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Hoffman is a program to solve chess endgames using retrograde analyib is much different from conventional
computer chess programs. Retrograde analysis is only useful in tharaadguns very slowly, and produces enormous
amounts of data. Its great advantage lies in its ability to completely solve theraadgaa very real sense, a retrograde
engine has no “move horizon” like a conventional chess engine. lteseggthing. For those not up on Americana, the
program is named after Trevor Hoffman, an All Star baseball pitcheraplegializes in “closing” games. It was written
specifically for The World vs. Arno Nickel game.

Hoffman uses XML extensively both for configuring its operation andldibeling the resulting tablebases. In fact, a
completed Hoffman tablebase (typically in aht b file) is just agzi p-ed file that contains an XML prefix followed
by binary tablebase data (in a format specified by the XML). Basically, émadp Hoffman, you write an XML file that
specifies the analysis you want done, then feed it to the program. Astpiifpoduces a modified version of the XML
input that includes binary tablebase data appended at the end.

1 Hoffman and Pawngen

A single Hoffman tablebase contains a fixed humber and type of pieced) wéuicbe placed onto different squares of
the chessboard. For example, a “kgkp” tablebase typically containssailpe chess positions that can be formed using
a white king and queen as well as a black king and pawn. It doesontain any positions that contain just a black
king without a black pawn. Captures, promotions, and movements outsidgietes allowed squares are handled by
consulting other tablebases, calfeturebases, which must already exist. Itis also possible to handle such moves without
futurebases bpruning them.

Creating and managing an interlinked set of tablebase control files cantbalgunting. Hoffman includes an auxiliary
program called “pawngen” to aid in this process. Pawngen takes améofformat XML control file as input, considers
all possible tablebases that can result, and outputs a directory full mfctiyrinterlinked XML control files, ready

for Hoffman, along with a UNIX standard makefile to construct them in th@@rarder. Pawngen currently accepts
only a subset of Hoffman’s XML syntax — noocat i on attributes are allowed on any non-pawns, and pawns must
havel ocat i on attributes specifying a specific starting square followed by a plus sign.nggawdoes understand

f ut ur ebase andpr une elements, and will use them to truncate its analysis and thus limit the number catehe
control files. Also, pawgen understands gamwngen- condi t i on attribute onpr une elements, which can be used
to prune more selectively than otherwise possible.

Put simply, pawngen considers individual pawn formations and pawns{owauding captures and promotions), while
allowing the other pieces to move freely around the board. Hoffman, ontkiee band, can only consider one set of
pieces at a time, requiring futurebases to handle captures and promdarisermore, for Hoffman to compute the
complicated changes in pawn formation that can result from various eapiuwuld require fairly unrestricted pawn
locations that would produce prohibitively large tablebases.



Unlike Hoffman, which is written in C, pawngen is a Perl script, so you must H2erl installed (along with its
XML: : Li bXM. module) in order to use it. Calling Hoffman in the correct order on a direatontaining hundreds
of control files is a job for “make”. Both Perl and make are fairly standard_inux and other UNIX variants. On
Microsoft systems, I've used the cygwin distribution (which includes botlygams) successfully.

2 Paralld Processing with Hoffman

A Hoffman analysis can be quite compute-intensive. The program caarbpiled to use POSIX threads (if available),
with the number of threads specified at run-time using-theoption. The program is also designed to use multiple
computers in parallel, all working simultaneously on an analysis. This is adistrag by breaking the analysis up into
smaller pieces, each with its own XML configuration file. The primary suppartided by the program is the ability

to use URLs instead of filenames to reference tablebases, allowing tasdbdse stored on a server accessable over a
network. A basic Perl CGI scriphof f man. cgi ) is provided which, when installed on a web server and supplied with
a directory full of Hoffman XML files, will hand them out in the proper orde Hoffman clients for processing.

3 Propagation tables

A Hoffman analysis can also be quite space-intensive. Since its memory utitipatitern is basically random, Hoffman
will begin to swap dramatically and suffer a disastrous drop in performance its working set size exceeds the ma-
chine’s available memory. To alleviate this, the program can be operated ideawiere it fills a series giropagation
tables, writing each one out to disk when full, then reads them back in sequentiailygithe next pass. Although less
efficient than when the working set can be contained in memory, propadaktes allow the program to build tablebases
of essentially unlimited size with no swapping and reasonable CPU utilization.ndide is activated at run-time by
specifying the size of the propagation tables (in MB) with theswitch. Temporary files will be written to the current
directory.

For example, the commarttbf fman -g -t 2 -P 1024 kqgkqqg. xm will trigger a Hoffman generation run
with two threads, using one gigabyte (1024 megabytes) of memory.



4 XML Syntax

The root XML element in a Hoffman tablebase is alwagtsabl ebase>. Its only attribute ¢f f set ) is added by
the program, should not be supplied by the user, and indicates a haratlbgte-offset into the file where the binary
tablebase data begins.

Within a <t abl ebase> the following elements may occur in the listed order (deprecated elements dbdtestiare
not documented):

4.1 <prune-enabl e col or="white| bl ack" type="concede|di scard"/>

Specifies which kinds of pruning elements will be allowed in this tablebase arfidtute€bases. Both attributes are
required.concede means wins may be conceded to the named cdioscar d means moves by the named color may
be discarded. At most o une- enabl e can be specified for each color. ldo une- enabl e element is required,
however, nopr une elements are allowed without one and no futurebases may possess atightiona- enabl e
elements beyond those specified for the current tablebase.

4.2 <variant nane="nornmal | sui cide"/>

The optionakvar i ant > element specifies which version of the rules of chess apply to this tablebase

Default: nor nal

4.3 <index type="naive| naive2|si npl e|] conpact| no-en- passant | conbi nadi c
| combi nadi c2| conbi nadi ¢c3" symetry="1| 2| 4| 8"/ >

The<i ndex> element specifies the algorithm that will be used to compute the index numbeestabtbbase; i.e, the
algorithm that will convert board positions into tablebase offsets and sy It typically is not specified by the user
(but can be).

nai ve uses2"*! indices to store positions far pieces. It assigns a single bit for the side-to-move flag, then assigns
6 bits to each piece, which is used to encode a number from 0 to 63, indicatipgette’s position on the board.

nai ve?2 Differs fromnai ve in its handling of multiple identical pieces, which it stores as a base and at,dfias
saving a single bit. Currently, only pairs of identical pieces are handl&daberror will result if there are more
than two identical pieces.

si npl e Like nai ve, but only assigns numbers to squares that are legal for a particuler fkever to compute than
nai ve, but more compact for tablebases with lots of movement restrictions on thespiec

conpact A combination of the delta encoding used for identical piecesainve?2, the encoding of restricted pieces
used insi npl e, plus a paired encoding of the kings so they can never be adjacent.

no- en- passant An enhancement afonpact that uses the paired encoding scheme for pawns restricted to the
same file. Since they can never pass each other, we can encode thahegsiiére an identical pair, then assign
their colors in the same order they were originally specified. En passaiificagtly complicates this and can not
be handled with this scheme.



combi nadi ¢ An enhancement afiai ve2 that can encode more than two identical, overlapping pieces by using a
combinadic encoding scheme (see the wikipedia page “Combinatorial nuygiems).

conbi nadi c2 Like conbi nadi c, but later pieces wholly contained within the semilegal range of earlier pegees
encoded using fewer positions. Piece order is significant. No attempt istmaelduce the encoding of pawns.

conbi nadi c3 Like conbi nadi c2, but pawn encodings are also reduced, by reducing its encoding (vaitie
en-passant factored in), while using its board position to reduce othersie

The optionalsymret r y attribute can be used to encode multiple positions using a single entry, but its wdjignds
upon the exact analysis being done. A tablebase with no pawns and noervestrictions can be encoded with 8-way
symmetry, since the board can be rotated about a horizontal, vertical,gomdiaaxis without affecting the behavior
of the pieces. A tablebase with pawns can utilize at most 2-way symmetry,@ihca reflection about a vertical axis
preserves piece behavior. A tablebase with restrictions on the posititims pieces (say, frozen pawns) can not use any
symmetry at all. Not all symmetries are compatible will all index types; for exan8pleay symmetry can not be used
with nai ve or nai ve2 index types.

Default: combi nadi ¢3 with automatically selected symmetry

4.4 Tablebase format

The next three elements specify the format of the tablebase entries. Abnest them can be specified.

<dt m bi t s=integer/ > specifies alistance to mate metric occupying either one or two bytes. Zero is used for draws,
-1 is used for positions where the moving side is checkmated, and 1 is uspdsitions where the moving side can
capture the opposing king, so an eight bit dtm field can record mate-in ciestaip to 126. If a field size is not specified,
it is selected automatically.

<basi c/ > specifies @itbase where two bits are used for each position, and no distance information éslsteronly
an indication of the ultimate outcome (win, lose, or draw). Such a format is nwnpact and requires less time to
generate, but requires more effort to use, since care must be takariddaops when following winning lines.

<flag type="white-w ns|white-draws"/ > specifies dithase where only a single bit is used for each posi-
tion.

Default: DTM with automatically selected field size.

45 <piece col or="white|black" type="king| queen]|rook| bi shop| kni ght| pawn"
| ocat i on="string" i ndex-ordering="reverse"/>

Multiple pi ece elements are used to specify the chess pieces present in the tablatlase.andt ype are required
and should be obvious. The orderingmfece elements is significant in that it directly affects the index algorithm, but
there is no user-visible effect of the ordering.

The optionall ocat i on attribute restricts the board positions available to this piece. It should be & $iguiares, in
algebraic notation, on which the piece is to be allowed. A single square resaltompletely frozen piece. In addition,
pawns may use an additional syntax consisting of a single starting squlaweei by a plus sign, indicating that the
pawn may move forward as far as possible. This can be used, for exdamfaeate a black pawn dha7+ and a white
pawn on" a2+" , indicating that both can move forward, but they can not “pass” eadr.oth



The optioni ndex- or deri ng="r ever se" attribute may be specified to indicate that the board positions should be
indexed in reverse order. At some point, this may be used to optimize fuserddzack-propagation, for example, by
reverse indexing a queen so that the last row comes first. Currently dailgss.

46 <futurebase fil enanme="dring" url ="string" col ors="i nvert"/>

One or more futurebases may be specified with this element. Eithiek @anane or aur| may be specified (not both)
to locate a futurebase, which must be another Hoffman tablebase. It entedabed to the current tablebase in one of the
following ways:

It has exactly the same piece configuration as the current tablebasmreggbonds to movement by one of the restricted
pieces, i.e, the current tablebase has a white pawn frozed amd the futurebase has a white pawn frozeebn

It has exactly the same piece configuration as the current tablebag# thatea single piece is missing, i.e, a capture
occurred.

It has exactly the same piece configuration as the current tablebag# thatea single pawn has been replaced with a
knight, bishop, rook or queen, i.e, a pawn promoted.

It has exactly the same piece configuration as the current tablebag# thatea single pawn has been replaced with a
knight, bishop, rook or queen, and a single non-pawn of the oppostelws been removed, i.e, a pawn captured
and promoted in the same move.

The optioncol or s="i nvert" attribute may be specified to indicate that the piece colors of the futurebasiel &ie
inverted as it is processed. This precludes the need to calculate, shiglzat®e with a white queen and a black rook
as well as a tablebase with a black queen and a white rook. The first maetdwith this option) as a futurebase to
calculate a tablebase with two white rooks and a black queen.

Note: Any futurebas@r une- enabl e elements must be a subset of the current tablebpse’ae- enabl e elements.

Note: The onlyur | scheme currently supported for this elemerittip.

4.7 <prune col or="whi te| bl ack” nobve="string" type="concede| di scard"
pawngen- condi t i on=" perl-expression”/ >

Futuremoves not handled by specifying futurebases must be pruimegdare or more of these elements, or an error
will result. All three attributes are required. Th®ve is specified using regular expression syntax to match a move
in a subset of standard algebraic notation. All of the following strings saenples of legahove strings in apr une
element:Pe5, P=Q RxQ PxR=Q The following regular expressions would all mat&td: Kd?, K?4, K[ a- d] 4, K«.

Thet ype attribute specifies what should be done with matching moves: treated as wines fooving sidedoncede),

or completely ignoreddi scar d). If multiple pr une elements match a particular move, it is a warning if they have the
samet ype, a fatal error if theitt ypes differ.

A single pr une element may be specified withove="st al emat e" andt ype="concede". In this case, the
col or attribute indicates to which side stalemates should be conceded as wins.

The optionalpawngen- condi t i on attribute is not allowed directly by Hoffman, but can be present on cofikesl

input to pawngen. It specifies a Perl expression to be tested on eattlop@onsidered by pawngen — i.e, every
distinct pawn formation with an associated set of non-pawn pieces. Tine gtatement will be included in the result-
ing Hoffman control file only if the Perl expression evaluates true. ThedX@ression is evaluated in the following



context: @vhi t e _pi eces is an array of one-character strings listing the non-pawn white pieces,"ik&,, " Q') ;
@nhi t e_pawns is an array of two-character strings listing the board squares of the vebitegpi.e("a4", "c6");
and likewise for@l ack _pi eces and@l ack_pawns. This context may change slightly in future releases.

Note: If a pr une element is specified for a futuremove handled by a futurebase, thenttinelfase takes precedence.
However, this case is handled by tracking every futuremove in everigrgsso it is possible to specify futurebases that
handle a subset of the possible futuremoves, thepus@e elements to handle the rest by default.

Note: pr une elements are only allowed if they matctpaune- enabl e element. If nopr une- enabl e elements
were specified, then n@r une elements will be permitted.

4.8 Generation Controls

These elements are all optional, bubifit put is not specified, an output filename must be specified on the command
line using the- o switch.

481 <output filename="string" url ="string"/>

At most a singleout put element should be used, with eithef ial enare or aur| (but not both), to specify where
the finished tablebase should be written.

Note: The onlyur | scheme currently supported for this elemerittip.

482 <conpl etion-report url="sgring"/ >
<error-report url="string"/ >

If this is specified, the tablebase’s XML prefix (without the tablebase daithe written to a URL upon either a
successful or error termination of the program. This capability (along wéhatiility to be read and write tablebase
URLSs) is intended to aid the construction of Hoffman tablebases using a disttibluster.

Note: In an error termination, every attempt will be made to &édr or > elements to the XML indicating the cause of
the problem.

Note: The onlyur | scheme currently supported for these elemertts tsp.



49 <tablebase-statistics> ...

This element is added by the program and should not be specified in thelirgontains statistics relating to the finished

tablebase.

Element

</t abl ebase-statistics>

Interpretation

i ndi ces
PNTM mat ed- posi ti ons

| egal - positions
st al emat e- positions
whi t e-wi ns-positions
bl ack-wi ns- positions
f or war d- noves

f ut ur enpves

max- dt m
m n-dt m

410 <generation-statistics> ...

This element is added by the program and should not be specified in thelingmntains statistics relating to the program

Total number of entries in the uncompressed tablebase

Total number of positions in whicplayer not-to-move is mated; i.e, illegal
positions in which a kind can be immediately captured

Total number of legal positions; i.e, total number of entries, minus illegal en-
tries where two pieces occupy the same space, minus PNTM-mated positions
Stalemate (not draw by repetition) positions

Positions from which White can force a win

Positions from which Black can force a win

Total number of forward moves from positions in this tablebase (including
futuremoves)

Total number of forward moves from positions in this tablebase into future-
bases or pruned

Largestdistance to mate of all positions in this tablebase

Smallestistance to mate of all positions in this tablebase, i.e, a negative num-
ber indicating the longest forced loss

</ generation-statistics>

run that generated the tablebase.

Element Interpretation
host Hostname of system that generated the tablebase
pr ogram Name and version of the program that generated the tablebase
args Command line used for the generation run

start-tine
compl etion-tinme
user-tine
systemtinme
real -tine
page-faults

page-recl ai nms
proptable-wites

proptable-wite-tine
pass

Time the program run initially started

Time the program run finally ended

CPU time used by the run in user space

CPU time used by the run in system calls

Wall clock time used by the run

Number of times the program had to wait for a memory page to be swapped in
from disk

Number of times the program reclaimed a page from the free list; this will
typically be program instruction pages

If proptables are in use, the number of proptables written to disk

If proptables are is use, the total real time required for all proptable writes
Per-pass statistics, includimggal - t i me anduser-ti nme



5 Some Confusing Error Messages

5.1 Doubled pawns must (currently) appear in board order in piecelist

Currently, doubled pawns using “plus” locations (dxocat i on="a2+") on the same file must have thegir ece
elements listed in the XML in the order that the pawns appear on the boardjrgpin algebraic notation from row 1 to
row 8. | mean, row 2 to row 7.

5.2 Piecerestrictionsnot allowed with symmetric indices (yet)

You can't specify an ndex symmet ry attribute and also specifyi ece | ocat i on attributes, even if the restric-
tions on the piece locations might be compatible with the requested symmetry.

5.3 Non-identical overlapping piecerestrictions not allowed with thisindex type

For thenai ve, nai ve2, andsi npl e index types, you can'’t specify two identical pieces with differeatat i on
restrictions unless those restrictions are completely distinct. For exampleaydihave a free white rook and another
white rook restricted to the a-file. If you think about it, this situation would alloe/rioks to “trade places” — both
could move to the a-file and then either one could move off. The simpler indes ©5gn’'t handle this situation. You
could, however, have a white rook restricted to the a-file and anotheicted to the d-file (or use a more sophisticated
index type, likeconpact ).

5.4 Futurebase doesn’t match prune-enables!

Remember that futurebape une- enabl e elements must be a subset of the current tablebpseiae- enabl es.

5.5 Nofuturebaseor pruningfor ...
Futuremovesnot handled ...

If one or more futuremoves are not handled by specifying either a tigseeor a prune statement, then a fatal error will
result either immediately or after the initialization pass. To aid in diagnosis, theragssage includes the FEN of the
offending position.



