Project X-Ray Documentation
Release 0.0-2566-gf1fd0c9

SymbiFlow Team

Sep 24, 2019






Xilinx 7-series Architecture

Overview

Configuration

2.1 AdAressing . . . ... .. e e e e e
2.2 Loadin@ SEQUENCE . . . v v v v v it e e e e e e e e e e e e e e e e e e e e e e
23 Other . . . . . o e e

Bitstream format

Interconnect PIPs

4.1 FakePIPs . . . . . . . e
42 Regular PIPs . . . . . . e e e e e e e e e e e
43 VCCDIIVEIS . . o vt e e e e e e e e e e e e e e e e e
4.4 Bidirectional PIPs . . . . . . . . e e e e e e e e

Distributed RAMs (DRAM / SLICEM)

5.1 Functions . . . . . . . . e e e e e e e e
5.2 Configuration . . . . . . . . .. e e e e e e e e e e e e e e
Glossary

References

7.1  Xilinx documents one should be familiar with: . . . . . . . .. ... ... ... ... ... .....
7.2 Other documentation that might beofuse: . . . . . . . . .. ... ... . . ..

Contributor Covenant Code of Conduct

8.1 OurPledge . . . . . . e e e e e e e
8.2 OurStandards . . . . . . . . . e e
8.3 OurResponsibilities . . . . . . . . . . L e
84  Scope . . .. e e e e
8.5 Enforcement . . . . . . . . . .. e e e e e e e e e
8.6  AUribution . . . . . . L e e e e e e e

Guide to updating the Project X-Ray docs

9.1 1.Makeyour updates . . . . . . . . o it e e e e e e e e
0.2 2. Testyour updates . . . . . . i i e e e e e e e e e e e e e e e e e
9.3 3.Sendapullrequest . . . . . . L e e e e e e e e e

~N O\ L

11
11
11
12
12

13
13
14

17




10

11

12

13

14

15

16

17

18

19

Project X-Ray

Quickstart Guide

T1.L Step 1: . o o o e e e e e
T1.2 0 Step 2: o o e e e e e e e e e e e e
L1.3  Step 3: o e e e e e e e e e e
T1.4  Stepd: .« o o e e e e e e e
T1S Step S: . o o o e e e e e
T1.6 Step 61 . . o o o e e
117 Step 7: o o o o e e e e e e e e e e e
L1.8  Step 8: o . o o e e e e e e e
T1.9  Step O: o . o o e e e e e

C++ Development

Process
13.1 Parts . . . o e e e e e e e e

Database

Current Focus
15.1 TODO LISt . . . . . o e e e e

Contributing

16.1 Sending . . . . . . . o e e e e e e e e
162 License . . . . . . . o i e e e e e
16.3 Codeof Conduct . . . . . . . . . . . e e e e e e e e e
16.4 Signyour Work . . . . .. L e e e e
16.5 Contributing tothe docs . . . . . . . . . . o e e e e e e e e e e

Contributing to Project X-Ray

17.1 Sending . . . . . . o . e e e
I7.2 LACENSE . . v v o i i e e e e e e e e e e e e e e
173 Codeof Conduct . . . . . . . e e e
17.4 Signyour Work . . . . . L e e e e e e e e
17.5 Contributingtothe docs . . . . . . . . . . o e e e e e e e

Fuzzers

18.1 Configurable Logic Blocks (CLB) . . . . . . . . . . . . . i
18.2 Block RAM (BRAM) . . . . . . . e e
18.3 Input/Output (IOB) . . . . . . . e e e
18.4 Clocking (CMT, PLL, BUFG, €tC) . . . . . . . . o i it i e e e e e e e e e e e e e e e
18.5 Programmable Interconnect Points (PIPS) . . . . . . . . . . .. ... ...
18.6 Hard Block Fuzzers . . . . . . . . . . . . e e e e
18.7 Gridand Wire . . . . . . . . . e e e e e
18.8 TIMING . . . . o v vt e e e e e e e e e
18.9 ANFuzzers . . . . . . . o e e e e e e e s

Minitests

19.1 CLB_BUSED Minitest . . . . . . . . . o i i i it e e e e e e e e e e e e e e e e e e
19.2 clb-carry_cin_cyinit MInitest . . . . . . . . . 0 0 e e e e e e e e e e e e
19.3 clb-configs MINItESt . . . . . . . v v it e e e e e e e e e e e e e e
19.4 CLB_MUXFS8 MInitest . . . . . . . o v i i et e e e e e e e e e e e e e e e e e e e
19.5 clkbuf Minitest . . . . . . . . . . e e e e e e e e e e e
19.6 eccbits MINitest . . . . . . . . . . . e e e

29

31
31
31
31
32
32
32
32
33
33

35

37
37

39




19.7 FIXEDPNR Minitest . . . . . . . . . oottt e e e e e e e e e e e e e e 60

19.8 LiteX Minitest . . . . . . . . i i e e e e e e e e e e e e e 60
19.9 1Ivb_long_mux Minitest . . . . . . . . . . e e e e 61
19.10 nodes_wires_list MINILESt . . . . . . v vt v v e e e e e e e e e e e e e e e 61
19.11 FASM Proof of Concept using Vivado Partial Reconfigflow . . . . ... ... ... ... ... ... 61
1912 USage . . . o o oo e e e e e e 61
19.13 Using Vivado to generate .fasm . . . . . . . . . . . L. e e e e e e 61
19.14 PICORV32-v MINIteSt . . . . . o v oo e e e e e e e e e e e e e e e e e e e e e e e e 61
19.15 PICORV32-y MINIESt . . . . . o v vttt e e e e e e e e e e e e e e e e e e e e e 62
19.16 pip-switchboxes Minitest . . . . . . . . . . . . ... 62
19.17 ROI_HARNESS MInitest . . . . . . . o vt ittt e e e e e e e e e e e e e e 62
19.18 QUiCKStart . . . . . . o L e e e e e e e 63
19.19 How it Works . . . . . o o o e e e e e e e 63
19.20 Minitests for SRLS . . . . . . . 0 L e e e e e e e 64
19.21 tiles_wires_pips MINItESt . . . . . . . . . o o i e e e e e e e e e e e e e e e 64
19.22 TIMing MINIteSt . . . . . o o v v vt v e e e e e e e e e e e e e e e e 64
19.23 Model quality . . . . . . . o oo e e e e e e 64
19.24 Running themodel . . . . . . . . . . L e e e e 64
1925 util MANItest . . . . . o L o o e e e e e e e e e e e e e e e e 65
20 Tools 67
21 .db Files 69
21.1 Introduction . . . . . . . . e e e e e 69
21.2 Segment bit POSILIONS . . . v v v v v e s e e e e e e e e e e e e e e e e e e e e e e 69
21.3 segbits_*.db . . .. e e e e e e e e e 70
214 ppips_*.db . . o e e e e e e 71
21.5 mask_*.db ... L 71
21.6 bitsexample . . . ... . e e e e 71
22 .json Files 73
22.1 Introduction . . . . . . . oL e e e e e e e e e e e e e e 73
222 tilegrid.json . . ..ol e e e e 73
223 HIECONNLJSON . . v v v v v i e e e e e e e e e e e e e e e e e e e e e e e e e 75
Index 77







Project X-Ray Documentation, Release 0.0-2566-gf1fd0c9

Project X-Ray documents the Xilinx 7-Series FPGA architecture to enable development of open-source tools. Our
goal is to provide sufficient information to develop a free and open Verilog to bitstream toolchain for these devices.

Xilinx 7-series Architecture 1


https://github.com/SymbiFlow/prjxray
http://www.xilinx.com/
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2 Xilinx 7-series Architecture



CHAPTER 1

Overview

Todo: add diagrams.

Xilinx 7-Series architecture utilizes a hierarchical design of chainable structures to scale across the Spartan, Artix,
Kintex, and Virtex product lines. This documentation focuses on the Artix and Kintex devices and omits some concepts
introduced in Virtex devices.

At the top-level, 7-Series devices are divided into two halves by a virtual horizontal line separating two sets of global
clock buffers (BUFGs). While global clocks can be connected such that they span both sets of BUFGs, the two halves
defined by this division are treated as separate entities as related to configuration. The halves are referred to simply as
the top and bottom halves.

Each half is next divided vertically into one or more horizontal clock rows, numbered outward from the global clock
buffer dividing line. Each horizontal clock row contains 12 clock lines that extend across the device perpendicular
to the global clock spine. Similar to the global clock spine, each horizontal clock row is divided into two halves by
two sets of horizontal clock buffers (BUFHs), one on each side of the global clock spine, yielding two clock domains.
Horizontal clocks may be used within a single clock domain, connected to span both clock domains in a horizontal
clock row, or connected to global clocks.

Clock domains have a fixed height of 50 interconnect tiles centered around the horizontal clock lines (25 above, 25
below). Various function tiles, such as CLBs, are attached to interconnect tiles.
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CHAPTER 2

Configuration

Within an FPGA, various memories (latches, block RAMs, distributed RAMs) contain the state of signal routing, BEL
configuration, and runtime storage. Configuration is the process of loading an initial state into all of these memories
both to define the intended logic operations as well as set initial data for runtime memories. Note that the same
mechanisms used for configuration are also capable of reading out the active state of these memories as well. This can
be used to examine the contents of a block RAM or other memory at any point in the device’s operation.

2.1 Addressing

As described in Overview, 7-Series FPGAs are constructed out of ziles organized into clock domains. Each tile contains
a set of BELs and the memories used to configure them. Uniquely addressing each of these memories involves first
identifying the horizontal clock row, then the tile within that row, and finally the specific bit within the tile.

Horizontal clock row addressing follows the hierarchical structure described in Overview with a single bit used to
indicate top or bottom half and a 5-bit integer to encode the row number. Within the row, tiles are connected to one
or more configuration busses depending on the type of tile and what configuration memories it contains. These busses
are identified by a 3-bit integer:

Address | Name Connected tile type
000 CLB, I/O, CLB Interconnect (INT)
001 Block RAM content | Block RAM (BRAM)
010 CFG_CLB M

Within each bus, the connected tiles are organized into columns. A column roughly corresponds to a physical vertical
line of tiles perpendicular to and centered over the horizontal clock row. Each column contains varying amounts of
configuration data depending on the types of tiles attached to that column. Regardless of the amount, a column’s
configuration data is organized into a multiple of frames. Each frame consists of 101 words with 100 words for the
connected tiles and 1 word for the horizontal clock row. The 7-bit address used to identify a specific frame within the
column is called the minor address.

Putting all these pieces together, a 32-bit frame address is constructed:
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Field Bits
Reserved 31:26
Bus 25:23
Top/Bottom Half | 22
Row 21:17
Column 16:7
Minor 6:0

2.1.1 CLB, /O, CLB

Columns on this bus are comprised of 50 directly-attached interconnect tiles with various kinds of tiles connected
behind them. Frames are striped across the interconnect tiles with each tile receiving 2 words out of the frame.
The number of frames in a column depends on the type of tiles connected behind the interconnect. For example,
interconnect tiles always have 26 frames and a CLBL tile has an additional 12 frames so a column of CLBs will have
36 frames.

2.1.2 Block RAM content

As the name says, this bus provides access to the block RAM contents. Block RAM configuration data is accessed via
the CLB, I/O, CLB bus. The mapping of frame words to memory locations is not currently understood.

2.1.3 CFG_CLB

While mentioned in a few places, this bus type has not been seen in any bitstreams for Artix7 so far.

2.2 Loading sequence

Todo: Expand on these rough notes.

* Device is configured via a state machine controlled via a set of registers
* CRC of register writes is checked against expected values to verify data integrity during transmission.

* Before writing frame data:

IDCODE for configuration’s target device is checked against actual device

Watchdog timer is disabled

Start-up sequence clock is selected and configured

Start-up signal assertion timing is configured

Interconnect is placed into Hi-Z state
* Data is then written by:
— Loading a starting address
— Selecting the write configuration command

— Writing configuration data to data input register

6 Chapter 2. Configuration
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* Writes must be in multiples of the frame size
* Multi-frame writes trigger autoincrementing of the frame address
* Autoincrement can be disabled via bit in CORI1 register.
* At the end of a row, 2 frames of zeros must be inserted before data for the next row.
 After the write has finished, the device is restarted by:
— Strobing a signal to activate IOB/CLB configuration flip-flops
— Reactivate interconnect
— Arms start-up sequence to run after desync
— Desynchronizes the device from the configuration port

» Status register provides detail of start-up phases and which signals are asserted

2.3 Other

¢ ECC of frame data is contained in word 50 alongside horizontal clock row configuration
* Loading will succeed even with incorrect ECC data

* ECC is primarily used for runtime bit-flip detection

2.3. Other 7
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CHAPTER 3

Bitstream format

Todo: Expand on rough notes

Specific byte pattern at beginning of file to allow hardware to determine width of bus providing configuration
data.

Rest of file is 32-bit big-endian words

All data before 32-bit synchronization word (0xAA995566) is ignored by configuration state machine

Packetized format used to perform register reads/writes

Three packet header types
# Type O packets exist only when performing zero-fill between rows
# Type 1 used for writes up to 4096 words
* Type 2 expands word count field to 27 bits by omitting register address

+ Type 2 must always be proceeded by Type 1 which sets register address

NOP packets are used for inserting required delays

Most registers only accept 1 word of data

Allowed register operations depends on interface used to send packets

# Writing LOUT via JTAG is treated as a bad command
% Single-frame FDRI writes via JTAG fail
* CRC

Calculated automatically from writes: register address and data written

Expected value is written to CRC register

If there is a mismatch, error is flagged in status register

Writes to CRC register can be safely removed from a bitstream
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— Alternatively, replace with write to command register to reset calculated CRC value
* Xilinx BIT header

— Additional information about how bitstream was generated

Unofficially documented at http://www.fpga-faq.com/FAQ_Pages/0026_Tell_me_about_bit_files.htm

Really does require NULL-terminated Pascal strings

Having this header is the distinction between .bin and .bit in Vivado

Is ignored entirely by devices

10 Chapter 3. Bitstream format
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CHAPTER 4

Interconnect PIPs

4.1 Fake PIPs

Some PIPs are not “real”, in the sense that no bit pattern in the bit-stream correspond to the PIP being used. This is the
case for all the PIPs in the switchbox in a CLB tile (ex: CLBLM_L_INTER): They either correspond to buffers that
are always on (i.e. 1:1 connections such as CLBLL_L.CLBLL_L_AQ->CLBLL_LOGIC_OUTSO0), or they correspond
to permutations of LUT input signals, which is handled by changing the LUT init value accordingly, or they are used
to “connect” two signals that are driven by the same signal from within the CLB.

Warning: FIXME: Check the above is true.

The bit switchbox in an I/NTs tile also contains a few 1:1 connections that are in fact always present and have no
corresponding configuration bits.

4.2 Regular PIPs

Regular P/Ps correspond to a bit pattern that is present in the bit stream when the PIP is used in the current design.
There is a block of up to 10-ish bits for each destination signal. For each configuration (i.e. source net that can drive
the destination) there is a pair of bits that is set.

Warning: FIXME: Check if the above is true for PIPs outside of the INT switch box.

For example, when the bits 05_57 and 11_56 are set then SRIEND3->SE2BEGS3 is enabled, but when 08_56 and
11_56 are set then ERIEND3->SE2BEG3 is enabled (in an INT_L <INT>‘s tile paired with a CLBLL_L tile). A
configuration in which all three bits are set is invalid. See ‘segbits_int_[lr].db for a complete list of bit pattern for
configuring PIPs.

11
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4.3 VCC Drivers

The default state for a net is to be driven high. The P/Ps that drive a net from VCC_WIRE correspond to the “empty
configuration” with no bits set.

4.4 Bidirectional PIPs

Bidirectional P/Ps are used to stitch together long traces (LV*, LVB*). In case of bidirectional P/Ps there are two
different configuration patterns, one for each direction.

12 Chapter 4. Interconnect PIPs



CHAPTER B

Distributed RAMs (DRAM / SLICEM)

The SLICEM site can turn the 4 LUT6s into distributed RAMs. There are a number of modes, each element is either
a 64x1 or a 32x2 distributed RAM (DRAM). The individual elements can be combined into either a 128x1 or 256x1
DRAM.

5.1 Functions

5.1.1 Modes

Some modes can be enabled at the single LUT level. The following modes are:
* 32x2 Single port (32x2S)
* 32x2 Dual port (32x2D)
* 64x1 Single port (64x1S)
* 64x1 Dual port (64x1D)
Some modes are SLICEM wide:
e 128x1 Single port (128x1S)
* 128x1 Dual port (128x1D)
e 256x1

5.1.2 Ports

Each LUT element when operating in RAM mode is a DPRAMO64.

13



Project X-Ray Documentation, Release 0.0-2566-gf1fd0c9

Port name | Direction | Width | Description
WA IN 8 Write address
A IN 6 Read address
DI IN 2 Data input
WE IN 1 Write enable
CLK IN 1 Clock

06 OouT 1 Data output 1
05 OouT 1 Data output 2

5.2 Configuration

The configuration for the DRAM is found in the following segbits:
e ALUT.RAM
* ALUT.SMALL
¢ ADIIMUX.AI
« BLUT.RAM
* BLUT.SMALL
« BDIIMUX.BI
« CLUT.RAM
« CLUT.SMALL
* CDIIMUX.CI
« DLUT.RAM
« DLUT.SMALL
* WATUSED
* WASUSED

In order to use DRAM in a SLICEM, the DLUT in the SLICEM must be a RAM (e.g. DLUT.RAM). In addition the
DLUT can never be a dual port RAM because the write address lines for the DLUT are also the read address lines.

5.2.1 Segbits for modes

The following table shows the features required for each mode type for each LUT.

14 Chapter 5. Distributed RAMs (DRAM / SLICEM)
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LUTs| 32x2S 32x2D 64x1S 64x1D

D DLUT.RAM N/A DLUT.RAM N/A
DLUT.SMALL

C CLUT.RAM CLUT.RAM CLUT.RAM CLUT.RAM
CLUT.SMALL CLUT.SMALL CDIIMUX.CI
CDIIMUX.CI

B BLUT.RAM BLUT.RAM BLUT.RAM BLUT.RAM
BLUT.SMALL BLUT.SMALL BDIIMUX.CI
BDIIMUX.CI

A ALUT.RAM ALUT.RAM ALUT.RAM ALUT.RAM
ALUT.SMALL ALUT.SMALL ADIIMUX.CI
ADIIMUX.CI

5.2.2 Ports for modes

In each mode, how the ports are used vary. The following table show the relationship between the LUT mode and

ports.
LUTs 32x2S 32x2D 64x1S 64x1D
D WA[4:0] = A[4:0] = | N/A WA[5:0] = | N/A
{D5,D4,D3,D2,D1} A[5:0] =
DI[1:0] = {DX, DI} {D6,D5,D4,D3,D2,D1}
DI[0] = DI
C WA[4:0] = A[4:0] = | WA[4:0] = | WA[5:0] = | WA[5:0] =
{C5,C4,C3,C2,C1} {D5,D4,D3,D2,D1} A[5:0] {D6,D5,D4,D3,D2,D1}
DI[1:0] = {CX, CI} | A[4:0]={C5,C4,C3,C2,C1} {C6,C5,C4,C3,C2,C1A[5:0] =
DI[1:0] = {CX,DI} DI[0] = CI {C6,C5,C4,C3,C2,C1}
DI[0] = DI
B WA[4:0] = A[4:0] = | WA[4:0] = | WA[5:0] = | WA[5:0] =
{B5,B4,B3,B2,B1} {D5,D4,D3,D2,D1} A[5:0] = | {D6,D5,D4,D3,D2,D1}
DI[1:0] = {BX, BI} | A[4:0] ={B5,B4,B3,B2,B1} {B6,B5,B4,B3,B2,B1A[5:0] =
DI[1:0] = {BX,DI} DI[0] = BI {B6,B5,B4,B3,B2,B1}
DI[0] = DI
A WA[4:0] = A[4:0] = | WA[4:0] = | WA[5:0] = | WA[5:0] =
{A5,A4,A3,A2,A1} | {D5,D4,D3,D2,D1} A[5:0] = | {D6,D5,D4,D3,D2,D1}
DI[1:0] = {AX, AI} | A[4:0] = {A5,A4,A3,A2,A1} {A6,A5,A4,A3,A2, AN[5:0] =
DI[1:0] = {AX,BLUT.DI|[0]} DI[0] = Al {A6,A5,A4,A3,A2,Al}
DI[0] = BLUT.DI[0]

5.2.3 Techlib macros

The tech library exposes the following aggregate modes, which are accomplished with the following combinations.

5.2. Configuration

15
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Macro Option 1 Option 2 Option 3 Option 4
RAM32M| DLUT = 32x2S
CLUT = 32x2D
BLUT = 32x2D
ALUT =32x2D
RAM32X1DDLUT = 32x2S BLUT = 32x2S
CLUT = 32x2D ALUT = 32x2D
RAM32X1SDLUT = 32x1S CLUT = 32x1S BLUT ALUT
32x1S 32x1S
RAM32X2SDLUT = 32x2S BLUT = 32x2S
CLUT = 32x2D ALUT = 32x2D
RAM64M | DLUT = 64x1S
CLUT = 64x1D
BLUT = 64x1D
ALUT = 64x1D
RAMO64X1IDLUT = 64x1S BLUT = 64x1S
CLUT = 64x1D ALUT = 64x1D
RAM64X1SDLUT = 64x1S CLUT = 64x1S BLUT ALUT
64x1S 64x1S
16 Chapter 5. Distributed RAMs (DRAM / SLICEM)




CHAPTER O

Glossary

ASIC An application-specific integrated circuit (ASIC) is a chip that is designed and used for a specific purpose,
such as video acceleration, machine learning acceleration, and many more purposes. In contrast to FPGAs, the
programming of an ASIC is fixed at the time of manufacture.

basic element
BEL
basic logic element

BLE Basic elements (BELs) or basic logic element (BLEs) are the basic logic units in an FPGA, including carry
or fast adders (CFAs), flip flops (FFs), lookup tables (LUTs), multiplexers (MUXes), and other element types.
Note: Programmable interconnects (P/Ps) are not counted as BELs.

BELSs come in two forms:
» Basic BEL - A logic unit which does things.
* Routing BEL - A unit which is statically configured at routing time.

Bitstream Binary data that is directly loaded into an FPGA to perform configuration. Contains configuration frames
as well as programming sequences and other commands required to load and activate same.

Block RAM Block RAM is inbuilt, configurable memory on an FPGA, able to store more data than the flip flops. The
block RAM can function as dual or single-port memory. Xilinx 7 series devices offer a number of 36 Kb block
RAMs, each with two independently controlled 18 Kb RAMs. The number of block RAMs available depends
on the specific device.

CFA A carry or fast adder (CFA) is a logic element on the FPGA that performs fast arithmetic operations.

Clock A clock is a square-wave timing signal (50% on, 50% off) generated by an external oscillator and passed into
the FPGA. The clock frequency drives the sequential logic elements in the FPGA, most importantly the flip
Jlops. For example, the FPGA may use a 50 megahertz clock. An FGPA can use one or more clocks and can
thus have one or more clock domains.

Clock backbone

Clock spine In Xilinx 7 series devices, the clock backbone or clock spine divides the clock regions on the device into
two sides, the left and the right side.

17



Project X-Ray Documentation, Release 0.0-2566-gf1fd0c9

Clock domain Portion of the device controlled by one clock. A clock domain is part of a horizontal clock row to one
side of the global clock spine. The term also often refers to the ziles that are associated with these clocks.

Clock region Portion of a device including up to 12 clock domains. A clock region is situated to the left or right of
the global clock spine, and is 50 CLBs tall on Xilinx 7 series devices. The clock region includes all synchronous
elements in the 50 CLBs and one 1/O bank, with a horizontal clock row at its center.

Column A term used in bitstream configuration to denote a collection of files, physically organized as a vertical
line, and configured by the same set of configuration frames. Logic columns span 50 tiles vertically and 2 tiles
horizontally (pairs of logic tiles and interconnect tiles).

Configurable logic block

CLB A configurable logic block (CLB) is the configurable logic unit of an FPGA. Also called a logic cell. A CLB is
a combination of basic logic elements (BELs).

Database Text files containing meaningful labels for bit positions within segments.
Fabric sub region

FSR Another name for clock region.

Flip flop

FF A flip flop (FF) is a logic element on the FPGA that stores state.

FPGA A field-programmable gate array (FPGA) is a reprogrammable integrated circuit, or chip. Reprogrammable
means you can reconfigure the integrated circuit for different types of computing. You define the configuration
via a hardware definition language (HDL). The word “field” in field-programmable gate array means the circuit
is programmable in the field, as opposed to during chip manufacture.

Frame The fundamental unit of bitstream configuration data consisting of 101 words. Each frame has a 32-bit frame
address and 101 payload words, 32 bits each. The 50th payload word is an EEC. The 7 LSB bits of the frame
address are the frame index within the configuration column (called minor frame address in the Xilinx documen-
tation). The rest of the frame address identifies the configuration column (called base frame address in Project
X-Ray nomenclature).

The bits in an individual frame are spread out over the entire column. For example, in a logic column with 50
tiles, the first tile is configured with the first two words in each frame, the next tile with the next two words, and
SO on.

Frame base address The first configuration frame address for a column. A frame base address has always the 7 LSB
bits cleared.

Fuzzer Scripts and a makefile to generate one or more specimens and then convert the data from those specimens into
a database.

Half Portion of a device defined by a virtual line dividing the two sets of global clock buffers present in a device. The
two halves are referred to as the top and bottom halves.

HDL You use a hardware definition language (HDL) to describe the behavior of an electronic circuit. Popular HDLs
include Verilog (inspired by C) and VHDL (inspired by Ada).

Horizontal clock row

HROW Portion of a device including 12 horizontal clocks and the 50 interconnect and function tiles associated with
them. A half contains one or more horizontal clock rows and each half may have a different number of rows.

I/0 block One of the configurable input/output blocks that connect the FPGA to external devices.
Interconnect tile

INT An interconnect tile (INT_L, INT_R) is used to connect other tiles to the fabric. It is also frequently called a
switch box.
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LUT A lookup table (LUT) is a logic element on the FPGA. LUTs function as a ROM, apply combinatorial logic,
and generate the output value for a given set of inputs.

MUX A multiplexer (MUX) is a multi-input, single-output switch controled by logic.

Node A routing node on the device. A node is a collection of wires spanning one or more files. Nodes that are local
to a tile map 1:1 to a wire. A node that spans multiple tiles maps to multiple wires, one in each tile it spans.

PIP

Programmable interconnect point A programmable interconnect point (PIP) is a connection point between two
wires in a tile that may be enabled or disabled by the configuration.

PnR

Place and route Place and route (PnR) is the process of taking logic and placing it into hardware logic elements on
the FPGA, and then routing the signals between the placed elements.

Region of interest

ROI Region of interest (ROI) is used in Project X-Ray to denote a rectangular region on the FPGA that is the focus
of our study. The current region of interest is SLICE_X12Y100:SLICE_X27Y149 on a xc7a50tfgg484-1 chip.

Routing fabric The wires and programmable interconnects (P/Ps) connecting the logic blocks in an FPGA.

Segment All configuration bits for a horizontal slice of a column. This corresponds to two ranges: a range of frames
and a range of words within frames. A segment of a logic column is 36 frames wide and 2 words high.

Site Portion of a tile where BELs can be placed. The slices in a CLB tile are sites.

Slice Portion of a rile that contains BELs. A CLBLL_L/CLBLL R tile contains two SLICEL slices. A
CLBLM_L/CLBLM _R tile contains one SLICEL slice and one SLICEM slice. SLICEL and SLICEM are the
most common types of slice, containing the LUT's and flip flops that are the basic logic units of the FPGA.

Specimen A bitstream of a (usually auto-generated) design with additional files containing information about the
placed and routed design. These additional files are usually generated using Vivado TCL scripts querying the
Vivado design database.

Tile Fundamental unit of physical structure containing a single type of resource or function. A container for sifes and
slices. The FPGA chip is a grid of tiles.

The most important tile types are left and right interconnect tiles (INT_L and INT_R) and left and right CLB
logic/memory tiles (CLBLL_L, CLBLL_R, CLBLM_L, CLBLM_R).

Wire Physical wire within a file.

Word 32 bits stored in big-endian order. Fundamental unit of bitstream format.
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References

7.1 Xilinx documents one should be familiar with:

### UG470: 7 Series FPGAs Configuration User Guide
https://www.xilinx.com/support/documentation/user_guides/ug470_7Series_Config.pdf

Chapter 5: Configuration Details contains a good description of the overall bit-stream format. (See section “Bitstream
Composition” and following.)

### UG912: Vivado Design Suite Properties Reference Guide
http://www.xilinx.com/support/documentation/sw_manuals/xilinx2017_3/ug912-vivado-properties.pdf

Contains an excellent description of the in-memory data structures and associated properties Vivado uses to describe
the design and the chip. The TCL interface provides a convenient interface to access this information.

### UG903: Vivado Design Suite User Guide: Using Constraints
http://www.xilinx.com/support/documentation/sw_manuals/xilinx2017_3/ug903- vivado-using-constraints.pdf

The fuzzers generate designs (HDL + Constraints) that use many physical contraints constraints (placement and rout-
ing) to produce bit-streams with exactly the desired features. It helps to learn about the available constraints before
starting to write fuzzers.

### UG901: Vivado Design Suite User Guide: Synthesis
http://www.xilinx.com/support/documentation/sw_manuals/xilinx2017_3/ug901-vivado-synthesis.pdf

Chapter 2: Synthesis Attributes contains an overview of the Verilog attributes that can be used to control Vivado
Synthesis. Many of them are useful for writing fuzzer designs. There is some natural overlap with UG903.

### UG909: Vivado Design Suite User Guide: Partial Reconfiguration
https://www.xilinx.com/support/documentation/sw_manuals/xilinx2017_3/ug909-vivado-partial-reconfiguration.pdf

Among other things this UG contains some valuable information on how to constrain a design in a way so that the
items inside a pblock are strictly separate from the items outside that pblock.

### UG474: 7 Series FPGAs Configurable Logic Block
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https://www.xilinx.com/support/documentation/user_guides/ugd74_7Series_CLB.pdf

Describes the capabilities of a CLB, the most important non-interconnect resource of a Xilinx FPGA.

7.2 Other documentation that might be of use:

Doc of .bit container file format: http://www.pldtool.com/pdf/fmt_xilinxbit.pdf

Open-Source Bitstream Generation for FPGAs, Ritesh K Soni, Master Thesis: https://vtechworks.lib.vt.edu/bitstream/
handle/10919/51836/Soni_RK_T_2013.pdf

VTR-to-Bitstream, Eddie Hung: https://eddiehung.github.io/vtb.html

From the bitstream to the netlist, Jean-Baptiste Note and Eric Rannaud: http://www.fabienm.eu/flf/wp-content/
uploads/2014/11/Note2008.pdf

Wolfgang Spraul’s Spartan-6 (xc6s1x9) project: https://github.com/Wolfgang-Spraul/fpgatools
Marek Vasut’s Typhoon Cyclone IV project: http://git.bfuser.eu/?p=marex/typhoon.git
XDL generator/imported for Vivado: https://github.com/byuccl/tincr
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CHAPTER 8

Contributor Covenant Code of Conduct

8.1 Our Pledge

In the interest of fostering an open and welcoming environment, we as contributors and maintainers pledge to making
participation in our project and our community a harassment-free experience for everyone, regardless of age, body
size, disability, ethnicity, gender identity and expression, level of experience, nationality, personal appearance, race,
religion, or sexual identity and orientation.

8.2 Our Standards

Examples of behavior that contributes to creating a positive environment include:
» Using welcoming and inclusive language
* Being respectful of differing viewpoints and experiences
 Gracefully accepting constructive criticism
 Focusing on what is best for the community
» Showing empathy towards other community members
Examples of unacceptable behavior by participants include:
* The use of sexualized language or imagery and unwelcome sexual attention or advances
* Trolling, insulting/derogatory comments, and personal or political attacks
* Public or private harassment
* Publishing others’ private information, such as a physical or electronic address, without explicit permission

* Other conduct which could reasonably be considered inappropriate in a professional setting
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8.3 Our Responsibilities

Project maintainers are responsible for clarifying the standards of acceptable behavior and are expected to take appro-
priate and fair corrective action in response to any instances of unacceptable behavior.

Project maintainers have the right and responsibility to remove, edit, or reject comments, commits, code, wiki edits,
issues, and other contributions that are not aligned to this Code of Conduct, or to ban temporarily or permanently any
contributor for other behaviors that they deem inappropriate, threatening, offensive, or harmful.

8.4 Scope

This Code of Conduct applies both within project spaces and in public spaces when an individual is representing the
project or its community. Examples of representing a project or community include using an official project e-mail
address, posting via an official social media account, or acting as an appointed representative at an online or offline
event. Representation of a project may be further defined and clarified by project maintainers.

8.5 Enforcement

Instances of abusive, harassing, or otherwise unacceptable behavior may be reported by contacting the project team
at atom@github.com. All complaints will be reviewed and investigated and will result in a response that is deemed
necessary and appropriate to the circumstances. The project team is obligated to maintain confidentiality with regard
to the reporter of an incident. Further details of specific enforcement policies may be posted separately.

Project maintainers who do not follow or enforce the Code of Conduct in good faith may face temporary or permanent
repercussions as determined by other members of the project’s leadership.

8.6 Attribution

This Code of Conduct is adapted from the Contributor Covenant, version 1.4, available at http://contributor-
covenant.org/version/1/4
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CHAPTER 9

Guide to updating the Project X-Ray docs

We welcome updates to the Project X-Ray docs. The docs are published on Read the Docs and the source is on the
docs branch on GitHub.

The reason for using the docs branch is to avoid running the full CI test suite which triggers when merging anything
to master. Ultimately of course the docs branch needs to be synchronized with master, but this can be done in
bulk.

Updating the docs is a three-step process: Make your updates, test your updates, send a pull request.

9.1 1. Make your updates

The standard Project X-Ray contribution guidelines apply to doc updates too.

Follow your usual process for updating content on GitHub. See GitHub’s guide to working with forks.

9.2 2. Test your updates

Before sending a pull request with your doc updates, you need to check the effects of your changes on the page you’ve
updated and on the docs as a whole.

9.2.1 Check your markup

There are a few places on the web where you can view ReStructured Text rendered as HTML. For example: https:
/Nivesphinx.herokuapp.com/

9.2.2 Perform basic tests: make html and linkcheck

If your changes are quite simple, you can perform a few basic checks before sending a pull request. At minimum:
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e Check that make html generates output without errors
e Check that make 1linkcheck reports no warnings.
* When editing, make livehtml is helpful.
To make these checks work, you need to install Sphinx. We recommend pipenv.

Follow the steps below to install pipenv viapip, run pipenv install inthe docs directory, then run pipenv
shell to enter an environment where Sphinx and all the necessary plugins are installed:

Steps in detail, on Linux:

1. Install pip:

’ sudo apt install python-pip

2. Install pipenv - see the pipenv installation guide:

’ pip install pipenv

3. Add pipenv to your path, as recommended in the pipenv installation guide. On Linux, add this in your ~/ .
profile file:

’ export PATH=$PATH:~/.local/bin source ~/.profile

Note: On OS X the path is different: ~/Library/Python/2.7/bin

4. Go to the docs directory in the Project X-Ray repo:

’ cd ~/github-repos/prjxray/docs

5. Run pipenv to install the Sphinx environment:

’ pipenv install

6. Activate the shell:

’ pipenv shell

7. Run the HTML build checker, and check for errors:

’ make html

8. Run the link checker, and check for warnings:

’ make linkcheck

9. To leave the shell, type: exit.

9.2.3 Perform more comprehensive testing on your own staging doc site

If your changes are more comprehensive, you should do a full test of your fork of the docs before sending a pull
request to the Project X-Ray repo. You can test your fork by viewing the docs on your own copy of the Read the Docs
build.

Follow these steps to create your own staging doc site on Read the Docs (RtD):

1. Sign up for a RtD account here: https://readthedocs.org/
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2. Go to your RtD connected services, click Connect to GitHub, and connect RtD to your GitHub account. (If
you decide not to do this, you’ll need to import your project manually in the following steps.)

3. Go to your RtD dashboard.
4. Click Import a Project.

5. Add your GitHub fork of the Project X-Ray project. Give your doc site a name that distinguishes it from the
canonical Project X-Ray docs. For example, your-username-prjxray.

6. Make your doc site protected. See the RtD guide to privacy levels. Reason for protecting your doc site: If you
leave your doc site public, it will appear in web searches. That may be confusing for readers who are looking
for the canonical Project X-Ray docs.

7. Set RtD to build from your branch, rather than from docs. This ensures that the content you see on your doc
site reflect your latest updates:

* On your RtD dashboard, open your project, then go to Admin > Advanced Settings.

¢ Add the name of your branch in Default branch. This is the branch that the “latest” build config points
to. If you leave this field empty, RtD uses master or t runk.

8. RtD now builds your doc site, based on the contents in your Project X-Ray fork.

9. See the RtD getting-started guide for more info.

9.3 3. Send a pull request

Follow your standard GitHub process to send a pull request to the Project X-Ray repo. See the GitHub guide to
creating a pull request from a fork.

Copyright (C) 2017 The Project X-Ray Authors. All rights reserved.

Permission to use, copy, modify, and/or distribute this software for any purpose with or without fee is hereby granted,
provided that the above copyright notice and this permission notice appear in all copies.

THE SOFTWARE IS PROVIDED “AS IS” AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH RE-
GARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FIT-
NESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT, INDIRECT, OR CON-
SEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA
OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION,
ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.
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cHAaPTER 10

Project X-Ray

Build Status Documentation Status License
Documenting the Xilinx 7-series bit-stream format.

This repository contains both tools and scripts which allow you to document the bit-stream format of Xilinx 7-series
FPGAs.

More documentation can be found published on prjxray ReadTheDocs site - this includes;
* Highlevel Bitstream Architecture

e Overview of DB Development Process
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cHAPTER 11

Quickstart Guide

Instructions were originally written for Ubuntu 16.04. Please let us know if you have information on other distribu-
tions.

11.1 Step 1:

Install Vivado 2017.2. If you did not install to /opt/Xilinx default, then set the environment variable
XRAY_VIVADO_SETTINGS to point to the settings64.sh file of the installed vivado version, ie

’ export XRAY_VIVADO_SETTINGS=/opt/Xilinx/Vivado/2017.2/settings64.sh

Do not source the settings64.sh in your shell, since this adds directories of the Vivado installation at the begin-
ning of your PATH and LD_LIBRARY_PATH variables, which will likely interfere with or break non-Vivado
applications in that shell. The Vivado wrapper utils/vivado.sh makes sure that the environment variables from
XRAY_VIVADO_SETTINGS are automatically sourced in a separate shell that is then only used to run Vivado to
avoid these problems.

11.2 Step 2:

Pull submodules:

’git submodule update —-init —-recursive

11.3 Step 3:

Install CMake:
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sudo apt-get install cmake # version 3.5.0 or later required,
# for Ubuntu Trusty pkg is called cmake3

11.4 Step 4:

Build the C++ tools:

’make build

11.5 Step 5:

(Option 1) - Install the Python environment locally

sudo apt-get install virtualenv python3-virtualenv python3-yaml
make env

(Option 2) - Install the Python environment globally

sudo apt-get install python3-yaml
sudo pip3 install -r requirements.txt

This step is known to fail with a compiler error while building the py json5 library when using Arch Linux and
Fedora. py jsonb5 needs one change to build correctly:

git clone https://github.com/Kijewski/pyjson5.git

cd pyjson5

sed -i 's/char \«PyUnicode/const char \«PyUnicode/' src/_imports.pyx
sudo make

This might give you and error about sphinx_autodoc_typehints but it should correctly build and install pyj-
sonS. After this, run either option 1 or 2 again.

11.6 Step 6:

Always make sure to set the environment for the device you are working on before running any other commands:

’source settings/artix7.sh

11.7 Step 7:

(Option 1, recommended) - Download a current stable version (you can use the Python API with a pre-generated
database)

’./downloadflatestfdb.sh

(Option 2) - (Re-)create the entire database (this will take a very long time!)

32 Chapter 11. Quickstart Guide



Project X-Ray Documentation, Release 0.0-2566-gf1fd0c9

cd fuzzers
make —7J$ (nproc)

11.8 Step 8:

Pick a fuzzer (or write your own) and run:

cd fuzzers/010-lutinit
make —7j$(nproc) run

11.9 Step 9:

Create HTML documentation:

cd htmlgen
python3 htmlgen.py

11.8. Step 8:
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cHAPTER 12

C++ Development

Tests are not built by default. Setting the PRIXRAY_BUILD_TESTING option to ON when running cmake will
include them:

cmake -DPRJXRAY_BUILD_TESTING=ON ..
make

The default C++ build configuration is for releases (optimizations enabled, no debug info). A build configuration for
debugging (no optimizations, debug info) can be chosen via the CMAKE_BUILD_TYPE option:

cmake -DCMAKE_BUILD_TYPE=Debug ..
make

The options to build tests and use a debug build configuration are independent to allow testing that optimizations do
not cause bugs. The build configuration and build tests options may be combined to allow all permutations.
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cHAPTER 13

Process

The documentation is done through a “black box” process were Vivado is asked to generate a large number of designs
which then used to create bitstreams. The resulting bit streams are then cross correlated to discover what different bits
do.

13.1 Parts

13.1.1 Minitests

There are also “minitests” which are designs which can be viewed by a human in Vivado to better understand how to
generate more useful designs.

13.1.2 Experiments

Experiments are like “minitests” except are only useful for a short period of time. Files are committed here to allow
people to see how we are trying to understand the bitstream.

When an experiment is finished with, it will be moved from this directory into the latest “prjxray-experiments-archive-
XXXX” repository.

13.1.3 Fuzzers

Fuzzers are the scripts which generate the large number of bitstream.

They are called “fuzzers” because they follow an approach similar to the idea of software testing through fuzzing.

13.1.4 Tools & Libs

Tools & libs are useful tools (and libraries) for converting the resulting bitstreams into various formats.
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Binaries in the tools directory are considered more mature and stable then those in the utils directory and could be
actively used in other projects.

13.1.5 Utils

Utils are various tools which are still highly experimental. These tools should only be used inside this repository.

13.1.6 Third Party

Third party contains code not developed as part of Project X-Ray.
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cHAPTER 14

Database

Running the all fuzzers in order will produce a database which documents the bitstream format in the database direc-
tory.

As running all these fuzzers can take significant time, Tim ‘mithro’ Ansell me@mith.ro has graciously agreed to
maintain a copy of the database in the prjxray-db repository.

Please direct enquires to Tim if there are any issues with it.
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cHAPTER 15

Current Focus

Current the focus has been on the Artix-7 50T part. This structure is common between all footprints of the 15T, 35T
and 50T varieties.

We have also started experimenting with the Kintex-7 parts.

The aim is to eventually document all parts in the Xilinx 7-series FPGAs but we can not do this alone, we need your
help!

15.1 TODO List

e [ ] Write a TODO list
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cHAPTER 16

Contributing

There are a couple of guidelines when contributing to Project X-Ray which are listed here.

16.1 Sending

All contributions should be sent as GitHub Pull requests.

16.2 License

All software (code, associated documentation, support files, etc) in the Project X-Ray repository are licensed under
the very permissive ISC Licence. A copy can be found in the COPYING file.

All new contributions must also be released under this license.

16.3 Code of Conduct

By contributing you agree to the code of conduct. We follow the open source best practice of using the Contributor
Covenant for our Code of Conduct.

16.4 Sign your work

To improve tracking of who did what, we follow the Linux Kernel’s “sign your work™ system. This is also called a
“DCO” or “Developer’s Certificate of Origin”.

All commits are required to include this sign off and we use the Probot DCO App to check pull requests for this.

The sign-off is a simple line at the end of the explanation for the patch, which certifies that you wrote it or otherwise
have the right to pass it on as a open-source patch. The rules are pretty simple: if you can certify the below:
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Developer's Certificate of Origin 1.1
By making a contribution to this project, I certify that:

(a) The contribution was created in whole or in part by me and I
have the right to submit it under the open source license
indicated in the file; or

(b) The contribution is based upon previous work that, to the best
of my knowledge, is covered under an appropriate open source
license and I have the right under that license to submit that
work with modifications, whether created in whole or in part
by me, under the same open source license (unless I am
permitted to submit under a different license), as indicated
in the file; or

(c) The contribution was provided directly to me by some other
person who certified (a), (b) or (c) and I have not modified
it.

(d) I understand and agree that this project and the contribution
are public and that a record of the contribution (including all
personal information I submit with it, including my sign-off) is
maintained indefinitely and may be redistributed consistent with
this project or the open source license(s) involved.

then you just add a line saying

’Signedfofffby: Random J Developer <random@developer.example.org>

using your real name (sorry, no pseudonyms or anonymous contributions.)

You can add the signoff as part of your commit statement. For example:

’git commit —--signoff -a —m "Fixed some errors."

Hint: 1f you’ve forgotten to add a signoff to one or more commits, you can use the following command to add signoffs
to all commits between you and the upstream master:

’git rebase --signoff upstream/master

16.5 Contributing to the docs

In addition to the above contribution guidelines, see the guide to updating the Project X-Ray docs.
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cHAPTER 17

Contributing to Project X-Ray

There are a couple of guidelines when contributing to Project X-Ray which are listed here.

17.1 Sending

All contributions should be sent as GitHub Pull requests.

17.2 License

All software (code, associated documentation, support files, etc) in the Project X-Ray repository are licensed under
the very permissive ISC Licence. A copy can be found in the COPYING file.

All new contributions must also be released under this license.

17.3 Code of Conduct

By contributing you agree to the code of conduct. We follow the open source best practice of using the Contributor
Covenant for our Code of Conduct.

17.4 Sign your work

To improve tracking of who did what, we follow the Linux Kernel’s “sign your work™ system. This is also called a
“DCO” or “Developer’s Certificate of Origin”.

All commits are required to include this sign off and we use the Probot DCO App to check pull requests for this.

The sign-off is a simple line at the end of the explanation for the patch, which certifies that you wrote it or otherwise
have the right to pass it on as a open-source patch. The rules are pretty simple: if you can certify the below:
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Developer's Certificate of Origin 1.1
By making a contribution to this project, I certify that:

(a) The contribution was created in whole or in part by me and I
have the right to submit it under the open source license
indicated in the file; or

(b) The contribution is based upon previous work that, to the best
of my knowledge, is covered under an appropriate open source
license and I have the right under that license to submit that
work with modifications, whether created in whole or in part
by me, under the same open source license (unless I am
permitted to submit under a different license), as indicated
in the file; or

(c) The contribution was provided directly to me by some other
person who certified (a), (b) or (c) and I have not modified
it.

(d) I understand and agree that this project and the contribution
are public and that a record of the contribution (including all
personal information I submit with it, including my sign-off) is
maintained indefinitely and may be redistributed consistent with
this project or the open source license(s) involved.

then you just add a line saying

’Signedfofffby: Random J Developer <random@developer.example.org>

using your real name (sorry, no pseudonyms or anonymous contributions.)

You can add the signoff as part of your commit statement. For example:

’git commit —--signoff -a —m "Fixed some errors."

Hint: 1f you’ve forgotten to add a signoff to one or more commits, you can use the following command to add signoffs
to all commits between you and the upstream master:

’git rebase --signoff upstream/master

17.5 Contributing to the docs

In addition to the above contribution guidelines, see the guide to updating the Project X-Ray docs.

This file is generated from README.md, please edit that file then run the . /. github/update—-contributing.
pPy.
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cHAPTER 18

Fuzzers

Fuzzers are things that generate a design, feed it to Vivado, and look at the resulting bitstream to make some conclusion.
This is how the contents of the database are generated.

The general idea behind fuzzers is to pick some element in the device (say a block RAM or IOB) to target. If you
picked the IOB (no one is working on that yet), you’d write a design that is implemented in a specific IOB. Then you’d
create a program that creates variations of the design (called specimens) that vary the design parameters, for example,
changing the configuration of a single pin.

A lot of this program is TCL that runs inside Vivado to change the design parameters, because it is a bit faster to load
in one Verilog model and use TCL to replicate it with varying inputs instead of having different models and loading
them individually.

By looking at all the resulting specimens, you can correlate which bits in which frame correspond to a particular choice
in the design.

Looking at the implemented design in Vivado with “Show Routing Resources” turned on is quite helpful in under-
standing what all choices exist.

18.1 Configurable Logic Blocks (CLB)

18.1.1 clb-ffconfig Fuzzer

Documents FF configuration.

Note Vivado GUI is misleading in some cases where it shows configuration per FF, but its actually per SLICE
Primitive pin map

Primitive bit map
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FFSYNC

Configures whether a storage element is synchronous or asynchronous.

Scope: entire site (not individual FFs)

LATCH

Configures latch vs FF behavior for the CLB

N*FF.ZRST

Configures stored value when reset is asserted

N*FF.ZINI

Sets GSR FF or latch value

CEUSEDMUX

Configures ability to drive clock enable (CE) or always enable clock

SRUSEDMUX

Configures ability to reset FF after GSR
TODO: how used when SR?

CLKINV

Configures whether to invert the clock going into a slice.

Scope: entire site (not individual FFs)

18.1.2 clb-ffsrcemux Fuzzer

CEUSEDMUX

Configures whether clock enable (CE) is used or clock always on

SRUSEDMUX

Configures whether FF can be reset or simply uses D value

XXX: How used when SR?
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18.1.3 clb-lutinit Fuzzer

NLUT.INIT

Sites: CLBL[LM]_[LR].SLICE[LM]_X[01] (all CLB)
Sets the LUT6 INIT property
18.1.4 clb-n5ffmux Fuzzer

N5FFMUX

The ASFFMUX family of CLB muxes feed the D input of ASFF family of FFs

18.1.5 clb-ncy0 Fuzzer

CARRY4.NCYO

The ACYO family of CLB muxes feeds the CARRY4.DIO family

18.1.6 clb-ndiimux Fuzzer

NDI1MUX

Configures the NDIITMUX mux which provides the DI1 input on CLB RAM.
Auvailable selections varies by A/B/C/D, see db for details.
18.1.7 clb-nffmux Fuzzer

NFFMUX

Configures the AFFMUX family of CLB muxes which feed the D input of the AFF series of FFs.
Auvailable selections varies by A/B/C/D, see db for details.

18.1.8 clb-noutmux Fuzzer

[A-D]JFFMUX

Configures the AOUTMUX family of CLB muxes which feed the AMUX family of CLB outputs
Auvailable selections varies by A/B/C/D, see db for details.

18.1.9 clb-precyinit Fuzzer

PRECYINIT

Configures the PRECYINIT mux which provides CARRY4’s first carry chain input
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18.1.10 clb-ram Fuzzer

NLUT.RAM

Set to make a RAM* family primitive, otherwise is a SRL or LUT function generator.

NLUT.SMALL

Seems to be set on smaller primitives.

NLUT.SRL

Whether to make a shift register LUT (SRL). Set when using SRL16E or SRLC32E

WA7USED

Set to 1 to propagate CLB’s CX input to WA7

WASBUSED

Set to 1 to propagate CLB’s BX input to WAS8
WEMUX.CE

18.2 Block RAM (BRAM)

18.2.1 bram-cascades Fuzzer

Missing README.md!

18.2.2 BRAM Configuration

Solves for BRAM configuration bits (18K vs 36K, etc)

18.2.3 BRAM Data

Solves for BRAM data bits

See workflow comments: https://github.com/SymbiFlow/prjxray/pull/180
18.2.4 bram-fifo-config Fuzzer

Missing README.md!
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18.2.5 bram36-config Fuzzer

Missing README.md!

18.3 Input / Output (I0OB)

18.3.1 035a-iob-idelay Fuzzer

Missing README.md!

18.3.2 10B Fuzzer

18.3.3 iob-ilogic Fuzzer

Missing README.md!

18.3.4 iob-ologic Fuzzer

Missing README.md!

18.3.5 iob-pips Fuzzer

Missing README.md!

18.4 Clocking (CMT, PLL, BUFG, etc)

18.4.1 clk-bufg-config Fuzzer

Missing README.md!

18.4.2 BUFG interconnect fuzzer

Solves pips located within the BUFG switch box.

18.4.3 BUFG interconnect fuzzer

Solves pips located within the BUFG switch box.

18.4.4 clk-hrow-config Fuzzer

Missing README.md!
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18.4.5 clk-hrow-pips Fuzzer

Missing README.md!

18.4.6 clk-rebuf-pips Fuzzer

Missing README.md!

18.4.7 HCLK_CMT interconnect fuzzer

Solves pips located within the HCLK_CMT switch box.

18.4.8 hclk-config Fuzzer

Missing README.md!

18.4.9 HCLK IOl interconnect fuzzer

Solves pips located within the HCLK_IOI switch box.

18.4.10 Fuzzer for INT PIPs driving the CLK wires

Run this fuzzer a few times until it produces an empty todo.txt file (make run will run this loop).

18.4.11 Fuzzer for PIPs in HCLK titles

Run this fuzzer once.

It cannot solve HCLK.HCLK_CK_INOUT_* family

18.4.12 MMCM

MMCME2_ ADV in UG953 lists the available attributes.

18.4.13 Clock Management Tile (CMT) - Phase Lock Loop (PLL) Fuzzer

Bits that are part of the dynamic configration register interface (see APPNOTE XAPP888) are handled specially.

18.4.14 cmt-pll-pips Fuzzer

Missing README.md!

52 Chapter 18. Fuzzers


https://www.xilinx.com/support/documentation/sw_manuals/xilinx2017_2/ug953-vivado-7series-libraries.pdf

Project X-Ray Documentation, Release 0.0-2566-gf1fd0c9

18.5 Programmable Interconnect Points (PIPs)

18.5.1 int-imux-gfan Fuzzer

Missing README.md!

18.5.2 int-piplist Fuzzer

Missing README.md!

18.5.3 Fuzzer for bidirectional INT PIPs

Run this fuzzer a few times until it produces an empty todo.txt file (make run will run this loop).

18.5.4 Fuzzer for the FAN_ALT*.BYP_BOUNCE PIPs

This fuzzer solves the FAN_ALT.BYP_BOUNCE PIPs which were occasionally solved incorrectly in 050-pip-seed or
056-pip-rem.

18.5.5 Fuzzer for INT PIPs driving the CTRL wires

Run this fuzzer a few times until it produces an empty todo.txt file (make run will run this loop).

18.5.6 Fuzzer for the FAN_ALT.*GFAN PIPs and BYP_ALT.*GFAN PIPs

This fuzzer solves the FAN_ALT.GFAN PIPs which had collisions with the GFAN PIPs as well as the
BYP_ALT.GFAN PIPs.

18.5.7 Fuzzer for INT PIPs driving the GFAN wires with GND

Run this fuzzer once.

18.5.8 Fuzzer for INT LOGIC_OUTS -> IMUX PIPs

Run this fuzzer a few times until it produces an empty todo.txt file (make run will run this loop).

18.5.9 Fuzzer for the remaining INT PIPs

Run this fuzzer a few times until it produces an empty todo.txt file (nake run will run this loop).

This fuzzer occationally fails (depending on some random variables). Just restart it if you encounter this issue. The
script behind make run automatically handles errors by re-starting a run if an error occurs.
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Solvability

Known issues:

¢ INT.CTRLO: goes into CLB’s SR. This cannot be routed through

Jenkins build 3 (78fa4bd5, success) for example solved the following types:

e INT_L.EE4BEGO0.LH12
INT_L.FAN_ALT1.GFAN1
INT_L.FAN_ALT4.BYP_BOUNCE_N3_3
INT_L.LHO.EE4END3
INT_L.LHO.LV_L9
INT_L.LHO.SS6END3
INT_L.LVB_L12.WW4END3
INT_L.SW6BEGO0.LV_LO

18.5.10 Generic fuzzer for INT PIPs

Run this fuzzer a few times until it stops adding new PIPs to the database.
Sample runs:
* 78fa4bd5
— jenkins 3, success
— intpips: 1 iter, N=200, -m 5 -M 15
— intpips todo final: N/A
— intpips segbits_int_l.db lines: 3374
— rempips todo initial: 279
— rempips todo final (32): 9
* 20e09ca7

jenkins 21, rempips failure

intpips: 6 iters, N=48, -m 15 -M 45

intpips segbits_int_l.db lines: 3364

rempips todo initial: 294
rempips todo final (51): 294
e 1182359f

— jenkins 23, intpips failure

inpips: 12 iters, N=48, -m 15 -M 45

intpips todo final: 495

inpips segbits_int_l.db lines: 5167

rempips todo: N/A
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const0
These show up in large numbers after a full solve. This means that it either has trouble solving these or simply cannot.
Counts from sample run
Includes:
e INT.BYP_ALT*.LOGIC_OUTS* (24)
— Ex: INT.BYP_ALT2.LOGIC_OUTS14
o INT.[INESW]*.LOGIC_OUTS* (576)
— Ex: INT.EE4BEG2.LOGIC_OUTS2
— Ex: INT.ELIBEG_N3.LOGIC_OUTS0
- Ex: INTWRI1BEG3.LOGIC_OUTS2
o INT.IMUX*.* (1151)
— Ex: INT.IMUXO0.NL1ENDO
— Ex: INTIMUXO0.FAN_BOUNCE7
- Ex: INTIMUX14.LOGIC_OUTS7

GFAN

Includes:
* Easily solves: INT.IMUX_L*.GFAN*
e Can solve: INT.BYP_ALT* GFAN*
¢ Cannot solve: INT.IMUX* .GFAN* (solves as “<ml1 0> ")

IMUX

* Okay: BYP_ALT*.VCC_WIRE

¢ Cannot solve: INTIMUX][0-9]+.VCC_WIRE

e Cannot solve: INTIMUX_L[0-9]+.VCC_WIRE
See https://github.com/SymbiFlow/prjxray/issues/383

18.5.11 piplist Fuzzer

Missing README.md!

18.5.12 ppips Fuzzer

Missing README.md!
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18.6 Hard Block Fuzzers

18.6.1 XADC Fuzzer

As of this writing, this fuzzer is not in the ROI To use it, you must run tilegrid first with these options (artix7):

export XRAY_ROI_GRID_Y2=103 export XRAY_ROI="SLICE_X0Y100:SLICE_X35Y149
RAMBI18_X0Y40:RAMBI18_X0Y59 RAMB36_X0Y20:RAMB36_X0Y29 DSP48_X0Y40:DSP48_X0Y59
IOB_X0Y100:I0B_X0Y 149 XADC_X0Y0:XADC_X0Y0” 005-tilegrid$ make monitor/build/segbits_tilegrid.tdb
005-tilegrid$ make

Then run this fuzzer

18.7 Grid and Wire

18.7.1 Tilegrid Fuzzer

This fuzzer creates the tilegrid.json bitstream database. This database contains segment definitions including base
frame address and frame offsets.

Example workflow for CLB

generate.tcl LOCs one LUT per segment column towards generating frame base addresses.
A reference bitstream is generated and then:

* aseries of bitstreams are generated each with one LUT bit toggled; then

* these are compared to find a toggled bit in the CLB segment column; then

* the resulting address is truncated to get the base frame address.

Finally, generate.py calculates the segment word offsets based on known segment column structure

Environment variables

XRAY_ROI

This environment variable must be set with a valid ROI. See database for example values

XRAY_ROI_FRAMES

This can be set to a specific value to speed up processing and reduce disk space If you don’t know where your ROI is,
just set to to include all values (0x00000000:0xffffftf)

XRAY_ROI_GRID_*

Optionally, use these as a small performance optimization:
* XRAY_ROI_GRID_X1
* XRAY_ROI_GRID_X2
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* XRAY_ROI_GRID_Y1
* XRAY_ROI_GRID_Y2
These should, if unused, be set to -1, with this caveat:
WARNING: CLB test generates this based on CLBs but implicitly includes INT

Therefore, if you don’t set an explicit XRAY_ROI_GRID_* it may fail if you don’t have a CLB*_L at left and a
CLB*_R at right.

18.7.2 ordered_wires Fuzzer

Missing README.md!

18.7.3 get_counts Fuzzer

Missing README.md!

18.7.4 dump_all Fuzzer

Missing README.md!

18.8 Timing

18.8.1 timing Fuzzer

Missing README.md!

18.9 All Fuzzers

This fuzzer solves some of the bits in the CFG_CENTER_MID tile The tile contains sites of the following
types: BSCAN, USR_ACCESS, CAPTURE, STARTUP, FRAME_ECC, DCIRESET and ICAP. DCIRESET and
USR_ACCESS don’t really have any parameters. The parameters on CAPTURE and FRAME_ECC don’t toggle
any bits in the bitstream.

18.9.1 dsp-mskpat Fuzzer

Missing README.md!

18.9.2 fifo-config Fuzzer

Missing README.md!

18.9.3 init-db Fuzzer

Missing README.md!
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18.9.4 part-yaml Fuzzer

Missing README.md!

18.9.5 pins Fuzzer

Missing README.md!
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Minitests

Minitests are experiments to figure out how things work. They allow us to understand how to better write new fuzzers.

19.1 CLB_BUSED Minitest

19.1.1 Purpose

Tests for BUSED bit

19.1.2 Result

However got this

seg SEG_CLBLL_R_X13Y101
bit 30_24

seg SEG_CLBLL_R_X13Y100
bit 30_24

which seems to indicate there is no such bit, or it was rolled into PIP stuff already

19.2 clb-carry_cin_cyinit Minitest

Missing README.md!

19.3 clb-configs Minitest

Missing README.md!
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19.4 CLB_MUXF8 Minitest

19.4.1 Purpose

This tests an issue related to Vivado 2017.2 vs 2017.3 changing MUXFS8 behaviorThe general issue is the LUT6_2
cannot be used with a MUXFS (even if OS5 is unused)

19.4.2 General notes:

2017.2: LUT6_2 works with MUXF8

2017.3: LUT6_2 does not work with MUXFS8

All: LUT6 works with MUXF8

All: MUXFS (even with MUXF?7) can be instantiated unconnected

2017.4 seems to behave like 2017.3

19.5 clkbuf Minitest

Missing README.md!

19.6 eccbits Minitest

Missing README.md!

19.7 FIXEDPNR Minitest

19.7.1 Purpose

19.7.2 Result

Preliminary result

19.8 LiteX minitest

This folder contains a minitest for a Linux capable LiteX SoC for Arty board.

There are two variants: for Vivado only flow and for Yosys+Vivado flow. In order to run one of them enter the specific
directory and run make.

The SoC “gateware” files were generated using the command:

./arty.py —-cpu-type vexriscv —--cpu-variant linux --with-ethernet —--no-compile-
—software —--—no-compile-gateware
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19.9 Ivb_long_mux Minitest

Missing README.md!

19.10 nodes_ wires_list Minitest

Missing README.md!

19.11 FASM Proof of Concept using Vivado Partial Reconfig flow

harness.v is a top-level design that routes a variety of signal into a black-box region of interest (ROI). Vivado’s Partial
Reconfiguration flow (see UG909 and UG947) is used to implement that design and obtain a bitstream that configures
portions of the chip that are currently undocumented.

Designs that fit within the ROI are written in FASM and merged with the above harness into a bitstream with
fasm2frame and xc7patch. Since writting FASM is rather tedious, rules are provided to convert Verilog ROI designs
into FASM via Vivado.

19.12 Usage

make rules are provided for generating each step of the process so that intermediate forms can be analyzed. Assuming
you have a .fasm file, invoking the %_hand_crafted.bit rule will generate a merged bitstream:

’make foo.hand\_crafted.bit # reads foo.fasm

19.13 Using Vivado to generate .fasm

Vivado’s Partial Reconfiguration flow can be used to synthesize and implement a ROI design that is then converted
to .fasm. Write a Verilog module that exactly matches the roi blackbox model in the top-level design. Note that
even the name of the module must match exactly. Assuming you have created that design in my_roi_design.v, ‘make
my_roi_design_hand_crafted.bit’ will synthesize and implement the design with Vivado, translate the resulting partial
bitstream into FASM, and then generate a full bitstream by patching the harness bitstream with the FASM. non_inv.v
is provided as an example ROI design for this flow.

19.14 PICORV32-v Minitest

19.14.1 Purpose

Unknown bits CPU synthesis test (Vivado synthesis + Vivado PnR)
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19.14.2 Result

19.15 PICORV32-y Minitest

19.15.1 Purpose

Unknown bits CPU synthesis test (Yosys synthesis + Vivado for PnR)
19.15.2 Result

19.16 pip-switchboxes Minitest

Missing README.md!

19.17 ROI_HARNESS Minitest

19.17.1 Purpose

Creates an harness bitstream which maps peripherals into a region of interest which can be reconfigured.
The currently supported boards are;

* Artix 7 boards;

e Basys 3
Arty A7-35T

* Zynq boards;
Zybo Z7-10

The following configurations are supported;
e SWBUT - Harness which maps a board’s switches, buttons and LEDs into the region of interest (plus clock).
* PMOD - Harness which maps a board’s PMOD connectors into the region of interest (plus a clock).
* UART - Harness which maps a board’s UART

“ARTY-A7-SWBUT” # 4 switches then 4 buttons A8 C11 C10 A10 D9 C9 B9 B8 # 4 LEDs then 4 RGB LEDs (green
only) H5J5 T9 T10 F6 J4 J2 H6

# clock
E3

“ARTY-A7-PMOD” # CLK on Pmod JA G13 B11 A11 D12 D13 B18 A18 K16 # DIN on Pmod JB E15 E16 D15 C15
J17 J18 K15 J15 # DOUT on Pmod JC U12 V12 VIO V11 U14 V14 T13 U13

“ARTY-A7-UART” # RST button and UART_RX C2 A9 # LD7 and UART_TX T10 D10 # 100 MHz CLK onboard
E3

“BASYS3-SWBUT” # Slide switch pins V17 V16 W16 W17 W15 V15 W14 W13 V2 T3 T2 R3 W2 Ul T1 R2 #
LEDs pins Ul6 EI9 U19 VIO W18 U15U14 V14 V13 V3 W3 U3 P3 N3 P1 L1
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# UART
B18 # ins
Al8 # outs

# 100 MHz CLK onboard
W5

“ZYBOZ7-SWBUT” #J15 - UART_RX - JE3 # G15 - SWO0 # K18 - BTNO # K19 - BTN1 J15 G15 K18 K19

# H15 — UART_TX - JEA4

# E17 — ETH PHY reset (active low, keep high for 125 MHz clock)
# M14 - LDO

# G14 - LD2

# M15 - LDI1

# D18 - LD3

# 125 MHz CLK onboard
K17

19.18 Quickstart

source settings/artix7.sh
cd minitests/roi_harness
source arty-swbut.sh

make clean

make copy

19.19 How it works

Basic idea:
e LOC LUTs in the ROI to terminate input and output routing
* Let Vivado LOC the rest of the logic
* Manually route signals in and out of the ROI enough to avoid routing loops into the ROI
 Let Vivado finish the rest of the routes

There is no logic outside of the ROI in order to keep IOB to ROI delays short Its expected the end user will rip out
everything inside the ROI

To target Arty A7 you should source the artix DB environment script then source arty.sh

To build the baseline harness:

./runme.sh

To build a sample Vivado design using the harness:

XRAY_ROIV=roi_inv.v XRAY_FIXED_XDC=out_xc7a35tcpg236-1_BASYS3-SWBUT_roi_basev/fixed_
—noclk.xdc ./runme.sh

Note: this was intended for verification only and not as an end user flow (they should use SymbiFlow)

To use the harness for the basys3 demo, do something like:
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python3 demo_sw_led.py out_xc7a35tcpg236-1_BASYS3-SWBUT_roi_basev 3 2

This example connects switch 3 to LED 2

19.19.1 Result

19.20 Minitests for SRLs

This is a minitest for various SRL configurations.

Uses Yosys to generate EDIF which is then P&R’d by Vivado. The makefile also invokes bit2fasm and segprint

19.21 tiles_wires_pips Minitest

Missing README.md!

19.22 Timing minitest

This minitest uses Vivado to compile a design and extracts the relevant timing metadata from the design, e.g. what are
the nets and how was the design routed.

For each clock path, the final timing is provided for each of the 4 corners of analysis.

From the timing metadata, create_timing_worksheet_db.py creates a worksheet breaking down the inter-
connect timing calculation and generating a final comparision between the reduced model implemented in prjxray and
the Vivado timing results.

19.23 Model quality

The prjxray timing handles most nets +/- 1.5% delay. The large exception to this is clock nets, which appear to use a
table lookup that is not understood at this time.

19.24 Running the model

The provided Makefile will by default compile all examples. It a specific design family is desired, the family name
can be provided. If a specific design within a family is desired, use <family name>_<iter>.

Example:

# Build all variants of the DFF loopback test
make dff

# Build only DESIGN_NAME=dff ITER=63

make dff_63
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19.25 util Minitest

Missing README.md!
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cHAPTER 20

Tools

SymbiFlow/prjxray/tools/

Here, you can find various programs to work with bitstreams, mainly to assist building fuzzers.
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CHAPTER 21

.db Files

21.1 Introduction

This section documents how prjxray represents the bitstream database. The databases are plain text files, using ei-
ther simple line-based syntax or JSON. The databases are located in database/<device_class>/. The settings.sh file
contains some configurations used by the tools that generate the database, including the region of interest (ROI, see

[[Glossary]]).

These “.db” files come in two common flavors:
e segbits_*.db: encodes bitstream bits
* mask_*.db: which bits are used by a segment? Probably needs to be converted to tile

Also note: .rdb (raw db) is a convention for a non-expanded .db file (see below)

21.2 Segment bit positions

Bit positions within a segment are written using the following notation: A two digit decimal number followed by an
underscore followed by a two digit decimal number. For example 26_47.

The first number indicates the frame address relative to the base frame address for the segment and ranges from 00 to
35 for Atrix-7 CLB segments.

The second number indicates the bit position width.

Warning: FIXME: Expand this section. We’ve had a couple questions around this, probably good to get a
complete description of this that we can point people too. This is probably a good place to talk about tile grid and
how it applies to segbit.
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21.3 segbits_*.db

Tag files document the meaning of individual configuration bits or bit pattern. They contain one line for each pattern.
The first word (sequence of non-whitespace characters) in that line is the configuration tag, the remaining words in the
line is the list of bits for that pattern. A bit prefixed with a / marks a bit that must be cleared, a bit not prefixed with a
! marks a bit that must be set.

No configuration tag may include the bit pattern for another tag as subset. If it does then this is an indicator that there
is an incorrect entry in the database. Usually this either means that a tag has additional bits in their pattern that should
not be there, or that /<bir> entries are missing for one or more tags.

These are created by segmatch to describe bitstream IP encoding.

Example lines:

CLB.SLICE_XO0.DFF.ZINI 31_58 * For feature CLB.SLICE_XO0.DFF.ZINI * Frame: 31 * Word: 58 // 32
=1 * Mask: 1 << (58 % 32) = 0x04000000 * To set an actual bitstream location, you will need to adjust
frame and word by their tile base addresses

CLBLL_L.SLICEL_X0.AOUTMUX.A5Q !30_06 !30_08 !30_11 30_07 * A multi bit entry. Bit 30_06
should be cleared to use this feature

INT_L.BYP_BOUNCES.BYP_ALTS always * A pseudo pip: feaure always active => no bits required

CLBLL_L.OH_NO.BAD.SOLVE <const0> * Internal only * Candidate bits exist, but they’ve only ever
been set to O

CLBLL_L.OH_NO.BAD.SOLVE <constl> * Internal only * Candidate bits exist, but they’ve only ever
been set to 1

INT.FAN_ALT4.SS2ENDO <m1 2> 18_09 25_08 * Internal only * segmatch -m (min tag value occur-
rences) was given, but occurrences are below this threshold * ie INT.FAN_ALT4.SS2ENDO occcured
twice, but this is below the acceptable level (say 5)

INT.FAN_ALT4.SS2ENDO <M 6 8> 18_09 25_08 * Internal only * segmatch -M (min tag occurrences)
was given, but total occurrences are below this threshold * First value (6) is present=1, second value (8) is
present=0 * Say -M 15, but there are 6 + 8 = 14 samples, below the acceptable threshold

Related tools:

L]

segmatch: solves symbolic constraints on a bitstream to produce symbol bitmasks

dbfixup.py: internal tool that expands multi-bit encodings (ex: one hot) into groups. For example:
* rdb file with one hot: BRAM.RAMBI8_Y1.WRITE_WIDTH_A_18 27_267 * .db: file expanded:
BRAM.RAMBI18_Y1.WRITE_WIDTH_A_18 127_268 127_269 27_267

parsedb.py: valides that a database is fully and consistently solved * Optionally outputs to canonical form
* Ex: complains if constO entries exist * Ex: complains if symbols are duplicated (such as after a mergedb
after rename)

mergedb.sh: adds new bit entries to an existing db * Ex: CLB is solved by first solving LUT bits, and then
solving FF bits

21.3.1 Interconnect PIP Tags

Tags for interconnect PIPs are stored in the segbits_int_Il.db and segbits_int_r.db database files.

Tags that enable interconnect P/Ps have the following syntax: <tile_type>.<destination_wire>.<source_wire>.

The <tile_type> may be INT_L or INT_R. The destination and source wires are wire names in that tile type. For
example, consider the following entry in segbits_int_l.db: INT_L.NLIBEGI.NN6END2 07_32 12_33
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Warning: FIXME: This is probably a good place to reference tileconn as the documentation that explains how
wires are connected outside of switchboxes (which is what pips document).

This means that the bits 07_32 and 72_33 must be set in the segment to drive the value from the wire NN6END?2 to
the wire NLIBEG].

21.3.2 CLB Configurations Tags

Tags for CLB tiles use a dot-separated hierarchy for their tag names. For example the tag
CLBLL_L.SLICEL_XO0.ALUTINIT[00] documents the bit position of the LSB LUT init bit for the ALUT for
the slice with even X coordinate within a CLBLL_L tile. (There are 4 LUTs in a slice: ALUT, BLUT, CLUT, and
DLUT. And there are two slices in a CLB tile: One with an even X coordinate using the SLICEL_X0 namespace for
tags, and one with an odd X coordinate using the SLICEL_XI namespace for tags.)

21.4 ppips_*.db

Pseudo PIPs are PIPs in the Vivado tool, but do not have actual bit pattern. The ppips_*.db files contain information on
pseudo-PIPs. Those files contain one entry per pseudo-PIP, each with one of the following three tags: always, default
or hint. The tag always is used for pseudo-PIPs that are actually always-on, i.e. that are permanent connections
between two wires. The tag default is used for pseudo-P/Ps that represent the default behavior if no other driver has
been configured for the destination net (all default pseudo-PIPs connect to the VCC_WIRE net). And the tag hint is
used for PIPs that are used by Vivado to tell the router that two logic slice outputs drive the same value, i.e. behave
like they are connected as far as the routing process is concerned.

21.5 mask_*.db

These are just simple bit lists
Example line: bit 01_256
See previous section for number meaning

For each segment type there is a mask file mask_<seg_type>.db that contains one line for each bit that has been
observed being set in any of the example designs generated during generation of the database. The lines simply
contain the keyword bit followed by the bit position. This database is used to identify unused bits in the configuration
segments.

21.6 .bits example

Say entry is: bit_0002050b_002_05
2 step process: * Decode which segment * Decode which bit within that segment
We have: * Frame address 0x0002050b (hex) * Word #: 2 (decimal, 0-99) * Bit #: 5 (decimal, 0-31)

The CLB tile and the associated interconnect switchbox tile are configured together as a segment. However, config-
uration data is grouped by segment column rather than tile column. First, note this segment consists of 36 frames.
Second, note there are 100 32 bit words per frame (+ 1 for checksum => 101 actual). Each segment takes 2 of those
words meaning 50 segments (ie 50 CLB tiles + 50 interconnect tiles) are effected per frame. This means that the
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smallest unit that can be fully configured is a group of 50 CLB tile + switchbox tile segments taking 4 * 36 * 101 =
14544 bytes. Finally, note segment columns are aligned to 0x80 addresses (which easily fits the 36 required frames).

tilegrid.json defines addresses more precisely. Taking 0x0002050b, the frame base address is 0x0002050b &
0xFFFFFF80 => 0x00020500. The frame offset is 0x0002050b & 0x7F => 0x0B => 11.

So in summary: * Frame base address: 0x00020500 * Frame offset: 0xOB (11) * Frame word #: 2 * Frame word bit
#5

So, with this in mind, we have frame base address 0x00020500 and word # 2. This maps to tilegrid.json entry
SEG_CLBLL_L_X12Y101 (has “baseaddr”: [*“0x00020600”, 2]). This also yields “type”: “clbll_1” meaning we are
configuring a CLBLL_L.

Warning: FIXME: This example is out of date with the new tilegrid format, should update it.

Looking at segbits_clbll_l.db, we need to look up the bit at segment column 11, offset at bit 5. However,
this is not present, so we fall back to segbits_int_l.db. This yields a few entries related to ELIBEG (ex:
INT_L.EL1BEG_N3.EL1ENDO 11_05 13_05).

72 Chapter 21. .db Files



CHAPTER 22

Jjson Files

22.1 Introduction

This section documents how prjxray represents FPGA fabric. Its primarily composed of two files:
* tilegrid.json: list of tiles and how they appear in the bitstream
* tileconn.json: how tiles are connected together
General notes:
* prjxray created names are generally lowercase, while Vivado created names are generally uppercase

* _land _r entries are generally identical, but probably represent different physical IP block layouts

22.2 tilegrid.json

The file tilegrid.json contains lists of all tiles in the device and the configuration segments formed by those tiles. It
also documents the membership relationship of tiles and segments.

For each segment this contains the configuration frame base address, and the word offset within the frames, as well as
the number of frames for the segment and number of occupied words in each frame.

Warning: FIXME: We should cross link to how to use the base address and word offset.

For each tile this file contains the tile type, grid X/Y coordinates for the tile, and sites (slices) within the tile.
This section assumes you are already familiar with the 7 series bitstream format.
This file contains two elements:

* segments: each entry lists sections of the bitstream that encode part of one or more tiles

e tiles: cores
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22.2.1 segments

Segments are a prjxray concept.
Each entry has the following fields:

* baseaddr: a tuple of (base address, inter-frame offset)

* frames: how many frames are required to make a complete segment

* words: number of inter-frame words required for a complete segment

* tiles: which tiles reference this segment
e type: prjxray given segment type

Sample entry:

"SEG_CLBLL_IL_X16Y149": {

"baseaddr": [
"0x00020800",
99

1,

"frames": 36,

"tiles": [
"CLBLL_I_X16Y149",
"INT_I_X16Y149"

J 14

"type": "clbll_1",

"words": 2

}

Interpreted as:
* Segment is named SEG_CLBLL_L_X16Y149
* Frame base address is 0x00020800
* For each frame, skip the first 99 words loaded into FDRI

* Since its 2 FDRI words out of possible 101, its the last 2 words

* It spans across 36 different frame loads

¢ The data in this segment is used by two different tiles: CLBLL_L_X16Y149, INT_L_X16Y149

Historical note: In the original encoding, a segment was a collection of tiles that were encoded together. For example,
a CLB is encoded along with a nearby switch. However, some tiles, such as BRAM, are much more complex. For
example, the configuration and data are stored in seperate parts of the bitstream. The BRAM itself also spans multiple

tiles and has multiple switchboxes.

22.2.2 tiles

Each entry has the following fields:
 grid_x: tile column, increasing right

* grid_y: tile row, increasing down

e segment: the primary segment providing bitstream configuration

* sites: dictionary of sites name: site type contained within tile

* type: Vivado given tile type

74

Chapter 22. .json Files




Project X-Ray Documentation, Release 0.0-2566-gf1fd0c9

Sample entry:

"CLBLL_L_X16Y149": {
"grid_x": 43,
"grid_y": 1,

"segment": "SEG_CLBLL_I_X16Y149",
"sites": {
"SLICE_X24Y149": "SLICEL",
"SLICE_X25Y149": "SLICEL"
}I
"type": "CLBLL_L"

Interpreted as:
¢ Located at row 1, column 43
* Is configured by segment SEG_CLBLL_L_X16Y149
¢ Contains two sites, both of which are SLICEL
e A CLBLL_L type tile

22.3 tileconn.json

The file tileconn.json contains the information how the wires of neighboring tiles are connected to each other. It
contains one entry for each pair of tile types, each containing a list of pairs of wires that belong to the same node.

Warning: FIXME: This is a good place to add the tile wire, pip, site pin diagram.

This file documents how adjacent tile pairs are connected. No directionality is given.
The file contains one large list. Each entry has the following fields:

» grid_deltas: (x, y) delta going from source to destination tile

* tile_types: (source, destination) tile types

» wire_pairs: list of (source tile, destination tile) wire names

Sample entry:

{
"grid_deltas": [
0,
1
JI
"tile_types": [
"CLBLL_L",
"HCLK_CLB"
1,
"wire_pairs": [
[
"CLBLL_LL_CIN",
"HCLK_CLB_COUTO_L™"
]I
[

(continues on next page)
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(continued from previous page)

"CLBLL_L_CIN",
"HCLK_CLB_COUT1_L"

}

Interpreted as:
* Use when a CLBLL_L is above a HCLK_CLB (ie pointing south from CLBLL_L)
¢ Connect CLBLL_L.CLBLL_LI_CIN to HCLK_CLB.HCLK_CLB_COUTO_L
e Connect CLBLL_L.CLBLL_L._CIN to HCLK_CLB.HCLK_CLB_COUTI1_L

* A global clock tile is feeding into slice carry chain inputs
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