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1. Introduction

The reader is assuned to be a systemrpl/m guru. Makes it a | ot
easier to wite this section. (Yes, | did have trouble witing it :)

If a synmbol is listed with an address, the synbol is unsupported. The
synbols that are at different |locations of GX are listed with 2
addresses, first for rev E and second for rev M.

Warning: Al of the GX addresses were obtained just by studying
rev Mromdunp. | have no GX to actually test any of the addresses.

khkhkkkhhkhhkdhkhkdhhkhhkdhhkhhkhrhdhrhkdhrhdhhkdhhdrhdbhrhkdhorhdhrhkdhodrhdhrhkdhrrhdrhkdhorddrhkdhrrxhdrhkdhxd*x

2. (bject Types

PRLG Prol og signature

DOBI NT Bi nary nunber #

DOREAL Real Nunber %
02955 DOEREL Ext ended Real Nunber L2

DOCWP Conpl ex Nunber C%
0299D  DOCECMP Ext ended Conpl ex Nunber C%80

DOCHAR Char act er chr

DOARRY Array object arry
02A0A  DOLNKARRY Li nked Array | nkarry

DOCSTR Character String $

DOHSTR, DOHXS  Hex string hxs

DOLI ST Li st {}
02A96 DORRP Directory object rep

DOSYMB Al gebrai ¢ obj ect synb

DCOEXT Unit object unit
02AFC  DOTAG Tagged obj ect t agged

DOGROB Graphi cs obj ect grob

DOLI B Li brary obj ect lib
02B62 DOBAK Backup obj ect bak

DCEXTO Li brary Data I i bdat
02BAA  DOEXT1 External type 1 (SX ext1
02BAA  DOQACPTR Access pointer (GX) acptr
02BCC  DOEXT2 External type 2 ext 2
02BEE  DOEXT3 External type 3 ext 3
02C10 DCEXT4 External type 4 ext4

DOCOL Secondary obj ect .

DOCODE Code obj ect code

DO DNT I dentifier object id

DOLAM Lanbda vari abl e [ am

DOROVP ROVPTR obj ect ronptr

SEM Conposite end marker

conp = synb :: {}

sym = synb id |l am

synf = symid | am % C%

pco = primtive code object

ROWTR = ROWPTR obj ect

ronptr = contents of ROVPTR (preceded by prop etc fields)

ronp = ROMPTR or ronptr

F% = %or C%

L% = %o or C

B% =% C% %0or C%%b
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O3FDB
03F95

03FD1

3. Binary Integers

3.1 Built-in Binary Integers

NNNNNANNNNANNNNNNNNNNNNNNNNNNNNN

Type Nunbers:

TYPEREAL
TYPEEREL
TYPECWP
TYPEI DNT
TYPELAM

HP:

ZERO

ONE

TWO

THREE

FOUR

FI VE

SI X

SEVEN

El GHT

NI NE

TEN

ELEVEN
TWELVE

THI RTEEN
FOURTEEN

FI FTEEN

SI XTEEN
SEVENTEEN
El GHTEEN

NI NETEEN
TVENTY
TVENTYONE
TVENTYTWO
TVENTYTHREE
TVENTYFOUR
TVENTYFI VE
TVENTYSI X
TVENTYSEVEN
TVWENTYEI GHT
TVENTYNI NE
TH RTY

THI RTYONE
TH RTYTWO
THI RTYTHREE
THI RTYFOUR
THI RTYFI VE
THI RTYSI X
THI RTYSEVEN
THI RTYEI GHT
TH RTYNI NE
FORTY, FOURTY
FORTYONE

( -> #2933 ) 03FB3
( -> #2955 ) 03FBD
( -> #2977 ) 03F9F
( -> #2948 ) 03FC7
( -> #2E6D) 03FE5
Hel p: Key:

##0

##1 kpNoShi f t

##2 kpLeft Shift
##3 kpRi ght Shi ft
##4 kpANoShi ft
##5 kpALeft Shi ft
##6 kpARi ght Shi ft
#HH#7 kcMat hMenu
##8 kcPr gnvenu
##9 kcCust omvenu
#HH#HA kcVar sMenu
##B kcUpAr r ow
##C kcNext Row
##D kcTi ck

H#HH#E kcSto

##F kcEval

##10 kcLeft Arrow
##11 kcDownAr r ow
##12 kcRi ght Arrow
##13 kcSin

##14 kcCos

##15 kcTan

##16 kcSqrt

##17 kcPower

##18 kcl nver se
##19 kcEnt er

#H1A kcNegat e
##1B kcEnt er Exp
##1C kcDel et e
##1D kcBackSpace
##1E kcAl pha

##1F kc7

##20 kc8

##21 kc9

##22 kcDi vi de

##23 kcLeft Shift
##24 kc4

##25 kch

##26 kc6

##27 kcTi nes

##28 kcRi ght Shi ft
##29 kcl

TYPECCL
TYPESYMB
TYPELI ST
TYPERRP
TYPEEXT

(unsupport ed)

(any)
real
(cnp)
str
(arry)
list

id, idnt
(lam
seco
synb
sym
(hxs)
(grob)
(tagged)
(uni t ob)
(ronp)
REALOB
2REAL, REALREAL

REALEXT

bi n

( -> #2D9D )
( -> #2AB8 )
( -> #2A74 )
( -> #2A96 )
( -> #2ADA )

kcMenuKey1
kcMenuKey?2
kcMenuKey3
kcMenuKey4
kcMenuKey5
kcMenuKey6



64449

FORTYTWO
FORTYTHREE
FORTYFOUR
FORTYFI VE
FORTYSI X
FORTYSEVEN
FORTYEI GHT
FORTYNI NE
FI FTY

FI FTYONE
FI FTYTWO
FI FTYTHREE
FI FTYFOUR
FI FTYFI VE
FI FTYSI X
FI FTYSEVEN
FI FTYEl GHT
FI FTYNI NE
SI XTY

SI XTYONE
SI XTYTWD
SI XTYTHREE
SI XTYFOUR

( Some nore are

Mul tiple Binary

ZEROZERO
#ZERO#ONE

ZEROZEROGZERO

ZEROZERCONE

ZEROZEROTWO

#ZERO#SEVEN

DROPZERO
3DROPZERO
DROPONE
2DRCP0OO
DUPZERO
DUPONE
DUPTWD
SWAPONE
ZEROSWAP
ZEROOVER
ZEROFALSE
ONESWAP
ONEFALSE

#H2A
##2B
##2C
##2D
#H2E
#H#H2F
##30
##31
##H32
##33
##34
##35
##36
#H3T
##38
##39
##3A
##3B
##3C
##3D
##3E
##3F
##40

kc2
kc3
kcM nu
kcOn
kcO
kcPeri
kcSpac
kcPl us

supported but

S

od
e

Bl NT40h

not

(rrp)

STRLI ST

(ereal)

listed )

I ntegers + Stack Handl i ng:

ob

obl ob2 ob3
ob

obl ob2

ob

ob

ob

obl ob2

ob

ob

ob

e N N R e N e R N e e N

3.2 Binary Integer Conversion
NANNNNANNNNNNNNNNNNNNNNNNNNNNNNN

#>HXS
HXS>#

( # --> hxs )
( hxs --> #)

ONEONE
H#ONE#H27
#FTWOHONE
#FTWOHTWO
#TWOHFOUR
#THREE#FOUR
#FI VE#FOUR

- >
- >
- >
- >
- >
- >
- >
- >
- >
- >
- >
- >
- >

CHR>#
#>CHR
#:
#>$

#0

#0

#1

#0 #0

ob ob #0
ob ob #1
ob ob #2
ob2 obl #1
#0 ob

ob #0 ob
#0 FALSE
#1 ob

#1 FALSE

aka ONEDUP

N N N N N N N N N N N N N

( chr -->#)
( # -->chr )

>$ (#-->9%)

(#-->8%)



19529

COERCE
COERCEDUP
COERCESWAP
COERCE2
%ABSCOERCE
% P>#
UNCOERCE
UNCOERCE2
UNCOERCE%%
UNCOERCE{ } 2

%--> #)
%--># # )

ob %--># ob )

% % --> # # )

(

(

(

(

( %-->4#)
( %-->4#)
(#-->%)
(
(
(

#H#--> %%)

#--> %)

(Actual ly takes ABS too)

{#0) ) -->{ %% })

3.3 Binary Integer Tests

NNNNNANNNNANNNNANNNNANNNNNNNNNNN

H#H= #H<>
#0= #0<>
#1= #1<>
#2= #2<>
#3=

#5=

ONE_EQ
OVER#0=
OVER#=
OVER#<
OVER#>

2#0=0R

#< #>
#>1

#<3

DUP#<7

(EQ check, not

( #m#n --> flag )

3.3 Binary Integer Arithnetic

NNNNNANNNNANNNNANNNNANNNNNNNNNNNNNNNN

OVF nmeans 0 <= result <= FFFFF

H+
#+OVF (25B0B)
#1+
#2+
#3+
#a+
#5+
#6+
HT+
#8+
#9+
#10+
#12+

#-+1
#- #2/

#+OVER
#- OVER
OVER#+
OVER#-

#1+DUP
DUP#1+

#_

#- OVF (6D28B)
#1-

#2-

#3-

#4-

#5-

#6-

#1--

#+SWAP
#- SWAP
SWAP#-

#1- DUP
DUP#1-

2DUP#=
DUP#0=
DUP#1=

EQUAL check)

#*

#* OVF
#1+'
#2*

#6*
#8*

#10*

#+-1

#+DUP
#- DUP
ROT#+
ROT#-

#1+SWAP
SWAP#1+, SWP1+

DUP#0<>

Ei t her

2DUP#<  2DUP#>
one zero?
#/ (-> #rem #quo)
#2/ (Rounded down)
3Pl CK#+ 4P1 CK#+
#1+ROT
SWAP#1- ROT#1+



#1- 1SWAP

#1- ROT

ROT#1+UNROT

#1- UNROT

2DUP#+

4P| CK#+SWAP, 4Pl CK+SWAP
DUP#2 +

DUP3PI CK#+

DROP#1. -

SVWAP#1+SWAP

SWAP#1- SWAP
SWAPOVER#-
ROT#+SWAP, ROT+SWAP

#M N
#MAX
#AND  ( #2 #1 -> # ) Bitwise AND
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4. Characters

Conver si on functions:

CHR># ( chr -->#)
#>CHR ( # --> chr )
CHR>$ ( chr -->$)

Const ant s:

CHR # CHR * CHR + CHR, CHR - CHR .. CHR/

CHR O CHR1 CHR 2 CHR 3 CHR 4 CHR 5 CHR 6 CHR 7 CHR_ 8 CHR 9

CHR: CHR; CHR < CHR = CHR > CHR -> CHR << CHR >>

CHR[ CHR] CHR{ CHR} CHR <= CHR >= CHR <>

CHRA... CHRZCHRa ... CHR z

CHR Angle CHR Deriv CHR Integral CHR LeftPar CHR Newl i ne

CHR Pi CHR Ri ght Par CHR Si gma CHR Space CHR UndScore CHR Dbl Quote

CHR 00 CHR ...

khkhkkkhhkhhkdhhkhkdhhkdrhdhhkdhkhrhdhrhkdhorkhdhhkdhhbrhdhrhkdhbdrhdhrhkdhorddhrhkdhrrhdrhkdhorkddrhkdhrrxddxkdhxk*x

5. Character Strings

String constants are not listed in this file, please see rplnman. doc
or other entry lists.

Conver si on:

| D>$ (idllam-->$ ) DOCHR ( %-->$)

$>1 D ( $-->id ) DONUM ( $ --> %)

DUP$>I D ( $-->%id)

LENS$ ($ --> # ) Returns | enght in bytes
1CA26  LEN$>% ($ > % )

DUPLENS ($ > S # )

OVERLEN$ ( $ob-->%$0b# )
1782E  2LEN$#+ (9% -->3$3%# ) Adds | engths of 2 strings.
127CA  DROPDUPLEN$1+ ( $ ob --> $ #len+l )

CARS$ ($-->chr/ $) NULL$ for NULL$

CDR$ ($-->8 ) NULL$ for NULL$

SuUB$ ( $ #start #end --> $ )

#1- SUBS$ ( $ #start #end --> $ )

1 _#1- SUB$ ( $ #end --> $ )

LAST$ ( $ #start -->$ )

#1+LASTS$ ( $ #start -->$ )

SUB$SWAP ( ob $ #start #end --> $ ob )

SUBS1# ( $ #pos --> #char ) Returns nth char as #
1C8BB  XEQSUB$ ( $ Wtart %end --> $ )

COERCES$22 ( $--> 9 )

If en>21 then sub until 21 and append ... char
SEP$NL

($-->9%$2 %1)
Split $ at first newine



NULLS$ ( > % )
NULL$SWAP ( ob-->%o0b )
NULL$TEMP ( > % ) Creates NULL$ in TEMPOB
DROPNULL$ ( ob --> NULLS$ )
04D57 2DROPNULLS$ ( obl ob2 --> NULLS )
NULL$? ($ -->flag )
DUPNULL$? ($ -->%$flag)
>H$ ( $chr --> 8% ) Prepends char to $
>T$ ( $chr -->% ) Appends char to $
&$ ( $1 $2 --> $1+%$2 )
SWAP&S$ ( $1 $2 --> $2+%$1 )
&$SWAP ( ob $1 $2 --> $1+%$2 ob )
l append$ ( $1 $2 --> $1+%$2 )

Tries &%, if not enough nmenory then !!append$?
I append$SWAP ( ob $1 $2 --> $1+32 ob )

linsert$ ( $1 $2 --> $2+31 )
Effectively SWAP ! append$
Il append$? ( $1 $2 --> $1+%2 )
Attenpts appending "in place" if target is in tenpob.
Il append$ ( $1 $2 --> $1+%$2 )
Tri es appending in place.
Ilinsert$ ( $1 $2 --> $2+%1 )
Tries inserting in place.
NEWL| NE$&S$ ($-->9% ) (aka NEWLI NE&S$)
APPEND_SPACE ($-->9% )
Bl ank$ (#-->8% ) Creates a string of # spaces
PCS$ ( $search $find #start --> #pos )

Returns position of $find in $search
Search fromstart onwards. #pos=0 if not found.

POSCHR ( $search chr #start --> #pos )
Actual ly the sane entry as above.
1CAD7  XEQPCS$ ( $search $find --> %os )
15EF6  ONEPCS$ ( $search $find/chr --> #pos )
PCS$ with start |ocati on ONE
POS$REV ( $search $find #imt --> #pos )
Starts search fromend until limt.
POSCHRREV ( $search chr #limt --> #pos )
Actual ly the sane entry as above.
ANDS ( $1 $2 --> $1 AND $2 ) 188E6 ! AND$
OR$ ( $1 $2 --> $1 OR $2 ) 188F5 | ORS$
XOR$ ( $1 $2 --> $1 XOR $2 ) 18904 I XOR$
188D2  NOT$ ( $--> ¢ ) 18961 ! NOT$

Testing: ( $1 $2 --> %l ag )

1429A  STR>STR 142BA  STR>=STR
142A6 STR<STR 142E2 STR<=STR
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4F3D1

OEDE1
3742D

05566

53EC3

54409

Conver si on:

#>HXS
HXS>#
2HXS>#
2HXSLI ST?

#>% aka HXS>%
V#

hxs>$

HXS>$

MAKEHXS
I MAKEHXS
EXPAND

&HXS
NULLHXS
NULLHXS?
LENHXS
SUBHXS

Arithnetic:

6. Hex Strings

( # --> hxs ) Lenght will be 5

( hxs --> #) Takes | ower 5 nibbles

( hxs hxs --> # # )

( { hxsl hxs2 } --> #1 #2 )

Converts list of two hxs into two bints

Generates Bad Argunent Value error for invalid input

( hxs --> %)

( %--> hxs )

( hxs --> %) Uses current disp. nbde & wordsize

( hxs --> %) Does hxs>$, then appends base character

( #ni bbles --> HXS 000... )
( #ni bbles --> HXS random data )

( hxs #length --> hxs' )

( hxsl hxs2 --> hxs' ) Appends hxs2 to hxsl

( --> hxs) Pushes NULLHXS

( hxs --> flag ) zero-1 enght hxs?

( hxs --> #) Returns | enght in nibbles
(

hxs #start #send --> hxs' )

Al'l bit words assunme 64-bit or shorter hex strings.
Result hxs lenght will be current wordsize.

bi t AND
bi t SL
bi t RR
bi t ASR
bit+

bi t NEG

bi t %/
bi t #%
bi t 94t*
bi t #9&
bi t %¢-
bi t #%
bi t %+
bi t #%r

Testi ng:

HXS=
HXS#HXS
HXS>HXS
HXS<HXS
HXS>=HXS
HXS<=HXS

bi t OR bi t XOR bi t NOT
bi t SLB bi t SR bi t SRB
bi t RRB bitRL bi t RLB
bi t - bi t* bit/

( %hxs --> hxs )

( hxs % --> hxs )

( %hxs --> hxs )

( hxs % --> hxs )

( %hxs --> hxs )

( hxs % --> hxs )

( %hxs --> hxs )

( hxs % --> hxs )

( hxs hxs --> %l ag ) == test
( hxs hxs --> %l ag ) <> test
( hxs hxs --> %l ag ) > test
( hxs hxs --> %l ag ) > test
( hxs hxs --> %l ag ) >= test
( hxs hxs --> %l ag ) <= test
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7. Real & Conpl ex Nunbers

7.1 Real & Conplex Constants

NANNNNNNNNNNNNNNNNNNNNNNNNNNNN

% od %R %3 % "B %6 L% %98 W %0 %1 %2 %3
%1 %2 %3 %4 %5 %6 %7 %8 %O

WO WA R W8 Wi Wb Wy WBA0 Wd2 WE0

%4 %5 96 947 98 (1CDRF2) 949 (1CE07)
w0 W1 W2 WR3 R4 Y25 Y6 W7

%1 % 5
%o 1 Wo 5 Wo 4
%400 %180 %360

%P %VAXREAL
2A458 %W % MAXREAL

Pl /180 %V NREAL
514EB  %PI % M NREAL

%R PI

Ye
OEFEE %l CKSsec (8192) 22352 %200
OF003 %I CKSm n (491520) 22367 %2400
OF018 %Il CKShour (29491200) 2237C %800
OF02D 9%l CKSday (707788800) 22391 %9600
0F042 %Il CKSweek (4954521600)

%o (0,0)

cvd (1,0)

% 1 (-1, 0)

oA (984, %0)
5267F  C% (0, 1)
526AE % (0,-1)

Constants + Stack Handl i ng:

5198F DROPY%® 54B1E  DROPY®ABND
1F047 2DROPY®

56AFB  4DROPY%®

1CAOD  DROP% 54A9C  DROPYdABND
50A3B  UNROT2DROPY®



05C8A

51C6B

51C84

1B47B

1B30D

7.2 Real

W%
%%

& Conpl ex Conversion

NNNNNANNNNANNNNANNNNANNNNNNNNNNNNNNNN

%> WEWAP

29%%0
29%86%

% C%

SWAPY&C%

%W C%
%W Co0
Re>C%

C¥%%

SWAP2C%%

CY %0

CYe%/SWAP

CRe%
Cl o
CWeC%
CWe%0

SWAP2 C%84-%0%

7.3 Real
%

%=
DUPY0=
o=
7.4 Real

%o+
%8/
%
%6
o
C4 %
%
%84
%
%8

%ABS
%CHS
%/
YSQRT
%8Q
%SGN

YARG
YEXP

(

~ A~~~

e N R R

e N N N e R R R

Wo--> %)
% --> %)

ob % --> %% ob )
% % - -> 986 %% )
%0 W6 --> % %)

%e %m -->Ch )
% m % e --> C% )
Wie Whm--> Chh )
Wie Wem--> CBb)
% e --> C% )

C% -->%e %m )
R Cd --> %el %l %e2 %R )
C%n --> %Ge Wim)
C% -->%bmWse )

C%n --> %e
C% -->%m
CWh--> C%

)
)
)

CW®b--> Wse Wim)
CBR CBA --> %Wsel Woinl Wse2 %6 n2 )

& Conpl ex Testing

NNNNNANNNNANNNNANNNNANNNNANNNNNNNNNN

%<>

%<>

U< %

<= %=

%< %>
%>=

& Conpl ex Functi ons
NANNNNNNNNNNNNNNNNNNNNNNNNNNNN
CcuC+C 51BDO
CcwC+C  51C9D
CC-C  51CE8
CWE- C 51D38
L C 51D4C
CWE*C 51DAB
CC/ C  51E64
CWLI C 51F7C
e

51C16
51C3E
51CFC
51D10
51088
51DE2
51EC8
51F13

51A4A

Ci 51A5F

UABS
ORACHS
0B/
OMSQRT

1B48F

UEXP

WO=

CWB=

CUCHR
CWECHR
- R
CWEC R
R
CWELR
% R
CwELC R
CYCR

CA i

CYABS
CYCHS
v/
CYSQRT
c¥8Q
CYSGN
CYCONJ
CYARG
CYEXP

( GX: 05C72 )

WoO<>

51BF8
51CB1
51CH4
51D24
51060
51DBF
51E19
51F3B

52080

%< %We
W= We=
9WWO< %R0>
WO<= %WO>=

CR+C
CUWR+C
MR- C
CWRR-C
R C
CWRC
C C
CWE C
RN C

CWABS
CWACHS

1B3F5 CK¥SQRT

CY4CONJ



2AC27

2AFAC

51AB7

51A94
520B2
51A71

YEXPML
%N
%_NP1
%.0OG
YALOG
%Sl N
%COS
% AN
%ASI N
YACCS
YATAN
%Sl NH
%COSH
% ANH
Y%ASI NH
Y%ACOSH
YATANH

%WEl NRAD
WECOSRAD
9% ANRAD

%VANTI SSA
%-LOOR

% NT
YANGLE
WANGLERAD

RNDXY
TRCXY

%COVB

YNFACT (Fact)
YNROOT

% N

%VIAXor der
%Xl M ZE

YRAN
YOF

%>R
%=>D

UWBOR
2DUPYAR
29599BQR

o%POL>YREC
YREC>%POL
%WER>P
%WFP>R
YSPH>YREC

%906 0004
%4.0*

%o-SWAP

986 SWAP

o84 >%

%WAN
%94 NP1

%W&El N
WECOS

%W&l NH
9ECOSH

%&l NDEG
WELCOSDEG

YEXPONENT
9%4-LOOR

984 NT
WANGLE
WANGLEDEG

CUW.N

Cn.OG
CYALOG
C¥&sl N
CYCOSs
CYrAN
CYASI N
CYACOS
CYATAN
C¥&sl NH
CYCOSH
CYrANH
CYASI NH
CYACOSH
CYATANH

WASI NRAD
WACOSRAD

%P % P
94/0D

%CEI L

%> ANGLE

( %wunber %l aces --> %unber' )
( %wunber %l aces --> %unber' )

Y%PERM

%ACT (!)

9VAX

WAAX

( %%--> %rax %rnn )

( %--> 9%,
%6RANDOM ZE
o

( %--> %)
( %--> %)

WVAXR or - %WAXR)

DORANDOM ZE
%CH

( 994 %R --> 9Bb) (stklr2+stk272)
( 94 WR --> WA WR WAsqrt (WAN2+98RN2)) )

( %%--> %)

e N R R

%+ %Al -

%8 ROT
SWAPYS4

(stk1r2+st k272)

%W % --> % adi us %angle )
% adi us %angle --> %W % )
WK By --> %k adi us Wangl e )
%% adi us %angle --> %K By )
% %h %h --> % %W % )

%wd/ YWSORT

%86 UNROT

1B995 CK%.N

1BA0OC CKW.OG

1B6EA CKYASI N
1B775 CK¥ACCS

1B86C CKY¥ACOSH
1B8DE CKYATANH
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193DA

1D02C
19294

1DOAB

37500

0358F

03685

0CAEC

3558E

35508
35602

no ref check

{ di s}

8.1 General

8. Arrays

bj ect is changed directly.

Thus vari abl es contents etc change too.

Unl ess ot herwi se nmentioned, ! words do no ref check
list of dinension sizes (#)

Qper ations

NNNNNANNNNANNNNANNNNANNNNNNNNN

ARSI ZE
OVERARSI ZE
DMIMTS
MDI M5
MDI MSDROP
CKARRYDI M

MAKEARRY
XEQ>ARRAY

XEQ>VECTOR
>ARRY

DOARRY>
SWAPROWNG

SWAPCOLUWNS

TYPEARRY@

ARRYEL?

GETEL

GETATELN

PULLEL
PULLREALEL
PULLCMPEL

PULLLONGEL
PULLEREALEL

PUTEL
PUTREALEL
PUTCMPEL

] --> #elenents )

] ob --> ][] ob #elenents )

] --> {dins}

] --> #m FALSE / #m #n TRUE )
] -->#m/ #m#n )

%(N } -->{ #(#) }

( {dins} ob --> [ob] )

Create unlinked array, all elenents initialized to ob

( F%... F%{%lins} --> [F% )
( F%... F% % --> [F%
( F%... F%#n [F% --> [F%

Copies floats into array, starting in reverse order hy
putting stk3 to | ast location.
([] --> floats {%i ns} )

( [1 #m#n -->[]" #m#n )
Swap 2 rows. Doesn't NEWOB.
( [] #m#n -->[]" #m#n ) ( GX: 37508 )

Swap 2 colunms. Doesn't NEWOB.

( [1 --> #prolog )
Gets array elenment type as binary

( {dins} [] --> #elenent TRUE )

( {dinms} [] --> FALSE)

Returns TRUE if array el enent exists

( #index [] --> ob TRUE / FALSE ) ( GX: 0C501 )
( #i ndex #addr_of _array --> ob TRUE / FALSE )

Works for nost el ement types.

( #[] --> ob TRUE)

( #[] --> FALSE ) (no such el enent)
Recal | array el ement

( [F4 #n --> [FA F%)
([4 #n --> [ %)
( [CA #n --> [C C%)

( [FA #n --> [FA L%)
( [A #n -->[% %)

( [F%4 B%#n --> [FR' )
( [4 %#n -->[9H" )
( [Cf Cu#n -->[CAH' )

(Converts el enent to | ong)
(Converts real to long real)

(Uses PACK!)



8.2 Array Cal cul ations

NNNNNANNNNANNNNANNNNANNNNNNNNN

36115  MAT+
( [FA [FA -->[F4 )

36278  MAT-
( [FA [FA -->[F4 )
3643F  MAT*

( [FAL[FA2 -->[FA4" )
36494  2DUPMAT*

( [FAL[FA2 -->[F41 [FA42 [FA" )
36B60  NMAT/

( [F4 [FA -->[FA4" )

MATCON ( [F% F%--> [F%4' )

35035 MATIDN ( [F%4 --> [F%' )

35F30 MATCONJ ( [F%4 --> [F%4' )

35DEB  MATNEG ( [F%4 --> [F%4' )

36BOB  MATINV ( [F% --> [F%4 ) ( GX: 36A99 )
MATTRN ( [F% --> [F%A' )
MATREDIM ( [F%4 { #dins } --> [F4' )

35FA3 DUPY%® CON
362DC  MATFLOAT*

[FA -->[FA [9O] )
[FA4 or F% [FY or F%--> [F%' )

(
(
3633C  MATFLQAT/ ( [FA F%-->[F9 ) ( GX: 363DB )
36435  MATSQ ( [F4 -->[FA4' ) ( GX: 36444 )
369CB  MATABS ( [FA --> %) ( GX: 369E9 )
35F8F  MATRE ( [F4 -->[FA4' )
35FEE  MATIM ( [F4 -->[FA4' )
36782 MATCRCSS ( [F4 [F4 -->[F4 ) ( GX 36791 )
366F6 MATDOT ( [F4 [F4 -->[F4 ) ( GX 36705)
36A2A  MATDET ([YA4 --> %) ( GX: 36A48 )
365AC MATRSD ([Y4 [“4 [4 -->[Y9 ) ( GK 365BB)
368E5  MATRNRM ([YA4 --> %) ( GX: 368F4 )
368F9 MATCNRM ([YA4 --> %) ( GX: 3690D )
36039 MATR>C ( [FA4 [F4 -->[CH )
360B6 MATC>R ( [FA -->[%e] [%Bn] )
35E2C  MATRND ( [FA4 %-->[FAQ"' )
35EA9 MATTRNC ( [FA4 %-->[FAQ"' )
35C2C  DQOARRYPRGL Qperate on F% el enents ( seco [FA --> [FYQ' )
seco argunent will be L%
35C63 DOARRYPRG2 Qperate on F% el enents ( seco [orig] [new] --> [new]')
Exanpl es:
I MATNEG = NEGF% SWAP DOARRYPRGL ;
I MATCONJ = CWELCON) SWAP DOARRYPRGL
MATI M = DUPY®CON

OVER TYPERARRY? case SWAPDROP
' DROP COW/&%0 SWAPDROP
UNROT DOARRYPR&2



35B4F

35B90

35AF6

37DC4
37DB5
37D7E
37DA1

37BE9
37C7A

SX:

37CED
37D24

2C270
2C1F3

2C684
2C6C5
2C6DE
2C701
2C715
2C84B

8.3 Real & Conplex Calculations for Arrays

NNNNNANNNNANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

Matri x cal cul ati ons use special entries:

SW TCHFLOATS ( B%-->7?) ( GX: 35B47 )
Operates on F% by di spatching on type.
Oder is %C%%oCW Al but |ast entry nust be
addresses only. Exanple:
SW TCHFLOATS %CHS CUCHS 984CSH CORACHS ;
SWTCH2FLOATS ( B%B%--> ? ) ( GX: 35B88 )
Di spatch order for SX
%% Ch% %Ch CWHChH %o CWB6Ws %6 CWh CWB6 CWh
Di spatch order for GX: (L% only!)
906 WG CWB6 W4 96 CWB4 CW6 CUB6

SW TCH2ARRY ( [F4 [F4 --> ? ) ( GX 35AEE)
Dispatch order: %% C%% % C¥% C% C%

FOoL% ( %--> %% C%--> C%%) ( GX: 37D19 )
BYABS ( B%--> B%) ( GX: 37C75 )
BINEG ( B%--> B%) ( GX: 37CD3 )
BY®= ( B%--> flag ) ( GX: 37DF6 )

DBY% ( F% F%--> F%/ L% L%--> L%) (SX only)
DB% ( F% F%--> F%/ L%L%--> L%) (SX only)

DB% and DB% both use PACK!, thus no infinate result errors are
generated. (Indicators are set though.)

GX:

37BE9 L%+ ( L% L% --> L%)

37C0C L% ( L% L% --> L%)
Lo& 37C2F Lo& ( L% L% --> L%)
L% 37C52 L% ( L% L% --> L%)

In GX all matrix calculations are done in L% for accuracy. This
change has renoved DB% and added L% etc. See SW TCH2FLOATS.

8.4 Statistics

NNANNNNANNNNANNNNNNN

STATCLST (CLSi gnm)
STATRCL

STATSTO

STATSADD% (Sigma+ with %
STATN

STATSM N

STATSMAX

STATMEAN

STATSDEV

STATTOT

STATVAR

STATCOL ( GX: 20675 )
STATXCOL ( GX: 206B6 )
STATYCOL ( GX: 2CBCF )
STATGETXCOL ( GX: 206F2 )
STATGETYCOL ( GX: 2C706 )
STATCORR ( GX: 2C83C)



2C8F5 STATCOV ( GX: 2CBE6 )
2C04F  STATX ( GX: 2C940 )
2C963 STATY ( &X' 2C959 )
2C977 STATXX ( &X 20972 )
2CO9A  STATYY ( GX: 2C99A)
2COBD  STATXY ( &X 209C2 )
2CA30 STATLR ( GX: 2CAO0D)
2CB02 STATPREDY ( GX: 2CADF )
2CB75 STATPREDX ( GX 2CB52 )

2CCDF  Col unmMAX ( #colum [[]] --> %) ( GX 2CCBC)
2CCF8  Col ummM N ( #colum [[]] --> %) ( GX 2CCD5 )
2CD04  Col umTOT ( GX: 2CCEl )
2CD13  Col unmMEAN ( GX: 2CCFO )
2CD22  Col uMmVAR ( GX: 2CCFF )
2CD31  Col unmSDEV ( GX: 2CDOB )
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O5E9F

05EC7

*kkkkkxk

>TAG
USER$>TAG
% TAG

| D>TAG
{}>TAG
TAGOBS

TAG
STRI PTAGS
STRI PTAGSI 2

khkhkkkhhkhkhkdhkhkhkkhhkhhkdhhkdhhkhrhkdhhkdhkdrhdhhkdhrhdhrhkdhbrhdrhkdhkrhdrhkdhrrxhdrhkdhrxhdxkdxxk

SI Units:

unt
um
umt
unP
uniEND

9. Tagged njects

( ob & --> tagged )

( ob $ --> tagged ) (Up to 255 chars valid)

( ob %--> tagged )

( ob id/lam--> tagged )

( {idob} -->tagged )

( ob & --> tagged )

(obl ... obn{ $1 ... $n } --> taggedl ... taggedn )

( tagged --> ob $tag ) ( GX O5EQC )
( tagged --> ob )
( tagged ob' --> ob ob' )

10. Unit Objects

* marker

/ marker

N mar ker

Character prefix operator
Unit end operator

Hex Quantity String:
Contains: ?*nn nol”nn cd*nn K*nn s*nn A*nn m'nn kg"nn
Exanpl e: 1 Newton = 00000000FEO00101h = s”*-2 * mf*1 * kg™l

pur et enp? ( hxs --> flag )
Purely tenperature unit?

Real s Rel ated to Tenperature:

cfF ( %®/9 for C <--> F conversion )
cfC ( W4 for K <--> C conversion )
10E9C  94KZERO ( WR73.15 )
10EB6  9%&RZERO ( 99#59.67 )

10.1 General QOperations

NNNNNANNNNANNNNANNNNNNNNNNNNN

UFACT (unitl unit2 --> unit')
uvs-u ( %unit -->unit' )
Repl aces nunber part.
Umu> (unit --> %unit' )
Ret urns nunber and normalized unit parts of unit.
UMCONV (unitl unitl --> unitl" )
Converts unitl to units of unit2
UVSI (unit -->unit' )
Unit object to SI units.
U>NCQ (unit --> n% % cf %o ghxs )

Ret ur ns nunber, conversion factor to base units
and hex quantity string



U>nbr (unit --> %)
Takes nunmber part of unit.

Unbr >U (unit %-->unit' )
Puts new nunber part for unit.
UNI T>$ (unit --> %)

Deconpiles a unit object with tics.
10.2 Arithnetic Qperations
NANNNNANNNNNNNNNNNNNNNNNNNNNN

Test s: (unitl unit2 --> %lag )

UME? UME? UW? uw>-? Uwk=? uw-=?

Arithmetic Operations with 2 args: (unitl unit2 --> unit )
UMk UM UMK UM

UWAX UW N  UWb UWAECH  Uwear

UMXROCT

Arithmetic Operations with 1 arg: (unit -->unit' )

UVABS UMCHS UMNV  UMBQ UVBQORT

UMSIGN UM P UMFP UMFLOOR UMCEI L
OFD68 UVRND  UMIRC

UMSIN UMCOS  UMIAN

OFD4A  UMOPER:
Eval uates next ob on units nunber part, then builds unit again.
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1AC93

1CA3A

&COVP
>TCOWP
>HCOWVP
SWAP>HCOWP

CARCOWP

?CARCOWP

LENCOWP
DUPL ENCOWVP
LENCOVP>%
SUBCOWP

NTHELCOWP

NTHCOVPDRCP
NTHCOVDDUP

NEXTCOVPOB

NULLCOWP?
DUPNUL LCOVP?

mat chob?
POSCOVP

EQUAL PCSCOVP

NTHOF
#=POSCOVP
Fi nd1st True

Lookup

EQLookup

Enbedded?

11. Conposite hjects

conpl conp2 --> conp' ) concatenate conposites
conp ob --> conp' ) add ob to tail of conp
conp ob --> conp' ) add ob to head of conp
ob conp --> conp' ) add ob to head of conp

~ A~~~

( comp -->ob / conp )
Returns first object in the core of the conposite.
Returns a null conmp if the argunent is a null conp.

( comp flag --> conp / ob )

If TRUE t hen CARCOWP

( conp --> conp’ )

Returns conposite nmnus it's first object.

Returns null conposite for null conposite.

conp --> #n )

conp --> conp #n )

conp % )

( comp #start #end -> conp' )

—~ A~~~

Makes al |l possible i ndex checks too.
( comp #i --> ob TRUE )
( conp #i --> FALSE )
Returns FALSE if #i is out of range
( comp #i --> ob / nothing )
Does NTHELCOWP DROP
( comp #i --> ob ob )

Does NTHCOWVPDROP DUP

( comp #offset --> conp #next _offset ob TRUE )

( conmp #offset --> conp FALSE )

Returns object at nibble offset fromthe start.
Returns FALSE if object is SEM.

Use #5 as a start value (to skip prolog)

( comp -->flag ) Returns TRUE if conposite is enpty

( comp --> conp flag )

( ob conp --> ob TRUE / FALSE )
TRUE if ob is EQUAL to any el enent.
( comp ob pred --> #i [/ #0 )
I f pred(any el ement, ob) =TRUE
( comp ob -- #i [ #0)
POSCOWP with pred = EQUAL
Returns position of ob in list (or #0).

( ob conp --> #i [/ #0)

Sane as SWAP EQUALPQOSCOWP

( comp # -->#i | #0)

POSCOWP with pred = #=

( comp pred --> ob TRUE / FALSE )

If pred(any el ement)=TRUE, return el enent |ocation
( ob pred conp --> nextob TRUE / FALSE )

Does natching in groups of 2. If first natches
second is returned with TRUE

( ob conp --> nextob TRUE / FALSE )

Lookup with pred = EQ

( obl ob2 --> flag )

Returns TRUE if ob2 is enbedded in,

or is the sanme as, obl. Else returns FALSE

return el enent | ocation



05331

05481
5EO0A3
5EODA
5E111

1Co73

5E585

OE461

OE4DE

49CD6

Bui | di ng/ Expl odi ng:

>COWP ( Meta #prolog --> conp )

N ( Meta --> seco )

{}N ( Meta --> list )

SYMBN ( Meta --> synb )

UNI TN ( Meta --> unit )

XEQSYMBN ( Meta --> synb ) Wth error protection
XEQ(} N ( Meta -->{} ) Wth error protection
XEQ : N ( Meta --> seco ) Wth error protection

The XEQ words first try the low level version, if it errors
(insufficient nenory) the conposite is built 1 elenent at a tine.
This allows GC to happen while the conposite is being built so that
you can build | arger conposites. Use the XEQ words if you know t he
conposite may be very |arge.

| NNERCOVP ( comp --> Meta )
DUPI NCOVP ( comp --> conp Meta )
SWAPI NCOWP ( comp ob --> ob Meta )
| NCOVPDROP ( comp -->o0bn ... obl)
| NNERDUP ( comp --> Meta #n )
| NNERCOVP>% ( comp --> obn ... obl % )
| NNER#1= ( comp -->obn ... obl flag )
| NNERt op& ( Metal conp2 --> Meta )
Li sts:
NULL{} ( -->1{}) Returns null |ist
DUPNULL{}? ( {} -->{} flag)
ONE{ } N (ob-->{})
TWO{}N ( obl ob2 --> {} )
THREE{ } N ( obl ob2 ob3 -->{} )
#1-{} N ( obn ... obl #n+1 --> {} )
PUTLI ST (ob # {} -->{}")
Repl aces object at nth position.
Assunes valid #i.
| NSERTN } ( {} ob #n -->{}" )
Insert ob to nth position
REMOVEN{ } ( {} #n -->{}" )
Rermove nth ob
ROLL{} ({} -->{}")
Roll lists elenents.
(I'f NULL{} does "No Current Equation" error)
apndvar | st ( {} ob -->{}")

Append ob to {} if not already there

Secondari es:

NULL: : ( --> NULL:: ) Returns null secondary
h>Seco ( ob --> seco ) Does ONE :: N

?Cb>Seco ( ob --> seco ) If not seco then b>Seco
20b>Seco ( obl ob2 --> seco ) Does TWO :: N

. NEVAL ( obn .. obl #n --> ? ) Does ::N EVAL



khhkkkhhkhhkdkhkhkkhhkdrhkdhhkdhhhdhrhkdhbrkhdhhkdhhrhdrhkdhorhdhrhkdhorhdrohkdhrrhdrhkdhrrddrrkdhrrxhdrkdhxi*x

12. Meta Objects

Meta object is a 'stack object' consisting of n objects and their
count. | NNERCOWP produces a neta object froma conposite.
ZERO is a nul | - Met a.

12.1 Meta Operations

NNNNNANNNNANNNNNNNNNNNNN

If the entry name is supported the address is marked with *
If | use another name than the supported one the address is |isted
and the supported nane is given with "aka nane"

'Stack Operations':

dup 5E35C ( M-->MM )
swap 5EB1C ( ML M2 --> M2 ML ) aka psh
r ot 5EB58 ( ML M MB --> M2 MB M )
unr ot 5EBDB  ( ML M2 MB --> M3 ML MR )
4rol | 5EBC6 ( ML M2 MB M4 --> M2 MB M ML)
4unrol | 5EBEA ( ML M MB M4 --> M4 ML M2 MB )
5roll 5ED45
S5unrol | 5ED5A
N+1r ol | 5EBFC ( ML...NMh+1 #n --> M2...M+1l M )
N+1unrol | 5ED6C ( ML...M+1 #n --> M+l ML...M )
swapdr op 63911 ( ML M2 --> M2 ) aka SWAPUnDROP
r ot swap 5E857 (M M MB --> M ML M3 )
rot dup 63F1IA ( ML M M3 --> M M3 ML ML ) aka net aROTDUP
4r ol I unr ot 5E870 (M M M M -->M ML MBMA )
Met a conbi ni ng:
top& *BE415 ( ML M2 --> ML&MP )
psht op& *5E4D1  ( ML M2 --> MR&ML )
rottop& 63F2E ( ML M MB --> M2 MB&ML ) aka ROTUnt op&
unrottop& 63F42 (M M MB --> MB MLEMR ) aka roll 2t op&
over & 5E3C0 ( M M M8 --> MLEMR2 MB )
psh& *5ESAC ( ML M2 M3 --> MIE&MB MR )
overrevé& 5E843 ( M M MB --> MR&ML MB )
2t op& 5E490 ( ML M MB --> ML&MR&MB )
t op&psht op& 5B861 ( ML M MB --> MR2&MB&ML )
12.2 Meta & Object QOperations
NANNNNANNNNNNNNNNNNNNNNNNNNNNNNN
pi ckl 5FC24 ( GO M--> MO )
getl *61305 ( D M--> MO )
pshl 63105 ( MO --> b M ) aka OVER#2+UNROL
pshml 5E3E8 ( MO --> O #1 M )
addt 62904 ( MO --> M&Ob ) aka SWAP#1+
pshlt op& *5E401 ( MO --> Ch&M )
pul | *BE4A9  ( M&Ob --> M Qb )
pul | drop 5EAF4 ( MO --> M )
pul | pshni 5E6BB  ( M --> b #1 M )
pul I rev *5E4ABD ( &M --> M b )
pi ckrev 6119E ( h&M - -> h&M b ) aka DUP#1+PI CK
pul | dr oppul | 5FA45 ( M&H1&h2 --> M bl )
2pul | drop 5CC12 ( M&Oh1&H2 --> M )



repl 60FOE ( M&Oh1l b2 --> M2 ) aka ROTDROPSWAP
revpul | drop 5FA63 ( M&Ohl b2 --> M 02 )
revpul | &sh 548AA ( M1l b2 --> hl&h2 M)
pshl& *BE706 ( ML M2 Qb --> Ch&ML M2 )
pshl&rev *BE7TA5 ( ML M Cb --> MI&b M2 )
addt psh 57441 ( ML M2 Qb --> MR&Ob ML ) ( GX: 57432 )
unrot 1 10AF9 ( ML M b -->C M M )
rotl 10ADB  ( Co ML M -->M M Qb )
pul | pshl& *BE4EA ( ML MR&Ch --> Ch&ML M2 )
pul l revl& 5E503 ( ML MR&OH --> ML&Ob M2 )
pshpul | pshl& 5D6F4 ( ML&OH M2 --> Ch&WV2 ML )
pshzer *5E67A ( M--> #0 M )
unzer 638FD ( #0 M--> M ) aka SWAPUnDROP
4psh 25322 ( ML bl W2 W3 4 --> M2 M)
Argunents fromcurrent stream
addt : 5E51C ( M --> M&ob )
addt 2: 5E530 ( M --> MRob1&obh2 )
repl: 5E59E ( Mo --> MRob )
pshlé&rev: 5E549 ( M M --> ML&Db M2 )
pshl&rev2: 5E562 ( M M --> M&obl&ob2 M )
2pshlé&rev: 5DD65 ( M M --> ML&b M2&ob )
Arguments from 1LAM or 3LAM
addf unc 55288 ( M --> M&LAML ) aka 1GETLAMSWPL+
repl func 55477 ( M&Qb --> MRLAML )
addoper 560ED ( ML M2 --> ML&MR&LAML ) aka xssgenera
addcon&oper 56101 ( M --> LAMB&MELAML ) aka xnsgenera
add&conoper 5611F ( M --> MLAMB&LAML ) aka xsngenera
dr opaddoper 562BE ( ML M2 M3 --> MLE&MR&LAML )
Met aUnCal ¢ 56309 ( MGOb --> LAMB #1 )
12.3 Gt her Qperations
NANNNANNNNNNNNNANNNNNNNNNN
SubMet atb *64345 (Meta #start #end --> Meta' )
Does range checks
SubMet athl *643BD (Meta ob #start #n #start --> nmeta ob #n)
Drops obs fromneta starting from#start+1
net at ai | *28296 (Meta #n --> #n-1-size(Meta) Meta')
MEQU? 584B2 ( M M --> M. M2 TRUE/ FALSE)
Sane count, equal obs --> TRUE
bl nMet a? 5768A ( M Qb --> M Ob TRUE/ FALSE) ( GX: 57676 )
True if Cb is equal to sone ob in Mta
Nol ds| nMet a? 58715 ( M--> M TRUE/ FALSE)
FALSE, if Meta has | Ds/LAMs or secos
starting with CKO
pshl& evUNTIL  5F370 (M M G --> M&Ob M)
If Meta2 is enpty ( #0) end | oop
pi ck1#0=case 5FBE6 (ML M --> ML M)

If Metal is enpty then COLA el se SKIP



DROPdr op

dr opf

dr op DROPf
DROP2dr opf
2DROP2dr opf

Repl 0

Repl 1

Repl -1
2Repl O
2Repl -1

Dr opRepl O
Repl 0ABND

63FA6
169A5
50F60
57428
57414

5551C
55535
5554E
56183
56108
5643A
5499F

M Gb

> )

M --> FALSE )
O M--> FALSE )

ML M2 Qb
ML M2 Cbl b2
M--> %)
M--> %
M--> %1
ML M --> 99
ML M2 --> %1
MO --> %
M--> %)

--> FALSE )
--> FALSE )

#1
#1
#1
#1
#1
#1

N N N N N N

aka DROPNDRCP
aka NDROPFALSE

( GX: 57419 )
( GX: 57405 )
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13. Synbolics

055F3 NULLSYMB Nul | al gebraic (do not eval)
5E067 SI NNER ( synmb --> Meta / ob --> ob #1 )
If synbolic the | NNERCOW, else ONE
5E30C 2SI NNER ( obl ob2 --> Metal Meta2 )
SINNER for 2 objects.
5E2F8 2SI NNERt op& ( obl ob2 --> Meta )
2SI NNER, then top&
5E32A SI NNERMVETA ( Meta --> Meta' )

Expl odes each object in Meta with SINNER and nerges the
result with top& commands.

5F2A3 EXPLODE ( ob --> Meta)
Expl odes ob with recursive SINNER calls.
5F2EE | MPLODE ( Meta --> ob )

Bui | ds symnbol i ¢ obeyi ng VUNS properties (UNSYM
el ement), checking fcnapply etc. Does not build
synbolic if result is a single object valid in

synbol i cs.

synctonp ( ob --> o0b' )

If ob is synbolic nothing, else ONESYMBN
5E661 ONESYMBN ( ob --> synb )
5E085 CKSYMBN ( Meta --> ob )

If size <> 1 then SYMBN, el se DROPSYM
5F384 DROPSYM ( obl ob2 --> ob)

Drop ob2, if obl is synf the nothing, else ONESYMBN.
1CF2E EQ> ( symb --> argl arg2 ) Internal EQ >
1CFD0 EXPR> ( symb -->argl ... argn % ob ) Internal OBJ->

CRUNCH ( ob --> %)

I nt ernal ->NUM
22F68 SYMCRUNCHL ( ob --> %)

Internal ->NUM if id XEQRCL is done before CRUCNH
22F86 SYMCRUNCH2 ( obl ob2 --> %ob2 )

Internal ->NUM for stack |level 2 (Possible XEQRCL)

uncrunch ( ob -->?)
Cears numflag for next command only. (Flag 3)
Exanpl e: SYMCOLCT = :: uncrunch colct ;

cknunmdsptchl ( sym--> synf )

Used by 1 argunent functions to evaluate a synbolic or nuneric
eval uation routine according to numfl ag.
Usage: :: cknundsptchl <Synkr <Nunp ;
I f nuneric node stkl is CRUNCHed and <Nune is COLAd.
In synbolic node ckseval 1: is called.
Exanpl e: SYMRE = :: cknundsptchl MetaRE xRE ;

54DBC ckseval 1: ( synf --> synf' )
Binds next 2 in streamto LAMKSYM cn and LAMKfcn. Expl odes
synf, then eval uates next on Meta, then builds ob with CKSYMBN
If synf is equation next is evaluated on both sides, then
equation is rebuilt. (ckeval eql)

54E2A ckeval eql ( Meta&= --> synb )
Eval uates 2LAM on both sides of equation, the rebuilds synbolic
and abandons env.



55657

557EC

5575B

5576F

58CE4

58CEE

5918A

54AE0
54EB9
54ED2
54EEB
54F04
54F1D
54F36
54F4F
54F68
54F81
54F9A

sscknun®

( symsym--> synf )

Used by 2 argunent functions to evaluate function according to
current (synbolic/nuneric) node.

Usage: :: sscknun2 <Synme <Nunb ;

In nuneric node stkl and stk2 are CRUNCHed and <Nunmk is COLAd.
El se cksseval 2: is called.

Exanpl e: SYM+ = :: sscknun2 Meta+ x+ ;
sncknum2 ( sym % --> synf )
Usage: :: sncknun2 <Syne <Nune ;
In synbolic node uses cksneval 2:
Exanpl e: SYM+O = :: sncknun2 Meta+Con x+ ;
nscknun2 ( % sym--> synf )
Usage: :: nscknun2 <Synms <Nunb ;
In synbolic node uses cknseval 2:
Exanpl e: O+SYM = :: nscknun2 Con+Meta x+ ;
cknun®: ( synf synf --> synf )
Used by above 3 to determine (and possibly to CRUNCH) the
programto COLA.
cksseval 2: ( symsym--> synf )
Bi nds next 2 to LAMKSYM cn and LAMkfcn. Explodes stkl and stk2,
eval uates next. If either is equation ckevaleqg2 is called.
Rebui I ds 1 synbolic.
cknseval 2: ( % sym--> synf )
SWAP, then cksneval 2:
cksneval 2: ( sym % --> synf )
Bi nds % and next 2 to LAMscl, LAMKSYM cn and LAMfcn.
Expl odes sym eval uates LAMKSYM cn, rebuilds synbolic.
If symis equation ckevaleql is call ed.
paranmeval ( symparam--> ?? )
Ensures symis synmbolic (with synconp), then executes param on
each elenent in synbolic. paramis bound to 1LAM during the
| oop. param should return TRUE or FALSE. If paramreturns TRUE
or stkl is not operator |oop continues, else possible COCT
property is executed. (Better return TRUE al ways.)
eval ( sym-->?)
paranmeval wi thout binding of a new param Use this for
recursive evaluation with the sane paraneter.
(See SHOALS and showparam for exanpl es)
eval TRUE ( sym--> ? TRUE )
Used for recursive paraneval.
13.1 Synbolic QOperations
NANNNANNNNNNNNNNNNNNNNNNNNN
One argunent Meta functions assume function in LAML.
Two argunment Meta functions for constants also assune Con in LAM.
SYMRE 5542C MetaRE
SYM M 55495 Met al M
SYMNOT addf unc
SYMNEG 553D2 Met aNEG
SYMABS 555B2 Met aABS
SYMCONJ 55567 Met aCONJ
SYM NV 553EB  Metal NV
SYMARG addf unc
SYMBI GN ?addr ever
SYNMSQRT addf unc
SYMBQ 555E9 Met aSQ



54FB3
54FCC
54FE5
54FFE
55017
55030
55049
55062
5507B
55094
550AD
550C6
550DF
5515C
5512A
550F8
55111
55143
55175
5518E
551A7
551C0
551D9
551F2
5520B
55224
5523D
55256
5526F

55E4A
55E95

5599A
559E5
55A30
55A7B
55AC6
55B11
55B5C
55BA7
55BF2
55C3D
55C88
55CD3
55D1E
55069
55DB4
55DFF
560A2

55EEOQ
55EF9
55F12
55F2B

SYMSI N
SYMCOS
SYMI'AN
SYMSI NH
SYMCOSH
SYMI'ANH
SYMASI N
SYMACGOS
SYMATAN
SYMASI NH
SYMACOSH
SYMATANH
SYMEXP
SYMEXPM
SYMALCOG
SYMLN
SYMLOG
SYM_NP1
SYMFACT
SYM P
SYM-P
SYMFLOOR
SYMCEI L
SYMEXPONENT
SYMVANT
SYMD>R
SYMR>D
SYMUBASE
SYMUVAL

addconoper

SYMAVAX
SYM/M N

addconoper

SYM/AND
SYMAOR
SYMXOR
SYMFLOAT==
SYMFLOAT<>
SYM/A
SYM#
SYM/A<=
SYM/AP=
SYMAOF
SYMALH
SYMB
SYMACOVB
SYMAPERM
SYM/RND
SYMATRNC
SYMAXROOT

SYMO
O*SYM
SYym

SYM+O

55E63
55EAE

559B3
559FE
55A49
55A94
55ADF
55B2A
55B75
55BC0
55C0B
55C56
55CA1
55CEC
55037
55082
55DCD
55E18
560BB

5533C MetaSIN
55378 Met aCCS
553A5 Met aTAN
5529C Met aSlI NH (?addi nver: xASI NH)
552B0 Met aCOSH (?addi nver: xACCSH)
552C4 Met aTANH (?addi nver: XxATANH)
addf unc
addf unc
addf unc
addf unc
addf unc
addf unc
552D8 Met aEXP (?addi nver: XxLN)
55300 Met aEXPM (?addi nver: XxLNP1)
552EC  Met aALOG (?addi nver: xLOG
addf unc
addf unc
addf unc
addf unc
addf unc
addf unc
addf unc
addf unc
addf unc
addf unc
addf unc
addf unc
addf unc
addf unc
addcon&oper ?addsi mr
YSYMVAX 55E7C  SYMVAX
%SYMM N 55EC7 SYMM N
addcon&oper addoper
%SYMAND 559CC SYMAND
%SYMOR 55A17 SYMOR
YSYMXOR 55A62 SYMXOR
FLOATSYM== 55AAD  SYMe=
FLOATSYM> 55AF8 SYM>
YSYMK 55B43 SYM
YSYM> 55B8E SYM>
YSYM= 55BD9 SYM=
YSYM>= 55C24 SYM>=
YSYMOF 55C6F SYMOF
YSYMACH 55CBA  SYM/CH
YSYMA 55D05 SYMa
%SYMCOVB 55D50 SYMCOVB
Y%SYMPERM 5509B  SYMPERM
RNDSYM 55DE6 SYMRND
TRNCSYM 55E31 SYMIRNC
YSYMXROOT 560D4 SYMXROOT
5645D Met a*Con
562FA  Con“Met a
addoper
56543 Met a+Con



55F44
55F5D
55F76
55F8F
55FA8
55FC1
55FDA
55FF3
5600C
56025
5603E
56057
56070
56089

57DA4

587AA

57E08

58A20

O+SYM 56331 Con+M
SYM+ 56160 Meta+
SYM O 56566 Met a- Con
O SYM 56359 Con-Meta
SYM 56174  Meta-
SYMO 56589 Met a* Con
O SYM 56390 Con*Meta
SYM 561BA  Met a*
SYM O 565CF  Meta/ Con
QO SYM 563DB  Con/ Meta
SYM 56214  Met a/
SYMAOD 5660B  Met anmpbdCon
%8YMVOD 5642B  ConnmodMet a
SYMVOD 56250  Met anod
Ca.CT
NANNNNN
SYMCOLCT ( synf --> synf )
col ct ( synf --> synf ) Num flag i s not checked!
Di sassenbly of colct:
. EXPLODE
pshzer col fac
pshzer colrev
ATTNFLG@ #0<> case :: CKSYMBN CKONCLASTWD ?ATTNQUIT ;
pshzer col unfac
SYMBN COLA col eval
col fac ( Metal Meta2 --> Meta' )
Appends objects in Meta2 tail to Metal tail replacing all
-,/,NEGINV and SQwith + *,~ and -1 as possible factor.
Exanpl e rul es:
"SQ A --> A2
-A --> - 1FA
"A-B -->'"A+-1*B
"AB --> " ARBA- T
colrev ( Metal Meta2 --> Meta' )
Appends objects in Meta2 to tail of Metal collecting nuneric
factors, ordering terms according to a conparison function,
collecting nuneric terns to front. Only + and * factors are
checked.
58511 Metaless? (Metal Meta2 --> ML M2 flag )
58525 Met aMore? (Metal Meta2 --> ML M2 flag )
585A7 BodyMor e? (obl ob2 --> flag )
BodyMore? can be used for various sort prograns, for exanple
for strings ($1 $2 --> flag)
if len($1l)>len($2) then TRUE
else if len($1)<len($2) then FALSE
else if $1>$2 (al phabetically) then TRUE
EQUAL strings would have to be checked separately, otherw se
the nibbles after the strings would deternine the result.
colunfac ( Metal Meta2 --> Meta' )

Appends obs in Meta2 to head of Metal converting ~,+,* to
/,- when suitable.



58CDA col eval ( ob --> o0b' )
Passes FALSE as paraneter to paraneval. Thus eval uses
?COLCT to check special eval uation.

EXPAN
NANNNNN
57A0C SYMEXPAN ( synf --> synf )
Expands synbolic or float.
57A48 expan ( Metal Meta2 Meta3 --> Meta )
Expands Meta3. Succesful part is added to the head of
Met al, unsuccesful part is added to tail of MetaZ2.
Calls expanl and larg until Meta3 becones enpty.
57AA2 expanl ( Meta --> Metal Meta2 )
Expands Meta. Metal is the unsuccesful part, Meta2 the
succesful part (Could be just an operator).
Subexpanders:
57B63 ?expan”
If ~ then expands. (Returns if succesful)
57AB6 expansq
Expands SQ
5BFD8 Met aD- >
5C0B9 Met a<- D
5C2CE  Met aE®
5C348 Met aL*
57B4C  ?expannegi nv
Prevents Meta->() from expandi ng [ Expr | NV NEG
5C137 Met a- >()
57B01 ?expanapp
I f XFCNAPPLY then tries calling ?EXPAN

57Cr71 expansunt*2
Expands (A+B)~2 or (A-B)"2. (Meta&<+/-> --> Meta')
57CF8 NXTPOT%®
Ret urns next nunber when expandi ng *.
( %-->flag % TRUE / % FALSE )
flag indicates whether %0. Do not use for %).
Exanple: (-5 --> FALSE -4 TRUE )

| NTEGRATE
NANNNNNNNNN
1F201 XEQ NTEG D ( ob ob ob id/lam--> synf )
1F27A  XEQ NTEG ( ob ob ob QN --> synf )
5AACY SYM NTEG ( synf synf symf QN --> synf )
5662E  NUM NTEG ( synf QN synf_lo synf_hi --> %)
52C36 CALCI NTEG ( seco %accuracy %ow %i --> % ntegral % error )

Low |l evel nuneric integration. If low=hi returns %9 %.
Checks that 1E-12 <= %accuracy <= 1
seco gets % as input and should return one val ue.

5ACC7 intg (#0 #0 Meta --> Meta ok Meta fail )
Integrates Meta where variable of integration has been
changed to LAMdvar. Meta objects should be nerged by
addition. Use colunfac to resune /,- etc from?*, +



5D0C2

5B659

5B717

5AFAB

5BOFA

5B09B

5B0CD

5B131

5B140

5AD80

5AD9E
5AD6C

1F38B
1F439
1F43E
547E2

54887

5910B

1A4A3
54564

f or ceadd

f or cemul ?aga

f or cenul

intgl

i nt glok

i ntglfail

i nt gconst

i ntglinear

i ntgaddlin

i near?

i near
i near!

(Meta --> Meta')

Forces top |l evel operators to be +, NEG when possible
by changing from-,+ NEG Attenpts to arrange right nost
termto be the second argunent for top +.

Exanmple: 'A+(B+C)' --> 'A+B+-C

(Meta --> Meta')

Recursive Meta<-D, MetaD- > and forcenul calling.

I f any operation was succesful AGAIN is executed.
(Meta --> Meta')

Forces top | evel operators to be +, NEG when possi bl e by
changing from/,INV. LAMlvar is ordered specially.
(Mok Mfail Mtenmp Meta --> Mok' Mfail' Mtenp )
Integrates Meta, ok part is added to Metal.

(Meta3 is the next part to integrate in the top |evel
| oop.)

(ML M2 MB M4 --> ML' M2 MB TRUE)

Adds M4 to ML. (Succesful intgl)

(ML M2 MB M4 --> ML M2' MB TRUE)

Adds M4 to M2. (Unsuccesful intg)

(Mok Mfail Mtenp Meta --> Mok' Mfail' Mtenp )
Integrates constant Meta (dvars? gives FALSE)

(ML M2 MB M4 --> M' M2 MB)

Integrates linear term (M).

(Meta #loc --> Meta')

Adds 27/ 2 to LAMdIvar in Meta at stack |evel |oc.

(Meta #level --> Meta' TRUE / Meta' #|l oc FALSE)

Is Meta linear in LAMdvar?

level is first location of LAMivar obtained fromdvars?
linear DUP I T SWAPDROP ;

(Meta #level --> Meta #loc flag )

(Meta #level --> Meta' flag )
i near SWAPDROP ;

M scel | aneous special functions
NANNNNNANNNNNNNNNNNNNNNNNNNNNNNNNNN

SYMMHERE
XEQSYMBWHERE
CKWHEREARGS
SYMBWHERE
VWHERE1

VWHEREN
SYMSHOW

XEQSHOALS
SHOALS

9% FTE
SYM FTE

( synt {} -->synt )

( symf QNidl ... QNN idn --> synf )
Checks pairs of quoted nanes/ids

( symb QN1 idl ... QNN idn #2n+1l --> synf )
( ON1L idl ... QNN idn #2n Metal --> synf )
Used when Meta size is 1.

( ON1L idl ... QNN idn #2n MetaN --> synf )

( symid/lam--> synf )

( sym{} --> synf )

( sym{nanmes} --> synf )

See this for a good exanple of recursive paraneval .

( %obl ob2 -->?)

( symsynf synf --> synf )

Uses cknumdsptchl with:

54609 Metal FTE 54653 Numl FTE



591AD

595DD

572A2

1F113
1FOF5
54977
54954

56949
56A06
56A4C
56AC9

SYMQUAD

SYMIAYLR

SYM SOL

XEQSYMDERCON
XEQSYMDERSTEP
SYMDERSTEP
SYMDER

SYMSUM
SYM/EUM
YSYMSUM
WEUM

( symid --> synf )

Avoi ds the obvious in in solving a quadratic equation.
( symid %--> synf )

Cal cul ates taylor polynomal. Use %> 20 with a
slightly conplex function to inpress friends.

( symid --> synb ) ( GX: 57293 )

( NABCHB Uit --> synf )

( N sym--> synf )

( QN sym--> synf ) No CKSYMBTYPE check
( symsym--> synf )

sym sym sym ob --> synf )
sym sym % ob --> synf )
sym % symob --> synf )
sym % % ob --> synf )

~ A~~~

13.2 Meta Synbolics

NNANNNNNNNANNNNANNNNNNNNN

Case words testing the 1st object:

Mlst +case
Mlst - case
Mlst *case
MLst / case
Mlst NEGcase
MLst | NVcase
Mlst ~Acase
MLst SQcase
Mlst Fcncase
M 1pot case
M 1st casechs

MEQLst case
AEQLst case
MEQopscase
AEQopscase
M dlst case

5EF2E  (Meta&+ ? case)

5EF41 (Meta& ? case)

5EF54 (Meta&* ? case)

5EF67 (Meta& ? case)

5EF7A  (Met a&NEG ? case)

5EF8D (Meta& NV ? case)

5EFAQ (Meta&" ? case)

5EFB3 (Met a&SQ ? case)

5EFC6 (Met a&FCNAPPLY ? case )

58ADE  (Meta& 1&" ? case )

*5EE10 (Meta&NEG -> Meta COLA, Meta -> Meta SKIP)
(Met a&( %<0) -> Meta&ABS(% COLA)

*5EFD9  (Meta&Obl b2 -> h1=Ch2 case) (b2 |ost)

*5EF15 (Meta&Ob -> (b=Nob case) (Next ob |ost)

*5EFF9 (Metal&Ohl Meta2&02 b3 --> ... )

*5F048 (Metal&hl Meta2&H2 --> ... )

*5F061 (Meta&0Ob -> TYPE(ob) =ID/LAM case)

Addi ng sone conmon oper ators:

addt -
addt +
addt *
addt NEG
addt | NV
repl/
repl *

5BC67  (Meta -> Metad-)
5BC94  (Meta -> Met a&+)
5CD16  (Meta -> Met a&*)
5CD2A  (Meta -> Met a8NEG)
5CD3E  (Meta -> Meta&l NV)
5BCCL  (Meta&b -> Metad/)
5BCEE  (Meta&b -> Met a&*)



Changi ng operators:

Mlst +?Dr p 5ACD6 (Meta&+ -> Meta, Meta -> Meta)

net a+ 5BC5D  (Met a&NEG - > Met a&-) (Meta -> Meta&t)
net a- 5BC8BA  (Met a&NEG - > Met a&+) (Meta -> Meta&-)
net a* 5BCB7 (Meta&l NV -> Meta&/) (Meta -> Meta&*)
net a/ 5BCE4 (Meta&l NV -> Met a&*) (Meta -> Meta&/)

dr pnet a+ 5BD3E  (Met a&NEGROh -> Meta&-) (Meta&Obh -> Met a&t)
dr prret a- 5BD57 (Met a&NEGOh - > Met a&+) (Meta&h -> Meta&-)
dr pnet a* 5BD70 (Met a&l NV&Ob -> Meta&/) (Meta&h -> Meta&*)
dr pret a/ 5BD89 (Met a&NEGOh - > Meta&*) (Meta&h -> Meta&/)
net aneg 5BBE5 (Met a&NEG --> Meta) (Meta --> Met a&NEG

net ai nv 5BC3F (Meta& NV --> Meta) (Meta --> Meta&l NV)

nmet anegl ft 5BC03 (Meta --> Meta') netaneg on |eft subexpr
nmet ai nvl ft 5BC21 (Meta --> Meta') netaneg on |eft subexpr

Splitting al gebrai c netas:

parg S5EA9F (Meta --> MetalLast MetaRest) aka pshzerpsharg
Pushes | ast subexpression in Meta. If Meta is a valid
expression MetaRest will be enpty.

par gswap 63F92 (Meta --> MetaRest Metalast) aka pZpar gSWAPUN
parg + swap

dr pparg 63F56 (Meta&ob --> Metalast MetaRest ) aka pl DRPpZparg
Drops ob, then parg

par gop 5E68E (Meta --> Metalast &p Met aRest)

Pushes | ast subexpression ignoring first object in
Meta. Thus is op is +,- etc MetaLast would be their
second argumnent .

larg 5EAC2 (Meta --> MetaRest Metalast)
Splits | ast subexpression from Meta.

par g& 5E6F2 (Metal Meta2 --> Metal&Metalast MetaRest)
| ar g& 5CCEE  (Metal Meta2 --> Metal&MWet aRest Metalast)
dr ppar gt op& 5CBF9 (Met a&ob --> Met alLast &\vet aRest)

swappar gunr ot 57F4B  (Metal Meta2 --> MetaRest Meta2 Metalast )
dr ppar gsym 1CF42 (Meta&ob --> ' MetaRest' 'Metalast')

Buil ds objects with CKSYMBN. WIIl give invalid
expressions if ob is not a 2-argunent function.

tail psh 5F996 (Meta #n --> Metal Meta2)
Pushes n-1 | ast objects in Meta to Metal.

splitup 5F926 (Meta #n #m --> Meta #l evel)
Cal cul ates stack | evel of |ast object to be included
when splitting | ast m subexpressions from Meta starting
fromstack level n. (2 1 would give level of first ob
in the | ast subexpression)

splitdown 5F96E (Meta #n #m --> Meta #l owl evel #args+1)
Seeks stack level n-1 downwards for extra operators for
m expressions. Low evel is the stack | evel of the extra
operator. args indicates how many expressions the
| oWl evel operator is still mssing. Probably an
i naccur ate descri ption.



M scel | aneous:

argnum 5E889 (Meta ob --> Meta ob #args )
Returns argunent count of ob. Checks for xFCNAPPLY and
infarg? before calling !argnum so Meta nust be
present to be able to determi ne argunent count in those
cases.

largnum 5EBDE  (seco --> seco #args)
G ves argunment count for secondary. Checks first
conmand in seco, if different from CKO CK1l&Di spatch ...
CK4&Di spatch #5 is returned.

i nfarg? 5E9A7 (seco --> seco flag )
I's first command in seco CKI NFARGS?

?spliteq 558BE  (Metal&Weta2&= -> Meta2 Metal, Meta -> Meta Meta)
(I'f Mist is equal to =, split, else dup)
?addi nver: 55314 (Meta&Nob -> Meta, Meta -> Met a&LAML)
(I'f next is equal to Mist, drop Mist, else addt 1LAM
?addr ever 5540E  (Meta&lLAM -> Meta&lLAM Meta -> Meta&lLAM
(I'f Mst is equal to 1LAM nada, else addr LAM)
?addsimr 5613D (Meta Meta -> Meta)
(Metal Meta2 -> Metal&Met a2&lLAM
count + 58C02 (Meta -> Meta #0)
(Met a&+&+. .. &+ -> Meta #n)
count * 58COE (Above table for *)
Met aConCase 549EC (Meta --> Meta ) (COLA if no id/lam synb/ronptr)
dvars? 5AD08 (Meta --> Meta TRUE/ FALSE)
>dvars 5670F (Metal Meta2 -> Metal&MWeta2')

(Al IDs in Meta2 natching LAM'dvar contents
are changed to LAM 'dvar. (Metal can be #0))

dvar s> 5AC86 (Meta -> Meta') (LAM 'dvar:s changed to 1LAM

SYMBN: 54CEF (Meta -> AL&Nob)

repl wod 554B3 (Met a&b -> Met a&9d)

repl wis 1 55607 (Meta&b -> Meta&% 1)

% pshnil 5FC38 (Meta -> 94 #1 Metal)

pshDROP 638FD (Metal Meta2 -> Meta2 netal obl netal ob2... nmetal obn)
COLAkeepilst 5483C Return & (Meta&w -> Ob)

Rul es nenu operations: ( Meta --> Meta' )

(For matching patterns the correspondi ng operation is COLAd, thus
current streamis dropped in such cases.)

5BE56 Met aMul | nv Sinplify conbinations of INV and * (using /)
58A61 colinvl [Exprl INV Expr2 INV *] --> [Exprl Expr2 /]
58A93 colinv2 [Expr INV *] --> [Expr /]
58AAC colinv3 [Exprl Expr2 INV Expr3 *] --> [E1 E3 E2 /]

5BE81 Met a<- - > Commut e terns

5BECE  Meta<-A Associate left term

5BF53 Met aA- > Associate right term

5BFD8 Met aD- > Delete right term (via expansion)
5C0B9 Met a<-D Delete left term (via expansion)

5C102 Met a<- D! Delete | eft term (Above - ~ expansion)
5C137 Met a- >() Renove prefix

5C204 Met al/ () Doubl e invert, then renmove prefix



5C261 Met a- () Doubl e negate, then renove prefix

5C2CE  MetalE® Transform EXP(A*B) to EXP(A) "B

5C31B  Met aE() Transform EXP(A) "B t o EXP( A*B)

5C348 Met aL* Transform LN(A"B) to LN(A) *B

5C375 Met aL() Transform LN(A)*B to LN(A"B)

5C3C2 Met a<- M Merge common factor on |eft sides

5CACF Met aMt > Merge common factor on right sides

5C53C  Met aAF Add fractions

5C589 Met a( <- Include left term

5C5D6 Met a- >) Include right term

5C623 Meta(()) Put parentheses over nearest terns

5C670 Met a- >TRG Change EXP to trigononetric functions
5C68D MetaT-> Move nearest left termto right

5C6D9 Met a<-T Move nearest right termto |eft

5C73D Meta->()C% Renove first RE, I Mor CONJ

5C845 Met a- >DEF Define function (SIN .SINH .ASIN. .ASINH .)
5C91D Met aTRG* Expand trigononetric function of a sum (or -)

Repeat ed eval uati on:

5CE15 Met a<- Aal | 5CE4C  Met aA->al |
5CDF2 Met a<- Dal | 5CEF1 Met aD- >al |
5CF5A  Meta<-Tal l 5CF23 Met aT- >al |
5CFF5 Met a<- Mal | 5D009 Met aM >al |
5CEBA Meta(<-all 5CE83 Met a- >) al |
5CF91 Met a- >() al | 5CFC3 Met a- >() Cval |
Repeaters:
5CD52 eval case: ( Meta -->?)

Eval uates next object. If it drops current

streamthen continue, else SKIP next.

Exanpl e: .. eval case: Meta<-D Meta<-Daga ;
5CD7A  reval case: ( Meta -->?)

Eval uates next ob for subexpressions until

current streamis not dropped by ob.

Exanpl e: Met a<- Daga

reval case: Meta<-D COLA RDROP ;

(COLA RDRCOP is there to mark succesful oper.)
5D01D eval rept: ( Meta -->?)

Repeats next until ??

Ones using MetaValidate drop renmmi nder of streamif operation
was succesful. (Metal Meta2 Meta --> Metal Meta2 Meta')
Sone check is made on Metal before operations are allowed (?)

596D3 Met aRCOLCT Li mited COLCT
5971D  Met aDNEG Doubl e negate
5976B  Met aDl NV Doubl e invert
597B5 Met al* 1*
5983B Meta"l 1
59885 Met al/ 1/

5990F Met a+1-1 +1 -1
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14. Library & Backup objects

PORTSTATUS ( #port --> present? witeabl e? nerged? #size #addr )
0AB51 PORTEND ( #port --> #addr ) ( GX: 0AB22 )
Get end address of port.
NEXTLI BBAK ( #addr --> backup/library #nextaddr TRUE / FALSE )
Get next library/ backup.
0B037 MERGE ( #port -->) ( GX: 0B409 )

14.1 Rom Poi nters

NNANNNNANNNNANNNNANNNNNNN

#>ROVPTR ( #1'i bnum #cndnum - -> ROWTR )
08CCC ROWTR># ( ROWPTR --> #li bnum #crmdnum )
ROVPTR@ ( ROWTR --> ob TRUE / FALSE )
DUPROVPTR@ ( ROWTR --> ROWPTR ob TRUE / ROWPTR FALSE )

02FEF DoRonpt r ( ROWTR --> ? )
Recal | ROWPTR contents and EVAL
Undefined XLIB error if not found

?>ROVPTR ( ob --> 0ob" )
I f ROM WORD? and TYPECOL? then RPL@
?ROVPTR> ( ob --> ob' )

I f TYPEROWP? and contents exi st | NHARDROW
then return contents.

RESOROWP ( -->ob)
Recal I s contents of ronptr in return stack
( :: 'R ROWTR@DROP ; )
07E76 PTR>ROVPTR ( ob --> ROWPTR T/ F)
0821F  ROVPTRDECOWP ( ROWTR --> ID T/ F) ( GX: 081FB)
08207 PTR>I D (ob-->idT/ F) ( GX: 081E3 )
07BFD | D>CMVMD (id-->id T/ ROWTR T/ F) ( &X: 07C18 )

Searches id fromcurrent path, if found returns TRUE
El se searches attached libraries.

ROV WORD? ( ob --> flag )
DUPROM WWORD? ( ob --> ob flag )

14.2 Libraries

NNANNNNANNNNANNNNNNN

0814F  NAME>ROMPART ( id-->#ibnumT / F) ( GX: 0814F )
081B9 ROVPARTNAME ( #libnum-->id T/ F) ( GX: 08199 )
081EE LI B># ( library --> #libnumT / F) ( GX: 081DE )
0807F  ROVPARTADDR ( #libnum--> #addr T/ F) ( GX: 08081 )

Recal | library address+10 (skipped prolog & | ength)
0809E  ROWPARTSI ZE ( #libnum--> #nibbles-10 T/ F) ( GX 080BF )
080C9 NEXTROWPI D ( #libnum--> #nextlibnumT / F) ( GX 080DA )

I f #libnumexists, #libnumis returned with TRUE
08101 GETHASH ( #libnum--> hxs_table T/ F) ( GX 08112 )
0811C  GETMESG ( #libnum-->1[] T/ F) ( GX: 08130 )

08128 GETLI NK ( #libnum--> hxs_table T/ F) ( GX 0813C)

08143 GETCONFI G ( #libnum-->0b T/ F) ( GX: 08157 )

07F98 ROVPART (rrp -->{ #libl ... #libn} T/ F) ( GX O07F86 )
(

ROWPTR -> #l i bnum)



076AE

o77C2

07638
0764E

021E4

02216

094A4

09699

0970A

TOSRRP
OFFSRRP
ONSRRP?

SETHASH
SETMSG

ROVPOLL

DOROVPCLL

14. 3 Backups

NNNNNANNNNANNNNN

BAKNAME
BAK>CB
HOVE>BAK
BAK>HOVE

SETI NI TEN

(#-->)

Attach library to hone directory
(#-->)

Detach library fromhonme directory

( #-->flag ) ( GX: 0778D)

Is library attached to hone directory?
( hxs #libnum-->) !l BUGGED !!
( [$] #libnum-->)

(-->)
Configure internal & external libraries
( { #libnuml #libnun2 ... } -->)
Configure libraries

( backup -->id T/ F)

( backup --> ob )

( --> bak )

Hone directory becones unrooted.
( bak -->)

Rest ores HOME from backup.
(-->)

( GX: 021DD )

( GX: 0210F )
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15. Stack operations

DEPTH ( obl ... obn --> #n)

reversym ( obl ... obn #n --> obn ... obl #n )

DROP 2DROP  3DROP  4DRCP  5DRCOP  6DROP  7DRCP

2DROP  2DUP 2SWAP  20VER  2DUPSWAP 2DUP5ROLL

NDROP N+1DROP  DROPNDROP NDUP NDUPN
DUP DROP SWAP OVER ROT UNRCT
DUPDUP DROPDUP SWAPDUP OVERDUP ROTDUP UNRCTDUP
- 2DRCP SWAPDROP - ROTDROP UNRCTDROP
- DROPSWAP - OVERSWAP  ROTSWAP UNRCTSWAP
- DROPOVER SWAPOVER - ROTOVER UNRCTOVER
DUPRCT DROPRCT SWAPROT - - -
DUPUNROT - - OVERUNROT - -
- DROPSWAPDROP - - - UNRCTSWAPDRO
- - SWAPDROPDUP - - -
- - SWAPDROPSWAP - ROTDROPSWAP -
- - - - ROT2DRCP UNRCT2DROP
- - SWAP2DUP - ROT2DUP -
DUP3PI CK - SWAP3PI CK - - -
- - SWAP4PI CK - - -
- - SWAP4ROLL - - -
DUP4UNROL L - - - - -
- - - OVERGPI CK - -
- - - - ROTROT2DROP -

3Pl CKSWAP 3Pl CKOVER 3Pl CK3PI CK

4P| CKSWAP 4Pl CKOVER

4ROLLSWAP 4ROLLOVER 4ROLLDROP 4ROLLROT

4UNROLLDUP 4UNROLLROT 4UNROLL3DROP

Pi cki ng: Rol I'i ng: Unrol | ing:

OVERSWAP, OVERUNROT

OVER SWAP SWAP

3PI CK ROT UNRCT, 3UNROLL

4Pl CK 4ROLL, FOURROLL 4UNROLL, FOURUNROLL

5Pl CK 5ROLL, FIVEROLL 5UNRCLL, FI VEUNROLL

6PI CK 6ROLL, SI XROLL B6UNRCLL, SI XUNROLL

7Pl CK 7ROLL, SEVENROLL 7UNROLL

8PI CK 8ROLL, EI GHTROLL 8UNRCLL

- - 10UNROLL

Pl CK ROLL UNROLL

- ROLLDRCP -

- ROLLSWAP -

DUPPI CK DUPROLL -

#+Pl CK #+ROLL #+UNRCLL

#- PI CK #- ROLL #- UNROLL

#1+Pl CK #1+ROLL #1+UNROLL

DUP#1+PI CK - -

#2+Pl CK #2+ROLL #2+UNROLL
5FC24  DUP#2+PI CK DUP#2+ROLL

OVER#2+UNROL



#3+PI CK
#4+P1 CK
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18FA9

5EA09

18F6GA

CK<n>

CK<n>NOLASTWD

CKNNOLASTWD

CK&DI SPATCHO
CK&DI SPATCH1
CK&DI SPATCH2

CK<n>&Di spat ch

16. Checki ng Argunents

Saves current command to LASTCKCMD
Verify atleast <n> objects on stack
Saves stack size to STACKMARK ( @SKBOT- D1 ni bbl es )
If last argunents flag is set then

Stores <n> to CKARGNUM (1 ni bbl e)

Store addresses of <n> args to

CKARGL, CKAR®2, CKARG3, CKAR#, CKARGH
Above m nus savi ng current comand

Does CKINOLASTWD to check 1 argnent (count)
(See above for side effects)

Does CKREAL

Checks argument count

Di spatch on stack argunents

Di spatch on stack arguments, strip tags if necessary
Sane as CK&DI SPATCH1. Haven't found any hi dden

nmeani ngs yet. (Several words do check what the first
conmand is in sone conposite. See Eval NoCK.)

Conbi nati on of CK<n> and CK&DI SPATCH1L

CKI NFARGS Used in aka words of functions that can take an
unlimted nunber of argunents. Gets Meta as argument,
checks | enght againts DEPTH and errors if Meta is too
short. Collects the argunments to a list for marking the
stack (CKLINOLASTWD), then expl odes agai n ( CKNEWETA) .
I's usually foll owed by CKSYMBTYPE and nnetasyns checks
to check argument types.

(Internally used by yAPPLY and yWHERE)

CKO CKONOLASTWD

CK1 CK1INOLASTVD CK1&Di spat ch

CK2 CK2NOLASTWD CK2&Di spat ch

CK3 CK3NOLASTWD CK3&Di spat ch

CK4 CKANOLASTVD CK4&Di spat ch

CK5 CK5NOLASTVD CK5&Di spat ch

CKN CKNNOLASTWD

OLASTONDOB! Cl ears command save done by the |ast CK<n> comand

At User St ack
CK1NoBI ane
' RSAVEWORD

Eval NoCK

Eval NoCK

aka OLast Roww d!

CKONCLASTVD OLASTOWDOB!

OLASTOADOB! CK1LNOLASTWD
Stores first object in prev to LASTCKCVD
aka ' RSaveRonWwd

( conmp --> 7))

Eval uate conposite w thout saving as current conmrand.
If first conmand i s CK<n>&Di spatch CK&DI SPATCHL i s
execut ed i nst ead.

If first command <> ..
( next -->1?)

Eval NoCK with next ob as argunent

first comand is skipped.



193C1
194BB
194D9
19443
20BEO
1945C

19207

Type checki ng:

CKREAL
CKARRY
CKRARRY
CKCARRY
CKLI ST
CKNAMELI ST
CKLI STTYPE

CKSYMBTYPE

nmet asyns

CKNFLOATS

(SETTYPEERR i f not of correct type)

{} -->{}) Checks for non-enpty list of names
ob #prolog --> ob )

Checks for non enpty list of certain type

( ob --> o0b)

Checks for quoted nane (Nane as synbolic)

( ob --> o0b) Checks for rea

( ob --> o0b) Checks for array

( ob --> o0b) Checks for real array

( ob --> o0b) Checks for conplex array
( ob --> o0b) Checks for list

(

(

( Meta --> Meta )

Checks for Meta containing % C% Unit id | am synb

( obl ... obn any #n --> obl ... obn any #n zero)
Check for n floats (F%

zero = C% if atleast one float was conplex, else %
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17. Error Generation & Trappi ng

17.1 CGeneral Wbrds

NNNNNANNNNANNNNANNNNNNNN

ERRBEEP ( -->)
*beep* (The irritating one)
ERROR@ ( -->#)
Returns current error nunber
ERRORSTO (#-->)
Stores new error nunber
ERROROUT (#-->)
Stores new error number and does ERRIMP
ERRORCLR ( -->)
Stores zero as new error nunber
ERRJMP ( -->)
I nvoke error handling subsystem
' ERRIMP ( --> ERRIMP )
DOHEXI T ( #error -->)
Stores new error nunber, AtUserStack, then ERRIMP
DOYEXI T ( %error -->)
1501B  DOHXSEXI T ( hxs_error -->)
DOSEXI T ($-->)

Stores $ as EXI TMSG #70000 as new error,
At User St ack, then ERRIMP

ABORT ( -->)
Does ERRORCLR and ERRIMP
ERRSET ( -->)
Set new error trap
ERRTRAP ( -->)
Error trap marker, skips next object
13FE5 SAVEERRN ( -->)
Saves error nunber to |last-error
1400E ERRO ( -->)
Clears last error
14039 ERRN ( --> #error )
Returns | ast error nunber
1404C  ERRN>HXS ( --> hxs_error )
Returns | ast error nunber as hxs
14065 ERRM ( --> $error )

Returns |ast error message

Jst GETTHEMESG ( # --> $ )
Fet ches nmessage from nessage table.
See bi nary nunber section for internal nessages.
For libraries use |ibnunt#100+nsgnum

GETTHEMESG (#-->%)
I f #70000 then GETEXI TMSG el se Jst GETTHEMESG
04DD7 SPLI TMSGH ( #nmsg --> #error #libnum)
EXI TMSGSTO ($-->)

Store $ as EXI TMSG (User defined error nessage)
04E07 DRPGETEXITMSG ( ob --> $ )



04FAA
04FCE
04FF2
05016
10EFA
10F74
10FA6
10FE6

11046
18C92
18CC2
29DEC

17.2 Error Wrds

NNNNNANNNNANNNNNNNNN

SETPOWERLOST
SETUNDEFLAM
SETPORTNOTAV
SETROVPERR
CONSTUNI TERR
NOEQERR
SETNONREAL
LASTSTKERR
SETCl RCERR

| NVDEFERR
SETNONEXTERR
FEWARGSERR
OVERFLOVERR

04FDA
O4FFE
0CBAE
10F54

10FB6
10FF6
11026
11056

29DCC
29DFC

SETMEMERR
SETI NVCARD
SETNOROOM
NOALARMERR
NULLCHARERR
SYNTAXERR
SETI SOLERR
LASTCMVDERR
DI RARGERR
M SSLI BERR
SETSI ZEERR
POSFLONERR
UNDEFRESERR

04FC2
04FE6
0500A
10EEA
10F64
10F96
10FCo6
11006
11036
11066

29DDC
29E0C

SETDI RRECUR
SETOBI NUSE
SETOBNOTI N
I NVUNI TERR
I NVFUNCERR
SETI NVPPAR
SETHALTERR
ARGNUVMERR
EMPTYDI RERR
| DCONFERR
SETTYPEERR
NEG-LONERR
I NFRESERR
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2F542
5F657
10029

5F5E4
5F6B1

5DE41
5DE55

18. Ceneral Tests & Fl ags

18.1 Fl ags
NANNNNNNNNNN
COERCEFLAG ( flag --> 9% / 9% ) (Al'so drops cur.stream
( "UNCCERCEFLAG' = %®9<> )
TRUE ( --> TRUE )
FALSE ( --> FALSE )
FALSETRUE ( --> FALSE TRUE ) aka Fal seTrue
TRUEFALSE ( --> TRUE FALSE ) aka TrueFal se
TrueTrue ( --> TRUE TRUE )
Fal seFal se ( --> FALSE FALSE )
failed ( --> FALSE TRUE )
DROPTRUE ( ob --> TRUE )
2DROPTRUE ( obl ob2 --> TRUE )
3DROPTRUE ( obl ob2 0b3 --> TRUE )
4DROPTRUE ( obl ob2 ob3 ob4 --> TRUE )
DROPFALSE ( ob --> FALSE )
2DROPFALSE ( obl ob2 --> FALSE )
4DROPFALSE ( obl ob2 ob3 ob4 --> FALSE )
5DROPFALSE ( obl ... ob5 --> FALSE )
NDROPFAL SE ( obl ... obn #n --> FALSE )
SWAPTRUE ( obl ob2 --> ob2 obl TRUE )
SWAPDROPTRUE ( obl ob2 --> ob2 TRUE )
XYZ>ZTRUE ( obl ob2 ob3 --> ob3 TRUE )
COLATRUE ( --> TRUE )
COLAFALSE ( --> FALSE ) aka RDROPFALSE
NOT ( flag -> flag' )

Returns TRUE for FALSE and vice versa
AND ( flagl flag2 --> flag )

Returns FALSE if flags are different
R ( flagl flag2 --> flag )

Returns TRUE if either flag is TRUE
XOR ( flagl flag2 --> flag )

Returns TRUE if flags are different
ORNOT ( flagl flag2 --> flag )

Returns FALSE if either flag is TRUE
NOTAND ( flagl flag2 --> flag )

Returns FALSE if flags are the sane.
ROTAND ( flagl ob flag2 --> ob flag )



18.2 General Tests

NANNNANNNNNNNNNNNNNNN

EQ ( obl ob2 --> flag )
Returns TRUE if obl and ob2 are the sane object, i.e.
occupy the sane physical space in nenory.
Tests only the addresses of the objects.

EQ ( ob -->flag)
EQwith next ob in this stream

DUPEQ. ( ob --> ob flag )

2DUPEQ ( obl ob2 --> obl ob2 flag )

EQOR ( flagl obl ob2 --> obl ob2 flag2 )

EQOVER ( ob3 obl ob2 --> ob3 flag ob3 )
EQUAL ( obl ob2 --> flag )
Returns TRUE if object prologs & contents are the sane.
System equi val ent of the user RPL conmmand SAME.
EQUALNOT ( obl ob2 --> flag )
EQUALOR ( flagl obl ob2 --> obl ob2 flag2 )

18. 3 Type Tests

NNNNNANNNNANNNNNNNN

XEQTYPE ( ob --> ob %ype )

System equi val ent of user RPL comand TYPE.
Only saving the stack is left out.

TYPE ( ob --> #prolog )

See bi nary nunber section for valid objects.

TYPEARRY? DUPTYPEARRY? DTYPEARRY?
TYPERARRY? TYPECARRY?

TYPEBI NT? DUPTYPEBI NT?

TYPECHAR? DUPTYPECHAR?

TYPECWP? DUPTYPECMP?

TYPECCL? DUPTYPECOL? DTYPECCL?
TYPECSTR? DUPTYPECSTR? DTYPECSTR?
TYPEEXT? DUPTYPEEXT?

TYPEGROB? DUPTYPEGRCB?

TYPEHSTR? DUPTYPEHSTR?

TYPEI DNT? DUPTYPEI DNT?

TYPELAM? DUPTYPELAM?

TYPELI ST? DUPTYPELI ST? DTYPELI ST?
TYPEREAL? DUPTYPEREAL? DTYPEREAL?
TYPEROWP? DUPTYPEROWP?

TYPERRP? DUPTYPERRP?

TYPESYMB? DUPTYPESYMB?

TYPETAGGED? DUPTYPETAG?
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14F2A

54CAF

19. Runstream Contr ol

NOP ( -->)
No operation.
' NOP ( --> NOP)
Pushes NOP to st ack.

‘ ( -->ob)
Pushes next object in streamto stack. (Skipping it)
'R ( -->o0b)

Pushes next object in return stack to stack. (Skipping it)
If top return stack body in enpty (contains only SEM) then
a null secondary is pushed and pointer is not advanced.
'"RR ( --> obl ob2)
"R twce
ticR ( --> ob TRUE | FALSE )
Pushes next object in return stack to stack + TRUE or
if top return stack body is enpty drops it and pushes FALSE.

>R ( :: -->)

Pushes :: to top of return stack (skips prolog)
R> ( -->::)

Creates & pops a :: fromtop return stack body to stack
R@ (-->:11)

Creates a :: fromtop return stack body to stack

RROLL ( #n -->)
Roll nth return stack level to top of return stack
"REVAL ( --> ?)
Does 'R, then EVAL
EVAL ( ob -->1?)
Execut es ob
COWPEVAL ( conmp --> ? )
EVAL just pushes a list back, this one executes it.
COLA EVAL ( ob --> ?)
Return & EVAL
2@REVAL ( --> ?)
EVALs first object in prevprev stream
B3@REVAL ( -->?)
EVALs first object in prevprevprev stream
GOoro ( -->)
Junps to address next in stream
?2G0T0 ( flag -->)
If TRUE then junp to next address in stream else skip 5 nibs
NOT?@Q0OTO (flag --> )
If TRUE then skip 5 nibs, else junmp to next address in stream

RDUP Duplicates top return stack | evel

RDROP Pops the return stack.

2RDROP Pops 2 return stack |evels

3RDROP Pops 3 return stack |evels

DROPRDROP Pops stack and return stack ( ob -->)
RDROPCCLA RDROP & COLA

RDROPCOLATRUE  RDROP & COLATRUE

RSWAP Swap in return stack

RSKI P Skip 1st object in return stack



07321

07264

072AD

3F78C
3F7EB
4334F

37BCB

54CB3

0716B

19.1 Definite Loops

NNANNNNNNNANNNNANNNNNNNNN

DO (
ZERO DO (
ONE_DO (
#1+ ONE_DO (
LOOP ( -->
+LOoP ( # -->
STOPLOOP ( -->
| NDEX@ ( --> #
| STOP@ ( --> #
JINDEX@ ( --> #
JSTOP@  ( --> #
| NDEXSTO ( # -->
| STOPSTO ( # -->

JI NDEXSTO ( # -->
JSTOPSTO ( # -->

Exi t At LOOP (
DUPEXi t AtLOOP
Exi t At LOOPDUP  (
DRPEXi t AtLOOP

DUP#0_DO (
t oLEN_DO (
ONE_DO ARRAY  (
DROPL OOP (
SWAPLCOP (
SWAPL COPDROP

DUPI NDEX@ (
SWAPI NDEX@ (
OVERI NDEX@ (
| NDEX@}- (
| STOP- | NDEX (

#stop #start -->)

#stop -->)

#stop -->)

#stop -->)

)

) I ncrenment |INDEX by 1, do LOOP

) Destroy topnost DoLoop environment

Recal | topnost | oop counter val ue

Recal | topnost | oop stop val ue

Recal | 2nd topnost | oop counter val ue

Recal | 2nd topnost | oop stop val ue

Stores # as new topnost | oop counter val ue
Stores # as new topnost | oop stop val ue

Stores # as new 2nd topnost | oop counter val ue
Stores # as new 2nd topnost | oop stop val ue

-->) aka ZERO STOPSTO

ob --> ob ob) (Don't look at ne, | just )
ob --> ob ob) (tell what's in there 2)
ob -->)

#stop --> #stop )

{} -->{}) ( From ONE to #el enents+1 )
-->) ( From ONE to #el enents+1 )
ob -->)

obl ob2 --> ob2 obl)

ob --> ob ob #)
obl ob2 --> ob2 obl # )
obl ob2 --> obl ob2 obl # )

#o--> # )
--> # )

19.2 Indefinite | oops

NNNNNANNNNANNNNANNNNANNNNNNNN

IDPP  ( -->)

Push top body onto return stack
(Listed in rplman.doc but not in entries.a)

BEGN ( -->)

Push top body onto return stack

AGAIN ( -->)

Copy return stack to top

REPEAT ( --> )

Copy return stack to top
UNTI L ( flag -->)
If FALSE then AGAIN, el se RDROP
WHLE ( flag -->)
If TRUE do nothing, else RDROP & 2SKIP

NOT_UNTI L

#0=UNTI L (Actual Iy it shoul d be DUP#O=UNTI L)

NOT_VHI LE
DUP#0<>WHI LE



0715C
283D8

21¢C47

283C4

19.3 COLA & case words

NNNNNANNNNANNNNANNNNANNNNNNNNN

COLA Eval uate next & drop renainder of this stream
ONECOLA ONE & COLA

SWAPCCOLA SWAP & COLA

XYZ>ZCOLA UNROT2DROP & COLA

COLACCLA SEM & COLA

COLAcase SEM & case

COLANGTcase SEM & NOTcase

REQcase ' & EQcase

REQcasedr op ' & EQcasedrop

Initial stream i <Test> <bl> ... <ObN> <Rest> ;

In the "effective' stream <Gbn> <Rest> inplies all in between.

m< n in conparisons.

obl and ob2 are different in conparisons.

fl and f2 are different flags, T is TRUE and F i s FALSE.
#set neans that the corresponding flag is set.

Flag tests:

SKI P ( --> . <h2> <Rest> ;
2SKI P ( --> . <3> <Rest> ;
3SKI P ( --> . <4> <Rest> ;
?SKI P ( T-->:: <2> <Rest> ;
aka NOT_IT ( F-->:: <Obl> <Rest> ;
MENMBKI P ( ob --> #next address

ski pcol a ( --> 0 <h2>

2ski pcol a ( --> 0 <b3>

3ski pcol a ( --> 0 <h4>

5ski pcol a ( --> 0 <h6>

COLASKI P SEM & SKI P

COLAski pcol a COLA & skipcol a

?SEM ( T-->::;
( F-->:: <Obl> <Rest> ;
NOT? SEM ( T-->:: <l> <Rest> ;
( F-->::
?SEM DROP ( T-->::;
( ob F -->:: <l> <Rest> ;
NOT? DROP ( T-->:: <bl> <Rest> ;
( ob F -->:: <l> <Rest> ;
?2SWAP ( obl ob2 T -->:: ob2 obl <(hl> <Rest>
( F-->:: <Obl> <Rest> ;
?SKI PSWAP ( T-->:: <bl> <Rest> ;
( obl ob2 F --> :: 0ob2 obl <Obl> <Rest> ;
? SWAPDROP ( obl 0ob2 T -->:: ob2 <l> <Rest> ;
( obl ob2 F --> :: obl <l> <Rest> ;
NOT? SWAPDROP ( obl ob2 T --> :: obl <Obl> <Rest> ;
( obl ob2 F --> :: ob2 <l> <Rest> ;
RPI T ( Tob -->:: ob <Obl> <Rest> ;
( Fob -->:: <l> <Rest> ;
RPI TE ( T obl ob2 --> :: obl <l> <Rest> ;
( F obl ob2 -->:: ob2 <l> <Rest> ;
COLARPI TE ( T obl ob2 -->:: obl ;
(

F obl ob2 --> :: ob2 ;

e N N N N N N N N N

e N N N N N N N N N N N N N N N N N N N N N



2' RCOLARPI TE Return, then ITE

I T ( T-->:: <bl> <Rest> ;
( F-->:: <Ob2> <Rest> ;
| TE ( T-->:: <bl> <3> <Rest> ;
( F-->:: <Ob2> <Rest> ;
COLAI TE ( T-->:: <Obl> ;
( F-->:: <0h2> ;
| TE_DROP ( ob T -->:: <2> <Rest> ;
( ob F -->:: ob <bl> <Rest> ;
ANDI TE ( fl1fl-->:: <Obl> <M3> <Rest> ;
( fl1f2 -->:: <Ob2> <Rest> ;
case ( T-->:: <Obl> ;
( F-->:: <Ob2> <Rest> ;
casedrop ( ob T -->:: <l> ;
( ob F -->:: ob <M2> <Rest> ;
case2drop ( obl ob2 T -->:: <Obl> ;
( obl ob2 F --> :: obl ob2 <(h2> <Rest> ;
caseDROP ( ob T -->:: ;
( ob F -->:: ob <l1l> <Rest>
case2DROP (obl ob2 T-->:: ;
( obl ob2 F --> :: obl ob2 <(hl> <Rest>
NOTcase ( T-->:: <2> <Rest> ;
( F-->:: <Obl> ;
NOTcasedr op ( ob T -->:: ob <M2> <Rest> ;
( ob F -->:: <Obl> ;
NOTcase2dr op ( obl ob2 T --> :: obl ob2 <(h2> <Rest> ;
( obl ob2 F --> :: <Obl> ;
NOTcaseDROP ( ob T -->:: ob <hl> <Rest>
( ob F-->::;
NOTcase2DROP ( obl ob2 T --> :: obl ob2 <(hl> <Rest>
( obl ob2 F --> :: ;
NOTcsdr pfls ( ob T -->:: ob <bl> <Rest> ;
( ob F --> FALSE
ANDcase ( fl1fl-->:: <Obl> ;
( fl1f2 -->:: <Ob2> <Rest> ;
ANDNOTcase ( fl1fl-->:: <Ob2> <Rest> ;
( f1f2 -->:: <Obl> ;
ORcase ( FF-->:: <Oh2> <Rest> ;
( f1f2 -->:: <Obl> ;
caseTRUE ( T-->T
( F-->:: <Obl> <Rest> ;
casedrptru ( ob T -->T
( F-->:: <Obl> <Rest> ;
NOTcaseTRUE ( T-->:: <bl> <Rest> ;
( F-->T
caseFALSE ( T-->F
( F-->:: <Obl> <Rest> ;
casedrpfls ( ob T-->F
( F-->:: <Obl> <Rest> ;
case2drpfls ( obl ob2 T -->F
( F

--> . <bl> <Rest> ;

e e N N N e N N N N N N N N N N N N N N N N N N N N N N N N

e N N N N N N N N N N N N N N N N N



Binary tests:

#0=?SEM ( #0 --> 1
( # -->:: <Obl> <Rest> ;
#0=?SKI P ( #0 --> :: <2> <Rest> ;
( # -->:: <Obl> <Rest> ;
#0=I TE ( #0 --> :: <l> <3> <Rest> ;
( # -->:: <Ob2> <Rest> ;
DUP#0=I T ( #0 --> :: #0 <l> <Rest> ;
( # --> 1. # <b2> <Rest> ;
DUP#0=I TE ( #0 --> :: #0 <1l> <3> <Rest> ;
( # --> 1. # <b2> <Rest> ;
#1=?SKI P
#=?SKI P
#>?SKI P
#=1 TE #m#m--> ;. <1> <h3> <Rest> ;
#m#n --> . <2> <Rest> ;
#<I TE #m#n --> . <1> <h3> <Rest> ;
#n #m--> . <2> <Rest> ;
#>1 TE #m#n --> . <2> <Rest> ;
#n #m--> . <1> <h3> <Rest> ;
#=case #m#m--> ;. <l> ;

#m#n --> . <2> <Rest> ;
#m#m--> . <l> ;

#m#n --> . #m <b2> <Rest> ;
#m #m - -> FALSE
#m#n --> . #m <Obl> <Rest> ;

#=casedr op

#=casedrpfls

OVER#=case #m#m--> . #m <Obl> ;

#m#n --> . #m <b2> <Rest> ;
#<>case #m#m--> . <2> <Rest> ;

#m#n --> ;. <l> ;
#<case #m#n --> ;. <l> ;

#n #m--> . <2> <Rest> ;
#>case #m#n --> . <2> <Rest> ;

#n #m--> ;. <l> ;
#0=case #0 --> :: <Obl> ;

# --> .. <2> <Rest> ;

DUP#0=case #0 --> . #0 <ol> ;

# --> 1. # <b2> <Rest> ;
#0 --> ;. <Obl>

# --> . # <2> <Rest> ;
#0 --> 1

# -->:: # <bl> <Rest> ;

DUP#0=csedr p

DUP#0=c s DROP

#l=case #1 --> 1 <Obl> ;
# --> .. <2> <Rest> ;
#>2case #0/ #1/ #2 --> ;. <b2> <Rest> ;

P N N N N R R R N R e N R s R R R N N e N N e N e R T N R e e R

# --> . <Obl> ;
Real tests:
nunD=case ( 0 -->:: 0 <Obl> ;

( n-->:: n <Oh2> <Rest> ;
0 nmeans % or C¥®. Simlar syntax for foll owi ng words:

%9=case 5F13B ChO=case
nunil=case %d=case 5F19F Cld=case
nun=case YR=case 5F208 C2=case

num l=case % l=case 5F285 C% 1=case

e N N N N N N N N N
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% --> 1 <Ohl> ;

%-->:: <(h2> <Rest> ;
%0 --> :: % <Obl> ;

ob -->:: % <M2> <Rest> ;

j ¥D=case

5EEDB  REALNECcase

~ A~~~

General bject tests:

nonopcase seco --> :: seco <hl> ;
ob --> :: seco <h2> <Rest> ;
i dnt case id-->:: id <Obl> ;
ob -->:: ob <h2> <Rest> ;
dl DNTNcase id-->:: id <(h2> <Rest> ;
ob -->:: ob <Obl> ;
i dntl antase id/lam-->:: id <Obl> ;

ob -->:: ob <(h2> <Rest> ;

REALcase %-->:: <Cbl> ;

ob -->:: <Oh2> <Rest> ;
dREALNcase %-->:. 9% <(h2> <Rest> ;

ob -->:: ob <Obl> ;
dARRYcase [T -->:: []1 <Qbl> ;

ob -->:: ob <h2> <Rest> ;
dLI STcase {} -->:: {} <Obl> ;

ob -->:: ob <(h2> <Rest> ;

18E45 DNOTSYMB? SEM synmb --> :: synb <Ohl> <Rest> ;

e N N N R N R e N R R N N N N N N )

obl ob2 --> :: <Oh2> <Rest> ;
ob obl obl --> :: <Obl> ;

obl ob2 --> :: <(h2> <Rest> ;

obl obl --> :: <Ob2> <Rest> ;

obl ob2 --> :: <Obl> ;

EQUALcasedr p

EQUALNCTcase

ob -->:: ob ;
NOTLI STcase
NOTSECCcase
NOTROVPcase
27224 NOTBAKcase
27234 NOTLI Bcase
5EDFC  DUPARF?case (If %9C%[] or Inkarry then COLA el se SKIP )
EQT ( obl obl --> :: <Mbl> <Rest> ;
( obl ob2 --> :: <Mh2> <Rest> ;
EQ TE ( obl obl --> :: <bl> <(b3> <Rest> ;
( obl ob2 --> :: <Mh2> <Rest> ;
EQcase ( obl obl --> :: obl <Obl> ;
( obl ob2 --> :: obl <Oh2> <Rest> ;
EQcasedr op ( obl obl --> :: <bl> ;
( obl ob2 --> :: obl <Oh2> <Rest> ;
j EQcase ( obl obl --> :: <bl> ;
( obl ob2 --> :: <Mh2> <Rest> ;
EQUALcase ( obl obl --> :: <bl> ;
(
(
(
(
(

M scel | aneous:

User | TE ( #iset --> :: <Obl> <M3> <Rest> ;
( #clr --> :: <Ob2> <Rest> ;

Sysl| TE ( #iset --> :: <Obl> <M3> <Rest> ;
(

#clr --> :: <Oh2> <Rest> ;

— N N
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caseDoBadKey aka caseDEADKEY

( T-->::
( F-->1::
caseDr pBadKky ( ob T -->::
( F-->1::
caseERRIMP
caseS|l ZEERR

NcaseS| ZEERR
NcaseTYPEERR

DoBadKey ;

<M1> <Rest> ;

DoBadKey ;

<M1> <Rest> ;

— N N
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074E4A

02FD6

0791E

0792A

36D5A
36082

3306C
49199

20. Tenporary Variabl es and Environnents

Bl ND
DCBI ND
ABND
CACHE

DUMP

SAVESTACK
undo

@AM
STOLAM
DoLam
@AML

@AW

GETLAM ( #n --> ob )
1GETLAM ( --> ob )

2CGETLAM
3CGETLAM

22GETLAM

1LAMBI ND

DUP1LAMBI ND

1ABNDSWAP
1GETABND
1CGETSWAP
2CGETEVAL

GETLAMPAI R

DUPTEMPENV

NULLLAM
INULLLAM }
2NULLLAM }
3NULLLAM }
ANULLLAM }
7NULLLAM }
8NULLLAM }

(obn ... obl { Tamm ... lanl } -->)
( obn ... obl lam ... laml #n -->)
(-->)

( obn ... obl #n lam-->)

Bi nds all objects under the sane nane.

1LAM has count.

( NULLLAM --> obl ... obn #n)

I nverse of CACHE. Al ways does garbage collection.
Caches stack to SAVELAM

Dunmps SAVELAM

( lam--> ob TRUE / FALSE )

( ob lam-->)

( lam--> ob )

Recall lamcontents, Undefined Lamerror if not found
( lam--> ob TRUE / FALSE ) ( GX: 078E9 )

@AM for 1st env only

( lam#n --> ob TRUE / FALSE )
@AM for nth env only

( GX: 078F5 )

PUTLAM ( ob #n -->)
1PUTLAM ( ob -->)

2PUTLAM
3PUTLAM
22PUTLAM
DUP4PUTLAM
(ob-->)
( ob --> o0b)
( ob --> 1l anobb ob )
( --> 1l anmob )
( ob --> 1l anobb ob ) ( No ABND )
(-->?) ( :: 2CETLAM EVAL ; )

( #n --> #n ob lam FALSE / #n TRUE )
Get lamcontents & nane ( 10 = 1llam 20 = 2lam... )

(-->)

Dupclicates topnost tenmpenv (clears protection word)

( --> NULLLAM )

( -->{})

( -->{}) ( GX: 37DB9 )
( -->1{}) ( GX: 37B17 )
( -->{})

( -->{})

( -->1{}) ( GX: 10E36 )
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05AED
05B01

06B3E

065D9

065E5

o6BC2

06DDE

064BD

064D6

064E2

21. Variables and Directories

Conver si on wor ds:

| D>LAM
LAM>I D
$>1D
| D>$

id-->1lam)
lam-->id)
$-->id)
idllam-->$)

~ A~~~

21.1 Tenporary nmenory

NNNNNANNNNANNNNANNNNANNNNNNNN

TOTEMPOB

TOTEMPSWAP
CKREF

SWAPCKREF
| NTEMNOTREF?

| NTEMP?

PTRREF?

REFERENCED?

NOTREF?

TOPTEMPOB

UNREFOB

UNREFTEMP

UNREFI NTEMP

( ob --> o0b' )

Copies ob into TEMPOB and returns pointer to
t he new copy.

( obl ob2 --> ob2' obl)

( ob --> o0b' )

If obis in TEMPOB, is not enbedded in a conposite,
and is not referenced, the does nothing. Else copies
ob to TEMPOB and returns the copy.

( :: | NTEWNOTREF? ?SEM TOTEMPOB ; )

( obl ob2 --> ob2' obl)

( ob --> ob flag )

If the input object is in TEMPOB area,

is not enbedded in a conposite object,

and is not referenced, returns ob and

TRUE, otherw se returns ob and FALSE

( ob --> ob flag )

Is ob in tenpob area, not in conposite?

( ob --> ob flag )

I s object referenced?

( ob --> ob flag )

I's object referenced or in conposite?

( ob --> ob flag )

hj ect not referenced, not in composite?

( ob --> o0b' )

( ob --> ob' ob)
Makes a standal one copy by noving references to
a new copy.
DUP TOTEMPSWAP UNREFI NTEMP ;
( obl ob2 --> obl ob' )
Move references fromob2 to obl (obl in tenpob area)
( obl ob2 --> obl ob' )
Move references fromob2 to obl (obl in tenpob area)
Ref erences to ob2 body are noved too.



5E5B7

5E55E
5E602
5E616

O8EOF

07819

21.2 Storing and Recal ling Variabl es

NNANNNNANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

@
DUP@
STO

SAFE@

DUPSAFE@
XEQRCL

LI STRCL
SAFESTO

SAFE@ HERE

XEQRCLI D1

XEQRCLI D2
XEQRCLI D3
XEQSTO D

@BNOT

SAFE@NOT
@ AMNOT
ROVMPTR@NOT

21.3 Directories
NANNNNNNANNNANNNANNNNNNN

CREATEDI R

I CREATEDI R

CRDI R#

LASTRAM VWORD

PREVRAM VWORD

Last NonNul |

Pr evNonNul |

( id/lam--> ob TRUE / FALSE )

(id/lam-->id/lamob TRUE / FALSE )

( obid/lam-->)

For ids:

Assunmes ob is not PCO

If replacing some object that object is copied

to TEMPOB first and pointers are updated.

For | ans:
Errors if lamis unbound.

( id/lam--> ob TRUE / FALSE )

For lams @

For ids does ?ROMPTR> to the ob found.

(id/lam-->id/lamob TRUE / id/lam FALSE )

(id-->o0b)

Sane as SAFE@but errors is variable is not found.

Works for lanms too, but you get wong error.

( { path id} -->o0b)

( obid/lam-->)

For |anms STO

For ids does ?>ROVPTR to ob before STO

( id/lam--> ob TRUE / FALSE )

Sanme as SAFE@ but for ids searches only current rrp.
(id/lam-->id/lamob )

SAFE@ HERE with UNDEFIDERR i f no contents

( id/lamobl --> id/lamobl ob )

( id/lamob2 obl --> id/lam ob2 obl ob )

( obid/lam-->) aka ?STO HERE

Sanmes as SAFESTO but will only store to current
directory and will not overwite a stored rrp.

( ob --> ob' FALSE / ob TRUE )

Recal I s object contents for if,|lam ROWTR For other
types returns TRUE.

(id-->o0b FALSE/ id TRUE )

( lam--> ob FALSE / | am TRUE )

( ROWTR --> ob FALSE / ROVWPTR TRUE )

(id-->)

Creates an enpty directory in the current directory.
Does ?PURCGE HERE first to delete the original
(id-->)

Doesn't check if the sane nane is already used
( :: #7FF CRDI R# SWAP CREATE ; )

( #libnum-->rrp) ( GX: 077E4 )

Creates an enpty directory.

( rrp --> ob TRUE / FALSE )

Recalls first object in rrp.

( ob -->o0b'" TRUE/ FALSE )

Recal I s next object in rrp.

( rrp --> ob TRUE / FALSE )

Recalls first object in rrp (not null named)

( ob --> ob' TRUE / FALSE )

Recal s next ob in rrp (not null named)



1867F

08309

08DD4

08D4A

08D82

08DC4

CkNonNul |
RAM WORDNANME

CREATE

REPLACE

PURGE

XEQPGDI R

XEQORDER

DOVARS

DCDI RPRG

PATHDI R
UPDI R
GETUPDI R

HOVEDI R?

( ob --> ob TRUE / FALSE )
Checks that variable (ob) has a nane

(ob-->1id)
Recal I s nane of the object in current directory
(obid-->)

Creates a RAMWORD in the current directory.

Errors if ob is/contains current directory.

Assumes ob is not PCO

( newob ol dob --> newob )

Repl aces ol dob with newob in nmenory.

Much faster than doi ng STO

(id-->)

Purge variable. Does no type check, use XEQPGDI R for
directories instead.

(id-->)

Purges a directory. Checks references etc first.

( {idlid2.. } -->)

Orders context.

( -->{id1id2 .. })

Returns |ist of variable nanes from context.

( :: TrueTrue DODI RPRG ; )

(any pred --> {} )

Executed pred on all directory vari abl es.

At execution: any pred id contents {} id

To be returned: any pred id _contents {} ob TRUE/ FALSE
If TRUE is returned ob is added with >TCOW, else it
i s dropped.

( -->{ HOME dir dir .. } )

Returns current path

(-->)

Switches context to parent directory.

( rrp -->rrp' TRUE / FALSE )

Get parent directory

(rrp -->flag )

I's rrp HOVE directory?

Directory Pointers:

CONTEXT!
CONTEXT@
LCONTEXT!
LCONTEXT@

HOVEDI R
SYSCONTEXT

SYSLCONTEXT
SaveVar Res

Rest Var Res

(rrp-->)

Sets new current directory.
(-->rrp)

Recal s current directory.
(rrp-->)

Sets last directory.
(-->rrp)

Recal I s | ast directory.

(-->)

Sets HOVE as current directory.

(-->)

Sets HOVE as | ast directory.

(-->)

Bi nds CONTEXT and LCONTEXT to 2 NULLLAMs

(-->)

Rest ores CONTEXT and LCONTEXT from 1&2LAMs (+ABND)
Sets hone to both first (in case of errors?)



21.4 Hidden Directory
NANNNANNNNNNNNNANNNNNNNNNN
(id-->ob TRUE/ FALSE)

Recal I s hidden variable ( :: WthH dden @; )

Rcl Hi ddenVar

St oHi ddenVar

PuHi ddenVar

W 't hHi dden

Set Hi ddenRes

(obid-->)

Stores hidden variable ( :: WthH dden STO ; )

(id-->)

Purges hidden variable ( :: WthH dden PURCE ;

(-->7)

Execut es next conmmand in hidden directory

(-->)
Sets Hi ddenDir

to context and | ast context

)
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13167

12B58
12B6C

22. Display Managenent

22.1 Display Organi zation

NNNNNANNNNANNNNANNNNNNNNNNNNNNN

Poi nt er G ob Locati on
S +
HARDBUFF2 -> | Menu labels | (Low Mem
S +
ABUFF -> | text grob
S +
GBUFF -> | graph grob | (H Mm
S +

The text grob and graph grob may be enl arged, and may be scroll ed.
VDI SP contains pointer to current display grob

TOADI SP Choose text display

TOGDI SP Choose graphic display

GDI SPON? ( -->flag)

ABUFF ( --> textgrob )

GBUFF ( --> graphgrob )

HARDBUFF ( --> HBgrob ) Current display grob
HARDBUFF2 ( --> nmenugrob )

HBUFF_X_Y ( --> HBgrob #x1 #yl )

HBUFFDI Mw ( --> #width )

HBUFFDI Mh ( --> #height )

GBUFFGROBDI M ( --> #height #width )
Ret urns di nensi ons of graph grob

Di spl ay Regi ons:

T +

DA1 | directory tinme | Status line (16 |ines)
T +
| 4: |

DA2a | 3: | Stack
T LT T + Displ ay

DA2b | 2: | (40 lines total)
| 1: |
T +

DA3 | 1 2 3 4 5 6| Mnu labels (8 Ilines)
T +

Display area 2 is actually divided into areas 2a and 2b, a
di stinction nost often used by the command line line. The
boundary between 2a and 2b can nove, but the overall sizes
of areas 1, 2, and 3 are fixed.



22.2 Preparing the Display

NNNNNANNNNANNNNANNNNANNNNANNNNNNNNNN

RECLAI MDI SP ( -->)
Chooses text grob, clears it, sets standard size
C r DALl sSt at ( -->)
Suspends ticking clock display
TURNVENUOFF Turn menu grob off, enlarges ABUFF to fill screen.
TURNVENUON Turn menu grob on
MENUOFF? Returns TRUE if nmenu grob is off
130CA  RSzVDI SP Set standard size for VDI SP

1297D BROADENHBUFF ( #cols -->)
12964  HEI GHTENHBUFF  ( #rows --> )
12BB7 BROADENGROB ( GDI SP/ ABUFF #cols -->)
HEI GHTENGROB ( GDI SP/ ABUFF #rows --> ) (Unless grob is null)
13043 Kl LLPDI SP
Kl LLGDI SP

Suggest ed usage in own applications:

Cl r DAll sSt at
RECLAI MDI SP TURNMVENUOFF
<appl i cation>

d r DAsCK ( Tell the 48 to redraw |l cd )
or
Set DAsTenp ( Freeze all display areas )

See "Display Refresh" for nore "DA" words.

22.3 Cearing the D splay
NANNNNNNNNNNNNNNNNNNNNNNNNN
BLANKI T ( #startrow #rows )

Cl ears #rows from HARDBUFF

CLEARVDI SP ( -->) dear HARDBUFF

Bl ank DAl ( -->) Cears status area from HARDBUFF

Bl ank DA2 ( -->) Cears rows 16-56 from HARDBUFF

Bl ankDA12 ( -->) Cears rows 0-56 from HARDBUFF

Bl ankDA2a ( -->) Clears area DA2a (depends on conmmand |ine)
ari6 ( -->) Clear top 16 rows.

ar8 ( -->) Clear top 8 rows.

Cr8-15 ( -->) Cear 2nd status line.

CLCD10 ( -->) Cear status & stack area

CLEARLCD ( -->) Clear entire display

22.4 Displ ayi ng Text

NANNNNNANNNNNNANNNNNANNNNNNN

When using text grob and di splay has not been scroll ed.

Strings are fixed to 22 chars by addi ng spaces or cutting the end

and adding "..."

5x7 font: 5x9 font:

DI SPROM, DI SP@1 ($-->) Bl GDI SPROAL
DI SPRON2, DI SP@9 ($-->) Bl GDI SPROW2
DI SPROMB, DI SP@.7 ($-->) Bl GDI SPROVB
DI SPROM, DI SP@5 ($-->) Bl GDI SPROM
DI SPROVG (% -->)

DI SPROMS (% -->)



DI SPROW (%-->)
DI SPROS (%-->)
DI SPN ($ #row -->) BIGD SPN
Di sp5x7 ( $ #startrow #maxrows --> )
Di spl ays $ that spans several lines.
Too long lines are cut and ... is appended.
DI SPROAL* ($-->) Di spl ays rel ative to w ndow corner.
DI SPRON2* ($-->) Di spl ays rel ative to w ndow corner.
0EO029 DI SPROAL*! (%-->) = dr8 + DI SPROAL*
Di spl ayi ng Messages:
Fl ash-words save the overwitten part and restore it after
a del ay | oop.
DI SPSTATUS2 (% -->) Display in status area in 2 lines
Fl ashMsg ($-->) Fl ash message in status area
Fl ashWar ni ng (% -->) Fl ash message & beep
38908 Di spWar ni ng (% -->) Di spl ay nessage, beep & freeze
0E047 Savel6 ( -->grob) Save top 16 rows.
OEO5B Restorel6 ( grob -->) Restore top 16 rows.
22.5 W ndow Coordi nat es
NANNNNNANNNNNNANNNNNNNNNNNNNN
TOP16 ( --> HBgrob #x1 #yl #x1+131 #y1+16 )
TOP8 ( --> HBgrob #x1 #yl #x1+131 #y1+8 )
Rows8- 15 ( --> HBgrob #x1 #yl1+8 #x1+131 #y1+16 )
W NDOWCORNER ( --> #x #y ) Gets corner coordinates
TOPROW ( --> #y ) Gets y-coordinate of top row
BOTROW ( --> #y ) Gets y-coordinate of bottomrow
LEFTCOL ( --> #x ) Gets x-coordinate of left colum
RI GHTCCL ( --> #x ) Gets x-coordinate of right columm
0E047 Savel6 ( -->grob) Save top 16 rows.
OEO5B Restorel6 ( grob -->) Restore top 16 rows.
HBUFF_X_Y ( --> HBgrob #x1 #yl )
W NDOAKY ( #x #y -->) Sets corner coordinates
REDI SPABUFF ( -->) Sets 0 O wi ndow coordi nat es
Wth repeat: Wt hout repeat: Testing: Junpi ng to edge:
SCROLLDOWN W NDOWDOWN W NDOWBOT? JUMPBOT
SCROLLLEFT W NDOWNLEFT W NDOWLEFT? JUVPLEFT
SCROLLRI GHT W NDOWDOWN W NDOWRI GHT? JUVPRI GHT
SCROLLUP W NDOWRI GHT W NDOWTOP? JUMPTOP
(Testing done against 7LAM for x- and 8LAM for y-directions)
22.6 Annunci ator Control
NANNNANNNNNNNNNNNNNNNNNNNNN
Set Al phaAnn d r Al phaAnn
Set Ri ght Ann d rRi ght Ann
Set Lef t Ann ClrLeft Ann
11320 d r PrgmAnn



1155C

38DFC

38EAC

38E9C

38F05

38DES
38E38
38E88
38EF1

38F8C
38FB9

39171

39045
39059
39072

PrgnEntry?
Set PrgnEntry
CrPrgnentry

| mredEntry?

LockAl pha
UnLockAl pha

53984

(

(
(

Al gEntry? 11501 Lock?
Set Al gEntry 11543 Set Lock
CrA gEntry 1156C dCrlLock

Not PrgnEntry? nor Al gEntry?)

Set Lock + Set KeysANS )
G rLock + Set KeysNS )

22.7 Display Refresh

NNNNNANNNNANNNNNNNNNNNNN

DA1OK?
DA2aCK?
DA2bOK?

DA20OK?
DA3OK?

DAs OK?

MENoP&Fi x DAL
MENP&Fi x DA12

Set DA1BadT
Set DA2aBadT
Set DA2bBadT
Set DA3BadT

DALOK?NOTI T
DA2aOK?NOTI T
DA2bOK?NOTI T
DASOK?NOTI T

I ni t D spMbdes
DA2Rol | Req?

Set DAlVval i d
Set DA2aBal i d
Set DA2bVal i d
Set DA3Val i d
Set DA2Val i d
Set DAsVal i d

Set DA1Tenp
Set DA2aTenp
Set DA2bTenp
Set DA3Tenp
Set DA2CKTenp
Set DA12Tenp
Set DAsTenp

(
(

~ A~~~

—~

AN AN AN AN S

P N N N N R

DA1Bad? -> F, DAlvalidF? -> T

DA1TenpF? -> DA1BadT, DALNoCh? -> T else F)
DA2aBad? -> F, DA2aValidF? -> T

DA2aTenpF? ->DA2aBadT, DA2aNoCh? -> T else F )
Da2bBad? -> F, DA2bValidF? -> T

DA2bTenpF? -> DA2bBadT, DA2bNoCh? -> T else F)
DA2aOK? and DA2bOK? )

DA3Bad? -> F, DA3ValidF? -> T

DA3TenpF? -> DA3BadT, DA3NoCh? -> T else F )
DALOK? and DA2CK? and DA3CK? )

Set DA1Bad )
Set DA1Bad Set DA2aBad Set DA2bBad )

Set DA1Bad TRUE )
Set DA2aBad TRUE )
Set DA2bBad TRUE )
Set DA3Bad TRUE )

SKIPif OK)

Set DAsBad Cl r DA2Rol | F Ol r NoRol | DA2 )
DA2Rol | F? AND NOT(Da2aBad?) )

Set DA1Val i dF C r DA1Bad Cl r DAll sStat )
Set DA2aVal i dF Cr DA2aBad )

Set DA2bVal i dF d r DA2bBad Clr_70683: 4 )
Set DA3Val i dF C r DA3Bad )

Set DA2aVal i d Set DA2bVal i d )

Set DA1Val i d Set DA2Val i d Set DA3Vvalid )

Set DA1TenpF C rDA1Bad O rDAll sStat )
Set DA2aTenpF O r DA2aBad )

Set DA2bTenpF C r DA2bBad Clr_70683: 4 )
Set DA3TenpF C r DA3Bad )

Set DA2aTenp Set DA2bTenp )

Set DA1Tenp Set DA2OKTenp )

Set DA1Tenp Set DA2OKTenp Set DA3Tenp )



39086 ?Set Edi t Rol | ( Edi t Exst ?NOT | TE Set DA2Rol | F Set DA2aNoCh )

MENoP&Fi x DAL ( Set DAlBad )
MENP&Fi x DA12 ( Set DAlBad Set DA2aBad Set DA2bBad )

C r DALOK
390E5 Cl r DA2aCK
390FE O r DA2bOK

C rDAlVal i dF O r DA1TenpF C r DALINoCh )
G r DA2aVal i dF O r DA2aTenpF C r DA2aNoCh )
C r DA2bVal i dF C r DA2bTenpF C r DA2bNoCh )

AN AN AN AN S

d r DA2CK G r DA2aOK Cl r DA2bCK )

Cl r DA3CK Cl r DA3Val i dF C r DA3TenpF C r DA3SNoCh )

Cl r DAsOK Cl r DALOK C r DA2OK C r DA3XK )
393C5  DA1NoCh? 39275  DAlVali dF?
393D3  Set DA1NoCh 39283  SetDAlval i dF
393E1  C r DALNoCh 39291 CdrDAlvalidF
393EF  DA2aNoCh? 3929F DA2aVali dF?
393FD  Set DA2aNoCh 392AD  Set DA2aVal i dF
3940B Cl r DA2aNoCh 392BB  ClrDA2aVal i dF
39419 DA2bNoCh? 392C9 DA2bVal i dF?
39427  Set DA2bNoCh 392D7  Set DA2bVval i dF
39435 Cl r DA2bNoCh 392E5 Cl rDA2bVal i dF
39443 DA3NoCh? 392F3 DA3Val i dF?

Set DA3NoCh Set DA3Val i dF
3945F Cl r DA3NoCh 3930F C rDA3VvalidF

Set DA2NoCh

Set DA12NoCh

391B2 Set DA23NoCh

391C6 Set DA13NoCh

391DA  Set DA12a3NoCh
Set DA123NoCh

3946D DAlBad? 3931D DAlTenpF?
Set DA1Bad 3932B  Set DA1TenpF
39489 Cl r DA1Bad 39339 Cl r DA1TenpF
DA2aBad? 39347 DA2aTempF?
Set DA2aBad 39355 Set DA2aTenpF
d r DA2aBad 39363 C r DA2aTenpF
394C1 DA2bBad? 39371 DA2bTenpF?
394CF  Set DA2bBad 3937F  Set DA2bTenpF
394DD O r DA2bBad 3938D O rDA2bTenpF
394EB  DA3Bad? 3939B DA3TenmpF?
394F9 Set DA3Bad 393A9 Set DA3TenmpF
Cl r DA3Bad 393B7 Cl r DA3TenpF

39248 DAsBad?

39515 DAll sSt at ?
Set DAll sSt at
Cl r DALl sSt at
3953F DA2bEdi t ?
3954D  Set DA2bEdi t ?
3955B Cl r DA2bEdi t ?
39569 NoRol | DA2?
Set NoRol | DA2
3958B Cl r NoRol | DA2
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23. Graphic Objects

23.1 Di nensi ons
NANNNNNNANNNANNNANNNNNN

CKGROBFI TS ( grobl grob2 #n #m --> grobl grob2' #n #m)
Shrinks grob2 if it doesn't fit into grobl

GROBDI M ( grob --> #height #width )

DUPGROBDI M ( grob --> grob #height #width )

GROBDI Mv ( grob --> #width )

23.2 Grob Handling

NNNNNANNNNANNNNANNNNNNNN

GROB! ( grobl grob2 #col #row -->)
Stores grobl into grob2
GROB! ZERO ( grob #x1 #yl #x2 #y2 --> grob' )

Bl anks a rectangul ar regi on of grob
GROB! ZERCDRP ( grob #x1 #yl #x2 #y2 -->)

Bl anks a rectangul ar regi on of grob

Assunes text or graph grob.

XYGROBDI SP ( #row #col grob -->)
Store grob into hardbuff. Expands if necessary.
GROB>GDI SP ( grob -->)
St ores new graph grob
DOLCD> ( -->grob)
Current display as a 64x131 grob.
DO>LCD ( grob -->)
Grob to display
DOCLLCD ( -->)
C ears display
I NVGROB ( grob --> grob')
SUBGROB ( grob #x1 #yl #x2 #y2 --> grob' )
MAKEGROB ( #x #y --> grob ) Makes a bl ank grob
Pl XON ( #x #y -->) Set pixel in text grob
Pl XOFF ( #x #y -->) Cl ear text grob pixel
Pl XON? ( #x #y --> flag ) text grob pixel on?
Pl XON3 ( #x #y -->) Set pixel in graph grob
Pl XOFF3 ( #x #y -->) Cl ear graph grob pixel
Pl XON?3 ( #x #y --> flag ) graph grob pixel on?
LI NEON ( #x1 #yl #x2 #y2 -->)
Draws a line to text grob.
Note: For all line drawi ng conmands #x2 must be > #x1
(Use ORDERXY#)
LI NECFF ( #x1 #yl #x2 #y2 -->)
Clears a line in text grob.
L1 NEON3 ( #x1 #yl #x2 #y2 -->)
Draws a line in graph grob.
LI NEOFF3 ( #x1 #yl #x2 #y2 -->)
Clears a line in graph grob.
TOGLI NE ( #x1 #yl #x2 #y2 -->)
Toggles a line of pixels in text grob.
TOGLI NE3 ( #x1 #yl #x2 #y2 -->)

Toggles a line of pixels in graph grob.



ORDERXY# ( #x1 #yl #x2 #y2 --> #x1' #yl' #x2' #y2')
Orders two points for |ine draw ng.
$>Bl GGROB ($-->grob ) ( 5x9 font )
$>GROB ($-->grob ) ( 5x7 font )
$>gr ob ($-->grob ) ( 3x5 font )
Rl GHT$3x6 ( $ #n --> flag grob )
Make grob of n rightnost rows
CENTER$3x5 ( grob #x #y $ #?? --> grob )
Synb>HBuf f ( symb -->)
Di spl ays synb in HARDBUFF i n Equation Witer from
Enl arges HARDBUFF i f necessary.
12996  SCREENupN ( #n -->)
Moves stack display up one line. ( 1 <n < 4)
12A4A  SCREENdNN ( #n -->)
12A0D  Screenup ( -->)
Moves stack display up one line ( 5x7 )
12AF6 Scr eendn ( -->)

23.3 Built-in G obs

NNANNNNNNNANNNNANNNNNNNNN

CURSOR1 5x9 Insert Cursor (arrow)

CURSOR2 5x9 Repl ace Cursor (solid box)

Smal | Cur sor 3x5 Cursor (box outlines)

Medi untur sor 5x7 Cursor (box outlines)

Bi gCur sor 5x9 Cursor (box outlines)

CROSSGROB 5x5 Cross Cursor "+" synbol)

MARKGROB 5x5 Mark Cursor ("X" synbol)
505B2 NULLGROB 0x0 Cur sor
39B2D LineGob 131x2 Line (Status area divider)
3A337 St dLabel Grob 21x8 Box (Normal menu key)
3A399 BoxLabel Gr ob 21x8 Box ("Fl agged" nenu key)
3A3FB  DirlLabel Grob 21x8 Box (Directory nmenu key)

3A45D | nvLabel Grob 21x8 Box (Sol ver menu key)



khhkkkhhkhhkdkhkhkkhhkdrhkdhhkdhhhdhrhkdhbrkhdhhkdhhrhdrhkdhorhdhrhkdhorhdrohkdhrrhdrhkdhrrddrrkdhrrxhdrkdhxi*x

24. Menu Displ ay

24.1 Ceneral

NNNNNANNNNANNNNN

SysMenuCheck Checks nenu validity
I f DA3NoCh? then nothing
If Track? then ?DoTrackAct @
I f Rebuild? then Set Thi sRow

?Di spMenu .. KEYI NBUFFER? NOTcase Di spMenu Set DA3Bad ;
Di spMenu .. DispMenu.1 Set DA3Valid ;
Di spMenu. 1 Turns nenu grob on, displays menu

Better use this so that all flags are checked:
DA3OK?NOTI T ?Di spMenu ;

Internal nenus: (SX Only!!!l)

3B234 {} Menus Al internal menus in a list
Addr Type Label Speci al settings

3B239 o Cst Menu ???72°°°°°7°2?7?7

3F6D8 o Var Menu ???72°°°°°7°2?7?7

3B284 . Mat hMenu Set Di r Menu Set Di r Keys

3B298 {} Part sMenu

3B2BB {} Pr obMenu

3B2DC  {} Hy pMenu

3B2FB  {} Mat ri xMenu

3B31E {} Vect or Menu

3B341 {} BaseMenu

3B542 . Pr gmvenu Set Di r Menu Set Di r Keys

3B556  {} St kMenu

3B575  {} Obj Menu

3B594  {} Dspl Menu

3B5B5  {} Crl Menu

3B5D6 {} Br chMenu

3B5F7 {} Test Menu

3B972 {} Print Menu

3B9A4  {} | Ovenu

3E71A {} Set upMenu Sets Review O Set Fi xDALEXi t
3BB46  {} MbdeMenu

3BC8D {} Cust omvenu

3BCE7 {} Menor yMenu

3B46  {} AritMenu

3F376 . Li braryMenu ?2??

3BD82 s Por t OMenu Set Rebuild ' PortOBuild
3BDAA Port 1Menu SetRebuild ' Porti1Build
3BDD2 s Por t 2Menu Set Rebuild ' Port2Build
3BDFA*  {} Edi t Menu

3BE22 s Sol veMenu Sets Sol veRevi ew, Set Exit Redr aw
3BE2C {} Sol vr Menu [ Sol vr Menul ni t]

15200 o Sol vr Menul ni t ???????7??

3BEBS8 . Pl ot Menu Sets PtypeKeysNS, SetFi xDALEXi t
3BEC2 Pl ot r Menu [Pl ot rMenul nit]

{}
3BF21 {} Pt ypeMenu [ Pt ypeMenul nit]



3C039
3CO0AF
3C483
3C4C9
3CAD3
3C51A
3C565
3C671
3C79C
3C842
3CAA7
3CD96
3CE6G5S
3EBF6
3CE79
3CE9A
3CEBB
3CEDA
3CEFB
3CF1E
3CF3F
3CF62
3CF83
3CFA4
3CFC7
3CFES
3D009
3D02A
3D04D
3D061
3DAF2
3DE93
3DEBB
4EE1A

R e W e W et Nt W et W W e W e N e N ate N W e W e W N
e e M e A e e A M A e A e o A ot M ol s s s s s s

e A
PR ——

Pt ypeMenul ni t
Pl ot r Menul ni t

Al gebr aMenu
Ti meMenu

Ti meSet Menu
Adj st Menu
Al r mvenu

Adj st Menul ni t

Al r mvenul ni t

Rpt Menu

St at Menu
Fi t Menu
Uni t sMenu
Modl Menu
Lenght Menu
Ar eaMenu
Vol uneMenu
UTi meMenu
SpeedMenu
MassMenu
For ceMenu
Ener gyMenu
Power Menu
PressMenu
TenmpMenu
El ecMenu
Angl eMenu
Li ght Menu
RadMenu

Vi scMenu

Uni t sCndMenu

GraphMenu
FcnMenu
Zoonmvenu

Sets PtypeKeysNS and MENoP&Fi xDA1
Sets PlotrReview, SetFi xDA12Exit

Sets Ti meRevi ew

[ Set Menul nit] Set Ti neMenu

[ Adj st Menul nit] Set Ti meMenu

[Al rmVenul nit] Pronpt Al arm Set Ti neMenul2

Stes Revi ewAl rm

Pr onpt Rpt

Sets Stat RowAct and Stat Revi ew, Set Fi xDALEXi t
Sets PtypeKeysNS and MENoP&Fi xDA1

Set Di r Menu, Set DirKeys

Set Uni t Keys
Set Uni t Keys
Set Uni t Keys
Set Uni t Keys
Set Uni t Keys
Set Uni t Keys
Set Uni t Keys
Set Uni t Keys
Set Uni t Keys
Set Uni t Keys
Set Uni t Keys
Set Uni t Keys
Set Uni t Keys
Set Uni t Keys
Set Uni t Keys
Set Uni t Keys

NoEXxi t Acti on
NoEXxi t Acti on

Label Def and MenuKey for each nmenukey is stored to TOUCHTAB.

Al so the execut or

CGETDF ( #menukey --> ob ) ( #1 <= #menukey <= #6 )
STODF ( ob #nmenukey -->) ( #1 <= #menukey <= #6 )
GETPROC ( #menukey --> ob ) ( #1 <= #menukey <= #6 )
( #7 --> executor )
STOPROC ( ob #nmenukey -->) ( #1 <= #menukey <= #6 )
( executor #7 -->)
Menu properties:
MenuDef Act ual nmenu
MenuKeys Menu keys in a list
MenuRow Menu page
Label Def Label builder for menu
MenuRowAct Action taken when nmenu row changes (O if Last Menu)
Exi t Acti on Action taken when nenu changes
TrackAct Action taken if Track? (SysMenuCheck)
Revi ewKey Action taken when REVIEWIis pressed
MenuKeysNS Action taken when nmenu key is pressed
MenuKeysLS Action taken when menu key is pressed with left shift
MenuKeysRS Action taken when nmenu key is pressed with right shift
BadMenu? Menu must be redrawn?
Rebui | d? Menur ow has changed?

of menukey presses is stored there.



417D1
417C0
417AF

41894

418B4

419A4

41A04

41787

21196

2115D

41373

Track?

Track? exanpl es:

Sol ver Menu has DoSol veMenu as TrackAct, because there night be another
EQ vari able to use.
Cst Menu just restarts itself because CST nay have changed.
( CstTrack = :: NoExitAction MenuDef @I nitMenu ; )
Track? 41804 Rebui | d? 41837 BadMenu?
Set Track Set Rebui I d 41826 Set BadMenu
A rTrack 417E2 A rRebuild 41815 d r BadMenu
MenuRow! MenuRow@
Last MenuRow Last MenuRow@
MenuDef ! 418A4 MenuDef @
MenuDat a! 418C4 DoMenuDat a
MenuRowAct ! 418E4 DoMenuRowAct @
Label Def! DoLabel
MenuKeyNS! 41924 MenuKeyNS@ 41934 DoMenuKeyNS@
MenuKeyLS! 41954 DoMenuKeyLS@
MenuKeyRS! 41974 DoMenuKey RS@
Revi ewKey! 41994 DoRevi ewKey @
TrackAct ! 419B4 DoTr ackAct @
Exi t Acti on! 419D4 DoExi t Acti on@
Last MenuDef! Last MenuDef @
SavedCont ext ! 41A14 SavedCont ext @
I nitTrack: ( -->)

Stores next as TrackAct, saves context, SetTrack
?DoTrackAct @ ( -->)

| f CONTEXT@ = SavedCont ext then nothing, else

If context has changed is there a prg to execute?

SaveCont ext & DoTrackAct @

Default menu properties set by InitMnu:
Set BadMenu, CrRebuild, CrTrack, drShowC ock
MenuDef = ob

MenuRowAct = Set DA12noCh

Label Def = >Menu

MenuKeysNS = St dMenuKeysNS
MenuKeysLS = St dMenuKeysLS
MenuKeysRS = St dMenuKeysRS

Revi ewKey = Revi ew

TrackAct = NOP

Exi t Acti on = Savelast Menu

SavedCont ext = ZERO

MenuKeys = [ob EVAL] result

Bui | di ng nmenus:

x MENU
X TMVENU
I ni t Menu%

I ni t Menu
I ni t SysMenu

( %-->[InitMenu% )
( Menu --> [Store to CST, ' CstMenu InitMnu])
( %-->[InitMenu% )

( G -->[@IlIST InitMenu] )
( %9 --> [LastMenu] )

( %renu. page --> [ Get Menu,
( Menu --> [ONE I nitMenu] )
(-->)

Starts MathKeys with NoExitAction.

coerce page, |nitMenu#])



40F9A

410E9

411D4

I ni t Menu# ( Menu #page -->)
StartMenu, if error then recover settings
Start Menu ( Menu #page -->)
Does ExitAction (Previous nenu!)
Sets default nenu properties + page
Eval uates ob, stores result to MenuKeys
Final | y Set Thi sRow

Bui | di ng hel p:

Set Thi sRow ( -->)
Bui | ds a new TOUCHTAB, Set BadMenu
Get Thi sRow ( Meta --> Meta' )
Takes subneta of MenuKeys according to MenuRow.
LoadTouchTbl ( MenuKeyl ... MenuKeyN #n -->) (nmax(n)=6)
Bui | ds new TOUCHTAB from nenukeys.
Key>Touch ( MenuKey --> Def Proc )

Extracts data for STOPROC and STODF from nenukey

Menu for mat:

{ MenuKeys } or :: <Settings> { MenuKeyl MenuKey2 ... MenuKeyN } ;
<Settings> override default settings made by InitMenu.

MenuKey for nmat :

Nul | MenuKey

{ Label Obj KeyProcNS }

{ Label vj { KeyProcNS KeyProclLS } }

{ Label Ovj { KeyProcNS KeyProcLS KeyProcRS } }

Label Obj takes no argunments and should return the argunent(s)
for Label Def. TakeOver will override nornal LabelDef, in this case grob
shoul d be returned.

KeyProc is the action taken upon key press. Executed by the executor.
TakeOver will override executor.

I f MenuKey = List,
Proc = 2nd elenent (if non-existant then Proc = DoBadKey)
Def = 1st elenment (if non-existant then Def = NULLS$ )

If Def = :: and TakeOver? Def = ::, else Def = "::"
If MenuKey = ID, Def = 1D, Proc = 1D
If MenuKey = $, Def = $, Proc = $
I f MenuKey = #, Def = #, Proc = #
I f MenuKey = CHR, Def = CHR, Proc = CHR
If MenuKey = Grob, Def = "Graphic...", Proc = grob
If MenuKey = Unit, Def = "UnitPart", Proc = Unit
I f MenuKey = Tagged, Proc = Tagged

If tag = 0,1, 2, & Def
El se Def = Tagged
El se Def = "MenuKey", Proc = MenuKey

t agob

Al though # is supported in SX nenu definitions, it is not supported
by built-in |abel builders. >Menu will error when getting # as
argunent. Since DispMenu is not errortrapped by SysQuterLoop, HP wll
start VLM which is the out-of-nenory error handler. This will again
see that there is enough nenory and restart SysQuterlLoop *ignoring



3A260

the first command I nitSysU *, thus DispMenu is called again with no
changes in the nenu. The effect is that the screen keeps flashing.
Change nenu to stop the effect (Di spMenu does KEYI NBUFFER? test
before displaying so this is possible).

Exi t Acti ons:

ExitAction is executed by InitMenu before setting the new nenu.
Thus ExitAction is the action taken when nenu is exited.

NoEXxi t Acti on Sets NOP as ExitAction

Label buil di ng:

Label builders place $ to grob with CENTER$3x5.

MakeSt dLabel ($-->grob ) (StdLabel Gob + | NVGROB)
MakeBoxLabel ($-->grob ) (BoxLabel Gob + | NVGROB)
MakeDi r Label ($-->grob ) (DirLabel Gob + | NVGROB)
Makel nvLabel ($-->grob ) (lnvLabel Gob)
Box/ St dLabel ( $flag --> grob )

I f TRUE then MakeBoxLabel el se MakeStdLabel
St d/ BoxLabel ( $flag --> grob )

If TRUE then MakeStdLabel el se MakeBoxLabel

Label building & displaying:

Nor mal #col nunbers: (#0 #16 #2C #42 #58 #6E)

>Menu ( #col G ob/$/Seco/ID-->)
Gr ob>Menu ( #col Gob -->)
Di spl ays Grob
St r>Menu ( #col $ -->)
Di spl ays result of MakeStdLabel
Seco>Menu ( #col :: -->)
[ EVAL DolLabel ]
| d>Menu ( #col ID-->)

If @finds object then MakeDirLabel / MakeSt dLabel ,
el se | D>$ MakeStdLabel. Displays result.

DoLabel ( #col ob -->)
Execut es Label Def.

Di spMenu will take care of the #col nunmbers when calling DoLabel.
During the execution od DoLabel INDEX@w || give the nenukey nunber.



3EDGB

3ECDO

3ECEE

3ED25

3ED48

3F036
3EFE6
3EF14
3FOO0E

Speci al displayers that use TakeOver:

Di r Label :

Box/ St dLbl :

FSt d/ BoxLbl :

FBox/ St dLbl :

BBox/ St dLbl :

MBox/ St dLbl :

( -->grob)

Makes dir | abel of next string

( :: Box/StdLbl: $label <tester> ; )
Puts next to stack, evals next after it and
execut es Box/ StdLbl .

( :: Box/StdLbl: $label #flag ; )

Test SysFl ag for #flag, then Std/ BoxLabel
( :: Box/StdLbl: $label #flag ; )

Test SysFl ag for #flag, then Box/StdLabel
( :: BBox/StdLbl: $label #base ; )

If BASENUM is EQ to #base then...

( :: MBox/StdLbl: $label #fixnode ; )

If @ixMde is EQto #fixnmode then...

Special nenu types & rel ated key settings:

Set Di r Menu
Set Di r Keys
Set Uni t Keys
Set KeysNS

Label Def = DirLabel Def, NoExitAction

MenuKeysNS = DoDi rKey, LS & RS = DoBadKey

MenuKeyNS = Uni t MenuKeyNS, . ., MenuKeyRS = Uni t MenuKeyRS
(ob -->) Sets ob as MenuKeysNS, DoBadKey to LS & RS
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25. Keyboard Control

25.1 CGeneral
NANNNNNNNNNNNN
41F13 DELUSERKEYS (Del etes keys + sets CRC)
41E32 STOQUSERKEYS (Al'so recal cul ates CRQ)
41F2C St oUser Keys (Stores to UserKeys)

Get User Keys (Pushes @Jser Keys)
41F52 d rUser Keys (O ears UserKeys)

Al'l owed internal forns of UserKeys:

Array of Array of System binary (49x6)

or List of Lists (49x6) / Array of System Binary (6x1)
# is always passed to @TR

Key Codes:

#1 <= #Pl ane <= #6 (See binary nunber section)
ONE <= #KeyCode <= FORTYN NE (See binary nunber section)

Ck&DecKeyLoc ( %c.p --> #KeyCode #Pl ane )
CodePl >% c. p ( #KeyCode #Plane --> %c.p )
Wiiting for a Key:

FLUSH, FLUSHKEYS ( -->)
Fl ush the key buffer

CHECKKEY ( --> #KeyCode TRUE / FALSE )

Return next key in the buffer (No pop, does pollkeys)
GETTOUCH ( --> #KeyCode TRUE / FALSE )

Pops next key from key buffer (Does poll keys)
REPKEY? ( #KeyCode --> flag )

Key pressed?
KEYl NBUFFER? ( -->flag)
Returns TRUE if keybuffer is not enpty.

Wi t For Key ( --> #KeyCode #Pl ane )
Returns next full key press (Shifts too)
Wi t / Get Key ( %-->2?)

Internal WAIT command

ATTN? ( -->flag )
Returns TRUE if ATTN has been pressed.
(ATTNFLG <> 0)

ATTNFLG@ ( -->#)
Recal | [ATTN] key counter
ATTNFLGCLR ( -->)

Clear [ATTN] key counter (buffer remains the sane)



25.2 I nputline

NNANNNNANNNNANNNNNNN

| nput Li ne
Di spl ays pronpt in display area 2a
Sets keyboard entry nodes
Initializes the edit Iine
Accept user input until [ENTER]
Returns TRUE if exited by [ENTER], FALSE if by [ATTN|
Parses, evaluates or just returns the user-input

Stack argunents:

$Pr onpt The pronpt to be displayed during user input
$Edi t Li ne The initial edit line
Cur sor Pos The initial edit Iine cursor position, specified

as a binary integer character nunber or a two-
el ement list of binary integer row and col um
nunbers. For all nunbers, #0 indicates the end
of the edit line, row, or colum.

#1 ns/ Rep The initial insert/replace node:
#0 current insert/replace node
#1 i nsert node
#2 repl ace node
#Entry The initial entry node:
#0 current entry node plus programentry

#1 progrant i medi ate entry

#2 progrant al gebraic entry
#Al phalLock The initial alpha-lock node:

#0 current al pha | ock node

#1 al pha | ock enabl ed

#2 al pha | ock disabl ed

| LMenu The initial InputLine nmenu in the fornat
speci fied by "ParQuterLoop”

#1 LMenuRow The initial InputLine nmenu row nunber in the
format specified by "ParQuterLoop”

At t nAbort ? A flag specifying whether pressing Attn while

a non-null edit line exists should abort
"I nputLine” (TRUE) or just clear the edit

line (FALSE)
#Par se How to process the resulting edit |ine
#0 Return the edit line as a string

#1 Return the edit line as a string AND
as a parsed object

#2 Parse and evaluate the edit |ine
Ret urn val ues:
#Parse Stack Descri ption
#0 $Edi tLi ne TRUE Edit line
#1 $EditLine ob TRUE Edit line and parsed edit |ine
#2 1l ... bn TRUE Resulting object or objects

FALSE Attn pressed to abort edit



4A770

I nput Nanme

( $nessageline $editline --> id TRUE / FALSE )
SX only

( This is alnost the exanple in rpl man-doc )
SETTYPEERR i f no id was gotten

Returns with FALSE if [ATTN] was pressed
Argunments given for |nputlLine:

ONE * Cursor position

ONE * |Insert node

ONE * Program | medi at e node

ONE * Al pha | ock enabl ed

NULL{} * No nenu

ONE * Menu row nunber

TRUE * Attn aborts

ONE * Returns as string and as parsed object

25.3 Paranetrized Quter Loop

NNNNNANNNNANNNNNNNNNNNNNNNNNNNNN

Stack Arguments for ParQuterLoop

AppDi spl ay

AppKeys

NonAppKey CK?

DoSt dKeys?

AppMenu

#AppMenuRow

SuspendOK?

Exi t Cond

The di spl ay update object to be eval uated

bef ore each key eval uation. "AppDi splay"
shoul d handl e di spl ay updati ng not handl ed by
t he keys thensel ves, and should al so perform
speci al handling of errors.

The hard key assignnents, a secondary object in
the format descri bed bel ow

A flag specifying whether the hard keys not
assigned by the application should perform
their default actions or be cancel ed.

A flag used in conjunction wi th "NonAppKeyOK?"
speci fyi ng whet her standard key definitions are
to be used for non-application keys instead of
default key processing.

The menu key specification, a secondary or |ist

in the fornmat specified in the nenu key

assi gnnments docunent, or FALSE

Not e: FALSE neans that current nenu is active.
Use NULL{} to avoid unnecessary updati ng.

The initial application nenu row nunber. For
nost applications, this should be binary
i nt eger one.

A flag specifying whether or not any user
conmand that would create a suspended
environnent and restart the system outer |oop
shoul d i nstead generate an error

An object that evaluates to TRUE when the outer
loop is to be exited, or FALSE otherw se.

"Exit Cond" is eval uated before each application
di spl ay update and key eval uati on



AppError The error-handling object to be evaluated if an
error occurs during the key eval uation part of
the paraneterized outer | oop.

Not e: ' ERRIMP saves 5 nibbles :)

How to use |l ans in ParCQuterlLoop:

Par Qut er Loop executes POLSaveU , which collects the current U
prograns to a list and BINDs it to LAMSavedU . Thus you get one

extra | anbda environnent on top of the | ans created before

Par Qut er Loop. Thus to fetch nullnaned | ans you have to add 2 for every
GETLAM and PUTLAM i ndex. (See notes on LanEnvs at the end)

To create lans inside the ParQuterLoop i s dangerous because
POLRest oreUl nakes no distinction what's in the topnost LanEnv.
To get around this problemsplit ParQuterLoop into parts:

Par Cut er Loop2
POLSaveUl
ERRSET

(bind you own | anbda environnent)
POLSet Ul POLKey Ul
ABND (Renovi ng your own | anda envi ronnent)

ERRTRAP POLResUl &Err
POLRest or eUl

AppKeys fornat:
Stack: ( #KeyCode #Plane --> ob TRUE / FALSE )

I f AppKeys does not define the key (FALSE) then
i f NonAppKeyOK? is TRUE then
i f DoStdKeys? is TRUE
then Do standard key
el se Do standard/user key (USER or USRL node)

end
el se *beep*
end
el se DoKeyh

end

' Suggest ed' AppKeys fornat:
kpNoShi ft #=casedrop :: (process noshift plane) ;
kpLeft Shift #=casedrop :: (process |-shift plane) ;

2DROP FALSE



And for each pl ane:
kcKeyCodel ?CaseKeyDef :: (process key) ;
kcKeyCode2 ?CaseKeyDef :: (process key) ;
DROP FALSE
Not e: TakeOver as a first command in :: (process key) ; marks a valid
object to execute in edit node.
Note: If :: (process key) ; is replaced with a ROWTR use
?CaseRomptr @i f TakeOver test is to be done.
AppMenu fornat:
Note: if menu key presses are to be processed insert
DUP#7< casedrpfls into AppKeys plane handl ers
MenuKeyl Definition

MenuKeyN Definition
}

and each definition is one of
Nul | MenuKey

{ Label Obj Action }

{ Label Ovj {
No_Shift _Action
Left _Shift_ Action
}
}
{ Label Ovj {
No_Shift _Action
Left _Shift_ Action
Ri ght _Shift_Action
}
}

Label Obj should return a $, a grob or sone other valid nenu | abel
definition. See "Menu Key Label s" section for exanples.

Choosi ng only sone standard keys to work in ParQuterlLoop:

In this exanple TRUE and TRUE are given as NAppKeysOK? and DoSt dKeys?.



AppKeys exanpl e:

kpNoShi ft #=casedrop

(&

2DROP ' DoBadKeyT

Thus
key n

38B09
38B45
38994

389CB
38A11
38BD6
38A3E
38A3E

38CD1

38D25
38D4AF
38D79

DUP#7< casedropfls
kcOmnKey ?CaseKeyDef
(nmore own keys)

(Then the keys that are supposed to work nornally,
kcNext Row #=casedrpfls (WII
kcLeft Shift #=casedrpfls
kcRi ght Shift #=casedrpfls
DROPDEADTRUE

(Menu keys handl ed by DoKeyQOb)
(Handl e own key) ;

for exanpl e these)

be processed by DoKeyh)

(Drop key nunber, return DoBadKey as key def)

her planes sinilarly)

(Drop plane & key, return DoBadKey as key def)

i n above exanple nmenu keys + [NEXT] and shifts wll
ot 'defined by user will cause an error beep.

wor k, but any ot her

Rel at ed Conmands:

POLSaveUl Saves current U to LAMBavedU

POLSet Ul Sets new U, sanme argunents as to ParQuterLoop

POLKey Ul Di spl ays, reads and eval uates keys according to set Ul .
1POLKey Ul Executes U once, doesn't check exit condition
POLKeyErr Handl es error caused by a key press

POLSet &Key Ul
POLRest or eUl
POLResUl &Err

POLSet U POLKeyUl ;
Restores saved U from LAVSavedU .
Restores saved U & executes ERRIMP

Rel Ul Recal I s current ParQuterLoop Ul

Recl HPUI Recal I s system Ul .

Nor mAppFl ags Sets default application flags.

SavedUl LS { LAMSavedUl 1}

LAMBavedU

AppDi spl ay! 38C18 AppDi spl ay@ 38C28 NoAppDi spl ay!
AppKeys! 38C48 AppKeys @ 38C58 NoAppKeys!
AppExi t Cond! 38C78  AppExit Cond@ 38C88 NoAppEXxi t Cnd!
AppError! 38CAB AppError @ 38CBE NoAppError!
AppError? 38CDF Set AppError 38CED O rAppError
AppMbde? Set AppMbde 38D17 d r AppMode
NAppKey OK? Set NAppKey K 38041 C r NAppKey K
DoSt dKeys? Set DoSt dKeys 38D6B d rDoSt dKeys
AppSuspCK? 38D8A Set AppSuspK 38D09B d r AppSuspX



25.4 System Cat al og Browser

NNNNNANNNNANNNNNNNANNNNNNNNNNNNNN

47C9A  DoCat ( Menu { Variable Nanes } -->)
SX only.
Cat is a POL application, Menu is just the application nmenu.
The Iist should be DOVARS output or simlar.

Cat can be hooked by defining a special Menu for it. The current status
of the browser is cached to LAMs 2-8 with the follow ng start val ues:

2LAM : FALSE ; ??

3LAM : NULL{} ; Cat Status |ine nessage, NULL{} = none
4LAM : FALSE ; Exit browser?

5LAM : NOP ; Revi ew program done when exiting

6LAM : ONE ; Current position

7LAM : ONE ; Page top position

8LAM : { Nanes } ; The vari abl e nanmes
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26. Time & Alarnms

Internal alarns |ist: { { HXS 18 [TI VE REPEAT NIB] Message } {.. }..}
(Time and Repeat are ticks enbedded in HXS.)
(Repeat contains only |low 10 ni bbl es of ticks)

SLow ( -->) 15 nsec del ay

VERYSLOW ( -->) 300 nsec del ay

VERYVERYSLOW ( -->) 3 sec del ay
1A7B5 dowait/quit? ( Y%secs -->) Wiits %ecs, then checks for attn exit.

dowai t ( Y%secs -->) Wiits %ecs seconds in |light sleep
1A7TED wai't ( hxs -->) Waits hxs ticks (8192*%secs)

%HVE ( %--> %ns )

984>HVE ( %B0o--> %hns )

%HVE> ( %ims --> %)

%HVE>%8%6 ( % --> %)

%HVE+ ( %ns % s --> Y%ins )

%HVE- ( %ns % s --> Y%ins )

TOD --> %ine )

DATE --> Y%gate )

DDAYS %dat el %date2 --> %ays ) (d2-dil)

0CC5B  DATE+
0CD2B  >DATE
0CD53 >TI ME
0CD3F  CLKADJ

Y%gat e %days --> %dlate')
Ygate --> )
%Uime -->)
%Uime -->)

P N N N N R

0E510 STOALARMY
OE54D  STOALARMLS

%-->)
{} -->)

(
(
OE3DF  RCLALARM®% ( %-->{})
OEAD7 FI NDALARM/% ( %-->7?)
0EB31 FI NDALARM_S ( {} -->?)
0E724  DELALARMY% ( %-->)
CLKTI CKS ( --> hxs) (13 ni bbl es) (aka SysTi ne)
TI MESTR ( Y%date %inme --> $ )

System | evel TSTR

Exanpl e out put: "WED 02/30/93 11:55: 15A"
Ygate --> $ )

Ygdate --> $weekday ) ("SUN', "MON'...)
hxs --> $weekday )

Dat e>t $
0D2F0 Dat e>wd$
OCF5B  Ti cks>wd$

~ A~~~

TOD>t $ %ime --> $ )
OEE50 Dat e>Ti cks ( %date --> hxs )
0D143 Ti cks>TCOD ( hxs --> %ime )
0D156 Ti cks>Dat e ( hxs --> %late )
0D169 Ti cks>Rpt ( hxs --> % pt )

ALARM? ( -->flag)

Returns TRUE if an alarmis due.
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27. System Conmands

27.1 User & System Fl ags

NNNNNANNNNANNNNANNNNANNNNNNNNNNN

1C64E  RCLUSERF ( --> hxs ) Recal | user fl ags
1C6F7 USERSTOF ( hxs -->) Stores user flags
RCLSYSF ( --> hxs ) Recal | system fl ags
1C731 SYSSTOF ( hxs -->) Stores system fl ags
1C6E3 XEQSYSSTOF ( hxs -->) Above + checks changes in LASTARG fl ag
53C96 STWS ( %-->)
dost ws (#-->)
53CF0 RCWs ( --> %)
WORDSI ZE ( -->#)
54050  BASEHEX ( -->#) (#10h #10d #100 or #10b)
(

5407A  BASECHAR --> char ) (b,o0,d or h)
A rUserFl ag
Set User Fl ag
d rSysFl ag
Set SysFl ag
3EDA2 TogSysFl ag
Test User Fl ag
Test SysFl ag
1CACE TestUserdr
1C4AEC TestSysdr

— N N N

Toggl es system fl ag

flag )

flag )
flag ) Cears flag after testing

flag ) Cears flag after testing

HoHHHHHFHHH
VVVVVVYVYVYV

DOENG (#-->)
DOFI X (#-->)
DOsCl (#-->)
DOSTD ( -->)
DOHEX ( -->)
DOBI N ( -->)
DOOCT ( -->)
DODEC ( -->)
SETRAD ( -->) RAD? ( --> flag )
SETDEG ( -->) 53BC9 DEG? ( --> flag )
SETGRAD ( -->)
53B88 CLRNUM ( -->)
53B9C  SETNUM ( -->)
53BB0 NOTNUM? ( -->flag)
53C0A  NOTCONST? ( -->flag)
53C23 PRSOL? ( -->flag)
DPRADI X? ( -->flag) Returns TRUE if current radix is .
27.2 Ceneral
NANNNNNNNNNNNN
DOBEEP ( %breq %uration -->)
set beep ( #mHz #nmsec --> )
Tur nOF f ( -->) Internal OFF

041D4 I Tur nOF f ( -->) Internal OFF, does no alarmetc checks



DEEPSLEEP ( -->flag ) Returns TRUE if Invalid Card Data

Showl nvRonp ( -->) Flashes Invalid Card Data nessage
?Fl ashAl ert ( -->)
Di spl ays possi bl e syst em war ni ngs
04546 GETWARN# ( -->#) ( GX: 04544 )
Recal I s | ast system warni ng
#0 = K #1 Al arm

#2 = LowBat (S) #4 =
( #F neans all )

04577  #>WARNS$ (#-->%) ( GX: 04575 )
Recal | system warni ng nessage

LowBat (P1) #8 = LowBat ( P2)

0D2A3  WBLOG (--> %4 $3 $2 1) Recal | warnstart | og nessages
OD18A  WBLOGN ( #n --> %$n) Recal | nth (1-4) wslog nessage

0 - log cleared by <O\N> <SPC> then <ON\>

1 - low batteries, auto deep sleep node i nvoked to save battery

2 - hardware failed during IR (tine out)

3 - run through address 0

4 - systemtime corrupt

5 - deep sl eep node wake up (al arn?)

6 - unused

7 - CMOS test word in ramwas corrupted

8 - abnornmality was detected about device config

9 - corrupt alarmlist

A - unused

B - card nodul e pulled

C - hardware reset

D - system RPL error handler not found in run stream

E - corrupt config table

F - system RAM card pul | ed

21B4E VWarnttart ( -->)
Forces a warm start
04912 LiteSlp ( -->)
Enters light sleep
GARBAGE ( -->)
Forces garbage coll ection.
VEM ( -->#)

Returns the anount of free nenory.
Doesn't force garbage collection
( User |evel NMEM does ).

Csl ZE ( ob --> #bytes )
Forces garbage coll ection.
OCRC ( ob --> #nibbles hxs_checksum)
OCRC% ( ob --> hxs %bytes )
VARSI ZE ( id --> hxs %bytes )
get ni bs ( hxsDATA hxsADDR --> hxsDAT' )
Peek.

hxsDATA is overwitten for it's length (nmax 16)
wi th nibbles starting from address hxsADDR

put ni bs ( hxsDATA hxsADDR --> )
Poke. See above.
0C612 @TR ( ob -> ob' ) SX only

If ob is #addr then pushes ob' at addr to stack
If addr is in hidden ROMob is copied to tenpob area
2709B @PTRTRUE ( ob --> ob' TRUE ) SX only



5DE69

05ACC

19350

@TREVAL
CHANGETYPE

I CHANGETYPE
I NHARDROW?

NOT1 NHARDROM?

( ob -->7?) SX only

( ob #prolog -> ob' )

Changes prol og of object, does TOTEMPOB
( ob #prolog -> ob' )

Changes prol og of object

( ob --> ob flag )

I s objects address < #70000 ?

( ob --> ob flag )

I s objects address >= #70000 ?
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28. Inbuilt Prograns

28.1 System Ul

NNANNNNANNNNANNNNNNN

Execution order after WarnStart checks:

021E4 ROWOLL ( GX: 021DD )
Configures internal and external libraries
021CC  Boot ( GX 021C5 )

Execut es program stored to FI RSTPROC

Nor mal |y FI RSTPROC points to StartupProc

St artupProc Default system Ul
385A7 SysCQut er Loop Default system U w thout VLM errortrap
VLM Systemerrortrap for nenory out

=St art upProc

SysQut er Loop
ERRTRAP VLM

=SysQut er Loop

I nitSysuUl
BEG N
At User St ack
SysMenuCheck
SysDi spl ay
Get Keyb
ERRSET DoKeyOb
ERRTRAP SysError Trap
AGAI N

I nitSysuUl Clears LCD
Inits display nodes
Inits keys
Inits first menu (MATH)
Inits editing nodes
Sets nornal application flags
Cl ears MEMOUTHXS
Clears last argunents
Checks syst em war ni ngs
Print nmenory clear if needed
I f UNDO_ON? does SAVESTACK
Does At User St ack

SysMenuCheck Does defined actions if context or menurow
changes.

SysDi spl ay Updat es di spl ay

SysError Trap Handl es errors in key presses



DoKey (b Execut es key press (Followi ng for SX only)
char: EchoChr Key
str: 404A9 EchoSt r Key
unit: 404BD  DoKeyUni t
seco: 404E5 DoKey Seco
ronp: 4051C DoKeyRonp
synb: 405BC  DoKeySynb
other: 405F3 DoKeyNor nal

28.2 Interactive Stack
NANNNNNNNNNNANNNNNNNNNNNNN

4365D  DoUst ackKey
Par Qut er Loop par aneters:

43770 USt ackDi sp
43842 USt ackKeys
43D06 USt ackMenu

28. 3 Parser

NNANNNANNNNNNN

pal par se ($-->0b TRUE/ $ #error_pos $_error_token FALSE )
Parse a string into an object.
I*trior ( FALSE --> <SKI P> )
( TRUE TRUE --> <COLA> )
( FALSE TRUE --> FALSE TRUE <SEM > )
I *triand ( TRUE TRUE -->)
( FALSE TRUE --> FALSE TRUE <SEM > )
( FALSE --> FALSE TRUE <SEM > )
t ok8cktri or ( $1 $1 --> :: $1 <Ob1> ; )
( $1 $2 --> :: $1 <M2> <Rest> ; )
( GNT data $1 $1 --> :: ONT data Get Next Token ; )
( GONT data $1 $2 --> :: $1 <bl> <Rest> ; )
( NULLS --> :: ; )
( $-->:: $ <M1l> <Rest> ; )

t ok8tri or

nultrior

Get Next Token ( hxs-mask $ #start --> hxs-mask $ #next $token )

get mact ht ok ( hxs-mask $ #loc $ _tok --> hxs-mask $ #next $match )
25D3A  Mai nMask gener al
25E44 HexMask Hex strings
25F4E  Sol ver Mask Al gebrai cs

26058 Uni t Mask Units



28.4 Deconpil er

NNNNNANNNNANNNNNNNN

DO>STR ( ob -->$%)
Internal version of ->STR
Stores 0 as DcompWdth, then if not $ Decompile

Pronpt I dUti | (idob-->9%)
Returns string of the form"id: ob"
EDI TDECOMP$ ( ob -->$%)

Deconpi | es object for editing.
Sets 19 as DconpWdth, calls Deconpile
DECOVPS$ ( ob-->%)

rpl man. doc: ' Deconpil es object for stack display."'
Internally 'stkdeconp..' words deconpile for stack
di spl ay, DECOWS$ output is the sanme as from EDI TDECOVPS
except for ids (Surrounding quotes). It does do
Set DconpLi ne though. Calls Diconpile

15955  1st kdeconp$l ( #line ob --> $)
Deconpiles 1 line for stack display, adds |line

1596E ! 1st kdeconp$l ( #line ob #width --> $ )

Deconpil es width for stack display, adds line
15978  1st kdeconp$w ( #line ob --> $)

Deconpil es for stack display, adds |line (obeys DW
159D2 st kdeconp$r (ob-->%)

Set DconpLi ne st kdeconmp$w

Di spatchers for objects:

st kdeconp$w (ob-->8%) ST=1 3 ST=0 4 Stack displ ay
15B31 Decomnpi | e (ob-->8%) ST=0 3 ST=1 4 Editing
15B3D Diconpile (ob-->8%) ST=0 3 ST=0 4 ' Stack display'

If stkl is Romrd (Nanmed ROVPTR) then dispatching is not done and a speci al
deconpliler is called:
16153 DcRomér d

st kdeconp$w: D?conpi | e:
% 162AC Di Real aka a%$, 162B8 DeReal aka a%$
C% 1746E  DcCmp 1746E  DcCmp
# 15D06 DcSystBin 15D06 DcSystBin
id 160D1 Di | dnt 160E5  Del dnt
[ am 160D1 Di | dnt 160E5  Del dnt
$ 15F3D Di String 15ED8 DeString (Stack$?)
hxs HXS>$ 15F83 DeBi nary (Stack$?)
ronptr 1616C DcRonpt r 1616C DcRonpt r
lib 15D38 DclLi brary 15D28 DclLi brary
bak 15097 DcBackUp 15097 DcBackUp
grob 15DF1 D Grob 15E1F DeG ob (Stack$?)
synb 16103 Di Synb 161D0  DeConp
ext 16103 Di Synb 161D0  DeConp
arry 1622A  Di Conp 161D0 DeComp
list 1622A D Conp 161D0  DeConp
seco 1622A  Di Conp 161D0 DeComp
tagged 1622A  Di Conp 161D0 DeComp
rep 1622A  Di Conp 161D0 DeComp

(Stack$?) nmeans that if Stack$? is set stkdeconmp$w di spatchees are used.



I DconpW dt h (#-->) Stores new deconpile width

17980 @compW dt h ( -->#) Recal I s deconpile wi dth

159FA  Set DconplLi ne ( -->) Sets 19 as DconpWdth

11472 @ ndent ( -->#) Recal I s i ndent | evel

11495 I'l ndent (#-->) Stores indent |evel

178E2 I ncl ndent ( -->) Adds 2 to indent |evel

178FB  Decl ndent ( -->) Substracts 2 fromindent |evel
1792D | NDENT$ ($-->8% ) linsert$ @ndent spaces

17914  ?1 NDENT$ ($-->9%$) If Stack$? then not hing,

el se | NDENT$

28.5 Kerm t

NNANNNANNNNNNN

MAXRETRY Maxi mum nunber of retries = 10
Rel ated | ans:

LAMPKNO Cont ai ns packet nunber
LAMPACKET
LAVRETRY Contains #retry
2D3D9 LAVERRVEG
LAMKP
LAM_LNAME
LAMOBJ
LAMOPCS
2D42E  LAMEXCHP
LAMKLI ST
L AMKMODE
2D480  LAMKPTRN
LAMKRM
2D4A2 LAMVaxR

LAMKM.
" LanKPSt o
2D816  DORECN I nt ernal RECN ( $/id/lam
2D9F5 DOSERVER I nternal SERVER
SENDLI ST I nternal SEND ( {} -->)
2E5AB  SENDNAME I nternal SEND (id/lam-->)
GETNAME I nternal KGET ( $/id/lam-->)
DOFI NI SH Internal FIN SH
DOPKT I nternal PKT ($9%-->)
DOBAUD I nt ernal BAUD ( %-->)
DOPARI TY Internal PARITY ( %-->)
DOTRANSI O I nternal TRANSI O ( %-->)
2EDAC  DOCKSM I nt ernal CKSM
DOKERRM I nt ernal KERRM
DOBUFLEN I nternal BUFLEN
2EDF5 DOSTI ME I nternal STIME
DOSBRK I nternal SBRK ( -->)
2EE6GF DOXM T Internal XM T ($-->)
DOSRECV I nternal SRECV ( %-->)
CLOSEUART I nternal CLOSEI O

DOCR Internal CR



DOPR1
DOPRSTC
DOPRST
DCDELAY

KDi spRow2
KDi spSt at us2
EXCHI NI TPK
SENDEOT
SEND PACKER
SENDNAK
SENDERROR
SENDPKT

BUI LDPACKET
I nitl CEnv
KERMOPEN
DOOPENI O
Openl O
Openl OPrt
APNDCRLF
docr

| CCheckReal
St dl OPAR
CGet | OPAR

St ol OPAR
Set | OPAREr r
St dPRTPAR
St oPRTPAR
CGet ChkPRTPAR
QUTUART
POPUART
Qpenlartdr
PRI NT

PRI NTxNLF
REMVAP

Set Ecna94

Al |l owPr| cdd
Pri nt G ob
Set Ser vibde
Cl r Ser vMode
SendSet up
TRPACKETFAI L
I ncr LAMPKNO
Cet Ker Pkt #
RecvNext Pkt
KVI SLF

KVI S

KI NVI SLF
CGETKP
SENDACK
SENDNULLACK
ACK INIT
CHOOSE INIT
ENCODE1PKT
ENCODE
DECODE
UARTBUFLEN
FLUSHRSBUF
PUTSERI AL
CGETSERI AL

PR1
PRSTC
PRST
DELAY

I nt er nal
I nt er nal
I nt er nal
I nt er nal

Defaul t | OPAR

I ncreases packet

numnber

(-->{ 9600000311} )



VERSTRI NG (-->%) Returns version string
3037A  VERSTRI NG? ($-->%flag ) Checks if $ starts with VERSTRI NG

28. 6 Debugger

NNNNNANNNNANNNNNN

28.7 Matrix Witer

NNNNNANNNNANNNNANNNNNNNN

28. 8 Par Qut erLoop

NNANNNNANNNNANNNNANNNNNNN

Par Cut er Loop

POLSaveUl
ERRSET

POLSet Ul
POLKey Ul

ERRTRAP POLResUl &Err
POLRest or eUl

POLSaveUl

AppMode? | TE
Rel Ul * Recal |l current ParQuterlLoop defs
Recl HPUI * Recall system Ul definitions
{}N SaveUl LS BI ND * 1l 1 lamcreated !!
* Thus add 2 for every CGET/ PUTLAM
* to use lans created before ParCQuterLoop

Rel Ul Rel HPUI

Last MenuDef @
Last MenuRow@
AppDi spl ay@
AppKeys @
NAppKey OK?
DoSt dKeys?
MenuDef @
MenuRow@
AppSuspCK?
AppEXxi t Cond@

AppError @
ELEVEN

Last MenuDef @
Last MenuRow@
MenuDef @
MenuRow@
FOUR



PCLSet Ul

AppError!
NoAppDi spl ay!
NoAppKeys!

C r NAppKey K
Set AppSuspK
NoAppEXxi t Cnd!
NoAppError!
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APPENDI X
A. Menory Organi zation for SX
Approxi mat e program ar eas:

00100 - 10O Regi sters

00140 - System M. routines

028FC - Provi ded objects

0314C - Ceneral purpose routines
OCAD7 - Tine/ Al armroutines

OF075 - Unit handling

1158F - Grob handling / D splay
13FE5 - Debugger

15955 - Deconpil er prograns

17B86 - Low | evel systemerrortrap
1957B - Internal library 2 nmain prograns
22DFE - Internal library 1792 main prograns
23879 - Parser

26886 - Synbolics parser

29DDC - Real nunber functions
2C1lF3 - Statistics

2D359 - Kernmit / Printer

32F77 - Root finder

34D2B - Synbolics deconpliler
3551D - Array handling

3858E - System Ul

3A5CD - Menus & Keys

424DA - Editor

4365D - Interactive stack

44948 - Matrix Witer

4737D - Plotter & other graphics
5193B - Conpl ex nunber handli ng
52C36 - Nuneric intergration

53C37 - Hex string handling

54565 - Synbolics

60EBD - Ceneral purpose routines
64B12 - Constants area (binary & real nunbers, strings, characters)
659DE - Equation Witer

H dden ROM

70000 - Systemtest routines (Menmory scanner etc)

72000 - Message, unit, hash tables

75F9E - Machi ne | anguage for real functions

7A929 - Character data

7AASD - Default key definitions

7B5F2 - Synbolics for inversion, integration, derivation etc
7F6D1 - Handling port objects



Poi nt er

70551
70556
7055B
70560*
70565
7056A*
7056F
70574*

70579
7057E*

70583
70588
7058D
70592*
70597*

Nor mal RAM st ruct ur e:

70000 - 707D9 RAM pointer & status area

Name

VDI SP2
ADI SP
VDI SP
PDI SP
GDI SP
TEMPBOT
TEMPTCP
RETTOP
FREE RAM
DSKTOP
DSKBOT
EDI TLI NE$
TEMPENV
L OOPENV
TOUCHTAB
HOVETOP
PORTOTCP

@EMPTOP: List of

@ EMPBOT

Li nk1l

@ EMPTCOP

Descri ption Sanpl e val ues
Menu di spl ay grob 708A4
Text display grob 709C8
Current display grob 709C8
Pi ct grob??? 709C8
Graphi c display grob 709C8
Bottom of tenpob area (?) 71AF0
Top of tenpob area 72527
Top of rpl return stack 7254F
Top of stack 7F197
Bott om of stack 7F1BA
Backward string, termnates in 00.
Tenporary environnents TF1EA
Loop environnents 7F20D
Menu key nanmes & executor 7F212
HOMVE directory 7F260
Start of PORTO 7FFFB

linked objects (to | ower nenory)
CON(5) O End of objects
CON(1) 2

oj ectN

CON(5) (*)-(LinkN)

CON(5) (*)-(Link2)
CON(1) ?

hj ectl

CON(5) (*)-(Link1)
CON(5) O

@RETTOP: List of 5 nibble addresses to RPL streans.

@ EMPTCOP

@RETTOP

CON(5) O End of return stack
CON(5) =rstkn

CON(5) =rstkl
CON(5) #free

@DSKTOP: List of 5 nibble addresses to objects. 00000 = end

@SKBOT

CON(5) =st k1
CON(5) =stkn
CON(5) 0

CON(5) O Sone mar ki ng systen??? (UpStack???)



@EMPENV: List of tenporary environnments.

REL( 5)
CON( 5)
CON( 5)
CON( 5)
CON( 5)
CON( 5)

LanEnv2  REL(5)

LanEnvN  CON( 5)

LanEnv2 Link to next tenporary environment
#protectionl Protecti on counter

=l anilnane Pointer to | am name

=l amlob Poi nter to object

=l annane

=l anRob

LanEnv3

0 End of tenporary environnents

@.OOPENV: Loop environment counter & list of fixed size (#F) environnents

CON( 5)
CON( 5)
CON( 5)
CON( 5)
CON( 5)

CON( 5)

#LoopEnvs
#protectionl
#i ndex1

#st opval uel
#protection2

#st opval ueN

@OUCHTAB: List of nmenu key nanmes, associated objects and a nmmin executor

CON( 3)
CON( 5)

CON( 5)
CON( 5)
CON( 5)

CON( 5)
CON( 5)

#2777
=MenuNanmel

=MenuNane6
=NULLS$ Narme of key definition progran???
=MenuCbl

=MenuCb6
=Execut or Changed by shift keys
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C. Default Keys for SX
(I'n GX the keys are stored to libraries Al-A6.)

3FB1F
7BAEA

r KbDefs
KDef s

Ref erence to key definition array ( # )

Key definition array. Contains pointers to 49 arrays
which in turn contain pointers to objects executed in
normal, LS, RS, A ALS, RLS nobdes.

(Characters marked with | owe case chr are in hidden
ROM Their addresses are not narked)

| 11| 3FFDB| DoMenuKey1NS | 3FFF4| DoMenuKey1LS | 4000D| DoMenuKey1RS |

[ | CHR_A | | CHR_a | | chr _al pha |
| 12| 4003F| DoMenuKey2NS | 40026| DoMenuKey2LS | 40058| DoMenuKey2RS |
| | CHR_B | | CHR_b | | chr _beta |
| 13| 40071| DoMenuKey3NS | 4008A] DoMenuKey3LS | 400A3| DoMenuKey3RS |
[ | CHR_C | | CHR ¢ | | chr_Delta |
| 14| 400BC| DoMenuKey4NS | 400D5| DoMenuKey4LS | 400EE| DoMenuKey4RS |
| | CHR_D | | CHR_d | | chr_delta |
| 15| 40107| DoMenuKey5NS | 40120| DoMenuKey5LS | 40139| DoMenuKey5RS |
[ | CHR_E | | CHR e | | chr_epsilon |
| 16] 40152| DoMenuKey6NS | 4016B| DoMenuKey6LS | 40184| DoMenuKey6RS |
| | CHR_F | | CHR_f | | chr_theta |
| 21| 3AD57| DoMat hMenu | 3AE33| DoPri nt Menu | | xPR1 |
|| | CHR_G | | CHR_g | | chr _gamma |
| 22| 3AE1A| DoPr gmivenu | 3A6E5| Dol Ovenu | | xSERVER |
[ | CHR_H | | CHR_h | | chr_eta |
| 23| 3AB72| DoCst Menu | 3ADA2| DoMbdeMenu | 3ADBB| DoCust omivenu |
| | CHR_I | | CHR_ | | chr _i nf |
| 24| 3AF37| DoVar Menu | 3AD70| DoMeror yMenu | 3AD89| DoAri t Menu |
|| | CHR_J | | CHR j | | chr_| |
| 25| 3A93D| DoUpKey | 3AE6F| DoLi br ar yMenu| 3BOOE| DoUpKeyRS |
| | CHR_K | | CHR_k | | chr _up |
| 26| | DoNext Row | | DoPr evRow | | DoFi rst Row |
| | CHR_L | | CHR_I | | chr_Il anda |
| 31| 3A69A| Do' Key | | xUPDI R | | x HOVE |
| | CHR_M | | CHR_m | | chr_' |
| 32| 3A992| DoSt oKey | | xDEFI NE | | xRCL |
[ | CHR_N | | CHR_n | | chr _mu |
| 33| | xEVAL | | x>Q | | Xx>NUM |
[ | CHR_O | | CHR_ o | | chr _Orega |
| 34| 3A834| DoLef t Key | | xGRAPH | 3AFE6| DoLef t KeyRS |
|| | CHR_P | | CHR p | | chr _<- |
| 35| 3A645| DoDownKey | 3AEAC| DoRevi ewKey | 3AF69| DoDownKeyRS |
|| | CHR_Q | | CHR g | | chr _down |
| 36| 3A8DE| DoRi ght Key | | xSWAP | 3A80C| DoRi ght KeyRS |
[ | CHR_R | | CHR_r | | chr_rho |
| 41] | xSI'N | | xSI'N | | xDER |
[ | CHR_S | | CHR_s | | chr_sigma |
| 42] | xCOS | | xACOS | | xI NTEGRAL |
| | CHR_T | | CHR_t | | chr _tau |
| 43| | xTAN | | XATAN | | xSUM |
| | CHR_U | | CHR_u | | chr _% |
| 44 | xSQRT | | xSQ | | xXROOT |
| | CHR_V | | CHR_v | | chr_~ |



45| | x»

| | CHR_ W
46| | X1 NV

| | CHR_X

51| 3A7F3| DoEnt er Key

| 3A7F3| DoEnt er Key
52| 3AA82| DoNegKey

| | CHR_Y

53| 3AC3A| DoEexKey

| | CHR_Z

54| 3AB09| DoDel Key

| 3AB09| DoDel Key

55| 3A5F0| DoBackspcKey
| 3A5F0| DoBackspcKey

61| | 1A/ LockA
| 3B036| LockA/ OA
62| | CHR_7
| | CHR_7
63| | CHR_8
| | CHR_8
64| | CHR_9
| | CHR_9
65| | x/
| | CHR_/

71| 3A893| DoLSKey
| 3AA37| DoLSKeyA

72| | CHR 4
| CHR 4
73| | CHR 5
| | CHR 5
74 | CHR 6
| | CHR 6
75 | x*
| | CHR_*

81| 3A8C5| DoRSKey
| 3AA69| DoRSKey A

82| | CHR 1
| | CHR 1
83| | CHR 2
| | CHR 2
84| | CHR 3
| | CHR 3
85| | x-
| | CHR_-

91| 3A5CD| Tur nOnKey
| 3A5CD| Tur nOnKey

92| | CHR_O
| | CHR_O
93| 3A753| Do. Key
| 3A753| Do. Key
94| | CHR_Space
| | CHR_Space
95| | X+
| | CHR_+

| | XALOG | | xLOG

| | CHR_w | | chr _omega
| | XEXP | | XLN

| | CHR_x | | chr _xbar

| 3AF50| DoEnt er KeyLS | 3B068| DoEnt er KeyRS
| | chr_& | | chr_@

| 3A7C6| DoEdi t Key | 3B12B| DoVi si t Key
| | CHR_y | | chr _+/-

| 3B15D] Do2DKey | 3B18F| Do3DKey

| | CHR_z | | chr _Pi

| 3B1DF| DoPur geKey | 3AAEB| DoCl var Key
| | chr_! | | chr_inv_!

| | x DROP | | XxCLEAR

| | chr_? | | chr_inv_?

| 3BODB| TogUser

| 3ESEE| TogLowCase
| 3AE88| DoSol veMenu
| 3F167| Dol nv7Key

| | DoPl ot Menu

| 3F18F| Dol nv8Key

| 3B0O81| TogEntry

| 3ESAF| Togl ns

| | DoSol vr Menu
| 3F17B| Dol nv7KeyRS
| 48FD6| DoPI ot r Menu
| 3F1A3| Dol nv8KeyRS

| 3AB59| DoAl gebr aMenu| 47B5A| DoPCat Key

| 3F1B7| Dol nv9Key

| 3A6CC| Do( ) Key

| 3A6CC| Do( ) Key

| 3ABAC| DoNSKey

| 3AA50| DoNSKey A

| 3A7A3| DoTi neMenu
| | chr_$

| 3AEB5| DoSt at Menu
| | chr _pound

| 3AF05| DoUni t sMenu
| | chr _currency
| 3ABA4| Do[ ] Key

| 3ABA4| Do[ ] Key

| 3ABAC| DoRSKey

| 3AA69| DoRSKey A

| 3B1CB| DoRadKey

| | ==

| 3ACF8| DoLast St k

| | CHR <

| 3ACBC| DoLast Cnd

| | chr_<=

| 3ABD6| Do<<>>Key

| 3ABBD| Do<<>>KeyLS
| X CONT

| X CONT

| x=

| CHR =

| 3A77B| Do, Key

| 3A77B| Do, Key

| | xPI

| | CHR_Pi

| 3AB8B| Do{ } Key

| 3AB8B| Do{ } Key

| 3F1CB| Dol nv9KeyRS
| 3AC08| Do#Key

| | CHR_#

| 3A893| DoLSKey

| 3AA37| DoLSKeyA

| 47AE7| DoTi meCat

| | chr _cent

| 3BAEE2| DoSt at MenuRS |

| | chr _yen

| 3AF1E| DoUni t CdMenu|

| | chr _degree

| 3A6B3| Do_Key

| | CHR_UndScor e
| 3AA69| DoNSKey

| 3AA50| DoNSKey A

| 3B1B7| DoPol ar Key

| | chr _<>

| | xLASTARG

| | CHR >

| 3A6FE| DoLast Menu
| | chr_>=

| 3AC21| Do" " Key

| | CHR_Dbl Quot e
| | Tur nOr f Key

| | Tur nOr f Key

| | XALG >

| | CHR - >

| 3ADD4| DoNew i neKey
| 3ADD4| DoNew i neKey
| | CHR_Angl e

| | CHR_Angl e

| 3ABEF| Do: : Key

| | CHR_:
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Li brary Addr

000
001
002
003
005
006
00A
00B
0oC
00D
019
OFO0
700

000
003
006
009
0oC
OOF
012
015
018
01B
01E
021
024
027
02A
02D
030
033
036
039
03C
O3F
042
045
048
04B
04E
051
054
057
05A
05D
060
063

D. Built-in Libraries in SX

Li nk

028E3 -

10F14
189E8

29DB3 -
35504 -
20086 -
32F5E -
OF05C -
2D340 -
0CABE -

OBE14
38336
22DE5

1957B
19508
1963B
1969B
1971B
197A5
1982D
1987E
198DE
19948
199B2
1A125
1A194
1A2BC
1A339
1A3A3
1AACD
1A5A4
1A604
1A873
1A995
1AABD
1AB23
1ACDD
1AF05
1B1CA
1B32A
1B4AAC
1B5B7
1B6A4
1B7EB
1B905
1BA3D
1BB02

Nanmes are those

XASR
XRR
xSLB
XR>B

x UVAL

X UFACT
XTIl CKS
XACK

X CLKADJ
xFI NDALARM
x DDAYS
XPATH
XVARS

X NEWOB
xDOERR
XERRM
x|l FT

X FREEZE
XLAST
XKEY
XNEG
xPI

X CONSTANTe
XNEGNEG
x/

X XROOT
xSl GN
xSI' N
xSl NH
XASI N
XASI NH
XEXP
XALOG
xXFACT

Hash

Li brary

001
004
007
00A
00D
010
013
016
019
01C
01F
022
025
028
02B
02E
031
034
037
03A
03D
040
043
046
049
04C
04F
052
055
058
05B
05E
061
064

#Hash

1959B
195FB
1965B
196BB
1974F
197F7
19848
1989E
198FE
19972
199D2
1A140
1A1AF
1A303
1A36D
1A3BE
1A52E
1ASC4
1A71F
1A8BB
1AALF
1AADF
1AB45
1AD09
1B02D
1B278
1B374
1B505
1B606
1B72F
1B830
1B94F
1BA8C
1BB41

7448A

Mesg

04CDC
653CE
653D8
653E2
653EC

6540A
653C4
653F6
65400

002

XRL
XRRB
XSR
xB>R
x>UNI' T
xTI VE
XxWSLOG
XSETDATE
XSTOALARM
X DELALARM
x DATE+
xHOVE
XTVARS
xKI LL

X ERRO

X EVAL

X SYSEVAL
X BEEP
XVWAI T

X CONT
XABS

X MAXR

X

X_

XI\

X1 NV
XSQRT
xCOS

x COSH
XACOS

X ACOSH
XLN
xLNP1

pr eFACT

#Mesg

72000
72704
72DCF
72F1E -
736F9 -
72FE6 -
72281 -
726A5
7232C
7260A

defined i n USRLI B. EXE

002
005
008
00B
00E
011
014
017
01A
01D
020
023
026
029
02C
02F
032
035
038
03B
03E
041
044
047
04A
04D
050
053
056
059
05C
O5F
062
065

195BB
1961B
1967B
196DB
19771
19812
19863
198BE
19928
19992
1A105
1A15B
1A1D9
1A31E
1A388
1A3FE
1A584
1A5E4
1A858
1A8D8
1AAGE
1ABO1
1AB67
1ADEE
1B185
1B2DB
1B426
1B55E
1B655
1B79C
1B8A2
1B9Co6
1BAC2
1BB6D

(Hi dden dir)
(Hi dden keys)
(Attach)

(1O prepare)
(Hi dden alarm

(Attach)

XRLB

XSL

X SRB

X CONVERT
x UBASE
xDATE
XACKALL
XSETTI ME
XRCLALARM
XTSTR
xCRDI R
xUPDI R
XBYTES
XOFF
XERRN

x| FTE
xDI SP
x>NUM
xCLLCD
X=

X CONJ
XM NR
X+

X*

r pnXROOT
XARG
xSQ
XTAN
XTANH
XATAN
XATANH
xLOG
XEXPM
xl P



066
069
06C
06F
072
075
078
07B
07E
081
084
087
08A
08D
090
093
096
099
09C
09F
0A2
0A5
0A8
0AB
0AE
0oB1
oB4
oB7
OBA
0BD
0C0
0C3
0C6
0C9
ocC
0CF
0D2
0D5
0D8
oDB
ODE
OE1
OE4
OE7
OEA
OED
OFO0
OF3
OF6
O0F9
OFC
OFF
102
105
108
10B
10E
111
114
117

1BBA3
1BC45
1BD55
1BESC
1BF1E
1BF7E
1BFDE
1C03E
1C149
1C1F6
1C205
1C399
1C3EA
1C486
1C559
1C5AA
1C619
1C79E
1C85C
1C98E
1CBOB
1CB66
1CE33
1D092
1D2DC
1D5DF
1DD06
1EO4A
1EOBE
1E150
1E1AB
1E201
1E27A
1E2D5
1E344
1E3C2
1EA36
1E572
1E5D2
1E641
1E6A1
1E701
1E761
1E88F
1EA9D
1ECFC
1EE53
1EEAA
1EF63
1F133
1F1D4
1F354
1F55D
1F996
1F9E9
1FAEB
1FBA2
1FBF3
1FC44
1FCOA

xXFP
XXPON
XRND

X MANT
X>HXS
XHVS-
xDET
XRSD
XYCH
xCOVB
xXCF
xDEG
xFI X
xSTD
xBI' N
xOCT
XRCLF
xXR>C
xSUB
XxCR
X>STR
XCHR
xXEQ>
XARRY>
x| DN
xPUTI
xV>

x| NDEP
XAXES
xX*H
XAUTO
xPDI M
xPX>C
X LABEL
xPl XOFF
XTLI NE
xPI CT
xLCD>
XARC
XYRNG
xPOLAR
xSCATTER
X SAVE
X NOT
X#?
xX<=?
XPR1
xXCR
xPRLCD
XRCEQ
rpnl NTG
r pnVWHERE
r pnAPPLY

COVPL EXDUMWY

x->QPI
XFORMUNI T
x DUP2

x DROP2
xDEPTH
xPI CK

067
06A
06D
070
073
076
079
07C
07F
082
085
088
08B
08E
091
094
097
09A
09D
0AO0
0A3
0A6
0A9
0AC
OAF
0B2
0B5
0B8
0BB
O0BE
0C1
o4
0cC7
0CA
0CD
0DO
0D3
0D6
0D9
obC
ODF
OE2
OES5
OE8
OEB
OEE
OF1
OF4
OF7
OFA
OFD
100
103
106
109
10C
10F
112
115
118

1BBD9
1BC71
1BDD1
1BEC8S
1BF3E
1BF9E
1BFFE
1C060
1C1B9
1C236
1C313
1C3B4
1A1E
1AL
1C574
1G565
1C67F
1C7CA
1C8EA
1CoB8
1CB26
1CB86
1CF7B
1DODF
10392
1D7C6
1DEG6
1EO7E
1EOES
1E170
1E1C6
1E22B
1E29A
1E2F0
1E36E
1E3EC
1EA56
1E58D
1E606
1E661
1E6C1
1E721
1E783
1E8F6
1EBBE
1ED9B
1EEGE
1EEBF
1EF7E
1F14E
10223
1F3F3
1F5C5
1F9AE
1FA59
1FB5D
1FBBD
1FCOE
1FCe4
1FCB5

xFLOOR

X MAX
XTRNC
xD>R

X HVS>
XRNRM
xDOT

X%

X RAND

X PERM
xXFS?
XRAD
xSCl
xFS?C
xDEC
XSTWE
XSTOF
XRE

X REPL
xSl ZE
XSTR>
xTYPE
x0BJ>

X RDM
XTRN
xXGET
x>V2
xPM N
XCENTR
x*W

X DRAX

x DEPND
xCPX
xPVI EW
xPl X?
xBOX
XGOR
x>LCD
XTEXT

X FUNCTI ON
XPARAMETRI C
xHI STOGRAM
XAND
XXOR

xX<?

xX>=?
XPRSTC

X PRVAR

r pnDER
XSTEQ

y| NTEGRAL
XVWHERE
XAPPLY
POLARDUMWY
x MATCHUP
xPREDI V
X SWAP
xROT

x DROPN
XxROLL

068
06B
06E
071
074
077
07A
07D
080
083
086
089
08C
08F
092
095
098
09B
09E
0Al
0A4
0A7
0AA
0AD
0BO
0B3
0B6
0B9
0BC
0BF
0C2
0G5
0C8
oCB
0CE
0D1
oD4
0D7
O0DA
0DD
OEO
OE3
OE6
OE9
OEC
OEF
OF2
OF5
OF8
OFB
OFE
101
104
107
10A
10D
110
113
116
119

1BCOF
1BCE3
1BE4D
1BEF4
1BF5E
1BFBE
1C01E
1C0D7
1C1p4
1C274
1C360
1C3CF
1452
1C520
1C58F
1C5FE
1C783
1C819
1C95A
1CAB4
1CB46
1CE28
1D009
1D186
1D407
108C7
1DEC2
1EO9E
1E126
1E190
1E1E1
1E25F
1E2BA
1E31A
1E398
1EA16
1EAEA
1E5AD
1E621
1E681
1EGE1
1E741
1E809
1E972
1EC5D
1EE38
1EE89
1EF43
1EFD2
1F16E
1F2C9
1F500
1F640
1F9C4
1FA8D
1FB87
1FBD8
1FC29
1FC/F
1FCDO

xCEl L
XM N
xMOD
XxR>D

X HVS+
X CNRM
X CRCSS
X9
XxRDZ
XSF
xXFC?

X GRAD
XENG
xXFC?C
XHEX
XRCW5
x>LI ST
xI' M
xLI ST>
xPOS

X NUM
XVTYPE
X>ARRY
xCON
xPUT

X GETI
x>V3

X PVAX
XRES

X DRAW
xSCALE
X ERASE
X GRAPH
xPl XON
xLI NE
X BLANK
XGXOR
x>GROB
X XRNG
XCONI C
XTRUTH
XBAR
XOR
X::
X>?

X OLDPRT
XPRST
x DELAY
xDER
xROOT
X SUM
XQUOTE
X FCNAPPLY
X->Q

x MATCHDN
x DUP

x DROP
XOVER
x DUPN
xROLLD



11A 1FCEB xCLEAR 11B 1FDOB xSTCSI GVA 11C 1FD2B xCLSI GvA
11D 1FD46 xRCLSI GVA 11E 1FD61 xSI GVA+ 11F 1FD8B xSI GVA-
120 1FDA6 xNSI GVA 121 1FDCl xCORR 122 1FDDC xCOV
123 1FDF7 xSUMX 124 1FE12 xSUWY 125 1FE2D xSUMX2
126 1FE48 xSUMy2 127 1FE63 xSUMXY 128 1FE7E xMAXSI GVA
129 1FE99 xMEAN 12A 1FEB4 xM NSI GVA 12B 1FECF xSDEV
12C 1FEEA xTOT 12D 1FF05 xVAR 12E 1FF20 xLR
12F 1FF7A xPREDV 130 1FF9A xPREDY 131 1FFBA xPREDX
132 1FFDA xXCOL 133 1FFFA xYCOL 134 2001A xUTPC
135 2003A xUTPN 136 2005A xUTPF 137 2007A xUTPT
138 2009A xSI GVACOL 139 200C4 xSCLSI GvA 13A 200F3 xSI GVALI NE
13B 2010E xBI NS 13C 20133 xBARPLOT 13D 20167 xH STPLOT
13E 2018C xSCATRPLOT 13F 201B1 xLINFIT 140 201D6 xLOGFI T
141 201FB xEXPFI T 142 20220 xPWRFI T 143 2025E xBESTFI T
144 202CE xSI NV 145 2034D xSNEG 146 203CC xSCONJ
147 2044B xSTO+ 148 20538 xSTO 149 2060C xSTO
14A 20753 xSTO* 14B 208F4 x| NCR 14C 209AA xDECR
14D 20A15 xCOLCT 14E 20A49 xEXPAN 14F 20A7D xRULES
150 20A93 x| SCL 151 20AB3 xQUAD 152 20AD3 xSHOW
153 20B20 xTAYLR 154 20B40 xRCL 155 20CCD xSTO
156 20D65 xDEFI NE 157 20EFE xPURCE 158 20FAA xNMEM
159 20FD9 xORDER 15A 210FC xCLUSR 15B 2115D xTMENU
15C 21196 xMENU 15D 211E1 xRCLMENU 15E 211FC xPVARS
15F 2123A xPGDI R 160 2125A xARCHI VE 161 2133C xRESTORE
162 2137F xMERCE 163 213D1 xFREE 164 2142D xLI BS
165 21448 xATTACH 166 2147C xDETACH 167 21E75 xXM T
168 21E95 xSRECV 169 21EB5 xOPENI O 16A 21ED5 xCLCSEI O
16B 21EFO0 xSEND 16C 21F24 xKGET 16D 21F62 xRECN
16E 21F96 xRECV 16F 21FB6 xFI NI SH 170 21FD1 xSERVER
171 21FEC xCKSM 172 2200C xBAUD 173 2202C xPARI TY
174 2204C xTRANSI O 175 2206C xKERRM 176 22087 xBUFLEN
177 220A2 xSTI ME 178 220C2 xSBRK 179 220DD xPKT
17A 224CA x| NPUT 17B 224F4 xASN 17C 22514 xSTOKEYS
17D 22548 xDELKEYS 17E 22586 xRCLKEYS 17F 225BE x->TAG
180 22633 xDTAG
Li brary 002 Special Functions, addresses for SX
Cnd| Label | PRP| EQAR | AKA | DISP |DER | RINV | COLCT| | RULES| | NTG | WHERE| VUNS
02F| xI FTE | 1A3] | | LA471] 56D26| | LA48A| | | | 1A494| 5A270
03B| x= | 5C8| 6DES0| | 26E47| 56C13| 5745F] | | SF13F| | |
03C| xNEG | 5C8| 6B355]| | LA9F9| 56C90| 574A5| | | 3F135] | |
03D] xABS | 080] | | | 56C1D| | || | | |
03E| xCONJ | 0C8| | | | 56CAE| 57603 | | 3F149| | |
03F| xPI | 080 | | | 56D12] | | | | | |
040| xMAXR | 080] | | | 56D12] | | | | | |
041| xM NR | 080] | | | 56D12] | || | | |
042| xCONST. . e| 080] | | | 56D12] | || | | |
043| xi | 080 | | | 56D12]| | | | | | |
044| x+ | 5C8| 6BA97| | LAC75| 56B91| 57455| | | 3F103| | | |
045| xNEGNEG | 500| 6B3A5]| | LA9F9| | | || | | |
046]| x- | 5C8| 6BA97| | LAC75| 56B9B| 5745F]| | | 3F103| | |
047]| x* | 5C8| 6BA97| | LAEDE| 56B87| 57469 | | 3F10D] | | |
048] x/ | 5C8| 6C02D| | LAFF5| 56BA5| 57473 | | 3F10D] | | |
049| x» | 5CC| 6CAD3| | 1BOE6| 56D6C| 5747D| | | 3F117| 5B906| |
04A| rpnXROOT | A | 1B1CA| | | | | | | | |
04B| xXROOT | 401]| 6B8AS8| | | | | || | | | 5A2C5
04C| xI NV | 0CC| | | | 56CEA| 574B9| | | 3F135| 1B2C8| |



04D XARG | 080| | | | 56C5E| | | | | |
04E| xSIGN | 004 | | | | | I | 1B361] |
04F| XSQRT | 5C4| 6B86C] | 1B3C9| 56D4E| 575BD) I | 1B3BF| |
050| xSQ | oc4| | | | 56D44| 5759F| I | 1B471] | |
051 xSI N | ocql | | | 56D30| 574EB]| | | 3F153| 1B4F2| |
052| xCOS | ocql | | | 56CCC] 574F5| | | 3F153| 1B54B| |
053] XTAN | ocql | | | 56D58| 574FF| | | 3F153| 1B5A4| |
054 xSINH | 0CC] | | | 56D3A| 57509 | | 3F153| 1B5F3| |
055| xCOSH | 0CCl | | | 56CD6| 57513 | | 3F153| 1B642] |
056| XTANH | 0CC| | | | 56D62| 5751D) | | 3F153| 1B691| |
057| XASIN | 0CC] | | | 56068| 57527| | | 3F15D| 1B6EQ| |
058| XACOS | 0CC] | | | 56C40| 57538 | | 3F15D| 1B67B] |
059| XATAN | 0CC] | | | 56C7C| 5754F| | | 3F15D| 1B7D8| |
05A| XASI NH | 0C8]| | | | 56C72| 57563 | | 3F15D] | | |
05B| XACOSH | 0C8]| | | | 56C4A| 57577| | | 3F15D] | |
05C| XATANH | 0C8]| | | | 56C86| 57588 | | 3F15D] | | |
05D XEXP | ocql | | | 56CEO| 574CD)| | | 3F121| 5BB6D) | |
05E| XLN | ocql | | | 56CF4| 574D7| | | 3F12B| 1B98B| |
05F| XLOG | ocql | | | 56D08| 575D1| | | 3F12B| 1BA02| |
060| XALOG | 0CC] | | | 56C54| 575F9| | | 3F121| 1BA79| |
061] XLNP1 | 000| | | | 56CFE| 575E5| I | | |
062| XEXPM | 0C4| | | | 56CEO| 57617| I | 1BAEF| |
063| XFACT | 500| 6BCE5] | 1BB2A) | | I | | |
06E| xMD | 100] | | 1BE84| | | | | | |
09A| xRE | 008| | | | | | | | 3F149] | |
09B| xI M | 008| | | | | | | | 3F149] | | |
OES| XAND | 100] | | 1E7CE| | | | | | | |
OE6| xOR | 100] | | 1E854| | | | | | |
OE7| xNOT | 500| 6B3F5] | 1E8CB] | | I | | |
OE8| xXCR | 100] | | 1E854| | | | | | | |
OE9| x== | 100] | | 1EA21| | | | | | | |
OEA| x#? | 100] | | 1EA21| | | | | | | |
OEB| x<? | 100] | | 1EA21| | | | | | | |
0EC| x>? | 100] | | 1EA21| | | | | | | |
OED| x<=? | 100] | | 1EA21| | | | | | | |
OEE| x>=? | 100] | | 1EA21| | | | | | | |
OF8| rpnDER | E| 6CB90| 1EFD2| | | | I | | |
OF9| xDER | 5A7| 6CBIO | 1FOOE| 56F36| | 1F024] | | 1FO2E| 1F038| 5A211
OFC| rpnI NTG | E| 6C596| 1F223| | | | I | | | |
OFD| x| NTEGRAL | 5A7| 6C596 | 1F241| 57284] | 1F25Q | | 5B875| 1F26B| 5A22A
OFE| xSUM | 5A3| 6C8B6| | 1F319| 5728E] | 1F334] | | | 1F33E| 5A243
OFF| r pnVHERE |  E| 6BD7B| 1F3F3| | | | I | | |
100| X\WHERE | 5A3| 6BD7B| | 1F40C] 5727A| | 1F3F3]| | | | 1F42A| 5A257
101| xQUOTE | 121 | | 1F523] | | 1F533] | | | | 5A284
102| r pnAPPLY | Al | 1F5C5| | | | | | | |
103| XxAPPLY | 181] | | 1F5D9| 57298| | I | | | 5A298
104| xFCNAPPLY| 4A2| 6B2F6| | | 56F40] | 1F6Cq | | | 1F6D6|
10B| xFORMUNI T| 501| 6BA97| | 1FB1D) | | I | | | 5A2B1
10C] xPREDI V| 500| 6C069] | 26DF3| | | I | | |

(The missing colum is for EXPND property that is not used internally)



Li brary 1792

No| Addr | Label | NAME | t NAVE | P PARSE | SST/ PROWPT |
00| 22EC3| x| F |1F | 5| 23BD2 PARSEIF | 22ED7 PROWPTI F

01| 22EFA| XTHEN | THEN | A | 14C30 SSTTHEN

02| 22F5B| XELSE | ELSE | A | 14C71 SSTELSE

03| 22FD5| x| FEND | END | 3] |

04| 22FEB| XALG > | -> | 8| 2419A PARSEALG > | 14A55 SSTALG >

05| 23033| XWHI LE | WHI LE | 9] 23F79 PARSEWH LE | 148F2 SSTWHI LE
06| 2305D| XREPEAT | REPEAT | A | 1494C SSTREPEAT
07| 230C3| xDO | DO | 9] 23D0D PARSEDO | 148F2 SSTWH LE
08| 230ED| XUNTIL | UNTI L | 2] |

09| 23103| XSTART | START
0A| 231A0| XxSTARTVAR| FOR

| 9] 23E7F PARSESTART | 14AE6 SSTSTART
| 9] 23E9D PARSEFOR | 14B13 SSTFOR

0B| 2324C| xNEXT | NEXT | B | 14B72 SSTSTEP

0C| 23380| xSTEP | STEP | B | 14B72 SSTSTEP

0D 233DF| xI FERR | | FEERR | 9] 24046 PARSEI FERR | 1483E SSTI FERR
OF| 2349C| xSI LENT" | | 8] TrueTrue | 14E2C SSTSI LENT'
10| 234C1| xRPN-> | -> | 8] 2419A PARGEALG > | 149BF SSTRPN- >

11| 235FE| x>>ABND | >> | B | 14CDF SST>>ABND
12| 2361E| x<< | << | 1| 23DD0 PARSE<<

13| 23639| x>> | >> | B| | 14D02 SST>>

14| 23654 x' | | 8] 23A6F PARSE | 14BB3 SST'

15| 23679| XENDTI C | ' | O] 23A6F PARSE |

16| 23694| x\WHI LEEND)| END | B | 1499C SSTWHI LEEND
17| 236B9| xENDDO | END | B| | 1490B SSTENDDO |
18| 2371F| xERRTHEN | THEN | 2] | |
19| 2378D| xCASE | CASE | 1| 23AE2 PARSECASE | |
1A| 237A8| x THENCASE]| THEN | 9] failed | 14C99 SSTTHENCASE
1B| 23813| xDI R | DI R C$ GROB XLI Bl 2| |

|
|
|
|
|
|
|
|
|
|
|
|
|
|
OF| 23472 xHALT | HALT | | 8] 24320 PARSEHALT | 14BES5 SSTHALT
|
|
|
|
|
|
|
|
|
|
|
|
|
|

1C| 23824| xPROWT | PROVPT | 8| 24339 PARSEPROMVPT| 14BFE SSTPROVPT |
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E. Library Property Fields

The visible ronptrs in ROMare arranged in nenory as foll ows:

CON(1) #prop or CON(3) #prop
CON(3) #libnum

CON(3) #cnmdnum

<ronprt body>

<ob/ poi nter/ #>

<ob/ poi nter/ #>

The prop field contains bit data which is used to indicate different
properties of the ronptr and may i nply an associated el ement after the ronptr
body. In the foll owi ng explanations 'flag nn has data' neans that the flag set
i mplies an el ement.

The el enment inplied can be one of the foll ow ng:
- A5 nibble pointer to either of follow ng
- A binary nunber, the body of which is the address of a valid object
This is used to reference objects in hidden ROM
- A nornal object

ROVPTRS for which |ibnum>= #700 (%1792)

SST 0x8 has SST data

PROVPT 0x4 has pronpt nessage
0x3 is end macro
0x2 is mddle nmacro

PARSE 0x1 has begi n nacro
0x0 has st and-al one nmacro

Order of inplied el enents: PARSE SST PROVPT
Entries related to nacro properties:

2699F ?OKMACRO ( ob --> flag )
I's ob ronp with i bnum >= #700?

26886  ?PARSE# (ronp --> # ) ( GX: 268D6 )
O=st and- al one, 1l=begin, 2=m ddle, 3=end

26906  ?PARSE ( romp --> ob TRUE / FALSE ) ( GX: 26917 )
Recal | s parser property

270AF  ?PROVPT ( ob --> o0b'" TRUE/ ob FALSE ) ( GX 2708E )
Recal I s pronpt string

271B9  ?SST ( ob --> o0b'" TRUE/ ob FALSE ) ( GX 281C5)

Recal I s single-step property

PARSE: Parser object. A begin nacro parser nust do the parsing until
the end macro token. Required syntax:

( obl .. obn #n HXS $string #of fset $token
--> obl'.. obn' #n' HXS $string #offset' $token' flag TRUE
-->o0bl .. obn #n HXS $string #offset S$token FALSE )



obl..obn are previously parsed objects, #n their count
HXS is a token-type table

$string = the string being parsed

$token = the token to parse

#of fset = offset to next char after $token (in $string)

I f FALSE is returned error was found

If TRUE TRUE is returned parsing was succesful

If FALSE TRUE is returned parsing was succesful but not
conpl eted (usually an error condition)

Exanpl e: PARSEHALT = :: 'Rapndit xHALT TrueTrue ;

SST: Singl e step program Syntax:
( <Stack argunents> ROWITR --> ? )

Debugged streamis in return stack. The usual exit is entry

Gsst FI N.

Exanpl e: SSTDO = :: sstDl SP @ Di spl ays "DO'
RDUP @Duplicates 'current' stream
GsstFIN @Exit SST

PROVPT: Pronpt string

Exanpl e PROWTIF = $ "I F-pronpt"

ROVPTRS for which |ibnum < #700 (%1792)

Commands
0x8 conmand fl ag - always set for commands
EQAR 0x4 has eqw entry
AKA 0x2 has al gebraic alias
DI SP 0x1 has di spl ay data - always clear?
Functi ons
0x800 conmand fl ag - always clear for functions
EQAR 0x400 has eqw entry
AKA 0x200 has al gebraic alias - always clear for functions
DI SP 0x100 has di spl ay data
DER 0x080 has derivative data
Rl NV 0x040 has inversion data
COLCT 0x020 has col ct data
EXPND 0x010 has expand data
RULES 0x008 has rules data
I NTG 0x004 has integral data
VWHERE 0x002 has where data
VUNS 0x001 has very-unsyni nner data

Order of inplied elenents is EQAR ... VUNS



Entries related to command/function properties:

26B40
26B73
26BBD

26F0D
26F1B
26F29
26F37
26F45
26F53
26F61
26F6F
270AF

EQAR:

AKA:

Dl SP:

20Kl NALG (ob --> ob flag )

I's object allowed in al gebraics?

?FUNCTI ON (romptr --> ronptr flag ) ( GX: 26B04 )
I's ronptr command prop cl eared?

?2AKA (romptr -->o0ob T/ ronptr F) ( GX: 26B2E )
Recal | AKA property.

?DI SP (ob --> ob ob_disp #args T/ ob F) (GX: 26BED)
Recal | DI SP property. (Qher than ronp gives FALSE)

?DER (ob --> ob_der T/ ob F) ( GX: 26F18 )
?RI NV (ob -->o0b rinv T/ ob F) ( GX: 26F26 )
?COLCT (ob --> ob_colct T/ ob F) ( GX: 26F34 )
?EXPAN (ob --> ob_expan T/ ob F) ( GX: 26F42 )
?RULES (ob --> ob rules T/ ob F) ( GX: 26F50 )
?2INTG (ob -->o0b_intg T/ ob F) ( GX: 26F5E )
?WHERE (ob --> ob_where T/ ob F) ( GX: 26F6C )
?VUNS (ob -->o0ob vuns T/ ob F) ( GX: 26F7A)
?EQNR (ob --> ob eqwwr T/ ob F) ( GX: 2708E )

Equation Witer routine to handl e special features.
Structure / Argunents not interesting.

Al gebrai ¢ aka word for conmmands.

Used when function uses a special way to input arguments.
?AKA does ROVWPTR@so to use AKA property use this trick:

Put A ROWTR as the aka property, the contents of which

shoul d be the wanted aka property. Thus the ROWTR will ' pass'
the correct property for DoKeyOh.

Display format as a hex nunber or returned by a hex nunber.
Syntax: ( --> hxs )

First/Last nibbles act as priorities/term nators

0 = Any Argunent

1 = Command Nane

2 = Synbolic Argunent

3 = Quoted Nane (Synbolic containing only ID)
4 = (

5 =)

6 = ,

7 = =

8 = 7?2?77

9 = Repeat 60 = ANY

A= ?2??

B = Repeat 370 = QN=ANY

cC= 7?2?77

D= 7?2?27

E = 72?7

F= 2?2

26065  ?DI SPARGS (GX: 26C8B)

(ob --> ob #args ob_disp )
Recal | argunent count & display nunber for program
If no ?DI SP gives fal se t hen UNDEFXLI BERR



26E56 DI SPEXAM (GX: 26E61)
(hxs --> NaneNot 1st ? #P1 #P2 Parens? )
Exami ne DI SP property, returns TRUE i f function nane is
not first, priorities and TRUE if parentheses are
second.
5E9E1 ?DI SPI NF
( ob -->flag)
Execute ?DISP, if property exists and arg count is
i nfinate (#FFFFF) returns TRUE, el se FALSE

Internal DI SP val ues for SX:

26DD2 DI SPARGSI NF HXS 7 0140950 F(A B, CD...)
26DE3 DI SPARGS1 HXS 6 014050 F(A)

26DF3 DI SPARGS2 HXS 8 01406050 F(A, B)

26E05 DI SPARGS3 HXS A 0140606050 F(A, B, O

26E19 DI SPARGS4 HXS C 014060606050 F(A, B, C, D

26E2F DI SPARGSS HXS E 01406060606050 F(A, B, C, D, E)
1BOE6 DI SPr HXS 5 90109 (HXS 7 9014050)
1AFF5 DI SP/ HXS 5 80108 (HXS 7 8014050)
1AEDE DI SP* HXS 5 80108

1BE84 DI SPMOD HXS 5 80108

1AC75 DI SP+ HXS 5 70107

1EA21 Dl SP== HXS 5 60106

1E7CE DI SPAND HXS 5 50105

1E854 DI SPOR HXS 5 40104

26E47 DI SP= HXS 5 00700

1BB2A DI SP! HXS 4 A010

1B3C9 DI SPSQRT HXS 4 010C ( DI SPARGS1)

1A9F9 DI SPNEG HXS 4 0108

1E8CB DI SPNOT HXS 4 0105

1FB1ID DI SPUNIT HXS 5 90127

1FOOE DI SPDER HXS 7 0134250 DER Q\( SYMB)

1F241 DI SPI NTG HXS C 014060626350 I ( ANY, ANY, SYMB, QN)
1F319 DI SPSUM HXS C 014370606250 SUM QN=ANY, ANY, SYMB)
1A471 DI SPI FTE HXS A 0140626250 | FTE( ANY, SYMB, SYMB)
1F523 DI SPQUCTE HXS 6 014250 QUOTE( SYMB)

1F5D9 DI SPAPPLY HXS 9 014360950 APPLY(QN, ANY, .. .)
1F40C DI SPWHERE HXS A 2214370B50 SYMB| (QN=ANY, . . .)

Derivation program Syntax:

( Meta ALGid/lam--> b )

Meta contains the stack argunents to the function

ALG id/lamis the variable of derivation enbedded into a

si ngl e- obj ect synbolic.

@ returned should be the single-step derivative of the
function, as a type suitable in al gebraics.

NOTE!
DERFCN i s bugged. If you use it to take a derivative of your

own ROVPTR whi ch has normal arguments (not infinate) and der
property the internal programdrops the size of Meta instead of



RI NV:

COLCT:

EXPND:

RULES:

VWHERE:

t he argunment count for xXFCNAPPLY. (ROLLDROP instead of
4ROLLDROP) .
Only way to get around it is:

Bi nd ( get rid of ALG.id/lam)
TWD OVER splitup ( find last args size )
SWADROP #2- ( Correct to Meta size )
1GETABND ( recover ALG.id/lam)

<nornal operation>
Now you have Meta ALG id/lamon the stack as you shoul d have.
You can now use larg, parg etc to split Meta if it actually
contains nultiple args.

I nversion program Used by |ISOL. Syntax:

( Metal Meta2 id --> Metal' Meta2' & continue |SQL)
( --> FALSE )

id = variable to isolate
Met a2 I sol ated so far
Met al Argunment of the function

Exanpl e: RI NVLN
| SOLSWAP

| SOLSWAP:  XEXP ;
addt psh ' RRDROP SWAP#1+ | SOLCONT ;

Col ct execution of the function. Used for preventing eval uation
of sonme of the argunments. Syntax is the same as for the
function itself, including all error checking.

( obl...obn ob --> obl...obn ob FALSE / obl'..obN TRUE)

FALSE shoul d be returned for default operations, TRUE is
property does the eval uation.

Expand program for the function.

Rul es nenu for the function. Internal RULES nmenus:
(# references to hidden ROV

Integration programfor the function.
( Meta #pos --> Meta FALSE / Meta' TRUE )

pos is the position of the interesting function (Not
necessarily topnost function!) in Meta. 2 neans topnost
function in Meta, 3 next object etc.

How to do WHERE (|) for the function.

( [QNL obl ... QNN obN] [argl...argM --> expr)

| mpl odi ng synbolics and finding conmand alias for functions.
NEEDQN? (Meta #n -->

UNSYM el erent bui |l ds synbolic from Meta:

(Builds argunents to synbolics if necessary)
([expr...expr' argl..argN --> [expr..expr' argl' ..argN])
Expr essi ons nust not be touched.



N elenment tests if a given argunent shoul d be quoted:
Fi xed args: (#n --> flag)
Inf args: (#n #total --> flag)

UNAKA el emrent splits algebraic for user |level OBJ-> when rpn
version of function takes different argunents than alg version.
( [argl...argN] alg ob --> [obl..o0bN rpl_ob)

I nternal VUNS val ues for SX:

5A211 VUNSDER { UNSYMDER QNL= UNAKADER  }
5A22A VUNSI NTG { UNSYM NTG = UNAKAI NTG  }
5A243 VUNSSUM  { UNSYMBUM QNL= }
5A257 VUNSWHERE { UNSYMAHERE ~ QNEVEN UNAKAWHERE }
5A270 VUNSI FTE { UNSYM FTE QNDRPFALSE }
5A284 VUNSQUOTE { UNSYMQUOTE  QNDRPFALSE }
5A298 VUNSAPPLY { UNSYMAPPLY  QNDRP1= UNAKAAPPLY }
5A2B1 VUNSUNIT { UNSYMUNI T QNDRPFALSE }

5A2C5 VUNSXROOT { NOP DROPFALSE UNAKAXROOT }
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70683
70684
70685
70686
70687
70688
70689
7068A
7068B
7068C
7068D
7068E
7068F \

70696 /

F. Internal

SX:

8

| gnor eAl n?
BadMenu?
Print$?
Rebui | d?
St ack$?
DA1TenpF?
DA3Val i dF?
DA3NoCh?
DA3Bad?
Appnode

St sKeys
(unused?)

unused??

For GX start from 80801 onwards,

System Fl ags

4
DA2bEdi t ?
Var Menu?

Al gEntry?
DA3TenpF?
LowCase?
AppError
DA2bVal i dF?
DA2bNoCh?
DA2bBad?

St dKeys?
DA2Rol | F?
(unused?)

2

TypeSt ack?
Ser vibde

| nsMbde?
DA2bTenpF?
Bl i nkOn?
AppSuspK
DA2aVal i dF?
DA2aNoCh?
DA2aBad?
NAppKey Gk
Synb$?
(unused?)

(Used by <-RPL-> library)

sone new fl ags may have been added.

1
NoRol | DA2?
Showd ock?
UNDO_QON?
DA2aTenpF?
LASTCVD_QON?
USR1MODE?
DAlVal i dF?
DA1NoCh?
DA1Bad?

Edi t LEXi sts?
Eqwr Par ser ?
DAll sSt at ?
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G RAM pointer area

Poi nters that used to be supported are marked with *.
GX addresses follow the table.

Addr Len Nane Descri ption

70000 5 RAM D ID for RAM ok (?) (#A5C3F set by warnstart)
70005 5 RAMSI ZE RAM si ze mask (default is #F0000)

7000A 1 WSLOGDAT1 Reason of last warnstart (4*(1+13+4) ni bbl es)
7000B 13+4 WBLOGTI CKS1 Tinme of last warnstart (ticks) + crc
70030 X WSLOGLAST Used for data novenent only

70042 X WSLOGLASTVWD Used for data novenent only

70052 13 ACCESSTI ME Ti mer accessed (??)

7005F 4 ACCESSCRC CRC for ACCESSTI ME

70063 13 TI MEOQUT Time of timeout??

70070 1 TI MEOUTCLK Ti meout on? (F or 0)

70071 1 TI MEOUTCLK? Ti meout set ???

70072 13 TESTTI ME Time initializied by OND SIN

7007F 13 TESTTI ME2 ?

7008C 44 TESTMSG Systemtest nessage storage for displaying
700DB 1 CARDST A d CARDSTATUS

700DC 4 CARD1CRC add cardl CRC

700E0 4 CARD2CRC ad card2 CRC

700E4 3 RAMsave Speci al mask for (old) RAM base and si ze
700E7 5 COVERsave Return address used by restoreiram
700EC 5 COVERr st k Return stack save

700F1 256 | RAMBUFF Data transfer area (From hi dden ROM
701F1 11 GraphPrt Hook

701FC 512 RECVBUF RS- 232 receive buffer

703FC 8 RECVHEAD Buf f er header (Size, get and put counters)
703FE 1 uart_open Cl eared by DOOPEN O

703FF 1

70400 1

70401 1 uart _handshk Cl eard by DOOPEN O

70402 1 Cl eared by DOOPEN O

70403 1 uart_parity

70404 2

70406 1 uart _ioc

70407 Port config ids???

7040D

70418

70428 * 4 CONFTAB CRC??

7042C 1 PORT1STATUS [Present? Witeable? Merged? ?]

7042D 5 PORT1SI ZE Size mask for portl

70432 5 PORT1ADDR Base address for portl

70437 1 PORT2STATUS [Present? Witeable? Merged? ?]

70438 5 PORT2SI ZE Si ze mask for port2

7043D 5 PORT2ADDR Base address for portl

70442 11

7044D 5 PORTOEND End address of portO

70452 5 PORT1END End address of portl

70457 5 PORT2END End address of port2



7045C

704C3
704C6
704CB
?7??

704D5
704D6
704DB
704DC
704DD
704EA

7050C
7050E
70513
70516
7051B
7051D
7053B
70546
70547
70549
7054C
70551
70556
7055B
70560
70565
7056A
7056F
70574
70579
7057E
70583
70588
7058D
70592
70597
7059C
705A1
705A6

103 | NTRSAVE Tenporary save for registers during interrupts

7045C 16 | NTRSAVEC Tenp save for C Wwhere CAis D1

7046C 5 | NTRSAVEpP Tenp save for P, Carry, DEC/ HEX, SB

70471 5 I NTRSAVECA Tenp save for C A

70476 16 | NTRSAVEA Tenp save for AW

70486 3 | NTRSAVEST Tenp save for ST flags

70489 16 | NTRSAVEB Tenp save for B.W

70499 16 I NTRSAVED Tenp save for D

704A9 16 I NTRSAVERO Tenp save for RO

704B9 5 | NTRSAVERS Tenp save for RSTK | evel 1

704BE 5 I NTRSAVEDO Tenp save for DO

Al so used by UnCover4K & simlar entries:

7045C 5 TEMPA Tenp save for A A

70461 3 TEMPST Tenp save for status flags (UnCover4K)

70475 15 GOTCsave Tenp save for C. A RSTK B. A

70484 2 GOTOnode Tenp save for DEC/ HEX (xF=DEC)

3 ORghost Qut put regi ster shadow

5 VDI SPSTART Address of 1st displayed grob |ine

5 VDI SPEND End address of display grob

1 ANN2 SAVE Saved ANNCTRL2 by #3CO

5 CLKSPEED 5 ni bbles for clock speed (Hz??)

1 I NI TEN Di sabl es sone ON keys if HOVE i s bei ng changed

1 DI SABLE_KBD 0 = keyboard enabl ed

13 KEYSTATE Status of keypresses

34 KEYBUFFER Index for start of key queue, end of queue and
gueue of keys (16)

2 POPPEDKEY Storage for key |ast popped from keybuffer

5 DI SPADDRg Location of display (LCD)

3 LI NEOFFSg Display |ine offset

5 MENUADDRg Menu di spl ay address

2 LI NECOUNTg Di splay |ine counter

30 RSTKSAVE Tenporary save for 6 rstk levels (ON/)

11 R1R2SAVE Tenporary save for RL.A and RR.A (ON /)

1 GLI NEOFFLOW

2 GLI NECOUNTg

3 GLI NESAVE

5 GLI NEOFFSAVE

5 VDI SP2 Poi nter to nenu grob

5 ADI SP Pointer to text grob

5 VDI SP Pointer to current display grob

5 PDI SP Pointer to ?? grob

5 GDI SP Poi nter to graphic display grob

5 TEMPBOT Pointer to bottom of tenpob area

5 TEMPTOP Pointer to top of tenpob area

5 RETTOP Pointer to top of rpl return stack

5 DSKTOP Pointer to top of data stack

5 DSKBOT Pointer to bottom of data stack (??)

5 TEMPENV Pointer to top of tenpenv area

5 LOOPENV Pointer to top of loop data area

5 TOUCHTAB Pointer to nmenu key info

5 HOVETOP Pointer to HOVE directory

5 PORTOTOP Pointer to portO

5 CONTEXT Pointer to current directory

5 LCONTEXT Pointer to last directory

5

User Keys

Poi nter to userkeys |i st



705AB
705B0
705B5
705BA
705BF
705C4
705C9
705CE
705D3
705D8
705DD
705E2
505E7
705EC
705F1
705F6
705FB
70600
70605
7060A
7060F
70614
70619
7061E
70623
70628
7062D
70632
70637
7063C
70641
70646
7064B
70650
70655
7065A
7065F
70664
70669
7066E
70673
?7??

70679
?7??

7067E
70683
7068E
7068F
7069F
706A4
706B3
706B4
706B5
706B6
706B7
706B8
706BD
706C2
706C3

GO oTOo1o101O01O1O1O1TO1TO1TO1TO1TO1O1O1TO1O101O1O1O01O10O101010101010101 0101010101 O1

[

= Ol

»

(&)

NRUUORRPRRREPRERRERORR

Al ar s
RPLTOP
TEMPSAVEA
CKARGL
CKARG2
CKARG4
CKARG4
CKARGS
MEMOUTHXS

H STORY1
H STORY2
H STORY3
H STORY4

KERRM

EXI TMSG
AppDi spl ay
AppKeys
AppExi t Cond
AppError
Gl A arm
MenuDef
Last MenuDef
MenuDat a
MenuRowAct
Label Def
MenuKeysNS
MenuKeysLS
MenuKeysRS
Revi ewKey
SavedCont ext
Tr ackAct

Exi t Action
LASTCKCNVD
Key o
PORTOr st k
PCORTOsave
FREETOP
ERRN

ATTNFLG

FI RSTPROC
SNI B1

UNUSED
STACKMARK
RANDOVBEED
Cl kOnsave
Al ar nBet ?
Al ar nOf f ?
Douse?

Last Al arm
PASTDUE#

War nDat a
ANNUNCI ATORS

Pointer to alarns |ist

Saved DO (Pointer to current RPL strean)
Tenporary save for A A

Argument 1 save by CK<n>( NOLASTWD)

Poi nter to hxs (nmenout handling nenory)

Addr ess of |ast commuand

?
Address of kernit error nessage

Poi nter to user error nessage

Last command saved by CK<n>

Saved D. A (Free stack)

ATTN presses counter

Pointer to rpl interface
System fl ags

Unused ni bbl es???
Stack size saved by CK<n>( NOLASTWD)

Saved Cl kOnNi b

Nurmber of last alarm

Nunber of passed alarm

[ Lowbat (P2) LowBat (P1) LowBat (S) K]
[Busy = 80, al pha=40, right=20, |eft=10..



706C5
706D5
706E5
706E7
706EC
706F1
706F6
706FB
706FC
706FD
706FE
706FF
70704
70709
7070E
70710
70711
70713
7073B
70740
70745
7074E
7074F
70750
70755
7075A
7075F
70764
70765
7076A
70770
70775
70777
70793
70794
70795
70796
70798
7079D
7079E
707A0
707A2
707A4
707A6
707A9
707AA
707AC
707AE
707B9
707C7
707C9
70703
707D4
707D7
707D9

Fol | owed by di spl ay grobs,

* 16
* 16

*

GQTOIN VD VONNPFPWNNNNRPONRPRPP-ONOOOOORPPOOOOOORPPEPYVOOORANENOOOOOOOVR,RPEPOOOCIOON

* 5

Systenfl ags
User Fl ags

FI RSTCHAR
Edit Parts

1st Edi t Li ne

H STORYNUM
CKARGNUM

LASTERRN
CURSORPGCS
CURSORLI NE
CURSOROFFSET
CURSORSTATE
Cur Char

Char G ob
CURSORX
CURSORY

Bl i nk

| ndent

Rst kSave
TenpenvSave

St Save

Rst k1Save
Rst k2Save
DconmpW dt h

Lock
PrgnEntry
Vat W W dt h

Mat W GoDi r
Cl kOnNi b

| oSt at us

MenuRow
Last MenuRow

ROVPTAB

tenpob area, rpl

Unused??

Left offset to first char in a line (scrolling)
Nunber of edit |ines (ED TPARTS-1)

Not used?

Nunber of 1st line displayed

Not used?

Nurmber of conmands saved

Nunber of argunents saved

Not used?

Saved | ast error code

Position (total) of cursor

Position (line) of cursor

Position of cursor in screen

Cursor node (Cursor/ Char drawn)

Current character under cursor

Cursor grob for blinking. (Current character)
Cursor x-location in display (bit col ums)
Cursor y-location in display (bit rows)
not used?

Cursor blink counter

I ndent ati on counter

Tenopary RSTK save during GARBAGECCL

Not used?
not used?
St at us save

Deconpil e wi dth
not used?

Del ayed al pha | ock indicator
PRG node i ndi cat or

not used?

Matrix witer width

Matrix witer go direction
1if clock is on?

Menu page
Last nmenu page

?7?7?7?

Count, list of libnuns & addrs

return stack, etc



80000
80005
8000A
8000F
80010
80011
80036
80048
80058
80065
80069
80076
80077
800E1
800E2
800ES8
800F5
80319
80519
8051B
8051E
80520
80523
8052F
805DB
805E0
805F4
80603
80605
80608
80642
80645
8064A
80654
80655
8065A
8065B
8065C
80669
8068B
8068D
80692
80695
8069A
8069C
806BA
806C5
806C6
806C8
806CB
806D0
806D5
806DA
806DF
806E4
806E9
806EE
806F3

GX addr esses:

RAM D

RANMSI ZE
RANMSI ZE2
RAMEND
WSLOGDAT1
WSLOGTI CKS1
WSLOGLAST
WSLOGLASTVD
ACCESSTI ME
ACCESSCRC
TI MEQUT

TI MEQUTCLK
TI MEQUTCLK?
CARDST
CARD1CRC
RAMsave

| RAMBUFF
RECVBUF
RECVHEAD
uart _open
uart _handshk
uart_parity
uart _ioc
PORTST

| NTRSAVE
STsave
GOrCsave
GOTOode

| NTRSAVEST
| NTRSAVEB
ORghost

VDI SPSTART
VDI SPEND
ANN2 SAVE
CLKSPEED

I NI TEN

Dl SABLE_KBD
KEYSTATE
KEYBUFFER
POPPEDKEY
DI SPADDRg
LI NEOFFSg
MENUADDRg
LI NECOUNTg
RSTKSAVE
R1R2SAVE
GLI NEOFFLOW
GLI NECOUNTg
GLI NESAVE
GLI NEOFFSAVE
VDI SP2

ADI SP

VDI SP

PDI SP

GDI SP
TEMPBOT
TEMPTOP
RETTOP

80784
80789
8078E
80793
80798
8079D
807A2
807A7
807AC
807B1
807B6
807BB
807C0
807C5
807CA
807CF
807D4
807D9
807DE
807E3
807ES8
807ED
807F2
807F7
807FC
8080E
8081D
80822
80831
80832
80833
80834
80835
80836
8083B
80840
80841
80843
80853
80865
8086A
80874
8087A
8087B
8087D
80882
80887
8088C
8088E
8088F
80891
808B9
808BE
808CC
808CD
808CE
808D3
808E2

AppDi spl ay
AppKeys
AppEXxi t Cond
AppError

Ct 1Al arm
MenuDef

Last MenuDef
MenuDat a
MenuRowAct
Label Def
MenuKeysNS
MenuKeysLS
MenuKeysRS
Revi ewKey
SavedCont ext
Tr ackAct

Exi t Action
LASTCKCNVD
Key o
PORTOr st k
PCORTOsave
FREETOP
ERRN
ATTNFLG

FI RSTPROC
UNUSED
STACKMARK
RANDOVBEED
Cl kOnsave
Al ar nBet ?
Al ar nf f ?
Douse?

Al ar mvbde
Last Al arm
PASTDUE#
War nDat a
ANNUNCI ATORS
Syst enFl ags
User Fl ags
FI RSTCHAR
Edit Parts
1st Edi t Li ne
H STORYNUM
CKARGNUM
LASTERRN
CURSORPGCS
CURSCRLI NE
CURSORCFFSET
CURSORSTATE
Cur Char
Char Grob
CURSORX
CURSCRY
Bl i nk

| ndent

Rst kSave
TenpenvSave
St Save



806F8
806FD
80702
80707
8070C
80711
80716
8071B
80720
80725
8072A
8072F
80734
80739
8073E
80743
80748
8074D
80752
8075C
80761
80766
8076B
80775
8077F

DSKTOP
DSKBOT
TEMPENV
LOOPENV
TOUCHTAB
HOVETOP
PORTOTOP
CONTEXT
LCONTEXT
User Keys
Al ar ns
RPLTOP
TEMPSAVEA
CKARGL
CKARG2
CKARG3
CKARA
CKARGS
MEMOUTHXS
H STORY1
H STORY2
H STORY3
H STORY4
KERRM
EXI TMSG

808E3
808ES
808EE
80911
80912
80914
80916
8091B
80924
80947
80951
8099E
809A3

Rst k1Save
Rst k2Save
DconmpW dt h
Lock
PrgnEntry
Mat W W dt h
Mat W GoDi r
C kOnNi b

| oSt at us
MenuRow
KeyRonmp
Last MenuRow
ROVPTAB

khkhkkkhhkhhkdhkhkdhhkhhdhhkhhkdrhdhrhkdhrkhdhhkdhhrkhdhrhkdhorhdhrhkdhorhdrhkdhorhdrhkdhorkddrrkdhrrhdrhkddxd*x
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PART 2: MACH NE LANGUAGE

I nt roduction

General Purpose Routines
Menory Handl i ng

Poppi ng & Pushi ng addresses
Poppi ng & Pushing flags

Bi nary Integers

Hex Strings

Character Strings

Real Nunbers

10. Arrays

11. Library Objects

12. Key Handl i ng

13. Display, G obs, Annunciators
14. IR, Wre, Printing, Tine
15. M scel | aneous

CONOTEWNE

APPENDI X

A. 10 page
B. Saturn Instruction Set
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Thi s
ROM

1. Introduction

sections really offers very little, only lists of subroutines in
For those who have trouble grasping how m works | can only

recommend di sassenbling el enentary ROM routi nes.

Neces

D
D1

Do

B =

sary info:

amount of free nenory (addresses) between return stack and stack
pointer to top of stack, increasing order in nmenory

@1.A is address of the object on stack level 1

pointer to current stream

@&0. A is next pointer/prolog of object

pointer to top of return stack, decreasing order in nenory

@ . Ais free, @B.A-5) is address of top return stack stream
@@ B. A-5) is next pointer/prolog in return stack stream

khkhkkkhhkhkhkdhkhkdhhkdrhkdhhkhhkrhdhhrhkdhrhdbhhkdhhdrhdbhrhkdhorhdhrhkdhorhdrhkdhrrhdrhkdhorddrrkdkhrrxdddrhkdhxi*x

3259D

11A58

2. CGeneral Purpose Routines

SAVPTR DO to RPLTOP

D1 to DSKTOP
B to RETTOP
D to FREETOP
Clear carry

CGETPTR Above in reverse. Clears Carry.
GETPTRLOOP GETPTR, Loop

GPRpl Exi t CGETPTR, execute rpl at C A
GPMEMERR CGETPTR, Insufficient Menory error
DO=DSKTOP Get new DO from DSKTOP, uses A
D1=DSKTOP Get new D1 from DSKTOP, uses C
D1- >DSKTOP Gets old stkl into D1, uses C
STABO ( AW--> R0, BW-->Rl)
STAB2 ( AW--> R, BW-->R3)
STCDO ( CW--> R0, BW-->Rl)
STCD2 ( CW-->R2, BW-->R3)
RCABO ( RO-->AW RL -->B. W)
RCAB2 (R --> AW R3-->B W)
RCCDO ( RO-->CW RL -->DW)
RCCD2 (R -->CW R3-->DW)
EXABO ( AW<--> R0, BW<--->Rl)
EXAB2 ( AW<--> R, BW<--->R3)
XYEX ( AB<-->CD)

ASRW ASR W5 tines

ASLWG ASL W5 tines

CSRWb CSR W5 tines

CSLVb

CSL W5 tines



08D14
08D2F
08D35
08D75

114B3
114B5
114C9
114E1
114EC
114F8

11481
114A8
11578
1154F
1151D
13E3D
13E6F

13E95
13EAA
13EEA
13EC8
13EDE

13F53
13F75
13F1D
13F8B
13F35

SysPtr@
SysPtr!
SysPtrdr
SysPtrdr?
SysPt r Do

SysBi n@
SysBi nA@
SysBi n!
SysBi n+
SysBi n-
SysBi nC r

SysN b@
SysN bA!
SysNi bd r
SysN bSet
SysNi bSet ?
SysN bS/ C
SysN bS/ C?

SysByt eDO@
SysByt e!
SysByt eDO!
SysByted r
SysByt el nc

SysNum@
SysNum nc
SysNunDec
SysNunDec!
SysNum

Push @C. A, Loop (Pushes A A by junping to DOBINT !)
Pop address fromstk to @. A Loop
Store 00000 to @C. A, Loop

Test if @ A is 00000, push T/F, Loop
Continue rpl at @ A

Save Cto A SAVPTR, Push @ A as #, Loop
SAVPTR, Push @A\ A as #, Loop

Pop # to @. A, Loop

Increment @C. A, Loop (FFFFF limt)
Decrenent @C. A, Loop (Rounds to FFFFF)
Store 0 to @ A, Loop

Push @\ A (1 nibble) as #, Loop

Store A1 to @ A Loop

Store 0 (1 nibble) to @ A, Loop

Store 1 (1 nibble) to @ A, Loop

Test if @ A (1 nibble) <> 0, Push T/F, Loop

If ST=0 then store 0, else store Fto @ A Loop
Test if @. A (1 nibble) is <> 0, Push T/F, Loop

Pushes @0 as # (byte), Loop (Assunmes SAVPTR done)
Pop #, store low 2 nibbles to @ A, Loop

DATO=A B, D0=C, Loop

Store 00 to @C. A, Loop

Increnents @0 (byte), Loop (FF limt)

Pushes @C. A as #
FFFFF upper limt
No low limt
00001 lower limt
Pops # to @ A



khhkkkhhkhhkdkhkhkkhhkdrhkdhhkdhhhdhrhkdhbrkhdhhkdhhrhdrhkdhorhdhrhkdhorhdrohkdhrrhdrhkdhrrddrrkdhrrxhdrkdhxi*x

3. Menory Handl i ng

ROOM Cal cul ates free nmenory between data and return stacks.
--> C. A = @SKTOP- @GRETTOP
Uses DO, A A

ADJNVEM Recal cul ates D in FREETOP after RAM novenents

( @rREETOP=ROOM 5 )

GARBAGECCL Gar bage col |l ection
DOGARBAGE If ST=1 10 then GPMEMERR el se GARBAGECOL and GETPTR
02D59 GARBAGERETC Save registers (also A A, GARBAGECOL
Restore registers (also A.A), returnto CA
( CA-->7?)
03416 GARBAGE1L GARBAGECOL with requirenent of roomfor 1 address

SAVPTR GARBAGECOL GETPTR, then if enough room for one
address then decrenent D and return carry clear,

el se SETMEMERR

Uses RO.

0341D GARBAGEC GARBAGECOL with requirenent of roomfor 1 address
Uses sane net hod as GARBAGEL
Exanpl e: To ensure roomfor 2 stack el enents

LC(5) 2
D=D-A A
GONC  Menk

GOSBVL GARBACEC
Mentk [ Now for exanple D1=Dl- 10 is ok]

O5FOF  GARBAGEL! Sane as GARBAGELl but does not use RO. Returns carry
clear.
06863 MOVEREFS Moves references to area AAA-B.Awith CA
(Adds C. A
0686E MOVEREFS?2 Al so checks area RO-R1
0681E MOVE1REF Checks one reference
MOVERSD Moves A A - return stack downwards C. A ni bbl es
MOVERSU Moves A A - return stack upwards C. A nibbles
MOVEDSD Moves data stack - A A downwards C. A ni bbl es
MOVEDSU Moves data stack - A A upwards C. A nibbles
MOVEUP Copy downwards C. A nibbles fromDO to D1

DO and D1 will point to the 'starts' of DO and D1
Used: AWCAP
MOVEDOWN Copy upwards C. A nibbles fromDO to D1
DO and D1 will point to the next |ocations
Used: AWCAP

0675C  CLEARUP Clears C. A nibbles fromD1
D1 will point to next loc after the cleared area
Used: A WP

01C20 CLEARUPW Clears C. A words from DO

DO will point to the last word
Used: A W



CREATETEMP

GETTEMP

MAKES

MAKES$N

Al'l ocates C. A nibbles, carry set if not enough nmenory
--> DO=bottom Dl=top of area
-->B.A=CA= @1 = offset to previous tenpob
(= #ni bbl es+6)
CREATETEMP wi th GARBAGECCL if necessary
C.A =nibbles --> C. A = nibbles
--> D0 = bottom D1 = top
GPMEMERR i f not enough nenory

Creates character string to tenpob area

Does SETHEX, C=C+C A and t hen MAKE$N

Creates character string to tenpob area

I f not enough nmem (even after GARBAGECCL) then nenerr
C. A = ni bbles

--> A = nibbles+5 (lenght field of string)

--> B = nibbles+16 (lenght of tenpob area for $)
--> C = address of stack (from DSKTOP)

--> D0 = address of body of $ (prolog and |len are ok)
--> D1l = address of stack (from DSKTOP)

--> RO = address of $

Not used: R1-R4
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4. Poppi ng & Pushi ng addresses

Dr opLoop Pop stack, Loop
62467 GPDr opLoop CGETPTR, Pop stack, |oop
60F88 3Dr opLoop Pop 3, Loop
4Dr opLoop Pop 4, Loop
PopSavpt r Pop, SAVPTR
PopASavPt r Pop to A A, SAVPTR
PUSHA Push A, Loop
GPPushA CGETPTR, Push A, Cear Carry
02D52 GCPushALoop Gar bage coll ection, Push A, Loop
GPOver W ROLp CETPTR, OverW RO, Loop
GPOver W ALp CGETPTR, OverW A, Loop
03B65 Over W ROLp Over W RO, Loop
03678 Over W ALp OverW A, Loop
610ED OverWCLp OverW C, Loop

khkhkkkhhkhhkdhkhkdhhkhhdhhkhhkdrhdhrhkdhrkhdhhkdhhrkhdhrhkdhorhdhrhkdhorhdrhkdhorhdrhkdhorkddrrkdhrrhdrhkddxd*x

5. Poppi ng & Pushing fl ags

popfl ag Pop to ALA if TRUE then set carry
Over W TLoop Over W TRUE, Loop
Over W FLoop Over W FALSE, Loop
GPOver W TLp CGETPTR, OverW TRUE, Loop
GPOver W FLp CGETPTR, Over W FALSE, Loop
Over W T/ FLp Over W TRUE/ FALSE, Loop
Over WF/ TLp Over W FALSE/ TRUE, Loop
GPOver W T/ FL GETPTR, Over W TRUE/ FALSE, Loop
PushTLoop Push TRUE, Loop ( DOTRUE)
PushFLoop Push FALSE, Loop ( DOFALSE)
GPPushTLoop GETPTR, Push TRUE, Loop
GPPushFLoop GETPTR, Push FALSE, Loop
PushT/ FLoop Push TRUE/ FALSE, Loop (PushT/ F)
PushF/ TLoop Push FALSE/ TRUE, Loop
GPPushT/ FLp GETPTR, Push TRUE/ FALSE, Loop
267D5 GPPushFTLp CGETPTR, Loop to Fal seTrue
267DC  PushFTLp Loop to Fal seTrue
GETPTRTRUE GETPTR, Do TRUE

GETPTRFALSE GETPTR, Do FALSE
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611B0
62278

6250B

03DC7

O3FOE

6226F
622DD

06A8E
603BF
60236

*kkkkkxk

53F8D
53F77

5422C

54021

*kkkkkxk

6. Binary Integers

GET#

COPY#

POP#

POP2#
POP2#- DI V2
PUSH#
Push#Loop
PUSH2#
PUSH#L OOP
PUSH#AL OOP
PUSH#ACLOOP
Push2#Loop
Push2#aloop

?A=0Loop
?A#0Loop

Push#TLoop
Push#FLoop

MUL#

IntDiv
CDI V5
CMULS
AMULS

Gets #to AA oldDlisinCA
Gets #to AA(Only C affected)
Pop # to A A

Pop # to AAand # C A
Pop # and #, SAVPTR, #-,
GETPTR, Push RO as #
SAVPTR, RO=A, PUSH#, Loop
GETPTR, Push RO & Rl as #
GETPTR, Push RO as #, Loop
GETPTR, Push A as #, Loop

RO=A, R1=C, then Push2#Loop
GETPTR, Push RO & Rl as #, Loop
CGETPTR, Push RO & A as #, Loop

#2/ (--> A A)

Push TRUE if ?A=0 A, else FALSE. Loop
Push TRUE if ?A#0 A, else FALSE. Loop

GETPTR, Push RO as #, Do TRUE
GETPTR, Push RO as #, Do FALSE

( BA=AACA)

( ANCA-->AACA)
( CA/=5)

( CA*=5)

( AA*=5)

L R R R R R R R I R R I R R I I R I I I I I I I I R R I

7. Hex Strings

POPHXS
POP2HXS

PUSHhxsLoop
PUSHhxs

get wor dsi ze

MPY

Pop hxs to A, SAVPTR, Cear Carry

Pop hxs to C and hxs to A, SAVPTR, Cear Carry
P has current wordsize.

Push P+1 ni bbles fromA as hxs, Loop

Push P+1 ni bbles from A as hxs

Fetches current word size to A, Clear Carry

Multiply AWand CW(--> A WC W
Uses DDW SB. Returns carry clear

L R R R R R R R I R R I R R I I I I I I I I S R R I

8. Character Strings

Cet StrLenSt k

Get StrLenC
Get StrLen

Dl=addr($) --> C.A = length, D1 = body
C=addr($) --> C A =length, DL = body
Dl=$ --> C. A = length, DL = body
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9. Real Nunbers

% A. X = exponent %6 A. A = exponent (C A
A'S = sign A S = sign (C.9)
A M = mantissa B.W= mantissa (D W

unf = undefined val ue

inf = infinite val ue

uinf = either of above

unf = 0000000000000F01 +-inf = SXXXXXXXXXXXXFOO
000r r OOO0O0000FO00 XXX XXX XX XXX XXX XX

X = AW&B W ro = ROL.W& RL. W

y = CW&DW r2 = R.W&R3.W

STABO ro = x STAB2 r2 = x

RCABO Xx =710 RCAB2 X =7r2

STCDO ro =y STCD2 r2 =y

RCCDO y =10 RCCD2 y =r2

EXABO X <-->7r0

EXAB2 X <-->7r2

XYEX X <-->y

GETABL X = @1+ 2C017 GETCD1 y = @1+

GETABO X = @0+ GETCDO y = @0+

PUTABO @0+ = x

2C066 PUTAB1 @1+ = x
2A12A CKI NF ( -->)

If XMis clr, RTN
El se if P#3, undefined result error.
Else if infinate not allowed then infinate result err.
El se set infinate res. indicator, set x to max
2AEF6 GETANGVIODE ( -->)
If RAD then ST=0 4, ST=1 9
If DEG then ST=0 4, ST=0 9
If GRAD then ST=1 4, ST=0 9

29E21 PACKSB ( AB-->A)
Converts %6to % If SBis clear uses roundup, if set
uses lowest nibble in % field to determ ne roundi ng
direction. Cbeys and sets flow flags/indicators

PACK ( AB-->A)

Converts %6to % Uses roundup. Cbeys and sets flow
flags/indicators.

29F29 PACK! ( AB-->A)
Converts %6to % Uses roundup. Sets indicators but
does not obey fl ags.

29F76 PACK! ! ( AB-->A)
Converts %6to % Uses roundup. Does not obey flags nor
set indicators.



2BCAC

2A060

2A0B1
29FF8

2A24B

2A235
52AB7
52B57
52ADB
51B81
52B95
51BA2

2AECC
2AED7
2AEDB
2AEES
2AEE9
52F13

Addr :

2B7DC

SPLI TA
SPLI TC
SPLTAC

POP1%
POP1%%0
POP1%SPLI TA
POP2%
POP2%%0
POP2%SPLI TAC

PUSH%
PUSHY®%0
PUSHY. COP
PUSHY84_O0P
POPC%
POPCY0
PUSHC%
PUSHC%.OOP
PUSHCY8%
PUSHCY84. OOP

CK®AP
CKPACK%.P
PACK%.P
CKPACKSB%.P
PACKSB%._P
PACK! %_P

I nputs for foll ow ng: X
Qut puts for followi ng: X
A

Al |l use:

Narme:

RADDF (%849
ADDF (%
MULTF

Dl VF

(A-->x)

( C-->Yy)
( AC-->x, y)

%op --> A)
%Wpop --> X )
%op --> X )

Convert %to %%
Convert %to %%
Convert 2 reals to long reals

SAVPTR

SAVPTR
convert to 9%
SAVPTR

Pop %
Pop %4
Pop %
Pop 2 reals,

SAVPTR

%popl %Wpop2 --> X,y )

(
(
(
( %opl %pop2 --> A C)
(
( %popl %pop2 --> X,y )

( A--> %ush)

( AAB --> %fush )

( A--> %ush)

( AB --> %fpush )

( Cpop --> A C)

( CBpop --> AAB C. D)
( AC --> C¥ush )

( AC --> C¥ush )

( AB:C D --> C%fpush )
( AB:C D --> C%fpush )

Checks uinf res,
Checks uinf res,
Pushes x as % ( PACK),
Checks inf res,
Pushes x as % ( PACKSB),
Pushes x as % (PACK!),

Oper: Uses: Not es:
X=X+y DO

X=X+Y DO 0 result
X=xX*y

x=x/y

pushes x as %%
pushes x as % ( PACK),
Loop

pushes x as % ( PACKSB),

x/0 -> inf XMP=3 :

Pop 2 reals as %4 SAVPTR
Push A as % CETPTR

Push A:B as %4 GETPTR

Push A as % GETPTR, Loop
Push A:B as %4 GETPTR, Loop
Pop C% ( SETDEC)

Pop C%% ( SETDEC)

Push C%
Push C%
Push C%%o
Push C%4

Loop
Loop

Loop
Loop

Loop
Loop

Loop

VY XM=SB=0, SETDEC, P=any
P=unknown
.WB.WC. WD. WP

negative if ST10 or ST11l

0/0 -> unf.O07
XM P=4 SB=0 CC



Addr :

2B7BE
2B7C4
2B7D0
2B7D6
2B915
2B918
2B96E
2B971

2BD32

2BD64
2BD6F

2BD02
2BDOE

2B9A3
2BB8C
2BAAL
2BB72
2BBFC

2B6C2
2BCr7
2BCCA
2BCDO
2BD1A
2BE2D
2BE40

I nputs for foll ow ng:

Qut puts for followi ng: X
A WB.WC WD WP

Al |l use:

Narme:

DCORADDF
DCORADDF
DOADDF
DOADDF
DOMULTF
DOMULTF!
DCDI VF
DCDI VF!

Oper: Us

X=X+Y
X=X+Y
X=X+Y
X=X+Y
X=xX*y
X=xX*y
x=x/y
x=x/y

8888

X,y

P=any Both x and y can be uinf
P=unknown
Not es:
XM SB=0 P=3 -> AMDR
=3 -> AMDR
XM SB=0 P=0 -> AMDR
XM SB=0 P=1 -> AMDR

XM SB=0 P=2 -> AMDR
=2 -> AVDR

AVDR is an operations dispatcher that first checks if either of the

argunents is uinf,
is formed according to function

Not e t hat

DI VF can produce unf (0/0) or

Al so note that

P out put

i f not then executes RADDF, MILTF etc. Else result

For exanple inf-inf=unf etc.

none of RADDF, ADDF, MJULTF, DI VF can handle overflows!!!!
inf (x/0) but that's it.

is randombut this is not such a bad problem

si nce RADDF, ADDF, MJULTF, DIVF, GETABO, STABO, RCABO etc all accept
PUSH®4.OOP etc all also init Pto O so you really
don't have to worry if you keep working with absolute fields.

any P as input.

Main thing to renmenber

TST
TST15

PCSX?
NEGX?

I NFX?
I NFY?

SETI NF
SETUNF
ANVDR
CHOOSEUNF
FRCNUM

CKXNORVAL
XNORMVAL
CKYNORVAL
YNORMAL
UNSI GNXY%
UNSI GNX
UNSI GNY

tst(x)
tst(x)

x=i nf
x=unf
di spat ch
x=unf
P=f r cnum

x=nor nal
x=nor nal
y=nor nal
y=nor nal

is probably to init P before LC(x) commands.

CSif X%<= Y%

CSif test is true

P=1 <, P=2 =, P=4 >, P=13 <>
CS if X nonnegative

CS if X negative

CSif x is uinf
CSif yis uinf

Preserves sign, rr=C. A, P=3, XM
rr=C. B, P=4, XM

Choose unf fromx,y

Returns nunber of fractional digits
If P=15 then integer/uinf

| f P=14 then none

Scrolls mantissa so that digitl<>0
No ui nf check

Scrolls mantissa so that digitl<>0
No ui nf check

Adds 5 to A XS and C XS

Adds 5 to A4

Adds 5 to C 4



2BBD9
2AA25

2AAC0
2AAD5
2B674

2B686
2B68F
2B698
2B6A1
2B6AA
2B6B3
2B6BC
2B6C5
2B6CE
2B6D7
2B6EO
2B6E9
2B6F2
2B6FB
2B704
2B70D
2B716
2B71F
2B728
2B731
2B73A
2B743
2B74C
2B755
2B75E
2B767

2B779

1/ X15
RSUB1
RADD1
Dl v2
MUL2
MUL100

CCSB1

SQRTF
RNDC] BJ

POTF
NROOTF
FPF
aMODF
XPONF
LN1+XF
LNF
LOGF
EXPF
EX- 115F
YX2- 15
YX060
I NROOTF
ANGLEF
SI NF
COsF
TANF
ATANF
ASI NF
ACOSF
NFACTF
PERMF
COVBF
HYPF
TANHF
ASI NHF
ACOSHF
ATANHF
CEl LF
FLOORF
aH>HVB
aHVB>H

x=i nv(x)
X=xX+1
X=x-1
X=x/2
X=X*2
Xx=x*100

x=sqrt (x)
x=r ound( x)

X=Xy
x=nr oot (X, y)
x=f p(x)
x=nod( X, y)
x=xpon( x)
x=l np1(x)
x=l n(x)
x=l og( x)
x=exp(x)
x=expm x)
X=Xy

x=nr oot (X, y)
x=ang(Xx,y)
x=si n(x)
x=cos( X)
x=t an( x)
x=at an( x)
x=asi n(x)
Xx=acos(x)
x=nf act ( x)
x=per n(x,y)
x=conb(Xx,y)

I nP: any XM SB=0 -> DODI VF!

| nP: any SB=0 -> DORADDF

| nP: any SB=0 -> DORADDF

I nP:any No inf/unf protection
I nP:any No inf/unf protection
i nP:any No inf/unf protection

set SB using D. S

x=unf if x<0, also checks uinf
If ST1 then TRNC el se RND
Input: C A = parter

GETANGVODE needed
GETANGVODE needed
GETANGVODE needed
GETANGVODE needed
GETANGVODE needed
GETANGVODE needed
GETANGVODE needed

x=cosh(x), r=sinh(x)

x=t anh( x)
x=asi nh(x)
x=acosh( x)
x=at anh( x)
x=cei | (x)
x=f | oor ( x)
x=h>hns( x)
x=hnms>h( x)
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10. Arrays

3551D getrealel
35551 get cnpel

khhkkkhhkhhkdkhkhkkhhkdrhkdhhkdhhhdhrhkdhbrkhdhhkdhhrhdrhkdhorhdhrhkdhorhdrohkdhrrhdrhkdhrrddrrkdhrrxhdrkdhxi*x

11. Library Objects

Rom Wor d? Carry set if copy stkl is a ROWWORD
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12. Key Handl i ng

OnKeyDown? ( --> Carry )

OnKeySt abl e ( --> Carry )

Fl ush ( -->) Flushes key buffer.

Fl ushAttn ( -->) Flushes attn counter.

Fl ushSt at e ( -->) Flushes KEYSTATE

POPKEY ( -->C. A) Sets carry if buffer is enpty.

El se returns key in C.B (and in @EYSTORE)
Uses: ASC S CADL (sets P=0)

00D9F PUSHKEY ( CA-->) Sets carry if buffer is full.
El se adds key to buffer.

008E6 ScanKeys ( -->AW) Scans keyboard for key presses
Uses: A WC WP=0
009A5 ScanKeys?2 ( -->AW) ScanKeys with stable presses only
00768 SrvcKhbd Scans keys & SrvcKbdAB
SrvcKbdAB ( AW-->) Set s KEYSTATE and KEYBUFFER
00C8D  KeyCodeDown? ( AA-->) I's key down? (Code = #KeyCode)
01E79 ScanAnns Scans & sets shift anns
ooD14 LSKeyDown? Is left shift down?
00D1D RSKeyDown? I's right shift down?
00D26 AKeyDown? I s al pha key down?
O0EOB  AnyKeyDown? I s any key down?
Keyl nBuf f ? ( -->) Keybuffer not enpty?
04988 Attn? ( -->) I's ATTNFLG <> 07
ATTNchk ATTN exit check with restoreiram
0CA88  ATTNchk2 Exit (via ?2ATTNQUIT) if ATTNFLG <> 0
GX: 0CA81 Uses C. A D. A (does SETHEX)
Bi t 1 2 4 8
Ni bble: 0 ON + SPC .
1 0 ' - 3
2 2 1 A RShi f t
3 * 6 5 4
4 MTH LShi ft / 9
5 8 7 SIN Al pha
6 BackSpc DEL EEX +/ -
7 ENTER 1/ x yAX SQRT
8 TAN CGos Ri ght Down
9 Left EVAL STO NXT
A Up VAR CST PRG
B F E D C
C B
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01BAS
01BD3
01BA9
01BD7
01BEB
01BFF
01C15
42359
42333

11642

11C58

116B5

11BAA

11BED

11006

11C29

11092

13. Displ ay,

Grobs, Annunci ators

Di spOn

Di spOF f

DI SPON

Dl SPOFF
AnnsOn
AnnsOrF f
Set Busy
Cl ear D spl ay
C ear Menu
BusyOf f
BusyOn
DO- >Rowl
DO->Sft 1
h- >H

w >W

hw >HW

makegr ob

gr ob!

PopAr ea#

D1->0G ob?
Gr obMar kNCk ?

Fi xGr obdxdy

$5x7

$5x7/ Bi g

( -->1D0)
Gets addr of current display (1st row)
( -->1D0)

Gets address of nmenu grob (1st row)

( AA =grob ysize, CA =y -->B. A=y offset)
Conputes grob y nibble

( AA=x-->AA=x_nibble)

Conput es grob x nibble

( DL = grob. x1,y1=R4,R2 --> A A)

Conputes grob nibble ( D1+= 20 )

( RO.A=Xx, RLLA=y --> D0 = body )

Makes a grob of size X,y

Prolog is in DO-20

( RO,RL = (row,col), DO = grobl, DL = grob2 -->)
Stores grobl intop grob2

( -->(x1,yl,dx,dy) = R4, R2, RO, Rl )

Pops x1,y1, x2,y2

I f x2<=x1 or y2<=yl carry set
(-->)

Sets carry if grob in DL is null
(-->)

Clears carry if x1,yl (R4, R2) exceeds grob (D1) bounds
(-->)

Fi xes dx and dy so that grob bound are not exceeded

(1 enght <= 15)

( DABACAD DL -->)

Di splays string body in D1 in grob in DO
C. A = chars

B. A = xl ocation

D.A = row | enght in nibbles (usually #22)
-->

DL = addr after $

DO = location of next char

D.A = row length

(R* registers unaffected?)

Sane as above, but XM determ nes font
XM=0 --> medi um
Use RTNSXM for getting big
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14. IR, Wre, Printing, Tine

setti neout
clrti neout

SavPt r Ti me* ( --> C. 13) Gets TICKS to C. 13
Get Ti me++ ( --> C 13) Gets TICKS to C. 13

Cl oselUart
PSubEr r
ChkLowBat
Err Fi XEl RU
Fi xEl RU
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5F090
5F09D

03012

6199C

5F6F9

5F6F2

53AF2
53B0A
53B1D

53B45
539E6

539E1
53A01

15. M scel | aneous

St ream Handl i ng:

doski p
docol a

SEM LOCP
SKI POB

SKI PBODY

DupAndThen
Carrycase

OoDi spat ch

OoDi spat chl

I nternal System

I nternal system
Exanpl e for SX

testflag
clrflag
t oggl ef | ag
setflag
getflag

| SysFl ag?

A rl SysFl ag
Togl SysFl ag
Set | SysFl ag

Exit to rpl SKIP
Exit to rpl COLA

Junps to SEM +5

Skip object in DO, clears ST1l, clears carry, P=0
--> D0 = addr past object

Used: AACAPST1

Skip body in DO, prolog in A A sets ST1
(Only start conditions differ from SKI POB)

Do DUP, then execute next object in stream
If Carry is set then COLA else SKIP

Di spatch on neta objects |ast elenents
Usage: LC(5) #data-address
GOSBVL =hDi spat ch
<argunent |ist>
Where data is a list of pointers to xlibs.
Exanpl e: #5F7EOQ: + - * ...
And argunent |ist contains argunent nunbers and
poi nters to XLIBs/ XLI Bs.
Exanpl e: (Assum ng 5F7EQ)

10000 ROVPTR aaa bbb @I f + #n then ..
20000 PTR nnnnn @If ... - #n then ..
10300 PTR nnnnn @ If ..* any + #n then ..
F @ End of data

(Exanpl es: RULES menu routines at ~5C000)
oDi spatch with data at 5F7EO
+ -, %, 1, NEG I NV, EXP, ALCG, LN, LCG, PI , %@

Fl ags:

flag operations expect flag nunber in C
C. A = #487 --> 70600+87: 4

Set carry according to |ISysFlag

O ear |SysFl ag

Toggl es | SysFl ag

Set | SysFl ag

Gets | SysFlag addr to DO (original DO in A A
C.5 = bit, P=5

Pushes T/F according to | SysFl ag

Cl ear |SysFlag, Loop

Toggl e | SysFl ag, Loop

Set | SysFl ag, Loop



01FCo6
01FD3
01FDA

OCBEF

O0BF7D

OBF7F

0C740

0C8DE

makebeep
VWar nst art
Sof t st art
Col dst art
Har dst ar t

GETPTRHEX
Al oM ntr

Di sabl el ntr

UnCover 4K

UnCover C

UnCover B
restoreiram

UnCov4K&AI | ow

GOro

Al NRTN

CI NRTN

—~

C=nsec, D= Hz -->) Beep. Checks BEEP fl ag.
ON-C

ON-A-F
ON-A-F with NO

o -1

Sets P=0, SETHEX, GETPTR, O ear
(-->)

Al'low interrupts.

(-->)

Di sabl e interrupts.

(-->)

Uncovers RAM so that | ow 4K renmain visible.
mask #FEOOO (--> #70000 - #71FFF remmins )

Carry

Uses

( CA-->) SX only

Uncovers RAM according to mask in C A

( BA-->) SX only

(-->)

Restores RAMto settings before UnCover call.
( -->) SX only

( -->) SX only

Takes next 5 nibbles from RSTK and junps there.
(Hi dden ROM) Exanpl e:
GOSBVL =G0TO

CON(5) #71111 (Just an exanpl e address)

( IN-->A)

A=IN

( IN-->C)

C=IN

(For hardware reasons (bug) C=IN nust be at even addr)
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APPENDI X

A. 10O Page
The entries marked with * are support ed.

Addr : Narme:

00100 DI SPI O Display bit offset for [DON OFF2 OFF1 OFFO]
scrolling and DON (display on)
00101 CONTRAST 5 bit value for contrast.
[ CON3 CON2 CON1 CONOJ
00102 DI SPTEST H gh bit of contrast + [VDI G LID TRIM COM]
di splay test bits. [ LRT LRTD LRTC BIN]
00104* CRC 4 nibbles for CRC. Every nenory fetch updates CRC.
00108 POAERSTATUS Low power registers [LB2 LB1 LBO VLBI] read-only
LowBat 2 LowBat 1 LowBat 0 and VerylLowBat | ndeed :)
00109 PONERCTRL Low power detection [ ELBI EVLBI GRST RST]
0010A  MODE
read-only
0010B* ANNCTRL Annunci at or control [ LA4 LA3 LA2 LA1]
(alarm al pha -> <-)
0010C  ANNCTRL2 Annunci at or control [ AON XTRA LA6 LA5]
(on extra io busy)
0010D BAU Serial baud rate [ UCK BD2 BD1 BDO] UCK read-only
3 bits = {1200 1920 2400 3840 4800 7680 9600 15360}
0010E CARDCTRL Card control register [ ECDT RCDT SMP SW NT]

(Enabl eCar dDet ect RunCar dDet ect
Set Modul ePul | ed Sof t War el NTer r upt)

0010F CARDSTATUS Card status register [ P2W P1W P2C P1C] read-only
(Port2Witable .. Porti1Ci nserted) (My English sucks..)

00110* |10OC | O Control [ SON ETBE ERBF ERBZ]
(Serial On Enabl ei nt &Transnit Buf f Enpty
Enabl ei nt &RecvBuf f Ful | Enabl ei nt &RecBuf f Buzy)

00111* RCS Recei ve Control/Status [RX RER RBZ RBF]
00112* TCs Transmt Control/Status [ BRK LPB TBZ TBF]
00113* CRER ni bbl e witing anything clears RER
00114* RBR Recei ve Buffer Reg. [ byte received]
readi ng cl ears RBF
00116* TBR Transmt Buffer Reg. [byte being transmtted]
Witing sets TBF
00118 SRR Servi ce Request Regi ster read-only
0011A* |IRC IR Control [IRI EIRU EIRI |RE]
IRl read-only
0011C LCR Led Control Reg. [ LED ELBE LBZ LBF]
0011D LBR Led Buffer Reg. [0 0 O LBO]
bits 1-3 read zero
0011E  SCRATCHPAD Scratch regi ster used by interrupts
0011F | RAM@ RAM base address usually 7 for SX, 8 for GX

00120 DI SPADDR Di splay start address wite-only



00125
00128

0012E
0012F
00130
00137~
00138*

LI NEOFFS
L1 NECOUNT

TI MER1ICTRL
TI MER2CTRL
MENUADDR
TI MER1

TI MER2

3 nibble offset for display wite-only
Di splay |ine counter [LC3 LC2 LC1l LCO]

and mi scel | anoues [ DA19 M32 LC5 LC4]

TI MERL control [ SRQ VKE | NT XTRA]

TI MER2 control [ SRQ VKE | NT TRUN|

Menu di splay start addr wite-only

1 nibble tinmer decrenented 16 tines/s

8 nibble tiner decrenented 8192 tines/s
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B. Saturn Instruction Set

Fiel f Selection

P [ P-P] m e e
WP [0-P] 15:14:13:12:11:10: 9: 8. 7: 6: 5 4: 3: 2: 1. O
XS [2-2] e

X [0-2] | S| | X§| <- B->

S [15-15] | <---- A----- >

M [3-14] | <----mmmma- - M--mmmm e oo - - > <-- X ->

B [0-1] SR L >

W [0-15]

A [0-4]

Modi fi er:

fs = field select character
rfs = restricted field select character (S, P, W and XS not all owed)

d single nibble field

Code:

y = reference to a synbol (absolute or relative)
a = field select in range 0-7

b = field select in range 8-F

c = single-nibble lenght field (load constant)

f = field select including A field

n = ni bbl e whose value is d

m = ni bbl e whose value is d-1

t = menon sel ector nibble

Not e: Sonmetinmes the high bit of a/b determ nes instruction, not field.

fs: P WXSX S M B WA fs:t P WXSX S M B W
a. 0 1 2 3 4 5 6 7 F b 1 2 3 4 5 6 7 8
aa 8 9 A B C D E - b 8 9 A B C D E F
rfs: P WXSX S M B W A

f 3 5 6 7 F

f B D E -



r=rl!s fs

ss=r
ss=r
rssex
d=r
d=r S

r dEX

r dXs
DATn=s
DATn=s
s=DATn
s=DATn
DATn=r
DATn=r
r =DATn
r =DATn
DO=D0+
D1=D1+
DO=DO0-
D0=(2)
D0=(4) nnnn
DO=(5) nnnnn
D1=D1- d
D1=(2) nn
D1=(4) nnnn
D1=(5) nnnnn
= d
LCHEX nn..n
RTNC

(7]

Q.Q.Q.Q;;Cl‘“UJ> o >

>
5

RTNNC

GOro
GOsuUB
QUT=CS
aut=C
A=I'N
CIN
UNCNFG

OF

10t

11t

12t

13t

13t

13t

13t

14t

14t

14t

14t
15t a
15t m
15t a
15t m
16m
17m
18m
19nn
1Annnn
1Bnnnnn
1Cm
1Dnn
1Ennnn
1Fnnnnn
2n
3cnn..n
400
4aa
500
Saa
6aaa
7aaa
800
801
802
803
804

I nstruction Descriptions
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N
+
O

4+D

16+D
16+N
17+D
17+N

NNOAN~NOD DN~

w
+
(¢

10/ 3
10/ 3
10/ 3
10/ 3

Ret urn

an set HSO

Return from subroutine
Return and set CRY
Return and set CRY

Set ALU to HEX npde
Set ALU to BCD npde
Push C(A) onto stack
Pop stack to C(A)
Cl ear ST[O0:11]
Load C(X) with ST[O0: 11]
Load ST[0:11] with C(X)
Hex i ncrenment of P.

Hex decrenent of P.

Logi cal
Logi cal
Ret urn

AND
R
fromintr

handl i ng.
Copy A/C to scratch
Copy scratch to A/C
Exchange scratch with A/C
Copy A/C to DO/ D1

Copy ni bbles 0-3 of A/C to DO/ D1

and enable intr

Exchange A/C wi th DO/ D1
Exchange ni bbles 0-3 of A/C with D0/ D1
Wite AC to @0/ @1

Wite AC to @0/ @1

Read @0/ @1 to A/IC

Read @0/ @1 to A/IC

Wite field of AAC to @0/ @1
Wite nib. d of A/Cto @0/ @1
Read @0/ @1 to field of A/C
Read @0/ @1 to nib. d of A/IC
Hex increment of DO by d

Hex increment of D1 by d

Hex decrenment of DO by d

Load B field of DO with nn
Load nib. 0-3 of DO with nnnn
Load DO with nnnnn

Hex decrenment of D1 by d

Load B field of DL with nn
Load nib. 0-3 of D1 with nnnn
Load D1 with nnnnn

Load P
Load C
Ret urn
Br anch
Ret urn
Br anch

with d

with t+1 ni bbl es begi nning at

if CRY is
if CRY is
if CRY is
if CRY is

Rel ative junp
Rel ati ve gosub.

Load nib 0 of ORwith nib 0 of C

Load OR with C(X)
Load nib 0-3 of A with | NPUT
Load nib 0-3 of C with | NPUT

Unconfigure a cfg:d device at C(A)

set
set
cl ear
cl ear

P



rSLC

r SRC

r SRB
r=r +CON
r=r- CON
r SRB. F
ss=r.F
r=ss. F
rssexX F
PC=A
PC=C
A=PC
C=PC
APCEX
CPCEX
CLRHSN
XM=0
SB=0
SR=0

CLRHST
?HS=0
?XM=0
?SB=0
?SR=0
?MP=0
ST=0
ST=1
?S8T=0
?8T=1
?P#

>
>
5

OO0 0000 QQ

o o

rfs,d
rfs,d
fs
fs
fs
fs

5 3 3 3 5

805
806

807
8080
80810
8082cn
8083
8084n
8085n
8086nyy
8087nyy
8088n
8089n
808Anyy
808Bnyy
808C
808D
808E
808F
809
80A
80B
80Cn
80Dn
80E

80Fn
81s
81s
81s
818f sn
818f sn
819as
8lAatr
8lAatr
8lAatr
81B2
81B3
81B4
81B5
81B6
81B7
82n
821
822
824
828
82F
83nyy
831lyy
832yy
834yy
838yy
84n
85n
86nyy
87nyy
88nyy

13+6
13+6
13+6
13+6
13+6

14+7
14+7
13+6

HS1
HS1

HSO- 3

STn
STn
CRY
CRY
CRY

Configure an uncfg<:d device at C(A)
that has DAI SYI N=1

Load C(A) with ID of an uncfg:d

devi ce that has DAI SYI N=1

Enters | ow power state

Unnmask maskabl e interrupts

Resets interrupt detect circuitry
Load a with nibbles nn.n beginning at P
| ssues BUSCB bus comand

Clear bit of A register

Set bit of A register

Set CRY if bit is clear

Set CRY is bit is set

Clear nit of Cregister

Set bit of C register

Set CRY if bit is clear

Set CRY if bit is set

Indirect junp to @\ A

| ssues BUSCD bus comrand

Indirect junp ti @ A

Mask t he maskabl e interrupts

Hex increment of C by P+1

| ssues RESET bus command.

| ssues BUSCC bus comand

Load C(d) with P

Load P with C(d)

| ssue POLL bus command and | atch system
bus into C(0). HS2 is set if C(0)<>0
Exchange P with C(d)

Left circ nib shift.

Right circ nib shift. SB set if wap<>0
Right bit shift. SB set if of f<>0
Hex increment of register r by d
Hex decrement of register r by d
Right bit shift. SB set if of f<>0
Copy field of AAC to scratch

Copy field of scratch ro A/C
Exchange field of AACwith scratch
Absolute junp to A(A)

Absolute junp to C(A)

Move addr of next instr to A(A)

Move addr of next instr to C(A)
Exchange A(A) and PC (next instr)
Exchange C(A) and PC (next instr)
Clears HST bits specified by n.

Set CRY if HST bits are zero.
Sane

Sane

Sane

Sane

Clear bit n of ST

Set bit n of ST

Set CRY if bit n of ST is clear
Set CRY if bit n of ST is set
Set CRY if P<>n



XXX
XXX
GOLONG
GOVLNG
GOSUBL
GOSBVL
XXX
r=r+s
r=r+r
S=r+s
r=r-1
r=0
r=s
s=r
rsex
r=r-s
r=r+1
S=s-r
r=s-r
r SL

r SR
r=-r
r=-r-1
r=r+s
r=r+r
S=r+s
r=r-1
r=0
r=s
s=r
rsex
r=r-s
r=r+1
S=s-r
r=s-r
r SL

r SR
r=-r
r=-r-1

TMUOOW>OONOOURWNRFROW®

OEas

A=B&A
B=C&B
C=A&C
D=C&D
B=B&A
C=C&B
A=A&C
Cc=C&D
A=B! A
B=C!' B
C=Al C
D=C' D
B=B! A
c=CB
A=Al C
cCD

5

fs
fs

fs
fs

fs
fs

fs
fs

fs
fs

—h —h —h
w n un

>>>>2>2>2>2>2>2>2>2>>>>>

81s

ASLC
BSLC
CSLC
DSLC
ASRC
BSRC
CSRC
DSRC

ASRB
BSRB
CSRB
DSRB

89nyy
8Atyy
8Btyy

8Caaaa

8Daaaaa

8Eaaaa

8Faaaaa

9atyy
Aat
Aat
Aat
Aat
Aat
Aat
Aat
Aat
Bat
Bat
Bat

oy
2

ImMmmmUURLOo00QPPII

T
— — —+

819as
ASRB
BSRB
CSRB
DSRB
ASRB
BSRB
CSRB
DSRB
ASRB
BSRB

DSRB.
ASRB
BSRB

DSRB.

MTTTTMTMTTTMTMTTTTTT

rfs,d
rfs,d
rfs,d
rfs,d
rfs,d
rfs,d
rfs,d
rfs,d
rfs,d
rfs,d
rfs,d
rfs,d
rfs,d
rfs,d
rfs,d

13+6 CRY
18+11 CRY
18+11 CRY
14 ---
14 ---
14 ---
15 ---
13+D+6+D CRY
3+D CRY
3+D CRY
3+D CRY
3+D CRY
3+D ---
3+D ---
3+D ---
3+D ---
3+D CRY
3+D CRY
3+D CRY
3+D CRY
4+D ---
4+D HS1
3+D CRY
3+D CRY
3+D CRY
3+D CRY
3+D CRY
3+D CRY
3+D ---
3+D ---
3+D ---
3+D ---
3+D CRY
3+D CRY
3+D CRY
3+D CRY
4+D ---
4+D HS1
3+D CRY
3+D CRY
818f sn
fs A=A+CON
fs B=B+CON
fs C=C+CON
fs D=D+CON
fs A=A+CON
fs B=B+CON
fs C=C+CON
fs D=D+CON
fs A=A-CON
fs B=B-CON
fs C=C-CON
fs D=D CON
fs A=A-CON
fs B=B-CON
fs C=C-CON
fs D=D CON

rfs,d

Set CRY if P=n
Set CRY if equality test
Set CRY if conparison test
Long relative junp
Absol ute junp
Long rel ative gosub
Absol ut e gosub
Set CRY if test on field is true

Addi tion of
Doubl i ng of
Addi tion of
Decr ement

2's or

Addi tion of
Doubl i ng of
Addi tion of
Decr ement

2's or

8Atyy
?A=B
?B=C
?2C=A
?D=C
?A#B
?B#C
?2CHA
?D#C
?A=0
?B=0
?C=0
?D=0
?A#0
?B#0
?CH#O
?D#0

>>>2>2>2>2>2>2>2>2>2>>>>>

registers
register
registers

register
Cl earing register
Copyi ng regi ster

Copyi ng regi ster

Exchangi ng register
Substraction of
I ncrenenting register
Substraction of
Substraction of
Left nib shift.
Right nib shift.
10' s conpl enent
1's conpl enent

registers

registers
registers

is true

is true

SB set if off<>0

registers
register
registers

register
Cl earing register
Copyi ng regi ster

Copyi ng regi ster

Exchangi ng regi ster
Substraction of
I ncrenenting register
Substraction of
Substraction of
Left nib shift.
Right nib shift.
10' s conpl enent
1's conpl enent

9atyy
?A=B
?B=C
?2C=A
?D=C
?A#B
?B#C
?2CHA
?D#C
?A=0
?B=0
?C=0
?D=0
?A#0
?B#0
?CH#O
?D#0

registers

registers
registers

fs
fs
fs
fs
fs
fs
fs
fs
fs
fs
fs
fs
fs
fs
fs
fs

SB set if off<>0

8Btyy
?A>B
?B>C
2CA
?D>C
?A<B
?B<C
?C<A
?D<C
?A>=B
?B>=C
?2C=A
?D>=C
?A<=B
?B<=C
?2C<=A
?D<=C

>>>>2>2>2>2>2>2>2>2>>>>>

9bt yy

?A>B fs
?B>C fs
?2CA fs
?D>C fs
?A<B fs
?B<C fs
?C<A fs
?D<C fs
?A>=B fs
?B>=C fs
?C=A fs
?D>=C fs
?A<=B fs
?B<=C fs
?C<=A fs
?D<=C fs



t Aat Abt Bat Bbt O] Dt Et Ft

0 A=A+B fs =0 fs A=A-Bfs ASL fs A=A*tB A A0 A A=A-B A ASL A
1 B=B+C fs =0 fs B=B-Cfs BSL fs B=B+C A B=0 A B=B-C A BSL A
2 CCtAfs C0 fs C=CAfs CsL fs CC+tA A C0 A CCAA CsL A
3 D=DtCfs D=0 fs D=D-Cfs DSL fs D=D+C A D=0 A D=D-C A DSL A
4 A=A+A fs =B fs A=A+l fs ASR fs A=AtA A A-B A A=A+1 A ASR A
5 B=B+B fs =C fs B=B+l1l fs BSR fs B=B+B A B=C A B=B+1 A BSR A
6 CCtCfs CA fs CCtl fs CSR fs CC+C A C-A A C=C+1 A CSR A
7 D=DtDfs D=C fs D=Dt1l fs DSR fs D=D+tD A D=C A D=D+1 A DSR A
8 B=B+A fs =A fs B=B-Afs A=-A fs B=B+tA A B=A A B=B-AA A=-A A
9 CCtBfs CB fs C=CBfs =-B fs CCGBA CB A CCGCBA B=-B A
A A=A+C fs =C fs A=A-Cfs C=C fs A=AtCA A=C A AA-CA C=-C A
B CCbfs CD fs CCDfs D=-D fs CC+tDA CD A CCDA D=-D A
C A=A-1fs ABEX fs A=B-Afs =-A-1fs A=A-1 A ABEX A A-BAA A=-A1A
D B=B-1fs BCEX fs B=CBfs =-B-1 fs B=B-1 A BCEX A B=CB A B=-B-1 A
E CC1fs CAEXfs CA-Cfs C=-C1lfs CC1 A CAEXA CACA C-C1lA
F D=D-1fs DCEXfs D=CDfs D=-D1fs D=DD1 A DCEXA D=CDA D=-D1A
t 10t 11t 12t r 81AaOr 8lAalr 81lAazr

0 RO=A A=RO0 AROEX 0 RO=A.F A=RO.F AROEX F

1 R1=A A=R1 ARIEX 1 RI=A'F A-R1.F ARIEX F

2 R2=A A=R2 ARZEX 2 R=AF AR2.F AREX F

3 R3=A A=R3 ARSEX 3 R3=A.F A=R3.F ARBEX F

4 R4A=A A=R4 AR4EX 4 RA=A F A=RA.F ARAEX F

5 R1=A A=Rl ARIEX 5 RI=A F A=R1.F ARIEX F

6 R2=A A=R2 ARZEX 6 R2=A.F A=R2.F ARZEX F

7 R3=A A=R3 ARSEX 7 R3=A.F A=R3.F ARSEX F

8 RO0=C C=R0 CROEX 8 RO=C.F C=RO.F CROEX F

9 R1=C C=Rl CRI1EX 9 RI=CF CRlL.F CRIEX F

A R2=C C=R2 CRZ2EX A R2=CF CR2.F CR2EX F

B R3=C C=R3 CR3EX B R3=C.F C=R3.F CR3EX F

C R4=C C=R4 CR4EX C RA=CF CR4A.F CRAEX F

D R1=C C=R1 CR1EX D R1I=C.F C=R1.F CRIEX F

E R2=C C=R2 CRZEX E R2=CF CRL.F CRZEXF

F R3=C C=R3 CR3EX F R3=C.F C=R3.F CR3EX F

t 13t 14t 15t a t 13t 14t 15tm

0 DO=A DATO=A A DATO=A fs 8 DO=AS DATO=A B DATO=A d

1 D1=A DAT1=A A DAT1=A fs 9 D1=AS DAT1=A B DAT1=A d

2 ADOEX A=DATO A A=DATO fs A ADOXS A=DATO B A=DATO d

3 ADLEX A=DAT1 A A=DAT1 fs B ADIXS A=DAT1 B A=DAT1 d

4 DO=C DATO=C A DATO=C fs C DO=CS DATO=C B DATO=C d

5 D1=C DAT1=C A DAT1=C fs D D1=CS DAT1=C B DAT1=C d

6 CDOEX C=DATO A C=DATO fs E CDOXS C=DATO B C=DATO d

7 CDLEX C=DAT1 A C=DAT1 fs F CD1XS C=DAT1 B C=DAT1 d
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