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SECTION 1
SCOPE

This document defines the features, functionality and
documentation requirements for the software of +the GROUND
SQUIRREL Personal Computer. Three separate software modules are

specified: (1) User Interface, {2) BASIC Interpreter and (3)
Device Service Routines (DSR’‘s}.

1.1 PRODUCT FEATURES

The GROUND SQUIRREL Perscnal Computer is a low cost, entry
level, BASIC Language computer targeted for the ‘first—-time-—
buyer’ market. Design of the hardware and software are oriented
foward the ‘computer literacy’ learning aid needs of the novice
computer programmer. Features will be incliuded to provide higher
level capabilities Ffor all cansumers that progress heyond the
computer 1literacy phase. Packaged software (cassette tapes and
solid state software) will be supported by the GROUND SQUIRREL
caoansole: however, TI-?9/4A Command modules will not be supported.
The «console will support ¢the ALC I/0 bus system to provide
peripheral expansion capabilities. &n expansion port will also

be provided to support RAM/ROM expansion and solid state software
modules.

1.2 PRODUCT CONFIGURATION

The GROUND SQUIRREL Console will consist of a 48 station
keyboard, audio cassette interface (noc moftor coantrol), ALC I1I/0
port, system expansion port and RF video output for a black and
white television. Np sound: color, user defined characters or
video sprites will be supported. For overall TI product line
integration, the GROUND SQUIRREL Console BASIC will be a
funtional subset of the Console BaASIC language in the TI-99/4A
Computer.

1.2.1 SOFTWARE MODULES. Software for the GROUND SQUIRREL
Computer will be specified in terms o0of 3 modules: User
Interface, BASIC Interpreter and Device Service Routines.
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1.2.1.1 User Interface. The User Interface module includes all
software segments that provide scres=n displays, prompting, menus,
program editing/execution centrols and ervor handling. Within

the functional limitations of the GROUND SGUIRREL architecture,
the User Interface shall be compatible with that of the TI-F9/4A
Computer system.

1.2.1.2 BASIC Interpreter. The BASIC Interpreter module
includes all software segments that enable the GROUND SGUIRREL to
be wuser programmed in BASBIC language. This interpreter shall

implement 3 maximized subset of the CONSOLE BASIC that is
incorporated into the TI-9%9/44 Computer.

1.2.1.3 Device Service Routines. The Dewvice Service Routines
(DSRs) include all software =2lements that implement system
features and facilitate vsage of peripherals. This includes ( at

a minimum):

# DB/W Video Display =-- EStandard black/white television
providing 24 rvow by 32 column format.

# HKeuboard -- 48 key, QWERTY #format keyboard.
% ALC I1/0 Port ~— A B8 wire (& signal. 2 power/ground) bus
that provides nibble-wide data transfer with a

synchrenized ‘Hand—-shaka’ method.

# Expansicon Port —— Complete system bus structure will be
provided at +the Expansion Port to allow for RaM
expansion (maximum of 32 kbytes), solid state software
ROM and ALC I/0 peripheral sxpansion DSR ROMs (enhanced
peripheral capability).

1.2.2 DOCUMENTATION. System level documentation will include
software segmentations, theories—of-operation, flow diagrams and
memory utilization maps. Documentation shall be sufficient to
allow project personnel to understand all functional
capabilities, options and interactions of all modules.
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SECTION 2
APPLICABLE DOCUMENTS
2.1 HARDWARE

# GROUND SQUIRREL Product Spacification
# TMS5-9995 Microprocessor Data Manual

# ALC I/0 Peripheral Bus Specification

2.2 SOFTWARE

# American National Standard for Minimal BASIC Language

# TI-99/74A BASIC Interpreter Specification
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BECTION 3

SYSTEM HARDWARE

The GROUND SQUIRREL Console {(minimum system) consists of g

black/white TV interface, ALC 1/0 port, 2306 bytes of RAM (2
kbytes system and and 258 bytes ‘on—chip’ of the TMS-99%95
processor), 12 kbytes of system ROM, audio cassette interface and
a system expansion port. Systam memory can be expanded by 48
kbytes with 2 kbyte multiples aof RAM and 4 kbyte multiples of
ROM. Future ALC I/0 compatible devices may be augmented by DSRs
in the expansion port ROM. Salid state software (application
programs) will be supported by the e2xpansion port ROM/RAM.

3.1 MEMORY

All memory devices are 450 ns parts, 8 bits wide with no
parity. The system memory and CRU maps are shown in Figure 3-1.

3.1.1 SYSTEM ROM. The 12 kbyta system ROM consists of one B8
kbyte ROM from address 2>0CCO fo Z1FFF and a 4 kbyte ROM from
address >2000 to »2FFF.

3.1.2 SYSTEM RAM. System RA!1 consists of one 2 kbyte RAM chip
from address EBOO to EFFF. Tt 3 S

[ - — [

3.1.3 PROCES50R RAM. The 9923 processor has a 252 byte segment
of ‘an—chip’ RAM from address ZFOO0 to »FOFB and & additional
bytes Ffrom address »xFFFA to »FFFF for on—chip register/vector
storage.

3. 1.4 EXPANSIDON ROM. Expansion ROM is provided in multiples of
4 kbytes starting at address »30C0 and continuing to the nearest
4 «hyte boundary preceeding the esxpansion RAM. Identification of
the existance of a ROM will be determined (at power—-up) by system
software interrogating %the first ‘word’ of each 4 kbyte boundary,
beginning at >30CO0. The value of the first word is the «checksum
of the 4 kbyte ROM. The second word is the address of the
initialization routine for that 4 Lkbyte ROM. IF the second byte
is 0000, no initialization program will be executed.
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MEMORY
i i 0000
i SYSTEM ROM H
H 12 kbytes i
H i 2FFF
H i 3000
i EXPANSION i
. ROM i
H n¥4 kbytes H
H EXPANSION }
H RAM ;
i m#2 kbytes ! E7FF
H SYSTEM i EBOO
: RAM :
H 2 kbytes i EFFF
i PROCESSGR i FOQOO
H ‘RAM H
H 2352 bytes i FOFB
i unused i FOFC
: (3 kbytes) i
: i FFF8
! PROCESSOR i FFFA
i RAM :
H & bytes i FFFF

Figure 3-1
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CRU
0000 ! ;
! EXTERNAL !
! CRU :
1EDE ! :
- !
1EEQ ! ON-CHIP :
1EFE | CRU !
-—— - !
1IFO0 !  EXTERNAL :
: CRU :
1FD8 ! !
1FDA | ON CHIP :
1FDC | !
!  EXTERNAL !
! CRU !
k] ]
: !
DFFE ! !
e !
EGOO !  KEYBOARD !
! AND :
E7FE ! VIDEO :
EECO ! ALC 1/0 :
; AND !
EFFE ! CASSETTE I/0 !
FOOO | :
i  EXTERNAL :
: CRU :
FFFE ! !

MEMORY AND CRU ADDRESS MAPS

PRELIMINARY



Wf
1Y

GROUND SQUIRREL SYSTEM HARDWARE

3.1i.5 EXPANSION RaM. Expansicn RAM will always be positioned to
be contigous to the system RAM and thus, will occupy the address
space from >E7FF doun toward the upper ROM boundary (or address
»&B0OQ whichever i3z larger), in 2 kbyte multiples. A maximum of
32 kbytes of RAM can be added.

3.1. & CRU MaAP. System level CRU I/0 devices are mapped into two
addresses (refer fo Figure 3-1): KEYBEDOARD CRU at »EQOC teo E7FE
and PERI I/0 at *EBOC to »EFFE. Definitions of CRU bits for each
address are shown in Table 3-1.

Table 3-1 CRU BIT DEFINITICNS

¢ CRUBASE | INPUT H CUTPUT H
: >EO00O { keuyboard input CCLUMN O i keyboard ocutput ROW O |
: :EOOE : £ 1"* it 1 : A1 1" it 1 :
: :’5004 ; £t i7 3t 2 : (34 " n 2 :
1 FEQDS } b " " 3 i " b "3 3
: ::.E Ooa } 1] 1" 3 4 : £ o 131 a 4 :
i EQOA H " " " S 1 keyboard output RCW 5 |
t »EOOC { u " " & ¢ not used H
i >EOOE i keyboard input COLUMN 7 | wvideo enable (VIDENA) H
! »EBOO i ALC data line Do i ALC data line ~ .-DO H
1 >»EBO0=2 } v " " D1 H “ i " D1 H
: :;an4 : 111 it "t Bg : 1® i1 i Dg §
i »EBOS i ALC data line D3 i ALC data line D3 :
i >EBO0S8 I ALC handshake HSK { ALC handshake HEK &
H >EBOA i ALC bus awvailable BAV i ALC bus available BAV |
! >»EBOC i not used t ALC inhibit INH
{  EB0E ! cassette in CaASIN | cassette out CASQOT!
3.2 HKEYBOARD

The keyboard is a non—interrupt driven input device. It
cansists of & rows (OQUTRUT) and 8 columns (IMPUT) lines to give a
total of 48 key stations. Keycode definiticns are shown 1in
Figure 3-2.
TI INTERNAL DATA 3-3 FPRELIMINARY
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321 CRUV BASE. The CRU BASE address for the keyboard is >EFQQ

ts “EFOE.  The CRU defined lines are bidirectional and the CRU

instructions of 5BZ, SRO, T8, LDBCR and STCR are usable without
changing the CRU BAGBE address register (R1Z2).

3. 2.2 SCAN METHOGD. All rows (scan lines) and columns are
normally "high?* (lagic one). To scan the kYeyboard. each scan
line is individually pulled low and tha column lines are read by
CRU instructions. If a column line is "low"” then a key has been
detected at the intersection of the row being scanned and the
column that is low. Multiple key closures will be detected by
this method. however, only the SHIFT, CNTL and FNCT keys are
allowed to be pressed at the same time as another key. - Any other
multiple key closure condition is invalid and only the #first key
detected will be accepted. Software must provide key debounce
logic fo eliminate false %ey entriss. Software must, also,
convert the row/column number fo the appropriate key codes.
ad justed for SHIFT and FCNT keys. For the console with no
gxpansion module, the CNTL key wili be ignored. However, a
unigue expansion module may vktilize thes CHTL key but it will also

praovide an alternate keycode definition table fto replace the one
in the cansole ROM.
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3. 2 VIDEDO DIZPLAY

The video display consists of 24 lines of 32 characters. To
display information the processor places the correct character
codes into +the display RAM buffer. The processor has no
responsibility for converting the display RAM buffer to character
dot patterns feor the actual RF video generation. All this is the
responsibility of the of the CRT controller chip. However, the
CRT controller utilizes DMA technigues for video generation and,
as such, will periodically take control of the system address and
data buses. This activity can only be inhibited by disabling the
CRT controller (which blanks the screen?) by setting VIDENA low at
CRU address >ECCE. Note, the DMA sction minimizes the ability of

the processor to execute software fiming 1loops with any
repeatability.

2.3.1 VIDEQ SCREEN RaAM. The 24 rows of 32 characters are stored
in system RAM (video RAM buffer)! starting at address ZECCO and
continuing to >EEFF (748 bytes?. The next byte (EFQ0) is the
screen attritubute contrel byte. Figure 3-3 defines the
character set toc be implemented.

3.3.2 CHARACTER PATTERN ROM. Bot patterns for each of the @&
displayable characters are stored in system ROM (CHARPAT }
starting at address ECGEO and extending to 2>1EFF for a total of

768 bytes (94 times B). Figure 3—-4 defines _  the character
patterns. C oo

3. 3.3 GCCREEN ATTRIBUTE CONTRGL. The byte immediately following
the wvidee display RaM (Z1F0OD} is wused %to control %the screen
attributes relative to border and screen/character <color. The
bit definitions are as follows (B0 is the LEDB):

H B7-~-83 : B2 i B1 ' BO H
i not used | screen coler i border color { Teserved for |
H H 1 = black { 1 = white i future use H
TI INTERNAL DATA 3-6 PRELIMINARY
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3.3. 4 BLANK-END—-OF—-LINE CONTROL. Any character code greater
than 70 will be used as a Blank—-End-Of-Line (BEQOL) <character
which will stop the controller from refreshing the remainder of
the line and relenquish cantrol of the address and data buses.
The BEOL feature should be used on all non—full display lines to

provide more compute time for the CPU. 4dlsa, writing a 27X into
the +first character of a ling will blank the line on the screen,
however the video RAM is nat cleared. This facilitates turning
messages “on" and “"off* on the screen. Video may be fully

disabled hy setting the VIDEMA CRU bit to a low.

3.4 AUDIO CASSETTE INTERFACE

The avdio cassette is useful only for program load/store
functions. Since no CPU control of the recorder motor is
provided, the use of the cassette to input or store data files
would be inefficient because the user has to start the recorder
prior to running the program. Howewver, the ability to
PRINT/INPUT to/from the cassette should not be ignored.

3.4 1 CRU BASE. The CRU address of the cassette I/0 is at >EBOE
and is a bidirectional port.

3.4.2 DATA ENCODE/DECOLCE. Data is encoded as bimary “1° and 07
on +the cassette tape wsing a pulse width modulation technique.
Since the cassette media +for the GROUND SQUIRREL must be
compatible with the TI-92/44 system, the software for the
encoding should be as specified by the TI-979/4A BASIC Interpreter
specification.
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CODE CHAR  CODE CHAR CODE CHAR
{hex? (hex: {hex?
Q0 : 24 EX 4¢ L
01 27 ’ 4D M
2 o] 28 ¢ 4E N
03 ® 29 ) 4F 0
04 = 24 %+ 50 P
05 X 28 + 51 Q
06 \ 2c . 52 R
07 / 2D - 53 S
0B r 2E ) 54 T
09 (. 2F / 55 U
0A 1 30 0 S& Y
OB -4 31 y¥49 1 57 W
folo - 32 2 s8 X
oD i 33 3 59 Y
OE - 34 4 Sa z
OF - 35 5 5B C
10 4 34 ) 5C \
11 4 37 7 SD ¢ 1
2 4 38 8 SE A
3 ¥ 39 9 SF _ ,
14 A 34 : &0 a 4
15 o) 3R i &1 -
16 < 3¢ < &2 a
17 o 3D = &3 ol
18, > 3E > a4 =
19 4 3F ? &5 L
1A ¢ 40 @ b& B
1B { 41 &y A &7 =
1C ! 42 B &8 P
1D ¥ 43 C &9 =
1E ~ 44 D Y- ™
1F \ 45 E &3 o
=0 space 44 F &c 8
21 ' 47 G &D 2
a2z " a8 H &E b
=g # 49 I &F -
24 $ 44 J 70-~-FF BEOL
25 A 4B “ (blank—end—o+-1line?

Figure 3-3 DISPLAY CHARACTER SET
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cOocE PATTERN CHAR CODE PATTERN CHAR
g 0000, 1000, 1000, 1000
i1 0O0CQ, 0600, 54C02, 0000
2 32€42,8199, 9981, 423C
Q2 3C42,: A599, 9945, 423C
4 0040, 2010, 7840, 2010
0SS 8142, 2418, 1824, 4281
05 8040, 2010, 0804, 0201
07 0102, 0408, 1020, 4080
og 0000, 0000, 1F10, 1010
0? 1010, 1010, 1F0CC, G000
C&a 1010, 1010, FOOO, 0QQO
GE 0000, 0000, FC10, 1010
oC 0000, 0000, FFCO, 0000
b 1010,1010,1010.1010
OE 1010, 1010, FFQO0, CQOO
CF 0000, 0000, FF10, 1010
1¢ 1010,1010,F01G, 1010
i1 1010, 1010, 1F10, 1010
i2 1010, 1010,FF1G, 1010
12 2854, 4444, 4428, 2810
14 1028, 2844, 4444, 3428
15 0000, 7884, 4184, 78Q0
14 0000, 1E&1, 82461, 1EQC
17 0000, 1620, 7C20, 1000
18 0000, 1068, 7C08., 1000
i? 0000, 1033, 5410, 1200
1A 0000, 1010, 5438, 1000
1 0018, 2020, 4020, 2018
1€ 0010,1010,0010, 1010
1D 0030, 0808, 0408, 083G
1E 0000, 2054, 0BCO., 0003
iF 000, 2010, 08GO, 0000

——— e . ——— e s S e ooy

3B 0GC3B, 44443, 2844, 4438 B
3% 0GC38, 4443, 2C04, 0830 9
3A 0QGCOG, 3030. 0030, 3C00
3B 0000, 3030, 0030, 1020
3C 0008, 1020, 4020, 1008
3L 6000, Q07C, 007C, 0000
3E 0020,1008, 6408, 1020
3F 0038, 4404, 0810, 0010
40 0038, 445C, 545C, 4038
41 0C10, 2844, 447C, 4444
42 0078, 2424, 2824, 2478
43 0038, 4440, 4040, 4438
44 0078, 24243, 2424, 2478
43 0G7C,4040,7840,407C
4&  Q0O7C, 4040, 7840, 4040
47 0G3C, 4040, 5C44, 4438
48 €044, 4444, 7C44, 4444
.49 0038, 1010, 1010, 1038
44 0GC0O4, 0404, 0404, 4438
4B 0044, 4850, 605G, 4844
4C 0640, 4040, 4040, 407C
4D 0044, 6C54, 5444, 4444
4E 0044, 4464, 544C, 4C44
4F 007C, 4444, 4444, 447C
50 0078, 4444, 7840, 4040
51 (CQG38, 4444, 4454, 4834
52 0078, 4444, 7850C, 4844
53 0038, 4440, 3804, 4438
- %4 (©07C,1010,1010, 1010
55 0044, 44443, 4344, 4438
3& 0044, 4444, 2828, 1010
37 0044,4444, 5434, 5428

a®

L3
.
°

f w2l AYDR Pl N/ X¥RO

PUu s ANAXETICCHNIRVOZIArFTL~IToTNMMOOE@IN 1A

2¢ 0000, 00C0, 0000, 0000 =space 58 (0044, 4428, 1028, 4444
21 0010,1010,1010, 001G ! 3% 0044, 4428, 1010, 1010
22 0028, 2828, C0Q0., 0600 " SA 007C, 0408, 1020, 407C
2 0028, 287C, 287C, 2828 # 38 00238, 2020, 2020, 2038
24 0038, 5450, 3814, 3438 $ 3C 0000, 4020, 1008, 0400
25 0060, 4408, 1020, 4COC e 3D 0038, 0808, 0808, CB38
26 0020, 5050, 2054, 4834 % SE 0000, 1028, 4400, 0000
27 0008, 0810, 00C0, COOC ! SF 0000, 0000: 0000, C07C -
Figure Z-4 CHARACTER PATTERNS
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GROUND SQUIRREL SYSTEM HARDWARE
CODE PATTERN CHAR CODE PATTERN CHAR

[ — —— o ey s e .

&0 FFB1,8181, 8181, 81FF
&1 FFFF, FFFF, FFFF, FFFF
&2 FGFO, FOFO, 0000, 0000
&3 OFOF, OFOF., FFFF, FFFF
2C 0000, 0000, 0030, 1020 &4 OFOF, OFOF, 0000, 0000
2D 0000, 0000, 7C00, 0000 &5 FOFO, FOFQ, FFFF. FFFF
2E 000G, 0660, 0000, 2030 ) && 0000, 0000, OFOF, OFOF
2F 0000, 0463, 1020, 4000 &7 FFFF, FFFF, FOFO, FOFO
3C 0038, 4444, 4444, 4438 &8 0000, 0000, FOFQ, FOFO
31 0010,3010, 1010, 1038 &9 FFFF, FFFF, OFOF, OFOF

2 0038, 4404, 0810, 207C &4 FOFO. FOFQ, OFOF, OFOF
32 0038, 4404, 1804, 4438 &8 OFOF. OFOF, FOFO, FOFO
34 0008, 1823, 487C, 0808 &C FOQOFOQ, FOFO, FOFQ, FOFO
35 007C, 4078, 0404, 4438 4D OFOF, OFOF, OFOF, OFOF
3& 0018, 2¢40, 7844, 4438 &E FFFF, FFFF, 0000, 0000
37 007C, 0408, 1020, 2020 &F 0000, 0000, FFFF, FFFF

28 0008, 1620, 2020, 1008
2 0020, 1008, 0ECE, 1020
2 0000, 2810, 7C10C, 2800
2 0000, 1010, 7C10, 1000

F K e o~

~

fia®bhlfd" s P00

N RN O

Figure 3-4 CHARACTER PATTERNS cont-‘d

3.5 ALC I/0 PORT

The ALC I1/0 port is used by the GROUND SQUIRREL console as a
printer port, to access a lcwy cost printer system that is
compatible with the aALC I/0 system. System LIST and PRINT
functions will detault to the screen BUT can be Touted to the ALC
I1/0 port by use o+ the file handling fsatures OPEN, CLOSE and the
alternate forms of PRINT #%#n or LIST #n for output instructions.
DERs rtequired to effectively wutilize future ALC I/0 devices:, may
be contained in the appropriate sxpansion modules.

3.5.1 CRU RASE. CRU base address for the ALC I/0 will at >EBOO
to  >EBCC. The first & CRU bits are bi-directional. The 7th bit
(>EBCC?) is the message inhibit bit (INH) and is anmn output only.
The INH serves two functions:

# as long as the bit is lcws, normal ALC 1/0 functions are
allowed. If the bit is a one, all data lines, handshake
and bus available functione are disabled

# INH is toggled high—fto—~low as a ‘message ignore’
indication. After a ¥frame is initiated by some device
on the line, other than ths GROUND SGUIRREL., softwars
wil]l tead the Deviece ID btyte sant by the requesting

TI INTERNAL DATA 3-10 PRELIMINARY
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device. If the ID does not match the GROUND SQUIRREL,
toggling the INH bit will inhibit the &LC I/0 port from

Tesponding to any more nibbles (i. e. handshakes) wuntil
the next mezssage frame, as signified by the falling edge
of BAV.

3.5.2 ALC 1/0 EXPANSION DSRs. DERs required to implement ‘user
friendly”’ algorithms to facilitate ALC I/0 peripherals ,other
than & printer, may be providad in RCMs in an expansion module.

3.5.3 SOLID STATE SOFTWARE. Preprogrammed application packages

or enhancement features will be supported by ROM/RAM in expansion
modules.

3.9 . 4 SELF-TEST SOFTWARE. Unigue self-test software will be
accessed +through the =2xpansion port module. Initation of self-—
test algorithms will be by an intertupt lina at the expansion
port or by &an unique keyboard sequence.

TI INTERNAL DATA 3-11 ~ PRELIMINARY
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SECTION 4

SYSTEM SOFTWARE
The GROUND SGUIRREL  Computer System will utilize an

interpretively operatead, high level language software
environment.

4.1 USER INTERFACE

The User Interface provided by the screens. menus and

pperational modes will be compatibles with the features defined
for the 992/4A sustem.

4 1.1 POWER-UP/REEZET. At Power—up or Reset, the video display
will be off (VIDENA=O). System softwasre will set the Video
Control byte >1F0Q0) to 02 and then interrogate the expansion
modula to identify the resource configuration relative ta RAM,
ROM, DSRs and solid state softwares packages that are available.
& screen image will be developed that is similar to the power-up
screen of the 99/4A, within the archifectural limitations of the
GROUMND SQUIRREL system.

4. 1.2 PROGRAM SELECTION MENU. aAffter power-—up the screen is
displayed and when the wus=2r touches any key, a menu will be
presented that identifies all programs available {for execution.
The first entry will be TI-BASIC and then all programs available
in the expansion wmodule. Selection of the prcgrams will be in a
mannerT functionally eguivalent o the 92/4A methodology.

4.1.3 MODES OF QOPERATION. The softwars shall provide modes of
operation that are functionally =quivalent to the following TI-
@9 /4A modes:

(1) EDIT —— for entering and editing programs
(2) BASIC Command Execution -— execution of BASIC instructions
{3) BASIC Program Execution —— execution of BASIC program steps

4.1.4 PROMPTING AND ERROR HANDL ING. Software will provide user
prompting and error messages that are functionally equivalent ¢to
that provided in the 92/4A;, for #feafures that are included in the

TI INTERNAL DATA 4-1 PRELIMINARY
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GROUND SGUIRREL system. Soma uniqu? messages will be vequired
for handling the occurance of commands/instructions that are not
suppoTted. —

4.2 DBASIC INTERFRETER

The BASIC intarpreter softuare will incorporate a maximized
subset of the BASIC system provided by the 92/4A. To insure
compatibility, the commands included-in this interpreter will be
implemented as defined by the TI-92/4A4 Infterpreter specification
and will function:. to the maximum extent possible:; in the same
manner as for the F9/4A. Variations in functionality will be as
a rTesult of wnigque GROUND SGUIRREL market demands and hardware
limitations.

4. 2.1 FEATURES 70O BE INCLUDED. Th=2 subset of TI-P92/4A Console
BASIC to be included are definad in Tabla 4-1. All features that
are negoitable are marked with an s,

4. 2.2 ADDITIONAL FUNCTIONS. TI-?9/4A C(Console DBASIC does not
suppart assembly language capabilities (only with Extended
BABIC). However, the GROUNMD SGUIRREL has a market defined nsed
for supporting these function to fulfill the requirement as a
"computer literacy® learning aid. Therefore, this DBASIC
interpreter will support the following Extended BASIC functions:

PEEK INIT
LOAD LINK

4. 2.3 VARIABLES. This interprater shall support both numeric
and string variables with names at legsast 8 characters in length.
Actual length will be defined by Tesource limitations +for name
storage.

4. 2.4 EXPRESSIONS aAND OPERATORE. The GROUND SQUIRREL BASIC
interpreter will suppoTt numeric, string and relational operators
ag defined for the 29/4A.
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Table 4~-1 BASIC INTERPRETER FEATURES

! INSTRUCTION TYPE

———— e T R s e e s ok D e iy W R PR Y s P R

COMMANDS

i PROGRAM STATEMENTS

o —— S — o —— —— — i e o o | _—— . e

I/G STATEMENTS

- e e

S . i . 72 ot et . i e e i e M o S Vo et . S

BUILT-—-IN FUNCTIONS

. e e et mew e e e e ma e

BUILT—IN
SUBROUTINES

- e mm m m

TI INTERNAL DATH

———— o oz S~ > it

NEW
¥ GREAK
# TRACE
EDIT
LD -
DELETE
# KNUMBER

s s e T o S At s e i o i e e (s

RETURN
D FOR-TO-NEXT
OPTION BASE

e e e e e o, v Tt Sk A St S Ao

< READ

RESTORE
63DI$PLAY15%§%V
OFEN

INT
RANDOMIZE
SEN

SAR

AsC

LEN

SEGE

vaLs

—— s e . —— . oy o S v e Y

"CLEAR
ICHAR
GCH&R

—— i e o st e s ks R AR e W S RS D W W WS

BYE i
# UNBREAK :
# UNTRACE i
RUN H
SAVE H
LIST }
# RESEQUENCE H

—— i — o, S oty Sk S o Pl R et W i W AL i R

® REM !
> sTOP !
ON~-GOTD ;
ON-GAOSUB !
@ IF-THEN-ELSE !
O DIM !

——— . o oty e, e s . i . S S, S i S T i TR

2 DATA ;
(N INPUT !
OPRINT !

CLOSE !

——— o v — —— — —— — _—_ — v — " T o T T

o —— o s Y e " T 2 e i v Y A o ot VR e AT

SCREEN H
VCHAR i
KEY H

ey e > st ) S it e S5 O S LT e S i e S
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4.2.5 UMNSUPPORTERD TI-99/4A FEATURES. Whan rteading cassette
tapes that contain 2%/4a Console BASIC programs. the features
that are not supported by the GROUNWD SQUIRREL must be processed.
Some af the unsupported features will produce +fatal execution
errors: 1f ignored, but others will cause no effect on program
execution (i.e. CaLL CLLOR, CALL  SOUND, 2tc. ... ). All
unsupported features that cause +atal run errors must be flagged
with an ERROR message at program read time. Non—-fatal

unsupported features may be ignored. Table 4-2 identifies the
categories of unsuppartad featuras.

Table 4-2 UNSUPPORTED CONSOLE B&4SIC FEATURES

i COMMANDS T2 ZE IGNORED i CoMMAaMDS TO BE FLAGGED
: COLER SOUND H JOYET CHAR
H EOF H

—— e e ——— - — e - e — > o — . S S T

4.2 DEVICE SERVICE ROUTINES

Device operTations (INPUT, LIST/PRINT. QOPEN, CLOSE, etc.... ).
will be implemented using the File I/0 methodology wtilized 1in
the PR/ 4AA, within the limitations of the GROUND SQUIRREL
architecture. At power—-up, system software will interrogate the
hardware configurations, including <¢the expansion port, to
identify all DSRs that are available and build a file I/ access
block in processor RaM. In the event of a conflict between a
console based DSR and an equivalent function DSR in the expansion
module, the expansion module DER will take priority. This will
allow maximum flexibility +$or fufture expansion of the GROUND
SQUIRREL system.

4.3.1 VIDEO DISPLAY. The Video DSER will centrol access <to the
video display Ré&M by writing character codes into the 748 bytes

starting at SECOO. Thiz DSR shculd be callable by programs in

the expansion module to facilitate video control for application

packages o7 other DESRs. Scftware will be responsible for
positioning the CURSOR which will be a filled rectangle and will
"blink®™ at @ 2 Hz TtTate in +the appropriate modes. Display
scrolling will be performed by the software in such a manner as
to shift <the entire <screen wuvp ones line. To maximize CPU
processing time, a DBEQOL character (370 or greater) will be
TI INTERMAL DATA 4-4 PRELIMINARY
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inserted as the last character of each line of 1less than 32

characters. Video on/of¢ is controllad by writing a 1/0 to CRU
bit »EOOE (VIDENA}. Border and scrzen colors are controlled by

placing a 1/0 {white/black? in the 2nd and 3rd bits.
respectively, of the byte at ZEFQQ.

4.3.2 WKEYBOARD. The keyboard DSR will control all access to the
keyboard for identification of ke2y inputs. All system level and
expansion module software will wuse this DSR for accessing the
keyboard. This facilitates +the ability fo Tredefine" the
keyboard DSR with an expansion module EBSR wvia the I/0 access
block. Heyboard s=can and decode methodology sheuld be patterned
after the TI-99/4A Console scofftware.

4. 3.2 AUDIO CASCETTE. The audio cass=tte2 DSR must provide BASIC
pragram storTage on tape that is totally compatible with the F9/4A
system. Thus, the specification 1s fthe same as for the 9/4A
BASIC interpreter. To insure adequatese CPU time for cassette 1/0

cperations, the CRT must be disabled by writing a O to CRU base
HEQGE.

4.3.4 ALC 1/0 FPORT. This DSR will provide access te the ALC I/0
port for two types of operations:

# Printer output via the LIST #n and PRINT #n commands of

BASIC. The equivalent LIST "TP* and PRINT "TP" commands
will default to the ALC I/0 printer connected to the
bus.

# Primitive input/output commands will be provided ¢to
accomodate other ALC I/0 bus peripherals that will be
available. These primitive commands will be PRINT #n
and INPUT #n and will be accessed through the OPEN/CLOSE
features of the File 1/0 system.

4.3.5 170 EXPANSION MODULE. The system softfware will, at power-
up., search for and store away the existance of any DSRs in the
expansion module. DSRs in tha sxpansion module take prescedence
over equivalent DSRs in the console.

TI INTERMAL DATA 4-
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4. 4 EXPANSION MODULE SOFTWARE

System sottware will include teatures to allow
identification, rtecognition {(far menus! and execution of solid
state software programs or extsnded BASIC =2nhancement software in

the expansion module. That is, the EASIC interpreter software
must be capable of identifing extended or modified BASIC token
tsbles contained in the expansion module. To aptimally serve the

market need for a flexible "computer litevracy®” learning aid, the
system software and command interpreter must be able to recognize
commands that are not common %o BASIC but have interpretation

tables in the expansion modula. This wiil 2llow development of a
rudimentary FORTRAN, PASCAL, LOGa, etec. ... learning aid.
Although the system will not function =2yactly as a PASCAL or
FORTRAN based machine, the caspability will exist to learn the

fundamental constructs and syntax of these languages.

4.5 SELF-TEST SOFTWARE

Sogftware will provide features and capsasbilities to implement
a system level self-test.

4. 5.1 RGM CRC CHECHK. The first two bytes of every 4 kbyte ROM
boundary contain the CRC for that 4 kbyte segment. Howewver,
because of the system vectoring, the first 8 kbyte ROM will have

_.the C€RC for the entire B kbytes stored at location 0014 and

>G013.

4. 5.2 RabdM BIT TEST. A RAM bit tast will be provided to
determine the amount of RAM in the system and the functionality
of all RAM bits. The data pattern to b2 usad will be ‘AA’ and
‘957,

4. 5.3 CASSETTE INTERFACE TEST. The csssette I/0 interface will
be tested by a ‘bit echo’ <techniquse, whereby external test
equipment will inject a signal into the CASIN (recorder output)
line and monitor the CASDUT (recordar input) line for a duplicate
of the original signel. Softuwarse will read the input data and
echo the bits back ta the output line.

TI IMTERNAL DATA
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4.5 4 al.C 1/0 PORT PRINTER TEST. The sofbtware will transmit a
'SYSTEM READY’ message to the printar port.

4.5 5 VIDED DISPLAY TEST. The test for the wvideo will be tao
continousliy repeat the entire & character set with a blank line
between each repetition. The characters will be written at a
tate of not less thanm 200 characters/s2cond and scrolling will be
in effect after each 24 lines.

4. 5.6 EXPANSION PORT DBASED TEST PROGRAMS. The expansion
port/module will conftain a2 unigque t2st program, located at an
address specified by the 2nd and 3rd bytes aof the ROM. These
programs will be daveloped as part of the test systems effort and
are not part of the system softuare. However, the software must
be  capable of rtecognizing the tes%t programs and iniftiating the
tests.
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