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Hoffman is a program to solve chess endgames using retrograde analyik 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 theraad@jaa very real sense, a retrograde
engine has no “move horizon” like a conventional chess engine. Iteseggthing. For those not up on Americana, the
program is named after Trevor Hoffman, an All Star baseball pitchersplegializes in “closing” games. It was written
specifically for The World vs. Arno Nickel game.

Hoffman uses XML extensively both for configuring its operation andldbeling 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, évaip Hoffman, you write an XML file that
specifies the analysis you want done, then feed it to the program. Astpiifproduces 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 number and type of pieced) wéuicbe placed onto different squares of
the chessboard. For example, a “kgkp” tablebase typically containssaitpe 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 outsidgiefels allowed squares are handled by
consulting other tablebases, calfaturebases, 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 amiofformat XML control file as input, considers
all possible tablebases that can result, and outputs a directory full afctigrinterlinked XML control files, ready

for Hoffman, along with a UNIX standard makefile to construct them in the@@r@rder. 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.ndgawdoes understand

f ut ur ebase andpr une elements, and will use them to truncate its analysis and thus limit the number catghe
control files.

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 botlymams) successfully.



2 Parallel Processing with Hoffman

A Hoffman analysis can be quite compute-intensive. The program caorbgiled 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 suppavided by the program is the ability
to use URLs instead of filenames to reference tablebases, allowing taddbdse stored on a server accessable over
a network. A basic Perl CGI scriph¢f 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 properder to Hoffman clients for processing.
Unfortunately, the process of creating those multiple interlinked XML files nesriargely unautomated at this time.

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 idewtlere it fills a series qdropagation
tables, writing each one out to disk when full, then reads them back in sequentigilygithe next pass. Although less
efficient than when the working set can be contained in memory, propadalkites allow the program to build tablebases
of essentially unlimited size with no swapping and reasonable CPU utilization.ndwe is activated at run-time by
specifying the size of the propagation tables (in MB) with tlieswitch.

Note: If you're using proptables, performance will be abysmal unless yeaigpanodul us attribute to the ndex
element.



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="whi te| bl ack"” type="concede| di scard"/>

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

4.2 <index type="naive| naive2| sinpl e| conpact | no-en-passant”
symret ry="1| 2| 2- way| 4| 8| 8-way" nodul us="aut o] integer"/ >

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 @say

nai ve uses2"*! indices to store positions for 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, indicatipiette’s position on the board.

nai ve2 Differs fromnai ve in its handling of multiple identical pieces, which it stores as a base and at,dffas
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 @ksver to compute than
nai ve, but more compact for tablebases with lots of movement restrictions on thespiec

compact A combination of the delta encoding used for identical piecasinve2, 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 theahregsiére an identical pair, then assign
their colors in the same order they were originally specified. En passaificagtly complicates this and can not
be handled with this scheme.

The optionalsynmet r y attribute can be used to encode multiple positions using a single entry, but its wjignds
upon the exact analysis being done. A tablebase with no pawns and nengmveestrictions can be encoded with
8- way (alias8) symmetry, since the board can be rotated about a horizontal, verticaéhgamal axis without affecting
the behavior of the pieces. A tablebase with pawns can utilize atZregy (alias2) symmetry, since only a reflection
about a vertical axis preserves piece behavior. A tablebase with tiesision the positions of the pieces (say, frozen
pawns) can not use any symmetry at al.(Not all symmetries are compatible will all index types; for example, 8-way
symmetry can not be used witlai ve or nai ve2 index typesDefault: no symmetry



The optionalnodul us attribute, which if specified should be eithent o or a prime number (the program complains
if it's composite), indicates that the computed index should be inverted in a fieite(fnodulo the specified number)
to obtain the actual index. While time consuming, this step has the effect dfisuhe indices in a pseudo-random
fashion, and should be used if proptables are in use in order to optimizepénation of the library sort. This also
produces larger tablebases, since a pseudo-random distribution ofmpasitions impedes the operation of thei p
compression algorithmaut o simply rounds the highest index up to the next prime number; there really isasom
anymore to specify a specific primBefault: no inversion

43 <format> ... </format>

This element specifies the format of the tablebase entries. It has no a#iribuntk must contain exactly one of the
following two elements:

<dt m bi t s=" 8| 16"/ > 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 a one byte dtm can record mate-in distgm¢esl@6. A two byte dtm has no such
(practical) limitation.

<flag type="white-w ns|white-draws"/ > specifies dithase where only a single bit is used for each posi-
tion, and no distance information is stored — only an indicator of the ultimate outc®und a format is more compact
and requires less time to generate, but requires more effort to usecaneamust be taken to avoid loops when following
winning lines.

Note: Bitbases have been rarely used and remain poorly tested.

Default: 8-bit DTM.

4.4 <piece color="white|black" type="king| queen|rook| bi shop| kni ght| pawn"
| ocat i on="string"/ >

Multiple pi ece elements are used to specify the chess pieces present in the tabetlase.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 & $iguares, in
algebraic notation, on which the piece is to be allowed. A single square rgsaltompletely 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 examfueate a black pawn dha7+ and a white
pawn on" a2+" , indicating that both can move forward, but they can not “pass” ead.oth

45 <futurebase fil ename="string" url ="string" col ors="invert"/>

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 tablebas®reggbonds to movement by one of the restricted
pieces, i.e, the current tablebase has a white pawn frozed and 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 opposttetws 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 e
inverted as it is processed. This precludes the need to calculate, shiglzate with a white queen and a black rook
as well as a tablebase with a black queen and a white rook. The first maetidwith 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.

4.6 <prune col or="white| bl ack” nove="string" type="concede|di scard"/>

Futuremoves not handled by specifying futurebases must be pruimggdare 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&d: Kd?, K?4, K[ a- d] 4, K«.

Thet ype attribute specifies what should be done with matching moves: treated as wins 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 witiove="st al emat e" andt ype="concede". In this case, the
col or attribute indicates to which side stalemates should be conceded as wins.

Note: pr une elements are only allowed if they matctpaune- enabl e element. If nopr une- enabl e elements
were specified, then nor une elements will be permitted.

4.7 <generation-controls> ... </ generati on-control s>

This optional element has no attributes and contains one or more of the fallswinelements, in no particular order:

4.7.1 <output fil ename="string" url ="string"/ >

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

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



4.7.2 <conpletion-report url="string"/>
<error-report url="gring"/ >

Optionally, the tablebase’s XML prefix (without the tablebase data) carritiemwto a URL upon either a successful or
error termination of the program. This capability (along with the ability to be reddnaite tablebase URLS) is intended
to aid the construction of Hoffman tablebases using a distributed cluster.

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

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

473 <entries-format> ... </entries-formt>

This optional element controls the internal format used to store a tablebagsg ds construction. It contains a number
of entities, each corresponding to a structure field, all of which admit at tha attributedi t s andof f set, which
specify, respectively, the number of bits occupied by the field and thésfadfdet relative to the beginning of a tablebase
entry. of f set is optional and, if not specified, will be computed using an algorithm to asigfs to empty slots,
though ifof f set is specified in one element, it must be specified in all of thbit. s is usually required, except for
single-bit-only fields. The total number of bits required must be a powstnofoyte boundary, i.e, 8, 16, 32, 64. The
entities are:

dt m Exactly as specified in thieor nat .

fl ag Single-bit-only field. Exactly as specified in ther nat . At ype attribute (as irf or mat ) must be specified.
Should be specified instead otla mfield if a bitbase is being constructed.

nmovecnt Used to count the number of possible moves from a given position. Hasdserved values, and must be
able to count down to zero, so arbit novecnt allows positions with up t@™ — 5 moves. If 8-way symmetry is
in use, then many positions require their moves to be counted twice, effgdtaleing that number. If positions
exist with too many possible moves to fit imt@vecnt , a fatal error will result during tablebase initialization.

| ocki ng-bi t Single-bit-only field. Optional, but recommended if running multi-threaded. wlondividual table-
base entries to be locked. Without it, a global lock must be used to regutdssato the entries table, which can
adversely affect performance, but probably not as much as douhkngjze of the entries table if that is the only
way to create a free bit.

Default: <entries-formmt>
<dtm bits="8" offset="0"/>
<nmpvecnt bits="7" offset="9"/>
<l ocking-bit offset="8"/>
</entries-format>

Note: Changingent ri es-f or mat requires the program to be recompiled with a differeat mat s. h file, which
the program will print as it terminates with a fatal error.

Example: A good example of how to use this element is found in the staridapdkp tablebase, which has a maximum
distance to mate of 128, and therefore requires a @thifield (unfortunately, there’s no way to know this in advance).
This can be achieved within a 2-byeat ri es- f or mat by stealing a bit from th@ovecnt field, leaving it with 6

bits for a possibl@% — 5 = 59 movements. Since a king can have no more than 8 movements, and a pawneao ha
more than 12 (on the seventh rank it has two possible captures and adoneaement, times four possible pieces it can



promote into), a king and two pawns can have no more than 32 movementa@esdly, since no capture-promotions

are possible with only a pawn and a king on the opposing side), so an®bicnt works fine. On the other hand, this
alternate format would not work on the& gk q tablebase, since a queen can have up to 28 movements, so a king and two
gueens can have around 74 movements, which gets doubled to 148 sinse &®vay symmetry.

47.4 <proptable-format> ... </proptable-formt>

This optional element controls the internal format used to store proptaridss structured likent ri es- f or mat .
The possible entries here are:

dt m Exactly as specified in thieor nat .

PTM wi ns-fl ag Single-bit-only field. Similar to thé| ag field inent ri es- f or mat , but has a slightly different
interpretation (indicates flayer to move wins, not white). Na ype attribute. Should be specified instead of a
dt mfield if a bitbase is being constructed.

novecnt Similar to the same field ientri es-f or mat, but has no reserved values and doesn’t have to hold a
complete move count (only the number of moves being propagated). @ytasno checkfor overflow!!

i ndex-fi el d Holds the index number being propagated. Sed thgex section for more information about how
index numbers are computed. Currently hascheckfor overflow!!

fut urevect or Only used during the first back-propagation pass, to track which futowes have been handled as
futurebases are back-propagated. Must be large enough to holdla Isinfor each possible futuremove from a
position. Hoffman will die (early) with a fatal error if this field is not large egb.

Default: <pr opt abl e-f or mat >
<i ndex bits="32" offset="0"/>
<dtm bits="16" offset="32"/>
<novecnt bits="8" offset="56"/>
<futurevector bits="64" offset="64"/>
</ propt abl e-f or mat >

Note: Changingpr opt abl e- f or mat requires the program to be recompiled with a diffeffenit mat s. h file, which
the program will print as it terminates with a fatal error.



4.8 <tabl ebase-statistics> ...

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

tablebase.

Element

</t abl ebase-statistics>

Interpretation

i ndi ces
PNTM mat ed- posi ti ons

| egal - posi tions
st al emat e- posi ti ons
whi t e-w ns-positions
bl ack-wi ns-positions
f or war d- noves

f ut ur enpves

max- dt m
m n-dt m

49 <generation-statistics> ...

This element is added by the program and should not be specified in theltrgmntains 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
program Name and version of the program that generated the tablebase
args Command line used for the generation run

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

page-recl ai ns
proptabl e-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, includimgeal - t i me anduser-ti nme



5 Some Confusing Error Messages

5.1 Doubled pawns must (currently) appear in board order in pece list

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

5.2 Piece restrictions not allowed with symmetric indicesyet)

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

5.3 Non-identical overlapping piece restrictions not allaved with this index type

For thenai ve, nai ve2, andsi npl e index types, you can't specify two identical pieces with differleatat i on
restrictions unless those restrictions are completely distinct. For exampleapdithave a free white rook and another
white rook restricted to the a-file. If you think about it, this situation would allog rihoks to “trade places” — both
could move to the a-file and then either one could move off. The simpler indes tggn’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 More than two identical pieces with overlapping move resictions

Identical pieces (say, two white rooks) can be swapped without chautlggnposition, and the program has to take this
into account. If there were, say, three identical pieces, we'd havertsider a more complex set of permutations, and
the program currently doesn’t do this. So, unless the pieces havevaolapping move restrictions (i.e, they can’t be
swapped), we're currently limited to two identical pieces, and thus cantlleasomething lik&pppkr .

5.5 Attempting to initialize position with a movecnt that won't fit in field!

Thenovecnt field specified ingener ati on- cont r ol s wasn't big enough, and note that the default value might
not be big enough!

5.6 Default/specified proptable/entries format incompatile with compiled-in format

Changing the formats igener at i on- cont r ol s requires recompiling the program with a differéritor mat s. h"
file.

5.7 Futurebase doesn’t match prune-enables!

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



