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1. SPAflj, bEPARA:Io; C IN PDLfpt%I: Must:

r In POlyphonic music of the Baroque period, ma.y seeming, independent
voices are interwoven togethe• Tnese voices would carry
the thenlatical phrases alternatively or in succession. Tnis
type of music played Ofl keyboard instruments like organ or
harpsichord is very difficult for the listener to identify end

b to follow the individual voices. This is Particularly true
in Bach’s organ compositions Many of Bach’s organ wor,c were

transcribed
to be played by an entire orchestra. Different

voices can thus be separately Played by different instruments
and we can observed the effect of tonal separation of voices.

The

listener can thus follow a voice by following an instrument.

My experiment here is trying to separate t’ie voices sPatially
by playing a polyphonj piece through many speakers placed
around a large room. it is interesting to see how the listerlen
can differentiate the voices by the spatial origins of the
voices. This technique was delonstrated in many European churones

£ which have several organs which can be played si!nultaneous.y
from a single console. This electronic organ aS desiened
to play p to 12 independently voicas •hroig 1,

speakers. it is thus very convenient to test the effects of

b spatially sepanated voices.

2. VIE ELEC2ROMIC ORGA!,

The electronic ongan is controllad and progna.,,_3 by ax’ IBM
compatible personal corputer. A Paralle Iflterfae Card is
inserted into an I/o slot on PC—Bus to genert9 the v3ices.
There are 4 Intel 8253* Counter_Timer chips on this card.
Each 8253 has three coJnter_timer channels, whch are Progran
to operate in Mode 2 to generate square wales. The frequency
of each counter_timer channel can be prograa by writing
a 16 bit count word into the control registe The counters
are driven by tne 4.77 MHz system clock, divided by a pair
of flip—flop5 to a base frequency of 119 MHz

Fig. 27 shows the interface circuitry to the PC bus, including
the divide by 4 clock, the I/O address decoder, and the data
line buffer. Fig. 29 shows the circuit around one of Vie our
8253A’s, and the power transistor with the speaker. The circuitry
is very simple and can be wire_wraoed on a protoecard For all
thumb nands, tnis °ara’le’ Interface Card is available frou
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4ee ,repi,a 1

The outpir of 829J can only drive a smil A okba sreake
aietsy. obas hepwr lee cf h ni..dsreacesto
be used in a large room, me outputs of 8253A’s are sent to

ba k of p wer tr “i iste $ (2’Y5 r •ke •m t —r ‘ 1lc
configuration. Using V D. oow...r sb?plI on tne collecor
side of the power transistors, one can obtain about 2 W audio
uptfrowe tôon pak’ 4 tepowe ranisos

are turned fully on or fualy off, the power to sound conversor.
is very efficient. The voices can fill a medium sized chuch
without any problem.

I did not try to control the volume of the speakers, nor th
wave shape. The speakers provide some •..ltering at either
ends of the frequency spectrum. In the current configuration
I have only used 6 speakers, wnich limits the number of voices
to be played out.

An interesting behavior of this setup is that the 9253A
can drive the speakers even witn the 5 V power supply
to the collectors of 2113055 turned off. This way I can stils
play the organ while programming and debagging without generating
too much noise to other family members. Apparently, 8253A
puts out enough current through the base—emitter diode in
2N3055 to drive the speaker at the emitter end.

The Parallel Interface Card also has 4 8255 parallel I/O chips. [I didn’t use them sa far. Since they give me 96 programmable
digital I/O lines, I could use them to monitor a large p±ano
keyboard as an alternate input device. I did not realize M
advantage of this input route until I spent a song time ey
in all the music notes in the Toccata. It would be much more
efficiert if I had a regular p ano ceybcari and had a go d
pianist t. key in the notes as he paaye oa ..he keyboard.
The ASCII terminal keyboard is not opti-ized to enter music
rotes es e.4a ly those in Pac ‘s p e es

3. THE CZ1TR3L SOFTWARE p
Programming is easy once the syntax is decided. The problem
to encode polyphonic musi can be eased gratly if we could
design a good syntax to express the masic. Here we will have
to be able to include the following information in the code
ofa cord: [

The pitch and the channel number of every voice.
The duration of every note in every voice.

A channel in 8253A can output a voice continuously after
its frequency is set, until the frequency is changed or the
channel is turned off explicitly. Therefore, when we want
to play a new cord, we only have to specify the notes in voices
which must be changed. Other unchanged voices do not have

—230— : I



F

&

00 1

r 2ro..s are 1befa ia
wod ansits I iyt St wti a..ifytf 3t e
voices t be u date ut ie iote val es p eedi g th asc

ts aid the correspoding tan’ie umbers are sFow Fig
29. A bit set in the mask mus have a iote value on tle stack
so that the note value can be depos t in4o the counter reg stcr
of the specified channel

Fig. 29 Bits in the ‘task and the Active channels

‘last Bits

15 14 13 12 11 13 9 8 7 6 5 4 3 2 1 3

C ‘cisC cbB’ch4 h9 ch8’ch7 ctE nP5 ch4’ 0 cb’ci2 c4

5253 +4 aPr • -3 42 ‘3r j

rt hn’es

Bts3
ardlr o da ayso°z o e se—n

actual ora r4 ote oco a ‘ tr r ite
rtie 2-is. Oic—trese josarai tia d ta ato

registe

& siould nrer ba a e i to aga • fe e b
1, 3rd slou d always e zaa pravcnt t. 1. ‘

he orto pegs

A examp a naige ctariels of o as & as llows

HEX C2G2C3E3flC5 G 1/8

which assigns C2 to channel 9, G2 to channel 8 C3 to charnel
‘, E3 o channel 3, 33 to channel 2, aid C5 to channes 1.
The duration of this cord group is an 1I8 note. The note words
C2, ..., are defined as constants, leaving the counter valued
on the stack. 707 is the mask, specifying 6 channels to be
updated with 6 note values on the stack. 1/8 is the real actor
which takes the mask and used the bit pattarn in the mask to
store note alues vito individual counter registers.

01-i



‘Sara tke ajoia sntax, we coJe any ord grjp, t 2
vOic°s. W4h a Sdccesgior of Cord &roups we co4a azsr%s

phrases, and com,.leta pieces of polvpftoric lusic

?‘ie command set to realize this srtaz structare is very SipLe
and straightforwj in Fotn There are basically only two
screens of code as shown in Listing 15. The coman PLAY r
refreshs a set of counter ragisters according to tne was.c
on the stack and sustain ti’is cord grouD for a nunbe’. ‘f 2C
milliesecond waiting lOO5. This is the fundamental building
block of the entire Program. it allows us to play any combination
of notes, up to 12 voices, througti the speakers. All othe’.
commands are derived from PLAY.

The length of the 20 ms waiting loop can be adjusted by changing
the contents in the variable FUDGE. For normal Playing, a
FUDGE factor of 25 is adequate, Allegro or fast pace requirps
a FUDGE factor of 10. For very slow movements, a FUDGE factor
of 40 may be used. it has to be seLected by trying to suit
different music piece.

INITIATE writes to the control Ports to configure all counter_timer I
channels operating in mode 2 to generate square wave. HUSi
silences all 12 channels. HUSq is really cheating, because
it is rather inconvenient to actually stop a channel from Playing
notes. What lUSH does is commanding all 12 channels to play
at a frequency of iso KHz which nobody can hear and no speaker
can reproduce, It also tends to burn regular audio amplifiers
which are sensitive to the high frequency voice.

BEAT defines all the cord playing commands, given names from
1/1, 1/2, 1/4, to 1/128. The names are chosen to indicate
the duration of the cord group to be played. These names cs
be redefined to make code more readable.

8 octaves of “lotes are def±ned, The no’es are Simp.y constants
of the counts to be depos±t into the counter regisr5 to produce
the square vans of desired frequen,,y, The notes are def:fled
in Screens 4 to 8.

The note p laying commands defined by BEAT in Screen 3 and tie
notes are all we need to encode Dolyponj music Pieces. The
rest of the file ORGAII.BLK contains the code to play a few
organ pieces by J. S. Bach. The pieces are Coded by measures.
Each measure is defined as a word. Many measures are combined
to make up a phrase and phrases are combined to music piece.
Coding each measure individually greatly eases the chores in
debugging the piece. Each measure can be play as many times

in notes and in timing.
as needed and played at very slow speed to spot any discrepancy a

Specialized tools are built whenever situation calls for theta.
Tools greatly simplifies coding, especially when the music
pieces contain regular structures and patterns, as shown in
Prelude in C major. When Passages are repeated, the Drogram
can simply repeat measures already coded. However, since the
syntax can only define cord groups in the vertical fashion,
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t as not oossitla to ta’spose te repetanve them occrr
In different voices.

EXi °‘ES

t°codetop€fr Ba)- Air n eG-’ issrwi.
Screens to Ia In Scree 9 there are sore tools tailorei
to this piece. Let’s first take a look at the first two measures
of this ‘nusic, as shown in Fig. 4 here. The most visible structure
in this piece is the short, pulsing base with 1/16 notes separated
by 1/16 rests. The melody is accompanied by 3 voice harmony.
The tool word 1/ thus takes four note values on the stack and
play them out as a 1/16 cord through channel 7, 3, 2, and I
The tool word 1/. is the same as If, except that after the
cord is played for 1/16 note period, the base voice n chane
7 is silenced for 1/16 period of rest. 1/. is thus useful
to code cords with 1/8 notes in the top three voices aU the base
is voiced only for 1/16 note period.

The word $ adds one 1/16 note to the base with a 1/15 rest.

It
is used to code passages where the top three voices are

sustained while the base pulses.

The Air, as in most music pieces, contains many phrases which

repeat. For example, the first two phrases P1 and P2 share
trw same 5 measures. As all the measures are defined as words
they can be reused to save coding eeforts. The phrase P3 is

F also repeated twice wit)- some difference only in the last neasire.
3 Tne overall structure of this piece Ls very clear i the last

definition of AIR, which plays this piece at a very slow pace
with the FUDGE factor set to 60.

:he D—Maor Prelide in the Well Tempered Clavier is coded twIce.

The

firs’- effort 4 shown in Screens 17 to 21. The “ecurring
structur’ of this piece is ‘hat ea measure is composed of
two reoe?tang st”et hed cords a or! arts w t t e le ‘

bas° au t ° t—no voice joins ter /lb note e i d. Vi a

the
sooraro plays out a triole 1/ 6 n te grouo T)- s s ruc u

is used to explore all tue possible cord gro os exhaustively
and is closed by two 14 note cadenza.

In my first effort coding this Prelude, I defined two tool
words to represent this cord structure. LEAD in Screen 18
plays the base and tenor leading voices, and CORD is Screen
17 plays the following soprano triple cord. The cord words
Kim define the triple cords which can then be repeated in the
half measure Mnn. In phrases °x, Mnn are all repeated twice
to build full measures. This way, most of the repetition are
taking care of.

Later, I felt that a much better job could be done, with the
added feature that the repeating half measures are to be played
by another group of three speakers, as I do have 6 speakers
n my organ. This later effort is shown in Screens 22 to 26.
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Since ti’— Leafing .sase_te.13r Joiaeo and t?° f043hLag 53prar1

cord can te considera: s one bg tote %.o4d ..lad o..t a

seque’ce, only on° too’ word ic needed t3 do :l

?flLS tool word s defined as RD ir Screen 2Z cr firs

plays the 5 note word g.oap t’lroogh channess 3. 2 aid . an

41’en rePeats at throagh channels 9, b, and 7. If we pla3e

tne two groups of 5peakes at the Opposing ends cf a large

hail, the ebhoing effect of tnese cords sh2 b° vay intanesrng

and inpressive.

bsing the new CORD, the entire piece can now be coded ouch K

more efficiently. The sub—definitions Cna and the repetitive

half measured are all eliminated

These are only two examples picked from a sizable library of (
Bach’s music. My ambition is to build a complete machine readable

music library of Bach’s organ works. With the help of

other Bach loves, Probably this can be acnieved in a relatively

short period of t.me.

5. CONDLJso’q
I

I thoroughly en3oyed this project. I never could play ang I
instrument because I couldn’t imagine myself spending years

learning to play one. ‘low I can Proudly display my title as

Organist/progrm witnout being untruthful. The organ

sounds very mechanical still. However, as far as Bach’s musi...

is concerned, a computer does very well becajs the tempo and

the volume are generally kept constqn The interweanng of

voices and the barnaonic progressions are logical and almost

mathematical. As the great master claimed: tI:t is very easy

to play. You dust have to hit the right keys •t the right

time, and the masic hIll pay itself!” 2nis organ sires,

can hit right keys at the rignt time, and I trust tnat

Bach will take care of the music by himself. By sepaating

the voice spatially, pol:phonic music is very attnastfvp vhen

played in very large room, pratdng feeling of depth more

real than quadraphon0 systerns.

The method I developed here to encode conplicatea music pieces

is a working solution to the problem of recording music in

machine readable form. Forth allow us to build some super

structures on top of this system to simplify the cading effort

somewhat, but I don’t see much improvement further than that.

There are many computer music systems available on various

personal computers. Many have quite SOphisticated coding methods

for music encoding into machine readable form. However, when

we used graphic methods to encode music, the resulting form
are generally not transportable to other machines. This metnod
I prop5 is quite general because it uses only 4SCII text.

It may help professionai musicians in exploring and exchange

computerized music.
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£ MPID—4 Parafle!. Interface Card for IBM PC
4 6253k—S’s and 4 S255A—’s. 19 timer—counter cianneis
a d 9f 3rOg3mmab e I/O line Suatabl° or ceepper moto
cor.tro nd r botlc ap )aratl.ols, beside tl° on rga

Offete Organ Series, Vol. I $ 5.03
IBM 5.25” disk. Source and object code of selected Two
Part Invention, Prelades and Fugues, and :occata in 0 Major.

Offete Organ Series, Vol. II. $15.00
IBM 5.25” disk. Source and objet ‘ode of 24 selected pieces
from Anna Magdalena’ Notebook

Offete Organ Series, Vol. III. $15.00
IBM 5.25” disk. Source and object code of Jesu, Joy of
Nan’s Desiring, Sheep May Safey 2raze, Christ ay in Death’s
Prison, and In Deep Grief I Called Ye.

Offete Organ Series, Vol. IV. $15.00
IBM 5.25” disk. Source and object code of Fugue in S Minor
and the 3reat Toccata and Fugue in 0 Minor.

Offete Organ Series, Vol. V. $15.00

IBM 5.25” disk. Source and object code of Prelade and
Fugue i E Flat ‘lato , te St Anne s
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4
5
S
7
8

10

o \ AIR
12 8 THRU
2 9 16 THRU
318 19 THRU
424 27THRU
5 30 34 THRU

NOTE flI 5950 ROT 11
3270 10000 NOTE Cl
3671 10000 NOTE Di
4120 10000 NOTE El
4625 10000 NOTE Fit
5191 10000 NOTE 61$
5827 10000 NOTE All
6541 10000 NOTE C2
7342 10000 NOTE 02
8241 10000 NOTE E2
9250 10000 NOTE F24
10383 10000 NOTE 624
11654 10000 NOTE A21

DOES> PLAY
32 BEAT ji4

2 BEAT 1/64
24 BEAT 3/16

16 BEAT 1/2
1 BEAT 1/128

12 BEAT 332

O2feb8echt
CONSTANT (DOES> PERIOD)

3465 10000 NOTE CII
3889 10000 NOTE DII [
4365 10000 NOTE El
4900 10000 NOTE 81
550( 10000 NOTE Al [6174 10000 NOTE 81
6930 10000 NOTE 021
7778 10000 NOTE 021
8731 10000 NOTE P2
9800 l000C’ NOTE 62
11000 I0000NOTEA2
12347 10000 NOTE 82

0 \ Nulipie notes
1 25 FUDGE (1 iili-second)
2 HEX 310 CONSTANT CHANNEL DECI$AL
3 (PLAY) period channel —1
4 CHANNEL + )R DIJP R8 PC FLIP Ri PC>
5 : PLAY ( n u — send notes to channels
6 )R ( tine 160 DO 01W 1 AND
7 IF SNAP I (PLAY I THEN 2/ LOOP DROP
8 R 000 20 S LOOP KEY? RBORT ki1Ied
c

10
Ii

13

O4ian8bcht Notes
13081 10000 NOTE 03
14683 10000 NOTE 03
16481 10000 NOTE E3

8500 10000 NOTE P34
20765 10000 NOTE 634
23308 10000 NOTE ASI

2616 1000 NOTE 04
2937 1000 NOTE D4
3296 1000 NOTE E4
3700 1000 NOTE P44
4153 1000 NOTE 641
4o62 1000 NOTE A44

2772 1000 NOTE 044
3111 1000 NOTE 041
3492 1000 NOTE P4
3920 1000 NOTE 64
4400 1000 NOTE A4
4939 1000 NOTE 84

CONTROL—PORTS n)
320 313 DO 01W I PC 4 +flJ DROP

INITIATE I set up all ports to be ode 31
36 CONTROL-PORTS 76 CONTROL-POETS 86 CONTROL-PORTS

I silence all channels #ith 300 KHz output
444 444 444 444 77771PLAY

11
12

14
15

Copyright C H Tin. 196

O4fete Enterprises Inc
1306 South B Street
San Iateo CA 94402
(415 574-8250

Notes an cords I

Air on the 6—String I
I Doxology I

i Prelude in C maJor, Version 1
Prelude in C •ajor, Version 2

HUSH DEC1ML
CONSTANT

INITIATE
BE>T

128 BEAT
8 BEAT

96 BEAT
192 BEAT

4
O24ebSScht \ Notes

1/1
1/16
3/4
32

64 BEAT 1/2
4 BEAT 1/32

48 BEAT 3/8

6
7
B

10
11

13
14

2 5

specif ed by usk n

3ldecE5c
13859 10000
15556 10000
17461 10000
19600 10000
22000 10000
24694 10000

NOTE 03*
NOTE 034
NOTE P3
NOTE 63
NOTE A3
NOTE 83

D>m nstration of e1eotronc organ



I 52$: 1000 NOTE CS
2 5873 10O NOTE 05
3 6593 lOOi NOTE £5
47400 1000 NOTE F54
5 8306 1000 NOTE 654
6 9323 1000 NOTE 451

5544 1O NOTE 05$
23 1000 NOTE 051
o985 1CO. NOTE F
784 0CC NOTE 85
8800 100C NOTE 45
p878 1000 NOTE 85

31c85ct Air fo 6Strnc
HEX

n n i3 n4
$ n 4001/

701 i1
ii 44 /16
400

8104651000 NOTE Co
11747 1000 NOTE 06

10 1185 1000 NOTE 66
14800 1CO NOTE o1

12166321000 NOTE 66$
13 1B4 16w. NOTE Aol
14

11087 1000 NOTE Col
12445 1000 NOTE Dot
ioc 1000 NOTE F6
5b80 1000 NOTE 86
17600 1000 NOTE 46
055 1000 NOTE 8

0 Not€s
1 2093 100 NOTE 07

r 2 234Q 100 NOTE D
I 32637100 NOTE ET

4 2960 100 NOTE F71
5 3721 100 NOTE 67*
6 3729 100 NOTE 47*

8 4186 100 NOTE CE
9 4699 100 NOTE 08

P 10 5274 100 NOTE 68
11 520 100 NOTE FBI
1 6645 100 NOTE 68*

1 7459 flO NOTE 481

4425 1(0 NOTE 08*
4q78 lOc NOTE 08*
5588 100 NOTE FE
6272 100 NOTE 68
O40 100 NOTE 48
90 10 NOTE 88

43$ 63$ 62$
$2 62 44 05 £4 i’ F 44401 1/16 4

631 D4 4404701 1’lá 4 C4 401 11
404401 1 1o 62046483 83$
6363401 1 1644001 16 FL I

N El E4 6464 El 041 84b 64 /
01 84b 50 iIi 4 400 1/16 021 6444
03*44 BIb //4 4:401 i 4204401
43 64401 1/16 4 64401 1/16

$4 Dl 04 44 64/; 03 M 05 0O
305500 164655001/16 02

B 46464 404411 6 82
6 4 4 1 16 4 o.s 401 I o 6 64 4

B
0 Flit notes
1 [1* CONSTANT Dib
2 02* CONSTAN 026

034 CONSTANT 036

F 4 C4* CONSTANT 046
5 054 CONSTANT 056
6 061 CONSTANT Dab
7 07* CONSTANT 076
8 081 CONSTANT 086
9 61* CONSTANT 416

10 62* CONSTANT 426
1163* CONSTANT 436
126*4 CONSTANT 446

L 13 651 CONSTANT 456
14 66* CONSTANT 466
15 E’t CONSTANT 476

01* CONSTANT 616
02* CONSTANi E26
03$ CONSTANT £36
04* CONSTANT £46
051 CONSTANT E56
06* CONSTANT £66
07* CONSTANT E7b
081 CONSTANT EBb

41* CONSTANT Bib
42* CONSTANT 82b
431 CONSTANT 836
*4* CONSTANT 64b
454 CONSTANT 856
AbI CQNSTANT 866
A’1 CONSTANT 87b

10

2218
2489
274
31 Th
T520
3951

100 NOTE C*
100 NOTE D’I
100 NOTE 67
100 NOTE GT
100 NOTE 47
160 NOTE B

3idecBScht Air for the 8String 0l,eb8oc
NI 03 64 CS £4 i; 04 $ 81 $ 82 1 42 44 05 E4

64 40 1:ie
624 8$ 411

44001 2 AZ i

4 44 501 1 lo
84 b 464 41 1ib

i’lO 04* 4:

05500 i•1
‘16 405 500 1
61 o

1/10 4
6550
444

11
31dec85ht Air for the 6-String

Eli CONSTANT Sib $5 03 04 64 E4 11 04 $ 83* 8204 6464* /464 4v1 1
62* CONSTANT 626 42646404 43 C4 64* 047011/320411 2
63* CONSTANT 636 464 £45011/16 63* 43 44 £4 I 404 40 1116
64* CONSTANT 646 0304 F41 04// 404401 1/16
F5ICONSTANTS5b :N6 83046483//443401 1/i6 03 £4 64 43 7; 1;::
66$ CONSTANT Bob 8311132404401 1/16 83 43 64C
67) CONSTANT 676 0204 64* 83/1 4 43 401 1/16
68$ CONSTANT 686 $6 NO

62638463/ 42400 1/16 82400 1/1603400 •Ib
034001/16 63 400 1/16 63400 1/16 03400 1 16

$7 NO 62 6364637013/8 41 1/8
P1 $1 $2 $3 $4 $5 N
P2 NI $2N3N4$5$7

Der st tion f dc troric orga (o d/



5 F41001,16.1

6 : W9 £21 £4 04 43// P4 P43001,16 03* 6464 44i
7 4 04 £47001/16 E3 04* 041 44 4 64 401 116
B 42 44 051 P4 4 £4 40! 1/16
c 3 4405 P4 04$ 04 4304 P47(11/32 £4 11

10 4 04 401 132041132 0383401 116 443401116
II $10 62 L 04 83* 4 4 60 IHo 63044 A
12 4 £44 03i 43 P405 83 ;/ 4 0405 C4 1/ 42 P4 0504/!
13 4 04 600 1 1 62* 0405 04 / 4 05 £4 5(1 1 16
14 4204 64 P4 ‘14 04 44 ‘00 1i16 8263641 P4//
15 4445001/1662048404.;

13
0 4ir for the B-Str:g

$11 42 £4 4404/4 C4 401 1/16 P30444 83 //

2 601 1/16 03 P4 44 831/404401 1/32 04 1 L32
3 03E4 64104/140483 01 i:io; 42040443//.r 43163582$
5: $12 P2*430404 F3I4o031 144001 6
6 E3E464C4/4F4lE45(:1 I 1E2E46404.

04 1 1ii 0243 P41 44; 0304 600 :I
8 4 E4 04 703 i’1 0304 P4* 44 / 464 500 I:io

02544464 4F4* 401116;
10: $13 81 044404 701 132 04 1 i’32 464 4( 1/16
11 820464 6 C £48441/

45 401 1/32 04

O2febBàcn: 4i +or the 6St:nç
$17 43046404 41D4F4C4 620464041

404 401 iIi 6164401 1/18 4 64b 401 I:Lt
P304 P4 84b /1, F2 44401 1/1644001/18021
0304 401 1/16 4 400 1/16

$18 03 04 P4 83 :, 443046011/16 02 04 44 P4:
46001I1o C2A405F4 //464600 1/18
03 P4 43 601 1/16 4 05 500 1/16 62 848404701 1/32
£41132 4 44 P45011/16 0364 64 P4 4 £4 40! i i
8364447001160411/16

$19 63 £484 047011/32 8311324 434(1 /16
63400 1io 4 83401 ii lo 6304 P48’ I 404 500 1 i

6263 6483// 4 C4 401 1/16 Cl 63 £4041

62102402$

014eb8&ht Air for the 6-String OlfebS
$20 62630464047031/32 631 1/32 4444 601 1’18
6263600 1/164463 601 1/16 62 6304 6483 703 1/16
44 oGO 1/32 431 1/32 61 6281 831/ C4 1 1/16
02036304 701 11

P3 NB N° $10 $11 $12 $13 $14 $15 $18 $17 $18
DECINAL

AIR 60 611060 IN1T1ATE P1 P2 P3 $i P3 $20

0 Air for the 6 Striog OlfebBbcht
I : $14 £264 64 04 // £3044404: / 4 84b 500 1 10
2 63445001164845001/16 F244C5E41 4044011/16
3 62* 440504 1/, 631 0484 04/1 4 44 500 1/16
4 6384500 1/16 4 05* 500 1/16 62 64 05 P4/104 1 1/16
5: $15 621840504 1!. 63*04 05* 700 1/18 4645001/16
6 4305* 500 1/16 405500 111o 42051 ES 64//4 P4401 1/16
7 03 44 E5 64/;’ 4 C5* 500 1/16 044 65700 1/16 4 44 500 1/16
8 04 04 500 1116 444500 1/16 03 P45001/16 4045001/16
9: $16 82 04 6463// 4 83 600 1/16 8304 64700 1/16

10 4 64 600 1I6 63 046463//463401 1/16 83046404 11
11 4 6440! 116 04046464 /404401 1’16 030484 E4 /1
11 4 0550 116 826 0464 04 636 04401 1’lb
13 4 64 4(’ 32641 13
14

4r for the 6Stria
MS 82046462 •:/ 611 P3400 iH 4044(1 1/32

2 8311/32 Fl 43401 i31 831 i32 463 401 1/b
3 E2 D 64 64/: 4 44 50. 1/16 El 04* 648 64 ; 404 600 iilo
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The Corn.uter Oroir

This computer organ was conceived buil and proammed b Dr C H
Ting toexpenment music making using a perira c ‘nputer His goal was a
simple. low cost, and self contained system wht- can be used to enter
music score and play back his favorite organ musi. b S. Bach Inspite of
thc simplicity of this computer organ the sonai quality is remarkably similar
to an early pipe organ ‘ith six channels of .‘itput, the organ is capable of
reproducing all the organ pieces written by Bac. and the Baroque masters

The most Interesting feature of this computer organ is that different voices in
a contapuntal composition can be assigned to different speakers which can
be separated by long distance in a large hail. It is thus possible to spanalh
separate the voices to a contapunta music and fil. the hail with voices
coming to the listenert from many different directions, creating a miely three
dimensions effect of the music This iS another method to help clarify
Bach s organ music and to aid its percepoon by the listeners

To make a computer intelligent enough to play music of Bach’s
sophistication, special programming tools must be built so that the music
score can be converted to a form which is both human readable and machine
readable The computer must be able to read it so that it can execute or play
the music Human must also be able to read it so that he can edit and conool
the music for proper presentation. Dr. Ting developed a music description
language by which he coded a large collection of Bach s organ works
including the ones presented in this recital. This language consists of rules to
construct sequences of chords and to string them together to form a playable
piece. Each chord is specified by the notes in it. the assignments of notes to
channels, and the duration of the chord Measures are thus defined in terms
of chord progress ons phrases in terms of measures and woole piece in
emit of phrases

This music descriptton language it based upon the very powerful
programming language ‘FORTH w h ch has been widely used for machine
control and automated Lnstnirzntation Many atanbutes of FORTI{ such as
fast execution speed, efficient memory utiltzation. ease in high level
consmiction. and interactive interface between user and computer. make tt
possib e to encode large and complicated music or the computer to process
ard 0 play back

The Mus’c

The Preludes and Fugues in C Major and C Minor from the Well-Tempered
Clavier, Book I, are the standard pracoce pieces for serious students of
Bach. These were also the first ones coded after the computer organ was put
together They are pancularly interesting here because the chord
progressings in the preludes are always repeated. The most plausible
assumption is that the repeating chords are meant to be echoes of the leading
chords. This echoing effect is best demonsteated b this computer organ
The six speakers are programmed so that two groups of three speakers are
engaging in a dialog, projecting chords at each other auross the hal].



The fuga preiide in Deep Grief I Cry to Thee is a stx part fugue using
double paaee Thts is one piece in whcn aI the stx channels ir the
computer organ are gainfufly occupied The double padele effectiveiy
conveys the notton of deep grief in Marun Luther s origtnal cnot-ale
However, the joyous rhythum towards the end reassures the grace and
salvation from above

The chorale preludes were adapted from Bach s cantatas by E Power Bigg
to organ Three movements. Sinfonia, Chorale and Variations, are presented
in Christ Ly in Death s Boundage from the Easter Cantata The Sinfonia
sets the mode with its slow and grave motive in the padele, sinking ever
deeper into death s stong hold Aster the deciaranon of Hallelujah at the eno
of the Chorale, the high voice in the Variations rises higher and higher as if
following the resurrected Christ towards his throne

‘Jesu, Joy of Mans Desiring from Cantata No l4 is probably Bach s
most often played chorale prelude The lively high voice in niplets hugs
warmly around Schops chorale melody of 1M2 in the hymn of Martin
Jahn s “Jesus remains all my joy, my hearts solace and strength’

‘Sheep May Safely Graze is a chorale prelude from Cantata No 208 for the
birthday of Duke Christian of Sachzen-Weissenfeis in li6 The fresh.
pastoral character of tins music is a remarkabie instance of Bach s power of
tone paindng The pattern set in the first measures dipicts iamblnns playfully
jumping around their mothers who are engaged in the more serious bussiness
of grazing

The second half of th:s recital covers Bach from his youth to the last years in
LeipLg Toccata in G Major :s a keyboard composition in his early ‘4eimar
period when he was lberanng hsmself from the German masters thmugt
Italian influences This piece was chosen here mainly because of the very
powerfui ecending chords in the Toccata These chords require all sx
speakers sounding together, buildinga higl’ contrast against the solo voices in
the concern style

The ‘Little Fugue in G Minor and the Great Toccata and Fugue were
examples of Bach s maturity in his late Weimar years The theme to the
Fugue in ‘G Minor was laid out so vigorousl and with such rapid an
weighty developments that it is impossible to find its parallel in Bach
contemporaries A for tne Toccata and Fugue to D Minor we have the
words from A bert Schweitzer “The strong and ardent spirit has finall
realized the laws of form. A single dramatic ground thought unites the
daring passage work of the toccata that seems to pile up like wave on wave
and in the fugue the intercalated passage in broken chords only serve to make
the climax all the mare powerful’

The Prelude and Fugue in E Flat Major belonged to Bach’s late Leipzig
periodwhenheniedtosummenzehisiifeswork. Thethemeinthefugueis
from the ever popular hymn “0 God, our help in ages past. our hopes for
years to came” The same theme recurs in three connected fugues.
symbolizing the Trinity The first fugue is calm and majestic, with an
absolutely uniform movement throughout In the second fugue. the theme
seems to be disguised, and is only occasionally recogrnzabie in its true
shape, as if to suggest the devine assumption of an earthly fxni In the third
fugue, it is ‘transformed into rushing semiquavers. as if the Pentecostal wind
were coming roaring from heaven



The Organist/Programmer

Dr C H Ting is a chemist by training
and a computer specialist by inclination
He graduated from the National Taiwan
University in 1961 and obtained his Ph
D in physical chemistry in 1965 at the
Universit of Chicago After two years
of post doctorate research in US and
Germany. he returned to Taran to
teach chemist) and to carry on research
in molecular spectroscopy, quantum
chemistry, and chemical
instrumentation He returned to US in
1975 to pursue his new interests in
electromcs and computers, and joint the
Lockheed Palo Alto Research
Laboratories in 1976 CinTently he is a
staff scientist working on a number of
projects concerning fast signal
processing image processing,
instrumental control, and most recensh
large parallel processing systems

He discovered FORTH and used it as a software too’ to develop zmage
processing systems and was am-acted to the power and effectiveness of this
programming language He joint the Forth Interest Group in 1979 and has been
an active member in the Forth community published many paper and books or
FORTH Forth interest Group nominated him to the ‘Figgy award in 1986 for
his contribution to this programming language Besides using FORTH at work to
solve serious problems. he brings it back home for recreational computing The
computer organ is one of his home projects wtuc yielded audible res ths

4i musical experience was limited to the four years in Chicago where he was
‘ioused with a music major, Mr David Ciaypoo, who later completed a Ph D
degree 10 musicology at Noril western University Mr Claypool was a feverish
Bach pamsan and left the same fever on Dr Ting The other music exposine was
his occcassonai ditty to supervise the piano practice seesions of his three children
However, lacking serious musical training did not divert him from the
determination that he can train his computer to play Bach faster than his children

r
I



Preludes
Fugues
Toccatas
Cantata Them

BACH ORGAN RECITAL

on a six channel computer organ

Bachs organ pieces were translated by Dr. Tmg into a form readable by an iBMPersonal Computer. The organ-like sound is generated by the computer through asix channel tone generator and six speakers. Dr. Ting uses this system toexperiment on the spatial separation of voices in Bachs music,

$10 Donation ($5 seniors and students)
towards the Building Fund for the Christ Church of the Bay Area

For information call (415) 871-7770 or (415) 692-7842

Dr. C. H. Trng
Sunday, April 12, 7pm.

St. Andrew’s Lutheran Church
1501 South El Camino Real

San Mateo, California
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Bach s organ pieces were translated by Dr Ting into a form readable by ar IBM
Personal Computer. The organJike sound is generated by the computer through a
six channel tone generator and six speakers. Dr. Ting uses this system to
experiment on the spatial separation of voices in Bach s music

$10 Donation ($5 seniors and students)
towards the Building Fund for theChrist Church of the Bay \rea

for information call 415) 87I7770 or (415 6927842



XV. 4 “IL’s DICI,:4c

1.

‘The Devil’s DP Dictionary’ by Stan KellyeBootle(1) lists common
terms used by programmers and interprets them in a humorous
way. I thought that if I could put these terms in my computer

b and set up a convenient method to recall them, I would have
an interesting toy with which to entertain my friends and guests

Tt

is appropriate to implement this dictionary using Forth
because Forth has all the necessary tools to build a dictionary.
As a matter of fact, all the commands in Forth are contained
in a d±ctionary, and the text interpreter in Forth is programm

to
search this dictionary to identify commands typed by the

user. With these important tolls already in place, I thought
that it would be a simple matter to build the Devil’s Dictionary
on top of the Forth dictionary. The only other thing necessary
is to be sure to secure permission from the Publisher of theL book.

L The teclnilue used to implement this dictionary should be ofr interest to many people because dictionary is a fundamenta:
vehicle of information and intelligence. Consigning dictionaries

k to electronic storage devices will certainly make large amoant
of ineorlgation readily available t users, who can t’ien retrieve
ani use the information from such sources efficiently, In
educational settings, an electronic dictionary can be useful

to
students, wto can interact witn the co’nouter as they lean

about sub lec’s without having to go through rigidly scl’eduled
classes. tt is my hop— tt’at “eaders will take tne imple,entation

as
a model and build dictionary systems taat represent thear

own intereate and ap?li.ations.

VIE ALMIGHTY \ COW4Aj

To start this dis3ussion, we can use the regular high level
defining word • to define dictionary entries A good example
of this use is:

: ABACUS .“ A reliable solid state device recently superceded
by Cray I.” ;

After we define ABAC3S as above, if we type ABACUS on the terminal,
following it with a caniage return, the message between .‘

and P will be typed 3ut on the CRT screen. This sequence
of actions epresents Vie idea in building a dictionary. An



entry has a “era an an a°sz3Late. st”inp ii ti . tLo)sry

When we a vote na’e, o: Cysteu responds Win s r ng.

prnl vita th a %pp”oaoh, tG*eer, is that the string WI::

be Compiled int) RA.q alone with tte enty name. Using a p’rsr—j

computer with a limited noun’ f RA!s memory. V vifl not be
able to build a dictionary of a Jsefua Size. We Lila do better

if we only compile the names of entries with the mininum atount
of information the’ will enable the computer to retrieve the
String from disk when we invoke the name. Another consideration

is how to store the dictionary entries on disj in the most

convenient and efficient way.

These requirem5 call for te creation of a special defining

command that can Compile the dictionary entries from disk and
also retrieve the associated string when we execute the na’nes

of entries. This defining command has the name \ in Screen 22,
Listing 16. A defining command is a specialized Forth

comPiler..interpret(
2 The portion between CREATE and DOES>

is the compiler which will be used to compile new commands
into the Forth dictionary. The portion between DOES> and

; is the interpreter, which specifies how the new commands

built by the defining command are executed when they are invoked.

An interesting Property of this command is that it serves to

purposes: it acts as a defining command and also as a delimiter
to the string of the previous string. To unders*nd why ‘

has to behave this way, let us first look at a block of tex’
in which a few diotionany entries are defined, as shown in
Screen 60 of the listing.

In Screen 60, the %.Ofl’afl
‘ is uses syntaci3.1,as a separator

between dictionary entries. Eacq entry comprisas a name and
a few sentences of explanation. The name and the string are
separated by a space. However, the string is of variable length
and must be allowed to have many spaces within it; tre string
is tewinatej by the command. It is, of coxrse, P055:ibe
to designa a special character oter than \ as the string
terminator, but tnat Substitution would Drove messy and ineaegan...

What \ does, as shob in Screen 22, is first compile the
entry name into the Forth dictionary as the name of a new Forth
command, with three nwubers in the parameter field: the block
number where the associated string is stored, the character

offset of the string from the beginning of the block, and the
length of the string. Using these three Darameter values,

the defined dictionary entry will be able to locate its string
on disk, retrieve it, and print it out on the CRT terminal.

These activities are defined in execution time between DOES>
and

When a new entry is compiled the aotual content of the string
is immaterial. All we need are the starting and ending locations

of the string. The compiler scans the string until it detects
the \ character. The scanning character poin+er >111 then must be

backed up by one c’rnracter so that the ‘ character can be executed

again to co’npile the next dictionary entry.

I
I
I

I
I
I
I
I
I

I
I

I
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aae creation of \ c,,j Blows as t us— a sirra ywa
a store the texts ofd4ctionary entries oi disk in co.noact
fora. Wi. car then Use thos_ .,exts ta bu1d the 3°%il’b Dictaoiiary,
with entry names Compile_ Into RAM wnile tie tax.. strings re”jaz’i
on disk, only to be retrieved in ran time. This way he RAY
can be used efficiently. “re System can 5ar”h a’-tI tden4-ify
dictionary entries qufckv bacause those entries are ii the
RAM; the associatad string v.1. be Drinted out from the d.sk.
This Seems to be the best comuromise among RAM usage, execu:iov1
speed, and a large volume of text stored on disk.

3. OJrpu OF DICflopj4yENTRIES

Strings to be printed on the CRT terminal are of variabe length,
usuajiy longer than one line. it is necessary to wrap words
at the end of line to the next line Without breaacing thei in
the middle. Every Word processor knows how to do this. The
command DISPLAY (defined in Screen 21) does this Word wrapping.
It behaves similar to TYPE; however, a carriage return is inserted
before a word that crosses the64-character line boundary.
The command —CHAR Is similar to —TRAILING, except that it eliminates
the trailing nonblank characters. ADJUST extracts a substring
of fewer than 64 characters to be typed out by TYPE, with the

t location and length of the remaining string still on the stack.

In the execution part of the commaj \ , DISPLAY is used to
type out the string associated witn a dictionary entry so
that the printout looks Professional. Tn, QUIT command after
DISPLAY is used to 5UppPess the “ok” nessage after successfu:

k execution of an entry. If the dictionary is to be used by peopze
unfamiliar wit! Forth or any otier OOwputar language, it is
better to leave these langaage prompts out of the CR disolav

I
4. THE FJfly SEARC(

Conput,rs are generally unfriendly because they expect the
user to type in commands in the exact forms specified by the
language in which the compater is programm Misspelling
a single character in a command causes the computer to spit
out some message that is incomprehensible to mortal beings.
To help the User, we want the computer to search through its
dictionary for entries similar to the command entered by the
user when the comniand does not match exactly any one of the
dictionary entry. The computer should then display the names
of these entries and Politely ask the user to try one of them.

The method we use to locate similar names in the dictionary
is based on the Soundex Code scheme(3), which cor1vets similarly
pronounced words into one code. The Soundex code of a word
starts with the first letter of the word, ignores all vowels,
and grot.ps the consonants into six groaps. Only the first

—219..
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which coiverts an a phabetic taracter to its o esp ding
Sourdex code by lookiag up tie de in t e table with 2o letter
SDX is a buffer that stores te Soundex code generated from
the word entered by the user, flat code is ater compared with
codes derived from distionar entries.

The command SCONVL’tL shown in Screen 24 converts a strirg mt
its Soundex code. Given tne address of a string on the Stacy
$CONVET will generate the corresponding Soundex code in the
PAD buffer. SHOVE converts one letter into its Soundex equivalent
and adds this digit to the Soundex code string in PAD buffer.
However, SHOVE will not move a digit if it is 0 or if it repeats
the previous digit--according to the Soundex conversion rule.
ST is the variable storing the lastly converted digit; it allows
us the keep track of the repeating digits.

In Screen 25, the command 5]ET converts one string into its
Soundes code and copies the coda from PA. buffer to SDX buffer.
.ID prints the name of a dictionary entry. given its name field
address on the stack. HASI is a special 783 command to select
a vocabalary thread anong four threads t sea”ch for a diction y
entry(4 In F83 every vocabulary in tie Forti dictionar
is hashed nto four t reads to acelerate the comoaler and
the tex ‘er?reter— o ly a qaarter of th oca lar is se
for any c. mma ii

NflEirSceer o aa Ia itirr fly I
its Sounder cads agraes w r th° c e st re i t e CDX fe
.NAhFS w 1 sear tirougi t a d tio a an ii out a
tFe names i the d’cta nary av tte aa ounde “cd g °

the link I eld address of t e entry used sta he searc
Finally ie conmand S AR H owe ts the. use -ei • ed ward
into a Souniex code, sear ms throug ie di iorery, an
all entries of the same Soundex code.

With a figFortt or 79—Standard Forth system, whict do not has
the dictionary, one should eliminate the word HASH in the phrase
CONTEXT 0 HASH 0 in the definition of SEARCH. The purpose of
this phrase is to find the beginning of a thread to stafl t’ie
dictionary search.

5 THt INTERPRETER LOOP

We can drite a new text intarprete -, vi CS w’ll ast t e user
to entar a wor serct the dictionary for th s wor an in

22t
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the associated strig if the wora Ic ir tne ‘iieto,97 st

f the entered word as no’ ar entry in te4icSonari, CEk3,½

viii be i’)yoked t’. do tha Zany sea—ch and print a’: tre
‘lales of dactionarny entries bath the sazie Soundex aode. This

is Precisely flfl the Forth text interpreter does, wIth only

one exception: when a word as not an tha aictionary. SARC’j

is called i’istead of NUMBER. In this 518tem, after the new

dictio.ay is compiled, there is not need for the regular Forth

f interpreter. We can replace the execution address of NJMBER
in the text interpreter loop by the execution address of SEARC.4.

This is the cheapest way to implement oar special purpose

interpreter.

In P83, NUI4BER is a deferred Word, which executes the command

whose execution address is placed in its parameter field.

k To change the behavior of NUMBER to SEARCH, WC only have to
deposit the execution address of SEARC’i into the parameter

field of NUMBER. In a system like fig-Forth, one will have

to
‘hotapatch the address of WMBER in INTERPRET loop and

replace it with the address of SEARCH. Tnis is a surgery not

recomaended in textbooks, but it is fun. However, do it carefally

The

Forth syste may ‘bleed to death’ if you cut into it at
the Wrong place. The formal way to do this is to rewrite

INTERPRET with SEARCH and put the new INTERPRET in an infinite

loop such as QUIT.

6. A SEAL VOCABJLARy

One more problem we face as tne partato, of the DevIl’s Dictioqar,

from the regular Forth &ctaonany. (The user should not be

permitted to execute any regular Forth command tiat would mess f
up the system.) The best way to ha’zdle this tasc as to create

a
separate vocabulary to hold all the dictionary entries and

seal off the other Forth vocabularies 53 that the user can

only access the Devil’s Dictionary. Different Fortn syste

provide
different ways of builditig a seal vocabulary. In £83,

a seal vocabulary can be constructed followi’ig the CO9and

sequen shown in Screen 20.

First, all the tools are compiled into t’ie regular P3Rr

vocabulary, including the definition of a new vocaDulary DEVI

in Screen 22.

Next, all the Devil’s Dictionary entries are compiled

into the DEVIL vocabulary. At this point the NUMBER command

in INTERPRET is changed to SEARCH by the phrase

‘ SEARCH IS NUMBER

so as to activate the fuzzy search if an entered word failed
to match a dictionary entry.

Lastly, the phrase SEAL DEVfl, at the end of Screen 20
makes DEVIL the only vocabulary to be searcned

_cc. —



by trio text :ntorp-ee.n, ?us Stalin: off otier Vocabalaries

‘HE LAST

This Devil a Dictionary Once activated loops on forever,
searching the dictionary for every command the user types on
the terminal. It prints aCellyaao.5 interprejtion of the
word it that word is in the dictionary, or it prints a list
of closely related words to help the user to continue the dialogue. V
Even though several hundreds words are defined in this dictionary,
the fuzzy search very often fails to find any Word of t’ae same
Soundex code as the entered word, and an empty list is returned.
An empty list is not a satisfactory answer, and is annoying
to the user.

The computer should always give the user some valid suggesti5 Ito carry on the conversation Th case the fuzzy search returns
an empty list, the system will print all the entry names in
a screen, as suggesti5 for the user to try. The screen number
is stored in the variable 3CR, which is incremented every time
a screen is accessed.

A convenient way to print the names of dictionary entries in (a screen is to redefine the command \ , as shown in Screen
27. It must be done after all tie dictionary entries are
and before the DEVIL vocasula,.y is sealed. The new \ tomliand
will print one entry nam° and skip over the t’ze explanation
string. If the block containing many entries is loaded by
the command n LOAD, all the entry flames in screen n wil.. be
printed. SEARCH is this redefined to detect Vie condition
of empty list and executes a SD t LOAD command to print nries
in a screen. The detailed command sequen to effect this
improvement is shown in Scre—ns 27 and 28 I
Words in the evil’ D::tionany is sflown in Figare 3..
A sample dialogue With this Devil’s Dictionar, is shown in
Figure 31. The computer tries to be helpful Wheten a word
can be found or not

I

8. CONCLUSIOPJ

II
I hope that I have made the technique of building an on-line
electronic dictionary clear enough so that those readers with
a working Forth system (P83 Preferred) can implement it for
fields involving their interests and expertise. This is a
rather advanced Forth application, because the use of CREATE
to compile dictionary entries. It also tinker with the text
interpreter in the P83 system, Nevertheless, it is not too
complicated to be incomprehensible, while still vividly

language syntax.
demonstrates the Power contained in Forth to implement special

-222—
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WaRts
\ YOUR-PROGRAM YODALS xrs WORST-CASE WORD PROCESSING WOM
WILD-CARD WHEEL WATERGATE VULNERABILITY VUE VTSO
VOLTA] RE-CANDIDE VMOS VIRTUAL LATEST-VERSION VERSION
VERIFICATION UDV UTM USER URN UPTIME UPGRADE UP
UNDETECTED UNDECIDABILITY UNBUNDLING UN- TWO S-COMPLEMENT
TURNKEY TURNAROUND TURING-MACHINE TURING TTY TRUNCATE
TRIVIAL TRAVELING-SALESPERSON-PROBLEM TRANSPARENT TRAILER TEE’
TOP-DOWN TM TIME-SLICE TIMESHARING TINE-MANAGEMENT TIME
THROWAWAY-CHARACTER THRASHING TH:NK TEXT-EDITOR
TERMINAL-DESEASES TEMPLATE TACKY-MAT SYSTEMS SYSTEM
SYMPOSIUM SWEETSHOP SUSPECT SU0ERSTITION SUPERCOMPUTER
SUMMATION-CONVENTION SUBROUTINE STRUCTURED STRUCTURE STRINGFN
STEPW’SE REFINEMENT STATE-OF-THE ART STANDBY !TANDAPr DEVIATIO%
STACK STABILITY SEP SPOOL SPECTRUM SOURCE-CODE SOS
SOFTWARE-ROT SOFTWARE SNA SIZING SINGLE-CASE SIMPLEX
SIDEGRADE SHILOP SHIfl SEVEN-CATASTROPHES SERIAL
SEQUENTIAL-FILE SENIOR-SYSTEM-ANALYST SEMICONDUCTOR SCROLL1NG
SAWTEETH ST.-PRESPER REVERSED-CLASS-ACTION RESTROOM
RESPONSE-TiME REPORTAGE RELOAD RELEASE REFERENCE-ACCOUNT
REENTRANT REDUNDANCY RECURSIVE REAL-WORLD REALITY RDCL’!
RANDOM-FILE RANDOM QUEUE QUERY-PROGRAM QLP PUNCH PTF
PROSPECT PROPIETARY-CAVEAT PROPOSAL-EVALUATION PROPOSAL j
PROCTOLOGIST PRIME-RATE PRICE/PERFORMANCE PRESTIDIGIT
PREFIX-NOTATION PRECEDENCE PRAYER POM POLISH-NOTATION
POACHING PLOTTER PLATEN PIGEONHOLE PHASE e
PESSIMIZING-COMPILER PERSON-HOUR PERSONAL-COMPUTING PEEP-GROUP
PAYRCLL PAUSE PATCH PASSWORD PASCAL-MANUAL PARITY
PARENTHESIS PARENTHESES PARALLEL PAPER-LOW PAGING
PACKAGE-SWITCHING OXYMORON OVERHEAD OVERFLOW OSOPHOBIA OS
OR OR OPERATOR OPERATING-SYSTEM OPEN ONE-LINE ATCH OGHAM
OGAM FFICE-USE-ONLY EM-COGS OEM OEDIPOS-COMPLEX R-B
OCR A OCR OBSOLESCENCE OBJECT NUMEROLOGY NUMERCLAYR
NUMBFR RUNCHER NULL NL.T NOR NON N)1SE
%GBEL Pnt”E WINNERo NIi NETWOIK bE’7WvK NEFT NATUnAL
NATURAL LANGUAGE COMPILER NA’URAL LANGUAGE NAN! NA V
MY PROGRAM MUSE MURPHY -LAW MUM MUL”I ‘ASK Na
MULtmIPROCESSING MU TIP EX MULTIJOBBING MULTI $T’R MTBF M
MOZ DONC MOUNT MONTE CARLO-METHOD MONO THIC NODULE MOD’JLAR
MNEMONIC MIPS MINI-STRING MIDDLEWARE MIDDLE-OUT
MICROPROCESSOR MICRO MICR METHODOLOGY METAPROGRAMMER
MENDACITY-SEQUENCE MBT MAP MANUFACTURER MANIAC MAN-HOUR
MAJOR-NEW-LEVEL-RELEASE MAINTAINENCE MAFIA MACHINE-INDEPENDENT
LUDDITE LP LOW-LEVEL-LANGUAGE LORD-HIGH-FIXER LOOPHOLE
LOOP-ENDLESS LOOP L000MACHY LOGICAL-DIAGRAM LOCAL
LINEAR-PROGRAMMING LIFO LIBERATION LEXICON € LAMMA-THREE
LEADING-EDGE LEADER LAW LATEST-VERSION LABOR-HOUR LABEL
KSAM-FILE KLUDGE KING K JOHN-BIRCH-MACHINE JOB-TRICKLE JCL
JARGON-FILE JANUS ISO ISAM-FILE IRS IOU 10 INTROSPECT
INTERFACE INSINNUENDO IN-HOUSE INCOMPLETENESS-THEOREM
INCH-WORN IMPLEMENTATION IMPERSONAL-COMPUTING IMP
IDEAL—BUSINESS-MACHINES ICARUS IBM HOWEVER HOLE HIRSUTE
HIGH LEVEL-LANGUAGE HEXADECIMAL HEUR STICS HARTREE-CONSTANT
HARDWARE HARD-SECTOR HALTING-PROBLEM HAIRY HAIR GRUNGE

Fgure 33. ord r tie ev s
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O It N
One of me earnest languages of any real height. level-wise.

developed out of Speedooding by Backus and Z’ler fr IBMiO4

obos aaleso 8-our adat agreers

COBOL
COmmon Business Oriented Language. A procedurally disoriented

language pioneered by Commander Grace Murray Hopper of the U S

Navy. In keeping with the naval tradition. a lot of rum is

still forced down the throats of reluctant middy COBOL

programmers before the swab their daily deck of cards

ALGOL
Please try the following words:
ALGOL-84 ok
ALGOL -84
An extension of ALGOL being formulated by 84 dissidents from

various ALGOL user groups.

I
APL
A Personal Language. A Packed Language. or A Programming

Language. A language devised by K Iverson so oompaoted ttat.

the source code can be freely disseminated without revealing

the programmer’s intentions or jeopardizing proprietary rights.

PASCAL
Please try the f 1) wing wrds

ASCII
ASL
AUGRATIN
AUmOE°OIICTSN k

ok
ok
ok

XE ROX
Please try the following words

BABOL
BACKTRACKING
BACKUP
BALLPARK
BASE-ADDRESSS ok

ok
ok

BACKUP
Any file, device, or person which results from backing up: the

total deviation from the original is directly proportional to

the number and scale of the catastrophes resulting from each

copying or matching error. To comoound errors while merely

trying to perpetuate them.

Figure 3. Sample dialog
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A rd a olS a a e b q i a y c ro t i
suparseded by tht Cray aerses.

IBM
Irish Bus ness Machires Corporation, also called Itty Bitty
Machines, Snow White. The VS Pioneer. The Lawyer’s friend. The
dominant force in computer marketing having worldwide
supplied some 75 percent of all known nardware and 10 percent
of all known software To protect itself f row the litigi’s
env of less successfu organizations. such as tne t..
government. IBM employs 88 peroent of all known ex-attorney°
gen’ral

ANSI
One of supranational bodies devoted to establish standards.
i.e., to change rules which have been universally adopted

Centre] Process ng Urt The alcul ting ri’l that Beb ae
dreamed on

AL•1
Arttr t c L-g3c U I r trithmet c L % U i P ra d m aste
generator supçlied as standard witi all computer systems

MflIBRY
Please tn he :ollwing words
MAN-HOUR ok
MAP-HORic
A sexist. obsolete measure of macho effort. equal to 80
kiplings Most areac of DP activity ncw inc. ude a synergisti
mix of male and female operatives, and the man-hour unit is
being replaced by the PERSON-HOUR using a conversion factor f
1.50.

BASIC
Beginner s All Purpose Symbolic Instruotior Code Originally
a simple mid-level leitaguage used to test the students ability
to incremnt line numbers b t now available ,nly in complex
extended versions

Figure 31 Sampla dial’g (cont’d) j
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till. KEJLL :ICWDRKS kID EflE?: SYSIE4

1. KNOWLEDGE REPRESENTED AS YATRICLS

Matrices are s’iorthand notations best suited to represent
multivariable algebraic equations and linear transformations.
They allow complicated physical and engineering problems to
be described concisely and solved conveniently. Here I shall
discuss the use of matrices to represent knowledge as needed
for many different fields in the artificial intelligence.

At a very high and concapture level, a computer or a large
class of computing devices can be viewed as a black box which
accepts a set of inputs ana produces a set of outputs:

———> : ———>
———> : ‘

———> I ——..>
———> : •

Inouts ——a> Black Box I eae> Outputs
% Iaea,

a——> a——>
———> : I aa>
— — — > : — — —>

The claas f nrobleis best s lvd hy )i- biack b x is the‘ ‘time independent’ Droblems, wre a set of inputs always produces
a definite set of outputs, inde,enden of t’ze past h story
of the system. This is similar to a group of logic gates without
memory.

Tlis black box can be represented by a matrix. The operation
to transform the inputs into appropriate outputs is a matrix
multiplication. Let the inputs be a vector (xl, x2, ..., xm!,
the black box be a matrix (all, a12, ..., aim, a21, a22, ...,

a2m, ..., ani, an2, ..., anm}, and the outputs be another vector
(bi, b2, ..., bn}, the multiplication is then:

Ax a b

This is the rlopfield model of a neural network, if we assurnes
j that an input value has two states, either on or off, and that

the an output value is further evaluated through a threshold
circuit to produce an on or off state, corresponding to the
firing or inactive state of a neuron.
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In t’as neural re’work, the knowl€Jge of the System is cOnta.w’,
In t!’e matrix 4, whi -‘flD_ete1y deternin€s t..e teha,,or of
the network. The matrix ‘tay cn deterrined by training or by
prior Informatio.1 about the problem. 10 matter how ‘he mat”ix
is derived, tue fltworlr will behave the same Once the matrix
is fixed.

The black box a?ptoa3h is also applicable o aany problews
which use expert systems to solve Most exDent systens are
based on rules, which are the basic units of knowledge. A rule
generally is presented in the form of an IF-ELSE..THEN stracture
However, a subject matter usually contains many such rules.
If the rules are time independent, a collection of related
rules can be reformatted to become a gigantic multiDle
input case structure. Some examples are:

IF (feature, beak, can—fly, lay—eggs) T’fEN bird.
IF (carriage, can-fl,, engine) THEn airplane.

The inputs can be represented by a column vector with logic Ivalues as elements, and the output will be one element in another
column vector which indicates the outcome of tne logic selection
by the input vector. The selection rules can be condensed
into a matrix and the selection process beco,Des a multiplication
of this matrix by t’ie input vector. The largest element in
the resulting vector product gives the outcome.

It is Probably very wasteful of memory to represent a large
expert system wIth a single matrix. If the expert system can rbe divided into subsys5 and submodules, it can be more efficientl,
represented by a number of small matrices organiz in a tree It

structure. The outcome of a high level matrix selects one
sub—matrix at a lover level. The selection proceeds until
the lowest level matrix v’elds a usef,jl conclusion

2. ‘IEURAL NETWGRK SaMJLAjR

A neural network simulator is sh3wn in Listing 17. Screen
6 shows the words defining the memory arrays. This networ(
can accommodate 256 inputs and 256 outputs. There are thus
up to 64K synapes in the network. The inputs are stored in a
byte array INPUT, which is 256 bytes long, and the outputs are
stored in a number array SUMS, which has 512 bytes. The synapses
are stored in a 64 Kbyte data segment, 20000H to 2FFflH in
the IBM—pc. The weight factor of a synapse is represented
by a byte, with a range of -128 to 127. The input data are
either binary, with two values of I and 0, or bipolar, with
two values I and —1. The output of a neuron is the sum of the products
between inputs and the corresponding weights in the synapses
This sum can be represented by a 16 bit two’s complement number
without P°5sibility of overflow.

Within this huge network, a practical application is defined
by the number of inputs and the number of neurons. Rows is

S
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the vari,ole ont initg the number of neuro’s and £..Ai’Ns asthe varab1es COtta, ing tie njmbee of inputs. The number
of inputs includes feedba ‘is fro IiIjw is the nanberof inDuts from tI’e environman. nerajy, GLUVS equalsto the sum of INPb;a art4 ROWS

ifl cases where a threshold value should be subtracted fromthe sum to determine whether a neuron will fire or not, a 56L number array THRESHOLD is also defined to store a 16 bit
threshold value for each neuron. The word DISPLAY prints thweights in tne network on the CRT screen.

The neural network can thus be shown schgmatically as inFigure 32.

PRODup in Screen 7 evaluates the products at the synapses ofa neuron and sums them to SUMS. The input is assuated to bebinary. it the input term is not 0, the weignt at the synapse
is summed; otherwise, the weight is ignored

FEEDBACK takes the values in SUMS and deposite 0 or -1 into
the

feedback part of the array INPUT. These values will beused in the next round of neuron Processing.

The words in Screen B are servioes to set up and to display
the network. .SUMS and .INPUT print the corresponding arrays.ROWt takes a row of weights and stores them into a row in thenetwork. COLU>iN’ does similar thing for a column.

Screen 9 shows the neural network of a 4 bit AID Converter,
as described by Hopfie4.d and Tank’l). ‘lee colunin 0 is tne

k threshold, column ‘ is the input voltage, and colu’nns 2 to5 are the weights ir the nelra: networK. To exercise thisnetwork, one first gives it an input voltagn by the co’nmands

RESET 5 VOLT

whch set appropriate values in column i and initialize the

input
array Then, XX will taice the input and evaluate tha

outputs, which is then feedback to the input array. xx sanbe executed rapeatedly to get the network to converge.
r

Using integer arithmetics, most time the output swings between
O and 15, instead of settling at the proper binary pattern
corresponding to the input voltage. However, If the correct
pattern is set UP in the input array, the network locks tothat pattern correctly.

Another example is shown in Figure 17. It is taken from a studyof bacteria identificationca, 16 standard tests are performedon a culture of bacterium. The color after reaction in eachtest can be recorded as Positive or negative to this test.The results of the 16 tests as a 16 bIt pattern can then beused to match against the entries in a table of 54 different
bacteria. The closest ‘aatches will then be reported to theoperator as Possible identifications

p.
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For some bacteria, the rasu:t of a test md7 e posti.e, negative,
or not s’grificant. Thase tnrae aasas are reresented 07

,

— at g e a) si u C

tate these )ire vale, meaiirg t.at tL tst is poaitive,

negative, or ambiguous. Thus the product rule has to be modifiea

a stowr jr Sc ea 12 “‘h waigtt t bi 1. fild “y loacing

S e 5 3 0 -

A test pattern is loaded into the input array by !INP’JT, and y

the natcting results can be computed anc displaye4 by the word

XX. The largest sum displayed co respoids to the closest bac .r a

identification.
I

The same technique can be used for many other applications.

One interesting example is identifying characters printed by

dot matrix printer. Most dot matrix printer prints characters

in a 8 by S dot matrix, which can be mapped into an array of

8 bytes, or 64 bits. To differentiate 128 characters encoded

in the S by 8 bit matrix, we can use a neural networic of 64

inputs and 123 outputs. If an input pattern matches perfectly

with a character known to this network, we will get 64 matched

bits. Most characters differ by more t’ian 10 dots; therefore,

there are adequate margins to recongize characters in noisy

environment in which quite a number of dots can be missing

or misplaced.

There are mach more efficient ways to compare 64 bit patterns. F
The program in Screen 41 of Listing 17 is my version. The word

MATCHING takes two 8 byte arrays at addrl and addr2 and counts

the number of matching bits in these two arrays. T.e matcted

bit count is stored in the variable BITS. Data ii tnese arrays

are fetched in 16 bit chunks and are X3’ed. The bits set

by XOR opeatior s the used by CCUNT_BIrna to in reiert tta

bit count in BITS. The dot ma.,rix patterns of tI’c it9 ha acter

are stored in Block 98, and Vie 8 byte pattern to be matched

is stored in PAD buffer The number of un—matched bits against

one of the 128 strred p tternc is st red back in the 128 by+t

RANK array. The srna4lest entry in RANK corresponds to the

character best matched to the pattern in PAD. SELEC scans
thro gh th RA’IK array and returns the osition of the smallest

entry

r
3 AN EXAMPLE OF EXPERtm SYSTEM

A rule based •xpert system is composed of an inference engine

and a knowledge base. The knowledge of the expert is generally

encoded as a set of rules, which are a collection of
some IF—ELSE—THEN structures. The inference engine tries to
traverse this knowledge base, with user input to guide the

traversal. At the end, the expert system will either reach

a point where a definite consequence can be concluded or no

advice can be offered because the particular knowledge was

not encoded into the Knowledge base

*2a s
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‘ravers rag throuqn tne krzowseiga basa ge’1er4 ly L5 very tinca eumirg, capeaial_3 wian the icrowl dge bas as stared i
text fort. Comp’iing th° knowledge base into sone S4ardar-jrecord structure would ‘et the infe.’ence eng...ne run much faster.

From a macroscopic point of ‘icy, an fla Iflowledze base Laa gigantic case structure, With multipit inputs and mJ_taple
outcomas. A soecifi set of inputs will Produce a specificOutcome.

In a time independent system, Where the outcome depends onlyon the irastentaneous state of the inputs, the case structurecan be very conveniently expressed in the form of a matrix.
This matrix has as many columns as there are inputs, and asmany rows as the Outcomes The inference engine thus takesa set of inputs and matches this input pattern with tie Datterns
in the matrix, stored in rows. The best match determines theoutcoma as the proper answer. The matching process could be
summing the matching bits in a row, or a multiplication ofthe input as a column vector with the matrix. The largest
element in the product column selects the outcome.

A rather trivial example is show in Figure 33 below. From alist of features, the expert system can determine whether thaobject under consideration is a dog, cat, bird or an airplane.

Figure 33. A ravial Expert Svste

Faature Wing Can’ Pea- Bask Eng- Hainsca.m:raw Sw’i P’yJ iage ther inc

Airplape 1 1 —1
Glider 1 1 —l

Bird 1 —1
Fish —1 —1 —j 1

—1 —1 —
Dog —i —i —I 1 — — 1 1 —1

If we usa the row of Airplane as input vector, and multioly
it with the matrix in Figure 4, the resulting vector is(10, 8, 2, —2, —2, —4), showing that the best match is the
airplane as expected. it also shows that 3lider matches quitewell with airplane while other animals are very different froman airplane. Examining the product values in the results vecto’
allows one to evaluate a range of alternative selections and
thus more useful than a straight selection of a single outcome.

This approach also allows that the matrix element be expressedin fractions between —i and +1 to accomodate fuzzy logic
operations. This provision is important in cases where featurescannot be determi’led with certainty but ha e to be exp.essed
in terms of Probability and statistics.



ea s.e
:reat 25s a.Io:

2 eats sues 1 al
3 create threshold 512 all

4 variable nput$ 5 inputS

5 variable rows 5 rows

6 variabie coluers 0 c luens
7 he 2000 constant dseg decia.

B disnia
c cr 4 space coluenr 0 dc 4 ioc

10 rows i 0 do cr 1 4 r

11 roiuwns 0 do ,i fiio or

12 dseg i dup 128 and it i2B c ncr 4

13 loop 1oop

4 “4

0 4” “iC ‘C “Ci

0 \ product feedback
I product
2 rows 0 do 0 coluens 0 do

3 j flip i + dseg () dup 128 and 4 128 or then

4 1 cnput + c 0) f + else drop tsr

5 loop i 2* dup >r threshold + + r) sues +

b loop
7: feedback
8 rows do
9 i 2* sues + 0 i nput rip ti + + c

10 loop
11

13
14

ObeavB7cnt \s

E
r
I
I

0 show res lts
I sues ows0do
2: ,input coluans 0 do
3:row row—’1
4 flap coluans 0 do
5 swap over i + dseg (a)

6 loop drop
7 a coluen I coluen
B rowsOdo
9 swap over a flip dseg (a)

10 loop drop
11 volt I n
12 >r
13 reset
14 aa

OBeay87cht bacteria dent4 catasi
product

rows , 0 do 0 coens e 0 00

flap dseg )a dup 128 arc a l28 or ter

i iflpu + c
oup if

loop

loop
ax product sues
input coluans 0 cc InDut 1 + loop

row cr 3 .r 2 spaces Input xx

54 rows 18 coluens

25 C”iS

uss 512 erae

as r
4

“i”E04”2 ir”+

3 8 48 2rw
“is 4 8

a:

14

ox

— -

row

B

2* sues + 3 oop
a input c 3 r loop

I

1” if — else + then e se drop then

a 2* dup >r thresncd r sues

r 88 r 4 * r 21 r) I coluer
257 input input 2 4 erase
product sues feedback

Listirg i7 Neural network



—Ire—

10 *049
i—iI11fri .*OdZt1113III *041*1—1:0I—I—U
1—1101—1II *0402I—iII1101
—:T.—!—II *OJdTtI1—1—18 13S0
I::2tIt
—tt

•

I—::1—1—1—2 .104::r—.r—I—;—:—v
I—I—I—1—I—i—t
‘—I—I—1—T—1—
1_?

fI
iL84e80b’13PUOP30

LI

‘;.;uoo)1JcA;eut60NL1.3UflSfl

*048*I—I—rI—I11111—I—.—!—1
‘—1—’—:—o0—EC1—I—’
—l—I—1—01—1—101—1—1

I‘I—f—I11—’1—1—0‘
E1—1—1—1011—1—1—

‘ICI—‘1!‘I—.
•V‘•4t?•I. •—.•bIIIII

!——!——c01—.1—1—!—’
1—‘——!—‘T

‘V

:—:—E—1——’—’——!——’
:—:—‘—7——I—‘—

:——I
1—I—1—i—I—.—‘—I—II
I—I11—I—I—I—1I—1—1—I

1—I—I—1—i—1—1—1——I——I
1—7—’——TII—’—’—frI‘

I
I
Ia

I
I
I
q

U03
S

me,

‘C

105j

*04

MCi

*04J
*04*1

M0J81
•‘°JLI
i*0J91
.1045j

NZL84e180

—:—:—‘——:—:—!—
V•P •—.—PII

‘—T—fe?
‘——

I—I—11——1—11
I—‘—:1———II
1—1—11——III

I—I1—11—1—11—
—1—1—1—I—I—II—

‘—I—I—I—I—I—I1—
1—1—1—I1—11—1

1—1—1—1I—II
1—1—11—101—1

1—1—1—1—101—1
1—1—1—1—1II—I
I—I—I—i—i—I1—0

•-7-1-i—I-ST
I—-I—sI—I—il
1-—I—0I—I-ti
1—1—1—I—i
11—I—II—I—Il
.—I—I—Ii—I—OK
1-i—1—1—1—1—6
I—’I1—1—1—8

10I—I—I—I—L
1—1—1—1—1—1—9
I—III—I—I—S
I-III-I-I—fr
1—IIII—IS
I—III0I—i
I—I101—1—1

qeperapeq‘

*1

II

—I—1I
1—;—I

I—I—‘—

—I—;—J
V
III

1—i—1—1
I——I—I
1——I—I

1—I—I—I
I—I—I
I—I—I—I
I—I—I—I—
1—1—1—1—
1—1—1—1

1—1—1—1

I1—1—I
I—I—I—I
II—I—I

001-
1I——I
I—I7—I
1—1—i—I
II—I-I
III—I
1—1—1

,M0JfrI
•*C.i1
*0JU
iMOJEl
.*0’01
*04

O5:—:—:——o7—1—I1—1—1—;I:I—:—i—.oa °tcII—II.IIII.II’TIIIiEI..*0J *0415
*0435•—I—I—J—1—I—II—,—T—II——lI7—7—•l05
1046*—‘—1101—Il—11101—ElIOJfr
*049fr—I—l—I—01—I—II—I—I—Il—I—I—I—I—l—.*0Jt *041*—‘II—II—I.—III*0J
aOa9fr‘—7—1—I—c;—l—II‘—‘-71—’——O7—’—.1041
c,•—.—..—1—;——..!—.1:—!—’34c

ii3Ipa:i“8USC

I—I
I—I
I—I
—I
—I

1—1
I—I
I—
I—I
I—

1—1—1—1—11
I—‘—‘—1—11
I——I—I—I—I
II—I—I—II
I1—I—1—10

i——1—71
7t—1—i—:

1—1—i—1—11
11—1—1—01
III—‘—II
i—I———1I
I—II—I—II—
I11—1—11

1—1—7—i—00
•—7—I—

1—111
1—1—I—I—
I—I—I—I

I—1—1—I
i—II—I
11—I—I—
1—1-1-0
I—III
I—III
I—I1—

I—I-SI
I—I—fri
0I—tI
I—I-U
II—Il
1-1—01
1-1—6

1—18
1—1—£

19

I
I
I
I
I
I3
I

I

I

1—-1—I—I——I—I—I—I—I—I—S
I—I—I—I—II—I—I—II—I—I—fr
I—I—I—I—I—I—I—II—I—i—I—S
1-—‘—7—I—I——.I—I——I—C
1——‘—1—11—1—1I—II

-qe‘is;eq
LI

I



4
a

e

I
I

I
aI
I

•
I
III

I
.

•

II

IIS4

lbUI
t

4

I.
•

I
.

•
II

I
III

.4
I
i

4
I

‘a

I
.

a

I,!
•

‘
I
l

:
:

III
I
I
I
,

III
‘
.

I
I

I
I

III

•
:

‘
.
1
;

I
I

I
I

I
I
.

I
I
.

II.
U

I
I te’J

L
a

I
I

I
I

II
I

I
I

I
I

a,
.

I
j

I

a
t

I
I

I
I
I
I

f’
:

I
II

I

•
IA

(II
I

4
4

I

•
a

1
4
4

£
a.

C
l

•
U

,
•

I
lb

I
‘a

:1
.

I
ll

4
1

I
I

I
I

I
I

I
I

a
4

II
IA

•
I
a
1
4

I
l
l

I
I

I
I

I
I
I

4
P

t
I
l
t

4
4

I
I

g
I

.
.

a

I
I
I

•
I

j
j

IL
I

a
l

i
j
i

•
1
4S
I

II
I

4
1

4

II
ft

f
li

I
•

I
U

I
Ill

III
•II

I
I

•
I

I
I

I
I

I
t

I
I

•
In

I
Ill

4
1

4
I

lb

I
n

I
I

•
I

I
l
l

1
.:

I
.

•
I
I

4
•

•
I

t
I

IU
•

I
I

I
I

I
I

I
4

I
I
l
l

I
I

I
4

I
I
I

•
a
.

I
I

a
f
l

I
I

L
a

I

I.
v

I
I

•
•

•
I
I

I
I
I

11
I
I

I
I
I

Ill

I

a
.

I
I

I
I4

1
4

I
I

II

II
•

•
•

44
a
.

a
f
l

a
I
I

IN
I
n

•
I

—
4

4
.

4
4

I.
•

•
4

I
I
I

C
I

4
4

•
t

•
I

*
1
1
4

I
I

f
l

••

I.‘aV
.

.3III

ItItU
I

IIII?

III
III

I
I

141

I
.

A

I
I

I
I

I
I
II
I

II
I

c
‘a

a
a

IlblbIII

I
I

III

b

aI
I

I
I

IIb

II
II4I.aII

I‘I
U

III
IIISU

.

.
1

IIII
4

•
I

•
II

l
u
l
l

•
I
I

.
III

•
I
I

I
i
i

•
I
I

l
à

1
1
1
:
1
1
1II

I
•

5
I
I

I
I

I
•I
I

I
t

I
•

I
I

I
I

a
.

•
II

I
I

.
1
1

•
I

I

I
I
I
I

$II
a

U
I
tI

I
A

•
:

.
I

4

;
1
1*

•
I

I
I

•
i
i

I
I

I
I
I

II)
•

•
•
,

III
I
I

•
t
I

.

I
I

‘
I
I

I
•

•
I

::
•b

.1
III

•
I

II
UIII
I

III
I

a
.

I
I

I
I

I
I

III

4II
I
I

:
I
,

S
I

I
I

I
•

I
I

I
I

I

I
a
l
l

IU
II.

4
•

I
I

I
I

I
?

4
I
I

•g
ii

•
I
I

I
I
I

I
I

I
1

I
I

I
I

I
I

I

I
I

I
I

II
I

4

I
I

I
‘
I

II
I

•
e
M

•
I

I
I
I

I.
I

I
I
I

I
I

I
I
I

II
•

I
S

•
p

I
.
1

I
I

II
I

•
I

•
I
I

‘
I

b

‘a
I

5
1
4
4
1

U
1

I
I

I
I

4
’

•
I.i

•
a

I
I
I

•
•

I
I
I

I
I

I
4
,

II
I

I
•
•

I
I
I
I

l
i
l
l

II
I

I
l

•
I

•

I
I

I
I

I
I

I

I
I

•
I
S

II
I

•
I
I

‘
1

1
4

•
I

I

‘
I
.

4
4
l

•
I

a.a
I
ll

III
I

L
I

Ill
I

I
I
Ia

III

I
L

I
I

I
I—

I
I

h
A

l
III

U
I

lbi
l
l

I
ILa
.

I

a
.

II

I
II

4
L

I
II

H
I
I
I

••I
‘g’

;•

I
I

‘4Ia5
4

4

U
I

I
I

I
I

I
I

ILIIIII
a
’

•
:

I

II
A

IIII
.
,
.

I
I
I

I.
I
I

I
.
.

I
III

II
III

4I
I

I
I

I
.II
I

•
I

b

•
I
..2

II

lbI
I

I
‘lIl

II
ll

I

l
’
s

U
I

H
I

4
I
I

5
U

‘S
I
t

U
4

I
I
I

I
I

a

•
I
i
i

III

I
I

I
.

I
I

II

4
1

I
IbI
I

lb
U

I

I
I

I
i

I
I

I
I

i
i

I
I

:
:a

.

4
.

U
I
t

•
I
I
4

I
I

Ill
I
I

4
1

•
I
I

II

.

I
.

I

iiIII
.

I
I
I
I
I

I
t
,

+‘
H

0C)
%

.-

d£
4

c
o4
1
)

4)r-
l0L
Iza,at
I

e-toC4.)

IIII

It’
•

I

•II
I
I

I

‘I
I

I
I
•

I

I
I

-
I
I

I
a

I
I
I

•
I
I

IL
g

II
I
I

I
I
I

I
I

4
1

I
,

•.
I

•
I

In
I

•
Ii

I
I
I

I
I
I

I
I
.

I
I

4
4

I
I

“
I

•
•
.:

I
I

U
I
I

I
•

I
I
I

•U
•
•

I
I

I
I

in
in

I
•

a
.

•
a
.

•
V

I
I

an
I
I

III
3

I
I
,

.4
1

a
,,

I
I

•

U

“1
I
l

•
I

I
I

I
c

I
I

I
lb

I
‘IIa

•
I

•
••

•
S

.1
I

4
I
•

b
I

I
I

I
,

i
t

.
•

•
t

•
4

I
I

b
)

•
I
n

I
I

I

1
*

I
I

I
I

Id
a
.

I
.

I
‘1

•
•

f
l
U

1
7

l
b

a
s

i
•

L
I

II
14

I
I

•
I
I
I

tb
IA

•
1
4

U
I

I
I

i
.
•

•
•

I

a
.

I
I

I
II
I

..:
::I
Ia
.

I
I
I

a
.

I
I

té
l

ILII
i

I

.
I
I

1
4

•
a
t

•
.

.,
,

:::
t

•
‘I

b
a



—
—

a

4
-

‘
a

4
,

a

I

I
,

0

I
I

4

C
)

I
I
,

i

K

U
I

II

x .
-

*

04
3

1
’

I
I
I

a
)

C
’

I •
ii

I
I

I
I
i

b
•

‘
I

I
•

4
I
g

•

:
;
,
I

•
‘

•‘
I
i

I
I
I

I.
•

1
..’t..

I
8

a
.

a
‘I

in
•

••:
:

I

I
I

I
.

•
I

4
4
4

•
,
,

‘
4

—
III

9
14

•
•
•

‘
£

II
Ii

4
4

I
.,

I
£

‘
I

•
•

I
I

•
•
.

t
I

4
I
.

I
I

•1
a

4
4
8
4

III
—

I
•

•
•
,

•

I
•

•
•

I
•

l
u
l
l

I
I
.
,

—
.

I
.

4
.1

4
•
.
.

4
III

It
I
ll

l
i
i
i

I
I
I

1
4

II
4

1
4

•
•

II
4
a

‘
4
4
.

.
11

1
4

w
i
l
l

I

‘4

*
•

4
1
4

I
i

4
4

4
3

•
4
i
l

4
4

4
I

I
4
j

I
a
t

I
I
l
l

•
3
L

I
1

1
*

1
1

4
II

•
•

:
4

4
4
9

•
l
4
4

I
I

1
1
4

1
4

I
1
4

4
4
8
.

•
I
ll

•
•
•

•
a

•
I

I
•

,
I

I
I
I

1
4

if
l

•
4

L
I

•
I
I

4
I

j
i
g

S
,j

a
•
,

,
,

a
.

a
,

1
8

I
•

1
I

‘
•

a
•

•
q

5
.

1
4

4
4
4

I
I

I
•
•

•

£4

•
4

4
•
‘

.
4
1
4

I
j
’
,

.0
I

—
L

I
iI

•
,

4
,

I
I
I

I
••

•g
U

4
‘
l
a
W

.
1

•
w

I
i

t
I
,
j
b

•‘::
I

4
4

I
•

1
4

—
1

4
I

•
I

.
4
,

£
•

*
1

(
4

•
‘

,
a

(
*

•
4

•
4

•
4

•
,

1
•

•
,

•
£

4
I

a
1
,

I
I
I
I

4
t

‘
•
,
,

•
•

1

4
q

•
I
•

•

•
,
•
.

4

a
1

b
a

‘
a
l
a
s

ts,.D
a

L
‘I,

j

_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_

a
s

—



C
)



CMI:ESE —r’!?I:gs

After reading Nathanial Grossman’s paper ‘7776 Limericks which
appeared in Forth Dimensions Volume 8, No. 6, p. 2S,
March/April 1997, my immediate reaction was that Chinese is the
best language for computerized limericks. The reasons are.

Chinese words are single characters, which can be arranged
neatly to form sentences of fixed length to construct poems.

2 All words are single syllable in pronun3iation Metric and
rhyme can be easily arranged.

3. A vast literature base is available. The 5 character and
character Poems of Tang Dynasty are especially suited for

Although I was fully convinced that much more serious andIL interesting limericks can be derived from Tang Poetry, I was not
able to do anything then, because I did not have enough tools to
implement them. I had a Chinese chaac*er generator board which

[ turned an Apple ii computer to a elementary Chinese typewritap.F I use it to compose and print bulletins and announcement for our
church. The Program has to be written using App’esoft BASIC,,

and
words and sentences could not be manipulate4 easily

Another problem is that each chinese cnaracter is encoand to one
to five ASCII characters and terminated by a blane character.

This
is tie Chang..je Chinese character coaing method, which wa

one of the best systern in e.lcod:ng and constructing Chinese
characters very popular in Iaiwan and Southeast As4a. The
variable length representation of Chinese characters make itvery difficult to s4ore and manage large asount of text.

The POssibility of imPlementing Chinese limericks was a very
important factor motivating me to upgrade m, IBM clone system.
My clone was one of the first systems built by my pirate friends
in Taiwan. It has 256K of memory, 2 floopy drives, and a color
card. It has served me well for more than 3 years. Using Forth
almost exclusively, I have never encounter a situation in which
I need more memory or hard disk.

This summer, i found a very good Chinese word Processing system
for IBM PC/n/AT, by Kuo Chiao Business Company in Taipei. it
contains about 6000 most commonly used Chinese characters in two
fonts, 16 by 16 dots and 24 by 24 dots. The 24 by 24 font has
near typeset quality. However, it requires 640K of memory and ahard disk to store and use the fonts. After much soul searching
and consultation with members in our church, we reached the
conclusion that it is time to catch up with the technology and
upgrade the PC so that we can use the Chin—se system, code name

1.

I
I.
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pr e r we r F’ t ri prgams 0
a p U C S. t 3 n a ot. tS s
input methoda to select Chinese characte s: .e ang—e ‘net.od

which is based on radicCs and strokes, tne Standard
Pronunciation method based on the phonetic spelling, the Inner
Code method based on the 2 byte coding system developed in
Taiwan and the Simplified Chang-je tethod wuch uses e f st

and the last two codes in .harg—je wethod and a rru t sel a

Chinese character.

The best feature of !CC500 is the way it stores Chinese text
files. The Chinese characters re stored in Inner Code, two

bytes per character. This featare makes programmirg limericks

very easy, because find length verses ear b stored and
retrieved very conveniently to/from the text files generated by

the word processor.

From all the different styles of Chinese poems, I ‘hose the so
called ‘five character old poem’ style of early Tang Dynasty.
In this style, each verse consists of 5 characters and each poem
contains 4 to 2n verses, where n can be over one hundred. Rules

on tonal inflection, rhyme, and symmetry of words in verse pairs
are not held as strictly as in the ‘ruled poems’ in the middle r
and late Tang pariod. I also restrict myself to the worac of Li L
Po, the most famous poet in Tang Dynasty because I iaooened to

own a copy of his selected poers.

I keyed in 1382 verses of tfle 5 character poes in this book by

Li Po, forming te data base of the limericks. A few samples
are shown in Figure 34 ere poem” jre eparated by two

carriage rt rn and ltne f’ed ya rs In t e data bas , onl na

carriage return/line ‘eed pair is reôainad, as in etwee.i
verses. Each record in the data base is 12 bytes long, ten
bytes for the five characters and a carriage retarn and a lIne

feed. The CR1IS pair is conve-’ent in l’stinç tne verses ard
printing the data basa

The limerick program is t4e Forth word P C4 d fin in Screen 2

of Listing IS. It picks four verses randomly and prints the on

the CRT screen. Given a verse number, the word .VERSE locates F’
that verse in the data base and prints tnat verse, followed by a
carriage return and line feed. KC500 captures the ASCII
character sequence before tney are emitted to the screen If a

pair of ASCII characters are a valid inner code of a Chinese
character, this character is printed using the font stored in
memory; otherwise, the individual ASCII characters are emitted.

The word CHAR takes a byte offset as input, fetches tha’ byte
from the data base file, and then emits it. Each byte must be
fetched individually from the file and emitted. It might be
more convenient to TYPE 12 bytes at once, but one gets into
trouble when a verse crosses the block boundary.
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Pa:’
ft few sa’rp’ag of l.ge:j. a”. show.’. ii F_gu,e 3;, rodued h

LIMERICKS in Screen ‘a a flashy damons.&ra÷io of Jelimericks. It 1r°t clears the CR7 display, o?ens a rectangg
Window ra’Idowly on t:e screen, prints a oe in the Winuow, andthen continues. 4 big de’ay is throwr in so t’iat People havetime to read the poem (if he can read Chinese.) The resultsafter a number of Poems are displayed are shown in Figure 36.

prints one verse in the Window with two leadingblanks and two trailing blanks. CLEAR displays 9 white squaresJ forming one row of backgro in the win low. BOX displays a 9x6window of white square, ready for the Poem to be revealed at thecenter of the window. WINDOW Picks a ra,dom locasion on the CR?L screen, Opens a window tnere and display a Poem.

EVERYTHIa; dumps the entire data base to the screen, with four
verses

to a line. This is used to print the data base on theprinter.

This limerick Prograr, at this stage is really dumb. It onlyknows how to display a poem. i am in the Progress to classifythe verses according to the rhyme of the last character. IfVerses are chosen from the same class, they will rhyme Properly.If the verses are further classified according to theircontents, limericks can then convey some meaningf thoughts.As we divide the data base into finer Partitions, we will needmore verses in each partition ‘lore poems from other Poets canthen be added to tne data base.

A more ambitio5 undertaking will be generating limeric,s in thek ‘ruled Poem’ style. There are eight verses i a ruled poem.Verses 3 and 4, and verses 5 and 6 are two DaJrs of symmetrj ormirrowed verses. Words in a symmetr pair must ‘lave the same

gramma051
strJctare. The meaning of wo”ds or phrases in thecontrasting verses must ba similar or °OPosite Us_ng theserules, verses can be renonstrJcted with classified wards and

to constract limericks.
phrases. Pius will greatly .acreased tne POssible combinatiors

Chinese is the last language to be computerizad because of thesheer mass of characters Once it is conquered there are lotsof interesting thing we can do with it. Poetry is one areawhere computered can help in Organizing the data and making theinformation readily available. This limerick program o’ilyscratches the surface of the P°55ibilities

I
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XIX. ‘TL.t or .pn. car - fl— r— t — -a,rzg.
- La

Phil Koopman1) Published a very nice article on the Bresenham’s
line—drawing algorithm(2). This algorithm is the basis of[ most Computer graphics paceages due to its efficiency. itrequires only 16 bit integer addition, ssbtraction, and
multiplication by 2. The thing which troubled me was that
it takes about 8 screens of source code to implement it.
I did it a couple of years ago, using about the same amount
of code as Phil’s. The reason is that the pwogram must

include

4 slightly different routines to handle lines with
slope in four different regions: 0 to 1, 1 to infinity, 0 to
1, and —i to minus infinity. it is not Possible to write

a single routine to handle all four cases.

It troubles me because I feel intuitively that such a simple
taskeadrawing a straight line—-does not warrant 8 screens of
code, especially in Forth. Any two year old kid knows how

f to do it on a newly painted wall. As we’ve seen editors in
3 screens, assemblers in 3 screens, data base managemeflt in
3 screens, and floating point package in one screen, s screens
are really too mach Tto draw straight lines.

In the summer of 985, while was studying recursive techniques,

h I found a very simple method to do line drawing. The code
is very short, less than ha’f of a sc”een. It was Dublislled
in the FigAl Notes(3). Probab’y because of its brevity, this
routine escaped attention. I thus feel a longer paper is necessary

to
give it some more credit which it deserves.

The code Dublished ir the FigAl Notes was written in F83X for

Apple
II. It is rewritten for IBM PC in F83, with a fw morn

words to Dlot dots in graphic mode The code is improved so
that the testing of end of recursior is more accurate and
truncation is replaced by rounding in the 2/ operation.

The algorithm is extremely simple. To draw a straight line
between two points, you first find the middle point and plot
it. This line is then broken into two equal segments. You
then find the middle points of the two segments and plot them.
And SO forth till all points on the line are Plotted.
Recursion is really handy.

If the middle point is Plotted before the line is segmented,
the line is drawn by filling the points along the line. If
we draw the end point at the end of a recursion tree, as shown
:n the code, the line is drawn backwards; .. e., from the end
(x2,y2) to the starting point (xl,yi). To draw the line from
(xl,yl) to (x2,y2), we must plot the starting point of a
segment at the end of a recursion tree. This routine is thus
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also a for plot t %,rlv fa scanning
devices

The code as shown in List:ng IQ is not as fast as Bresenna’:
algorithm, but there are lots of room for lcprovenents, r
especially in the t°sts tc deter’rine the end of recursion.
It could be implemented in machine code if soeed is needed.

You have to excuse me for boasting a little bit, but this is
my proudest discovery. I am pretty sure that some mathematician
had already published it in some obscure journal long time
ago. I sure like to put my name before this algorithm if
nobody else claimed it.

Most recently, I did a ittle bit of resear F to see if this
method was ever mentioned in the literature. I dug out an
interesting treatise “undatrental Algori4tn fo” f’oinpi.tei’

Graphics”(4), in which the first section is devoted to
line and area drawing algorithms. Bresenham is prominentiy
present in this book. However, there is nothing about
drawing straight lines using this recursive method. If the
scholarship of this book can be relied upon, I felt that
my chance of claiming the discovery is fairly good.

REFERENCES

1. Koopan, Phil. Jr.,The Bresenham Line-Drawing Algorith’,
Fortn Dimensions, Vol. 8, No. 9, op. 12, 1987.
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U. 31R’f WOR)g Z. C9”.

1. HISDORrCAL BACKaouNr

In late 60’s and early ‘70’s, For matured Whe’i C’luck Moore
PUt Forth on every computer Within his reach. At that time,
small computers Used in observatories Were minicomputers, mostof them Were 16 bit machines, imprinting Forth With the strong16 bit flavor as reflected in Forthr’ standari The Widthof numbers on the data and return stacks Were 16 bits. However,

addresses
Were general’y What Were natural for the specific

minicomputer mostly Pointing to Words of 16 bit quantitj5For machines Which Used bytes as the basic storage unit, heWould used byte addresses.

When figFor Was implemented the model provided by Bill Ragsdal5assumed a host computer Which Used byte addresses exclusively,I because the S bit microprocessors had become the dominant speciesin personal computers FigFo addressed the needs of theusers of these small computers. The side effect Was that itlegitii byte addressing as the only Way to address memory.f This side effect Was fossilized into the Forth.ng Standard
and the subseque Forth_79 and Forth..83 Standards, in theform of a set of standard Words w’i& explicitly assume byte
addresses as their parameters

Using is bit addresses for memory in Vie units of bytes, the

maximum
amount of addressable memory is 64 Kbytes. This lreory

barrier Was brolren several years ago, as microprocessors Using
32 bit regis5 became available. If Forth Wee to beco9a

a

5igrifi player on advanced microcompjters, it would
have to be able to use 32 bit numbers and addresses in a more
natural fashion.

2. MEMORy SPACE At ADDRESSES

The Forth standards 5ssumes that addresses are Pointers
Pointing to memory in increments of bytes. They are thus not
compatible With machines Which address memory in Units other
than bytes. There are indeed many minicomputers which address
memory in 16 bit, 24 bit, 32 bit, and other odd units. Progra
Written according to any of the Forth standards cannot be portedto these machines Without 5ignific modifications. This
inconsistency became very irritating With the Novix ND4000 chlD,
Which is truely a Forth machine but imcompatible With the
existing standards due to its 16 bit cell size.
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Most words in the standards are ‘pure’ words, wnc’h are notsensitive to the size of the memory cell in a computer.They assume that te widtis of tne affectad parneten. are tnatof the iems n the stanks. IPey ii lude stac ord an hme’iand logical opera ions aid maiy otiers Li a 6 bit mach e,they use numbers or addresses of 16 bit width. tn a 32 bitmachine, they use numbers or addresses of 32 bit width.
The ‘dirty’ words are those which use byte addresses explicitlyto access memory and those which assumet that the parametersinvolved are 16 bit numbers. The dirty words cannot be portedtrom a byte addressing mac’iine to a cel addressing machinewithout changing the program. Problems will also surface inporting these words from a IS Ut machine to a 32 bit machine.

The
‘pure’ words and the ‘dirty’ words in the Forth-93 Standardare grouped and listed in Figure 37 for comparison, it is veryencouraging that only a very small portion of the standardwords are actually dirty. Hence it should not be too muchtrouble in cleansing the standard to become a pure one.

All the dirty words uses byte addresses to get informationfrom memory or store data in bytes to memory. The addressesare strictly in the byte memory space and hence cannot be usedin a machine operated in the cell memory space. The ovte spacamust be mapped or translated iito cell memory soace for th°desired function.

5. SUIFSTIJ’Jg PD? A MD?! ?DrqpL PDRTrI STkr?R

Po design a mo € powa ful and m re enc mpassing rorth S...anderj,the follobing suggestions seem appropriate:

a. The language in the standard must be relaxed and doesnot requiring that nuibers ?nd address are bits nwide,
b. The widths of numbers and addresses stould be the‘natrual width’ of the computer, though not less than16 bits.
c. The ‘dirty’ byte addressing words must be

isolated into an extension layer, but stillavailable to be used on a byte addressible computer.d. Many ‘dirty’ words like CMOVE, FILL, etc, should haveequivalent words in the cell space to perform equivalentfunction more efficiently.
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PURE WORDS P4 FOR9-83 (119 out of 134 words1

Logic: NOT AND OR XOR F
Stack: DUP DROP SWAP OVER ROT PTCK ROLL

‘DUP >R R> RO DEPLI
Comparison: < > 0< 0> 0— U<
Arittrnetir: t — Ia 1— 2+ 2- * UM* 1W/MOD

2/ / MOD MOD */740D *1
MAX MIN ABS NEGATE
D< D+ DNEGAfl

Memory: 0 ! +!
Numeric: BASE DECIMAL <4 4 #5 HOLD SIGN

Control: DO LOOP .0OP LEAVE I J IF ELSE
THEW BEGPI UNTIL WHIlE RE’EA
EXIT EXECUTE

Terminal: • U. •“ .( CR EMIT SPAZE SPACES
KEY

Storagc BLOCK BUFFER UPDATE SAlE—BUFFERS FLiSi
BLIC

Program: FORTM-83 QUIT AOR ABORT”
Dictionary: HERE ?AD TIB >BODY
Compiler LOAD ( DO€S> [O’WI 1 IWMEDIA W

tOMPILE SflTE LnEaA.3 ! L.IB
Vocabulary: FORTH DEFflCTIONS ‘ t’: FORGET

Defining: CREfl VARIABLE CONrAW’ VODABTAR’

I
DIRIYWRI’1OR83 1 o ‘ f 34wrd

Memory CO C’ CMOVE CM YE WILL CO”4T
-TRAILING

Numeric: CONVERT 0>
Terminal: TYPE EXPECT SPA!;
Compiler: ALLOT WORD >IN
Vocabulary: FIND 1

C.
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1. INTRODUcTIOw

Nov often are various Forth Words Used is a question interesting
to most Forth Programmer because t’ns type of information canlead to better design and the optimization of Forth syste

[ Most often Used Words should be coded in machine language forS execution speed. They should also be at the top of the dictionary
to minimize the time for interpretation and compilation A
flUnber of year ago, before Don Colburn made his first million,
he mentioned in a FORML, meeting at Hayward, California that
he Used an extra cell in the Word header to accumulate statistics
of Word usage, either during compilation or during execution.
He also mentioned that the most often used Forth word was Cfor comments, Which was rather Unexpected at that time. Since
I did not have the luxury to metacompile my Own system with
that type of flexibility at the time, this concept had remained
to be a distant curiosity for me.

view field

liqe fiald

I

ra,e fiea Figure s

word layout in ?8.

1 code field

I II II I

i.z:::z:
After Plungi,g myself into tne P83 sys produced by ‘rike
Perry and Henry Laxen, I found a ready 5Olution to anal,ze
tne Forth Word usage Without much hard worK. Tne secret is

261— 1



he°rrac sc 83os r t e s€ ro

4s non in Figare 38, te Fott words in F33 are fld out 1

•e diationany coroose Of o ie1ds: •ne vied fiCd, the link

ad tte m°f 1 e d a e a e

The ve field stores a file number in it upper 4 bit subfield

and a 10 k u’rber ir tie ow r 12 it subf eLi 11 w’ g th

sou c screci contairang t e wor Jet it o . o be e ne e

from the disk and viewed by the user. If I am not going to

used t’ie view field for viewing Durposes, I am fr°e to use

it for whatever purpose I choose to do with it Why no oe

it to accumulate the statistics if Forth word usage? [
To use the view field to t statistical analysis, I ‘rust d

it in the following sequence:

a. Clear the view fields of all words in the dictionary.

b. Build a ‘word’ processor which will scan screens of
code and increment the view field when the correspondiag
word is encountered in a screen.

c. Run it through as many source files as availqbl.

d. Tabulate the statistics.

2. ThE IMPLEMENTATION r
The program shown in Listing 2J pertor’ns the atova functiois. ?ae F
program looks extremely sia’ple because it utilizes many powerful

and interesting features in trw 83 systan, which requires

some explanatior.

The most important feature I used is tne vectored execution

procedura, whi h allows me to assigi a nunbe of different tasks to

a single word. For exaaple, want to scan th dictionary
and clear all the view fields before analyzing word usage.

After the statistics is colle ted, I want to sean tha dictionary

and pniit the ontents f tie view fia ds h & an tg ope at

in both cases are identica. The difference is the act:ons
I have to take after I find a view field. Anticipat±ng that

differert actions are to b° taken I defined a vacto ed word

WORK as a DEFERred word and use it in the definition of the

scanning word WORKS, which follows the dictionary link to locate t

every word in the dictionary and perform WORK on eacF of them

WORKS is complicated by the fact that £83 hashes the dictionary F
linkage into four threads, and all four threads have to be

scanned when traversing the dictionary. The definition is
very similar to the word DEFINED, which does the dictionary
search for the text interpreter in £83. It scans all four L

threads and processes the one with the highest link field address.

The process continues until all four link addressas are reduced
to zero, indicating the end of the threads. The scanning is
performed only on the FORTh vocabulary, in which all the primitive

Forth words reside. Usage of words in other vocabulary are
much less frequent and the statistics is less significant tnan
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After INIT—’flEW is defined to clear te v±ew fiøld, giver a
un f cud ad ress, we can zer tre v ew field of all vie wors
ntieFORIM cbuary y etr gWR t N a w4 a

WORKS. After the statistics is accumalated -fl aal .,he vie’.
fields, we will vector WORK to PRIt-VIEW and execute DRKS.
This time around, WDRKS will print the conterts of the view
tie ds with tie correspording word nares

ACCUMULATE in screen 19 is the ‘word’ processor which processes
source screens very much like what INTERPRET would do. If
a word is found in the dictionary by DEFINED, the view field
of this word is incremented. If a word is not found in tne
dictionary, actually the FORTH vocabulary, it is simply skipped

L over. I couldn’t care less if it is a number, whic’i will be
ignored also, exr’ept 0, 1, 2 and 3. which are Forth words.

In
P83, LOAD is also a vectored word. I define [LOAD] to use

ACCUMULATE to analyze the contents of a screen. After LOAD
is vectored to [LOAD], LOADing a screen will accumulate counts

to

words which appear in this screen. TMRU can be used to
analyze a range of screens in a file. Running a large number
of screens through, we can get fairly representative statistics
for all the commonly used Forth words.

P83 is a very large system consists of many system and utility
orograms. It serves very well as a data base for the purpose
of statistical analysis. Using the above technique, I ran
all the source screens through this word processor, including
7 P83 source files with 230 screens of code. There are 555

h
words in its FORTH vocabulary and total occurrence of these
words is 10603. The result is tabulated in Figure 39. The most
often occurred words, ttosa counted 33 t ‘rca or ‘uor° ra 1 sted
in Figure 40.

mj most obvious application derivable from the above analysis
istratifw.a 0srg t’ aci ay “a thqet3o

often

used words are on the very top of the dictionary, the
speed of interpretation and compilation will be significantly
improved because the dictionary searching time can be reduced
Another int°resting observat o is ttat oiime its wer° cay ly
used in the P83 system using (S , , and ( This is of course
dictated by good programming style and in—line documentation.
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F83 is a very large systeir and there are about 1000 worc.s defin°d
in it. Some efforts were exercised t organize his luge arount
of words by grouping them inta 9 different vocabularies. However,
the vocabularies are not well balanced because the FORTH vocabulary
is considerably larger than all the other vocabularies. Many
vocabularies contain fewer than 10 words. The dibtribution
of words i’i the F83/8O86/CD0S is shown in Figure 4

Figure 41. Word distribution in P83/8086

Vocabulary Number of words

FORT-I 555
ASSEMBLER 219
EDflOR 83
DOS 36
HIDDEN 35
BU3 14
ROOl 9
SHADOW 9
USER 4

The FORTH vocabulary is really too big to be useful. This

• is especially °vident when one us°s t’rn command dOtS to list
this vocabuirv t is ve’y d ffi u t to mak— so’re conse of‘ the huge list of words ssolling over thc CR s..ree It is
donright frigntening to a new user as he struggles through
the F83 system. To be more friendly and useful, the FORTH
vocabulary sho ld be less thar a screenfu’ t that it car be
listed and inspected conveniently Redu ing the ize of the
FORTH vocabulary may also improve the dictionary searching
during compilation and interpretation.

The FORTH vocabulary can be reduced by carefully specifying
the proper current vocabulary during the metacompilation.
It requires lots of changes in the KERNEL and the UTILITY

J source files. A much easier way is to relink words into the
appropriate vocabularies. Here I propose the new word ZAP
as defined in Screen 90 of Listing 21. ZAP removes a word
from the context vocabulary and relinks it to the top of the

L current vocabulary. Using ZAP, we can move any word frorn any
vocabulary to any other vocabulary, or change the linking order
of words within one vocabulary.
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ZAP Is Cefined Using DAR’ a, RLI’Jv. SP*Ri semrcjws
the cortet vocabalar, for t!ie next word an re..rns .w’
field 4ddresseg (lfa’: ti° Ifa o tne tp of sta:,c ‘s that
of the word searchee4,and tne next ifa : that of tha word
prior to the searhed word a tne saae iflked thread. RL.I’
copies tn— contents of the second lfa i’ito the cel DCiflted
•o by t’-a rst lfa, ana tug “emoves the searchod von- fr
the context vocabulary. RELINK then links the searc’ed word
to the end of the current vocabuaary by changing the contej
of the variable CJRRE17 and the lini’ field of the searched
word.

This simple operation logically excises one word from the context
vocabulary and adds it to tne current vocabulary. Physicaiiy,
the word stays at the same memory location. Only its link
field is modified After a few of these operations, the linkage
in the context and current vocabularies will become randomized.
It will be very difficult to forget words without crashing
the syste Nevertheless tnis zapping process is designed
to rearrange the vocabularies below the ENCE, where words
cannot be forgote

ZAPPING puts ZAP in a loop so that we can zap a large number
of words by loading one or more screens as shown in Screens
91 to 93. This way the user can customize a P83 system very
easily by collecting all the words he wants to remove from
one vocabulary to another in a small number of screens and
load them when needed.

The results of ZAPPING Is shon in Figure 42, in which a much
leaner and cleaner FORTH vocabulary is listed. This list fits
snugly inside one CR? screen. It contains all the Fortha3
standard words and the utilatj, words which I Use ver,r oftej
during normal Programmipg over the years. t thank tqis as
a minimum collection of Forth words needed by a W83 user doing
typical Program developme work. It is also a better list
of words to be Presented to new Users for them to learn the
P83 systej and to Polish their Wortn skill.

A smaller FORTH vocabulary will certainly reduce the capilation
time because FIND does not have to traverse through the long
FORTH vocabulary. However, I have not done accurate timing
to determine the saving in compilation time. 4nother appljcaton
of ZAP is to rearrange the search order in a single vocabulary.
Linking the most often used words to the top of the FORTH
vocabulary would also reduce the compilation time. The process
to change the searching order is to ZAP all the words in a
vocabulary and then ZAP them back in the reversed order as
desired. The desired order of words in the FORTH vocabulary
is Probably that according to the statistics of word usages
discussed in the previous paper.
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tFigure 42. Zapped FORTtI vocabulary
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