Run Time:0:00:10
Goals
Found: 2
Passed:l (50.0%)
Proven:1
Covered: 0
Failed:1 {50.0%)
Falsified:1
Uncoverable:0
Checking:0
Inconclusive: 0

ol
'—m b
- Disabled:D
|
3 4 { Constraints

Instance | Declaration Qo = Found: 3
Disabled:0

AT Em sl T e ol e

Figure 12. Results of the analyzed script.
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Running Files

Source Tracing
Source tracing is a great way to determine where exactly our errors lie and to get a deeper look

into what the issue is. To start, go ahead and double-click on a IEI icon.

We are going to double-click on the first EI (row 1) from Figure 11. You should then see a
generated waveform as shown below:

2T M p

File Signal View Waveform Tools Window

Sirim XD 200 o 4 v -200 x1ns (@) (@) 2] ey (F]~ (o) [»] €F : cote »: L~ =l » -

« Message EVC Fcrma\CDnsDIel *<nWave:3> trace_0.xmlreplay fsdb.wf X

Figure 13. Examining the failed FXP check in our design.

On the left in Figure 13 above, we see Root-Cause -> co signal in green text. Right-click on it the
red signal associated with it.

ASSIGNCCU  analog Waveform E xoron
iConstraifl pigital Waveform Eh: 0 ; Run Time: 0:00:10 &)
1 Invert Waveform I
| Temporal Flow View (3=
frrepayranat |- N 028. 03
{ Show Fan-in Registers | P
xins (@ g Fan-in Signals b Goto > |ada) ™ = U] > - g

Show Clock (Domain)
Trace This Value Ceri+T
Trace Triggering Path

Add to Spreadsheet

Marker

I I T I T

Figure 14. Pop-up from right-clicking on a signal.
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Running Files

As shown in Figure 14 above, this is the general method of source tracing:

Right-click the signal — Show OnceTrace Signals — Trace X

By tracing the source, we are essentially backtracking the X signal to its origin.

@25 _no0x

File View Tace Tools Window

CE!] LL} Trace Method: Transition-ba sed

Q) @) %] = {7 8 foe - o L A 1ns
- 0w K

« Message vC Forma\Console; *<nWave:3> trace_Q.xml.replayfsdb. vf X | <tFlowView4> X

Figure 15. Generated temporal view for schematic.

Source tracing will also bring up a generated temporal view for the schematic of your design.
This gives another visual for you to understand how the unknown signal is traveling within your

design.

Due to our example driver being a constant, we are shown that the signal is not expandable at
time O (Figure 15). For a better understanding of this temporal view tool, take a look at another

example showcasing two latches below:

File View Tace Tools Window

€« Q@

x Ilns Clock: J‘.'- Clock E)_J Ll) Trace Method: Transition-based

& Message |VC FormalConsole| *<nWave:3> trace_0.xml.replayfsdb.vf X I <tFlowViewd> X

Figure 16. Generated temporal view for a different schematic.
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Resolving Errors

To see the code/design where this fault is resulting, you can double-click on the red signal:

<Verdi-Apex:nTraceMain:1> CLA CLA (../design/CLA.sv) - /u/.../trace_0.xml.replay.fsdb.vf ¥} (a) (x
View Source OneTmce Tools Window Hel &
i goms costere e semeow, tap, ED @
B — = . 4 J
Mo-L ® 0 208 G- 0de»0E00% % @ M
B 7 &) s @ Aeemade|re -| [ (A ey [F]~ (4] [>]/0 x1ns &
Hierarchy 22 c[0] = cin; :
Smca : :
23 for (int i=0; 1 < nBITS: i++) begin
unnamedss_0 m L1 MF:Please specify array index
24 cli+l] = 6[i] | (P[i] & C[1]); |
X © ok [RF % [RF % MF:Please specify array index
25 end
{3 sum = P~ C[nBITS-1:0];
® " L
a 27 B -
®
28 end
29 \
T ] |
Insta...| Jeclarati.. | /CFTaskL..| | *Srel:CLA sv | VCF:Goallist|
* <nWave:3> [ufa hliah/FXP_Example/run/ivest_rdby. intemal/formal/fpld0/trace_0.xml replay fsdb. vf l} QL5 - 0 x
File Signal View Waveform Tools Window
Sain XD 0 &0 Av 0 x1ns - (@] (@) [P - 8y: F]v(«] o] G - cote »i (v ) » = B

f| r § ]

@ Message (VC Forma\cansnlel *<nWave:3> trace_0.xmlreplay.fsdb.vf X | <tFlowViewsd> X | 1

Figure 16. Identified errors within the Design file.

We are then taken to the part of the code that is causing this fault (line 27), with the signal
highlighted in red. We have traced X to be from the operation performed on line 27. If we go
back and look at the rootcause_type and rootcause_signal columns in the VCF:GoallList tab for
this signal, we can determine the issue is caused by ‘co’ being assigned ‘x’.

16
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<Verdi-Apex:nTraceMain:1> CLA CLA (../design/CLA.sv)

View Source OneTmce Tools Window Help P! stingssignal

B-LE8 48 5-B¢+0E00%% @

Time |12H | MaxCyce [-1 |

| <Enter name Match V... ¥ E] Malv v MX M a8

B 7 s @ Appmode [Fr ~|

] [e0] [£]

Targets: ALL
| status | depth | name | engine | location rootcause type | rootcause signal elapy
1 x 0 _fxp_1 out co 0 b2 ...5ign/CLA.sv: 27 x_assignment [ 00
_z v _fxp_1 out sum_1 b2 ...5ign/CLA.sv: 26 not_computed 00
! A
Constraints: ALL

name I vacuity I witness I expression | type class

1 ..._1 oba CLA O .. TX_OBA{ CLA ) injectx_oba xprop
2 ._undel CLA_1 [ | .._UNDEF(CLA )| injectx_undef | xprop :
_3 ..xassign CLA 2 - ASSIGN({ CLA ) | injectx_xassign Xprop -.d

E s Total Properties: 2 - passed{1] - failed[1] - disabl=d[0] ; Constraints Enabled: 3 : Min depth: 0 : Max depth: 0 ; Run Time: 0:00:07

Insta...|Declarat.. |/CFTaskL .|| @ *Srelclasy |VtF:Gca1List

VC Formal Console

44 -0

Rule View Tools Window

@ Line: 817@ X

81 Each runtime license Supports l2 wWorkers.
82 [Info] LIC RT CHECKOUT: VC Formal run time license checkout. Base:1 Fxp:1.
83 [Info] ™_ IH!'D MSG: srarting rewrite {rH'l 1) command ar 2023-02-09::22:43:26.

85 [Info] TW_INFO_MSG3 Proof Wl _1 gates : 3 inputs : 2 reg : 0 initConst : 0 invarconst i 0 .
86 [Info] 'I'!l nlro MSG: Finished zmlte [rn'l 1) command in 2 seconds.

87| [Info] noommsx READY: The root cause of the property fxp 1 _out_co_| 0 is ready

88 [Info] lomcmsx REMAIN: There are 0 properties to be cmpur.ed for their root cause

[ty Tool Barr_—?

84 [Info] BITI.EVEL MODEL_STATS: Generated model with 3 gates, 2 inputs, 0 registers, 0 initial constraints, 0 constraints.

ila] i

[ vericneck nvior00:00:07) - |

@ Message |vc Fofrna|COnsme|

Selected:

=D $ b

Figure 17. Under “rootcause_type” and “rootcause_signal” columns.

To fix this issue, we need to go alter our design file and make the following changes:

File Edic Tools Window
& H "eox DB
C[0] = ecim;
23 for (int 1=0; 1 ¢ nBITS: i++) hegin
24 Cl1+1] = G[1] | (P[1] & C[1]);
25 end
26 sum = P 4 C[aBITS-1:0];
2 SN [ EITS ] ; I
28 end
29
30| endmodule
31
191

Figure 19. Altered design file to fix the error on line 27 (compare with Figure 3).

17



<Verdi-Apex:nTraceMain:1> train_Conti
File View Source Onelrace Tools Window Help

Mo~ & 23 L B3
L. 7 ) (V) ske a Aﬂ Edit Source FIIe[EingE

VCF: 'Es.la_lst !f "'!_-| it I:I

'I'hnk I.ht | 13

Sl

Name Prog ress '
e || 19

Running Files

Figure 20. To make changes to the design file in VC Formal, click on “Edit Source File”. Don’t

forget to save your changes!

Next, to complete our changes, follow the steps below to restart VC Formal

18



Running Files

Restarting VC Formal

We can restart VC Formal by clicking on . If you invoked VC Formal along with the TCL script
in the one-line command, then VC Formal will automatically load the same TCL file again. If you
invoked VC Formal without the TCL script, then you will have to manually load the script again.

Ale View Source Onelrace Tools Window Help
MHLE 6 23 5 Bdes0
: j @e Appmode: SEQ j "1 f.' By: |z|v

Instance Restart VCST [Ctr+Alt+V]| & -0

Figure 26. Location of the restart button in VC Formal window.

After the application and TCL file is loaded, click the green play button and we should see no
errors.

VCERsilist o & _ O [NE

|

el s Time [12H | Maxcycke |1 [ «Enter name Match V j[n]é]l Mape [ E 2 !ﬂ],;d'ﬂ |
Hame Progress Targots: ALL : :
FXP | staws | depth | name | engine | kxaton | rootceuse type | rootcause signal | elaps)
E o _txp_1_out co 0 [ SIgVCLA sv-27 not_computed 00
E e _txp 1 out_sum_1 [+ sign/CLA s 26 not_conmputed o0

B T
Figure 27. Results after fixing errors and restarting VC Formal and reloading TCL script.
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Appendix

Appendix

Name Description Type Default
abs Abstractions Inject x; Observe x Yes
bbin Black box inputs Observe x Yes

bbout Black box outputs Inject x No

in Primary inputs Inject x No
oba Array bound violations Inject x Yes
out Primary outputs Observe x Yes
snip Snips as inputs Inject x Yes
snip_drv Snips for observations Observe x Yes
undef Undefined behavior Inject x Yes
undriven Undriven nets Inject x Yes
uninit Uninitialized registers Inject x Yes
xassign Explicit X-assighments Inject x Yes
unresin Unresolved module inputs Observe x Yes
unresout Unresolved module outputs Inject x No

Table 1.1. FXP Property Types and default options.
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