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Beauty Beneath the Machme Language Surface

Hemabourrobwthembarsqueen a
-Suspanteficl move because this robot wat -

rns . ogrmed for eccaniricity; and ut.a given:

. moment it could be functioning on any level
Jrom idiot to gentus, He never knew whether an
apparetit lapse vios ‘due to stupidity or the
setting of 4 cunningly contrived trap. -

-ﬁom MONUMBNT by Lioyd Bugle Jr.

NGENUITY CQUNTS,. The design of the
1802 microprocessor leads you along the
" -path toward creative insight into basic

stmctures or algorithms. It is perhaps the lack of

MOVE BLOCK ‘type instructions wluc;h reveals
the true nature and elegance of the underlying

- logical psttems and-structures. “There is'a whole
world of logical relation&htps which are:missed as

things become. “‘easier for the user.” There are
three or. possibly more (see Machine Language

section .of QUESTDATA . No. 5) ways to move

& block of material. There is a kind of phile-
spohical or pc;sonal choice involved here. Do

you want convenience-food (TV dinners, canned
. spaghesti) or da you want to cook from scratch?

Actup;)ly, ha\dng onge constructed your clever

.' _:',:MQVE BLOCK or whatever routine, you can
- package it % a sybzquting and forget-about it.

Even yaur CALL and RETURN structures are
not, automatic funcnons ‘with the COSMAC.
With other corqputers you simply punch in CD

' (hex code for Z80 CALL) and you are off to the.

races. But you miss out on the elegance of the
race, There is more than Jesthetics at stake for
unsound: structures will ‘often result in programs
which take up unnesessasy amounts of memory
and. run a5 slower speeds. There is a price to be
paid.for the logical beauty and cleveiness of the
COSMAC. The price is in time spent leaming the

true nature of things, -

Let’s take the 1802: JUMP instmetlon The true
nature of & jump-to: ancther location i¢ that the
next thmg the Program Counter (PC) reads is the

next loca n the' computer fetches and’ execites.

The PC register, after ferching an instraction, Incre- -

mmts itself sb that it pdmts ‘to the next location
in" memoty. This bookkeeping ability of Ancre-
menting the pomter to the next tocation i is some-

 thing the programmer really ‘dges’ not 'have to’

* think about very much Sure, 2 computer goes
through " its ‘memory sequentlﬂli‘y, much’as a
‘shopper checks off jtems 4s they dfe putchased
 front a shoppiig list. A JUMP dah bé th‘ought of

s e GOTO’ m’fﬁ‘iheh ah’ adﬁress of where ‘to go.

Or you can think of it as a change in where the
bookkeepirig PC is pointing. This Is why the 30
(BR) is listed on thie RCA summary as M(R(P)) -
R(R).0. That is shorthand for “the byte folIowmg
the 30 instruction always replacés the 16w order
byte of the Program Counter R(P).” Rjght it is
easler to think of the 30 (BR) as 4 GOTO."”
_With-the COSMAC you'have a'way of- verifymg
that the 30 ‘instruction ‘shidves ‘the “where to™
into- the low :byte of the Program Counter Reg-
ister. This is very mitich like-a mathematical proof
‘which goes about its proving by taking a different
_ direction. to reach the same conclusidh, Also,
gvhat weiars. abouf to'do ig something you. can’t
pousibly do’ona’Z-B0;/8080 of 6800 because you
' in those machmes m the

ks
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manner we can with the 1802"
his sleeves, takes ouf et mdg
. chmce words Qver i %&%d

ey plugﬁh‘ig i the classic 7B (turn on Q) 7B 7B,".

7B, 7B, 7B, 7B, TA, TA, TA, TA, 7A, TA,:30,00. It .. .-

really does not matter how many 7B’s and 7A’s you
put into your microcomputer—just remember that
the more of them you put in, the lower your tone
will be when you run the program, or the dimmer

your Q-LED will be when you run the pragram, So. )

OK, load up the classic tone _program, startmg at-

lecmon 00 «ifd rans A tone. resul:s. But we'vé éeen. >

that trick before, the audience protests, The program
gets the 30 instruction and the next address executed
is 00, That is one way of viewing the program. Now,
change the 30 00 instruction to F8 00 AG and prcss
- the GQ button. A tone again.
‘ The audience Taughs and points out that the magician
has used moré machine cycles (four instead of two for
* the BR approach) and takes on¢ mere instruction.
The magician sighs and gives the'following explana-
tion to & qmzmcally s:mlm audience . . .“Ummmm,
there i more than ¢ peel & ba.nana as they
say,'In effect, by p eling. f})e banana at both endslwe
have revealed its ttie .underlymg-structure ‘Our start-
ing Progra.m ‘Counter Register (0) has been replaced
with 00 in its lower byte from the D Register and has
* effected a jump, This is a great exa.mple of mgcnulty
_ revealing the underlying nature of a structure, but its
. .without any socjally redeeming value (sigh, it takes
_more instructions and. ms.chmc cycles to perform).”
- Moving nghr along
There is a xeally useful property involved in being
given the optlon to access the Program Counter. It is

this: To give progra.ms rclocatabxllty {page relocar-’

ablhty) all you have to do is (90,B1, B2, etc,) as part
of the initialization process. The high part of the PC
moves into the D Register and zips into the registers
-, you-wish to uytlahze How simple. Elegant even. See
Ivan Dzombak’s TVT & CHESS on page 3 for an ex-

ample of this process. The COSMAC magician at RCA

“can take a bow on that one,
One of the keys to understandmg the Elf system
- lies in understandmg the function of the 64 I/0 instruc-
tion. The 64 instruction does several things at the
same time. It sends a quick pulse of electricity to N2,
It moves the ipformation .in. the memeory location
peinted to by X to-the Bus, (With, an Elf you getan
LED display since N2 and the Bus work in tandem).
It also increments the number stored in the Register
pointed to by X, :
Taking last things first, X isa Regxster of only four
bits (half a byte—a nibble if you prefer). We set X
- with a SEX instruction. {(BS will set X .to the four bit
hex number 3). Since there are 16 general purpose
registers in all (more registers of the 16 bit variety

L
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hese‘versatlle and, powerful registers set Pthe
3 ""any othet micro—and they force one
: et style of»thmkmg
‘Bach mgoproe&aﬁor is a work of art incorporatirig

A unique’style- of logical and organizational beauty.

With the 1802 there is a certain interesting problem
solving ability called into play. You work backwards

-, ;and are left with:a lot of “apa’, or,"discovery” insights
‘__'after ‘coihposing eveti the sfmples% ‘of programs. Here

is an example of this process, You want to display

“imemory lotatibn 0% (hex rotationy You put 02 into

any one of the 16 registers (let us pick Register 5).

. F8, 02, A5, F8, 00, B5 does rhis for us. With a basic

256 memgry Elf, you do not need to. put 00 into the

" high part «of Register 5: Then;-ESsets the four-bit X

fo polnt at Régister 5. Now; 64 will ‘display the con-

“tent of memory 1ocatlon 02 wluch i$ AS. To stop the

program at this pcunt 00 (IDL) does the trick. So try

Joading it at starting:location 00:

F8,02, AS, F8, 00, BS, ES, 64, 00
‘After running this program you will see AS displayed.

~If you'own.d VIP you can check location 0XB5 to see
' - the .contents: of Register: 5. Bach time you run the
* - program; the corterits of Régister 5 will change. (the
* 0X part= 0? OB OF, for ZK 3K and4KVlPsresoec-
“tively). | "

Now what s this raba‘ut mcrementmg the stored

: - number in Register'5? If you were to take a picture

.of Register 5 after it has run:the program you would

“see that it contains"00 03. The way you prove this
~with-an BIf system is to' go back and'load-a new pro-

gram; You write- this new program over the one you

: Just put in=-the first locations get changed Load:

E5,64,00 )
" Préss reset and run. Surprise. 8 (the contents of
location” 00 03) are displayed. This proves it..

. Registers. Mmcmmmﬁyed

-This “two-pass™ process ‘cap thake 4 great way to

check 'out ‘the ‘coritents of a PROM on an Elf system.
" Just set‘the first prograin to pomt “t6'the memory you -

iwant to see and run., The contents of thls Tlocation are

KN | ‘displayed. Then by putting in'the ES, 64, 00 program
~and préssing RESET, GO, you see the next location
- ‘contents. Pressing’ RBSET GO again will gwe you the

next location;, and so'on.,
--The world of programmmg at the' machine language
lev.eI is 2 magic world. Math becomes logic. Music

.. becomes an-ON and OFF series. Language is a series

of ASCII code “strings.”- Graphics and ‘pictures are
mampulatmns of memory bits and !‘strings.”’ Chess

. ,algorithms. are- especially facinating and beckoning.
..y . Chess. is. no-longer a game-it holds the keys to
.. complex decision makmg ability. in computer pro-

grams of all sorts,

bit mipro e, 480 PR Ofc .-y,



- TVT AND

LOC. .
- 0000.

. 0004
0007
000A

000D
000E

0010

0012
0014..

= 0017
~~ 00A
001D
O01F
0022
0025
0028
002A

002C

002F
0033

- 0035

- 0038
003B
003E
0040
0042
0044
0048

=+ 0049

- QD4C
004F
00562

0054
0058

0058
005D
005F
0062
0064
0068
006C
008E
0070
0072
0074
0077
0078
007A

0070
007E

0080

0082 .

0088

CODE
90 B1 B2 B3

F833A3

.F831 A2 .
. F810 A1

03 .
7270
2278
2252
cacace
F8.00 A0

.F80680. .

80 E2
E220 AD
E2 80 AO
E220 A0
3c 1D
30 0E

000000
"00 00 0000

E269
F8 06 B4
F8 00 A4
F8 08 A8
3F 3E

. 37'40 .

6C A8
93 BF -
F8 51 AF
F8 02 BS
F8 00 A5
‘86 FB 30

"326F
OF FCO15F

151515
1515

30 4F

F8 06 A7
45 54
1414 1414
1414 14 14

2787

3A 62
28 88
3A7A .
F8 08 A8

14

3082
F827 A7
24 _
2787
3A 7D

F8 30 5F
30 3E

COMMENTS
-Initialize Pointers -

MAIN

. STACK. |

INTERRUPT.

. gosub R3 (MAIN}
Interrupt Retuyrn .. -

NOP’s for syne,

. Set DMA ptr,

Int Routme

Br. Interrupt
Br. Int. Ret.
Stack Area

Turn 'on_TV_
Display Polnter High
D'isplay Pointer Low

‘Counter

Wait for INPUT

depressed and released

R6.0+ Input byte

Polniter to Variabla High

Pointer to Varlable Low

Points to Table Start High

~ Poirrts to Table Start Low
Loop until match between

" Input and ASCI| ¢ode is

~ found—Grali & ING-& Replace-
Increment the Table disptace-

" ment and go back for
anather try at matchup

Set loop counter to B

Lookup byte ~D & D -+ M{R{4)}
More displacement house-
kaeping stuff; Reg. 4 (8x)

Dec. and put count in D for
Testing; GOTO 62 if D+ 00

Dec. and test Reg. 8 Counter

GOTQ 7A if D#00
Reset Counter

_INC to point to next line

Go for another Input

Set loop counter for top of

next char.; DEC R4
DECand test
GOTO 7D if D#00
‘Re-init. Variable
GO wait for an input

QUESTDATA COSMAC CLUB

CHESS

: - By Ivan Dzor__nbak

This TV Typewriter recognizes ASCII code with
some slight modifications ‘made for convenience. The
code for & space-is changed from 20 to 30 to make
the lookup table ‘more compact. If you want a zero
you can use the.alphabetic O or you can'add a special
character.to the lookup table, @ is ofteri chosen. The
TVT and-chess generator are designed for the do-it-
yourselfer; Feel -free to modify it and send your
suggestions and improvements to QUESTDATA.

When designing - characters 1o add to 'the graphics
ability of the generator;: the first step.is to draw up
a grid of squares 8 (horizontal) by 4 (¥értical). From
there you translate the on and: off locations into their
representative hex.code. For example; since none of
the squares in the top row of the castle are turned on,
the corresponding hex code.is.00. The second row, or
points of the castle, can be represented on graph paper
as hex code 2A. See NUMBER PATTERN LOOKUP
on this page—0237.is.the location of the castle code.

[LETTER PATTERN LOOKUP is on page 4]

H""I\IUW'IBER PATTERN LOOKUP“”

Page 3

10200 . 0000000000 tspAeEl
0205 0602020207 .. 1 .
020A OF 010F 0BOF 2
020F OF0107010F 3
0214 02060A1F02 4
0219 " OF0BOF 0108 ' &

021E : 03040F0BOF. . 6 .
0223 OF09020408 7

0228 -OFQ90F090F 8

022D OF0Y90F020C. 9 .
0232 FFFFFFFEFF (WHITESQ)
0237 0028:C1C3E  (GASTLE)

. 023G 081C 1C3E 7F (BISHOP)
0241 0814081C1C (KING)

CHANGE: S
LOGATION CODE. B v e R
003E, 30 . 00AB 45
CHESS AND BUFEER PROGRAM: 027 o2
- : A8 - 4F
o088 . 83B9 . 00A3 46
083 . Feasae 00RO 4
0OsE - ' 00AB ' ¢ 43
008F 18 A ooas a3
0091 3206 00-eND) - GOAT p+
CGea3 .3044 DOAE. . 53
0095 24 3096 Doae 53
TABLE BEGINS HERE: s 5
pror SRR+ S 50
009A TR+ S . 00B2 . 49
0083 45
0098 . . 42, . I+~ S
goac 48 .. oms 48
0080 S e Ooae as
oor o 39, .. ooes 3D
e : 0089 00 [THE ENDI
00A2 63
00A3 48

P.O. Box 4430, Santa Clara, CA 95054
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*%4% ETTER PATTERN LOOKUP****

LOC. DATA
0255 06 09 OF 09.09
025A  OF 05 07 08 OF
025F - OF 09 08 09 OF
0264 OF 050506 0F
0269 OF 08 OE 08 OF
026E  OF 08 OE 08 08
0273 'OF 08 0B 09 OF
0278 (09090F 0909
0270 1F 040404 1F
' 0282 OF 02 020ADE
- 0287 (0P0AOQE0909"
028C - 080808 08 OF
0201 1B1B1B11 11
0296 19151513 11
02908 06 09 09 09 06
02A0 OF 09 OF 0B 08
02A5 QE 111513 0F -
02AA OF GO OF DA 09
02AF 070806 010E
"02B4  1F 04 04.04 04
02B9 08 0909 09 06
02BE 1111 110A 04
02C3 111615160
02C8 110A040A 11
02CD  110A 04 0404
0202 1F 020408 1F

N XSECC-HUD$DpPDOVOZErRe-—"—IOTMOO®P

To Clear memory before entering TVT Program

' Jay Mallin CLEAR PROGRAM

LOC. CODE MNEM.
0000 F805 LDI

0002 AA

0003 EA SEX -
0004 F8.00 LDI

pDO8 73 STXD
0007 3008 BR

'HOW TO RUN TVT PROGRAM:
(1) Enter and Run Jay

‘Mallin Clear Program

(2) Enter Display Program
Locations 000~Q085

(3) Enter Number Pattern
Lookup 0200-0241

(4) Enter Lettem Pattern
Lookup on page &4

locations 0255-02D2

(5) Press RESET and RUN

(6) Enter ASCII character

 48=H for example .
(7) Press INPUT AND SEE

CHARACTER DISPLAYED

QUESTDATA COSMAC CLUB
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" Paged

One of the potential uses to explore for this TVT is
its use with other programs. Simple math and alpha-
numeric displays are possible using this approach.
Observe how the pattern generator for light and-dark
squares works. The pattern to be projected is entered
into the TVT at location 0044 and the TVT takes
care of projecting the “whatever” and even gets ready
for the next letter or numbe®to be displayed. So if
the answer to a multiplication program were to enter
a character at a time into location 0044, it would be
displayed on the TV. What you do isPut Low Register
6 (A6) and jump to location 0044 and the graphic
of your choice is displayed. By placing things in a
long string in memory and then scanning and putting
the string ASCII code by ASCII code, you will have a
nice” way of seeing results on the TV: An increment,

~ get from the memory buffer (LDN, for example), and

a jump to the TVT will then display your buffer
memory line, Registers 9, A, B, C, D, E are not
used by the program, and can be used fo_r_ this purpose.

A “maitbox’ approach is one possibility for storing
the buffer line to go into the TVT. This approach is
mentioned on page 55 of Chess Skill in Man and
Machine Edited by Peter W. Frey.’

The area displayed by the TVT is given in locations
0017 and 001A (it is page 06). The locations 0035
and 0038 give the starting 06 page location again
50 that displacement ¢an be figured. The lookup table
itself is located on page 02 (locations 0049 and 004C)
of memory. Different DISPLAY and LOOKUP table
locations are possible, and can be arbitrarily set to
your needs,. o

The castle or ASCII CODE 3B is given just for fun.
A good reference for a nice looking set of chess pieces

. can be found in SARGON a Computer Chess Program

by Dan and Kathe Spracklen [Hayden Book Co.].

So enjoy this alphanumeric and chess generator, and
if you have applications ideas and modificaticns, send
them to QUESTDATA so that they can be. shared
with others. Have fun.

HOW TO RUN CHESS E}CPERIMENTER. '
(1) Do the first 4 steps of
_ TVT Program
(2) Chang loc. O03E in the
Display Program to 30, 87
(3) Enter Program 0087-0097
(4) 1If you wish a checkerboard
"~ » of light and dark squares
enter 30, 34, 30, 34, 30
3A, 30, 3A, 3A, 30, 3A,
ETC. End Pattern with 00!
(5) For a fun challenge enter -
the BUFFER TABLE given on
_ page 3 loc. 0098-00B9
(6) After choosing (3) or (4) of
' the above Press: RESET, RUN

% _P.O. Box 4430, Santa Clara, CA 95054
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WHY CHESS IS IECOMING

MORE THAN A GAME

_ [Note Flor fureber readmg on rbe Sﬂbfeﬂ of chess

automauom, Floyd L. Oats b:gbly recommends the
October, Noeember and December issues of Byte
Magaame (1‘978) Anotber sourcé of mfomatton i
Chess Sklll in Man and Machme, ed:tet{ by Peter W.
Floyd L. OQats is nearing qomplenon af a cbess
playing nlgombm Jor tbe COSMC Tb:s program

will be made avdilable to you in some form or other-

4s soon as r: is comp.'eeed Stay :uned 1

R ByFloydL Oafs wn

lf one. cquld qreate a chess playing n;achme capable
of playing above the Master level, then it would seem
that the very essence of the human mtel}ectual process
had been captured. That statement seflects the opinion.

~held by many researchers in the flelds of psychology
and actificial intelligence, and.explains, why many of
these people. are - actively. involved with computer
chess programming although- they might have little
interest in'the:game of chess.in itself, .. _

. The selection of a.move by a human player is per-
1orme_d by acomplex.interaction of perception, chess
knowledge and experience, along with practically
every intellectual faculty the human.player has. Stated

~in its simplest. terms,, when, a human chess player
szlects 2 move, he:has solved a complex problem.
Complex, not only becauss. af the infinite lines of
_play the game may assume, but alsp becauss: there is
no exact or. perfect: sohrtron (except in a few special
board posrtlons) L
- Since the human bram and nervgus system can be
viewed as machine-like in nature, researchers believe
_that it sho.gﬂ,ql.bepogelble ‘to kmitate, them with
. computers.. Such asuper chess playing machipe, some
. fecl,. would, be 2 mechanized madel-for the-human
. mind and could _open.new insights for those.involved
in psychology and artificial intelligence. The concepts
revealed by such .2 device. could be applied in other
complex . prablem- solvmg endeavours, including
ecohcmlc social, and educational systems. For
example, could the -computer . salvage - fhe sagging

o

dollar? The field of mbutics could . alsq sprofit from

~such knowledge

~Since most of us aren 't eesearchers, why should we
"be mtgrqg;ed in compurer,chess? lf you undcrstand
the bagls for chess. a.lgorn:hms .you are ip a.position to
sccepf the. challenge of creating a. chess playing pro-
gram. Such programs ern.ploy vlrtually .every program-
ming “trlck” in_the hook from. snnple movement of
data_ from place[ 10 ‘place, through and - including
complex sorti j;&glgorjthm o

" The deman e on 3 chess “pro]g;a,m rq germs of
_spced effielen_ .Ye et‘fgcmreneeg and memory utiliza-

tion crcate £y seernmgly endless lme of Sqlde-offs

These trade-offs fqrce the programme to. mnake deci-

QUESTDATA COSMAC CLUB
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. -sion af_ter-_clecisian'.while .rnaintaining 3 good mental
.. picture of how the program.functions.as a whole. It is
.+ truly a ppteworthy accomplishment for a programmer
-, to write;a ghess. program eapable of challengmg the’
. average human player. . .
-+ Onge ;you . get . this. pragram wrrtten what do you
s really have? You.hgve an opponent who is always
. willing to.play, who,doesp't toot his homn when he

wins, and.doesn’t make,excuses when.he loses. If he
loses his queen, he doss not resign to a disinterested
passive rol¢.as-humans of'ten do, .but continues to

_strive: for.a Wlll in s,plte of oyerwhelmmg odds. Nor

does he relax in a.njlqrpanon of easy victory after
robbmg your matenal Most chess prosrﬂms play for

) . ONg Purposg—to. WIN' .
., Angther reason. pepple wn;e chess programs is for
: competltmn There. are. several computer chess tour-

naments hcld every year, some ¢xclusively for micro-
Processors and some for anythmg one has the courage
to enter mtc play The current world charnplon chess

' "'program is Northwestem Unrverslty s CHESS 4.7.
. Rest aseured that we aren’t quite ready to tackle him
} wath 2 mrqr,oprqces,egr To ;he best of my knowledge,

o R grams (al,tholgsh [ would llke to.see qne) ‘The spirit of

competition has stnmulated the development of new

~ ideas in chess prqgrammmg but the secrecy surround-
Cing such projects tends to dlscourage free dxstnbutlon
- of these concepts for obvxous IEASONS. .

The first. docurnent descnbmg a_ practical chess

_ playmg algo.nthm appearecl in 1950 end was prepared

by the English_ rpathematmran, Clalg;le Shannon He

mqwf(gas A5e PHES, Yoot In, Which the
trun M trec§eor 1he ase node”’ as 1t is often

called, is the cun;ent board conﬂguratmn Each legal

base node Ieads, in turn to another node From each

of these ,t;lodes there is a'set of branches representmg
. the pppqnemt,s set of counter -moves and each of these
lead to anather node.

- The Shannon, Jprogram will generate every poss1ble

~_combination of moves, counter-moves, counter-
. counter movqs%et el certain, depth in the game

tree,. and. then will perform a static board evpluation
on gach final position or “terminal node.” The board
evaluanon fuactlon is. the heart of the chcss program.
It is here Lhal the .computer, performs an operation
that humarl players never attenm;—Lt quantrtlzes the
board pggi,tton' Th_el__ cemputer requires numbers to

. work: with, sa. the. 'pmgram builds a number which
_ regresgnte ga) ~wha hag the advantage computer or

opponen; “qnq (b) thé exact magrutude of this advan-
tage. A comman, scheme is to let positive numbers

_P,0. Box 4430, Santa Clara, CA 95054



- represent thc computer s advantagc and n
‘numbers represent the opponent’s advantagc The
absolute value of the number reflects the magnitude
of the advantage, This function should.yield: an
accurate picture of the true situation since this is the’
~only source of numerical data upon which the
computer makes its move. '

Since there can be tens of thousands of -terminal
positions (depending upon how deép the computer
goes into the game tree), it is- imiperative that the
evaluation be done quickly in order for the machine
to choose a move within a reasonable length of time.,
- Since speed of eveluation and accuracy of evaluation
-are mutually exclusive requirements, we are faced
with -a very serious trade-off decision, In general,
searches which go -deeper into- the tree use more
-primitive evgiuation functions,

It computer chess, each half-move is calied a “ply,”
so a complete move is mude up of two plies, one from
each participint. The base position is called ply zero
and represents the actual board configuration that has
been reached in the game. It is from this position that
the program will “mentally” move pieces around and
evaluate resulting board positions in order to deter-
mine which legal move seems the best. °

Going back to the tree concept; first we have the
actual board position existing at 2 certain point in the
game. The lines lgaving this box would be branches
. representing the set of legal moves which the computer
. may execute from this position. We will restrict the
number of moves from each node to three for ilius-
trative purposes and, to further simplify the discussion,
we will assume that all pieces are at home position on
thie base node. The computer will execute the first
move of the game a$ white,”

‘We will restrict the tree search to a fixed depth of
three plies. The computer will begin by executing a
move from ply zero which, of course, will be'a white
piece move. Let’s-say that Re starts with the P-K4
_ branch. Next, the program generates a legal move of @

black piece fromy piy oné, say, the P-K4 branch from
ply one. Sittinig at‘ply two now, he generatds*another
" legal move of a white piet.e and goes to ply three, let's
say the leftmost block at ply three. Realizing'that the
depth limit has been reached, this position'is declared
a “terminal note” and the static evaluation is per-
formed. S

The numbers in the ply three boxes indicate values
calculated by the static evaluation function for each
ply three node. The leftmost block at ply three is
evaluated as zero, the move is un-made, and this zero
is retumed to the leftmost block at ply two. We now
generate the next legal move from ply “two which
takes us to the second box'in ply three for an evalua-
tion of ~1. We un-make that move, take the evaluation
back to ply two and generate another move from
—continuing in this fashion until all fegal moves of all
white pieces from the leftmiost ply two node have

~ been processed (in this case three moves). The act of
.~ taking the cvaluation back to ply twa is called backup.

QUESTDATA COSMAC CLUB
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Of the I:hree stauc cvaluatlons far the Teftmost ply
two node, we will take the most positive evaluation of

-that’ parllt.ular ply twn node. Next, We, will un-make
.~ the opponents P-K4 move ‘and go Back to ply one
;. from which we will execute the opponents N-QB3
© - move. We are now at the second node of ply two and
“we will repeat the set (possibly a DIFFERENT set
_ 'now) of legal moves into ply- three. This' time we
" retirn o'#8 to the ply two node. We go back to ply
 one ‘and’ pu.k ulg the N-—KBS node and repeat the

" above actlons '

Even tually, alt the moves from ply one are exhausted

" and we retamn. the ‘most. NEGATIVE value from the
‘ply two nodes, smce thcse are the_ opponents moves.

The computer "assumes that the opponent will
attempt to minimize the value of the board positions

~.and will choose the appropriate nicve with the most
" negative " evaluation (negatlve numbers favor the
' -opp:menl)

As'a-result, i seét of values are backed upinto ply Q.

- Slrice the computer moves from ply zero, it will select

the move which returns thé most pasitive evaluation.

" The general rulé for backing valués up the tree is to
“maximize when backing inte an even ply and minimize
- when backing ‘into an odd ply: This procedure is
"~ commeonly used:‘even ‘in state-of-the-art computer

chess programs and - is called 4 depth-first Mini-max

3 f-.prooedure - "

‘The ‘depth-first ‘comes from the fact that we go to

the maximim depth in the game tree BEFORE any
" gvaludtions are 'made. The mini-max, of course, refers
-+ t0" the manner in which "the values-are backed up.
7 “Incidentally, if the values shown in" Figure 1 were to
.- appear in a real chess prograni, the computer s chosen

move would be P-K4.
‘The. three ply search of Figure 1 requives 27 board

“evaluations, oné for'each of the ply three nodes, If
~thére had'been 20 moves from each of the ply zero,
“pite and'two nodes three would have been 20 x 20x

~ 20 =-8000ply thiee board. evaUatioHsT Expérts agree

- ‘that the'averige number of mpoves ftom aplyis 38, s0
v i avérage ehirée ‘ply search would require about
60,000 static-board evaluations. When’ every possible
''move from each ply'is consideted by the program it is
“called- a- full:width or brute-force search Shannon

Iabelled it “typeA strategy” -
* ‘The primitive computers of the late forties simply
could not hold up against the kind of mathematics we

* have just seen, so Shannon described a type Bstrategy

which seemed more feasible for computer applu,duon
It is known that there are never more than two or

" thiree plausable moves from any board position. If the

‘computer -could pick, say, five plausable moves at
each ply, then a four ply search would require only

" §25 évaluations—a very manageable number

Many madern programs, esPeclally mi¢roprocessor

: programs, employ the type B strategy ‘The number of
" plausable moves selected at each ply is rarely less than

16, however, As s geueral rule, programs which use
‘the type B strategy do fot” fare well agamst those

'P.0; Box 4430, Santa Clara, CA 95054



employing a full-width search.

The stduc evalyation: fanction dwtatesfcl'te “bﬁmﬁ-
ior” of the chess program. By far the heaviést term i m
the evaluation function is the “net material bslangs.”

A common means of defining material value. is lov .

“assign a standard pawn a value of 100 points and
specify other values. in terms of this standard unit. A
knight.is usually 325 points, a bishop 350 points. a
rook is 500. points and the queen.is. 900 points. A
standard pawn is deﬁned as one of the six non<center
pawns, sitting on its home square. -Since there is a
good. carrelatwn between material and chances of
winning, and since material value. is extremely simple -

to represent and keep track of,.it makes good sense to

cause the evaluauon funv.non to be material-hgavy.
~ There are other. fa.ctors conmdered by the evaluation
fungtion su:..h as pner.,e mﬁbilltvy. ceriter cnntrol, king
 safety, and’ piece ‘coaperation. P&gsg -mohxhty is-aften
compured by adding all- thie legal moves that can be
. executed from, the board position under evaluation.
Center contral, is uften included in the piepe mobility
_term by giving bo_nu_s points for each center square
which a piece can. move to or through (ie., under
aftack). The kmg safety term will consider such things
48 pawn. strugtuze, around the king and squdres: adja-
cent to the king which are under attack by enemy
pieces. To dlswurage shuffling. the king around aim-
lessly in relatively quiet board positions, there is
usually a fee exacted. for moving ‘the King a single
" square. This fee is waived. if the kmg is moved two
squares in order to em.ourage éastling A typlcal value
for this fee is 20 pomts -

Piece n.ooperation is the term which terids to give
each chess program: its own individual tendencies and
behavior. This is where the chess progratamer seratches
his head and begins making ‘the big decisions. Prohably
the toughest portion of this routine mvohres exchange
evaluation, which must-bé done when'# piede is under
attack by both sides.. By exafmining.the number and
the material value of all attackers of each color, the
program can determine whether the piece under attack
can be profitably captured by the enemy. The pro-
gram MUST figure this into the evaluation function in
order to prevent gross blunders. A substitute for:this
particular term is a deeper search with material balance

analysis, but this is out of the question in- mwroprgc-', :

essors programs—we simply don’t have the time.

Another factor in the cooperation term-discourages. -
the purposeless moving of a.piece back and forth- by .. -
docking the piece typically 30 points for being moved ..
twice in succession. This usually discou'ra'g'es thoving . .
“the piece twice in a row unless it is en route to.a. =
powerful and strategic post. Another factor is pisce=
development, whereby nonking pleces are pe,nallzed
for residing on the friendly back rank. The penalty . :

for queens and rooks is generally about ‘half of that
for a knighit or blshop in order to deve10p minor pieces

first.
As the game wears on,certain valizes begin to change.
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et wAs therend. gare begins-to unfold ﬂfor}kxﬁnfplc the .
PR kmg should dome~out?of hiding: and- begi‘h Aotively

copperating with. hig- semainjng, leﬁﬂg “Duing. end ;-

" garne'pluy; tﬁé'king shopld b@pmali:eq for l’iéuk ranik

and edge orcupation (constitutes a bonus in early
game play). AS pawhs 'dpprﬁauh the back rank, their
‘muterial value mcreases, a typrcdl val‘ue bemg 200
points fora pawn on the severith rank: -

Bonusgs for- doubled' rodKs ‘angd kirig tropism are
usuallyincreased  during the "enél”gam’e In micro-
computers, the end game ‘8 gcncrally detected by
counting the nuinbét of moves that have bebn made

" in ‘the game, somiéthing ofi the ofder of 35 moves
+ indlcates thet:the end game has arfived. This is not a

foolproof method: t‘br"defe'ctmg thé end game.
It is really- the- programmer and his"idiosyncrasies

" that' control ‘the Movermetit: of this ‘théss pieces. He
- gelects the factors whith will be considered-for evalu-
- tion process- andthe relative’ W‘éight ‘of each chosen

" factor. He can “experiment with' his creation by

. changing the amoiints of bonuses and penalties for

‘the various factors,-Most important ‘of all, he makes

* the trade-off decisions for each factor. conmdered by_
- the ‘evaluation’ routine Is - this elethent ‘Woith the '

computer time: requlred 0 con*sfder 1t‘? The program-'
mer has total confrolt - - '
Allof ‘the ‘ion-material terms inuorpbraied inté the

. evaluatien ' functioh - i‘ncluding ‘center Gontroly piece
* ‘cooperation; etc. comé under the heading’ of “posi-

tional terms.” This means that thete'dre two kifids of

- termis in the evaluation routine; material and position-

al. If you delve into chess programrﬁmg very deeply -
you will soon’ discovet that there ase Ways of cutting
down the size of thie ‘game tree (pruning). Also, there

. are ways of bypassing'the grueling/positional termsin

some - board: - positionis «(sérappihg): The justification
for these procedures is rather lergthy -and space will
not permit us to discuss them, but they are mentioned
for the sake of-completeness. .

The algorithm we have: just described is not very
humandike in its move selection. It is-known that

. humans can play a good game of chess without con-

sidering every possible move down to so many plies in

_ the game ‘tree, so it follows.that computers should be

able to do the same. Theré. are-those who are making
progress. with- programs . designed to select moves
strictly ‘on the- basis of a single but very lengthy

- static .evaluation: of ‘the existing board configuration.

While -these programs aré moré. human-like in their
approach to move selection, few of them have abilities
above the advineed novice level., But who knows,

.+, mayhe. someone. wﬂl_,ducnye.c A maglc evaluation
- procedure.

,- The- ability of- computers using the Shannon -type

strategy is-ratéd.-at about. thirteen.to fourteen hun-

dred on the USCF (United States Chess Federation)

.. scales In spite. bf the perfect ma&hematlcal precision

with which the rules and goals of chess are defined,

even the largest and most powerful computers in the

(Continued on page 12)
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NEW IMPROVED TARGET GAME
WITH JUMPINGMAN ™

By Jack Krammer

This new target game runs in 1K of EIf memory and,

contains the following new secret ingredients:.
® On screen scoring of shots and hits. The
. game stops after the completion of the
15th shot. ) )
® A video character (person) that provides
_animation by throwing the shot (on player
command) and jumps spread eagle if the
target is properly hit.
@ A target that looks like a right hand bracket
. with a handle. If the target is hit in the cap
opening it stops its downward motion and
displays a broken handle. A hit of either
the top or bottom arm of the target will
remove that element but is considered a
'(close) miss and does not score as a hit.
The first three bytes (M(0000, 1, 2) are reserved for
a long branch instruction for those systems with a
resident operating system. For those who do not have
a ggsident operating system, there is a short but effec-
tipe program starting at M(003) to M(0011), a total
of 15 bytes, which allows you to load and or read
. memory. If you wish to use this loader program do
. the following:
® Put the high order address byte at M(OOOS)
. and the low order address.byte at M{0008).
#® Pui a short branch instruction (30 03) at
M(0000) and run the program. .
- ® When the memory protect.switch is OFF
you are writing into locations. When the
memaory protect is ON you can read the

contents of memory. The data (eithérread
or write) will appear on the display and the
- program will point to the next higher -
" addres in memory, ready to- repeat the
" desired operatioi. :
The program keeps score and’ chsplays the results of
‘SHOT® or “HIT” in the following manner, Register

- R(4)is initialized to 00 00 for the “HIT* and “SHOT"

+ scores: The'appropriate register (R(4).1 or R(4).0) is

- put tito"R(7).0 which then poifits into the “T'ABLE.’

“In“this condition R(7) points to M(0200) which is the

* statt of the ‘number character 0. Thé scoring of the

| g€ or ‘SCORE “DISPLAY" subioutirfe, takes five
" bytes’ from ‘TAB’LE’ and’ puts them inté" the appro-

priate locations in‘the display by R(8) and the charac-
ter 0 is displayed. For each ‘SHOT’ or ‘HIT’ the pro-

" gram adds 5 to the contents of the appropriate half of
"R(4), thereby providing direct pointing information

into “TABLE’ for display of the next number. Register

‘o R(8Y initially points to M(0301) for *SHOT,” M(0304)
 for *HIT,’ M(03C8) for video character and M(03BF)
“to erase the broken target. The ‘SCORE DISPLAY’

subrouting places the five bytés from ‘TABLE’ one

" "below the ‘other in a vertical format in the dlSpIay and
* the number or character is formed.

Using the -above téchnique it is possible to generate
a table of pictures and with the subroutine under an
animation program control develop & computer vldeo

" - movie, complete with titles, etc.”

. The “TV. GAME” storts at LOCATION 0012 By
placing ashort branch instruction.(30 12} at LOCA-

- ATION 0000 and hitting RUN, the fun begins. Press-
. -ing the INPUT button causes the video character to
© throw the shot at the target, - :

coorpity omd b e T

COMMENTS el N
# RESERVED FQR: SHORT OR LONG BR
R{1) Data Pointér :

Hi Qrder address t6 R{1).1 - #* SEE .

PURPOSE . LOC. CODRE.

. f.0000 3012
‘Read/Write 0003 . E1. :
 Memeory’ = 0004 - .-—FS *..'*31 :

0007  F8wwAl. Lo Qrder address to R(1).0 TEXT -
000A  3F DA A toop to wait for INPUT to be pressed
0ooCc.- 6Cc . Keyboard to M{R(1}}, see text
. 000D - 64 M{R{1})) into. DATA DISPLAY; R{1)+1

000E. 37 OE Wait for INPUT. to be releasad :
0010. 30 0A - Return to loop -

‘Clear 0012 F803B1 03FF. into Rm top address of

Display’ . 0016 F8FF Al Display Pags

0018. &1 s R{1} Data Pointer S

. QUESTDATA COSMAC CLUB P.0. Box 4430, Santy, Clarp, CA 95054



Puts 00 in 0019

Page 9

F8 00 73 {loop) 00 into D into M{H{m R{ﬂ 1
all locations 0Q01C 81 R{1).0into D .
of the display 0010 3A 18 . ‘Return to loop if D#0G -
Page 001F 73 - (D=0} into M{R{1)})
‘Initiglize’ 0020 F8 00 B1
0023 F2A3B4.
0026 A4 AF
0028  FB8O1B3IBA.
002C FB8O03BSBSBE .
0031 F8 40 A1
0034 F8 FO A2 .
0037 F8B9 AA
003A F802BD !
003D . D3
‘Risplay Q03 7270
Refresh’ 0040 227822 52 .
0047 F8 oa.,ao
004A F800 AQ
004D 80 E2 “ P
004F EZ 20 A0
0052 E220A0
0055 E2 20 AQ
0058 3C40
005A 30 3E -
'Program 07100  FB 02 ﬁ't' B8 RT7T Table’ & ﬁlﬁi ’Bcore Dlsplay Fl' aodr,
Begins 0104 B84A7 ° . R(4).0 ('Shot’)into D into R(7).0
0106 F801 A8 01 into D Into R(BLO ‘Shot’ Display address
0109 FBBE0AS 50 into D into RI8).0 ‘Scare Display’ Lo address
010C D9 GOTO ‘Score Display’ Subroutine
010D F850 A9 F!emltuahze ‘Score Display’ Lo address
011G 94 A7 R{4}).1 ('HIT'} into. Dinto R{7).0-
0112 FB 04 AB 04 Into D into R(8).0. 'HIT" Display address
orts D9 GOTO ’SCORE DISPLAY’ subrou%ine
0116 FB8S0A9 {See M{010D)) o
0119 - €269 R{2} Data Pointer, Turn on TV chip
0118 FB 0D A6 Initiatize ‘SHOT SPEED' counter
011E FBCO AE fnltiaiize ‘PROJECTILE‘ positlon
0021 FBBOGE7R - ',PR&JECT Q .y
0025 "RB GO AT - eo into D into A{7Y. Ints to ‘READY"
0028 F8CB A8 C8 Into D Into R(8).0 "Player’ dispiay adtress
0028 D9 GOTO ‘SCORE DISPLAY’ subroutina '
002C FB850A8 (See M{010D) .
002F FB02BB - ~ 02into D into R(B).1 Inltiahze ‘Projectile’ speed
G032 7898 3A 32 ‘Decrement ‘Projectile’ speed counter 10 zero
0036 1686 ° tncrement ‘SHOT SPEED’ counter -
0038 FDOS 34 EA I ‘Bhot Spead' counter not 05 GOTO M{018A)
: 003C FBOUAG Initlalize ‘shot speed counter _
© ‘Move 013F B8F 3A 68 R(F).0 into D, D#00 GOTO 6B
Target’ 0142 FBEF AS 'EFinto D Into R{5).0
0145 FBO0066 0O0inio D into M(R(B))
0148 F8F7A5 F7 into § into R(B).0
0148 FBO055 - Q0Into Dinto M(R{BJ}
014E  F8 FF AB FFinto D into R(B).O°
0161 F80065 . 0Binto O into M(R(B))
0154 FBOFAS S
0157 FBECOE6
§156A FB8OF A5
015D . FB7F 65

QUESTDATA COSMAC CLUB
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0160 FB 17 A5
0163 F8C0O5B5

0166 FB8IDAF .- . ResstX20COUNTER =~ * = " © - Page10
0169 302F % ‘GOTOM(D12F) L o
0168 2F Dacrement X29 COUNTER
016C F803 AD Set X3 COUNTER =
‘Move Target 016F 85 FC 08 A8 R{6).0 into D+08 into FI(B} 0
DownOne 0173 0558 M(R(5)} mtowim{an '
Line On 0175 8BS FFQ08 A5 R(5).0 into D208 nto RIBI 0"
Display’ 0179 20 : Decrement X3 COUNTER o
017A 8D 3A6F X3 COUNTER #0° GOTO ‘Move Target'
017D 85 FCO8 AS . R(B).0into D+08 into FI{51 (10
0181 FBOQGS 00 into D into M{R{S)) ° T
0184 85 FC1B A5 R{5).0 into D+18 into R(S} 0
0188 3D2F
018A 31 A8 Q=1 then GOTO ‘Move Stiot’
Q18C 3FFE7B © input not pressed GOTQ’ End Game'l Else 1 into Q
‘Puts Thrown 018F F8 868 A7 86 into D into R(7).0 points to ‘Thrown'
Figure On 0192 FBC8ASB CBinto D into R{8).0 ‘Player Display address
Display’ 0195 D9 *  GOTO "Score Display’ su‘broutme
0196 F8 50 A9 {See M{OTOD}) . -
‘Increment 0199 84 FC05 A4 A7 R{4}.0 ('Shot") into. D+05 into R{4} 0& R(7).0
‘Shot' No, 019E F8 01 A8 01 into D into R{8).0 ‘Shot Display address
01A1 D9 GOTO ‘Score Dlsplav Subroutme
.. 01A2 FB880.AS8 - {See M{010D))... T T
‘Move ° O01AB OE F6 5E 38 AE -M(R(E}) into D, SHR D into M(R{EH DF=0 Br, AE
Shot' 01AA" C1E " 7lIncrement R(E) .
© " 'O1AB FB80BE ' '80intoD into M(R(E)),
O1AE BEFFC7 * - R(E)Dinto D-C7 into D.
0181 3A2F ' D#00GOTOM(012F} . - _
“Target 0183 85FFOBBA  RI8).0into D-08 into -M{R{AH
Hit?’ 01B7 8EFFO0 =~~~ L
~~ 01BA BAEC ' D#00 GOTO ‘Remove Residue Shot’
“Puts ‘spread 01BC FB8BA A7 BAintoD into R{7).0 Points to “spread eagle’
eagle’ on 01BF F8CBA8 CBinto D into R(8).0 'Player Disptay address
Display 01C2 ' D9 "GOTO “Score Display’ subroutine
01C3 "'F8 50A9 s (see M{010D}) _
01C6 94 FC'O5BAAY * R(4).1 (*Hit) into D+05 into R{4).1 & R{7).0
I01CB F804 A8 04 into D into R(8). 0 'Hit’ Disptay Address
_ ﬁicE: Dg - - GOTO “Seore Dlsphx',ﬁub;wtlne
LT GEGE 850 AQ L '(See M(01OD}] 5
‘Broken " 01D2 F81558E o : 15 mto D into M{R(E}}
Target’ 0IDS FB40BCAC '_Raset ‘Show Braken Target’ Counter
S 'J1b9 208C Decrement R(C}, R{C).1.into D
01DB° 3ADS ' D#0GOTO M(0IDY), ELSE
01DD* F870 A7 ~ .70into D into R{7).0 Points to ‘Clear’
'01E0  F8'BF A8 - BF into D into R(8).0 Points to Target
0iEB D9 .. GOTO "Score Display’ :
01E4 * FB50 A9 {Se M(010D}) -
‘Delay’ 01E7 FBOBAF 0Sinto D into AF  Resets x29 counter
O1EA 30F5 GOTO ‘End Game'
‘Remove O1EC FB03BB ~ 03iinto D into R{B).1
Residue 01EF F8C7AB C7intaD into R(BLO
Shot' 01F2 F8005B 0QintoD into M{R{B}) .
‘End Game' Q1F5 BAFCBS' ~ R{4}.0 (‘Shot’) into D-B5 into D _
) 01F8 3A1E If D#0 GOTO M{D11E}, Else
O1FA O0D30FA Endless Loop

“Table’ and More Target Game with Jumping Man on* Page 11
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‘Table' _
0205
020A
020F

0214

0219
021E
0223
0228
0220

0232

0237
023C
0241
0246
024B

0250
. 0263
0254
0255
0266
025A

‘Score
Display’

- 0268

025E
025F

0260
0265
026A
026F
0270

‘Characters’

—---_——————-——--———-——u———n———q_-——.
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0200

07 05 05 0507
02 06 02 0207

07 0107 04 07
0701030107 |
04 06 07 0101

07 04 07 0107

07 04 07 0507
0701010101

07 0507 0607
07 05 07 01 01
27 66 26 26 77

2288222277
2761272477
L 2781232777
2465272171

2764272177

F805 AD
&7 .
72 Loop
58

88 FC 08 A8
2D

8D 3A 54
E2

D3

90 FE 3A 3886C

10 FE BA 38 6C

92 FE 38BA 44
00
00 00 00 00 00

(Add 36.00 for airmaii postage to all foreign countries excepr Cai;mda o

O Check or Monay Order Enclosed
Made payable to Quest Eiectronics
O Master ChargeNo. . .
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Set Xb Counter

- R{7) Data Pointer

M(R(7)} into D, R(7)+1 ..

D into M{R(8}}

R{8).0 into D+08 into R(Sl 0
Pecrement R(D), XSCaunter _
R{D}.0 into D, R#0 GOTO (,M{0254)) Loop

. .R{2) . .
Return to MAIN PROGRAM

‘Ready’
‘Thrown'
‘Spread Eagle'
(Mot Used)
{Zero’s to Clear Broken Target)

|
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(Continued from page 7)

world cannot play at the master level, and cannot
play consistently at the expert level. The search goes.
on for that secret 1ngred1ent contained in the human-
mind that man has not yet been able to impart to his.
machines, and chess programmmg is one of the
avenues for this research.

Considei that the average number of plies searched
by the:. big machines is five, and that the average.
number of maves from a board position is:38. It would
require & 38-fold increase in computer speed to yield
ane extra ply of treesearching ability. In numencal
terms; this' amounts 10-2 3800% increase in speed.td
ferider 4, mege 20% increase in'général playing strel'lgﬂ'lt
The mathematics of Shannon’s approach don’t look
much more §promlsmg than they did thirty years ago. ;-

N 3‘1‘“@5" o1 Mea ‘that- 8. COmpatsy. mm{ e
i “f'ch’al‘]ey U

et ‘i player, Bécaiise IT CANY «
" The cmnpum never overlooks pieces that-are undee,

~attack and not protected, possiblé “chetk _sefguei'lt__:es,ﬁ'
" pieces that¢an BE PIOH By captired,  profitubIE’

exchanges, etc. While the computer has no long-range’

plan, it is adept at finding holes in your plan ‘and "
using these holes to harass you.Nor will it fail to#gee” * -

any blunders yoy might commit as a human opponeat™- "+ :
sometimes will. The computer’s short range pi‘eclsibh' o

seems to make up for its lack of long-range’ foresight
There are several chess playing ¢omputers: available
to customers, each capable of playing a better than

QUF.STDATA
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average game. Some are the type A strategy and some
use the type B. The details of the algorithm vary
from one machine to the next, and some are capable N
of defeating others. BEWARE of those who claim
that their microprocessor searches five moves (ten
plies!) ahead or better. They are using a type B
strategy with an extremeiy small number of plausable
moves from each ply and can-usually be defeated by a
full width four ply search, Experts have accurately
described plausible move generators as well-meaning
but stupid '

* Using sométhing on the-érder of eight or fewer
plausdble “moves 15er ply invites disaster. Brilliant
sa‘criﬁces, for e&hmple fncur immediate and massive.
loss of material 50 they ‘tend to be rejected early by
. Iaus‘h:le oV eh%ratorr—éﬁithout any further con-
aideratioﬁ Width'*strhtegy will Tiot abaifdionta - -
[;tne of play sxmpfy because ‘of early losses. There is
ohe common dénominatt dmong all the chess pro-
grams which play reasonably well against human

o ‘players—when you knoék’ off the hub caps-dnd peel

Off the paint, you’ “will ﬁnd the Shannon'fréeisearch

"~ “Concept at the base of the program structure. After
:;;‘50 years Shannon s still the modem state-of-the-art!

" | @are available for NJ 0 ea.ch Programmmg knowledge
}+is camulative.  *
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