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ABSTRACT

Software was developed at the U.S. Air Force Academy to support
development of the USAFA/8086 microprocessor system. There are three
primary modules consisting of the non-disk operating system (USAFA86),
the disk operating system (DOS86), and the disk interface software
(DISKB6). The first two modules are written in PUM while DISIM6 is
written in AS86. An operator's manual is included as an appendix.
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INTRODUCTION

The software for the USAFA/8086 was written at the U.S.
Air Force Academy between August 1978 and April 1980. This
software was written to the degree possible in a modular
manner using PLM86, a high order language. The following
personnel were responsible for the indicated modules with
system software integration and debugging performed by Cap-
tain J. Pollard:

USAF86 Non Disk Operating System Captain J. Pollard

D0686 Disk Operating System Lt P. Fitzjarrell
Lt G. Rosenberger

DISK86 Disk Interface Routines Lt D. McGrath

It is the purpose of this report to publish the software for
future reference while at the same time providing drawings
of the interrelations between procedures and short verbal
descriptions of routine usage beyond the heavy comments pro-
vided in the actual code itself. The figures and diagrams of this
report show only the interfaces between the various software routines and
db not imply timing or sequencing information in any way. Figure 1 shows
the intermodule relations.

USAP86

DIAGNOSTICT USE ONLY

IX)s86 DISK86

FIGURE 1. MODULE RELATIONSHIPS
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I. USAF86 - THE NON-DISK OPERATING SYSTEM

The NON86 operating system was designed to support the
various basic debugging functions considered desirable in a
microprocessor system. Based upon the basic structure of
the simple operating system supplied with the MCS-86 kits,
this highly expanded and modified software module supports
the following specific operating system commands:

S - Substitute
G - Execute (Go)
L - List to the Console Memory Data
P - Print to the Microprinter Memory Data
B - Set a single breakpoint
C - Clear the existing breakpoint
F - Fill a memory block
N - Move a memory block
Q - Convert a binary formatted floating point number to its

ASCII representation and display the result
T - Test (Invoke the diagnostics sub-module)

In support of these commands within USAF86 there exist eight
separate submodules supporting the main module USAF86:

1. Line Printer module
2. Console module
3. Arithmetic module
4. Console Switch/Led module
5. Diagnostic module
6. Command module
7. Interrupt Service module
8. Timer Module

Figure 2 shows the basic relations of USAF86 and its sub-
modules.

3
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USAF86
GLOBAL

DECLARATIONS DIAGNOSTIC
PRIMARY MDL

INTERPRETER

CONSOLE

PRINTER MDL

ARITHMETIC ________- TIMER
MODULE

CONSOLE
SWITCH/LEDSEVC

MODULEE

'FIGURE 2. usAF86 SURmoDULE RELATIONS
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Each of the submodules will now be diagrammed and discussed.
The line printer module is shown in Figure 3.. The.module
provides initialization capability (LP$INIT), plus the capa-
bility to output a single character (LP$OUT$CHAR), a byte
(LP$OUT$BYTZ)0, a word (LP$OUT$WORD),, a string
(LP$OUT$STRING), blanks (LP$BLANKS), a carriage return and
line feed (LP$CRLF), or a newline which consists of a car-
riage return, linefeed, and two blanks (LP$NEWLINk).

FIUE2.MCRPINE IBNIUTRLAIN

*1$0T

5H
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The console I/O module is the most complex of the submodules:1 including some routines of a rather miscellaneous nature
such as DELAY, DELAY$LONG, DISK$BUSY, INT$INIT, and
SIO$INIT. Some of the routines could have been (and perhaps
should have been) placed in other modules. The module basi-

* cally provides the capability to retrieve and transmit data
* to either a serial or parallel console system. Figure 4

shows the relations of the various output procedures.

CRT ,$ SERIAL$
OUT CHAR$

OUT

DAo$ O$D

PROF R.PT SIO$ L OUTPT PO

SIO

NEWLINEO
BYTE STRING

- I:DISPLAY$ SIO$OUT$

] R~DATAj$ WORD

FIGURE /4. CONSOLE SUBmoKDULE OUTPUT PROCEURES



Figure 5 shows the console submodule input procedures.

UPPER$ CHAR$CHR

CASEINN

SIO$GT KOM

FIGUF~ 5. COSOLE S HA N R OCDiE

SUPPRES

Si=1



In addition to these routines the module also contains
SIO$HEX and SIO$VALID$HEX which create or determine the
validity of hexadecimal characters.

The arithmetic module is relatively straight forward.
This module provides a simple, though not necessarily op-
timal, method of communicating with the AM9511 Floating
Point Processor board. Figure 6 shows the procedures.

ALU$OUT$ AIJ$IN$ AIU$CMND$ ALU$STATJS

WORD WORD WORD WORD

To$
FLOAT

FIGURE 6. ARIMETIC SUtMODUTE
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The console switches/leds submodule consists of only two in-
dependent routines RBAD$CONSOLE$SWITCHIS and
WRITE$ONBOLE$EDS. The timer submodule is almost equally
simple consisting of three independent routines used to ini-
tialize the timer (TIMERINIT)p load the timer (TIXER$LOAD),

* and read the timer (TIMBR$RBAD).

SIO$GO SIO$EXAM SIO$DISFIAY MEM4ORY$ MEM~ORY$
$MIEMRY FILL MOVE

CONSOLE I/O
SUBMODULE

FIURU7BCMMI'D UBODL

FIUR OMAN UBO9L



The interrupt service submodule consists of eight pro-
cedures of a rather simplistic nature to artifically service
the 8259 Interrupt Controller's requests plus four pro-
cedures to handle the system interrupts associated with the
non-maskable interrupt, overflow errors, division by zero,
and the software breakpoint. Additionally, a procedure is
included for interrupt vector initialization.

The tinal submodule to be mentioned is the diagnostic
module. This unit serves as a secondary control character
interpreter allowing the user to test many of the features
of the hardware. Essentially these procedures interact only
through the console I/O module. The tests are best classi-
fied by function as shown in Table 1.

TABLE 1. SYSTEM DIAGNOSTICS

FUNCTION CONTROL TYPE

Ramp DACS R Hybrid
D/A driven by A/D H Hybrid
Hybrid Accuracy L Hybrid
Led/Switch Echo C Console
Keyboard/CRT K Console
Led Ramp E Console
LSI Circuits I System
Memory Test M System
APU Test A System
Discrete I/O D System
Timer T System
Floppy Disk F System

The basic operating system, USAF86, reserves certain memory
locations by absolute allocation. These are shown in Table
2.

TABLE 2. ABSOLUTE MEMORY ALLOCATION

ABSOLUTE MEMORY LOCATION FUNCTION

00000 to 00003 Divide by Zero Interrupt Vector
00008 to 0000B NMI Vector
0000C to 0000F Break Point Interrupt Vector
00010 to 00013 Overflow Interrupt Vector
00031 to 00034 Current Disk Track Storage
00036 to 00037 IOPB Address Storage
00080 to 0009F Interrupt 20 to 27 Vectors
00100 to 00117 APU Scratch Pad Storage

10 .......



The follo ng pages contain the heavily commented list-
ing of USAF86 plus the associated cross reference listing.
To conserve paper no assembly code listing is provided.

-1
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P04-96 COMPILER USK-6 .8 'APR 8 PRE I

ISIS-I PL/-86 Vi I COMPILATION OF MODULE USF86
4 NO OBJECT MODULE REQUESTED

COMPILER INVOKED BY: PLM86 :Ft:CRRNT. SRC DTE(38 APR 88) NOOBJECT

STITLE('LSF-86') LARGE OPTIMIZE(2) XREF SYBOLS INTVECTOR
USAF86: DO;

/* THIS 9FTWARE WAS WRITTEN AT THE
UNITED STATES AIR FORCE PCK)EMY
DEPARTMENT OF LECTRICL ENGINEERING
(UWA/DFEE) IN SUPPORT OF RESEARCH SPONSORED

BY
F. J. SEILER REREARC LABORATORY &
THE AIR FORCE FLIGHT DfNIICS LPGOATORY.
THE ORIGINAL STRUCTURE OF THIS PRORA WAS
MODELED ON THE INTEL CORPORATION, DE",
SOFTWARE SUPPLIED 1TH TIHE PURCIEISE OF THE

CS-86 KWRDIf PACKAGE THIS IPERATING SYSTEM
IS INTENDED FOR USE ON THE UfWA/886 MICROCOMPUTER
SYSTEM, WAS COMPILED, LINKED, AND LOCATED USING THE
INTEL 1DS-31-l SOFTWRE PACKAGE THIS SOFTWARE WAS
WRITTEN OVER THE PERIOD FROM RUG 1978 TO MAR 1M BV
CRPT JOE POLLARD WITH SIGNIFICANT CONTRIBUTIONS FRO
MENERS OF THE CADET WING OF THE USF.

THE PROG IS M R IN NATURE CONSISTING OF THE FOLLOWING
PRIMARY NODLES (SEE SYSTEM SOFTWRE DOCIUMENTATION FOR
ADDITIONA. DETAILS):

i) MICROPRINTER MODULE
2) IP5l ARITINETIC MODULE
3) CONSOLE I/0 MODULE
4) COMMAND EXECUTION MOULJE
5) INTERRUPT SERVICE MODULE
6) COMM OISPRTCH MODULE
7) DIAGNOSTICS MODU.E
8) TIMER INTERFACE MDLE
9) DISK INTERFACE MODULE
10) HYBRID INTERFACE MODULE
ii) CONSOLE SWITC .LED INTERFACE MODULE
12) GLOBAL DATA DECLARATIONS

12
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-* THE B-TE l'A 1S 'JE-D AS HOL Eh,3 tJEuE FOR CON.S'LE
INPijT ',.

2 ± DECLARE INT$-'ECTOR (i%) POINTER AT ( 0@00);
3 1 DECLARE

CHAR BYTE PUBLIC.;
4 ± DECLARE

TRUE LITERALLY '0FFH,
FALSE LITERALLY '908$

5 ± DECLARE
SIO$ N(*) BYTE DATA ("GSLMFPBCOTRWiNEADVj
/* THE PA95tl APU CONTROLLER USES I/0 PORTS 1 02, R 14 */

6 1 DECLARE
ALUSAUTOSPOPT LITERALLY '0014H',
ALU$CONTROL$ORT LITERALLY '86 ',
ALUSDATAPORT LITERALLY '089H';
/* THE SYSTEM USART IS LOCATED AT I/O PORTS 21 At 23. IT IS
CONFIGURED BY SOFTWARE FOR ASYNCHPWOUS, 8 BiT, NO PARITY, W.
CLOCK TRANSMISSIONS. AU) RATE IS HARDW RE SELECTABLE TWO
STOP BITS ARE USED. */

7 1 DECLAP
SIO$STAT$"ORT LITERALLY '@923..',
SIOSDATASPORT LITERALLY '080$'J"
SIO$8255'ODE LITERALLY "BCEH',
SIO$8251$RST LITERALLY '04.',
SIO$ 251CM LITERALLY 'MH',
SIOSRXRDY LITERALY ' 2',
SIO$TXRDY LITERALLY 0114';
/* THE SYSTEM INTERRUPT CONTROLLER ('259A) OCCUPIES IO
POPTS 0 AND 2OPERATING IN THE 8086 MODE AS A SINGLE
CONTROLLER. */

8 1 DECLTRE

INTSTAT$PORT LITERALLY '0$W
INT$ICUi LITERALLY '1.3$ ,
INT$ICW2 LITERALLY '020W,
INT$ICW4 LITERRLLY 'WFH',
/* THE LINE PRINTER IS AT I/O FRT FC */

9 1 DECLARE
LP$STATUS$POPT LITERALLY 'OOFGVH',
LP$D RT$PORT LITERALLY '8OFCH",

1 1 DECLARE
BREAW$POINT$DTA2) BYTE;

11 1 DECLARE
BREW,$PO!NT$FLRC BYTE;

12 1 DECLARE
CONSOLE BYTE;

13 1 DECLARE
ASCII(,) BYTE DATA ("0123456799PECDEF''s

14 1 DECLAPE
ASTERI SK LITERALLY '2AM'.
ASCR LITERALLY 'D,H'.,
RSLF LITERALLY '89W"
A-8L LITERALLY '28$"
/* THE THREE FOLLOWING STRUCTU2RES APE NECESSARY TO MLLLO ThE
OPERATING SYTEM TO HAVE INDIRECT ACCESS TL 41EMOP *.

13- ** _3_ -- -
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PijPL/" COMPILER OSAFdE.'LiM£X~AIN 38 APR 88 PRGE 3
llulk D'ATA X CL*ARTIONS

15 1 DECLARE
WF..Y$KGIPTR POINTER PBLIC,
ARG-1 STRUCTFE (OFF NWRD, SE3 WORD)

AT (@MEO$ARGi$PTR),
*tENOPYSARGI BASED NEMORR IRPTR BYTE.;

16 1 DECLARE MEMORY$RG2VPTR POINTER,
RRG2 STRTURE (OFF WORD, SEG WORD) AT (@MEMORYSAR2SPTR),
PMflORY$APG2 BASED MEORYSRG2$PTR BYTE,

17 1 DECLARE iREAKSPOINTVPTR POINTER,
BKPTR STPUCTURE (OFF WORD.1 SEG WORD' AT (RWA POINTSMPTR),
BRERK$POINT BASED BREAKSPOINTVPTR BYTE
/* THE PRLLEL I/0 CONSOLE IS AT I/ PORTS FO AND Fi

18 1 DECLARE
E $STATSPORT LITERALLY ' HI',

KEVBDSVTASPORT LITERALLY '@BF',
CRTPORT LITERALLY 'FN',
KEYBOSADY LITERALLY '8 ';

19 1 DECLARE
CONS$SWITCH$PORT LITERALLY 'eeWi,
CONSOLE$LEDPORT LITERALLY 'OW8FEH';
/* TIMER IS SET UP TO BE BINRY 6 BIT ODE 4

20 1 DECLRE
TIMER$CONTROLPORT LITERALLY '0037H',
TIMER$B SE$PORT LITERALLY '031',
TIIER9S$ODESWORD LITERALLY '034W,
TIMERiSMOOEWORD LITERALLY '074H',
TIER2HSODEVOR LITERALLY 'MR';

21 D DECLARE
DISCRETE$1OS ORTI LITERALLY '88FSH',
DISCRETEIOS]RT2 LITERALLY '@WAN';

22 1 DECLARE
1oPe WORD PBLIC AT (68361); /* INPUT OUTPUT PARAMETER' BLOCK FOR DI1K 10 *

23 1 DECLARE
DERR BE FTERR BYTE EXTERNAL: /* DISK ERROR WORDS 5/

24 1 DECLARE
'AINPRORR LABEL PUBLIC; /* BOOTSTRAP ENTRY 5/

25 1 DECLARE
(ERRORNEXTSCOA) LABEL PUBLIC;

26 1 DISK:
PROCEDURE EXTERNAL;
/i THIS PROCEDURE IS TIE DIS( DRIVER PACKAGE WHICH COMthICATES
WITH THE WESTERN DIGITAL 1791 DISK CONTROLLER. THIS PROCEDURE
IS WRITTEN IN RS SINCE PARTS OF IT ARE TIME CRITICAL. s/

27 2 E90;
281 DECLARE

DIKSTRA (4) BYTE RBLIC AT (8 N3iH)j
29i DECLARE

DISK(RERDY LITERALLY '89H',
DIS (STATS-ORT LITERALLY 'MMC8H',
DIS KWH AMPRT LITERALLY '88C8H',
DISK$RESETS'ORT LITERALLY 'OeC4H',
DISKSC R JESM T LITERALLY '8C"'

/* THESE DEFINITIONS DEFINE THE I/O SPACE OF THE DlS CONTROLLER
AND ARE USED WHILE INITIALIZING THE DISk SYSTEM V/

36 1 RERDSOPI ER -
PROCEDURE EXTERNRL;

14 .



3 2 2E'tQ.

34 1 ,i$L 'E

35 2PRcCE1iE E.JE;PNA
35 2 ENE.

PP0C3C&U:E EXCERN&.;
37 2 EN&;
318 i ERRSEUK I vEP

PRiJUEDUjFE EXTERNAL
A39 2 EID;

48 1 ATTRIBUTESCHUJE$DPIVER
FPOCEDUREP- ExrER.N-L:

41 2 END;i
42 1 INITIAIZE-

PROCEDUR.E EXTEPNkL
4 3 2 END,
44 1 DIRECTO-PY$LIST:

0PQCEDIRE EXTERNWtL.
45 2 ENDI

'5
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-PL.'N-8? ClI3Hfu 'J1' t :'-? 3 APRP80 PAGE 5

IBTiTLE , 'MiCQLCFRiNTER MLXt'LE ')

/i THIS MOC JLE IS DEIGNED FOR USE WITH A CENTPANIMCS MICROPRINTER
WITH PARALLEL INTERFACE

/, THE PRINTER IS INITIAIZED B SELECTING 28 CPI AND NO UNDERLINE
MODE OF OPERTION ,/

46 1 LPSINIT
PROCEDURE;

47 2 OUTPTLP$ATA$PORT)=i6Qj
48 2 OUTPtJT(LP$DRTA$PORT)=i6Q;
49 2' OUTPLUT(LPSDRTR#PORT ) = 3;
9 2 END;
51 1 LP$OUTHAR

4* ONE lENT TYPE BYTE - SCII C RICTER TO BE PRINTED */
PROCEDURE(C) PUBLIC;

52 2 DECLAIRE CBYT
/* THE LINE PRINTER READY BIT IS MONITORED ON BIT I OF THE STATUS

PORT. s
53 2 DO WHILE (INPUtT(LPSTRTUlS$PRT) AND 92H)09;
543 END.;

/* THE CHIMTER TO BE )IITTED IS THE SEVEN L50S WHILE THE
M 5B IS ,HE STROBE WHICH IS SOFTWK PULSED ACTIVE LOW */

55 2 OUTPUT(LPSVTR$PORT)=;C OR 88H,
56 2 OUTPUT(LP*fiTAPRORT)=C AND 7FHL
57 2 OUTPUT(LPDATRSPORT)=C OR 884 ;
58 2 END;
59 1 LPSOUTBYTE:

/* ONE ARGUMENT TYPE BYTE - THE HEX 'BYTE WHICH IS TO BE
INTERPRETTED TO ASCII AND TIEN PRINTED *
PROCEDURE(B) PUBLIC;

68 2 DECLAREB8BYTE;
61 2 CALL LPSOUT$C fR(RCII SHR(B,4) AND OFH)),
62 2 CALL LP$DUTCtf 'ASCII'.B AND GFH));
63 2 END.;
64 1 LPSOUTSORD:

/* ONE ARGUMENT TYPE WORD - THE HEX WORD WHICH IS TO BE
INTERPRETTED TO ASCII FIND THEN PRINTED *
PROCEDI.PE(W) PUBLIC;

65 2 DECLARE WWORD;
66 2 CALL ~LPS~JSYTE(HIO4H 1d);
67 2 CALL LPSO1JTS8YTE(LOW(W)),
68 2 END;
£9 1 LPSTSTRING:

/*TWO ARGUMENTS POINlERA YTE - THE POINTER TO THE ACII STRING
TO BE PRINTED AND THE NUMBER OF BYTES IN THE STRING *

PROCEDIJR(STRSPTR, N) PUBLIC;
78 2 DECLARE STRSPTR POINTER, (N 1) BYTE,

STR BASED STR$PTR(l) BYTE.
71 2 DO 1=0TO N-i
72 3 CALL LP$OtJTSCHARTR(I));
73 3 END;
74 2 END;
75 1 LPSKLNKS:

/* ONE ARGUMENT -THE NUMBER OF BLANS TO BE PRINTED V~
PPOCEDURE (N) PUBLIC;

76 2 DECLARE (1,N4) BYTE;
77 2 DO IziTO N;

16



78 2L Lcf'Y5 ; L
79 3 END

81 1 LPSCRLF.
* A RGU~NT A N ASCII CARZG RETURN IS SENT TO THE LINE

PRINTER. A LINE FEED IS PlUr3MATICALLY INSERTED BY' THE WAR~E
PROCEDURE PUBLICi

82 2 CALL LP$OITCPR SC~
83. 2 END;
84 1 LPSNEWLNE:

/* NO ARGUMIENTS - A CARRIAGE RETURN, AUTOMTIC LINE FEED, AND TWO
BLAII PRE SNTO TE LINE PRINTER.*

* I PROCEDURE PUBLIC;
95 2 CALL LP$CRIF;
86 2 CALL LP$8LWMS(2);
87 2 END;

17



. " PL;rI C,)flLEP .J .:--z APR80 PAGE 7
I , '." *gS,3-. L '.

9.'9 r TLE C NSOL:.. 1 0")
881 DELRY

/*NE AU',IENT - THE # OF ITERATIONS AT 4 11HZ OPERATING IN
EPROM EPCH ITERATION TAKES 4PROX 15 M!CROSECONDS. */

PROCEWE (C, PUBLIC,
89 2 DECLRE C BVTE
90 2 DO WILE Ce,
91 3 C=C-L1
92 3 ENDj
93 2 END.;
94 1 DELALONG•

/*t) AGUMENTS -- A FIXED LENGTH DELAY ROUTINE USED WITH
CRT /o ROUTNES. /
PROCEM PUBLIC;

7 95 2 DECLAR~E IBTE,
96 2 DOI=iTO 6;
97 3 CALL TIPE(5);
96 3 ENDi
99 2 END;
too 1 DISK$BUSY: PROCWREIE/* THIS PROCEDRE WITS FOR THE DISK TO BE NOT 9USV*/
181 2 CALL DELAY(28);
18M2 2 IF(((NOT(INPUT(DIISTATUSSPORT))) F DISIKSERADY)OH) THEN
193 2 RETURN;
184 2 DO WHILE (NOT(INPUT(DISV$STATUSSPORT)) AND SiH) 0 8i
185 3 END;
06 2 END ISKSBUSY;
187 1 INT$INIT:

/* SETS UP THE INTERRIPT CONTROLLER AT POiER Oh */
PROCEM(E

18 2 OUTPUT(INT$STRATORT)=INT$ICUL
/* DEL YS ARE NECESSAY TO ALLOW LSI CIRCUIT RECOVERY s/

169 2 CALL DELAY (26);
118 2 OUTPUT(INT*M$PORT)=INTSICW2,
111 2 CALL DEL (28);
112 2 9UT(INT$lMKORT)=INTICW4;
113 2 ED,
114 1 SISINIT.

/* SETS UP THE USART AT POWER O& N /
PROCEDR;

115 2 OUT7UT(S!O$STAT$PORT)488;
116 2 CALL DELRY(20);
117 2 OUTPUT(SIOSSTRT$PORT)=9,
M1 2 CALL DELRY(2);

/* ISSUE AS SOFTWARE RESET .
* 119 2 OUTPUTSIOSTTPRT)=SIS25i$RST;

126 2 CALL OELRY(28);
/* SELECT THE DESIRED MODE OF OPERATION *

In 2 OUTPUT(SIO$STRTSPORT)-SIO$2M M ;
In8 2 CALL DELRY(2));
12 2 OUTPUT(SIO$STAT$PORT)=SIO$8251SCf;9
124 2 EID;
la I SEPIALSCRMOT

* ONE ET - T YPE YTE- T E YTETO BE TTED BY TE
US RT THE I)EIIT.ER IS CHECKED AND IF READY THE CHACTER IS
2OTPUT. */
P2OCE 2.VI C) PUBLIC;

18
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62' 2 ,-rCLR;E C BRTE
* 127 2 (0 WHILEk IP-,.,.', SiOTATSPT, .' K* 'R'.

, 128 3 Elf;
129 2 OUTPUTtSIOtDRTAR$RRT)=C
-38 2 END
±31 1 CRIOUT:

/* ONE WGMENT- TYPE BYTE- THE CHARACTER TO BE DISPLAYED ON THE CRT f/ PROCEDUREC) PUBLIC,
32 2 DECLARE C BYTE;

/'* OUTPUT THE CHARACTER WITH THE 1B (STROBE* LOW (ACTIVE) */
133 2 C-C FIND 7FH,
134 2 OUTPUT(rT$PO.T)--C;

/*DELAY 13 ITERATIONS FOR EVERY CHARACTER ir/

135 2 CALL DELAYU2'.,;
/* OUTPUT THE CHARACTER WITH THE STROBE HIG */

136 2 OUTPUT(CRTVORT)=C OR 880H;
/* DELAY LOGER FOR SPECIAL CHARACTERS SEE VIDEO INTERFACE SPEC */

137 2 IF((C=4CH) OR (C=iCH)) THEN CALL TIME (6);
139 2 IF((C-BH OP(C=8H)OR(C=tAH)OR(C=I)OR(C=4DH))THEN CALL DELAYLONG;

ELSE
141 2 CALL DELRY(3);
142 2 END;
43 1 SERI.$MCNAR$IN:

/* READ A CHARACTER FROM THE USART WHEN READY */
PROCEDURE PUBLIC;

144 2 DO WHILE(INPUT(SIO.STATSPORT) All) SIO$WXRDY'=8;
145 3 END;

/* STRIP THE PARITY BIT */
/* RESULT IS RETURNED IN CHR 4*/

46 2 Cff=INIT(SIOTAPORT) AND ?FH,
147 2 END;
148 1 KEVBD$CIfR$IN:

/* READ CHARACTER FROM THE PAR9LLEL KEYBOARD WHEN AVAILABLE */
PROCEDURE PUBLIC;

149 2 DO WHILE(INPUT(KEYBtISTATPORT) AND KEYBD$RFY --B,
158 3 END;

/*STRIP THE PARITY BIT *7
/* RETURN THE RESULT IN CHAR *7

±5± 2 CHA=INPJT(KE8BDS TA$PORT) AND 7FH;
52 2 END;
53 ± FORCESUPPER$CASE:

/*IF A LOWER CASE CHARACTER IS DETECTED THEN FORCE LPPER CASE "'

PROCEDURE PUBLIC;
154 2 IF (CHR)=6iH) AND (CHAP =7AH) THEN CH.=CH4R -2?.
156 2 END;
157 1 5IOOUT$CHAR

/* ONE PAOOMENT - TYPE BuTE -- A ,CI.-C'."CTEP T BE
flSPLVE' AT THE MSOLE /

P;OCEDUP.E (C) P!.rL!C
58 2 CfECLARE C BYTE.

159 2 IF CONMISM.rI THE'. CAL. £EK uir'' .
161 2 7F CoNErLE- NPI .. cvsccr:..
i63 2
164 1j5---TE

"* Ol ;: t- ';e -" *": -6 -Er i D 'tFLYEU ON

19
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~i 2 ,.,'.. .:''O .c-c :iES[[; ,-', F,':.; Afu>H)
769 1: £4, r, & _H)

""", '.s9m.E'T--TYPE HGRD--HEX WORD TO BE DISPLED ON THE CONSOLE */
P;CCED URE () -PiBLIfC,

i7 2 ,E'&.WE W WORD
171 2 C ._ SIO6UTsBYTEkHIOIRW));
t72 2 C,._L SIO,).TSYTE,L0W(W));
Ir, 2 EPX,
174 1 0 EiJ-T5)STRN !NG

/.TWO ARfijMENTS--POINTER, BYTE-THE POINTER TO THE STIMN TO BE
D!IPLAYE. ON THE CONSOLE AND THE # OF CHACTERS TO BE DI1I9VE. Y '/
PMOCEDURE STRPTR.. N PUBLIC:

* ±75 2 DECLARE STRSPTR POINTER, (, I,! BYTE.
SIR BASED STk$PTR (W; BYTE;

176 2 DO !ze TO N-
77 3 CPL!- SIOQJT$CHAR.STR I));

178 3 EN,
179 2 END,
±88 1 SIO$GETICHAR

/* READ A CHARACTER FROM THE CURRENT CONSkE
0R.43CEDURE PLIBLIC;

i8± 2 IF ONSOE=i THEN CALL SERIRL$CHRR$IN;
193 2 IF CONSOLE=2 THEN CALL KEYBDICNHR$IN;
185 2 CALL FORKE$UPPEP$CfS6E

,'* ECHO THE CHARACTER TO THE CONSOLE */
186 2 CALL SIO$%3T$C+)PRCHAR)I

/* IF THE CHARACTER WAS AN X ABORT THE COMM IN PROGRESS */
187 2 IF CHfR -;' THEN GO TO NEXT$COIWft,;
±89 2 END.

i98 ± SIOVVILIDEX:
/* THIS FRNCTION M. ROUTINE VERIFIES R BYTE AS R VALID ASCII
RFRESENTATION OF A ME- CHARACTER (--9, A-F). *

PROCEDURE tH) BE PUBLIC
.f± 2 DECLRE H BTE;

M2 2 IFk 0'(=H AND K='9') OR ('A=H AN H(='F') THEN
193 2 RETO'N TRUE:

ELSE
94 2 ,RETURN FA.S

195 2 ErID.;
i% ± SIO$HE:'

* THIS FUMCTIONAL ROUTINE RETURNS A HEX NUMER GIVEN R VALID
ASCII REPRESENTATION. */

PROCEDURE (C) BYTE PUBLIC
197 2 DECLARE C B'TE:
t98 2 C-C- 3W
i,9 2 IF C (--9 THEN RETURN C;
201 2 ELE RETUN C - 7;
282 2 ED,
203 1 SIO$ETS'yTE

,'* TmIS ROUTINE MUST HAVE R VRLID CHARfCTER QUEUED IN CHAR ON
ENTRY THIS ROUINE OBTAINS A VALID HEX BYTE FROM THE CONSOLE
IF POSSIBLE */
PRCCEDURE BYTE PUBL 1

20
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-'EC '.,T '. i;r,.FC& Cr,'AFA,E: *,.

205 2 j ?&T"i$$LID'E..' CHAR. ThEN CO TO ERROR;
207 2 -0,

P CK THE NE BYTE OfLY ONE B'TE IS RETURNED
CNSISTIN3 c.F THE Ltb:T TWO i&ID ENTRIES */

208 2 DO WHILE I'OiV&LIDSHEXCHR'.;
289 3 8 1 SHuE.4,+SIOSHE.: CHAR:;

S 21. 3 CRLL SIOti..3ET$CNR;
211 3 END,

XIT ET ONDITIO'IS APE CR BLAN&, OR CO */

* 212 2 IF CHAR P ASCR OP CHAR = ASBL OR ', THEN RETURN B;
214 2 GO TO EROR
215 2 END:
216 1 SIOiET$WOPD.

* ROUTINE GETS A WORD FROM THE CONSOLE. ADDITION RD SBTRACTION
ARE PERMITTED OF A SECOD WORD PRIOR TO ENTRY. */

PROCEDURE WORD PUBLIC.;
217 2 DECLARE (SAVE. W) WORD, OPER BYTE.
218 2 OPER = '+',
2109 2 W = 8i
220 2 SAVE = 0.

.4 FORM P WORD ALWY* PLACING THE CURRENT WORD IN SAVE
221 2 DO We.E TRUE.

3 DO WHILE SIO$wALiD$SEXkCHA R;
223 4 SAVE = SHL(SfVE,4) + DOUBLE(SIO$HEX(C4AR));
224 4 CALL SIOSGET$CHARR
225 4 END.

,."* IF ADD OR INITIAL INPUT STORE IN W */

226 3 IF OPE +'+, THEN
227 3 W = W + SPVE,

ELSE
,-OTHERWISE SUBTRACT .

2e 3 1. : W -SAYE;
"* TER!INATES ON COLON, COMMA, OR BLANK */

229 3 IF CHAR=RSCR OR CHAR=-:' OR CHAR', OR CkfR--SBL THEN RETURN W;
2-1 3 IF CHPR='+' OR CHAR:' THEN
232 3 DO;
233 4 OPER = CiAR;
234 4 S.VE =.;
235 4 E .

ELSE

'* AB(RTS IF ENTRY IS NOT VALID THROUGH SYSTEM ERROR ROUTINE */
236 3GO 0 EPROR,
237 3 CALL SiO$GETCHA;
2318 3 ENDV
239 2 Ell&
248 1 SIO$12E TFJADER

. ,I,.,,, GETS AN ADDRESS (SEGENT:OFFSET) ONE ARiUMENT-TYPE WORD-

"RP.YEDURE(DEFPULTsBASE) PUlJC.l
241 2 D . .FI4Vt TSEASE WORD;

242 2 A~31 SEG z DE'E ,k.fBASE;
24-,2 3 OF: =SiO$CETsWQRD;
2,4 4 L. WHILE CHAP
2,45 2 ,.Ati Si~ztETCHAR,

21
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246
24' F -:i
248
249 2 ET

251. PF.OCE'j;'N FUBLiC;
251 2 )ECL-RE ui*NW BYTE;

'252f 2 ~ E4 1= N.;
253 3 C:ALL SIOJOUTSCHR(ASBLU,
2542 N

2.55 2 END;~&

3 UTN-JTS A CARRIAGE RETURN, LINEFEED) TO THE CONSOLE .
PROCEE)LPE PUWC:

257 2 CRLL SIWi$UT$CHA(fSCR.);
258 2IF CWSNOi.E=i THEN CALL 51O0 TXWtlSLF);

M6 2 IF CXSLE=2 THEN CALL CRT$OU~dEH*)
2W 2 IF CONSOLE=2 THEN CALL CRTSOUTkii);
264 2 *
265 1 SI0$NEWLNE:

/* WATPUTS .4 CARRIOG RETURN, LINE FEED TO THE

PROCED'JPE PUBLIC;
266 2 CALL SIO$1ZRLF,

267 2 END
268 1 PROMlPT:

/4 OGJTPIJTS A LINEFEED, CR, AND ASTERI9l TO THE CON6OLE *
PPOCEIJPEi

269 2 CAL SIO$N&FLINE.;
270 2 CA.LL 5IO$t)JTSCHW..(ASTERISK);
271 2EN;
272 1 DISPLAYSDATPIARRP.RY:

f PPOCEtXPEiR.-N) PdBLIC;
'TSIS PPCEDURE DISPLAYS N DATA BYTES IN HEX BEG1IING

AT POINTER A. EVERy 16 BYTES STARTS A NEW LINE *
272 2 DECLARE A POINTER, N BYITE, I BYTE, M BYTEj

274 2 DECLA9RE 3 BASED A Q.) BYTE-
275 2 00 WHILE TRUE
276 3 IF 0>16', THEN 0,46;

ELKE
278 3 M-N
279 3 "~-m1:

280W 1= D0 TO M-1;
m8 4 CFlal SIotoUT$CHApt I ")j

F 282 4 AL; SIO$CJT$8VTE'B(I)),
28K 4 CaL. SI&GiUTICHAR('*)
2-84 4 EM I
2'35 2 rki SI0$NEWLIlE.

2IF ',K16 'iEN RE-luk&
2!3P 7 p
289 2END

H' IENfiFi;ES THE GaIONLE AS EITHER A SERIAL DEVICE (1) OR A
FAKL..EL DE'.;ICE %2 WRING SYSTEM INITIALIZATION. FIRST

DIETC 'ESENT A CH,~f<ATER I5 SELECTED AS THE CONSOLE *

22



32912 P 1

29K) 2

2983 FCCO. 4i 5ThENLVX CAIUTIObA$RTHE AN 7FH -

3%8 2 IF C)NEi.E =2 THEN CHAIR =INPUT(KEYi8,$OATR$PORT) ftD 7FK'
302 2 'YU SOCJTCA.HL.

/NITE: THE TTY? WILL. FIUWYS APPERR REAOY IF USARI IS NOT IN THE
SYSTEM. SINILRRLY THE KEBW.0R LOOKS REIY IF KEYBDSTATUS PORT
IS REM1OVED, *

32 2 END;
2@4 1 -AJPPRE5_c48Lfflr,5:

PROCEPLRE FLIBL IL,
/* THIS PROCEDJRE GETS ONE CHARACTER FROM THE CONSOLE
SUPPRESSIN ALt. LEAC'IKO 8W5.

305 2 CAILL. SI0$GETsCA~
386 2 D~O WHILE HP~F=458L.;
307 3 CPilL SIG$GET$CH~R
388 3 END.
309 2 ENC;
310 1 USERI IO$'3ETXOPP.

/* THIS PROCEDUJRE IS IDENTICAL TO SIO$GE$CARR BUT
X-EC )TAOTAT1AiCAtLLY ON THE CHARACTER X.*

311 2 IF CONSOLEZA THN CALL SERALSC$ARfiN;
3B3 2 lF CIJNSOLE=2 T40iE-l Chu. KEYBD$CHAR$N;
A1. 2 CwELL FEPIL!E5SiISE;

*316 2 CFLL SIO0OUTsCHFCRCHAR);
31.? 2 Dl

23
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-~ r *t: ljd- IE Otk&~T IN LOkEST ADDRESSED BYTE*V
9Lffh C jtj WE-KS ST SK NALCTO HR

T'PE TOO L:2P S PE ZERO 1. E,~ , 4, 8 OR C AS THE LAST DIGIT. s/
31' 1 PLU$!TtW0P '

.* 63P 1 u liRNRITPHRY KoV&E55 (SE6:OFF) FIND AN ADDRESS USED BY flE fft
AtJ(' 0UT.UT 4 PTEs OF DATA iMJO11TICALLY TO THE RPU. V
PFR3CEM9PE- FL T$pP) PiL.C

319 2 ('ECARE FLTIADR POINTER,
32 2 DECLARE FLT$PTR POINTER.

FLTSADRf. STRUt.TURE-.OFF 4)RM SEG WORD) AT (@FLTSPTR);
321 2 FLT$PTPRLTSfiP.

,'* TRIO'RYTE THE 4 1158 AND ISSUE ADDRESS TO CONTROLLER FR
AUJTO XFEP TO ARl951t V/

322 2 FLT$W.RS. OFF=FLT$ADRS. 0FF+SHL(FLT$ADRS. SEG, 4)i
M2 2 OUTWORD; ' W OPOT'FL$ OFF AND OFFOCH
324 2 END;
325 i ALU$INMWOD

04 SA#E AS ABO&,E EXCEPT THE XFER IS FROM THE RU INTO NEJOW */
PR0CEC0REi FLT$P.ER, PUBLIC;

326 2 DECLARE FLT$RL-R POINTER;
3727 2 CECL9RE FLTIPTR POINTER,

FLT$ADR STRUCTURE("OFF WORD, SEG WORD) AT (@FI.TVPT);
*' 328 2 FLTSPTP=PLT$PDP;

329 2 FLTMAfS )FF=FLTSAMR OFF+SHL(FLT$ADRS. SEG 4);
338 2 OUiThORDA.LUSR'ITOSPORT:.,(FLT$DRS. OFF AND OFFFCI4) OR oSSI-
331 2 END
332 1 ALU$CNW Dr

/* ONE PRGA~NT-fik 'P35ii INSTRUCTh% ONE si
PROCEDURE (B) PUBLIC;

333 2 DECLRRE B BYTE.
*334 2 OIUTPUT(ALtJ*CONTROLPORT)--B;

335 2 END;
336 1 ALUbSTATUSK WRD.

/* FUNCTIONAL ROUTINE HICH RETURNS THE Ali STATUS WOR IV
PKICED&'E BYTE PUBLIC;

337 2 RETURN INPUJT (ALUSCONTROLSPORT);
3-78 2 END.
339 a lCOVEPTMVTORDT.

,'* OPEPRTING SYSTEMI ROUTINE USED TO DISPLAY FLOATING POINT UEERS
ON THE ,':'NSOLE Vi
PPolcEDiJRE M) PUBLIC; /* ONE ARGUMENT TWYPE BYTE IF 0 THIS ROUTINE

DISPLRY'S THE FLOATING POINT NUMBER POINTED TO
BY MEm'sFRaL$PTR. 4

34@ 2 DECLARE N BYTE.
341 2 DECLARE FLTSARS POINTERJ LT$ADP STRUCTURE(OFF WORDSEG WORD) AT (IFLTSAR),

FLTSDTA BASED FLTSM& (.4) BYTE;
'~USES "?ENRY AT 8@100 AS SCRATCH PAD V/

342 2 DECLARE SCRATCi4 BYTE AT 0±88W;
343 2 DECLARE 'JNE4- BYTE AT (%l±84H);
24' 2 DECLARE -EN-.4 B9TE AT (*j1j8$);
.149 2 rLRE ONES 4' BYTE DRTR (@@H,8FFH0FN,6FEH);
340; DEr APE L.lOSTJTEN 4) BYlE AT (8e1±qH*';
3417 2 l' raE 1OTrENS (4) BYTE ATA (084H, 9FH, OFFH, FFI');

4 2 £'E iAPE TENi3 4) BYTE DATA (W4 OWH t 8H ),
349 2 DELLE ~E4'BYTE AT (OMiCH1,

24
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751 .- r- nA42 BYTE A' '08118$H);

352 2 £E-LP i.2 EAF E;SS, t 'mI G 1, BYTES

354 2 V:ht t'rFOP COHiPILER *

355 2 IF W8 THEMN C0 TO FLOKTING5UISPLK~I
357 2 CPLL SJPS$Lk

7* TiT A AIDRES DEFAULT SEG IS ZERO *
358 2 CL S1IO$S3ET fit'f9.8
359 2 FLO.ATING$Edzpl AV-

COuNT=MOH
368 2 FLT$RD CFF=AR,31. OFF AND OFFFCH;
361 2 RLTSAIR SE@ARG± SEG1
362 2 IF (FLT$DATW08').8) AND (FLTSOARA1=8,' AN) (FLTSOATA(2)4e) Am)

(FLT$DATA 13W8O THEN GO TO ZERO$EXIT;
/SET UP SCRqTCH AEA *

364 2 C-9 140TO3
365 3 SCPATC$lkI:I=FLTsDATA(IW,
366 3 O0NEsIli=ONESI0,
367 3 ALflOST$-tEN(I):RMST$TENSi It;
368 3 TE!.iI>4=EN<,. I'
369 3

/* STRIP THE NAPTISSA SIGN *
370 2 N1Si2. NS- CRATCrfq> AND SKH
371 2 SCRATCHtO) = SCRATCHig8 AND 7FH;

*CHECK FOP A NUPEE GREATER OR LlA TO ONE AND LESS THAN
TEN IF GREATER THAN TEN DIVIDE REPEATEDLY BY TEN INCREASING
THE EXPO)NENT APPRPRIATELY. IF LESS THAN ON NILTIPLY BY TEN;
DECREASING THE EXPONENT EACH TINE *'

372 2 TSTMIICALL A-U$L4TSUOPD'8LNOSISTEWB 9,;

373 2 CL ALU$OUT$WORE'Dk @SCRATCH(@));
374 2 CA.LL ALU$CMNNDSvfRkI 1H),; /*9. 9%4SCRATGH *

A 37-5 2 CALL ALISWiW4RD(@ES\6));
376 2 IF (PES(8) RN& 801i) C) 8 THEN GO TO DIVIDM$OOP1
378 2 TS-T$LP)2CALL kJ$OUjT$1nJRD@ONEOD);

A373 2 CqLL ALUIOUT$hkFD'J!SCRTCW8));
380 2 CALL AULJ$C'?tIN-SWOR(UH)i

381 2 CFtt.- AIUJSld$OPR.MRSkO));
32 2IF(REEfO AND 80H) =8 THEN GO TO PMLTILOOPj

384 2 WO TO P~O2ESS;
*385 2 MlLT$LOOrP

E/,PSIGNrI;
386, 2 COINTZt'YiTt1.,

*387 2 'AkL ALUWULT$IJOR@SCRATCH't);
*398 2 CALL FtCL T$WOP&'@WEN(8));

389 2 CALL ALUSCMNC'$IWORE,(12H);j
3982 GriL ALIJ~iN$W-ORD @S-,CRATCW'O);.
391 2 3'. TO TSTSLP2j
392 2 D'ttLU

393 2 :J~ONr±

2 LLAJOr6D@TEN(@ 8i n

25
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4 399 2 D,

4*X .t 1'*lE TO 7.
49± 3 IF 1=0 THENi GC, TO 8Y5?a5$MLLT!PLYJ
403 3R'LLASu$OL(~E~o
404 3 CKL R!LUfCt~swu$ii'±2k)j /a MULTIPLY BY' TEN *
40c5 3 BYSP5--SSMTIPtY:

C4LL PLtYSCMNDiwORkiiHt 1* PUSH A CONY*
406 3 CALL ALJ$C"IKN$aODUdEHX. ,'* FIX IT *
48? 3 CALL ALJ$CMF*ASwORD(37Nt; /* PUSH A COPY *

)* SAWE IN AN1 WRAY *,/
488 3 CALL AL'l NSfRO ,'mI5PLAWWCIRt
489 3 SAYEDSPLIY(V.=DIgLSPL CHR(3)
418 3 CALL F1LUSCWCSWORDU1CH); /* FLOAT TIE FIXED COPY *
411 3 CALL. RLL'sCrIfrJRPD(1,, fi SUBTRACT *
412 3 END;
413 2 CALL SIOSBANKS'3);

t~OUTPUT TH SIGN OF THE MANTISSA *
44 2 IF MSIGNC' 8 THEN CALL SIO$OUTCWEF('-');

ELSE
41±6 2 CRLL SiOSOUTsCHAR('+'),

/* I 0 UT THE MOST SIGNIFICANT DIGIT *
417 2 CALL SOOTC~SI'S9$IPA'8')

.4 OUTPUT THlE DECIMAL POINT "
4t9 2 CALL SIO$%XTCH-R(-' ');

/* OUTPUT THE REFINIHER OF THE MANTISSA *
419 2 CA I1 TOill
429 3 CALL SIOSO)UT$CHAP'kASCI I (SAYE$DISPLAYsI)));
42± 3 ND

/* FINE, TNE E'PuNEMNT te

I*422 2 EX$±: COUNT MC-D ia,
423 2 COL'NT=COUNT/±0,

*424 2 E'.P2= COUNT MOOj 10
el* OUlTF-uT A BLAW~ *t,

425 2 CALL SIa$ouTscNAPR c~
7OUTPUT RN E FOR EPNENT *

*426 2 CALL SIOSOU1TSCHI Ei);
1*OUTFUT THE E, :PONENT SIGN *

427 2 IF £A$1N0THEN CALL SIOSOIJTSCHAR-');
ELSE

429 2 CALL SLOSOUTSCNAR('+ ');
/* OUTPUT TIE EXPONENT *

430 2 CALL SI*J$f-1R~IEP )
43± 2 CALL SIOSOUTS&i4A'SIhE XP));
432 2 RETURN;
42 3 2 ZEPO$EKIT

CALL SIO$BL*1KS4').
434 2 CALL SI!JSOUTsSTR ING(.@('@. 8000 E+008 12);
5S 2 E%,;

SINCLUDE (F! CONSOL+ PJI,'
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-. ESVTE Cf&LSL SWICST

63 E ;ERK. wtvLE55 T~E CX E5 B RTTNUIG'YTMCI

- P~c2L~ W)FD PUBLIC.
43? 2 = RCT1QN D,~~&LS~iTH~R)

439 1j ~T-CNO-t~,
- P~rEE-UPEkV*UE) PUBLIC,

448 2 = DECLAE ALJE WV)Dj
441 2 = T4OR.D('CO)N9)LESLED$POR-* /iLJEi
442 2 = END:

stNC-LDE (FIJTllEP. PA)~
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- 'T~iS ~ ~ E LOE'FOR THE 8253 TIMER USED IN TIE
eS,4-4 --6:6 3 -i-' GWm ECLRRAILN5 OF THE

-TIMU P'XE -WD FN TiNER PORTS ifE REQUIRED

44 - TIMEP11INIT MPLr'.Y

444 2 =OUTPUTh T!MER.SCONTR0LVOT)TIIER$lODE$dORD;
445 2 2 CALL L-lELlwf2),
446 2 = O~iTrL'7 TIMECONiTROL$PORT=TINERISfUENORj
447 2 = CRLL DELAVY2b
448 2 = OLVThJT'T!MEP$COINTROL$PORT)4IEMgOSNORD
449 2 = CALL £'ELAY2)
45 2= END:
45t j = TIMERSLn.

-P~t:EDkE-YVRLJE, N'l PUaLIj,
452 2 DECLARE VAUJE WRL.A WORD, OtITA$PORT WORDi
453 2 IF N:,2 THEM GO TO TIMERsERRORJ
455 2 = DATRSPLPTTIIERRSIE$PORT.N*2),
456 2 c OUTPUT'DtTAORT)=LOWMVAUE);
457 2 =CALL DELAY'2);
458 2: x WPUT' DATAPORTHIWH(RAj);
459 2 = RETURN.
46a 2 = TIhEP$EROR CAL SIO$WIWEN
461 2 = CALL SIOSOVT$STR!NG(@('TIrIER LOAD ERROR-)Ai6;
462 2:= END,
463 2.= TIMEWRD:

- PROCEbREMW WORD PLELIC;
464 2 = DECLUE N W03ZE . OtITA"OT M(, YALUE WIORD, A WMT
465 2 =IF N> 2THEN W TO TIESERROR,
467 2:= DATPTTERSBSEPORN.N,

469 2 = VE=-iLDU8LEqN'JT(DATRSPORT)),8) +DOUBLE(R);
478 2 = RETL9P4 VALUE:
471 2 = TIt4E$ERROR: CPIL SIOSNEWLINE;
472 2 = CALL S!O$OtT$STRING(@'TIMER READ ERROR'), i6);
473 2 =E

IINCLUD!E (:Fi:DIFGS.PtL',
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-h; - ' T - TE$ T5 f4niCrl iLUM THE MANIP TION

- OF S:h; SiETEM C'iPGNENTS XiLUDING:
I j! MErg.,y TEST <q,(

- 2., 0-1C RA.P TE..T (R,
) ,'C OUT: Hv. ih (L

S4 '' C. I' LOOF (H)
S5' CONSOLE LE("SwITCH (C)
= 6.' L3 CiRCUIT TEST (I)
- 7' kEYBD, CtSOLE TEST "K)
: 8' THVIER TEST(T.,
S9.! APJ CONTROLLER TEST (B)

- 10> APu) TEST (A)
Ii' DISCRETE I/0 LOP TEST (D)

- ±2) CONS5OLE LED R ff TEST (E)
- 13) DISK IOPB.HARDWfiRE TEST (F)

T E 4ODULE IS INVOKED FROM THE £01901 NODE BY ENTERING T.
A SECONDARY COMMAND IS REQUIRED TO ENTER A SPECIFIC TEST.
CH-- ARACTERS ARE IFIICATED AT THE END OF THE LINES AOV */

474 ± j MOpP'$TEST-

PROCEDURE /* THIS TEST DOES NOT GUARANTEE NO MEMORY lLT
- IT IS MERELY MUCH LESS LIKELY */
= /* ROUTINE TESTS RAM MEMORY WITHIN A REQUESTED SEGENT
- FOP FIR-T FAILED LOCATION ,/

475 2 = DECLARE TEST BYTE,
476 2 = CALL SIO$OUTbSTRING(@( EMORY TEST'), i)
477 2 = CALL SIOVNEWLINEi
478 2 = CALL ScIO$OuT$STP.ING( ''ENTER STARTING fDDRESS:'),.23)X
479 2 = CALL SIO$'ETS.HWP;
489 2 = CALL SIO$,ET$ADDRG()I
481 2 = TEST=TRE:
482 2 = DO WHILE TEST=TRUE-
483 3 = MEMOPY$PR4l-5rN;/* WPITE ALTERNATING BITS (81810±8±) TO EACH LOCRTION */
484 3 = CP.LL CELAAI,;
485 ? = IF MEMORY$RGI 0 575 THEN TEST--FALSEI * VERIFY THE DOTA WRITTEN */
487 3 = MEMORY$PRh=@RA8H; 'S WRITE OPPOSITE PATTERN (18±819±8) A/

488 3 = CAL; DELAY('t);
489 3 = IF MEMNCI'F$RGl 0 0RH THEN TEST=FALS6 / VERIFY DRTA WRITTEN /
491 2 = ARGI. OFF = AG& OFF + i;/* INCREMENT THE OFFSET */
492 3 m IF APG OFF = WAO1 THEN GO TO EXIT$O ;/* VERIFY NOT RT THE W OFFSETS/
494 3 =ENDj
495 2 = ARl. OFF-.ARGI. OFF-i; /* IF ERROR DECREMENT OFFSET AiND PRINT WING */
416 2 = CLL SIOSNEWLINE,
497 2 = CALL 5IO$OLT$STRING(@fMEMOR.Y FAILED AT 1',1 ?);
49,8 2 = CALL SIO$UTS.IORD(ARC. SEGY;
499 2 = C4L SIOStJT$CXffIt' ;,;

50e 2 - CPLL SIOSOJUT$wORD.ARG. OFF:;
50 2 = CL'L S-IOOUTtSTR:NG(@(' WITH THE VALUE '),16);
502 2 : CALL SIO$OUTBYTE, MEMORYARII;
53 2 CALL SICSNEWLINE;
504 2 : ENTS'oNE GO TO NEXT$CON., NO
505 2 : END'

50 = DTES
- PR0CEDt- E ,* STFFTING FROM 0 VOLTS AND GOING TO +108 AND
- TH~EN TO -i 8ACK TO ZERO FOR GIVEN DC. A RISING

29
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- !~6L~.* ~AVE WITH NO AhPERFMCIONS SHOULD BE

507 2 2 DECLtPf '4OLC'.. R WO~u, BASE WORD;
see 2 =CALL 31,)"2T$STR!NG'@(Af DAS ), 8)
509 2 = -
518 2 =CALL SINEWSLINE;
511 2 = CALL SIOSCILIT$TRNG (W(ENTER PORT t&JfIER:'),18);
51. 2 = CALL SIOCIETSCHA~i
513 2 cBSESI$GETWRD
514 2 a DO WPILE TRUE;
515 3 nOlJTWOFC" BASE ..=A
516 3a R=R4i. /* OWiS USED ARE 12 BIT *

517 3 =CALL DELAY.2);
518 3 =END,

528 j a DRCStCS1.OOP
3 PWQ'EC'UREJ /* TRONSFERS CH X ADC TO CH Y DAC s

521 2 - DECL'+RE MNORT WORD, OUTPORT WORD;
522 2 -CRLL SIOSOUT$STRING(QVYBRID LOO')AB);
523 2 - CALL SICISNE14LINEi
524 2 - CALL SlOtOUT$STRING(@UENTER DAC PORT:'), 5);
525 2 z CALL S!OSOET$CffA;
526 2 = OUTP0RT=5,IO$ETANORD;
527 2 m CALL SIONEA&INE,
528 2 = CALL SIQ$OJTSTR1NO(*'ENTER ADC PORT:') 115);
529 2 = CALL SIosrETscff,
M3 2 = INPORT=5IMEtTSWORD,

531 2 = DO WHILE TRUE;
532 3 = OUTW&OL"OUTPORT)=lNM(IMOORT);
532 3 zCALL- DELAY(2);
534 3 = END;
5352 = END
536 1 = COLIE$LED$SWITCH$TEST:

- PROCED4JREi
- ,'* CONSOLE SWITCH1ES FM SENT TO THE CONSOL LEDS *

537 2 L ALL S1OSOUT$STRlNG(@k'ONSOLE LEK/SWITCES')20);
5N8 2 DO M*ILE TRUE;
539 3 =OUJThORPD'CONSOE$LEW$OPT =lMIORD(CONSLE$SITCAORT);
540 3 ENED
541 2 END;
542 1 = ClNSLE$LEDSPW:

z/* CAUSES TECNOELD OCUTU OTM R

54 2 =CFLL SIO$OUT$CHR7FH); T ON k OTtEY*
55 2= CALL S1O$OtiTSSTRING(@('CONSOLE LED RAPJP),6);

547 2 =DO W.ILE TRUE.
548 3 = 0TkOR' CONSOLELE0$PORT.,A;
54 CALL DELAYLONF,

55223 END.

30
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-SR4;E CHI NNEL ADCX TO CIECK FOR SYS5TEM ACCURACY *
554 2 = [--CLti-E WWGFD 8WORD. C kOR, T WORD, R WORDi
555 2 =CAL: SiO$TSSTRING(@o ;OOP TEST'), 8);
556 2 = T /w~ ' TOLERANCE VALUE *
558 2 = LO :CALL SIOSOWUT$TI. @'NE ACVLE )17;*9URI
5% L2OP CALL SIMSRINGW NE DCdEE:;,7;/ lW I

- ENTERED IN HEX, TWOS COM1PLEMENT *
S/* StWLE VALUES---

WM88 -0. 0 VOLTS
x 7FFFH -8. 0 VOLTS
z FFFFH -- SLIGHTLY NEORTIVE (LSB)
z OW 08 -O 8 VOLTS

x 488 -568 VOLTS *
559 2 2 CALL SIO~raETC~ffi;

' 568 2= W510$GET$WORD
561 2 =C'iLL SIO$WAIW1PE
562 2 =CALL SIO$OJTSTRING(W(ENTER PORT lugER '),M9;

/ 563 2 =CALL SIOCTCff,
564 2 =B=SfO$GETlsfORD

565 2 xOUTWORDB)-W;
566 2 = CALL DELAY$LONG,
567 2 = C=INW2RD(B);
568 2 =A-14-C;
569 2 = IF A)127 THEN R=256-A* 127 IS fht POSITIVE MAUE

- ~STOTEI'ENT TAKES FEMOUTE VALUE *
*571 2 - IF) T THENOTO ERROWETECTED;

= ELSE
573 2 = GO TO LOOPD,
574 2 = ERRORSIETECTED:

* = CALL SIOSWNEiE
*575 2 = CALL SIO$OUT$STRING(@('HYBRID LOOP ERROR MRiS GREATER T1WX TO.ER*dCE-'),46)i

576 2 = CAILL SIO$OIJT$1JO(A);
*577 2 = G0OTO LOOPO,

578 2 =E~
579 1 - APU$CONTROL$TEST:

= PROCEDLRE /* OUTPUJTS A lMgE FROM ENTERED LOCATION TO NRtJ
- ANDW THEN RETPIEVES IT TO RMOER MEMOJRY LOCATION

2 FOR VISUA COMPARISON *
580 2 = DECLARE 068B) POINTER;
581 2 = CALL SIOSOTCfr(7FH);
582 2 r CALL SO$WJT$STING(@Q'APU CONTROL TEST'))W;
583 2 = CALL SIO$NEINE;
584 2 = CALL SIO$(NJT$STRING(WQENTER ADDRESS OF FLOATING POINT NlJR %)39);
585 2 z CALL SIOtGET$Cl
586 2 z CALL SIO$GET$ADR(9);
587 2 = ARfl ORY$ARGISPTR;
588 2 = CALL ALU$OUT$WORD(NEMORV$IGPTR);
589 2 a CALL SIOMICLINE,
596 2 z CALL SIO$OUT$STRING(@v'ENTER TRRNSFER ADDRES '),23);
591 2 = CALL 51OWkET$CHW:
592 2 = CALL 5I0$r ET$ADDR6);
593 2 =B=MEW)RY$RRrA$PTR;
594 2 z CALL ALU$INSNORD(If ORYL$ PTR);
595 2 = CALL SIO$NEWLINE,

* 596 2 zCALL DISPLA$DTR$ffW (,4);/* DISPLAY ORIGIAIL VALLIE AMD
2 THE RETRIEVED VALUE
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598 2 m GC' "rC N$'-.E M E,,

599; ' ENV,
6@6 1 LSIgCIRLIJITsTEST

- PROCEDUREi
- /* ALLOWIS THE READING3 AND WRITING OF REGISTERS IN LSI CIRCUITS USING3 THE CME gilITOES FPO) TIE

- KEYBOARD *' I
681 2 mDECLARE AWOM e BYVTE;

* ~682 2 = CALL SIO$OL'T$TRING@YNTERATED CIRCUITRY'),19);
683 2 = AGAIN: CALL SI14 INE;
684 2 =CALL. SIO$OUT$5TPING@eENTER PORT NIJIBR ')oi8);
665 2 = CALL SIO0$GET$4C1HR,

*686 2 = =SIOSGETV4ORD,
687 2 2 REDO: CALL 5IO$NEW'LINE,/* SET CONSOLE SWITCHIES PRIOR T~O 1WRITE
608 2 = CALL S!O$OtTSSTRING@('WPE R TO READ. W TO WRITE '),27)i
689 2 c CALL SIOSGETsCHAR, /* REJECT IF CHAR IS NOT R OR M 0/
61@ 2 = IF 4,00 0 'V) ANDQM 0 ) T EN GO MO EM

( 612 2 - IF CHR 'R' THEN OUT IJT(CONSOLELED$PORT)IWU(R);
aELSE

614 2 x OUTF~jT(R)=INPUT(CONSOLESWITCH$PORT);
615 2 a GO TO AGRIN
616 2 = END;
6V7 1 = KEVB$CONSOLESTEST:

-PROCEDURE,

6Q8 2 a CECLRRE TEST BYTE. I MYE
619 2 = DECLARE ALPR(*) BYTE DATR('ABCOEF84IJKLMWdOQSUY~iZ812456?')
628 2 = CALL S!OtOI.TSSTRING(@('YEVOAM DISPLAY TET'),20);
621 2 aCALL 5IO$ NEE-
622 2 = CALL SIO STSTRING(8('ENTER THE DWIT SFIE DTR'),25);
62 2 = CALL SIO$NEWLINE.
624 2 z CALL 5IO$OUTSSTRING(6ALPHR(@), 36);
625 2 a COLL SIOSIEWLINE;

*626 2 = TES TRUE
627 2 z 1*e
628 2 = D00 WHILE TEST=TRJE;
629 3 z CALL USERSIO$GETSCHFP;
638 3 = Fk"CHfiRC'LPH(I)) THEN TEST*ALSE;
632 3 = 1=+1,
633 3 = IF136 TEN RETRN
635 3 END;
636 2 =CALL SI0$t6L1IE

*6S7 2 x CALL SIOSOUT$STRING(@('KEYBD ENTRY ERRO'), 17);
638 2 =CALL 5!O$NEWLINE;
639 2 = GO TO NETSCOMMAND;
6482= END;
641 1 = TIMERSTEST:

- PROCSOME,
642 2 = CALL SIO$UM$TRINGMO('IER TEST),9);
643 2 = CAL SIOSNEWLINE;
644 2 =CALL TIMERSLOAD)(188, 8);
6453 2 =CALL TIPMRD(±88, 1);
W4' 2 CALL TII'ERILOAD~ift6 2);

647 2 =END;
648 1 = AUSTEST:

-PROCE(MjE;

- /* CALCULATES THE 'R" OF 2 8 AND 3. 1 RND D19SPS
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- T~HE F LrTO C13NS13LE *
649 2 CECLPE Affik BYTE cA&h8H@H,%NHi;
658 2 =DECLARE 66o4)~ BYTE [DATM~2H, eCfti W98>;
651 2 = DECLARE AoO BYTE AT (88i28H),
6M 2 = fCLirVE 8,4) BYTE AT t88i24Hi);
653 2 = DECLIRRE C(4) BYTE AT (88128H);
654 2 = DECLARE I BYTE;
65 2 =CALL SIO$OUJTSSTR!NO(@Q'PU TES') 17).
656 2 ;CALL SILsNEWLINEi
657 2 VI D I = 0TO1
658 3 d1()
659 3 B(I-BB8lIn
668 3 END
661 2 = CALL AL1J$UTM(NDI)i
662 2 =CALL ALU$OUT5WR(@B);
66-3 2 cCALL RLU$CMNE414ORD(iBH);
664 2 =CALL 9LUSIN$JORD(@C)j
663 2 = EIIORY$ARGi$PTR=ft
%66 2 = CALL SIOSCRLFi
667 2 =CALL CONYERT$FLOAT(@);
668 2 x CALL SIO$OUTSTING(@Y' + '),3);
669 2 = ENOR$fRGl$PTRz8B;
678 2 =CALL COIIERT$TO$LORT*8)
671 2 z CALL SIOQUIT$CHR(v=');
672 2 z MEJ'I)YRRG$PTR4C.

*673 2 =CALL CONYERT$TOLORT'S);
* 674 2 = CALL SIOSNEWLINE,

675 2 2END;
*676 1i DISCRETE$!O$TEST:

* - PROCEDUREj
- i/* CONNECT THE DISCRETE OUTPUTS TO THE

D fISCRETE INPUTS TO RUN THIS TEST. *
677 2 aDECLARE AWORD;
678 2 =CALL 510OUT$STRING(@('ISCRETE 1/O TEST'),16);
679 2 zCALL Sl19$NEMLINE,
6882=
681 2 = DO WH$ILE "~8FFFH;
682 3 = UTkiOR(0ISCRETEIDSPORTl)-A;
683 3 = OUTIW3RD(DISCRETESIO$PORT2=A;
684 3 a IF INIIoRDDI5CRET$IOMOTi)Ofl TME O TO DISCRETEEROR'
686 3 = IF IMdOR (DISCRETE$OMPORf THEN GO TO DISCRETEERROR2

6893 =DO
698 2 = DISC.RETESEPROR:

-CALL SIO$NEWINE;
691 2 = CALL SIO$OUT$STRING(@('DISCRETE TEST i FAILED-'),24);
692 2 z CALL SIOSOU)T$MR)i
693 2 = 00OTO NEXT$C9NDI
694 2 z ISCPETESERROP2.

-CALL S1O$NEILINE,I ~ ~695 2 =CALL SOOJ$TIG DSCrETEST 2 FRILED-'),24);
696 2 =CALL SIOVDUT5OMAA;
697 2 =GO TO NEXTSCOPM;I
698 2 z ENV,
699 1 = DISMSTM

z PPOCECAJRE;

33



PL. i-B ~IrE 3 NR PNAE 23

- ~ ALLYWS THE TESTING OF THE DISK SUBSYSTEM
BY DIPECT 'ONTACLL THROUGH4 THE DISK( CIYER PROMG *

768 2 = CALL SIO$ J'TsSTRiNG(@Y.'LPP DISK), 18);
781 2 =CALL. SIOVtJEiLINE.
782 2 aCALL SIONOITWSRING(W(ENTER IOPB- 1),12);
783 2 a CALL SIOSGETSCHAR
784 2 =IOP8=SI0$GTVO~RD-;
M6 2 =CALL DISK
706 2 EN
787 1 z DIAGNOSTICS:

2 PRCICEDURE;
768 2 =DECLARE SECSCO~LV I(*) BYTE DOTR('PIRI.CIKTUF');

*789 2 D ECLARE (14) BYTE,
716 2 =CALL SIO$OIJTSSRINGk@IEST MGCLE),16)j
W 1 2 COLL PROMPT;

71 2 = CILL SIRPRES$BUN<5;
713 2 =:zi

( 714 2= DO I4eTO Il
715 3:v IF MR= SECSC~W I) THENJ=Ph

718 2 z IF Ji27 TEN 60TO ERROR,
728 2 = DO CAE1
721. 3 = CAL MD YTET
722 3 = CALL DAC$RAPSTEST;
723 3 = CALL DAC5I)$LOOP;

*724 3 =CALL DACWVTSDC$IN,
725 3 = CALL CONSOLESLEDSSWITCH$TEST;
726 3 aCALL LSI$CIRCUJITSTEST;
727 3 = CALL KEY8D$Ot4SOLE$EST;

*728 3 = CALL TI MERTEST;
729 3 = CALL FIJ$CONTROL$TEST;
7380 3: = CALL JUTST;

*731 3: CALL DISCRETE$IOSEST;
732 3 CALL CONSOLELED$RWF,

-i733 3 =CALL DISKSTEST;
7343:= END.
735 2 =-ND
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S.UBT TLE'H RO:UTiNES'
736 S!$, O

PROCEDURE;
737 2 CALL SI0$OUT$STRINGk@ O (ARS)'),8);
738 2 CALL PROMPT..
739 2 CALL SLPPRES5bSNI:Sj/* EXECUTE A PROGR AT ENTERED RIORESS*/
748 2 CALL SIOESTSADDR(8)j
741 2 IF CHACROASCR THEN GOTO ERRO&
743 2 CALL SIO$CRLF;
744 2 CALL MEMORYSARIISPTR;/*EXECUTE IS ACTUALLY RN INDIRECT CL */
745 2 END;
746 1 SIOEXBSMEM'

PROCEDURE,/* EXAMINE IEMORY AND ALLOW ALTERATION */
747 2 DECLARE BYTE;
748 2 CALL SIO$OUTSTRING(@('U8SI'ITUTE (ARS)'), 1 6);
749 2 CALL PROPT;
758 2 CALL SUPPRESSSBLAK5,
751 2 CALL SIOGET$ADD ';/* WHAT AD)RESS? */
752 2 IF CHRGA9R THEN iOTO ERROR,
754 2 DO WHILE TRLE,
755 3 CALL SIO$ E.LINE,
756 3 CALL SIOOOJT$WORD(ARGL OFF);/* OUTPUT THE CENT YRL.E *
757 3 CALL SIO JT$CHR('-';
758 3 CALL SIO$OUTSBYTE(MEMORY$ARGi);
759 3 CALL SIO$OUTCHRR('-');
768 3 CALL SIO$GETSCH&R/* ALTER IF NEXT CRCTER IS NOT CR, COMA OR BLUs/
761 3 IF CRO',' RiD CHAR,)SRL AND CHBfRCf6CR THEN
762 3 DO;
763 4 T = SIO$.ET$BYTE;
764 4 NE. ARGi = T;/* WRITE NEW VALE AND VERIFY IT */
765 4 CALL DELRYi;)
766 4 IF MEORYSARGIOT THEN DO
768 5 CALL SIOBULNKS(2);
769 5 CLL SIO$OUT$STRING(e('MBTITUTE FILE'),I7);
778 5 GO TO ERROR;
771 5 ENU
772 4 ED;
773 3 RRGI OFF RR1. OFF+ /* GO TO NEXT SEENTI LOCATION*V
774 3 END;
775 2 END
776 1 SIOOISLAY:

PROCEDE/* DISPLAY N WORDS STARTING AT ENTERED AI)RESS *1
777 2 DECLARE COUNT WORD;
778 2 CALL SIO$C4f$STRING(@('IST (ADRS,CNT)'),14);
779 2 CALL PROMPT;
788 2 CALL SLUPRESS$BRN(S;
781 2 CALL SIOSGET$WROR(B) /* WHtT ADDRESS? */
782 2 IF CHAP-RSCR THEN
783 2 COUNT = i;

ELSE
784 2 DO;
785 3 IF CH-'" THEN GTO ER R,
787 3 CALL SIO$3ET$CHR.
'88 3 COUNT c SIO1ETWORD;/* HOW W? ONE BY DEFAULT. *
789 3 IF CHAR,'RSCR THEN GOTO ERROR;
79± 3 END
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792 2 GRLL S!OSNELINE,
793 2k CAL -5Q$0uT$I'tJRCARGi. OFF);/* OUTPUT OFFSET AND THREE tM(WS
794 2 CALL S!OBLAW,3&3)i
795 2 IF COUNT ) iTHEN

*796 21 CALL SIO$BL~lKS(LOW(3*(ARGl. OFF AN WH)));1* COWTE DATR O
?97 2 DO MILE CCJNT )8;
798 3 CALL S1O$OUTSEYTEqMEHORY~ffiG±.;/s OUTPUT THE DATA */
799 3 CALL SIOSOUTSCHAR(' '

888 3 AP FF=R FiOFF +Li
9 3 CUT:CONT - i

882 3 IF COUT > 0 FM (FMG OFF AND MRGF)-- THEN
893 3 DO;
884 4 CALL SIO$NDWLINE,
885 4 CALL SIO$OUT$W RG±. OFF);
9%6 4 CALL SIO$BRtdS(3);
887 4 END;
8w83 END;
889 2 END;
818 1 IENORYSFILL:

PROCEDUREi /* FILL MEMOR BEGINNING AT ENTERED AUDORESS FOR N LOCAIONS s/
< 8.1 2 DECLARE COUNT WORD;

812 2 DECLARE T BYTE.;
81 2 CALL SIO$OUT$STRIM3(I'ILL (STfiRTCTR)'),)
W ± 2 CALL PROPIPT;

815 2 CALL SIRPRESSSBLRWSj
W± 2 CALL SIO$GET$RDODR(8),
8V7 2 IF CHRROC'.THEN GOTO ERROR,
819 2 CALL SIO$GET$CHAR
828 2 COUNT=SIO$GET$WPO,/* HOW MAWt BYTES DISPLAlVED? */
821 2 IF CHARC" THEN GO TO ERROR,
823 2 CALL SIO$GITCHARR
9 24 2 ThS,.-IO$GET$BYTE; 1* WIITH WHAT YALU? */
825 2 IF CHRCYAS THEN GO TO ERROR;
827 2 DO WHILE COLWD8@;
8 3 CALL NOVB(@T, NEMORY$ARG±$PTR, 1);

82n 3 COUNT-COIJNT-L-
830 3 ARGi OFF=R~i. OFF~it
83± 3 CALL DELAY(±'j
832 3 END:
833 2 END);
834 1 MEMORV$lOVE-

PROCEDURE; /* MOVE mMR FROM ADORESSi. TO ADRESS2 FOR T BYTS*/
835 2 DECLARE T WORD;
836 2 CALL SI0O$~)TSTRING8QkOVE (SOIJRCLDESTCNT)' ),2i);
837 2 CALL PROIIPT,
838 2 CALL 9JPPRESSSBLANKSI
839 2 CALL SIOSGETSRDDRG1,;
848 2 IF C$RO )' THEN GO TO ERROR;
842 2 CALL HOV(flMORYSRRG$PTR, @MEORY*W62$PTt 4); /* USE SYSTEM AOM ROIJTIIESW.-
843 2 CALL SIOS&ET$CHAR,
944 2 CALL SF)3$GET$AFCR,@t;
8945 2 IF CHfiR0Y, 'THEN GO TO ERROR;
847 2 CALL SIO*GET$CHAR,
848 2 TWSIO$ETSiORD;
849 2 IF Cffr'ASCR THEN GO TO ERROR;
851 2 CALL MOYB EORY$AG2$PTRd ENlORYAR~iSPTR, T);
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*852 2 r-
853 1 L!ST$!IEpIopy

* PROCEDuRE. /* DujMPS MEMORY FIPON ADDRESS ENTERED FOR COUNT BYTES TO NICROPRINTER *
854 2 DECLARE COLIdT WORD,
85 2 CALL SIOSOIJTSSTRINO&@('RINT (ABRS,CNT)'),iS);
85 2 CALL PROMPT;

*857 2 CALL SUPPRESS$RSBLWS
858 2 CALL SIO$OET$AODDR(8);
859 2 IF CHAR:SCR THEN COUNTWI;

ELSE
86± 2 DO;
862 3 IF CHAR''THENO0TO ERROR;
864 3 CALL SIO$8ETSCHER.
&Z5 3 COUTtSIO$GET$N(RD;
866 3 IF CHfRORCR THEN GO TO ERROR,
868 3 END;
869 2 CALL LP$NEILIIC;
878 2 CALL LP$OUT$S TRIMY(@8886 MEMR DiR't 16);
871 2 CALL LP$NEWLINE;
872 2 CALL LP$NEULNE;
873 2 CALL LP$OUT$MORD(ARGI. OFF);
874 2 CALL LPSBLI*IKS 3);
875 2 IF COUNT )i THEN CALL LP$BLAWS(LON(3*(FG1. OFF AlND) ONR));j
877 2 DO WHILE CtXT >8;
878 3 CALL LP$OUT$BYTEPMENORY$ARGI);

*879 3 CALL LP$OUT$Cfr(' ');
ON8 3 AR'31. OFF-AR13i (FFti;
881 3 COUN=COUINT-t,
882 3 IF COUNT 580* ft ARGL OFF 1*ND 88FH) 8 THEN
883 3 DO;
884 4 CALL LPNEILINE,
885 4 CALL LP$OUTSWRD(ARGi. OFF;,
886 4 CALL LPS8LAWKS(3);
887 4 END;
888 3 END;
889 2 CALL LP$NEILINEj
898 2 END;
ef 89 BREWVPOINT$SET:

PROCEDtRE /* ALLOWS A SINGLE BREAKPOINT TO BE SET VAWERE IN RiM USES
THE INTERRUPT 3 CAPABILITY OF THE SYSTEM */

892 2 CALL SIO$OIJTSSTRING(@( 'REAKPOINT SET (RDRS)'), 28);
893 2 CALL PROMPT;
89-4 2 IF BREAKPOINT$FLAG 00 THEN GO TO 8RERK$POINTSRBOT; /* ONE ONLY *
896 2 CALL SIOSGETSCIER,
897 2 DO WHILE CHARSBU,
898 3 CALL SIO$GET$CHAR;
899 3Do
988 2 CALL SIO$OET$ADR(8;j
981 2 IF CHARC;ASCR THEN GO TO ERROR;
983 2 CALL MMOBEfNORYV$ARIST, IREW$POINT$PTR, 4); /* SAVE FGRES*
984 2 CALL M0)Y8(BREAK$POINTSPTR,@UREAKSPOINTWDATA. 2); /* SAVYE ORIGINAL DATA *
985 2 CALL W)Y(8(OCDH, 03H), BREAKSPOINTSPTR, 2)j /* INSERT INTENUWT COEs/
986 2 BPEFWS$POINTSFLAGZ-I,/* SET FLAG INDICATING BREAKPOINT FECTIYE *
987 2 RETURNj
908 2 BRERKIPOINTSRBORT:

/* THIS ROUTINE WARNS IF A BREAKPOINT IS ALII)Y SET AIND
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THE USER ATTEMPTS TO -SET AN Ft&ITIGI0L BR~FMPOINT *
CALL SItIPJEWL!NE

989 2 CALL SICOjTSSTRIO%('BVRK POINT ALREADY SET AT '),27);
918 2 CALL 510$ JT$NORD(8I.PT 5E0 5)
911 2 CALL SIO$(NJT$CHSRV '',

912 2 C.ALL SI')$OJTtWORD(BKPTR. iFF;
913 2 CALL SIO$NWLINE;
914 2 ED
915 1 BRER*$POINTCLf.

/* THIS ROUTINE ALLOWS THE REMO F A BREO(POINT WHICH1
HAS NOT BEEN DJCO JNTERED *

PROCEDURES
916 2 CALL SIO$OUT$STRINO%*@VLEMR BREflPOINT)niS);
91? 2 CALL SIO$NEW&INE,
918 2 CALL MOVB(*"@BR.ER$POINTWDATRI BREN$POINTWTR 2); /s RESTORE DATAE'/
919 2 BREAK($POINT$FLAG4; /* RESET 8RERKPO1NT FLAG s/
928 2 ED
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PROCEULRE INTERRUPT 3;
922 2 CALL BREt*JPOINT$CLEAR, /,* REMOVE THE BRERKPOINT*/
923 2 CALL SIOSNEWLINE;

/* 61VE USER AN INDICATION BREAKPOINT WIS REACHED */
924 2 CALL S!OSUTSSTRING(@('BREk POINT ENCOUNTERED AT '),27);
925 2 CALL SIO$OT$O(RO(BIPTR SEG);
926 2 CALL SIO$OUTSC AR(:
927 2 CALL SIO$OUT$WORD(BKPTR. OFF);
928 2 CALL SIOSNE LINE.
929 2 6O TO NEXT$COMMAND,
939 2 END;
931 1 DIVIDE$ERROR:

PROCEDURE INTERRUPT 9;/, SYSTEM ARITHMETIC INTERRUPT 49
932 2 CALL SIO$OUT$STRING(@('DIVIDE ERROR"), 2);
933 2 60 TO NEXT$COIMAV;
974 2 END;
935 1 NMI:

PROCEDURE INTERRUPT 2/,* NE-WKU INTERRUPT SERVICE */
936 2 0 TO N.XT$COMMAND,
937 2 RETURN;
933 2 END;
939 ± (ERFLOWERROR

PROCEDURE INTERRUPT 4;/* SYSTEM FRITH#ETIC INTERRUPT */
940 2 CALL SIOW$STRINO(@YOVERFLOW), 8);
941 2 GOTO NEXT COWW;
942 2 END;
943 1 INT2O! PROCEDURE INTERRUPT 28;/* SERVICE FOR 8259R SYSTEM INTERRUPTS *1

944 2 CALL SIO$OUT$STRING(@( INTERRUPT 28), 12);
945 2 CRLL SIO$NEWLINE,
W46 2 RETURN;
947 2 ENDj
948 1 INT21 PROCEDURE INTERRUPT 21;
949 2 CRLL SIO$OUTSTRING(@WINTERRUPT 21'), 12);
950 2 CALL SIO$K LINE;
951 2 RETURN;
952 2
953 2 END1
954 1 INT22: PROCEDURE INTERRUPT 22,
955 2 CALL SI$OUTMSTRING@('INTERRUPT 22'), 12);
956 2 CALL SIOSNEILINE;
957 2 RETURN.
958 2 END.
959 1 INT23- PROCEDURE INTERRUPT 23;

969 2 CALL SIO$OUTSSTRING(@k.INTERRUPT 23'), 12);
961 2 CALL SIOSNEWLIN6
962 2 RETURN;
F53 2 END.;
964 1 INT24: PROCEDURE INTERRUPT 24;
963 2 CALL SIO$OUT$SSTRN6('INTERN'.PT 24'), 12);
966 2 CPLL SIO$NELINE,
9t7 2 RETURN.;
968 2
969 2 END
970 1 TNT25 PROCEDURE INTERRUPT 25;
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971 2 CALL SI''U~PNK~ INTERRUPT 25'), ±2);
972 2 CRLL 5!')$4Ek.iJNEj
973 2 PENUN;
974 2 END;
975 1 INT26: PROCEMUE INTERRUT 26;
976 2 CALL SIOP3UMSTRINO(W(INTERUT 26'), 12);
97? 2 CALL SIOSNEWJINE;
978 2 RETURN
9?9 2 ENN
988 1 194127: PROCEDURE INTERRUPT 27;
98± 2 CALL SIO$OUSSTRING(WQINTERRUPT 27'), 12);
982 2 CALL S!OSNEWINE;
983 2 RETURNK
984 200
985 1 INITSINTSVECTOR.

PROCEDURE' INT$VECTSPTR, INT$(FFSET);
986 2 DECLARE INTSVECTSPTR POINER,

INT$OFF5ET WORD,
VECTOR BASED INTMVCT$PTR STRUCTURE
(OFF WORD, SEG WORD),
CORETION LITERALLY 'i9HW,

INTSINITSVECTSCOOEW* BYTE DATA
(55Kz8, 8E , O 8C8H, M C4H, 564,9a 26lK 8%H 67H4,
5DI "I2H @at am),

INIT$INTSCT$MOOEPTR WORD
DATA (.INT$INIT$VECTSCODE);

987 2 CALL INITIN$ECTCOE$TRQECTOR. SEG);
988 2 VECTOR.OFF:INTOFFSET-CORRECTICt4,
989 2 END;
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tIB?' ~ ~ 4- Hc ciw'~ 5P? ljMCULE

1131 2 E'ECLRPE I BifTE.
* 992 2 CALL 5IC'$titN 4* GIVE USER A PROMPT /

*993 2 CALL S I0$,Ol'TiqSTR iN&'@k 'ENTER CONtW PLEASE Q )W;
949442 CALL SICISGET$CHRIR.
995 2 DO) 1h8TOTh/'fIDECOD'ERACOMMAND ENTRY*
9,9 3 IF CHARzSiO$CMNNI) THEN RETURN l,

999 2 0070 ERPO,t* BOW1 IF NOT IN CONWQ0 TABLE0
ION8 2 ENW

A* BOOTSTRAP FNTRY *e
1881 1 WINPRL3AM:

/s SET STACK POINTER *
STACKPTR=0288H

/* DELAY TO ALLOW VIDEO UNIT TO SELF PROGRAMI*
1@±02 1 CALL INIT$INT$YECTORVINT$VECTOR(8),. DIVWDESERROR);
1003 1 CALL INIT$INT$V'ECTOR(@INT$VCTOR(2),. *11);
1004 1 CALL INIT$INT$'vtCTOR(@INI$VECTOR(3),.BRERKWPOINTSSERYICE);
1885 1 CALL INITSINTSVECTOP'.*@INT$VIECTOR(4),. DVERFLOW$ERROR);
±986 ± CALL INITSINT$VECTOR'.@INWSI.ECTOP%,,28),. INT28);
0887 ± CAL INIT$INT$' tCTOR@INTsYECTOR2D,. INT2i);
±88 ± CALL INIT$JNTSVECTORI@INTSVECTOR(22),. 1NT22);
1889 1 CALL INIT$INTril'TOR.1INTVECTORi23h. INT23);
18±8 1 CALL INIT$INTVECTOR(@MNT$VECTOR(24),. 1NT24);
181± I CALL INIT$IIT$VECTORO1INT$VECTORQS)-),. 1NT25),
1812 ± CALL INITSINTSVECTOR(@INT$VECTOR(26),. 1NT26);

*1823 1 CALL INITSINT$VECTORJPINT$VECTOR(2),. INT2Th;
±8±4 1 CALL DELAYSLONG;
1015 1 CALL DELAYSLONG;
10±6 ± CALL DELA'nLONG;

* 917 1 CALL DELRY$LON&;
/* INITIALIZE THE INTERRUPT CONTROLLER *

±8±8 ± CALL INTSINIT;
* * INITIALIZE THE USART

1819 1 CALL SIOSINIT;
/* INITIALIZE THE MICROPRINTER

±82 ± CALL LPSINIT;
/*INITIALIZE THE TIMER

lea1 ± CALL TIMER$NIT;
1922 1 CALL CATSOUT(B0CH);
W823 I CALL CRT$OUT(OCH); /* CLEAR CRT CONSOLE *

1824 ± BPEAKPOINTSFLAOOJ /* CLEAR THE BREAKPOINT FLAG
1825 ± CALL CONSOLESIDENT;
±82 1 CALL S!OKNWLINE/* OUTPUT THE SYSTEM LOGO *
±827 ± CALL SIO$OUJTSSTRING(Ot 'USAFA 888 YR. 3. 2W'), 19)j
1828 ± CALL StO$0UT$StRING(@8OH @My 'DISK 8 4),9);
2293 ± OUTPUT(DISK$NUVYE$PORT)41H A SELECT DRIVE 8 v1
±83 ± OOJTPIJT(DISk$RESET$POP.T):88H, A RESET DISK CONTROLLER *
±83± ± CALL DISkSBUSY,
1832 ± OIUTPIYT(DISrKSCTIN.OT)-OH,,*RESTORE DRIVE 80
±833 ± CALL DISK$SIJSY;
±834 ± IFf .(NOT( INPUT.IKTAU$OT) NOt DISKSRERDY)OOG)

THEN CALL SIO$OUTSSTRiNG(@YNOT ,4)
±836 ± CALL SIO$OUTSSqTRINOr(8''READY'b,5),
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.4 1@37 1 OfLi SJ1TSrNG@Ht}'DISK 1 "9);
1839 I LATUiIiifiEPPi ; * SELECT DRIVE ± *

1848 1 CALL DISKSBSY;
1841 1 OUTPUT ([AISKSCONIWSOSPORT )=Fft /*RESTORE DRIVE 1*/
1942 1 CALL DI9SJS't
1943 1 IF((NOT'. UFUT.DISK$STATUSSPOT))) AND DISKSREWY)OUH)

THEN CALL S1O$OIJT$sTRINGM('NOT 1),4);

fl 1845 1 CALL SIOSOUTSTRING(@('RED'),5);
1846 1 DISK$TRACK(8z88H,
M7 - 84 DISKSTRACK():08;

1848 1 NEXT$COWW(ND
DO WHILE TRUE,

189 2 STACKPTR = /sbl REINITIALIZE TIE STACK */
t9159 2 DO CASE GET$CtW,; /* GET COMMAND FROM TIE CONSOLE MND DEUTE
185±d 3 CALL 510560,
185 3 CALL SIOEM4$NEN
1M-, 3 CALL SlOSDISPAi;
1854 3 CALL IENORVM'E;
1855 3 CALL NORYSILL1

6 1@56 3 CALL LISTMEORV;
1857 3 CALL BERKPOINT$ET;
18 3 CALL BRERKSOINT$LSR;

( 1@59 3 CALL CGIVERT$TO$FLOT(i);
1868 3 CALL DIAGNOSTICS;
186 .3 CALL EAIDSRER,
1862 3 CALL IRITESDPIVER,
1863 3 CALL KOPY$DRIYERj
N4& 3 CALL REIAESDRiV
1M6 3 CALL ERRSESOPIVER, I

1066 3 CALL ATTRIBIJ fTESkR $DRIV-
186? 3 CALL INITIALIZE,
186 3 CALL DIRECTORVSLIST;
1869 3 END;
1@78 2 END;
1071 1 ERROR:

STACKPTR-#2881t /* CLEAR TIE STACK *

1872 1 CALL SIO$1EILINE /* ISSUE CONSOL WANING v

io 183 CALL SIO $TSTRING(9( 'COPMWI ENTRY ERROR, TRY ROIN'b 39)s
1874 1 CALL SIOSNEINE;-

* ~ 185 GOTO !ETSOIWI; /* GET A NEW COMMAND *

187 1 END USAF86;
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* CROSS-REFERENCE LI_-T I

DEFN AOR SIZE NFME. RTTR!BUTES, AND REFERENCES

r 464 8869H i A BYTE
468 469

651 81M 4 A BYTE RSY(4) AT ABSOLUTE
658 661 665

" 272 8A 4 A POINTER PAWK#T RUTOIiTIC
273 274 282

507 9824H 2 A WORD
509 515 516

681 884 2 A WORD
686 61 614

677 8642H 2 A WORD680 6K1 682 683 684 6%6 688 692 696

(- 58 8838H 4 A POINTER
587 59%

543 88M09 2 A WORD
546548558

554 8836H 2 A WOR)
568 569 578 571 576

649 OM41 4 FA BYTE ~RA(4) DATA
658

693 17T AGAIN LABEL
65

346 8114H 4 ALMOSTTEN BYTE HRRRAY4) AT ABSOLUTE
367 372

347 828 4 RLIMOSTTENS BYTE ARRY(4) DATA
367

619 0381H 36 AIR BYTE ARRY(36) DATA
624 638

6 ALURUTOPORT LITERALLY
323 338

332 8F3E 19 ALUCMNWORD PROCEDURE PUBLIC SMTACK=88I"
374 3W 38996 404 45 486 407 418 411 663
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COWFnfiEf DiSF TCn MIs3DLE

:1.

* I 6ALfJC'3NTROLPC.T LITERAiLLY

.4 334 337

6 ALUDATPORT LITERALLY

325 P18H 46 ALUINWORD PROCEDURE PUBLIC STRCK46S
375 381 390 397 408 594 664

318 OEE5H 43 ALUUWORD PROCEDURE PUBLIC STAICK48B-
372 373 378 379 387 388 394 395 399 463 59 661 662

336 OFSH 14 fLUSTATUSWORD PROCEEAME BYTE PUBLIC STCK42H

579 16484 166 IJCONTROLTEST PROCEDURE ST FCK=0A3E

729

648 18424 239 PRUTEST PROCEDURE STACK=4I4
738

15 8 4 FOi STRUCTURE AT
242 243 246 247 368 361 491 492 495 498 S 7 773 793
796 8M9 902 805 838 83 876 98 682 5

1g 8084 4 1RW2 STRUCTURE AT

14 FSBL LITERALLY
78 22 229 253 386 71 89?

13 88O49 16 RSCII BYTE Wd*(i6) DATA
61 62 166 167 417 429 430 431

t4 FSCR LITERALLY
8:2 212 229 257 741 752 761 M 799 6 849 99 966 98

14 ASLF LITERALLY
259

14 ASTERISK LITERALLY
270

40 MW ATTRIBUTECH EDRIYER PROCEDURE EXTERNAL(7) STACK499H
1866

332 O8 1 8 BYTE PARIPIETER RUTOMTIC
333 334

ii 5 8 3CH 4 B POINTER
593 597

601 889 I BYTE

554 883H 2 B WORD

652 8i24$ 4 8 BYTE ARRY(4) AT ASOLUTE
659 662 669

14
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XOI~J DiSFW6,rt MiCtXLE

274 WH i B BYTE BAEE R) AARY(d)
282

284 85H 1 8 BYTE
287 28920

59 8e888 I B BYTE PAMMETER AUTOMTIC
60 61 62

164 OW . B BYTE PRIETER "UTOMiTIC
165 166 167

587 8826H 2 WE m
513 515

658 58H 4 B8 BYTE ARR (4) DATA
659

17 MW 4 BWPTR STRUCTURE AT
918 92 925 927

17 MW 1 BREWPOINT BYTE B::ED(REdCPOINTPTR)

9 .F@BH BREWkPOINT.BORT LAS!
.895

915 1F40 44 BREfEPOINTCLEW PROCEDURE STACK=038H
922 1858

18 884DH 2 BRER(POINTDATR BYTE RRR(2)
984 918

11 884FH i BREMPOINTFLA BYTE
894 986 919 1824

17 881 4 BIREAPOINTPTR POINTER
V7 983 984 90 91

921 1F8H 85 BRERkPOINTSERVICE PROCEDURE INTERRUPT(3) SMTCK=834H
18841

891 1E92H 174 BREAkPOINTSET PRO RE STACK=83f.!

485 IM BYPfS9MULTIPLY LABEL
482

653 8128 4 C BYTE RAY(4) AT ABSOLUTE
664 672

51 am i C BYTE PARAIETER AUTOMATIC
52 55 56 57

-97 19-19922 81
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±15 88081 I C BYTE PARETER IUTOWMTIC
126 129

157 868 1 C BYTE PFW*ETER RUTOMRTIC
M5 168 162

13 e"81 1 C BYTE PARIETER AUTOMATIC
132 133 134 136 137 139

8688 . C BYTE PfMWETER RUTOIIRTIC
89 90 91

554 N63214 2 C WORD)
567 568

3 MICH 1 CIR BYTE PUBLIC
46 151 154 55 186 18? 285 S29 212 222 22 22931

233 244 299 381 302 386 316 610 612 638 715 741 152 76.1
782 785 789 87 82± 825 840 945 84 8 62 66 6 9 1
996

128 8561 ICONSOLE BYTE
159 ±61 ±8± 183 258 269 262 291 292 294 296 2 311
313

296 OWN01 78 CONSOLEIDENT PROCEDURE 5TAICK4626I
±825

V9 CONSOLELEDPORT LITEWFLLY
44±539548612

542 ±5644 51 CW6SOLMEER PROCEMtF STACK62EI
* 732

536 ±54114 26 CONSOLE9SITMHEST PROCEDLRE STAICK4S2EI

D9 COW0LESISITCIEOT LITERALY
437 539 6±

339 6F5F4 868 CONVERTTOFLOAT PROCEDIJ PUBLIC STRCK4OI
66? 678 673 1859

996 CORRECTION LITERALLY

98

854 68404 2 COUNT WORD)

NO8 865 875 877 981 892

M? 6844W 2 COUNT WORD
783 788 795 797 Of1 86

8U± 8846H4 2 COUNT WORD
828 827 829

25886581 ICOUNT BYTE

46
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C co :,4.i;b£iSFA;Cl- f9&'XE

259 386 393 422 423 424

±3l 89,NID 155 CRTOUT PROCEDURE PUBLIC STACKC=88SEW
162 261 263 1922 123

18 CRTPORT LITERALLY
134 136

529 14EH 186 DKADCLOOP PROCEDURE STACK=38
723

553 1597H 177 DACOUTItCIN PROCEDURE STACK=8034H
Z24

56 148 82 DACRVWTEST PROCEDURE STICK4=30H
722

452 081CH 2 DRTAPORT WORD
455 456 458

464 881EH 2 DRTAPORT WORD
467 468 469

248 888W 2 DEFRULTBfSE WORD PARMETER AUTOIITIC
241 242

88 98 26 DELAY PROCEDURE PUBLIC STRAC&I841
±1M ±89 Wii 116 118 129 122 135 141 445 447 449 457 484
488 517 53 765 831

94 88C21 41 DEL'RtLOG PROCEDURE PUBLIC STACK4992
148 549 566 1814 15 16 187

23 885114 ± DERR BYTE

797 1*21 185 IAIFOST1CS PROCEDURE STACK4S48
1868

44 8M DIRECTORYLIST PROCEDURE EXTERNRL(9) STACK=888.
1868

690 1973H DISCRETEERROR LABEL

685

694 ±99H DISCRETE2 LABEL

68?

21 DISCRETEIOPORTI LITERALLY
682 684

21 DISCRETEIOFORT2 LITERALLY
683 686

676 1931H 10 DISCRETEIOTEST PROCEDURE STA1@8834H f
731 4
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,:.!,t., DISSTCH rlOC&JLE

26 M pisk5 PROCEDURE EXTERWL(i) STACK=488I
785

188i 8868 31 DISK8USY PROCEDURE STfX488CH
±831 1833 1e48 1642

29 DISKMANDPORT LITERALLY
1832 1841

29 DISKDRIYEPORT LITERALLY
1829 1838

29 DISKRERDY LITERALLY
182 1834 1643

29 DIKRESETPORT LITERALLY

29 DISKSTATUSPORT LITERALLY
182 18 1834 1243

699 1983H 63 DI9KTEST PROCEDURE STACK-S3S:
733

28 8031H 4 DISKTRACK BYTE PRRAY(4) PUBLIC AT EASOLUTE
186 1847

351 8124 4 DISPLAYCHIAR BYTE PRA(4) AT ABSOLUTE
406 409

272 0 D Mlii DISPLAMDTARRAY PROCEDURE PULIC STACK=4S3,
596 597

931 IFAN 46 DIYIDEERRJR PROCEDURE INTERRIPT(S) STAMCK82EH
1082

392 1117H DIVIIDELOOP LABEL
377

DOUBLE BUILTIN
223 469

38 888 ERRSEDRIVER PROCEDURE EXTERIM(6) STRCK4SS
1865

25 0764H ERROR LABEL PUBLIC
26 214 236 719 742 753 ? 778 96 99 918 822 826 41 946
58863 867 902 999 1671

574 1628 EORETECTED LABEL
572

584 14898 EXITDOIE LABEL
493

353 88648 1E)F BYTE

48
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COMM*iR, DISFRTCH MODULE

422 431

353 865H I EXP2 BYTE
424 430

353 0866H 1 E)PSIGN BYTE
385 392 427

4 FALSE LITERALLY
194 486 490 631

359 8182H FLOATINGDISPLU LABEL
356

341 8i88 4 FLTIAR STRUCTURE AT
368 361

325 O661 4 FLTRDR POINTER PAMETER AUTOHTIC
326 329

38 OM98H 4 FLTiRD POINTER PARRE AUTOMATIC
31. 321

341 BUM81 4 FLTRDM POINTER
341 362 365

327 6014H 4 FLTADRS STRUCTURE AT
.329 330

320 818OH 4 FLTFM STRCTURE AT
322 323

341 O614 4 FLTDATR BYTE BASE(FLTAIRS) RFRY(4)
362 365

327 61414 4 fLTPTR POINTER
327 328

320 MUH 4 FLTPTR POINTER
328 321.

1.53 SAW 45 FORCEUPPERCASE PROCER PLIC 5TACK-O4 H
185 315

23 8M 1 FTERR BYTE EXTER(8)

998 214 73 GETCIND PROCEDURE BYTE STA(KX430H

1.98 8OW I H BYTE PARt'TER AUTOMATIC

HIGH BUILTIN
66 171 458

3538 81 I BYTE

49
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CC-,:aC1 DISPTCr mW.LE

364 365 366 367 368 4M 4W 4 428

991 8073H I I BYTE
995 996 997

" 273 9% i I BYTE
20 282

251 9M i I BYTE
252

654 98684 ± I BYTE
657 6W 659

09 896FH II BYTE
714 715 716

95 e8 I I BYTE
96

78 852H i I wE
71 72

175 96H 1 I BT
V76 177

Q8 ON6)H i I BYT
627 630 632 633

77

W6 OWN2 2 1 WORD

42 889 INITIALIZE PROCEDURE EXTERIM(8) STA C4M9H
167

986 08 2 INITINTYECTCODEPTR WORD DATA
987

985 2iCCN 33 INITINTYECTOR PROCEDURE STACK=4BI
1992 1993 1094 1995 1996 1997 1 98 I 1. 1 11 i3

521 92 2 INPORT WORD
539 532

INPUT BUILTIN
5319 1 4 127 144 146 149 151 293 295 299 337 468

469 63 614 1834 13

943 2M 56 INT2O PROCEDURE INTERIPT(2) STAC(K439H

949 2e887 58 INT2i PROCEDURE INTERRUPT(21) STFCK4S3U.
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954 206* 50 Ihr:2 PROCEDURE INTERRUPT(22) STRWK=B3

959 28EBH 50 INT22 PROCEDURE INTERUPT(23) STACK-434
1889

,,.

964 21DH 58 INT24 PROCEDURE INTERRtPT(24) STRCK4S=3S

978 2i4FH 50 INT25 PROCEDURE INTERRUPT(25) STRCK=483IH
loll

975 281H 58 INT26 PROCEDURE INTERRUPT(26) SITACK68SH
W1±2

968 2iB3H 58 INT27 PROCEDURE INTERflPT(27) STACK=
±8fl

8 INTICI. LITERALLY
±@8

8 INTICW2 LITERALLY
i18

8 INTIC,4 LITERALLY
1.12

187 90 33 INTINIT PROCEDURE STACK=886CH

986 8669H 15 INTINITVECTCOOE BYTE PRRAY(±5) DATA
986

8 INTSPORT LITERALLY
±18±112

965 88 2 INTIFFSET WORD PAftETER OJTOMRTIC
986 988

8 INTSTRTPORT LITERALLY
±88

2 8688W 48e INTVECTOR POINTER RRRAY(±88) AT ABSOLUTE
i±82 18@3 ±8@4 ±885 1866 ±887 168 ±089 ±t8 1fel ±2 ±83

985 886H 4 INTVECTPTR POINTER PAMETER TOTIC
986 987 988

INWORD BUILTIN
437 532 539 567 684 696

22 0036H 2 IOPB WORD RLIC AT ABSOLUTE
784

789 86794 I J BYTE
72 7±6 7±8 728
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148 OR31H 25 KEYKCCHIARIN PROCEDURE PUBLIC STRCK48RI
184 314

617 t76FH 14? KEYPDCOW3OLETE5ST PROCEDRE STACK4S3I
727

Is KEYBDDAT1JRT LITERALLY
151 381

18 KEYBDRDY LITERALLY
149 295

I8 KEMBSTRTPORT LITERALLY
149 295

34 OWN61 KOPWDIVER PROCEDUR WXERMIA.( STFICK488IH

853 IM88 250 LISTPEOR PROCEDURE 5TFICK483814

557 iWI LOOPD LRBEL
573 577

LOW1 BUILTIN
67 172 456 796 876

75 OMSI 42 LPBLM PROICEDUE PUBLIC STAICK4S1SH
86 874 876 966

81 887BH4 28 LPCRLF PROCEDURE PUBLIC 5T~a4UI
85

9 LPDRTAPORT LITERALLY
47 48 49 55 56 5?

46 078FH4 0 LPINIT PROCEDURE STRICK=8821

84 SMF1 25 LPPIL INE PROCEDURE PUBLIC STFICK=SSIE
869 871 872 884 89

59 87C41 52 LPOUTBYTE PROCEDURE PUBLIC STAO(48"1
66 67878

51 8M9 N8 LPOUITCAR PROCEDURE PUBLC STRICK4BS6I
61 62 72 78 82 879

69 O8RAH 55 LPOUTSTRING PROCEDURE PUBLIC STACK4HI
878

64 7ff8H 34 LPOUTWORD PROCEDURE PUBLIC STRC4SI
873 885

*9 LPSTRTUSPORT LITERALLY
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6@ 16EEH 129 LSICIRCUITTEST PROCEDURE STACKzB@3O
726

273 BMW 1 M BYTE
277 278 279 288 286

24 64EiH MAINPRD LFIBEL PUBIC
1861

15 8WN1 1 MEHORVARMi BYTE BASED(?MRMWYARIPIR)
483 485 487 489 562 758 764 76 798 878

15 8888H 4 MEIORYWAPTR POINTER PUBLIC
15 483 485 487 489 58 587 SM 593 594 665 669 672 744

758 764 766 798 828 842 851 878 983

16 O8N i HIORYARG BYTE BRSIED(( ORYfR62TR)

16 O84N 4 ,E'OR:DYIRCTR POINTER
16 842 851

81@ iC9.t 133 IMORIFILL PROCEDURE STFRCK=6
1055

834 iDi5H 131 HE'ORYNOE PROCEDURE STICK--3ft.
1854

474 iM 229 I MORYTEST PROCEDURE STACK=083
721

IO BUILTIN
828 842 851 983 964 965 918

353 0067H ± MSIGN BYTE
376 414

385 1M MULTLOOP LRBEL
383

339 OW8N 1 N BYTE fNI8'ETER AUTOMMTIC
346 354 355

272 88 I N BYTE PFRETER AUTOMATIC
273 276 278 279

256 88 1 N BYTE PFfTER AJTOITIC
251 252

174 O81 1 N BYTE PIFIWIETER UTOIRTIC
175 176

75 888 1 N BYTE PI:MRETER UTOMIRTIC.
76 77 AV

69 88 t N BYTE PfPMETER AUTOMATIC
76 71
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463 88811 2 N WORD PARWIETER AUTOMTIC
46446546?

451 O88 2 N WORD PINM TER MJTOTIC
452 453 455

25 84H NEXTCOW* LABEL ULIC
188 564 598 639 633 697 929 933 936 9410M1185

935 2W8H 31 NI PROCEDURE INTERRUPT(2) STh(CK 842
1883

341 NIH 2 OFF WORD MEIER(FLTI)R)
308

327 OW 2 OFF WORD NEIU(FLTR"RS)
329 330

32e MW 2 OFF WORD IEIEER(FLTFRS)
32272

17 MW 2 OFF WORD I ER(DKPTR)
12 927

16 888 2 OFF WORD IEWRl2)

15 OU 2 OFF WORD MIUE (WO.)
243 246 247 360 491 492 495 SM 756 773 793 796 S B2
85 838 873 876 W 88 5

986 8W 2 OFF WORD IEUER(VECTOR)
988

343 8K8 4 ONE BYTE IFfl (4) AT FSOLIJTV
366 378

345 8824 4 E BYTE RRR(4) DATA
366

217 8M'T I OPER BYTE
218 226 233

521 882ft4 2 UTPORT WORD
526 532

OUTPUT BUILTIN
47 48 49 55 56 5? 188 116 112 115 117 119 l 123

±29 134 136 334 444 446 448 456 458 613 614 1W 138 12
1838 1839 1841

OUTWORD BUILTIN
323 330 441 515 532 539 548 565 682 683

939 227H 46 OYERFLGERRO PROCEDURE INTERRUPT(4) STRCK4SEH
'1885
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COIM'.3!'. DISF'TCH MODLLE

399 11594 PROCESS LABEL
384

268 OM 18 PROMPT PROCEDURE STACK=43SH

7Mi 738 ?49 779 84 837 856 093

436 12C3H 14 R C0NCMSOLESITC PROCEDURE WORD PiBLIC STRCK4W2I4

38 mm RERDDRIVER PROCEU EXTERNRL(2) STACKOIH
1061

607 1721k4 REDO LABEL
611

* 36 OM REWEDRVER PROCEDURE EXTERIML(5) STFK3(=4e
1964

349 MIBCH 4 RES BYTE RRY(4) AT -BSOLUTE
375 376 381 382

217 OM 2 SVE WOR
228 223 227 228 234

352 W501 8 SAVEDISPLRY BYTE PRY(8)
489 4±7 420

342 0189H 4 SCRATCH BYTE FR ,4) AT RBSOLUTE
365 378 371 373 379 387 398 394 397 399

788 685CH 1 3 SEaa BYTE ARl (i) DRTA
715

341 8882 2 SEG WORD PEBER(FLTFI)R)
361

327 e9em 2 SEG WORD EMBER(FLTFIRS)
329

328 92H 2 SEG WORD NE (FLTDR )
22

17 O 2H 2 SEG WORD E'1BER(Bl(PTR)

98 925

16 882H 2 SEG WORD 'EWIB(FRG2)

15 8821H 2 EG WORD IBER(RGIr)
242 246 361 498

986 868M 2 SEG WORD WIBER(NECTOR)
987

143 MH8 25 SERIALCOWIN PROCEDURE PUBLIC STAC(:K m
182 312

±25 0964H 25 SERIiLGAROUT PROCEDURE PUBLIC STRCK 894H
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COW*,'U &iSPiRT.i MODULE

168

514 BJILTIN
29 223 322 329 46

SHR BUILTIN
61 166

7 SIO825i ND LITERLLY

7 SIO8Z5INDE LITERALY
121

7 S108251R5T LITERALLY
U19

258 851 42 SIMMNS PROCEDURE PUBLIC STACK4U22H
413 433 768 794 796 886

5 ow21 iS 510 9N0 BYTE WY(8) DATA
996

256 O80H 65 SIOCRIF PROCEDURE PUBLIC STRCK=4N
266 666 743

7 SIOD ArFOT LITERALLY
129 t4G 299

776 19B4 228 SI0ISPLAY PROCEDURE STCK=4838H
1853

746 b" 209 SIOEXE PROCEDURE STACK483AN
1852

240 8D244 45 SIOGETADOR PROCEDURE PUBLIC STC483214
358 480 586 592 4 751 781 816 839 844 ON 9S

283 OCH 126 SIOGETBYTE PROCEDURE BYE PUBLIC STRCKz=08
763 824

18 90381 68 SIOETCIR PROCEDURE PUBLIC ST'CKOO8S2M
218 224 237 245 305 387 479 512 M5 529 9 63 5 51
6 689783 768 787 819 823 843 847 864 896 O 994

216 8C.l9 202 SIOGETWORD PROCEDURE WORD PUBLIC STACK=8
243 247 5 526 58 0 564 6 704 788 828 846 965

736 IAA8H 56 SIOGO PROCEDURE STACK=483RH

196 88 36 SOEX PROCEDURE BYTE PUBLIC STRC 84

289 223
W14 89281 57 SIOINIT PROCEDURE STACK-BOCH
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PLwM-a6 COPPIfLE j3- APR 80 PAE 46
COMM'NV UISP TCI NODULE

265 GBC4H 17 SHINEWLINE PROCEDURE PUBLIC STRCK=8 H
269 285 468 471 477 496 583 51 523 527 557 561 574 583
589 55 683 687 62a 623 625 636 638 643 656 674 679 698
694 781 755 792 884 98 913 917 923 928 945 95 956 961
966 972 977 982 992 1026 1872 1874

164 WPA3 52 SIOOUTBYTE PROCEDURE PUBLIC STRCK=86
171 172 282 582 758 798

157 8A7"H 44 SIOOUTCHtR PROCEDURE PUBLIC STCK=48IH
166 167 177 186 253 257 259 276 281 283 32 316 415 416
417 418 428 425 426 428 429 438 431 499 544 581 671 757
759 799 911 926

174 FF9N 55 SIOOJTSTRING PROCEDURE PUBLIC STRCK42H
434 461 472 476 478 49? 581 5W 11 522 524 528 537 545
555 558 562 575 582 584 598 682 684 688 628 622 624 637
642 655 668 678 691 695 78 782 718 737 748 769 778 813
836 855 892 989 916 924 932 948 944 949 955 968 965 971
976 981 993 1827 1828 135 1836 137 1844 M5 73

169 SfVH 34 SIOOlOR PROCEDURE PLIC T =K82CN
498 588 576 692 696 756 793 995 918 912 925 927

7 SIORXRDY LITERALLY
144 293

7 SIOSTRTPORT LITERLLY
115 117 119 121 123 127 144 293

7 SIOTXRftY LITERA.LY
127

N 96CH 76 SIOVLIDHEX PROCEDURE BYTE PUBLIC STRCIK=e8
205 28 222

STACKPTR BUILTIN
1981 1849 1871

175 88 1 STR BYTE BFSED(STRPTR) R MY(1)
177

78 8W I BYTE BAED(STRPTR) ARRRY(1)
72

174 8Mfi 4 STRPTR POINTER PRUAIETER AUTOMATIC
175 177

69 MAN 4 STRPTR POINTER PIRIMETER AUTOITIC
78 72

384 8EBH 24 SUFPRESSBLFWS PROCEDURE PUBLIC STCK2 28I
357 712 739 758 788 815 838 857

335 *498 2 T WORD
848 851
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PLn:-86 CW!LER $SF 3BWRU N FM 4?

812 80?72)4 I T BYTE

747 u8m7H I T BYTE
763 764 766

554 0834H 2 T WORD
556 571

344 91WH 4 TEN BYTE AiRAY,4) AT ABSOLU
368 388 395 03

348 82 4 TENS BYTE ARRMY(4) DATA
368

618NC IESTB
626 628 631

475 8h6M i TEST BYTE
481 482 496 496

TIME EILTIN
97138

471 I390H TIMEERROR LABEL
466

28 TIEROODEWORD LITERALLY
444

28 TIMERIIOEWORD LITEL Y
446

28 TIMER2ODENORD LITERALLY
448

28 TIMERBRSEPORT LITERALLY
455 467

28 TIMERCWNTROLPRT LITERALLY
444446448

468 134314 TIMERERROR LABEL
454

443 i2E4H 41 TIMERINIT PROCEDURE STACK--8CH

451 i30H 79 TIMERLOAD PROCEDURE PUBLIC 5TI CK48341

644645646

463 135CH 77 TIFERREA PROCEDURE WORD PUBLIC STACK4SZ

641 182 64 TIMERTEST PROCEDURE STACK4=SCH
78
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Lfi -,36 C fl ;'.J;-. 30 ARPR 8 E 48
C C. S MiTN IUALE

4 TRE LITERALLY

193 221 275 481 482 54 531 538 547 626 628 754 8

372 184F8 TSTLPI LABEL
398

378 1892H TSTLP2 LABEL

1 84D81H 783 USAF86 PROCEDURE STACK--B H

318 8EB3H 58 USERIOET70f PROCEDURE PUBLIC STACK=4O29

464 982 2 VALUE WORD
469 476

451 OW 2 VALUE WORD POMPEER OUTOMTIC
452 456 458

439 088 2 VFLUE WORD PFtTER AUTOMRTIC
440 441

986 8W 4 YECTOR STRUCTURE BASED(INTYECTPTR)
987 988

217 O64 2 W WORD
29 227 228 238

169 OW 2 W WORD PARAICTER RJTOMRTIC
176 171 172

64 8888W 2 W WORD PARAE ArUTO ATIC
65 6667

554 8M264 2- WORD

568 59558

439 121 19 IITECONSLELEDS PROCEDURE PUBLIC STACK=9641

32 MW61 WITERIVER PROCEDURE EXTERNFL(3) STCK=8664
1862

433 i27H ZEROEXIT LABEL
363

MODULE INFORMTIOW:

COVE FREA SIZE = 223QH 8758
CON TAIT AREA SIZE = OW 8D
VARIAIBLE ARM SIZE = 0874H ii6D
tRXIMJ. STACK SIZE c OM 80
1453 LINES READ
8 PROR ERROR(S)
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END OF PU'f-96 COMILATION
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II. DOS86 - THE DISK OPERATING SYSTEM

The disk operating system was designed to maintain to
the degree possible compatibility with the Intel Micro-
development System (MDS) and hence the ISIS disk operating
system. The primary goal of the disk operating system was
to allow the user to compile, link and locate his program
using the MDS, convert to hexadecimal file format and then
load directly to the 8086 from the flexible disk media.
This type of system was necessary as the useras MDS is phy-
sically separted from the point of operation of the
USAFA/8086. Further, this operating system provides an
ideal opportunity to venture into the compiler, editor,
etc., software areas from the USAFA/8086.

The following primary control characters are recognized
by DOS86:

R: Read a file directly into memory
W: Write a file directly from memory
D: Display a listing to the console of the files on the diskette
E: Erase a given file
I: Input a hexadecimal file into memory (primary download)
K: Copy a file from one drive to the other
N: Namechange of an existing file
A: Attribute change of an existing file

Each of these capabilities relies on the existance of a set
of utility routines. Part of our utility routines are
grouped in a submodular called DATA TRANSFER ROUTINES. Fig-
ure 8 shows these procedures.
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IOPB$ FILLJ$ ERROR$
ONE IOPB CHECKER

LINK$IN$ DIR$IN$ ABM$IN$ DATA$IN$
OUT OUT OUT OUT

DisK86
MODUlE

FiGuRE 8. DATA TRANSFER UTILITIE.S
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In addition to these utilities a group of relatively un-
related procedures are necessary to support operations. Six
such procedures are included in a submodule called SUPPORT
ROUTINES. Table 3 shows the functions of these routines.

TABLE 3. SUPPORT PROCEDURES

ROUTINE FUNCTION

ABM$ZERO Makes a given sector on a given track available
for further use.

FREE$SECTOR Identifies an available sector on a track and
alters the ABM.

MAKE$LINK Given the number of required sectors, this
procedure creates an appropriate linkage map.

AVAILABLE$ Determines the number of free sectors remaining

SECTORS on the diskette.

FIND$FILE Determines if a named file exists and locates it.

AVAIL$DIR$ Determines the availability for a directory

ENTRY entry to be made.

The command routines were written on a separate submo-
dule from the driver routines to allow for the possibility
of direct user access to the disk subsystem through this
software. The easiest approach to description here seems to
be to chart the interconnections of each command routine
with those support procedures it uses. The RENAME procedure
is shown in Figure 9.
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FIND$FIL-E DIR$IN$OUT

FIG RE9 ENAMV ROUE RELATIONS

T 
DRIVE



The attribute change routine is not much different and is
diagramumed in Figure 10.

DIR$IN$ CONSOLE

FINDFILE OUTrC

sIO$G~r$
DRIVE

RIGURE 10. NTBIBUTE CHANGE PROCEDURE RELATIIONS
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The erase command is diagrammed in Figure 11.

LINK$ CONSOLE
ABM$ I$DIR$IN$ AB4$IN$
ZERO IUT FItNDFTIE OUT OUTr1

USAF86

ERASE

DDRIVE

FIGURE 11. ERASE$UE EAIN

DRVE



The erase procedure actually does not erase the data,
rather it changes the flag in the directory to indicate the
file is non-active and makes the sectors available by alter-
ing the allocation bit map. An erased file can actually be
recovered if no additional files have been created since the
erasure.

The copy procedure (spelled KOPY to avoid confusion with
the use of C for the clear breakpoint function in USAF86) is
reasonably complicated since it uses files on each of the
two disk drives. The kopy routine was designed to allow use
with a disk formatting routine which is not Included with
DOS86. The kopy procedure is detailed in Figure 12.

CONSOLE
DIR$ DATA$ 10FINFLE IN$OUT ERASE IN$ MODULE

OUT USAF86

AVAIABLEKOFY
DDIRECORY

LZZJY

IVO$AKE$

LINK$IN 
FLNM

FIGURE 12. KOPY PROCEDURE RELATIONSHIPS
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The read routine is implemented very easily using the
previously mentioned support routines. These relationships
are shown in Figure 13.

CONSOLE
IO

MODULE
USAF86

LINK$IN$ DATA$
FINDFIE oTIN$

OOUT

READ

INI

FIGURE 13. READ PROCEDURE RELATIONSHIPS
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The READ$WRITE$PAR$IN routine used in the Read routine
is merely a convenient procedure used to detail both the
drive, name, and optionally the start and stop address.
This routine communicates directly only with the console I/O
module of USAF86. Default addresses are supplied for both
the start address (01000H) and the stop address (07FFFH).
This default area consumes almost all of the user available
memory.

The WRITE command is quite similar to the structure of
the READ command. It is necessary to emphasize that these
two routines deal strictly with a 'core image* file. No
translation of the data or data records takes place in ei-
ther of these routines. The WRITE command can be diagrammed
as seen in Figure 14.

MAXE$ DIR$IN$ E CONSOIE

USAF86

I DATA$IIN$
LINK$ OUT
IN$ T

OUT"

WRRITE$
PAR$IN DIE

FIGURE 14. WRITE CaoN RELATIONSHIPS
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The DIRECTORY command allows the user to display the
files contained on any diskette to the console. An indica-
tion is given to the user of the length of each file and the
total utilization of the diskette. The DIRECTORY command is
detailed in Figure 15.

DIR$IN$
OUT CONSOLE

I/O
MODULE
USAF86

DIRECTORY
LIST

FIGURE 15. DIRECTORY CC!4VND RELATIONSHIPS
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The INPUT$HEX$FILE (cle NTAIEin telisting)
routine allows downloading into the USAFA/8086 any tile
created through the MDS-311 Utility called 0H86. This rou-
tine functions similarly to the READ routine except that
this routine interprets the code according to the file for-
mat indicated in the ?4CS-86 Absolute Object File Formats
Technical Specification. The diagram of the INUT$HEX$FPILB
routine is shown in Figure 16.

sIO$ CONSOLE
GINDFIE GE$ PACK$ 1/0

FIDIEDRIVE RECORDS DATA MOIXJIE

SIO$GETr INPUT$
FiLENAVIE - EX$

FILE

LINK$ DATA$
IN$ IN$
OUT OUT

FIGURE 16. INPUT$HED$FIIE RKEATIONSHIPS
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Table 4 indicates the memory locations absolutely used
by the DOS86 module.

TABLE 4. DOS86 DEDICATED MEMORY LOCATIONS

LOCATION FUNCTION

00400-0047F Link Map Buffer #1
00480-004FF Link Map Buffer #2
00500-0057F Directory Buffer #1
00580-005FF Directory Buffer #2
00600-0067F DATA Buffer
00680-0077F Allocation Bit Map Buffer
00780-0078A Input Output Parameter Block Buffer

This would indicate that if pressed, the user programming
might actually start as low as 0078B .

The following pages are the actual PLM86 listing of
DOS86.

!72
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PLM'-96 COMFILEP 8j. f.lEv MAlft"EMEHT SYSTEM 39 S 6 R PK I

ISIS-I PLU-86 V. 10CMPILATION OF WOULE DOS
NO OBJECT MODULE REQUESTED
COMPILER INVOKED BY PLM86 :FI:FITZ SRC NOOBJECT DRTE(38 80 X)

C STITLE('I886 DISK MItGEMENT SYSTEM') LRGE

iDOSAD;
/* THE FOLLOWING SOFTRX IS THE DISK M#MaET SYSTEM TO

THE USFRANN MICROCOMPUTER TIE FUNCTIONS THNT IT MILL
PERFORM INCLUDE 'READ", "WRITE', "KOPY", "NIWEAHAGER (REME),
-ERASE-, "ATTRIBUTE CINdGEN, "INITIALIZE', fiND 'DIRECTORY'.

THE SOFTWARE IS IM IN NITURE CONSISTING OF THE FOLLOWING
SEQENTIA. BLOCKS:

i) EXTERWL ROUTINES
2) GLOBFUL DECL TIO6
3) DTA TRANSFER ROUTINES
4) SUPPORT ROUTINES

5) COWWID ROUTINES
6) DRIVER ROUTINES

THIS SOFTNWRE WAIS WRITTEN FS P RT OF AN INDEPENDENT RESEE
PROJECT, EE499, BY CIC LEN D. ROSENERGR FIND CIC PHILIP
8. FITZJMRELL DtRING THE FLL SEMESTER OF i979 */
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*,~~ ~~'... - - -~j4*~i -.:c -6-R-6-P- - 2

$SUB
T ITLE,- _TEiNAJ ROUTINES)

-* THE FOLLOING PACKAG INCLUDES EX.TERNfL SU8ROUTINES
TnAT APE USEf. TO ENTER PARaMETERS FROM THE KEYBOARD
AND DISPLAY RESULTS ON THE CRT */

$INCLUDE ( F :EXTRN. PLM)
21= 1 DELAY

= PROCEDURE(C) EXTERNHL.
3 2= DECLARE C BYTE.
4 2 = END;
5 1 = DEL'9LONG:

= PROCEDURE EXTERNAL
6 2 = END,
7 1 = SIO$OUTCHAR:

= PROCEDUREC) EXTERNAL
8 2 = DECLARE C BYTE
9 2 = END;

18 1 SIO$OUTSBYTE:
= PROCEDRE(B) EXTERWI~i

i 2 = DECLARE B BYTEj
12 2 END;
13 1 = SIO$OT$WORD:

- PROCEDURE(W) EXTERPAJ
14 2 = DECLARE W WOW;
15 2 = END;
16 1 = SIO$OUT$S"RINO:

= PROCF.UR(STRSPTR, N ) EXTERA;

17 2 = DECLE STRVTR POINTER, N BYTE;
18 2 = END;
9 i = SIO5$T$CHR:

= PPOCEDURE EXTERNAL
28 2 = END;
21 1 = SIMAVLIDMEX:

= PROCEDURE(H) EXTERAL
22 2 = DECLARE H BYTE,
23 2 = END.;
24 1 = SIO:HEX

= PROCEDURE(C) BYTE EXTSWf

25 2 = DECLARE C BYTE,
26 2 = END;
27 1 = SIOGETBYTE

- PROCEDRE BYTE EXTERNAL;
28 2 = END';
29 1 = SlO$GETNORD:

= PROCEDURE WORD EXTERNAL
38 2 = END;
31 = SIO$GETD,:

PROCEDURE(DEFfAULTSBSE) EXTERNA
32 2 = DECLARE DEFRALT$BRSE WORD;
33 2 = ENM.
34 1 = SIO$CLAFS:

= PROCEDUE(N) EXTERNAL
35 2 -" DECLARE N BYTE.;

36 2 = END.;
'37 1 = 51IOSCRLF:

PROCEDURE EXTERNAL.;
28 2 END;
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PLifl-6 CO*PILEP WE2 HISk MtNPI3ENENT SMTEN Mu PRE 3.
N ENTEPhA R0JTINES

39 1 : SINEWLINE
PROCEDURE EXTERNAL;

48 2 = Et&
41 1 2 9RPPRESSSBOLi S:

= PROCEDURE EXTERNAL;
42 2 = END;
43 isa USERSIOS&TWNA

44 2 = END;
45 1 x DECLRE IENORY$d ISPTR POINTER ErERNL A GRM STRIE

= (OFF WORD SEG WORD) AT (SEHORYSftOPTR),
-" = NORY$AO& MD ORY$RROIPTR BYT"E

46 1 = DECLARE (ER, IEXTCOWWC) LRBEL EXTE.
47 1 s DECLARE O RBYTE EXTERNAL
48 1 a DECLARE ASCR LITERALLY 'D';
49 1 = DECLARE M LITERALLY '020N';

.7
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PtjNM-86 CcwEL49)NC Mi1EN11T 56-En 38APRW8 PAGE 4

$EliJTITLE.;3LOBAL DECLARATIONS.

7* THE FOLLOWING BLOCKS OF RAMl ARE USED AS BUFFERS FOR THE
DATA TRANSFER BETWEEN THE MICROCOMPUTER AND TIE DISK:

99481 - 0847FH: LINKAE MAP SECTOR BUFFER ft
004881 - BO4FFH: LINKAGE MAP SECTOR BUFFER #2
995891 - 8857F1: DIRECTORY SECTOR BUFFER ft
995801$ - OWNFF DIRECTORY SECTOR BUFFER #2
886881 - 9967F11: DATA BUFFER
996811i - 9977F}I ALLOCATION BIT MA SUFFER *

59 1 DECLARE DIRECTORVA(S) STPIJCTLRE(FLRG BYTEflAME(6) BYTE
NMKT(3) BYTE, TTR BYTE, LAST$SECTSBYTE BYTE. IIIWSCT WD
FSTSLI*SSECT GYTE. FSTSUI(STRK BYTE) AT (99568H1);

51 ± DECLARE DIRECTORYB(8) STRtJCTIJE(FLAG BYTESFNAftE(6) BYTE
PIEXT(3) BYTE. ATTR BYTELAST$SECTSSYTE BYTES IfViSSCT WORD
FST$LW$SECT BYTE.FST$LW$STRK BYTE) AT (0058M1);

52 1 DECLARE LIWi(64) STRUCTURE(SECT BYTE.TRK BYTE) AT (89491);

53 1 DECLAfE L1W2(64) STR E(SECT BYTE TWK BYTE) AT (89486H1);

54 1 DECLARE ABW(2SE) BYT AT (8888W),

55 1 DECLARE DDfITAtA2B) BYTE AT (89881)

56 ± DECLARE TRUE LITERALLY 'GFFH'.
57 ± DECLARE (FILE$SECTORA, FILESIDENTA, FILE$SECTORB, FILE$IDENTB.

FST$UI($SECT, FST$LNK$TRKJ SECTORSVtIBER, TRACKKNRER,
DRIVEi, DRIVE2) BYTE (STADD.FNWDD) WORD;

58 ± DECLARE FILEIAIEI(6) BYTE.FILEI*V1E2(6) BYTE FILEEXT±(3) BYTE,
FILEEXT2(b) BYTE;-

59 1 DECLAR IOfl WORD EXTERNAL,

69 1 DECLARE (FTERR, DERR) BYTE EXTERIAJ-

6± 1 DECLARE I09Pdi9) BYTE AT (897880;

62 1 DECLARE LA1ST$ABIIBYTE WORD,

63 ± DECLARE ABC(*) BYTE DATA ('BCEFGHIJKLIIOPRSTUV WXYZ');

64 1 DECLARE ALPIAUI(S) BYTE DATA ('ABCDFGHiJKLIWRQRSTIMIYZBI24567B9Q;

65 ± DECLARE DIRRSIJF$ARS WME DAT(685881D.
DIR8$BUFSADR WORD DATA(98581),
LINK± ~SADRS WORD DATA(884981,
LINK2SBIIADRS WORD DATA'(B48M1),
ABSBUF$ADRS WORD DATA(9881).
DOATASBUF$ADAS WORD DAT(9868811t

66 1 DECLRE DATA$POINTER POINTER.
DPNTR STRUCTURE(OFF WORD. SEG WORD) AT (eVATA$INTER);

67 ± DECLARE TARGTIPOINTER POINTER.
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PL.19-86 COMPILEP 30, b!5t. ri'3ErOENT SYSTEMI 351 AP 8 .. G 5
kflk)A DEMLPATIONS

TPtNTR STRUCTtRE'OFF WORD, SEG WORD) HT (WEMTPONTER)i
68 1 DECLARE STRRT$POINTER POINTER,

IST STRUCTUPE UIP WORD, CS WORD) AT (STATSONR;
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PL.."-8E COCMPiLEP : ' ._ Pil' hENIENI SVSTEM 38 APR 98 PAGE 6
DPTR TR4NSFEP ROUTINES

$SUBTITLE,'D ATA TRANSFER ROUTINES')

/* THE FOLLOkING ROUTINE IS CA-LED TO TRANSFER DATA
TO AND FROM THE DISK. */

69 1 DISK:
PROCfEDURE EXTERWL;

78 2 END;

/* THE FOLLOWING ROUTINE FILLS THE INPUT/OUTPUT
PRARTER BLOCK SO THAT THE PRO" CAN 'TALK' TO
THE DISK. /

71 1 FILL$IOPB:
PROCEDURE (X@, XL X2, X3, X4, X, X6, XT, X8, X9);

72 2 DECLARE (X8, X1, X2, X3, X4, X5, X6, X7, X8, X9) BYTE,
73 2 IOBP(@)=Xg;
74 2 IOBP',i)=K,
75 2 IOBP(2)=X2;
76 2 IOBP(3)=X3;
77 2 IOBP(4)=X4;
78 2 IOBP(5)=X5,
79. 2 IOBP(6)=X6;
80 2 IOBP(7)=X7,
81 2 IOBP(8)=X8;
82 2 IOBPt9)=X9;
83 2 IOPB*78ft /*PUBLIC BYTE SPECIFYING LOCATION OF IOPB1/
84 2 END FILL$IOPB;

/* THE FOLLOWING ROUTINE IS CA.LED TO SEE IF THE DISK
FAILS TO OPERATE PROPERLY. IT OUTPUTS AN ERROR
MESSAGE AND RESETS TIE SYSTEM FOR THE NEXT COIMA. *

85 1 ERRORSCHECKER:
PROCEDURE

86 2 FTERRTERR+I- I/*ODUMY FOR CO ILER*/
87 2 IF (FTERR 0 0) OR (DERR 0 0) THEN DOj
89 3 CALL SIO$OUT$STRING(@('FTAL ERROR., DISK RELTE'),25);
90 3 GO TO NEXT$COWW(,
91 3 END;
92 2
93 2 END ERROR$CHECKER;

/* THE FOLLOWING PROCEDURE IS USED TO ESTBLISH IOPB(i),
WHICH TELLS THE DISK WHICH DISK DRIVE 15 BEING USED AN)
WHETHER THE COMAN IS A READ (INOUT=4) OR A WRITE (INOUT=i). */

94 1 IOPB$ONE
PROCEDURE (INOUTDRIYE) BYTEs

95 2 DECLARE (INOUTDRIYE,X1) BYTE,
96 2 INOUT=INOT+i-i, /D0MMY STATEMENT*/
97 2 IF INOUT=8 THEN Xlr*4H. /* READ */
99 2 ELSE X1=86H; /* WRITE*/

186 2 Xi=Xi OR SHL(DRIVE, 4);
181 2 RETURN Xi;
182 2 END IOPBSONE

/* THE FOLLOWING PROCEDURE IS USED TO READ OR WRITE A DIRECTORY
SECTOR INTO OR FROM ONE OF THE TWO DIRECTORY BUFFFERS IN SYSTEM
RA. 'INOUT' SPECIFIES READ DISK INOUT=6) OR WRITE TO DISK (INOUT-I).
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PLM-6 COMPILER 8e e ., i .INEMENT SYSTEM 3 AR PRE 7
'DRTA TRPPz'FER ROUTINES

DRIVE, SPECIFIES WHICH DISK DRIVE IS TO BE EMPLOYED. 'SECTOR'
SPECIFIES WHICH OF THE 25 DIRECTORY SECTORS IS TO BE READ OR
WROTE FINIALLY, 'IDENT' SPECIFIES WHETHER TO USE DIRECTORR (8)
OR DIRECTORYB'±). 4/

1@3 1 DIR$1N$OUT:
PROCED (INOUT,DRIVE, SECTOR IDENT),

184 2 DECLARE (INOUTDRIVE.-SECTORIDENT,P1P5,P6) BYT-
105 2 PIIOPB$ONE(INOiJT,DRIVE); /* SPECIFY READAIRITE AND DRIVE W
186 2 IDENT= IDENT+±-±s /* DUP.Y STATENENT*/
187 2 IF IDENT=@ THEN
±8 2 DO; /* SPECIFY SFFER LOCATION */
19 3 P5LOW(DIRAW$KDRS);
lie 3 P6-HIGH(DIRRWB SDRS);
jij 3 EN);

ELSE
U12 2 DO;
113 3 P5=LOW(DIRB OISDRS);
114 3 P6=HIi(DIRBUF$RDRS);
M15 3 ENDi
±16 2 CALL FILL$IOPB(O PtL OL SECTORP5,P6,S@8,);
117 2 CALL DISK;
118 2 CALL ERROR$HECKER
19 2 END DIRSIN$OUT,

/1* THE FOLLOWING PROCER IS USED TO TRRN5FER THE fILOCITION
BIT MAP OF THE DISK IN THE DRIVE SPECIFIED BY 'DRIVE' WITH
INOIJT SPECIFYING A READ FROM DISK TO THE AN SIFFER (INOIJT=),
OR A WRITE TO OISK FRO THE RON F (INO.T-)

128 1 $N$OUT[:

PROCEDUE (INOUT, DRIVE),
121 2 DECLARE (INOUTDRIVEP P, PP) BYTE,
122 2 Pi=IOPB$XOE(INOUT, DRIVE); /* SPECIFY RERD/WRITE NO DRIVE */
123 2 P5LOW(BBUF$flDRS);
124 2 P6=HIQ(A D,%8tIF'RPS); /* SPECIFY BUFFER LOCATION A/
125 2 CALL FILL$IOPB(Oft P1, OL 8Z VP5,P6,0, &,8)i
±26 2 CALL DIS9G
127 2 CALL ERRORSCHECKER,
128 2 DILL FILL$IOPB(98 Ptt 8Z81?,97, , 08);
129 2 CALL DISK
±30 2 CALL ERROOE"CK;
131 2 END F$IN$OUT;

/*THE FOLLOWING PROCEDURE IS USED TO READ (INCtffI) OR IRITE
(INOUT4) A SECTOR OF A LINKAGE MA TO OR FROM THE DISK
SPECIFIED BY 'DRIVE'. 'TRACK' NO 'SECTOR' IDENTIFY THE
LOCATION OF TIE LINAGE MAP SECTDR ON THE DI1K DRIVE, F1
'IDENT' IS USED TO IDENTIFY WHICH OF THE TWO LINKIAGE MAP
BlUFFERS (IDENT IS LINKI, IDENT-- IS LINK2) THAT IS TO BE USED. 4/

32 1 LINKSIN$OUT:
PROCEDURE (INOUT, DRIVE, TRACK, SECTOR, IDENT);

133 2 DECLARE (INOUT, DRIVE, TRA SECTOR, IDENT,PiP5,P6) BYTE,
134 2 PI=IOPB$OtE(INOVT, DRIVE); /. SPECIFY READ/WRITE FPO DRIVE /
±35 2 IDENT=IDENT+I-t /* DL0Y COMPILER STRTBE T*/
136 2 IF IDENT=8 THEN
137 2 DO; /* SPECIFY BUFFER LOCATION
138 3 PS=LOW(LINKIlF*IDRS);
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['ATf Th*NFER ROuTiNES

109 3P:IG LI1BU$DS.
±48 3 END,

ELSE
±41 2 DO;
142 3 PS=LOW(LIW2$flF$RDRS);
143 3 P6-iiIGW(LIW2SBIF$DRS);
144 3 END;
145 2 CALL FILL$IOPB(BBHP B±,TRACLSECTOR, P, P,8,,);'
146 2 CALL DISK
147 2 CALL ERROR$CECKER;
±48 2 EM) LIWSINOUJ

/* THE FOLLOWING PROCEDURE IS USED TO TRARSP GENERAL.
DATA TO OR FROMI THE DISK TR~A F) SECTOR SPECIFIED BY TIE
FORMAL PARAMETERS. INOUT IS USED TO DETERMNE WETHER IT IS
A REM) (1101T4) OR WIRITE (INOUT-1). IF DATEW2RESS4 THEN TIE DATA
TRRISFERED COMES FROM OR GOES TO THE DATA DIFFER IF DAORESOt
THEN TIE DATA IS TRANSPERED TO TIE LOCATION SPECIFIED BY DRTM)ES1 *

A49 ± DATA$INOUT:
PROCEDURE (INOU[T, DRIVE, TRAICKS SECTOR, DATWSS);

0 ±8 2 DECLARE (IIOJT,DRIVETRACKSECTORPL P 5 P6) BYTE
±51 2 DECLARE DATARORESS WORD; SEIYR AIEfI
±52 2 PF4IOPB$ONEdNOUT, DRIVE); /* SEIYRR/RT P RV
153 2 DRTRADRSS=DT SSIt- /*DUMMY COMPILER STATEPEN*/
1 54 2 IF DATRADRESS=8- THEN
±55 2 DO; /* SPECIFYDIER LOCRTIGI*
156 3 P54LCNWDOATA$RDRS);
1 57 3 P6=NIGI(DOATAftaF$RDRS)i
±58 3 END;

ELSE
059 2 DO;
168 3 P5.LOW(DRTffADRESS);
±61 3 P6z*IIGH(DATAORESS);
162 3 END;
163 2 CALL FILLSIO(8H Pt, 8L TRACKS SECTOR, PS5 P6,0,, 8);
164 2 CRLL D19(;
±65 2 CAL ERRORCCERS
1 66 2 END) DATASIN$4JUT

80

12.
...... ~~ .



PL.'I-96 0W)ILEP 1 ).36 Ai N l GEllENT SYSTEM 3 RPR S PIE 9
SUPPOFT ROUTINES

SSUBTITLE'SUPORT ROUTINES')

/* THE FOLLOWING PROCEDURE IS USED TO WITE A ZERO TO TIE
ALOCATION BIT MAP LOCATION CORRESPONDING TO THE SECTOR
AND TRACK CORRESPONDING TO THE FORMAL PARETERS T
MAKING THE SECTOR AVAILABLE V

167 1 AB1NZERO:
PROCED (TRACK, SECTOR);

168 2 DECLARE (TRACK, SECTOR, RBBTL NA) BYTE;
169 2 DECLRE (AB9WJNSHIFTS,I) WORD;
179 2 FBtAJN=D(OUBLE(TCIo)*26)OUBLE(SECTOR)-L-
171 2 fiMBYTEl=(BW M/8); /* DETERINE PROPER BYTE IN PUFFER
±V2 2 SHIFTS=(RMM MOM(8)); /* DETERMINE PROPER BIT IN BYTE */
173 2 MRSK-FHL
174 2 DO I=i TO SHIFTS- /* DEMO RSK
175 3 M =SK4OR(SK, 1);
176 3 END;
7? 2 AB(88B YTE)=(N(lIBTE) AND ISK);

V78 2 END FRB$ZERO;

/*THE FOLLOWING PROCEDURE IS CALED IF THE OPERATOR
MAKES AN INVALID CWMAN) ENTRY. V

79 cI9WJRNDSERROR:
PROCEDURE,

±88 2 IF CHRRORSCR THEN /* WIT UNTIL USER ENTERS A 'RETU '/
±8± 2 DO WHILE CHROASCR; /* BEFORE AN ERROR MESSAIE IS PRINTO. V
182 3 CALL SIOMOTSCARI;
183 3 END;
±84 2 GO TOERROR;
185 2 END CMMONfDRRiOR,

/*THE FOLLOWING PROCED(RE FINDS R FREE SECTOR AND SETS THE
GLOWiS SECTORSNWSER 9ID TRACK* ER TO IDENTIFY IT.
THE ALLOCATION BIT MAP OF THE PROPER DISK DRIVE SHOULD BE
FLREROY STORED IN THE BUFFER, AND THIS PROCEDURE OHM
THE RFFER BUT DOES NOT REWRITE THE RBM TO THE DISK

186 1 FREESSECTOR:
PROCEMUR

±87 2 DECLARE NRSK BYTE.
188 2 DECLARE (BYTECOUNT, SHIFTCOUNT) WORD;
189 2 DECLARE (SHIFTS, ABM8BYTE) WORD;
±98 2 DECLARE FOUND LfEL.
±9± 2 O0 W WTE4= TO 2%
192 3 BYTECOUINT-'-ABYTE,
193 3 I'MAS5K4w
194 3 O SHIFTS4 TO 8;

95 4 SHIFTCOUNT--SHIFTS;
196 4 IF (RBMMM(RSYTE) AND f lR1) THEN GO TO FOUND;
98 4 MRSKSHR(MASK, ±);
199 4 END;
28 3 END;
291 2 FOUND:

/* SPECIFY SECTOR LOCATION /

SECTORtUUERM=OW((9fTrECIT*" IFTCOUNT)NC0(26) )+1
/* SPECIFY TRACK LOCATION *

282 2 T11 SJIOK O((BTECOUNT+SHIFTCIUNT)/26)

': 81
<|I.



PLAIM-86 L.-WiLER -.i " F1tEMENT SYSTEM 3 RB REI

283 2 LR5T$R8N$2TE=YTErUUNT;
204 2 ABM(BYTECOUNT I=ABN'kBYTECOllNT) OR MASK;
M8 2 E0 FREESSECTOR.

/*THE FOLLOWING3 PROCEDURE MAKES A LINK W ON THE DISK
DRIVE SPECIFIED BY 'DRIVE' FOR 'NUMSECTOR' NJW OF SECTORS.*4/

206 1 W SINK:
PROCEDURE (NUMECTORWDRIVE)i

207 2 DECLARE M.MSECTOR WORD;
208 2 DECLARE (DRIV'E. LASTSLIWKSSCT, LASTSLINK$TRKLIWKSSCTOR) BYTE
26 2 DECLARE LINKTRCI( BYTE,
21@ 2 DECLARE (INDINDD.LND) WORDi
21.1 2 DECLARE LASTSL INK LABEL
M1 2 CALL BM$INSOUT49 DRIVE); /* READ) AMN4

7 213 2 LASTStINKSECT, UblT$LIWI$TKO;
2M 2 CALL FREESSECTOR,

/* FIRST LINKAGE NAP SECTOR *

215 2 FS-TSLNK$SECT4 LINK$SCT"- SCTOR$NUIIBER
216 2 FSTSLNKSTRK, LINKSTRACK=TRRiCKSNIIBE;
21 2 DO WHILE TRUE.-

/* LOCATION OF PREVIOUS LINKAGE W SECTOR 4
21 3 LINK2(0). TRK--LA5TSLINKSTRK,
219 3 LINK2(8). SECT--AST$LINKSSECT;
220 3 DO IND2 TO 63;
221 4 LND2-IN4D4i;
222 4 CFLL. FREEMSCTOR,

/* LOCATION OF LIM(ED SECTOR 4

223 4 LIK2(IND). TRK:TRACS?0UER,'
224 4 LINK2 IND). SECThSECTOR$tamBER,

/* MJI'ER OF SECTORS TO BE LINKED *
225 4 NU11SECTOR4lAfrSECTOR-,
226 4 IF NUMSECTOR--@ THEN GO TO LAISTSLIWK-
228 4 END;
229 3 CALL FREE$SECTOR;

/* LOCATION OF *9X LINKAGE MAP SECTOR 4

238 3 LINK2t1). TRTAC KKAE
231 3 LINK2(1). SECT-SECTORSJMBERL

/* WW~E CURRENT LINKAGE ?W TO DISK ONE SECTOR AT A TIME s
232 3 CALL LINK$IN$OUT(1t DRIVE, LINK$TRACK LINKSSECTOR4 1);

/* REJOWE CURRENT LINKAGE MP SECTOR 4

233 3 LF#ST$LINK$SECT=LIWfSECTOR,
234 3 LAST$tNK$TRKLIKSTRAKLj

/* CREATE NEW LINK SECTOR */
235 3 LINKSSECTORLIM(21). SECT;
236 3 LINKSTMAK.INK2(i). TMK
237 3 END;
238 2 LASMSINK:

/* FILL EXTRA LOCATIONS OF LAST LINK SECTOR WITH ZEROES *
DO INDD---LND TO 63;

239 3 LINK2kINDD).TRK, LINK2UINDD>SECT4Oj
248 3 END;

.4 /* SPECIFY LAST LINKAGE SECTOR *

241 2 LINK2(1". TRK, LINK2(D. SECT48
242 2 CALL LIWN$OT(t DRIVE, LINK$TRACK LINKSSECTOR,); /LsT LINK SECTOR*/
243 2 CALL A9NSOUT(it DRIVE)i /* WRITE UPDATED AM
244 2 RETURN,
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245 2 END t ESLIW;

/ATHE FOLLOWING TYPED PROCEURE RETURNS A WLUE EGA TO
THE MAH8R OF AVAILABLE SECTORS ON DISK DRIVE 'DRIVE'. s/

246 1 RVAIRABLE$SECTORS:
PROCEDURE (DRIVE) WORD;

247 2 DECLAE (1DRI EV, ) BYTE;
248 2 DECLARE COUNT WORD;
249 2 DECLARE (SHIFTSBYTES) WORD;
258 2 CALL AM1INOUT(MDRIVE)i /* RED Nll */
251 2 CO'UNT4I

K 252 2 DO BYTES4 TO 258;
253 3 IaI =88M.
254 3 DO SHIFTS=I TO 8;

/* iPDATE COUNT OF AVAILB.LE SECTORS ,/
255 4 IF (FOI1(BYTES) NO PI ) THEN COUNT=CVWlNT+l
257 4 R 6--R(?(,t);
258 4 END;
259 3 END;
268 2 RETURN COUMr
261 2 END AYAILiBLESSECTORS;

/*THE FOLLOWING PROCEDURE SEARCHES FOR A FILE IF THE FILE
IS FOUN ON THE PROPER DISK, THE SECTOR IN WHICH IT IS FOUND
AN ITS LOCATION IN DIRECTORYR BUFFER IS RETURNED Two"H THE
GLOBFLS FILEMECTORR AND FILEIDENTA. IF TIE FILE IS NOT FOUND,
THESE GLOL5R RE SETTO @FFH /

262 1 FINDFILE:
PROCEDURE (DRIVE, FILESfESPTR, NfrEEXTVPTR);

263 2 DECLARE DRIVE BYTE
264 2 DECLARE (FILESNEPTR, NWIESXTSPTR) POINTER
265 2 Do FILEsSECTORA=2 TO 26, /* REA) DIRECTORY SECTORS (2-26) */
266 3 CALL DIRSINSOUT(, ODRIVE, FILE$SECTOR,, B);
267 3 DO FILE$1ENT" TO 7; /* CHECK EACH DIRECTORY ENTRY */

/* CURRENT FILE, PROPER FILE IN AN) EXTENSION?. */
268 4 IF((DIRECTORYR(FILE$IDENTR). FA04) AND

((CMFB(FILE I "$TR, @DIRECTORYA(FILESIDENTA). FINE,
6)=FFFFH)) RND

((CF PB(WKEXTTR, DIETORYA(FILE$IDENTR). N T,
3)=FFFFH)))THEN RETURN

278 4 IF DIRECTORYA(FILE$IDENTR). FLRG=?FH THEN
271 4 GO TO EXITSFILE
272 4 ENDi
273 3 END;
274 2 EXITSFILE:

FILE$SECTORR, FILE$IDENTR4FF; /* YALUES RETURNED IF FILE NOT FOU /
275 2 RETLN
276 2 END FINDFILE;

/*THE FOLLOWING PROCEDURE IS USED TO rIND AN AIR.,.E SOT
IN THE DISKS DIRECTORY. FILE$IDENTB AND FILE$SECTORB ARE SET
TO THE LOCATION IN DIRECTORY8 BUFFER WHICH IS AVAILABLE OND
THE PROPER DIRECTORY SECTOR THAT THE BUFFER CORRESPONDS TO IF
NO ROMN IN THE DIRECTORY EXISTS, THE GLOBMLS ARE SET TO SF1

277 1 AILSDIRENTRY:
PROCEDURE (DRIVE)i
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278 2 DEMtPE DRIVE BYTE.
279 2 W~ FILE$-rECTORS=2 TO 26;
2w8 3 CAL DIRlI$UT(8, DRIVE, FILE$SECTORBA );
281 3 DO FILESIDENTB=8 TO 7.;
282 4 rDIRECTORYB(FILEIDENTBI. FLR@DIRECTORVB(FILEIDENTD). FU&Gi-t /*DUNI"'/

/* CURRENT FILE? *
283 4 IF DIRECTORYB(FILESIDENTB). FLRGOO THEN RETIRM
28 4 ENDi
286 3 END;
287 2 FILESSECTORBFlLESIDENTB4FH /* VILUES RETIRED IF DIRECTORY FILL *
288 2 RETURN;
289 2 END RVRILSDIRSENTRY;

8)4



PLAi-86 C.)f!LEP 8&H~ D!Sr MPe'iEENT SYS~TEM 30 f PAGE 13
COW.*'~t ROUTINES

SSIJBTITLEk C ti*1M4C' ROUTINES,)~

'*THE FOLLOWINW3 PROCEDUJRE IS USED TO REPEVE A FILE ON THE DISC s/

PROCEDURE (DRIVE. OLDFILE1AEPTR, OLDILEEXTPTR, NBEILDAEPR iIILEEDrP1)j
291 2 DECLARE DRIVE BYTE;
292 2 DECLARE (OLDFILENIEPTR, OLDFILEEXTPTR) POINTER;
293 2 DECLARE 'MEWFILENRHEPTR, NEWILEEXTPTR) POINTER,

' 294 2 DECLARE (ERRORt ERROR) LABEL;
295 2 CALL FINDFILE(DRIYE, OLDFILEJMfIEPTR, OLI*ILEEXTPTR);

/* FILE NOT FOUND? */
" 296 2 IF FILE$SECTORR=OFFH THEN 0O TO ERRORV,

/* WRITE PROTECTED,? */
298 2 IF (DIRECTORYA(FILEIDENTR). ATTR IN) 844) 0 6 THEN GO TO ROM

/* CHANGE~ DIRECTORY *
3M8 2 CALL MMV(NEIFILEtfrETR, MIRECTORY(FILEMIENTA). FlUE, 6);
381 2 CALL MOYB(NEWFILEEXTTR, 0DIRECTORY(FILEMIENTR). tEXT. 3);

/* WRITE U"DTED DIRECTORY *
302 2 CALL DIRS114OUT~i, DRIVE, FILESECTORA,8);
383 2 RETLR
384 2 ERRMRI CALL SIOSIEWINE,
38 2 CALL SIOSOUT$STING@('FILE NOT FOND '),M5;
386 2 GO TO NEXT$CO9IAND,
387 2 ERRMR: CALL SIOSNEILMNE
388 2 CALL SIOSOIJTSSTRING(@(QWRITE PROTECTED FILE %)21);
389 2 60 TO NEXT$CO9WI;
31 2 ENDRUMAE

/*THE FOLLOWING PROCEDURE IS USED TO CD*MNi TIE ATTRIBUTES
OF A FILE ON A DISI(.*/

311 1 RTTRIBUTECHNGI:
PROCEDURE (DRIVE, FILESMeESPTR, FNAESEKTSPTR, ORATTRSYT MATTYTE);

312 2 DECLARE (DRIVE, ORTTRBYTE, NDTTRBYTE) BYTE;
113 2 DECLARE (FILEMteE$TR, FI*UETSTR) POINTER,
3:14 2 DECLARE ERROR3 LBEL
315 2 CALL FINDFILE(DRIYEFILE*SPTR, FNAES$PTR);

/* FILE NOT FOUND)' */ 1

316 2 IF FILESSECTORA#4FFH THEN GO TO ERROR3;
318 2 DIRECTORY(FILESIDENTA). ATTR--(DIRECTORYA(FILE$IDENTA). ATR

OR ORRTTRBYTE); /* SET BITS */
319 2 DIRECTORY(FILE$IDENTR). ATTR=-(DIRECTORYA(FILE$IDENTA). ATYR

AND ANDATTRBYTE); /* RESET BITS *
/* WRITE UPDATED DIRECTORY ENRYW

328 2 CALL DIR$IN$OUT'A.DRIVEFILESSECTORRP8);
321 2 RETUFA-
322 2 ERROR3: CALL SIO$NBWLINE,
323 2 CALL SIOSOUT$STRING(('FILE NOT FOUND %0,1);
324 2 GO TO NEXTSCOI9A;
325 2 END) ATTRIBUTEC~ftIGEj

/* THE FOLLOWING PROCEDRE ERASES A FILE FORM THE DI9C s/
4326 1 ERASE,

PROCEDURE (DRIVE, FILESE$PTRJFILESEXT$PTR);
327 2 DECLARE (DRIVE, LI(SSECT, LII(STRK) BMTE
328 2 DECLARE (FILES?0ETRFILESEXTSTR) POINTER;
329 2 DECLARE NUMB$SECT WORD;
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338 2 DECLARE I WORDJ
331 2 DECLARE LAST ERPR4, ERRORS? LABELI
332 2 CALL FUOiFILEtDRIVEFILE$PfttSPTRFILESEXIWPTR);

/s FILE NOT FONIdO */

333 2 IF FILESECTORA=OFF TIHEN GO TO ERROR4;
/* IS FILE WRITE PROTECTED? */

335 2 IF (DIRECTORYAFILEIDENTR). AlIR EN) 04H1) 0 0 THEN GO TO ERRGRS
/* ME FILE NOW-CURRENT */

331 2 DIRECTORYA(FILEIDENITA). FLRG4FFHt
/* WRITE UPDATED DIRECTORY ENTRY */

338 2 CALL DIRsINIOUT(1, DRIVEFILESECTOF4t 8);
C 339 2 CALL MMlINSOUT(8, DRIVE); /* READ FOR */

348 2 LWflSECT--DIRECTORYA(FILESIDENTA). FSTSLW$SECT;
341 2 LN$TI@IRECTORY(FILE$IENTR). FST$UI(TRKJ
342 2 WJPU$SCT*IP.ECTORYA(FILE$IDENTA). PIJ$SECT;
343 2 DONWHILE TRUE; /*IUPDATESI*/
344 3 CALL LIW$INSOUT(0, DRIYELW$TRIG LW$SECT,80);

/* nq(E LIK HAP SECTORS RYRILIABLE *V
345 3 CALL EWNZERO(LWSTRL LWISSECT);
346 3 D 12 TO63;

/9 MAE DATA SECTORS AVAILIRIBIE */
347 4 CALL ABNZERO(L1W1 (I). TRK, LIW~I(I). SECT);
348 4 NUf3$SECThtai'ESSECT-t,

5 349 4 IFPI.#$SCT= TEN GO TO LF6T;
351 4 ED
352 3 LW$TRK=Li~(i). TRIG
353 3 LWSECWLINKIWi. SECT;
354 3 END
355 2 LAST:

/WRITE UPDATED R TO DISK
CALL ABNINIOUT(1JDRIVE);

356 2 RETURPL
357 2 MOR: CALL SIOSNhiIE,
358 2 CELL SIO$OUJT$STRING(('FILE NOT FOUND) ),15);
359 2 00 TO ?EXTSCOWMRdD;
368 2 ERRORS: CALL SIOINEWLINE;
361 2 CALL SIO$OUT$STRING(IFILE WRITE PROTECTED ')21);
362 2 00 TO NEXT$COWWI);
363 2 EDO)ERASE.

/*TH-E FOLLOWING PROCEDURE IS USED TO COPY A FILE FRON ONE
DISK TO ANOTHER */

364 1 KOPYi
PROCEDURE (FNORIVE, FIFILEIAEPTR, FMFILEEXTPTR. TOORIVE, TOFILEJAMEP1IJ

TOFILEEXTPRJINITIALIZEICALLER);
365 2 DECLARE (FIDRIVEJ TODRIVE, INITIALIZECALLER) BYTE,
366 2 DECLARE (FIFILEI'rETRFMFILEEXTTR, TOFILENAMTRJ

TOFILEEXTPTR) POINTER;
367 2 DECLARE (FRILIWIRKFM$LIW$SECT1 TOIL IPETRK,

TOIL IWISECT, CHARHOLD) BYTE,
368 2 DECLARE ?IJNOSECT WORD;
369 2 DECLARE I WORD;
378 2 DECLARE (TRANSFERERRORS, ERROR7, ERRORS) LABEL;

/* 1*M TO TRANSFER IF KOPY WAS CALLED FROM INITIALIZE ROUJTINE */
371 2 INITIRLIZEICALLERINITILIZEICLLERf-1 /*OtflY/

*372 2 IF INITIALIZEICALEROO THEN GO TO TRANSFER;
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374 2 C('LL FINf'FILETWYPIE:TOFLLEi91EPTRTOFILEEXTPTR);
,CoS FILE ALRERDY EXIST) *

375 2 IF FILESECTORRAC*FH THEN
376 2 MO.
377 3 CALL SIOSOUTSSTRING(QY FILE ALRED EXISTS'),19);

38 3 CALL SIOP4EFLINE;
379 3 IF (DIRECTOR'ffiFILE$IDENTA). ATTR ANdD 040H) a OW THEN

381 4 CALL SIOSOUTSSTRING(@(lFILE 1S WRITE PROTECTED' ), 23);
3M 4 GO TO ERRaR
383 4 END.

ELSE
384 3 DOj
385 4 CALL SIOSOUTSTRING(@( 'DO YOU WISH4 NEW FILE TO'),23);
386 4 CALL SIO$NEi4LINE_;
387 4 CALL SIO$OUTSTRING

M@'REPLACE EXISTING FILE (Y OR N)? 9),32);
388 4 CALL STOMTSCAR /* GET USER RESPNSa*
389 4 CHARHOLD = CH4lt
390 4 CALL SIO$GETSCHAR;
391 4 IF CHAR C RSCR THEN CALL. CO?0" "RRR
393 4 IF CWRWOL = 'N' -THEN GO TO NEMTSCOI9VW
395 4 IF CHARHOLD 0'Y' TV& GO TO ERRMR

/* IF USER WANTS TO REPLACE EXISTING FILE THEN ERASE IT*
397 4 DIRECTORYA(FILE$IDENTA). ATTR =80
398 4 CALL DIR$INSWJ(1i TODRIVEFILESSECTORR1 );
399 4 CALL E3E(TRIVE,TOFILEWfPTRTIEXPTR);
408 4EN.
481 3 END);
482 2 CALL FINDFILE(.FNORISLFWrILENAITRFNFILEEXTPTR);

/* FILE NOT FM3(P *i
483 2 IF FILE$SECTOAM FTHEN GOTO EROR
485 2 CALL frMILS1)IRSTRY(TODRIVE);

/* IS THERE ENOUG ROOM IN DIRECTORY' *
486 2 IF FILE$SECTORB4OFFH THEN GO TO ERIR7;

/* IS THERE ENCUO ROOM ON THE RECEIVING DISK? 4

408 2 TRNSER: IF DIRECTORYR(FILE$IDENTR). NM$4SECT)M~ILRBLESSCTORS(TODRIV,)
THEN GO TO ERRORS

/* NAME LINKAGE MAP ON THE RECEIVING DISK 4

418 2 CALL PWESLINK(DIRECTORV(FILESIDENTR). NUM$SECT, TODRIVE);
/* SET DIRECTORY ENTRIES */

411 2 DIRECTORYS(FILE$IDENTB). FSTSUI($SECT=STSLNKSSECT;
412 2 DIRECTORYB(FILEMIENTB). FSTSLWSTRlKFST$UI($TRK;
413 2 DIRECTORB(FILE$IDENTB). FLAG%;
414 2 ('IPCTOPV8B(FILE$IDENTB). ATTR=OIRECTORY(FILE$IDENTR). RM
45 2 NWIBSCT DIRECTORB(FILEIDENT). RI$SECT=

DIRECTORY(FILE$IDENTA').PM$SECT;
46 2 OIPECTORY(FILESIDENTB). LRSTSSECT$8YTE=

DIRECTORYA(FILEMIENTA). LAtSTSSCT$BYTEL
47 2 CALL flOV8TOFILEMIPT, IRECTOR(FILEMIENT). FIWf6);
418 2 CALL NO'/8(TOFILEEXTPTR,DIRECTORYB(FILE$IDENTB) PhIXT,3);.

W4IRITE UPDOATED DIRECTORY TO RECEIVING DISK94
419 2 CALL DIR$INSWiT(i, TODRIVEFILESSETORU, );
428 2 F.II(SECT2IECTORYA(FILEMIENTO) FSTsueWsMT;

/* DETERNINE FIRST LINKAGE SECTORS 4

421 2 FIILINKSTRK*IRECTORY(FILESIENTA). FSTSLNK$TFX
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422 2 TQ$INK$SECTf'IRECTOrYB(FILE$IDENTB). FSTSUI($SECT;
*423 2 TO$LIH$.TRKIRECTOMB'FILE$IDENTB'). FSTSULKSTKG

424 2 DO WHILE TRLI.6
f's READ) LINKRGE SECTORS s

425 3 CALL LINI(SIN$OUT(@, FODRIVE, FPSIW$TRK, FMSLINKSSECT, 6);
*426 3 CALL LINKS!NSOUT(O, TOORIVE, TOSLIW$TRK, TOSLINKSSECT, 1);

427 3 DO 1=2 TO 63;
f's READ OLD FILE *

r 428 4 CALL DATSIN$OT(, FMDRIVE, LINKi(I). TRK, , -
LINi(I). SECT, 9);

/s WRITE NEW FILE s
429, 4 CALL DfITAINOUT(iTODRELINK2I). TRIG

LINK2(I). SECT, 9);
439 4 NLIflSECT=44*lSECT-i;
431 4 IF NUMBSECTW6 THEN RETURN;-

*433 4 END;
f's UPDATE LINKAGE MIAP s

434 3 Fl $LINKSSECT=LINK(i). SECTi
*435 3 FM$LINKSTRKLINti(J. TRIO

436 3 TO$LIW$SECThLIM2(i). SECT;
437 3 TO$LIta(SSCT=LIW2(1). TR1uJ
438 3 END;
439 2 RETURN;
446 2 ERROR6: CALL SIOSNBWLINE;
441 2 CALL SIOSOIJT$SING(@('FILE NOT FOUND 0)i);
442 2 00 TO NEXTSCOltWI);
443 2 ERROR?. CALL SIOSIEWII.IE,
444 2 CALL SIOSOUTSSTRING(@('NO ROOM IN RECEIVING DIRECTORY? 1),3i);
445 2 GO TO NEXT$CMM0;
446 2 SMOR: CALL SIOSEWLIE,
447 2 CALL SIO$OU$STRING(@('NOT El0fl ROOM ON RECEIVING DISK '), 34);
448 2 GO TO PfXT$C(IMftdD;

*449 2 END KOPY;

f's THE FOLLOWING PROCEDURE WRITES A FILE FROM MEMORY LOCATIONS
STH)D-FNADD TO THE DISK.*5/

450 1 WRITE:
PROCEDURE (DRIVE FILE5SPTR, FILESEXT$PTR, STRDO, FNIADO);

451 2 DECLARE (DRIVE, LRST$SECTOR$BVTE, LNKSECT, LJI(TRK(, CIRROLD) BYTE,
452 2 DECI.M (FILE$NIE$WTRFILE5EXT$PTR) POINTER,
453 2 DECLARE (STAOD FNADD, NUj?$SECTOR, PTR) WORD;
454 2 DECLARE (LAST, ERROR9, ERRO) LABELj
455 2 DECLARE IND WORD;

f's DETERMINE NMBER OF SECTORS NEEDED s
456 2 NLft~SECTOR-(FNADD-STRDD+i)/la2;
457 2 LAS-T$SECTOR$BYTE=(FNADO-STFDM) MOD) (128);
458 2 IF LAST$SECTOR$BYTE--9 THEN LASTSSECTORS8TEi28;
468 2 ELSE rIJNSSECTOR-lU'$SECTOR+i,
461 2 IF NMMSECTOR ) AVAILABLE$SECTORS(DRIVE) THEN 0O TO ERROR;
463 2 CALL FINDFILE('DRIVEFILEV$NfEPTFILES$PVTR);

f's DOES FILE ALREADY EYIST) 5

*464 2 IF FILE$SECTORA 0) FFH THEN
465 2 DO;

466 3CALL SIO$OUT$STRING(@('FILE ALREADY EXISTS'), 19);
46?7 CALL SIOSNEL8UHE.
4,68 3 IF (DIRECTORYR(FILEIDENTA). RTTR 010 6484 94 MTE
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4-9 3 DO;
478 4 CALL SIOSOUT5STRiNG

-'@CFILE IS WI1TE MRTECTED'), 23);
471 4 60OTO ERROR;
472 4 END;

ELSE
473 3 DO;

* 474 4 CALL SIOSOIJTSSTRING
(@('DO YOU WISH NEW FILE TO'),23);

475 4 CALL SIONEWINLE
* 476 4 CAPU SIOSOUTSSTRING

(@('REPLRCE EXISTING FILE (Y OR N)?"),3i);
477 4 ,,CFLL 510$OET$CM, /s GET USER RESPISE *
478 4 C)0RHOLD=CM-
479 4 CALL SIO$TCFWR
488 4 IF CAR 0 9SCR THEN CALL. COMW)ERRMR
482 4 IF CHRMOD ='N' THEN GO TO NEXTCOI9W;
484 4 IF CHFHO 0 'Y' THENGO0TO EMMR

/s IF USER WRNTS TO REPLACE EXISTING FILE THEN4 M9% IT 'n
486 4 DIRECTORYR(FILEIDENTA). RTTR4B;
487 4 CALL DIR$IMJT(i, DRIVE, FILESECTORA, 8);
488 4 CALL ERRSEDRIYE, FILE**KVSTR, FILE$EXTVPT);
489 4 END;
490 3 END;
491 2 CRAL. RYAILSOIRSENTRY(DRI YE);

is IS THERE ENOG ROOM IN THE DIRECTORY? s
492 2 IF FILESSECTOR8M8FH THEN GO TO ERROR19;

/* CREATE DIRECTORY ENTRY *
494 2 DIRECTORYB(FILE$IDENTB).FLRG4B;
495 2 CR11. HOVFILESNFM[PTR @DIRECTORYB(FILE$II)ENTB). FiRE 6);
496 2 CALL MOVB(FILEEXTWTR, SDIRECTORY(FILE$IDENTB).IEXT, 3);
497 2 DIRECTOPYB(FILESIDENTB).ATTRN,

*498 2 DIRECTORYBFILESIDENTGJ. Ntm$SECT4NItSCTOR;
499 2 DIRECTORYB(FILESIDENTB). LPT$SECTSBYTELRS$SECTORSYTE

/s MRl(E LINKRGE MW~ */
588 2 CALL IfrESLW'KWiI$SECTOR DRIVE);
50± 2 DIRECTORYB(FILE$IDENTB). FST$UI(SSCT*S5T$LlN$SECT;
M8 2 DIRECTORYB(FILESIDENTB). FSTSL1I(TRK=FSTSUI($TRI(;

583 2 CR11. DIRSINSOUT(I, DRIVE, FILE$SETORB, i);
584 2 PTR--STRUA-128i
5W5 2 LM(SECT=FbTSLM T;
586 2 LWTRK=FSTLM($TRK,

/* THE DATA IS TRANSFERED IN THIS BLOCK(5
587 2 O WHILE TRUEi

/* READ LINKRGE 1fF *
588 3 CALL LIW$IN$OUJT(B, DRIVE, LNKTRK, LII(SECT, i);
589 3 DOIW-2 TO 63;
Si5± 4 PTR-PTRs128
511 4 'N$SECTOR*13Il$SECTOR-ij
512 4 IF NUISSECTO- THENGO0TO LRST;

/* TRANSFER DATA HERE */
514 4 CALL DATR$INSOUTiDRIVE LINKQND> TFG

LINK2QIND). SECT, PTR),
515 4 END.

/* GET NEXT LINlKAGE WA SECTOR *
5U6 3 LNKSECTLINK2'i). SECT;
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517 3 LI'frTRlLN4Q. TRIK;

SE8 EXES BYTES IN LAST DATA SECTOR To ZERO *

519 2 LAST, CALL SETB 89, @DDATA, V28),
5N9 2 OD?4TR.SEG4,;
521 2 TPHTR. SEG=@,
522 2 DPNTR.OFF=PTP,
523 2 TPNTR OFFOOARTAStFffS,
524 2 CALL NOVB(DATA$OINTERTRET$POINTERLFIT$SECTORSBVTE;
525 2 CALL DATAINOUT(l, DRIVE, L1INQN). T~lG LINK(2( lAD). SECT, 9)j
526 2 RT~t
527 2 ERROR9: CALL SIO$NEWIIE
528 2 CALL SIG$TSTRING(@('NOT ENOGH ROOM ON DISK '),24);

A 52 2 GO TO NEMTCMM9;
w 3 2 ERROI.: CALL SIOS16MtE

531 2 CALL SIOSOOSSTRING@('NOT ENVIUIG ROG" IN TIE DIRECTORY '0,3);
532 2 GO TO NEXTSCOMiWQ

~" 533 2 END WRITE,

/* THE FOLLOWING PROCEDURE IS USED TO READ A FILE FROMN THE DISK
INTO LOCATION~S STF0 WDD AOIF MEMORY. *

534 1 READ:
PROCEDUJRE (DRIVE, FILEOFAESTR, FILEESPVTRP STAlDO, FNRDD);

535 2 DECLARE (FILESWIEPTR, FILESEXTSTR) POINTER;
536 2 DECLARE (DRIVE, LINKSECTOR1 LINKTRACK RTRACK RSECTOR, IND) BYTE,
537 2 DECLARE (STFOD, Flfl)O, SECTORCNT, AVAILSPACE, PTR) WORD;
SA53 2 DECLARE (LAST, ERROI ERROR12) LffU.
m3 2 CALL FINDFILE(DRIYE,FILE$W#AESTRFILEEXTSTR);

/* FILE NOT FOUND? */
54 2 IF FILESSECTORA.FH THEN GO TOERROR1i,
542 2 5ECTORCNT=DIRECTORA(FILE$IDENTR).NM9$SECT
543 2 AVRILSPCEERNAD-STADD;

/IS THR DNOMO ROOM IN W.M
544 2 IF (18*DIRECTORYO(FILEMIENTA). NUMASECT)+

DOUBLE( (IRECTORYA(FILEMIENTA). LASTSSECT9YTE))-M2) > AVRILSIIACE
THEN 60 TO ERRORlb

546 2 PTR-STRDD-i28;
547 2 LINKSECT~k--DIRECTORYR(FILE$IDENTA). F5T$L($SECT;
548 2 LIWTRAC=DIRECTOR"(FILE$IDENTA). FSTNJI(TRK,
549 2 DO WHILE TRUE;-

/* READ LINKAGE IWf SECTOR s
556 3 CALL LINKSINOUT(8M DRIVE, LIM4CRXC LIM(SECTOR, 6);
551 3 DO INKDTO 63;
552 4 wRTRCI(LINt(IM). TRlC,
553 4 RSECTORLIWi(IND). SECT;
554 4 PTR=PTR+i28;

555 4 SECTORCNT7hSECTORCNT-1;
/* UPDATE POINTER *

5%6 4 IF SECTORCNT4@ THEN 60 TO LAST;
/s TRANSFER TIE DATA *

558 4 CALL DATR$INSOU(B, DRIVE, RTRACK, RSECTOR, PTR);
559 4 END,

/* GET NEXT LINKAGE WI SECTOR *i-
568 3 LINKECTO=INK W SECT;
561 3 LINKTRACK-LINKi(1.. TRK;
562 3 END,
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%E3 2 L'RST:
CALL DATA$INS0UA DRIYE6 RTRACK, RSCTOR 0);

"*roT MWOE T*E BUCSS WMTE FROMI RIM TO Dig( s'/
564 2 DPNTR, SE6=0;
565 2 TPNTR. SEW~;
566 2 DPtHTR OFF )OTAFRS ;
567 2 TPNTR. OFF=PTR,
%68 2 DUL 1NB(DTA$PINTE TPRTSPOINTERo DIRECTORR(IMIDENTA

)LAST$SECT$BVTE);
569 2 RETIEN
578 2 MROM: CAFU SIOSM&.NE
571 2 CALL. SlO$0U$SRING(FILE NOT FOUND') 15);

*572 2 6O TO NTSCOIW;
573 2 ERRLV42. CFLL SIOSOENE,
574 2 CFLL 510$ $STRING(O('NOT ENOUGH ROKI LL0CRBE IN tM',)
5Th 2 GO TO NEff$C~tfM;
W7 2 END REF&~
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$SUBTiTLE("DRIVER ROUTINES')

/*THE FOLLOWING READS IN CHARATERS UWTIL A NON-MANK IS FOUND. *

577 1 SIOsGETS LR,$&LANKS:
PROCEDUM

578 2 CALL SIOSGTCHAR'
579 2 DO WHILE CHA = SBL
588 3 C&LL 5IO$GETSCIIRJ
58± 3 END;

- 5SU 2 E SIO$GETSLEiWLNt S,

,,1 THE FOLLOWING PROCE READS IN THE DISK DRIVE. /

583 ± SIOSGET$DISK$DRIVE:
PROCEDtJRE BYTE;

584 2 DECLARE DDRIVE BYTE DDERR( LABEL
585 2 CALL SIO$GETSLERD$KLRS;

/* ENTRY M.UST BE IN THE FORM ':FO:' OR ':Fi:' OR ELSE AN ERROR
MESSAGE IS PRINTED iND THE COMMAND IS ABORTED. 1

586 2 IF CfR 0 ': THEN GO TO ERRR
588 2 CALL SIOW$ET$HQ
589 2 IF CA 0 'F THEN 6 TO )ERWOI,
591 2 CALL 5O1$GETS 0;
592 2 IF (CHAR'@')NO(CHR 0 '1") THEN 0o TODER
594 2 DORIVE=SIOSHEX(CH.R);
595 2 CALL SIO$ET$Ci&
596 2 IF CHA : THENERURN DRIV ;-
598 2 DOERPOR: IFOAR05SCRTHEN
599 2 DO WHILE DlAR 0 SM-
686 3 CALL StOt1TSMt
681 3 E~i.
682 2 CALL SIOSNBLI
683 2 CALL SIOSOTSSTRIN(('DISK DRIVE FORIMT ERROR'),23);
684 2 GO TO ERRO
685 2 E0 SIO DI"TISKSMRVrE.

/*THE FOLLOWING PROCEDURE IS USED TO READ IN THE FIUENAN
AND EXTENSION FROM THE OPERTOR. FILEIIEI AND FILEEXTi ARE
FILLED WITH THE ASCII CHARfCTERS OF THE FILE*W. *

606 1 SZO.WSTFILEN*?:
PROCEDURE;

687 2 DECLARE (I, J) INTEER,
68 2 DECLARE (FIRSTLETTER, NOEXTFILEEXT, FLERROR) LUL
609 2 DECLARE TESTI BT

/* THE FILENE MUST BE I TO 6 CHARACTERS LONI THE FILEISAE
EXTENTION CAN BE i TO 3 CWR WTERS LONG OR CAW BE OMITTED.
THE FILENAME EXTENSION 9 L BE SEPERATED FROM THE FILEIME
WITHA PERIOD ('. /). /

618 2 CALL USER$IOE$TCf;
611 2 DO WHILE CARASBL
612 3 CALL USERIO$GTSCW
613 3 END;
614 2 DO =0 TO 25; /* INSJRE THAT THE FIRST ACTER IS R LETTER V
615 3 IF C AB() THEN 0 TO FIRSTLETE
617 3 END;
618 2 G0 TO FLERROR619 2 FIRSTLETTER: FILtEWM()-*M;
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62 2 DO I1 TO 5,
6. 3 CALL S1OGETiCi.; "

3 IF CHK THEN
623 3 l)Oi
624 4 O J=I TO 5;/* FILL REMRINING LOCRTIONS WIIH NULLS "
Q25 5 FIlEN/J)=*ILL

GA 5 ENo
62? 4 G3 TO FILEEXT;
628 4 END;
6B 3 IF (0 , OR (CMR MR) THEN
63 3 DO
631 4 DO J=l TO 5;
632 5 FILB*M(J).6
633 5 END;
634 4 GDTO NOEXTW;
635 4 END;
636 3 TESTi-=g

/* ENSURE THAT LL CICTERS fiRE IIUMERIC s/
637 3 DO4M TO 35;
638 4 IF DI a A.PIAN(J) THEN TESTi=MFF1
640 4 END,
641 3 TESTi:TESTi+t /QMH STRTE */
642 3 IF TESTI = 0 THEN 60 TOFLER
644 3 FILDFM(I)=CFI,
45 3 ENMS
646 2 CHLL SIOSGETSCHP
647 2 IF (,=, OR (MR CR) THE
648 2 NOI: DO;
649 3 D 0 TO
658 4 FILEEXTI(1) 48; 1* FILL EXTENSION W1TH NLLS *
651 4 ENI);
6523 RETLN;
653 3 ED;

/* INSURE THWT R PERIOD SEPERATES THE WIE FM THE EXTE I i */
654 2 IFC IIO'. TIENO0TOFLERMRJI
656 2 FILEEXT: 0 I= TO 2i
65? 3 CALL SIOS(ETSCAR,
658 3 IF (C =, OR MIRR MR) THEN
659 3 DO;
668 4 DO J=I TO 2,
661. 5 FILEEXTI(J) M
662 5 END;.
663 4 RETURN;
664 4 END;
665 3 TESTt=@;

/* INSURE THRT THE FILE EXTENSION IS WE OF MIERICS /
666 3 DO J=8 TO 35;
667 4 IF CHNR = 01. P~ (J) THEN TESTimOFF
669 4 END,
67 3 TESTi=TEST1+1-t
67± 3 IF TESTi: THEN O0 TO FLERRMR
67 3 FILEEXTMI)-CKM,
674 3 END
E75 2 CRLL SIOSOTECWRJ

/* FILEWE ENTRY MUST CKNCIE WITH A '," OR R 'RETURN *'
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U6 .1F kCHAR z: OR (CtO RC TEN RETRf.
6ia 2 FLERROR IF CrR 0) ASCR THEN

' 679 2 DO 1ilLE CH~ORR M
680 3 CALL SIO$GETSCM;
M8 3 END;

682 2 CALL. SIO$NENdLINE,
683 2 C'1LL SIO$WITqSTRING@('FILE W~E FORMAT ERROR'), 22);
684 2 GO TO ERROR,
&85 2 END SIOW$I1FILENWI

/* THE FOLOMING 1S USED TO ENTER THE PARAETERS FOR THE READ)
(AN WITE OV005. V/
686 1 READSNITESPAR$IN:

PROCEDURE,
( 687 2 CALL SIO$NEWLINE;

688 2 CALL SYG$OT$Cff V* ); /* (IJTPUT A PROIIT V/
689 2 DRIYE=SIO$GETSDIS1KSlRlVE
690 2 CALL SIOSGETSILEAf,
691 2 IF CHAR =ASCR THEN
692 2 DO;

/* THESE FRE THE DEFOLILT ADDRESSES IF THEY FIR NOT SECIFIED V/
693 3 STA o w-

*694l 3 FNRDD = 7FFFH,
695 3RETURAt
696 3 END;

* 697 2 CALL. SIO*OETLEADS8LEH(
698 2 STADD -SIO$GTSWORD,
699 2 IF O~ffi ASCR THEN
70 2 DO;

.'* THIS IS THE DEF~tJLT ADDRESS IF ONLY bHE START ADD IS ENTERED s/
701 RERN F

702 3 ED;~
704 2 IFCAENDTENCL;CIIW)RO

*704 2 IFCAR SOETEN CLLI(S; $M
787 2 CALSIOSGETKSNORD;
70 2 FAR=A-S~I.THE AL I$MtE 8LN5

/*8 INSUWR-l THTEN CHILL SIS TER J1I WED11h RTIe
7±0 ISR C HA T )AC THE CALL DI TERAERWTO RELM

712 2 CAL O SCR HEN ALC M
712 2 CAETURNELN,

7±4 2 END REA&SHITEVPAR$IN,

/*THE FOLLOWING INITIATES THE READ COMM.N
IT 15 CALLED FROM AN EXTERNAL SOUJRCE PREMR 9WL BE ENTERE
IN THE FORM: ":.F@:FNAME. EXT KW, SM56WW hERE R±V8 GMI 856 R
THE STARTING AND PFtA ADDRESSES IN RAlK BOTH ADDRESSES OR JUST TIE

FINA ffRES MA BEOIIITTED */
715 1 REA3R4 IVER:

PROCE&UiRE PUOLIC;
?±6 2CALL SIO$OUTSSTRING(@( 'EAD "), 4);

717 21ChLL READSAITESPAR$IN;
718 2 CALL REAC'tDRIVEL gILEfREI, FILEEXT, STADD, FNADD);

71 e., CLL SIO3NEWLINE;
720 2 UALL SIOi$OUTSSTRING(SQ'READ OPERATION COMPLETED'), 24);

- ' 2 CALL SIOSNEWLMN
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f E4C flViFVER,

MsH FOLLOWING INITIATES THE IR:TE COMM.t
IT IS CALLED FROM fAN EXTERNAL SOURCE PARRIE ERSl BEU. ENTEED
AS IN THE E*VNPL FOR THE 1E' COMM~ V

72-1 1 WITEDRIVER-
PROCEDURE PtJ8LICj

724 2 CALL SIGOMTSTRINO(8('RTE '),5);
M,5 2 CALL RERDVSRITE$PM1RS T

726 2 CALL. WRITEjRVEiFILEMKt:iILEEXTiSTAWFNMO)
?27 2 CALL SIOSOUT$STRING@vIRITE OPERATION CRETEDI), 25);

1 728 2Cft I. ELI~
729 2 END WRITESDRiVER

K /*THE FIJLOING INITIATES THE KOPY COHW&.
IT IS CALLED FRON AN EXTERNAL SOURCE PAMMETERS SWIL BE M
IN THE FORM: ":F@:FMFILE EXT,:FI:TOFILE.EXT' V

?-A I KOP'DSRI'ER:
PROCEDUR PUOLIC;

731 2 CALL SIO$OT$STRING(@('OPY '),4);
7.,2 2 CALL SIOMWELINEi
733 CALL. 51O$OUT$CA('*'); /*OUTPUJT PROWPT*

74 2 DRI1VE2-zSIO$GETSDISKSDRI YE;
n, 1 2 CALL SIOSGETSFILENRK;
736 2 IF CHAR--WC THEN CALL COltlAD$ERROR;-
738 2 CALL N YBFILENAPEi, UFILEWfrE2, 6);
739 2 CALLNB(SFILEEXT1FILEEXT2,3);
740 2 DRIEi=S1'SET$DISSDRIYE,

741 2 CALL SIOSGET$FILWE-
/* ENSURE THE CMMW~ TERMINATES WITH A 9RETU&' v*V

742 2 IF CHR THEN CALL COMtlAi('ERROR,
744 2 CAILL KOPY'(DRIVE2,@FILEWAf2, SFILEEX(T2, DRIYEi, IFILUfriPF ILEEXTi, 6);
745 2 END KOPYSDRlYER

/*THE FOLLOWING INITIATES THE REM** COMMWA
IT IS CALLED FROM AN EXTERAL SOUMC PARAMIETERS SHOID BE EBGNE
lIN THE FORM ":FO:OLDIEEXTd6INEWEXTO V

746 1 RENAME$DRIVER.
PROCEDURE PUBLIC;

747 2 CALL SkuS UT$STRING('MEC0W '),V1);
748 2 CALL SIO$NEJLINE,
749 2 CATLL Slc,$0UTSCHRQ*'); /A*RO *T/
-A~ 2 CR5YElIS$ET7iISK$DPIYE,

n, 1 2 CALL STO-.3ET$FIL$JRtE;
752 2 IF CHA .P THEM CsiLL COMNDA~SERROR
754 2 *:RtL M-P (3@F1LENIl, ME.1;FILEbP'E2, ),
755 2 CALL 4YP@IE~l ~L:
m 2? 'AL !$EF:E

4* BSJE P E7
1!- -' TE;i!11-42E5 TtmE CYnIift. 1V

757 2 IF C~fif TH4E' CA LL fM~i~F
759 2 r.fL PN~E0E t FLNwE. rL~iOiEili FLE~

* 760 2 ENKREAE5-

/*THE HILLOW1J% INITIATES ThE ERASk Wt1Ahf
IT IS CALLED PP'~ AN EXEKtJi 5CCuRCE hfAMATERS SHOULD BE ENTERED
IN TPE ~crN " F0: FflE. E.~
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761 ~ E

763 2 CALL SIIV161E.
764 2 CRLL .,SU~ A~s ' *PROM.PT*/
765 2 DPtE-c:OLE$IKL,.iE
766 2 CLL SI)$ESF$-ILENRME.
767 2 IF CDOR Z) RECR THpEN4 CRLL COrdAN$ERROR,
769 2 LALL EAEDiE~LNNtIIEii
776 2 END EREUVRIVERi

/*THE FOLLLO1ING INITIATES THIE fiTTRiBiJTE$CifN COMMIAND.
IT IS CRAL. FROI AN EXTERNAL SOUCEL PRMIETERS ShOUL BE ENTERED
IN THE :ORM" FO: FNRNE. E:XT, 1, F -NS'. THIS WILL PflE Fi*VIE EXT AN
INVISIBLEs FORMAT, NONSYSTEMi FILE. THE WRITE-PROTECTION ATTRIBUTE
WILL NOT BE CriANED *

771 1 RTTRIBUT-,.4%GEsDRIvER:
PRO)CEN4JE FtJ6LICj

772 2 !)ECLRRE D'ONE LRBEL,
773 2 DECLAPE ATNC-97p.,ORATTRJ BYTE;
774 2 CALL 510$OUT$STRlNG'(@u"TTIBiJTE CtiANtT '),i6),
775 2 CALL !'EWiE
776 2 CALL S!O$GUTChF~R4, * )j /*PROMPT*/
777 2 DRI MISIOSGEUDLISKS)RI yE.
778 2 CALL SIOSGETFILENME;
779 2 IF MR=PASCR THEN CALL CMt914D$ERROR.;
781 2 n.P9TTR-@0H;
782 2 RND4RTTPY0tFFH;
78? 2 DO A*f1LE TPE
784 3 CALL SlOSGETSLERDSBLAW*.Sj

/* SET ATTR!BUTES *
785 3 IF CHAR:'I THEN ORRTTP=(OR3TTR OR 0i±H);
787 3 ELSE IF CHRR= W THEN CRATTp:(ORTTR OP 04H).
789 3 ELEIF CHFR='F.' THEN CJRATTR=(0RRTTR OR 80H)i
791 3 ELSE IF CHPR='S- THEN ORqTTR='kORATTR %. a2H);
793 3 ELSE IF CHAP='N' THEN
794 3 DO:

/*RESET ATTRIBUTE- *i
795 4 CALL SIC4S3ETSCHAR;
796 4 IF CHPR, 1, THEN ANDRTTR=(RNfDATfR AND '3FEeO;.'
798 4 ELSE IF CHP.=W' THEN RNDATTR HK43TTR AND OFBHOj
888 4 ELSE IF CkiAr F' THEN AWATTRmkRN[DATTR AN~D 07FH);
882 4 ELSE IF CHAR= S' THEPl ANDATTR--ANiNDTTR AND' dFDH);
884 4 ELSE CALL CONaVM$EPR2Ri
885 4 END;
886 3 ELSE CALL COi9IAND$EFROR;:
86? 3 CALL EIO0E7$CHPR;

**CONTINUE !iNPLTTING PAFPIETE3 UNTIL A ORETURNI *

888 3 IF CH9RARSCR THEN GO0 Ti) DONE:
818 3 ELSE IF CHAP i0' THEN ClALL C6PWShfERROR.:

END;
81? 2 t'ONE: CqL'.. ATTR !&UTECH G ('DRIVE 1 @F ILENANEI. @F LEEXTI,

OP4,TTP, ANC-;TTR,
814 2 EN ' RTTPjr-0bTE$C*.-sE$ RIVERj

-TNE 15~iNGI USE' TO INITIA'LiZE THE Di9S&
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8%6 2 = DECLRF ."TEt W t BE
87 2= RE H Th;Iei Mw.B9TE0)J 4.' 'A SIOSHEAXBYTED;

* 8± 2 Ell

82 2 = DECLFPE MDNC 06TH, I, lt. FIRST, TYPE) 6YTEI
8a± 2 = DECLRRE ADRR W'OFD;
8 2 = DECLARE ROAS$PiP FOINTEP,
823 2 = DECLARE R (P D E'A'RiPTR) 1(1) BYTE.
824 2= DECLARE -'DAiTASSAYHECD, FEC$FOdn -BYTE
82 2 = DECLARE (REC BASED TARGETJFO'NTER, UA28) BYTE

82

827 2 = A8
828 2 2 IF F!RS7=1 THEN GO TO STRRT;

838 2 : ELSE Go TOl SET$FAR -7-ES,

831 2 = START- RECtF0UNC'E-0FFH,;
= .FIfjD RECORD, MPnfl /

832 2 DRTWASSA.-2ED=0FF4
833 2 = rSRECP1A't

a DO) WHILE *DDt3TA'IWO.' 0 AND* (IND 128),
834 32 - TN=IND+lI

5 3=z DO
836 2 - IF Ii*=.128 THEN RETURh. /* RE--OPED 1ARo. NOT FOUW *.

838 2 = EC$FO$ND=±M.;
*839 2 = CW=8o.

- /* CFECK FR WHOLE PECORD RVRILABLE */l
848 2 TPNTR 5EG03

* 84± 2 = TPNTR OFF=E-MTASBUFSAC'R5+DOUBLE( IND),
842 2 2 LNG-TtPPCK$MTA'0,PC(i..REC',2)),
843 2 = IF V7(' IWDt*LNGTiH+i8 THEN
844 2= -DO;
845 3 =DATA$SAV'Er.
846 3 - DPNTP S-EG=O;
847 3 = OPNTQ. OFF4rDATA$IF58VRSj

*848 3:= TPNTR SEGO@
*8493=z TPNTQR 'FP=DIjPBSIJF$RD*

858 3 = CaLL NO"80DATSPOINER, TARGETSPOINTE.~ 12ebj
851 3 = TPNTR. £E'3-
852 3 = TR"OFIPEU$&SZLIEIN'

*853 3 =RETI)R tJ
854 3= END
M55 2 = ST3?sPqt(EES:

- IF Dt~AS5PE~iTHEN 6)3 TO PPOCE$Ss
857 2 2TF;PECSF3JN& =1) TmEo. GO TO PROCESS;
859 2 C.00 T,) *EEC$10%',
868 2 = MCESS N~=A~:T:E~.REC2..),
861 2 2 D 'Ct-~DCT, ECC);, RECA.:
862 2 2 -z_1V$A3:Er., 't;6

8W3 2 = TypE-tpK, jgfj7 Ec: FC..
864 2 = C =tAF~':.'~'~,RC.#NT+8.
865 2 = CKI~ LU-P,0- ,17fE
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M6 2 T? tCCS ~;

$7' 3=CC.
968 4 = RG. FA.5
869 4 DO 1:9 T6 2*L*3Trl7 BYv2
878 5 M'&A33'!.E('RCI1)
871 5'=1H~CI, E!R$i~
872 5 = ft3 OFF=fr:A OFF~i
873 5 ENE,
874 4 END

= /* TYPE 1 RECORIS RNEJ.OF FILE*
87 3 = 0 TO EXITSPECOMi

876/* TYPE 2 RECORD 1S Ah EXTENDED AD)DRESS RECORO

877 4 = (!,PACK$DTA(RpEC',9),PECqiO)),
88 4 = AD 3'fiCK$DATA(REC(i± RrCdi2Xa,

879 4 =I~IH~'DfDO

O8N 4 = MCI21 SEG:RS;~
981 4 a ef.:

/* TYPE -,RECORD IS A STAPT ADjDRESS REP-ORD*'

883 4 AlDuY+-fACl.DTAEC.,'PEC;*e':-t
884 4 = 0:AKD3~~~wPECi14
M 4=
M8 4 = 1ST. CS=t3DP'5

887 4 = AID(I-PAWkDRTA(ECS), REC'i4Vs
888 4 = 9D'8'=PACKSlDAT(EC5-RECi6Y),

* ~~~889 4 = IiKI44Dl+D
*896 4 =1ST. IP=ARS.
*84 . END.
*892 3= EDD

= /* CHECK PARIT RESULTSs.
893 2 = ICWCH+I--t
894 2 = IFIJCI*C 0 THEN GO TO EPPIPAR;
896 2 z RECSfFOIND:OFFN.:
897 2 a DATAISAYED=O0FFH.
898 2 = IND=INE-i;
899 2 =00 TO GET$RECSIAK;
9M 96 2= ERR$PAP

-CALL SIQENWLtINE;
961 2 = CALL SIO$OLUT$SRINWO(T'PRITV ERROR') 12.i
962 2 = G0 T') PEXTSCOWeiRND
93 2= EXITSPECORD. /* CALL STRTPOINTER*

EN G ET$PECflPD,

964 1 = INITIALIZE:
- PROCK~ PUBeLIC.

965 2 rDEC!APE (L9IYE.SECTOChT-LIjt.SE CTOK Li#TFRCK) BYTEj
906. 2 =DECLRE 'A hC RTPACK.. SECT'9R-LtT- FiFED) B vTE.

/ * FfNISF fLGC */

967 2 = CAcSOC 2 STig2.'MHEX F'LE , h A n, -M )A 16)
%68 2 = DPI'E= S!OGET$C1 rC1 t.
9R9 2 = CAL S~JFLN.5

- 2* ~C7.J( Tw.i FILE l

*9M8 2 ',AlFl:L~1E FLNIif @tLE&TI71;
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-9,11 2 1 F E~:cF TrE fo) TO ERROR1;
91? 2 HUM~rSSECT;
314 2 Lro:EC TCi{[IFECT 'iF iLES!iDENTA FST$LUb SECT;
905 2 Llh -RHF --',RECTC.C.V FiLESIDENTA). FSTSLW#tRIK,
91% 2 F R5ThI.
917 2 CA DW4% LUE
918 3 =CALL LA I~~T0 RVLNTRKIKETR )
919 3 DO INC-2TO Eli
920 4= RT.~lK=LINK1' IND ' TRikj
921 4 =R5-ECTORP=LIMl,' 111A). SECT;
92 4 CALL (DATAS!NsO)iT 8A DPI YE, MTACK,: RSECTOR, @);
923 4 =SECT0.CNW5ECTOPCNT-i,
924 4 =IF SECTORCNT=Q T".921 GO TO LASSTJ

- ~/* DRTH IN ARPWfI DORTA RT 688
926 4 = CALL GETSRECOPf'S-,FIRGT),
927 4 = FIPST=OFF)j
928 4 s END.
929 3 a END;
930 2 r LPSST DPNTR SErizft
931 2 = DPNTR. OFF DDRTAsBUJF"ARS+

a DOUBLE(%DIREr TOrYA FILESIDENTA). LTSSECT,$B' rE);
932 2 = IND:128[tIEC-TRVAFILEIDENTA LqiTsSECT$BYTE,
933 2 U>CLL SETB~vM, OTWsPINTER, IND.;
934 2 = CALL ETSPECOP-S(FIRSD,;
935 2 = RETURPN;
936 2 = ERPOR1 CFLL S')$NEMLINE;
937 2 = CALL SIO$OUTSSTINM8''FLE NOT FOIJND ),Z):3
938 2 = GO TO NEMTCMW)b
939 2 = END INITIALIZE.

/*THE FOLLOWIING WILL PRINT OUT A DIRECTORY LIST TO
THE CPT. IT IS CALED FROMI AN E'(TERtML SUOCE FOR INVISIBLE
FILES WN ATTRIBUTES TO BE SPECIFIED, THE USFR MS7T ENTER A

Am OR P "@,A" FOR DRIVE 0 R A'14' FOR DRIVEl.
"4o I DIPECTORM$IST.

PROCEDURE PUBLIC,
941 2 DECLARE NULL BYTEo
942 2 DECLRE TRPfiSFEP LR6EL;
943 2 DECLARE (ATTP, tDDRIVE. 1) aYTE TOTALSECTGRS WORD.:
944 2 CALL SI O1TSST-IN0GCi. IRE,' ORY
945 2 CALL S!Ct$CETSLEI.DSL4N#lj

/* DOES FIRST CH'1JEFER SPECIFY DPIVEl' V/
946 2 IF (CHRRz 0') OR (ChRAPI 1) THEN
947 2 DO;
948 3 DC'RIVEt 5tS$EXS $&WRP,
949 3 CAILL STO$C'ETSLEf(,SLAN- 5

/* DOES SECUNDC' LdPAC.TEP SPECIFY NO A7TRiBUTES-is
9-8 3 IF CI4AP=AS:CP THEN
951 3 D'O;
952 4 FtTTRZO:
953 4 G0 TO TIANFEP
954 4 END

!DO SECONE~ THR~IJ6iI FiXRTH CW*KRTEP SPECIFY ATTRIBUTES?*
9.59 3 IF rAR 'TEN
956 31Dl
957 4 CALL S10$rGETsEPLSELANKS:
9058 4 IF CHFR K A THEN CALL UVW$DERRORj
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961 4 IF C . ASCP THEti CALL COADSRROR,
963 4 TR.4FFff;
964 4 WTO TRANSFER;
965 4 ENDH

' 966 3 END.;
/* DOES FIRST CrRACTER SPECIFY D'RIViE 0, NO ATTRIBUTES *

967 2 IF CHFIR = SCR 7ENi
( 968 2 Doi

969 3 DDRIVE*8
978 3 ATTP4'

*C 971 3 G0OTO TNSFER;
972 3 END;

/* DO FIRST THROUGH THIRD CHARACTERS SPECIFY DRIVE 8, ATTRIBUTES? s
*K 973 2 IFC4R Off THEN

974 2 DO;
975 3 DORI'V.E4

'~976 3 CALL SIOSi3ET$LERD$LWMS;
977 3 IF CHAR ' ( 'A' THEN CALL COIMANI)SERROR
979 3 CALL SIW$-fT$gEAD$BLAWiGj
988 3 IF CHAR 0. ASCR THEN CALL COIWASERRO
982 3 OTTR4OFFH;
983 3 00OTO TRIANSFER,

6 984 3 END;
985 2 CALL COM9WtSERROR;.
96 2 TRANSFER- CALL SIOSNEJUiNE;

/* OUTPUT HEKCER */
987 2 CALL SIQ$OUTSSTRINGi( 'FILE EXT DATASECTORS *), 24),;
9W6 2 IF KrTR= OFFN THEN CALL SIO$OUT$STR!NG@( RTTP' 6)
998 2 CALL SIOSNEWLINEa
991 2 CALL SIO$NEWLINEi
992 2 NLLL=W;

/* CHECK ALL DIRECTORY ENTRIES *
993 2 DO FILESECTORB=2 TO 26;
994 3 CALL DIR$INSOUT ' , DDRIVE.-FILESECTGRI~8 );
995 3 DO FILEIDENTB=O TO 7.,

/* DETERM'INE W41ICH FILES SHOLIU BE LISTED *
996 4 IF DIRECTORB(FILESIDENre: FLAi--7Ft$ THEN (G) TO E41r$DIRSLIST;
998 4 IF(DIRECTOB(FILEIDENTO's.FLA&4' AND

(((DIRECTOPYB(FILEIDENTB:'. ATTR AND BIH) 8 ) OR
(RTTR=9FFH)) THEN

999 4 DO;
im 5 DO 1=0TO 5,
1881 6 CP.!.L SIO$OUT$CHAR(DIRECTORYB(FILEIC'ENTB. FNRlE(I));
i88 6 IF DIRECTORYBFILEIDENTB). FNA*W(I)--NLLL THEN
1883 6 CALL SIOSOUT$CHAR(ASBLU
1884 6 END,
10855 CALL SIOSBLAN*S2);
1U8 5 DO I =0TO 2.-
1887 6 CALL SlO$OUTsCriAKIDRECTORYB FILEIDENTB. NtEXT(I));
1888 6 IF DIRECTORYB(FILEIDENTB. NM'EXTk I -NIJLL THEN
1809 6 CALL SI0$OUlT.CHA(ASBtw;
1818 6 END;
1811 5 CRLL SlO$LAS(6);
1912 5 CALL S1O$OUjT$kOR&(D!ECtORYS(FILEIDENTB,,. NdnSECT)i

D' tETERMINE WHETHER ATTRIBUTES SHOULD BE LISTED v/
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38 RPR 88 PRE 29

013 5 i' ;4; TriE,,

W815 XI.

1816 6IF KiMR)'ECT0OF,' 'LEI&ENT8J) iRTTR Wh OMH) Oa MhE
18±7 6 ttLL SiO$C6iTsCRRll'5 )j
WS1' 6 YF %RECTORY64FILEI&ENTB' iTT RO OM 88) CA THEN

189 6 CALL SIC~fOUrsChW'F ,
1828 6 IF (UlRECTGPFIFLEID8NTB). ATTR PMD M)1 08 MlE
±82 b LRLL SIC0$OTS1APk'N ,,

182 6 IF (E'1RECT0R98%FILEIDENTB. fiTTR RO 81W) 00 THEN
1823 6 CALL Sl0$0UTSC~ik I).
1824 6 Ml i
18255 fALL SIO$IEWLINE;
1226 5 END.;
18 ? 4 EWD
1@29 3 END;
A829 2 EXIT$D!RSLIST:

CALL S!0$3sUJ$5TP!NG(@( 'TTAL SECTORS-- '),M15)
1838 2 TOTALV$E-ECT0-.R5= OMH - RAILABLE$ECTORS(DRIVE);
IraI 2 CALL SI0$0ITiW0RDOTALSSECTMR);
N832 2 CALL. IsU$rZa'@/T2,)
1833 2 CA.LL SIOSNEWLINE:
1834 2 END;
im3 i END;
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PL/n-96 C'*F WE c2;: A-j;-j VJ 39 WPR 90 PAGE 39

CROSS-REFEREiCE LIST!N,%

DEFN ADOR S14E NfWE, ATTIBUTE& AM REFERENCES

63 9 9CH 26 tB BYTE FRRNA(26) DATA

65

54 0688 256 AM BYTE ARRAY(256) AT ABSOLUTE

177 196 M 255

r " 65 98 2 WRBIUFA)RS WORD DATA

12 124

C. ±89 IElEH 2 ADEBYTE NOR!

9±. 132 1%

168 0075 1 ± SITE BT
171 77

±28 949 87 ± AMINOUT PROCEDURE STACK-O I
22 243 250 339 355

169 9912H 2 ABNMJN WORD
±78 7i 172

167 6e 1±4 ASPZERO PROCEDURE STACK4=WE*6H
345 347

823 OW 2 AD BYTE ASEID(DRTR) ARRAY(2)
86± 862 865 877 878 879 883 884 885 887 888 889

82± 094 2 'ADRS WORD
826 8689 O 886 8M

822 9946H 4 ADRSPTR POINTER
823 826 861 862 865 877 '878 879 883 884 85 88? M88

64 9926H 36 ILPIAAM BYTE ARR(36) DATA
638 667

773 08FH I Atl'!ATR BYTE
782 797 799 881 893 813

311 984 1 AWTTRBYTE BYTE PARETER AUTOMTIC
312 319

45 88 4 ARGl STRUCTURE EXTERNALW) AT
868 872 88A

49 ASBL LITERALLY
579 61 70 ±83 198
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rLt- !)OF :P iAi*jgur'' 30 WIP 88 PAGE 31

48 ,iS[i LITERALLY
80 ±81 391 4N 598 599 629 647 658 676 678 679 691 699

7±W 736 767 779 808 958 961 967 988

943 882H t RTTR BYTE
952 963 970 982 988 998±813

58 8M I ATTR BYTE NEI (DIRECTOR'A)
298 318 3±9 335 379 397 414 468 486

5± 88884 I ATTR BYTE NE?9ER(DIRECTORYB)
4±4 497 998 186 1±8 12 ±22

31± 888P4 123 ATTRIBUTEHANGE PROCEDURE STACK-- 4H
823

771 I2H 356 RTTRIBUTE N RIVER PROCEDURE PUBLIC STRCK=8846H

246 OBE 8 YILABLESECTORS PROCEDUE WORD ST8CK=482
408 46± 1930

277 884DH 141 RYRILDIRENTRY PROCEDURE STRCK8M
405 491

537 8301 2 RYIMLSPRCE WORD
543 544

o 8m ± a BYTE PiRE TER
1

815 8 H 1 BYTEO BYTE P-RAETER RUTOMITIC
816 8±7

8±5 8884 ± BYTEI BYTE PP IETER FUTOMRTIC
8±6 8±7

±88 88M 2 BYTECOUNT WORD
192 281 202 283 24

249 824 2 BYTES WORD
252 255

2 88 ± C BYTE P.RrTER
3

7 88844 ± C BYTE PARAMETER

24 88G 1 C BYTE PRMETER
25

47 888W4 ± CHP BYTE EXTERNL(28)

±88 i8 389'351 478 488 579 586 58 592 594 596 598 599
616±56±9622 69 8644647654 68 667 673 676 678
679 691 699 784 788 719 736 742 752 757 767 779 M8 787
789 79± 793 796 798 KM 2 KM 8±8 946 948 98 9M 950
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-,... ...... ,, bi.T Sv -TEM 38 AP 9 M 32

961 967 973 977 989

367 88"H I OHtAR 0OL BYTE
389 393 395

451 U87H ± C~14OL' BYTE
478 482 484

CB BUILTIN
268

179 K690H 46 COWfWERROR PROCEDURE STACKM88
392 481 705 711 737 743 753 758 768 789 894 806 811 959
962 978 981 985

I

248 26H 2 COUNT NORD
251 256 268

68 682 2 CS WORD H IERUST)

886

149 MW,1 2 DATRADRESS WORD PRARAMTER AITOMTIC

151 153 154 168 161

149 OEM 116 DRTRINOUT PROCEDURE STFCK4824H
428 429 514 525 558 563 922

66 OM 4 DFTAPOINTER POINTER
G6 524 56 85 933

824 S9 1 DATRSAVED BYTE
832 845 855 897

55 068 128 DOATR BYTE ARRW(28) AT Ar-SOLUTE
519 833

65 8M8I 2 DORTAI FIS WORD DATA

157 523 566 841 847 931"

584 725H D 0ERROR LABEL

587 590 593 598

584 8980 i ORIVE BYTE
594 597

943 MUH3 I DDIVE BYTE
948 969 975 994 1836

31 OW 2 DEFAULT SE WORD PIR TER

32

2 8M DE PROCEDURE EXTERNN(S) STACK4=88

5 8989m DEL AVIONG PROCEDURE EXTERNRft) STRCK=8W,9

60 OW i DERR BYTE EXTERNR(23)

lo4 .. ... ..2



87

65 08881 -2 DIN ' Lf FRS WORD' E~iITA
109 118

65 OWN21 2 0IF69JFWJS NORD~ CD7TR
113 14 849 852

58 05H L18 DIRECTO"V STRUCTURE ARRAY(8) AT ABSOLUTE
268 270 298 38 38 318 319 335 337 340 341 342 379 397
48 48 414 4±5 46 428 421 468 486 542 544 547 548 568
913 914 915 931 932

51 0584 128 DIPECTORYB STRUCTURE ARRfW(8) AT ABSOLUTE
282 283 411 412 413 414 415 416 417 418 422 423 494 495
4% 497 498 499 581 582 996 9M 181 182 1867 18I 192 11

1018 1828 1@22

940 2374H 942 DIRECTORYLIST PROCEDURE PUBLIC STFKX2H

183 94654 116 DIRINOUT PROCEDURE STACK482
266 2M 32 32N 338 398 419 47 53 994

; 69 88w DISK PROCEDURE EXTERNRL(24' STRCIA--.6
117 126 129 146 164

772 iE66H DONE LABEL
809 80

i 835AH DOS PROCEDURE 5TACKX W

DOUBLE BUILTIN
178 544 841 852 931

66 9WH 4 DPNTR STRUCTURE AT
520 522 564 566 846 847 938 931

94 8884W i DRIVE BYTE PIAETER AUTOMATIC
95 lee

12 8 1 DRIVE BYTE PRWTER AUTOWTIC
12±1t22

246 884 DRIVE BYTE PARAMETER AUTOMATIC
247 250

286 84H i NNR.VE BYTE POR TER AUTOMATIC
288 212 2 242 243

277 e84 DRIVE BYTE PARAMIETER AITOMATIC
27826M

326 OBOCH 1 DRIVE BYTE POW.AIETER RUrOMTC
327 332 338 339 344 355

149 W81 I DRiVE BYTE PRf"IETER AUTOIIATIC
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PL?M-36 COMhlp E ;'PS i~i3E T SEN 39 APR 89 PMu 34ttV

150 152

32 99684 i DRIVE BYTE PMAMETER RUTOMTIC
33 134

, 534 9O81M ± DRIVE BYTE PIARNt EER AUTOMTIC
536 539 555585 3

458 B8±8H i DRIVE BYTE PIW,*ETER AUTOMATIC
451 461 463 487 488 491 58 583 58 54 525

' ±83 89888 ± DRIVE BYTE PFRRETER AUTOMATIC
194 ±85

9 M9 I DRIVE BYTE
908 918 M1 922

" 311 K8±H ± DRIVE BYTE P i MER AUTORMTIC
312 315 328

C " 262 89W'H ± DRIVE BYTE PORifETER RUTOMATIC
263 266

" 290 4N ± DRIVE BYTE PM ETER RUTOMTIC
291 2953 2

57 O RVLe
689 78 726 748 744 750 759 765 769 777 813

57 985M I DRIVE BYTE
734 744

326 @ 341 ElS P STAICK<OM
399 488 769

761 CI 86 ERASERIVER PROCEDURE PUBLIC STACK=88424

46 89 ERROR LRBEL EXTERNRL(18)
184 382 396 471 485 684 684

936 2358H ERRORi LABEL
9±2

294 9B74H ERRORi LABEL
297 384

454 ±481I ERRORIS LABEL
493 538

538 ±644 ERRIt LABEL
541 51A

5M81664 E R2 LABEL
545 573 -k

294899OW ERROR2 LABEL
io6



299 307

314 SCW EPROR3 UIBEL
317 3a

331 OD44H ERFOR4 L-EL\
334 357

331 OM ERROR5 LF '
336 368

378 UM BMW LABEL
40 448

379 1R EROR? LSEL
487 443

37911391 ERRORS LRBEL
49 446

454 1492H E4M LFEL
462 527

85 S3E2H 79 ERRORCIECKER PROCEDRE 5TACK--88EH
118 127 138 147 165

988 21F9H ERRP LABEL
895

M82 26E3H EXITDIRLIST L~EL
997

274 WM EXITILE L81
271

983 221 EITRECORD LBE.
875

688 1926H FILEEXT LABEL
627 656

58 8862 3 FILEEXT BYTE RRARY(3)
658 661 673 718 726 739 744 755 759 769 813 910

58 8865 3 FILEEXT2 BYTE RRRAY(3)
739 744 755 759

534 8088 4 FILEEXTPTR POINTER PO TER AUTOWTIC
535 539

458 888 4 FILEEXTPR POINTER PA ETER RUTOIRTIC
452 463 488 496

326 8884 4 FILEEXTPTR POINTER PfMftMETER RUTOIWTIC

328332

107



Ft. l-9E&tPLP 5 ;:,38 APR 86 P0Fi 36

57 @O3EI- I FILEIE iTA BYTE
2E7 26 270 274 298 308 381 318 319 335 337 348 341 342
279 397 488 418 414 415 416 420 421 468 486 542 544 547
548 568 913 914 95 931 932

5? 884FH i FILEIDENTB BYTE
281 282 283 287 411 412 413 414 415 416 417 418 422 423
494 495 496 497 498 499 58 582 995 996 99818t 1W 1867

188 1812 1816 1818 828 12

58 8856H 6 FILENW i BYTE RRW(6)
619 625 632 644 78 726 738 744 754 759 769 813 91

58 OWNC1 6 FILENME2 BYTE RRRY6)
738 744 754 759

262 61W 4 FILENWIEPTR POINTER PRARETER AUTOMATIC
264 268

534 O88M 4 FILENAM(PTR POINTER PARAMETER AUTOMATIC
55 539

458 888M1 4 FILENAMEPTR POINTER PfR' ETER AUTOMATIC
452 463 488 495

326 8W 4 FILENAIEPTR POINTER PARAMETER AUTOMATIC
328 332

311 8M 4 FILEN0PTR POINTER PARAMETER AUTOMATIC
313 315

57 84C i 1 FILESECTORA BYTE
265 266 274 296 382 316 32 333 338 375 8 483 464 487
548 911

57 884EH 1 FILESECTORB BYTE
279 288 287 486 419 492 583 -993 994

71 8354 136 FILLIOPB PROCEDURE STRCK--16H
116 125 ±28 145 163

262 8968H 237 FINOFILE PROCEDURE STCK=0438H
295 315 332 374 482 463 539 9W8

819 1884 1 FIRST BYTE PARAMETER AUTOMATIC
A~8 828

986 08B 1 FIRST BYTE
916 9126 927 934

688 1787H FIRSTLETTER LABEL
616 619

51 OW I FLAG BYTE $EPER(DIRECTOB)

282 283 413 494 996 998

.o8



PL*M86 CL ILEF 386 NE-05- ~ S3TEM 38 APR 90 PRGE 3?

58 ON%4 I F9YIj BYTE tOIBER('IRECTORYA)
2M 270 337

688 1RI4H FLERROR LFIBEL
618 643 655 672 678

364 O94 1 FMf'RIVE BYTE Pi~RIETER RUTOMATIC
365 482 425 428

364 88±8K 4 FNFILEEXTPTR POINTER NJEERATOIIATIC
366 462

364 O814N 4 FFILEW#UETR POINTER POWfIEER fVJTWVRTIC
366 402

367 OM8H i FILINKSCT BYTE
428 425 434

36 87F14 1 FMLIWTRI( aYT
421 425 435

534 8OW4N 2 FNFIDD WORD P~TRRUTOHRTIC
537 543

450 8OW4N 2 FND WORD PORWER AUTOIRTIC
453 456 45?

57 8982N 2 FNW WORD
694 70± 787 71 726

Si 998±9 6 MI*E BYT RFWW(6) MEIEER(DIRECTORYS)
417 495 198± 19@2

58 SM9H 6 RAE BYTE APfri(6) MEME(DIRECTORYA)
268 308

311 0808M 4 FNPfrEXTPTR POINTER PAWETER A9JTOHATIC
313 315

198 073RH FOLIND LABEL
197 29±

186 OMVEN 169 FREESECTOR PROCEDUE STFIC&OW!4
M± 222 229

57 9999 I FSTLNKSECT BYT
2±5 411 581 585

50 OWNE I FSTLM(SECT BYTE MEI6E(DIRECTOR)
30428 547914

51 99E9 I FSTni*SECT BYTE *M IfRECTORYB)
411 422 581

31 889F4 i FSTLNKTR* BYTE MEMBER(DIRECTORYS)
42 423 582
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PLM-t ')MtPELzi StlE iS rrjtET STE1 3U PR SB PAGE 36 -

(#ipE; KJJ riES

56 8eFM 1 FSTLINRTR BYTE MENBER(DIRECTORYr)
341 421 548 915

57 6651W 1 FSTLNKTRK BYTE
216 42 582 56

69 O9W i FTERR BYTE EXTERAL(22)
86 87

833 1ED3H GETRECPK LAMEL
859 899

819 iER3H 883 GETRECORDS PROCEDI*E STRCK=49IS

926 934

21 MW I H BYTE PARETER
22

HIGH BUILTIN
119 114 124 39 143 157 161

697 O46W 2 I INTEGER
614 615 62 624 631 644 649 659 656 660 673

169 lM.H 2 1 WORD
174

82 9693. t I BYTE
869 878

943 9884H i I BYTE
1899 i9 1992 1996 1007 1M8

369 832H 21 WORD
427 428 429

338 OM2E 21 WORD
346 347

S82 094H 1 ICHK BYTE
839 864 865 871 879 885 889 893 894

13 M664W 1 IDENT BYTE PRRMETER AUTOMIATIC
133135136

193 M64W 1 IDENT BYTE PARRPETER AUTOI:TIC
194 16t6 197

966 OWN 1 IN) BYTE
919 929 921 932 933

536 68CH i IN) BYTE
551 552 553

8 6891H 1 IN) BYTE
82? 833 834 836 841 843 852 898

110

l o f 
.. ... 

S .
. ...

e 
...

A



PL/M- 0.. C'.LEP 2 .. -K lE M" .E _,-EMT -..SEM 39 MR OB PAGE 39
£ Riv ,T !XT 'ES

.!.

210 802AM 2 I1N WORD
220 221 223 224

45 8938H 2 IND W
509 514 525

218 8822H 2 IND WORD
238239

904 22164 350 INITILIZE PROCEDURE PUBLIC STACK=4S34H_

364 8884t4 1 INITIALIZECALLER BYTE PARAMETER AUTOPTIC
365 371 372

149 O99M 1 INOUT BYTE PAWETER AUTOMATIC
1508 152

132 O98M I INOUT BYTE PARAMETER AUTOMATIC
133 134

129 8s90m 1 INOUT BYTE PARfETER AUTOMTIC
121 122

103 0AM I INOJT BYTE PARAMETER AUTOMATIC
104 105

94 O9W04 i INOUT BYTE PARAMETER AUTOMRTIC
95 96 97

61 97861 18 lOBP BVTE FOWR R(1).AT ABSOLUTE
73 74 75 76 77 78 79 86 81' 82

59 8W 2 IOPB WORD EXTE L(21)
83

94 843114 52 IOPB0t PROCEDURE BYTE STICK 4M
185 122 134 52

68 96 2 IP WORD NEE(IST)
898

68 OW 4 IST STRUCTURE AT
886 898

697 9842H4 2 J INTEGER
624 625 631 632 637 638 669 661 666 667

364 D7*9$ 987 KOIPY PROCEDURE STAK-58M
744

730 M1 164 KOPYDRIMR PROCEDURE PUBLIC STRCK4SCH

938 2381 LASST LABEL

92.5

906 OM I LAST BYTE

111

4_'' .:,4 - . ,, . : : .

"'"" ¢ ti
°

I m l °'"' ... . ... " ['" "II II2II . . . .. " .. :", . : ' ' ..... . .



PL/M-86 COMI R UtvkR Mt'A~3EIETT SYSTEMi 36 AR 80PRE 49
£, ! EFP ,PctUTINE_;

538 1iWH LAST LA l
557 563

454 1428H LAST LRBEL
513 519

331 6637H4 LAST LABEL
358 355

62 8G4" 2 LASTMWIYT M066
203

211 SUM LffxL1w LABEL
227 238

28 8 1 I R5TLIWECT BYTE
213 219 233

208 8 M I LSTLITRK BYTE
213 218 234

51 OM I LI.STSECTBYTE BYTE NEDIER(DIRECTORB)
416 499

58 BG I LTSECTBTE BYTE PEIR(DIRECTOiRY)
416 544 568 931 932

451 84N 1 SECTORBTE BYTE
457 458 459 499 524

52 84 H 128 LI1(1. STRUCIIE ARA(64) RT BSLUTE
347 352 353 428 434 435 552 553 568 561 928 921

65 MW 2 LiNKWiFW ORD DTR

53 88H 128 LINW2 STRUCTURE AFFM(64) AT RBSOLUTE
218 219 223 224 238 231 235 "236 239 241 429 436 437 54
516 517 525

65 OM 2 LII2 IWFMS IIRD DAT
142 143

132 44 U8 LININOUT PROCEDURE STRCX=824
232 242 344 425 426 5W 558 918

985 OM i LIYSECTOR BYTE
914 918

536 8M I LINKSECTOR e
547 5 568

208 8S7RH I LIWSECTOR BYTE
215 232 233 235 242

289 8M 1 LIWTI"CK BYTE
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ORIVE-R' ROUt-HNES

2%6 232 234 2-76 242

965 166) LIWKTRACK BYTE
915 918

93 689MR 1 LIWKTRACK BYTE

548 5%556

2a 2M

84C 843 866 8R4 86 8697 451 8M51 i ASCT 5em 58 ±

327 OMD1 I UASECT T

341 344 345 353

LOW BUILTIN
1W9 1U3 123 13S 142 IN6 168 261 262

266 077711 371 MAII PROCEMXR STOCK(662C
48 566

*24?7 0 M i ? BYTE
253 255 257

w8 68771 1 IIM BYTE
193 1 0

168 0876H 1 PM BYTE
173 175 W7

45 OW61 1 MENRYRR61 WYE 66SD(1NOYIF PTR)
878 871

* 45 686W 4 1MOWRGIPTR POINTER DXTRE(17
45 878 871

MOY9 BIILTIN
308 381 41 418 495 496 524 S68 738 739 754 7M5 856

34 6681 i N BYTE PARIETER
35

16 ow81 1 N WEP EE
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PL1*486 COI~iLEF 3E~£~ FiMtifrENT SY.5rEM APR 8SPAE42! D;.' i'VEfR ROUT 1NE3

262 841 4 NAiEEXTPTR POINTER PARAMEER AUTOMTIC
4 264 268

290 8W9H 4 NEWFILEEXTPTR POINTER PfRI'ETER RUTMIC
293 308

290 988M 4 NSFILENAMEPTR POINTER PWTRAUTOMTIC
293 38

46 OW9 tcc m LABEL EXTERI (19)
99 386 399 324 359 362 394 442 445 448 483 529 532 572

575 902 938

51 99M 3 NmEXT BYTE ARRfr(3) IfM.ER(DIRECTORVB)
418 496 1887 1

58 87H 3 MWECT BYTE ARWRY(3) ENBER(DIRECTORYA)
" 26981

688 1" NOEXT
634 648

941 9U t MLL BYTE
992 1 M828"

368 9M83 2 MMS T WORD
415 430 431

329 2CM 2 MMIBSECT
342 348 349

51 8C 2 NIMSECT WORD MESER(DIRECTORY8)
415 498 12

59 8M 2 UISECT WORD E.MNR(DIRECTORY)
342 408 438 415 542 544 913

286 9O 2 MMSECTOR WORD PFRAIETER AUTOMATIC
207225226

453 9934H 2 MISECTOR WORD
456 468 461 496 58 511 512

67 8 4 2 OFF WORD MEIUER(TPNTR)
523 567 841 849 95

66 OH 2 OFF WORD MEPER(DPNTR)
522 566 847 931

45 OW 2 OFF WORD EMBER(AR I)
868 872

296 OW9 4 OLOFILEEXTPTR POINTER PARRMETER ATOMATIC

292 295

290 9" 4 OLDFILEWMEPTR POINTER PAMETER AUTOMATIC
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DR. RO T £N.S

292 295

773809.11 1 OIRTTR BYTE
781 786 788 790 792 93

311 8886H i ORRTTRBYTE BYTE PIE AUTOMTIC
312318

S 150872H Pi BYTE
152 163

133 8MFH I PI BYTE
134 145

121 660 I P1 BYTE
122 125 128

104 8069H t P1 BYTE
185 116

158 6073H 1 P5 BYTE
156 168 t63

133 WM 1 P5 BYTE
138 142 145

121660N iP5 BYTE
123 125

184 88604 I P5 BYTE
89 13 116

15@ 8874H P6B
157 161 163

13l 8871, 1 P6 BVTE
139 143 145

121 60EH i P6 BT
124 125

148 a P6 BTE
t.18 114 116

815 IE844 31 PACKATA PROCEDIRE BYTE STACK=8810l1
842 SO 861 862 863 864 87@ 877 878 83 884 987 gm8

8 iFDiH PROCESS LABEL
856858

537 883EH 2 PTR WORD
546 554 558 567

453 0036H4 2 P11 WORD
504 510 514 522
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PL4-B COMPILER 886 £S:., NPibErtENT SYSTEM 38 APR 88 PAE 44
DRIVER ROUTINES

/.

534 14C8H 441 READ PROCEDURE STjCK8--B4Z
718

715 WFIH 82 REWROOIVER PROCEDURE PUBLIC STRICK4=84

2 686 R53H 58 RERiITEPFIN PROCEDURE STRCK=88121
717 725

* 825 8Z6614 O 28 REV B 8SED(TMRETPOINTER) FY(28)
842 860 861 862 863 864 870 877 878 883 884 887 888

824 09714 i RECFOUN BYTE
831 838 857 896

S298" W 288 RENM PROCEDURE STACK4~6
759

(7 746 I34H 15 RIAIMDRIVER PROCEDURE PUBLIC ST=4W"

ROR BUILTIN
*- 175

9V6 8E i RS.CTOR BYTE
921 922

536 69 1 SECTOR BYTE
55 558563

906 WN ± RTRC BYTE
928 922

536 00 1 RTRACK BYTE
552 558 56

53 98661W I SECT BYTE MfWfR(LIW2)
29 224 23 235 239 241 429 436 5±4 5W 525

52 8OW SECT BYTE IEUE(LIN1I)
347 353 428 434 553 568 921

16? 84 ± SECTOR BYTE PfRVfTE RUTOMRTIC
168 178

149 8686 ± SECTOR BYTE PEOIM RUTOMRTIC
56 163

M3 688W ± SECTOR BYTE PRRAMETER MJTOMTIC
133 145

Wt3 8686 ± SECTOR BYTE PFAKTER RUTOMRTIC
184 16

95 O I991 ± SECTORCNT BYTE
93 923 924

537 83AN 2 SECTORCNT mORD

i1i6
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P1111-86 COPF LRP N6,7 i.W'te01fENT SYSTEM 39 FIR 86 PRGl 45 -

U FiEP :IJr i9I5

542 555 556

57 8521 i SECTORNUPBER BYTE
2f. 215 224 231

45 882H 2 56G WORD NIBERM(G)
8m8

* 67 82N 2 SE WORD MEMBER(TPNTR)
21 565 849 M8 851

66 88H 2 5E WORD NBER(DPNTR)
528 564 846 939

SETB BJILTIN
Si 933

855 iFB4H TPRRMETERS LAEL
8338

188 MAN 22 MOUNT WORD
195M281282

249 82 2 SHIFTS WORD
254

189 9ICH 2 SHIFTS WORD
19- 95

169 814N 2 SHIFTS WORD
172 174

,' SHL BUILTIN
NO8 81?

SHR BUILTIN
198 257

34 8889 SIO S PROCEDURE EXTERI(12) STACKK=48H
i885 181±1915

37 88 SIOCRIF PROCEDURE EXTERNAL(13) STACK=88H

31 88 SIOGETM)OR PROCEDURE EXTER0AA(W.) STACK(=SWH

27 O6W SIOGETBYTE PROCEDURE BYTE EXTERNA(9) STW c8 H

19 88889 SIOGETCHAR PROCEDURE EXTERNAL(6) STACK6= 8
182 388 390 477 479 58 58 588 59 5 6N 621 646 657
675 680 M 85

583 16 95 SIOETDISKDRIE PROCEDURE BYTE STICK=NBEN
689 734 748 750 765 77790

686 17641 751 SIOGETFILENRIE PROCEDURE STCK8 .IEH

69 735 741 751 756 766 7/78 9
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P1*- COMPILER 8%6 M[ ,. MNRErMET SYSTEM 3e OR Be PE 46
DRIVER ROUTI JS

577 168tH 32 SIOGETLEfi&.MAMM S PROCEDURE STRC48
585 697 766 789 784 945 949 957 68 976 979

29 BM81 SIOGETWORD PROCEDURE WORD EXTERIAAI8) STRCK4SSG
698 797

24 8881 SIOHEX PROCEDE BYTE EXTERINAL() STACK=988S1
594 87 948

39 8M881 SIONE INE PROCEDURE EXTERL(14) 5ThCK 4889
304 387 322 357 36 378 386 448 443 446 467 475 527 538
M ("" 578573 682 682 687 712 719 721727 732 748 763 775 908
936 986 998 991 1825 1833

t a1m88 SIOUTBYTE PROCEDURE EXTRI(3) STRCK4i88

7 68W SIOoUTCIR PROCEDURE EXTERN (2) STA=K488H
688 733 749 764 776 11103 1M7 89 1 711.9 1021123

16 OW81 SIOOUTSTRI N PROCEDR EXTERNL(5) STACK=8986H
89 385 3W 323 358 361 377 381 385 38? 441 444 447 466
470 474 476 528 531 571 574 683 683 716 720 724 727 731
747 762 774 981 987 937 944 987 989 0291 2

B OWH SlCOU D ROC EXTERA(4) STAO(488hH
1812 131

.21 9W81 SIOWLIIEX PROCEDURE EXTERAL(7) STRCK=4961

534 OM86t 2 ST MWORD METER IUTORTIC
537 543 546

458 OM86H 2 STAW M PIRRMETER RUTOPITIC
453 456 457 584

57 OW88 2 STO) WORD
693 698 M 726

ml 831E9 STAIRT LIWEL

68 88 4 4 STFRTPOINTER POINTER
68

16 88 4 STRPTR 8INTER

17

41 OW61 SUPPIRESSB&RWS PROCEDURE E)(TSW iS) STFICK4W

67 888W4 4 TfGETPOINTER POINTER
67 524 568 825 942 858 868 961 862 863 864 870 877 878

883 884 887 888

609 98E 1 TESTi BYTE
636 639 641 642 665 668 678 71

118

I- : _ A,,, ._ _ __"_ _'. ,



'I

364 OEH I TCRIVE BYTE PARIETER OJTOMTIC
365 374 398 399 405 48 4±0 419 426 429

364 88W 4 TOFILEEXTPTR POINTER PARAETER JTOMTIC
366 374 399 418

364 0W 4 TOFILENIAEPTR POINTER P MA'ETER RJTOMTIC
366 374 399 4±7

367 8082) ± TOLINECT BYTE
422 426 436 437

367 81 TOLINKTRK BYTE
423 426

943 OM 2 TOTAIL. TORS WORD
±038 ±03

67 MW 4 TPNTR STRUCTURE AT
52 523 565 567 840 041 840 849 851 852

67 98 ± TRACK BYTE PARAMETER AUTOMTIC

149 OW I TRACK BYTE POWETER AUTOMTIC
5 163

132 98 i TRAX BYTE PARJETER AUTOMATIC
133 145

57 8853H i TRACKNJMER BTE
282 216 223 238

942 247DH TRA-WER LAE&
953 964 971 983 986

378 OEMH TRANSFER L.BEL
373 48

53 98114 ± TW BYTE MElJER(LINK2)
21 223 238 236 239 241 429 43? 514 517 525

52 98±N ± TRK BYTE PENBER(LIM()
347 352 428 435 552 561 929

56 TRUE LITERALLY
27 343 424 597 549 783 917

829899OM iTPE BYTE
963 65866

43 991 USERIOGETCHIR PROCEDIRE EXTERNRLQ6) 5TfaC99
6±8 6±2

3 8881 2 W WORD PRAMETER
14
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PL."?1-86 COMI!LER Mpr D~ISK li~EMEN7 SYSTEMI 38 APR 96 PIE 48
DPIVER RkuTINES

458 1155H 883 WRITE PROCEMU STFICO

726

723 1643H 77 WRITEDRIYER PIROCE4 PUBLIC 5TRCKW4H

71 8164 1 X6 BYTE PRRIEME FIVTWTIC
72 73

95 em8 II BYTem
98 99 1se M1

(71 OWN4 1 Xi . BYTE PaRUTE AUTOMATIC
72 74

71 INm I X2 BYTE PfRIMTER FIJTWVMTIC

72 75

71 OWN1 I )U BYTE PAflRRETE IWTMIC
72 76

71 NIB i X4 BYT PARMfI ER fJTWTIC
72 77

71 OWC i X5 BYE PRIMER XJTOIfT!C
72 78

71 OWI I X6 BYTE PRRIMEER RJTITIC
72 79

71 OW9i ± X? BYTE PRRFIIETE AUTOMIATIC
72 80

71 nBO i X8 WE PAAEE fWIRU **TC

72 81

71 NW41 I X9 BYE PA NETRATOPATIC
72 82

MMULE INFORATION:

CODE FIRR SIM 2 2722H 18811)
COSTRIT ARM SIZE a eeH 8D
YVARIABLE AIRER SIZE = 8OM5 IM
MAXIMUM STACK SIZE = 065CH 92D
136 LIPE RED
B FRGR ERROR(S)

EN 3 PL/MI-86 COMPILATION
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IllI. DISK86: THE ASSEMBLY LANGUAGE SYSTEM INTERFACE

The critical nature of the time of the software inter-
face to WD1791 Disk controller implied the absolute necessi-
ty that certain areas of the software interface be written
in the 8086 Assembly Language. The original designers of
this software/hardware interface were Lt Mike Baumgartner
and Lt Dan McGrath. They originally tested the hardware
software interface using a Z-80 based system running at
2MHz. The assembly language software was then converted
from ASM80 source code to ASK86 source code using the 8086
utility program called CONV86. Some minor modification and
enhancement followed this conversion with the final program
being debugged by Captain J. Pollard.

The means of interface between the SOL programming in
D0686 and DISK86 is the IOPB (Input Output Parameter Block).
The IOPB used is patterned after that used in the NDS-800
system to allow for the possible eventual applicaton of pro-
grams orginally written in 8080 code for the MD8-800. Table
5 shows the generic content of the IOPD as it relates to the
USAFA/8086.

121

, [I



TABLE 5. lope DESCRIPTION FOR USAFA/8086

WORD !Nk!! USAGE IN USAEA/8086

0 IOPBO Channel Word. Normally-00H.

1 lapel Disk Command Word. Drive # in bits 4 and S.
Operation Code in Bits 2, 1, and 0.

001 Seek
Oil Restore
100 Read
101 Verify
110 Write
i11 Write Deleted Data

Codes 000 and 010 are invalid.

2 IOPB2 Number of Sectors involved in this
operation. (Normally-O1H).

3 10PD3 Track Number (04to476;0o
4 IOPD4 Sector Number (11tot-2 Lo)
5 IOPB51 Low and High halves of the starting
6 IOPB6 Jaddress of any data transfer
7 IOPB7 lOPe block #

8 rOPes Low and high halves of the successor IOPB
9 IOPE9 Jif applicable (Channel vord-04H)

A high order flow diagram for DISK86 is shown in Figure 17.
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(STR

SAVE AML

COPY IOPB TO0

VERIF SECTO1R
+RECORD 2

CLEA ERROR
nIAGS

OPERMMIO

CHECK ERROR
FlAGS

STIORE TRACK O
DRIV USE

RE.STORE
REGISTERSI

EMD

FEGURE 17. H11 ORDRm FV)w DIAGRm FOR D15K86
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The READ and WRITE routines contain extremely critical
timing loops which should not be disturbed by any user
without first considering the impact of his change. The
DISK86 software sets error flags based conditions found dur-
ing disk operations. These are delineated in Table 6.

TABLE 6. DISK ERROR WORD CODES

WORD ERROR CODE ERROR

FTERR(0002F) 01 Attempt to Read Deleted Data

02 Sectot Cannot be Written

04 Seek Error Sects Not Found

08 Bad CRC

10 Data Lost During Reads Write

DERR(00035H) 08 Sector Address > 2610

10 Not Used

20 Disk Write Protected

40 Not Used

80 Disk Not Ready
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The DISK86 Module uses a large number of dedicated aboo-
lute memory locations These are indicated in Table 7.

TABLE 7. ABSOLUTE M4EMORY ALLOCATION D15K86

LOCATION NAME USAGE

00020- lops A COPY OP TRB USER lOPB
00029

0002A siqsv DISK CONTROLLER STATUS

0002B BCRC #OF BAD CRC'S ENCOUNTERED

0002c PEST #OF TIMES CONTROLLER WAS RESET
BY SOFTWARE

0002D LOSTD #OF TIMES DATA WAS LOST IN
TRANSFER

0002E PRNF #OF TIMES A RECORD WAS NOT
FOUND

0002P FTERR ERROR INDICATOR SEE TABLE 5

00030 DRNBE CURRENT DRIVE NUMBER

00031 DROTE DRIVE O'S CURRENT TRACK

00032 DR1TR DRIVE 1VS CURRENT TRACK

00033 DR2TR DRIVE 2 S CURRENT TRACK

00034. DR3TR DRIVE 30S CURRENT TRACK

00035 DERR ERROR INDICATOR SEE TABLE 5

00036 IOPB ADDRESS OF USER's lops

00037 ADESF00038 BITBU THE PROVERBIAL BIT BUCKET

A copy of the commented DISKS6 software follows.
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Ep

.i ~ ~!S!!T,.:i<4 t J Z--I,.. . -:, ts ....- - '!6,'LE- DISk :.

* A-SNB.S Itl'>EC•.' ev , ' .i6 C [Si- K, 6

LOC 081 L7% SU*E

1 OCF uF ASMCODE. CODE, W6NT, DATA, STACK, M9EOR
2 .- £GR .i &?t ASiJEOO CODE . COAST, DATA, STROG MEMORY

3 iSuuiE DS: DiGUP, CS: CGROUP, SDO(P
4 CM SErMENT WORD PUBLIC 'CODE'

*Q COD, ENDS
-- 6 O)NS? SEGMENT WORD PUBLIC CONST'

7 CONS? ENDS
-- 8 DATA SEGMENT WOP' PUBELIC 'OATA'

-- 9 DATA ENDS
i-- 1 S TACK SEGMENT WO D STACK STACK'

8888 1 STfCKASE L,%.EL BYTE
* - 12 STACF l'

13 MEr'ERY SEGMENT WORD MEMORY 'MEMORY'
891 ±4 MEMy,. LAEEL BYTE
-- 15 MEMORY ENDS

16 BS-_ SEGMENT BYTE
-1; m LASEL BYTE

- 8 $S_. ENDS
-1? RSMCODE SEGPENT BYTE
Z0 * Dt £dS *** PERFORM AL. ISKETTE OPERATIONS EET FORIfT.
21 ;PRR'ETEPS 10P6 SITeTIN6 ARESS IN EXTERNA IOP
22 ,PRGG;:ICMER: DAN MC .RTH, MAY 1979

j- ; MODIFIED JOE POLtAft' OCT 79
24 LABEL DEFINITIONS

8028 25 IOPSA EO 0"20h
0821 26 ICi EWO 08821H

82 27 IO2 EDO @08482
e823 28 IOPB. EQU 08022.h ; RESERVED MEMORY STORAGE
824 29 !O4 EOL 0%24 h FOR INPUT/OUTPUT
e2 8 *F85 EDO 0*25 . PAniETER BLOCK
8826 31 IOP6 EQt 0*8261
0027 32 I B7 EgiO 8027H
88 8 3 IOPB8 EQU 8281 .
em 34 i089 EDO M8829%
MR 35 SWSV' EQU *802l TEMP STORK OF STATUS WORD
on3 36 BCRC: EX. 8026H . COUNT OF BAD REDUNDANCY DECKS
NZ2C 37 PRST EQu W2CH COUNT OF CONTROLLER RESETS

m2 28 LOSTD E 0&5211H NUMER TIMES DATA LOST IN TRANSFER
E26 3? PRNF EDO 0*2El NuMiBER TIME RECORD NOT FOUND

882F 40 FTERR Erl 8882FH FATAL ERROR MESSAGE WORD
em3, 41 DRNBR E9. QOI 3 tu@ER OF DRIVE CURRENTLY EALE
or2± 42 DPOTIR EG06 008311 TRACK LOCATiON OF DRIVE 8
892 4, CRITR EDU a.aH , TRACK LOCATION OF DRIVE 1
.82 44 DP2TR EDO 8085n TRALK LOCATION OF DRIVE 2

-4 43 £PTR EG, 0814H j TRACK LOCATION OF DRIVE 3
W72- DERR 200 @.-33H i DISK ERROR BYTE

88., 47 i)Piv E9J W364 ; LOCATION 36 A 37 CONTAINS IOPB
002 48 BITE E. *02,1 ; BIT BUCKET LOCATION

49 !,,O PFRi DEFINITIONS
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'icsgg ;ppePR E 2

eeS 5; SAFR EOu OCBH CONTROLLER STATUS REGISTER
5! TRKG E0 OC , if A CONTROLLER TRACK REGISTER

CC 52 SECRO EQJ OCC$ CONTROLLER SECTOR REGISTER
WE .53 DATRG EOU SCEN CONTROLLER DATA REGISTER

8C8 54 C.OI. EQ OC.H CONTROLLER COMMAND REGISTER
08C4 55 CHR3T EQU 8C4H CONTROLLER RESET

e 5E DRSLE EOj aCO6 DRIVE SELECT PORT
.297 WQAK EOU @C2H , NS"E SIfNA TO CONTROL.LER

em 58 DISK PROC FAR
59 PuBL!C DISK
60 ETRN IOPB WORD
61 PUBLIC FTERR
62 PUBLIC DERR

8am 6 63 PUSH ES
9M 1E 64 PUSH DS
em 5 65 PU, R4
N3 51 66 PUSH CX
8884 52 67 PUSH DX
S 85 53 68 PUSH BX
m8856 69 PUSH SI
0M .57 70 PUS DI
em88 8M 71 MOV B, 80@H

8OM8ED8 72 MY DS, BX
88 8EC3 73 NOV ES, BX

* 8 F _E16 74 NOV ',DS. ORD PTR 3&
83 88C8 75 ENTRI: NOV CX, BX
815 2688978888 R 76 NOV AL, ES:.01EBX ]
MR 2482 77 AND AL, 2H CHANN& WORD

M8iC 7483 78 JZ SHR.T Lfl ; IF ZERO, CONTINUE
E UF5 79 Jp SKIP ELSE, SKIP CURRENT IOPS

82928 88 LfI: NOV BX, IOP80 SET DESTINATION PTR
8824 920 81 NOV DL 8wl SET COUNER (SRC PTRC()

82 MS'AE IOPB IN RESERY MM
8719 83 STPB: .XCG .,CX ;SWITCH POINTERS

8226898788 R 84 NOV ALiES:EBXJ ; GET A BYTE FRO.SRC IOP8
M2 871)9 85 XCHG BY,X i SWITCH AGAIN
8'F 2M 7,8888 R 86 NOV ES:iEBX1R. STORE IN DEST IOPB
834 4? 87 INC BX i INCR DEST PTR
8M341 88 INC CX INCR SRC PTR
M FECR 89 DEC DL j DECR CUTER

83 75EC 90 JNZ STPB> CHECK FOR ADDR ERROR
MA3 268R1E228 R 9± NOV BLES.lIOP82) j AD NUER OF RECORDS
SU 26982408 P 92 NOV AL, ES:A.I[OP841 AND SECTOR W
0043 02C3 93 ADD ALL H R
0045 3rig 94 CMP R., 27D CHECK FOR SUM726

8847 7E87 95 JLE SHORT SELDR
8849 26C68635.8 R 9E NOV ES:MIDEPR],0H N IF >26, ALA ,ORESS
8w Ce 97 RET , ERROR, ABORT.

98 ;SELECT DRIVE AND SET
99 UP TRACK REGISTER

8O 2 9 P ±i10A SELDR. MO' kES. M IIOPMi] ;GET DISKETTE INSTR
WA. 4 242q 19iAND R , 30HR j AD MASK FOR DRV NBR

@M6 Mr..308e Q ieZ M0V ES. ME DPW I AL , SRVE DRY NBR IN V

W.''----'') 70 1134 JNZ SHOT Dp%{p NO, JL*ll
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.S-CCJ4D; E ? fl:;.J 3

WOE Pm8 1135 M~v AL, &H4 YES, ALzORIVE 0 SEt. MASK
868 26RlAE3109 R i66 nOV BL,ES:D. TR] ; BL=LRST TRACK RDO
W855 E82± 187P JN SHORT DRSEL

@0.7 3CIO 18 DRIO: OfP RL,18. ,DRIVE 1?
069 730 109 ,NZ SHORT DR.20 a NO, JU1
%.368 W2 110 MOv L, &H ,L=DRIVE I MAS
OGED 209 P 111 NV BL, ES. DRITR) ; BL=LAST TRACK FOR
8872 EB14 112 3f SHORT DRSEL
0074 3C29 113 020: COP AL Z64 CHECK FOR DRIVE 2
6876 (le 114 NZ 9ORT DR39 NO, JWM
O7 B004 115 NOV AL84H YES, AL=ORV 2 N9 •
a8m8 268f8E228 R 116 NOV BL. ES:1HEIDR2TR] BALAST TRACK AOR
.07F E907 I1 3P 9HOT DRSEL
081 88.18 DR3O NOV AL 8W ; ASSUAE DRY 3, AL*=9K

683 268RAE348 R 119 NOV BL, ES:I(DR3-R BL--IRST TRACK, DRY 3
0M E60 128 DRSEL OUT DRSLEJAL OUTPUT DRY SELECT MTO.
w AC3 121 NOV ALB

OW8 F6@ 122 NOT AL Ad
80E E6CA 123 OUT TRKRG, ; .LORDt TRACK REGISTER

124 ;CHECK FOR DRIVE READY
6898 E4C8 125 IN AL STARG , READ STATUS WORD
@892 F60 12 NOT AL ;#
0094 2480 127 AND RL, 8H ; CHECK READY BIT
889M 7407 128 JZ SHORT CLRER * BRANCH IF READY
em9 26rfC658 P 129 NOV ES.:M DERR 8 H.8 ; ELSE, ALERROR INDICATION
89E S 138 RET A ABORT

131 ;CLEfIf ERROR RECORDS
@089F2 132 CLRER: MY DL, 86H ZERO OUT THE
881 B8288 133 NOV B, SWSV ; SIX RESERVED MN
88w4 8868 134 NOV AL 01 ; LOCATIONS

S2696788 R 135 CR: NOV ES:MBX],AL FROM NWSY
88f 43 136 INC BX ; TO FTERR
80C FECR 137 DEC DL
WA 75F6 138 JNZ CLR
8 268235M 179 NYOV ES:it DERRL A CLEAi DERR

146 ;DETERMINE OPERATIO AND VECTOR
141 a TO SUBROUTINE

884 26R618 P 142 OPER: MOV ALES:MNIOPB1i ;DETERMINE OPERATION::
8W82487 143 AND 1, 7H ; ASK DISK INSTR FOR OP CODE
8B8 2C81 144 SUB 81. O1H ; OP CODE =081? (SEEK)
8W 7505 145 JNZ SHORT OP3 ; NO, CHECK 811
o E8EFm 146 CALL SEEK ; YES, CALL SEEK ROUTINE
81 EB4B 147 IMP SHORT THRiJ a THEN GO TO END

99C3 2W02 148 OP3: St AL, 621" ; OP CODE =011? (RESTORE)1 80K5 .5-4 149 JNZ SHORT OP4 ; NO, CHECK 1@@
68.' B88 15 MOV ALI @1 ; YES, LOAD COIMID REG
809 F6-0 151 NOT AL a t
0808 E68 152 OUT COM RL a WITH RESTORE INSTR
880D E4C8 153 Ri: IN AL. STARG WAIT

W 2401 154 AND 81., 01H a FOR BUSY
81 75FA 155 JNZ RI a BIT TO 0 HIGH
W803 E4 156 P2. IN AL. STf*G , AND
W.1'5 2401 157 AtW. AI11 a BACK

8017 74F8 158 JZ P2 a LOW
W9 E33 159 iMp S5O4 T THRU a A 00 TO END
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X D5 T LiNE :L'R-P2E

&8le 2C0i I) 0OP4: SUB AL, OH ; OP CODE =1W? (READ)
755 161 JNZ SHORT OP ; NO, CHECK 8

88DF E8128± 162 CALL READ ; YES, CALL RED ROUTINE
8T2 E82A 163 JHP SHORT THRU ; THEN 60 TO END
80E4 201 164 OF5: SUB AL. @IN OP CODE 4i81? (VERIFY CRC)
8E6 7585 165 JNZ SHORT OP6 ; NO, CfEC 1±8
M86E E8M283 166 CALL VFRFY ES, CALL VERIFY ROUTINE

00EB E821 167 3TP SHORT TU , THEN G0 TO END
8D 2C1 168 OP6: SUB ALfIMi ; OP CODE =1187 (WRITE)
w 8E75%D 169 JNZ SHORT OP7 ; NO, CECK 1l

08F1 E4C8 178 WR: IN AL, STARG C CHECK WRITE PROTECT
08F3 F6DB 171 NOT AL ###I I

MF2448 172 AND AL,48H WPROT--1, DO NOT WRITE
W8F7 75eE M JNZ SHORT NOWR ; WPROT=@, CALL WRITE
98F'9 E9E02 174 CALL WRITE ; TIEN 0 TO END
08FC EBSe 175 JMP SHORT THRU j
@@FE 2C1 176 OPT: 9JB AL, 8iH ; OP COE--I? (MR DEL DATA)
Me 750C 177 JNZ SHORT THRU NO, GO TOEND

8182 B6gP 178 NOV a Bfi- YES, D=WRITE DELETED INSTR
8±04 E982 179 JHP WRITE 60 AN CALL WRITE

187 2C686-8828 R 181 NOWR: MOV ES:MEDERR],2%,' ;AL=WRT PROT INDIC
o1.D CB 182 RET ,ABORT.

183 1CO MN RETURN PT FOR ALL OPS
18E 26A82F8 R 184 THRU. NOV AL,ES:I'FTERRI ; GET FATAL ERROR ESSGE
82 24FF 185 AND AL, dVFH CHECK FOR ERRORS
81M4 7588 186 Z SHORT CONC

187 ; AT THIS POINT, IT IS ASSWIED THAT
188 A SUCCESSFUL OPERATION HAS OCURED

816 29RLVO R 189 SKIP: OY ALES:NEIOPBe] GET rIEL NORD AM
811A 2484 198 AND FL, 84H CECK SUCCESSOR BIT
ei1C 753F 1i JNZ SHORT REPT IF ZERO, CONCLUDE OPERATION:
Olie 26OM R 192 CONC. NOV ALES.:DRNBR] , RETRIEVE DRIVE MAER
81223C88 193 CI? AL, 8 DRIVE 8?
8124 758R 194 JNZ SHORT DRYI ; NO, JUM"
8126 E4CR 95 IN AL, TRKRG READ TRACK REGIStER
8128 F6DO 196 NOT AL ##

26F23i1e R 197 NOV ES:? DROTR ], . SAVE
12E E824 198 JP SORT FINSH
8138.18 199 DYI: CI? AL,18H DRIVE I?
8132 75M 28 ,W SHORT DRY2 NO, JUMP
34 E4CA 201 IN AL,TRKRG ELSE READTRACK REG

816 F61M 282 NOT AL ###
8128 262328 R 283 NOV ES: ItDRiTR , jSAVE
MX3 EB±46 284 3??P SHORT FINSH
813EC28 285 DRY2. CMP At., 2H ,DRIVE 2?
8140 750 286 3HZ SHORT DRV3 NO, JUM
8142 E4CA 287 IN AL.TRKRG ELSE, READ TRACK
8144 F6D 288 NOT AL ###
8146 26R'23 M8 P 289 NOV ES:NMDR2TRJ,AL SAVE .
14A EB8 2±8 JNP S'ORT FINSH.
14C E4CA 21± DRV3: IN AL, TRKRG R ASSdJ'E DRIVE 3

814E F60 212 NOT AL . #
815 262348e R 21 NOY ES:MDR3TR],0L SAVE TRACK NUMBER
8154 F 214 FINSH POP Di
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MIC, 89 RsEE-leP;E PAGE

OC O. LI"E 'TrE

055 SE 215 POP Si
816 58 2"t6 POP BX
8.57 5A 217 POP D,.
858 59 28 POP CX
8159 58 219 POPAX
900 1F 220 POP DS
8i5887 221 PO ES
is CB 22 RET

223 DISK ENL4,
224 ; CONCLUDE

8±5. B84866 225 REPT: NOV BX, 64M
±68 E8M 226 CALL DELAY DELAY 16 MILLISECONS

80163 R6881E288 R 227 MOV BX, WORD PTR ES:MEIOP8O8 ; LORD OX WITH NEXT IOPB 89DRESS
8168 E908FE 228 J ENTRI iPERFORMN EXT OPERATION

229
238 ,SUBROUTINE SEEK
231 ; MOVES DISK HEAD TO TRACK SPECIFIED
232 ; IN IOPKf3]

816 233 SEEK PROC NEAR;
86 26R838 R 224 NOV AL, ES. ME DRN6R] GET CURRENT DRIVE NUMBER
8±6F DOE8 235 SIR AL, t ALIGN ADDRESS
8171D DE8 2.6 SHR L L
8173 DK9 237 StR AL,
8175 OES 2 8 SHR ALI. ,
q177 FECO 239 INC AL; ADD ONE FOR HARDWARE

179 8438 248 ADD FL, DNBR; ADD OFFSET TO GET CURRENT TRACK ODOR
01879241 myf~ B6 &8

8i7D 8M08 242 NOV BLAL
017F 26808708 R 243 I'n3V AL. ES I[ BX ]- LOAD CURRENT TRACK

884 F6D@ 244 NOT P.
@186 E6CH 245 OUT TRKRGAL UPDATE TRACK REGISTER
8±88 F6DO 246 NOT AL; RETURN TO POSITIVE LOGIC

M9 263RO62388 R 247 ClP AL, ES:M NIOPB33; COMPARE TO DESIRED TRACK
8F 742A 248 JZ EXITSK

8±91 2M3 83 R 249 1OV HL, ES:NMIOPB31 ;GET TRACK QDR ANI
8±95 F6D 250 NaT AL ; ##
8197 E6CE 251 OUT DRTRG,RL ;LOAD INTO DATA REG
8199 B69818 252 NOY BX, 8881H
99C E8EE82 253 CALL DELAY ; WRIT 18 NICROSECLNDS
819F 6WF 254 YOV AL, FH ; LORD SEEK INSTR
8'Ai F6D@ 255 NOT RL ; ###
81A2 E6C8 256 OUT COMRG, AL j INTO CON REG
0IAS 688e± 257 MOV BX, 801H SET DELAY TIME
M EE2M 258 CALL DELAY ; WAIT i@ MICROSECS

259 ; CECk FOR bONE
KM E4C,8 26 ENDSK: IN AL.STARG READ STATUS REGISTER
OM. F6D 261 NOT L ; ##
fF 2481 262 AND AL 81H CHECK BUSY BIT

O11 75F8 263 JNZ ENSK * UNTIL ZERO
83 E4r9 264 IN AL, SlARG ;READ STATUS REG

4.8-5 F6D 265 NOT AL j#
L67 2418 266 A., AL.i ± ;CHIECK SEEK ERROR BIT

$1B63 758 267 JNZ SHORT L.5
8±68 C3 268 EXITSV. RET
BIIC 29 L-5: ;IF ZERO, RETURN, ELSE
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LOC QXiiNE SUC

04.BC BB2C@8 270 h iv BX, PRST ;IN CASE OF SEERROR
81BF 2680870 R 271 rJ, FL ES:[ BX] J CHECK RESET RECORD
81C4 3C81 272 Cif AL. iHN j IF i PRIOR RESET,
81C6 7411 273 3Z SHOT REST ; JUMP
WS 2FE870M8 R 274 INC ES: M[X) I ELZ PDATE RECORD

81C) 88FF 275 NOV A 8FFH ; SET MASK,
@ BiCF E6C4 276 OUT CHRSTAL ; RESET CONTROLLER,
11)1 BB 277 NOV BX, 605 ; SET DELAY TIIME

14 E88682 278 CLL DELAY DELAY 58 MICRO
BID7 E892 279 JP SEEK ; AND TRY AGAIN
819 B82E8 288 REST: MOV BX, PRF ; CHECK REC NOT FOUND
B... 2688788 R 2M NO AL, ES:WBX]
818 3002 282 ClP AL,8M ; 2 ERRORS AFTER RESET?
BIB 7408 283 JZ SHORT FATAL ; YES, JUMP
BES 26FE87088 R 284 INC ES:M[BX] ; NO, UPDATE RECORD.
BIER E97EFF 285 JIMP SEEK ; AND TRY AGAIN
OBED 26C6862F884 R 286 FATAL: NO ES:FTERRI841 ; FATAL ERROR: GET F. E

287 ; NESSG SET SEEK ERROR,
R RC3 288 RET AND RETURN TO DISK

289 SEEK ENiP;
298

291 "SUBROUTINE READ
BiF4 292 READ PROC NEAR;
814 E874FF 293 CALL SEEK ; SEEK TRACK
81F7 B82288 294 NOV BX l0PB2 ;GET #RECORDS
BIFA 2681FOOB R 295 MO CHESA:MBXJ AND LOAD INTO COUNT CH
@iFF43 296 INC y ; OET SECTOR
S 28843 297 INC BX ; ADDRESS AND
Wk81268R878 R 298 NOV L, .S:WKBXJ ; LOAD INTO
82 F6D 299 NOT RL 4 ###
8288 E6CC 308 CJT SECRGAL ; SECTOR REGISTER
&288 8188 381 FLAGi: MOV CL, 888 jCOUNT C = IBYTES/SECT
&W8 84 32 NOV RL, 84H jLOAD COLt REG
828K F61)6 33 NOT AL st#lt

384 ; MEN PTR = DEST ADOR
828 26881E2588 R 386 NOV BX,bWORD PTR ES:I[IOPBS]
82±5 92C8 306 NOV DL STRS DL--STTUS PORT
8217 8402 387 NOV WH 82 AH=STATUS MASK
829 E6C8 388 OUT CONRG, RL OUTPUT TO CONTROLLER COMND
821B EC 389 RLOOP: IN L, DX READ STATUS
82 C 22C4 310 AN) FL UNTIL ORQ
021E 75F8 311 JNZ RLOOP ; OCTIVE
822 4E 312 IN AL DRTRG ; RE A BVTE
OW2F6D@ 313 NOT AL Pi#t
8224 8M7880 R 314 NOV DS:ME BX , AL , STORE AT DEST MEN
O8 43 315 INC BX UPDATE DEST PTR

FEC9 316 DEC CL DECR COUNTER
e2275EE 317 A RLOOP j CONTINUE UNTIL CL=4

38 ;CHECK FOR DONE
22 E4C8 319 ENDRD: IN RL, STARG READ STATUS

822F F6D8 328 NOT AL .# - .It.
231 2481 321 AND AL,8IH , CHECK BUSY BIT

8233 75F8 32e JNZ ENCRF ; UNTIL ZERO
83 E4C8 323 IN AL, STARG ;READ STATUS REG.
8237 FD8 324 NOT AL i###
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IO OC.J LINE i:L'R:E

o239 262-A8 R 3 MiGV ES*1S:3V],AL ;SA STATUS WORD
023D 2488 32 WN AL, 8M; CHECK CRC BIT
Q3F741R 327 JZ SHORT RNF j IFXC OCECKIR
2 32 CRCC8 OV B, BCRC ;GET CRC RECORD
244 "EBR8l8788 R 329 NOV ALES:.NBK 6I ;CHECK FOR NORE THA N

8249 2M6 338 SUB AL 83H ; THREE TIMES
248 7487 331 JZ SHORT CRE ; JU? IF 3
94 26FE87868 R 332 INC ES:MEBX] ; ELSE UPDATE RECORD

252 EB86 333 ,MP FLGI ; AND TRY ANOTHER RERD
2 26C6862F88 R 334 CRE: NOV ES:[FTERR,8IM ; 3 OAD CRC. S:

335 LOAD FATAL NSSAGE
em C3 336 RET s ABORT
825 26FA8 29 R 337 RNF. NOV AL, ES:K SWSVI ; GET STATUS
8MS 248 338 AN fiL 7 ia ; DIECK ME BIT
821 743C 339 JZ 90RT CHKLD ; JUMP IF O. K
8263 B 340 MOV BX,PRNF ; ELSE GET RNF RECORD
866 26888786 R 341 NOV AL, ES:E8] ; H5 OPERATION
8268 2C82 342 SUB AL M ; FAILED TWICE?
826M 748 343 iZ 9ORT RESTR ; YES, TRY RESET
826F 26FE87868 R 344 INC ES:[(BX] NO INCR RNFEC
8274 E97DFF 345 J P READ AN TRY AGAIN
82?? 982C8 346 RESTR: NOV BXPRST ;RESET: CECK RESET
027R 26S 8 @8 R 347 NOV PLES:BXI], RECORD. IF NOT ZERO,
827F 2C 348 SUB L8IH sS ET FATAL ERROR
A1 7412 349 JZ SHORT FATE MESSAE FOTHERWISE

' 26MOE87808 R 35 INC ES:M[BX] INCR RESET RECORD
-88 F6M M 93T RL ;
OM E6C4 352 OUT C1LT, AL j RESET CONTROLLER
M2c 88858 m5 NOY f 00,850 ; SET TIME
VV E8F 354 CALL DELAY ; DELAY 58 MICROSECONDS
622 E95FFF 355 SMP REA) ; AN) TRY AGAIN
89 6B2F 3% FATE: NOV B(, FTERR ; GET FATAL MESSO BYTE

29 26Vr6T8FF R 357 MWO ES: MEBX IFFH ; LOAD RNF MES AND
OnEC3 358 RET ; REURN TO DISK

2SF 26N2PA8 R 359 CHKLD: NOV L, ES: IdSV] .CHECK FOR LOST DATA:
8M 2484 368 IND AL, MH ; 1HK L D. BIT
OM 741E 361 JZ 90T CO D j NO L D., CkECK DEL DATA
82D 862088 362 NOV BXLOSTD ; L D., GETLD RECORD
WAR 26 788 R 363 NOV AL, ES:I(BX] 8 HS READ FAILED TWICE
WE 2C@2 364 SUB A, mm DUE TO LOST DATA?

828± 783 JS SHORT LDLT j NO, JUMP
3283 BB2F8 366 IOV BX, FTERR , YES, LOD FATAL MESSG

82- 6 26CE87818 R 367 MOV ES: KBX I9H j LOST DATA MESG.
2BC C3 368 RET ; AND RETURN TO DISK

82M- 26FE8788 R 369 LDLT: INC ES:?9[BX] INCR LOST DATA REC.
2C2 E945FF 378 IMP FLGI ND TRY AGAIN

OM 26AO 8 R 371 CHKDD: NOV ALES : SWSYI ;CHEC( FOR DEL DATA:
82C9 2420 372 AND AL M CHECK REC TYPE BIT
02C8 740R 373 JZ SHORT REP- ; IF TYPE NORiL, UMP
02CO B82F8 374 MOV Bt FTERR T;'E-D0, LOAD FATAL ERROR
M208 W--6- 7M6I R 37; MOV ES: BX 3], M REC, WITH DO .ESS'

Cl 176 RET A~ND RETUJRN
.... ' E4CC 377 REP.: IN AL, SECRG sNO ERRORS: GET SECTOR REG

F606 378 NOT AL
Me FEC8 379 INC AL , INCR SECTOR
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LOC OBJ Z INE SOURCE

82,0 F6DO 388 NOT AL s#
. BA)F E6CC 8i OUT SECRQAL ; N RELOA)

M E FEW 382 DEC Ci ; DECR #RECORDS
W 828 7381 383 3NZ SHORT L-6

2E C4 384 RET
02E6 385 L-6: ; RETRN IF DOW, ELSE
02E6 268E258 R 386 NOY MWORD PTR ESWIOP S T ;PDATE
m H" eqegee 387 NOV DX, em ; DESTINATION

W 823EDAE 388 ADD BXDX
S82FDiDE 389 RCR SI,
MY D106 39A RCt Sil j ADDRESS OY
2F4 26891E2586 R 391 NOV WORD PTR ES:MhIOPB5SIBX; 128 BYTES

" F98888 392 NOV fLMH ;CLEAR -"I

WEB 26-A"22C R 393 NOV ES:APRSTIAL ; NON-FATAL
82FF 2228 R 394 OV ES:'LOSTDAI L ; ERROR
8383 26P22E8 R 395 NOV ES:?[PRNFLI L RECORDS

* 83 7 E98F 39 JNP FLAGI s READ NEXT SECTOR
397 READ ENDP
398
399 sSUBROUTINE WITE

am8 488 WRITE PROC NEt
838 E85EFE 4ft CALL SEEK ;MOVE TO DESIRED TRACK

8 6822 482 NOV BX, IOP2 sGET NUMBER OF RECORDS
83t8 268F8 R 43 NO CH, ES: MI BX] s COUNT B=4RECORDS
8315 43 484 INC BX
9316 43 485 INC &X
837 2680878 R 486 NOV ALES.EBXJ ;LOAD SECTOR ADDR
B"JC F609 487 NOT AL . 119
831E E6CC 488 OUT SECRGAL . INTO SECTOR REG
8328 8188 489 FLAGW: NOV CL, em ;COUNTER C--2B
8322 884 418 NOV PAL, @A4 LOAD COMIIN REG WITH
8324 FEW 411 NOT AL s###

412 ; WRITE OR WR.DEL DATA INSTR
3 268B36258 R 413 NOV !, ,WORD PTR ES I1OPSJ ; EN PTR = SRC ADDR

832 82CR 414 MY 01 STARO ; DL-TATUS PORT
832D B482 415 NOV S. H ; AN-M=ASK
832F E6C8 416 OUT C lR L ; COMMWND TO CONTROLLER
8331 8A114 417 TLOOP: NO DLDS:(SI] ; PRIME DATA REGISTER
8333 FKC2 418 NOT DL.
8335 E4C8 419 WJ)OP: IN AL, ST3 ; READ STATUS
8337 22C4 428 AND AL, i s UNTIL ORG
8339 75FA 42± JNZ WLOOP ACTIVE
8338 m 422 OV ALDL s GET R BYTE FROM SRC ME
8330 E6CE 423 OUT DATRGAL WRI TE TO DISKETTE
-33F 46 424 INC SI UPDATE PTR
8348 FEC9 425 DEC CL s DECREMENT COUNTER
0342 75ED 426 3NZ TLOOP ; COAT. UNTIL COUNT

427 ;CHECK FOR DONE
8344 E4C8 428 ENiLR: IN AL, STFG READ STATUS
8346 F6D8 429 NOT AL s
8348 2481 438 AND AL, H s CHECK BUSY BIT
0340 75F8 431 JNZ E" e UNTIL ZERO
834C E4C8 432 IN AL, STR ;READ STATUS REG
I34E FO6 433 NOT AL ###
08358 26 12 8 R 434 NOY ES KS'9Y I RL ,CHECK FOR ERRORS.
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4 LOC 0eJ L h; ;3URCE

' 8354 2419 435 tO A LJ±H SAVE SW, CHECK RNF
8356 7430 436 JZ SHORT CHLD ; IF RNF=4 CHECK LOST DATA
8358 8M28 427 RECNF: MOV BX, PRNF ;IF RF--. GET RNF
83 5 26M87,888 R 4-8 NOV AL ES: PE BX ] ; RECORD
8360 2C@2 439 SUB AL, 82H ; TWO FAILURES?
03 7487 440 32 SNORT RSET , YES, TRY RESET
8364 26FES788 R 441 INC ES:WMEBX] ; NO, INCR RNF REC
8369 EB9F 442 3)P WRITE A ND TRY AGAIN
836B BB2C08 443 RSET :  NOV BX, PRST ;GET RESET REC
e r 836E 268A878888 R 444 NOV S:.,ES:BXJ ; IF NOT , SET
837! 2C@@ 445 SUB WLO FATAL ES0,
8375 7511 446 JNZ SHORT FTRL ; OTIERWISE,
8377 26FE8788 R 447 INC a:,IBX] ; INCR RESET REC
@37, F6D 448 NOT A. I
037E E6C4 449 OUT CIRST,AL ; RESET CONTROLLER
8388 B858 458 NOV 9X, 85 ;SET TIME
8383 E8878i 451 CALL DELAY DE 58 NICROSECONDS
8 EB82 452 3)9 WRITE N OND TRY AGAIN

8388 YF8 8 453 FTL: NOV BX, FERR GWET FATAL PESO BYTE
038B 26C68788 R 454 NOV ES:'[BX I FFH sSET RNF IESSG
0391 C3 455 RET SANDRETURN
83926298 R 456 COLD: NOV FL ES: MESWSV] CHECK LOST DATA:
8396 2464 457 N L,4H CHECK STATUS WORD
0398 741R 458 - 90RT VERIF ; O L D., VERIFV WRITE
.M98 26A82D0 R 459 NOV SL ES:LOSTD] ; ELSE, GET L.). REC
83E "1 2 460 SUB AL,'2. N FAILED TWICE)
838 748R 461 ,Z SHORT LSTD ; NO, J1M.. ELSE
e3M2 BB2F8 462 HOV X FTERR ; LORD FATL NESSG
M385 2(687888818 R 463 NO ES:ItBXI,i8H ; REC WIT L.D. INDIC
3B C3 464 RET N ANORETURN TO DISK

83C 26FE8788 R 465 LSTD: INC ES:B:M J INCR LOST DATA REC
838± E96CFF 466 3)9 FLAGS AND TRY AGAIN
8384 E82796 467 VERIF. J'P WR ; REPLACE CALL YRCRC JJP
8387 2882588 R 468 NOV ALES:?[FTERR] ; BY VERIFYING CRC
8388 2482 469 AM? SL, 834 FTERR-CRC NE550?
838D 74iE 478 3Z 9iRT WTR ; NO, IIE NEXT REC
83BF 88288 471 MOV BX, BCRC ; ELSE ET DAD CRC REC
03C2 268RS78088 R 472 NOV AL, ES: BXJ I A CHECK FOR
63C7 2C% 473 SUB Rl, 6H SIX FAILURES
03C29 7488 474 3z SHORT FCRC ; FOR LESS THAN
W F26PE87988 R 475 INC ES:MEBX] ; UPDATE REC

830M E940EF 476 3MP FLAGW ; WRITE SECTOR OVER
6303 WO2FO 477 FCRC: OV X, FTERR ; ELSE, SET FATAL
M306 26C6878 2 R 478 NOV ES: KBX] ,21 ERROR 1E1-5 AND

830C C3 479 RET ; RERN TO DISK
80 E4CC 488 NIXTR: IN RLSECR. ;WRITE NEXT RECORD::
9DF F6D@ 481 NOT SL W
011 FEC8 482 INCR L (IT SECTOR, INCR,
03E3 F6D8 483 NOT SL #IN
83E5 E6CC 494 OUT SECRG, AL A A RELOAI
83E7 FECD 485 DEC CH ; DECREMENT SECTOR COUNT
@8'E9 758± 486 JNZ SHORT L-7
m EB4C 47 RET
W'e 488 L7: ; RETURN IF DOE, ELSE
-8 EC 2688±E2588 R 489 N OX, WORD PT ES:![IOPBS ;LFATE
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LOC B9 LhE 30URCE

03F. MW886 498 NOv Dk XH ; DESTINATION
0V4 03DA 491 ADD aX DX
0376 DIE 492 RCR S1 1.
83F8SD1D 493 RCL 51,1 ADRESBOR Y
03FA 26891E25 R 494 MOV WORD PTR ES:KIW85 1BX; 128 BYTES
@3ff86em 495 NOY AL, 09H ;CLEAR
M 4 26A22CO8 R 496 MOV ES:(PRSTIL ; NON-FATAL

85 26F208 R 49? NOV ES: ?LOSTDIAL ; ERROR
8489 26A22E86 R 498 NOV ES: PRF1 9L RECORDS
9 480 E91OFF 499, JI FLG W WRITE NEXT SECTOR

588 WRITE ENDP,
581
14R ; SBROUTINE VERIY

8419 583 VERFV PROC NER;
9418 E8FD 584 CALL SEEK ;MOVE TO DESIRED TRACK
8413 BB2208 585 NOV BX, IOPB2 B COUNT=# RECORDS
8416 26SWAFOM8 R 586 NOV CH, ES:MBX]
049 26P2408 R 587 NV .ES:I MIOPB4] ;LORD SECTOR REG
94i F6D8 588 NOT RL #
8421 E6CC 589 OUT SECRfAL ; WITH SECTOR AM)R
8423 E8'E88 518 VER: CALL VRCRC ; VERIFY SECTOR
8426 26RAF88 R 51 NOV AL,E:. ftIFTERR] ;CHECK FARTL ESSG FOR
842R 2482 512 AMD AL 82H ; BAD CRC INDICATION
942C 758F 513 JNZ SHORT BI;C YES, JWP
842E E4CC 514 IN AL., SECRG ;NO, GET SECTOR
9439 F6 55 NOT AL #
8432 FEC8 516 INC AL ; REGISTER AND
9434 F61) 517 NOT AL
0436 E6CC 518 OUT SECROAL ; INCRENENT
0438 FECD 519 DEC CH
8430 5E7 528 JZ VER ;CONTINUE UNTIL 84m,
643C C3 521 RET THEN RETURN TO DISK
843D E4CC 522 BRDRC: IN .LSECRO ;LORD REG 8 WITH
43F F6DO 523 NOT AL M

9441 W8 524 NOV CHIAL BAD SECTOR NMBR
8443 C3 525 RET ;RETURN TO DISK

526 VERFY ENOP;
8444 527 VRCRC PROC NEAR
O444 924e 528 NOY 3A, IPW84
8447 26eA M R 529 MOV FL ES: lKBX ]
944C F6D 538 NOT AL
944E E6CC 531 OUT SECRG,L
8458 8180 532 OV CL, 88H SET LOOP COUNTER
8452 M884 533 NOV AL 84H ALOD READ INSTRUCTION
0454 F6D8 534 NOT AL ; RIT

525 ; INTO CIABND REGISTER

8456 2C8 536 MOV DL, STAR . DL--STATUS PORT
8458 8482 537 NOV AN, m F.M4
04SR 88386M 538 MOV BX BITBU ;LOAD BIT BUCKET AOR TO BX
045D E6C8 539 OUT COlRGA&
045F 54l LOOPY:
845F EC 541 IN AL DX ; READ STATUS REGISTER
O468 22C4 542 AND L RH , UNTIL DRD
8462 75F8 543 JNZ LOOPY , IS ACTIVE
8464 E4CE 544 IN A LDTR READR BYTE TO BIT BUCKET
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LOC 091 LINE SOURCE

8466 FSDO 545 NOT AL READ AND OUP DATA TO BIT BUCKET
8468 887088 R 546 NOV DS:I(BXJ AL
846C EC 547 DO' IN AL,DX READ STATUS
846D 22C4 548 AND AL. AH ; UNTIL MRG
OW 748 549 JZ DRO ; IS INACTIVE
9471 FEC9 W DEC CL D ECREENT COUNT

' 9473 ?%A 551 3HZ LOOPY
552 CHECK FOR DONE

9475 E4C8 553 ENDVR: IN RL,STARG READ STATUS
8477 F6D8 554 NOT AL # I
84792491 555 AND AL , M CHECK BUSY BIT
0478 75F8 556 JNZ ENDR , UNTIL ZERO
847D E4C8 557 IN L, STARG ; GET STATUS WORD
847 F6D@ 558 NOT RL #
MR8248 559 AND RH ; CHECK CRC BIT
8483 758 568 JNZ SHORT L8
sm85 C 561 RET
9486 562 L8: ;RET IF GOOD
8869002 563 NO ALI M ;SET ERROR IESS AE

488 26fl2M R 564 MOV ESf:FTERR LAL ;IFBAD
848 C3 565 RET

566 VRCRC ENDP
567
6 ;DELRY:: SOFTWARE TIME DELAY OF

569 ; Ei8(8)+2] iAICROSECONS. 6. 5 SEC)0.R?)12 MIC
848 578 DELAY PROC NEAR;
8480 99 571 NOP ;15 MIC
948E 90 572 NOP ;1. 5 MIC
84F 90 573 HOP ;t 5 IC
8490 48 574 DEC BX ;i. 5 MIC
8491 75FA 575 ,NZ DELAY ;4 MIC IF M, 2 IF NOT
8493 C3 576 RET ,4 MIC

577 DELY ElP;
578 SCODE ENDS
579 END

I
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SYMBOL TFBE LI ING

C-

WOE TYPE Y.UE ATTRIBUTES

' SEG .. SEGMENT SIZE--888H PffA PUBLIC

_ . . .SEGMENT S1ZE=@S888 BYTE
ASMDOE. SEIENT SIZE=8494H BYTE
B .. L NERR 8430 A9ICODE
BCRC. . NUMBER 1
BITBU . .. MAP 381H
CGROIP. GROUP iMCODE CODE COIT DATA STACK MEMORY
COuM . L NEAR OM ASPCOE
DIU .. L NEAR 829FH R9MCODE
CHO. .. L NERR 82 RSCO
DwSr PO.. SUMER 88C4H
MR. . . . LNEA B61 RSMCDE
CRER. L NEAR N"SF ASMCODE
CODE. SEGMENT SIZE=8888 WOR' PUBLIC 'CODE'
CM3.1. NUMBER OMI
COPC. L PEIV lEM RSEOD
CO ST.. SEGMENT S1ZE=@8M WORD PUBLIC MCO-T,
Ru . L NEAR 241H MCE

CRE . L NEAR 8254H RS11 OENO
OA .. SEGMENT SIZE=88 WORD PUBLIC "DTA' I

DATRG . NUMBER eCEH
DELAY . . . EA 84)8DH A SNCODE
DER. . NUMBER 835H PUBLIC
DOWROP.. GROUP SM CODE C016T DATA STACK MEMRY
DISK . L FAR OW ASMCODE PUBLIC
DORR P 883V
DRIG . PEW 861 fiCODE
DRi1TR.. NOBER 8832H
DR2... . ER 8974W8874H ASM
DR2TR N . IER 8933H
DR3 L NEAR 98114 ASMCOE
DR3TR NUMBER 834H
DRNBR MISER 0830H4
DRW . S O 86CM

LDR& . INEAR 846CH RSNC{VE
DSL...L NER NORMDE

DRSLE . . M CG M;
DRYi . L NER 8K13H ASODE
DRVZ . L PEAR Bi3EM ASMCOOE
DRY3 . L NEIR f404 lSMCODE
ENDRD . PER 22M ASMKODE
DM ... L NEAR SlASH ASMCOOE
ENWDR . I PEAR 847511 ASPICODE
DOW L NEAR 8344 ASMCODE
ENM .. L PEAR 083" ASNOD
EXITSK . L NEAR 81J.BH RSC'EC
FRTRL. L AR 8EDH S'ICODE k
FATE . L NER 82954 O
FCRC.. L NEAR 8303H SI
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FINSH L NEAR 804H ASCO&E
FLAGI 6 NEA &NO 28 ICOAE
FLAGW L NEAR 8326H ASCODE
FTRL. L NEAR 8388H ASMCOCE
FTERR MPAER SS2FH PUBLIC
1B V WORD BSH EXTRN
ope.. NMBER 8821W

[OPB2 .. rN B HU10992 MSR 882H

1099. MISER 823H
1OM4. P. SER &824H
10985 HISR 8S

1OP0. POSER OF&
TOM. . .USER 8V2H
i_% .... NMER em284
LO"99 .. LMER 2%
179C .. HNER 0036CH

L- ... L NEAR BC4H ASODE
L6 .... LNEAR 8WN RSNODE
L7 ... P EAR OMC1 RSNCODE
LB. L NEAR 0486) R91ODE
181... L NEA R N 981 SNCOOE
L)LT .... L NEAR OM ASKOE
LOOPV ... L NEAR 045FH ASODE
OSID )... MU WM2

... L NEAR 83ACH RSNCOOE
N V BYTE am A8BS0
MEMORY SEG ENT SIZE=88H WORD WNRY 'PENORY"
MEMRY . Y BYTE NOW8) PENRY
NOI R... L NEAR 0887H RSC
POR.... L NEAR 3D1 ASCOOE
0P3 .... L NEAR 0" ASCOOE
O4 . 1 NEAR SM ASNCODE
OP5 .... LNEAR BSE4H RSNCODE
05. .. LNEAR 8SEP4H ISPEID'E
OP? . . . L NEAR 8M A !ia(E
OPF .. . L NEAR M4H ASODE

.... NMSER 8
R .... SME H ,2CH

Rt.. L NEAR 89 R9CODE
R .i . L NEAR 8 ASNODE
READ . P EAR 81F4H ASIE
RPE L NEAR 8358). RASCOOE
REP-. L NEA 8207 RSNOUDE
REPT. L NEAR 810l R9 OCE
REST . L NEAR 009H RASKODE
RESTR L PEAR 8277H R SC'XE
RLOOP L NEAR O21N tODE
RINF .... L NEAR 829 RSODE
RSET . L NEAR 0368H RSCODE

NMISER . .CCH
ZW . L NEAR W.ON ,r5NCODE

SELDR ... L NEAR WA8) ASNOODE
KIP. L NEAR 8116H S OE

STACK . SEGENT SIZE-88 WORD STACK 'STACK'
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$STF"-M-aS V BYTE NW8* STACK(
ST03. .. NUMBSER 80"1
SM . . L N~EAR NM26 RNOCE

W....NUMBER 0 MRH
THRUt .. L NER 8i8EH RSNCOOE
TL08P ... L MRi 0331H4 ASPCCM

YER . NERR 8423H4 RSIE
YERFY . . NR 041804 A91COD
VERIF ... L NEAR 8384H RSNOiDE
YRCRC . NEfiR 84441 MSODE
WLOOP . . .L EA 83354 ASIIOI)E

W.....L NEAR 88F11 ASKCODE
WRITE . I NERR 03W~ RSME

FlSSEMLY COMPL.EME NO ERRORS FOUND
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IV. LINKING AND LOCATING THE USAPA/8086 SOFTWARE MODULES

The information presented in this chapter is essential
to the user's understanding of how to locate the variables
and code in the various USAFA/8086 modules. The linkage map
conveys little information to the user other than all exter-
nal references were satisfied. The locate map, however,
presents the segment and offset of all public procedures,
labels, and variables encountered in the USAFA/8086 modules.
Additionally, the start address of all modules, data seg-
ments, and code segments as well as the system stack are
given. The stack location given (00000H) must be offset by
200H to determine the actual stack position as this is al-
tered by the PLM86 code of USAF86. The location of any
variable can be determined using the information given in
the locate map in conjunction with the cross reference map
produced by the computer or assembler. For example, suppose
we desire to find the variable CHAR in USAF86. From the lo-
cate map USAF86.DATA begins at 00250H. From the cross
reference map of the compilation of USAF86, the variable
CHAR is located relatively at 004C . By hexadecimal addi-
tion 00250+004C=0029CH. Since CHAR happens to be PUBLIC we
will also see a direct location in the locate map. It is
shown in segment 0025H at offset 004CH. This also implies
the absolute address of 0029CH. The listings of the linkage
and locate maps follow.
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ISIS-li ~S8 !E*'A8"'
L1W86 F1 CUPNT. X-ET 7j. Fl.1.j-L 6&J TO ;Fi. CURRNT. LNK A
MR S9 PL PR-. Fi LIEVI'0"'
LINK MA FOR :F CJ-PRNT. L*J. w iAr36*)

LOGICAL SEGMENTS INCLtJCEu
LENGTH ADDRESS SEGMENT CLASS

2236 - USAF%6 CODE CODE
0074H -- USRW8. DATA DATA
GamH STACKTRU

-W MEOR PewR
272HD SCODE CODE
Oft~ - DOS DATA DATA
6U4-?SEO
0494H-A9DE
MW4 CODE CODE
99WN CONST CONST
amH DATA DATA

INPUT MODULES INCLhNDED:
:F1:QrNW. OBJ(UW86)
:Fi:FITZADJ(DOS)
:Fi:D19(. 13(DISK)
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ISIS-11 MCS-86 LOCRTER, Vi ± INVYt(ED BY:
Loces :FiCURRNTL?41TO F1:CURRtT MR SPL PR(.P1:LOC.LST) &
95 ST(NAIIWROGRAH) OO(SPRSTSK. USF6 DT DOS DAA USff%. CODE U
RSNCOV))&
R>(SN(STACK(882M) USAP86. DATR(925) 3 US1F86. CODE(FSOG))

SWEOLTABLE OF NODULE USAIF86 :
READ) FROM FILE : :CUPRNT. LM(
WRITTEN TO FILE :Fi-CRRNT

MAE OFFSET TYPE SV?EfOL BASE OFFSET TYPE SYISOL

WM25 SOG PUJB EORYRGiPTR 8925 884C PUB CHKf
86311 88W11 PUB DISKTRRCK 8883 oem0 PLO UOPS
FBfh 135CM PUB TIPERREAD F901 139DM PUB TjNERLOW
P9891 LM11 PUB &RITECG4SOIELES P8881 12C PUB RERDCIJIOLESJITC

4(5S
FUSE 8FH PRA CMt'ERTTOFUURT P8881 SF5114 PUB RLLPSTATUSAJORI
FO891 F111 PUB RLJCI*DWORD P88G SF181 PUB ALUINUORD
P8891 OEE5H PUB ALUOTWORD P8891 8E83 PUB USERIOGETCI*R
P8861 BEM81 PUB SIPPRESS8LUS MON1 600PMH PUB DISPIRtTRARY
P99GM KCH PUB SIONEWLINE P8881 807814 PUB S10CRM!
P881 W15±1H PUB SIOBLRWS P88G 80241 PUB SIOGETADOR
PB8M8 Ch PUB SIOGETWORDB P O W R9IMPB SIOGiTBYTE
FSGI 88881 PUB SIGHEX P88GM 886CH PUB SIOVALIDHEX
P8991 88381 PUB SIOOETCDf P8881 WSMl PUB SIOOUTSTRING
FESSI 0%7H PUB SIOOJTWIORD PB8 B"31 PUB SIGOUTBYTE
P8981 Sf17711 PUB SIOOJTCMA - B P8911 840 PUB FORCEUPPERCASE

*1B P881 S131 PUB KEY8DMAIN P88GM 8H1 PUB SERIILCHAIN
P8@8M71 PUB CRTOUT P8881 8964H1 PUB SERIXiO.*
P98GM 8"61 PUB DELAYLONO P8881 9B8M PUB DELAY
PB09WG 68 MU LPtIBUINE P88811 887BH4 PUB LPCRLF
PB95 OM11 PUB LPSLIIKS P8891 881M* PUB LPOUTSTRING
P98GM 57F811 PUB LPOITIORD P89811 97C4 PUB LPOUTOYTE
P9861 @7M PUB LPOUTCGfl P8814 868414 PUB IEXTCON
P8O961 764H1 PUB ERROR P88GM 84E1M PUB I3INPROORE
P00)1 2376 PUB DIRECTORYLIST P06CH 22281H PUB INITIALIZE
P06CH 1020 PUB RTTRIBIJTECIRIEI P06CM 1C" PUB ERASERIVER

P06M ICE PU RENIEDIVER P06CH 18904 PUB KOPYDRIVER
P06M 184014 PUB WRITEDRIVER P06CH "181 PUB REFIWIVER
8MW1 5O2M PUB PWRR 811 9835H$ PUB DERR
PD23H1 9W PUB DISK
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ME4YP, NAP 1)O~ NuLLE USiIFEE
RE~rC FROMI FIE F-' &J-PNT LNV
WRITTEN TO FIE :Ft CIJRRNT

!0C4&E START FsCOPESS PAPAGRPs F800f1 OFFSET 84Ei$
SEGMTNA

START STOP LENGTH AL I GN NF;ME CLASS

8W01 MM~ MA0CH N STAICK STACK
8825814 *2C4 87414 W USAFBS. RDA DATA
882241 003681 6851 W D>05. DATA DATA
F88881 FTD225H 223EN W iJS$E8E CODE CODE
FD2614 FDSC9,H 0494H4 B ASCVE
FDECAi4 FF0214 2722H4 W DOS CODE CODE
FFDECH FF0214 8W1 W CODE CODE
FFDF8H FFDF8H 88881 G P)'SEG
FFDF8H FRFON 880614 8 ABi.8
FFDEOH FFDFBH 880014 W CONET CONST
FFDFSH FFDFQi 8881 W DATA DATA
FFFFGH FFFF4H 8051 A (ABSOLUTE)
FFFFSH FFFF64 88081 W NENORY NENORV

GROUP NA

ADDESS GROU OP SEGMNTk N~tE
FD2331 DGROIJP

STACK'
MEMORY
ASNCODE
CODE
CONST
DATA

PT23814 CGROU

MEWDRY
:1 ASNCODE

CONST
DATA
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V. CLOSING COMMENTS

During the development of the USAFA/8086 software,
several problems were encountered with the Intel MDS-311
Software Package which remain unresolved as of this time.

1. The bootstrap function of the locator does not work
properly.

2. The ASM86 assembler insists on occupying all 64K of
the NDSS00 disallowing the standard interface to user files
such as :Ll: (my line printerl).

3. The PLM86 compiler has at least one error in it.
Whenever any comparison is made to the literal 0 (zero) the
compiler generates erroneous code. Example: IF A=O THEN

will generate code which checks the value of the ZF
generated by the last ALU operation rather than the value of
A itself.

4. LINK86 balks at certain results given by ASM86.

5. The compiler name table was repeatedly exhausted
during the development of DOS86.

The source software produced under government research
is available for a limited time by the requestor supplying a
single sided single density diskette to:

USAFA/DFEE/Fairchild Hall
Computer Systems Laboratory Room 2H25
USAF Academy, Colorado 80840
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APPENDIX A

USAFA/8086 OPERATOR'S GUIDE

The following steps are required for system initializa-
t ion.

STEP RESULT

1 machine to Single Step-

2 AC Power to on (DOWN) Panel lights on

3 Push Reset Display
Adra: FFFFO
Data: ElBA

else push again

4 machine to run Display
FbE68
8886 (Running)

else repeat from 3

5 identify console by Logo to console
space bar depress Display

F b888
88838 (Running),

Logo:

11SAFP SnSA: VFR 3.pn Operating System
DISK A MnfT RFAflY Logo at Initialization.
Dri i mnlfT PFADY
FNTFP CflmMFNn P1 FRFIS

6 Systema Ready for operation

The following presents a brief summary of the USAPA/8086.

145



Console Description

Power Switch: UP-OFF DOWN-ON
16 LED display: Output from Port FE/FF
16 Switches: Input to Port FE/FF
Switches and Leds are n electrically connected.

Single Step Unit

Displays current address and contents. Address is shown in
absolute (physical) form between 00000H and FFFFFH. Data
may assume any value between 0000H and FFFFH. It represents
instruction, data, or address information depending on rela-
tive byte position. To the right are 4 discrete leds
representing the major control lines of the system:

MEHR - Memory Read
IOR - Input/Output Read
IOW - Input/Output Write
MEMW - Memory Write

At system initialization, the unit may be left in single
step mode. Below the displays is a push button allowing
single stepping. Following a system reset we find the fol-
lowing:
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!T

AT SYSTEM RESET ADDRS DATA REMARKS

FFFFO ElEA FFFFO is the 8086 restart address.
IA is an extended jump op code.
El is the offset low byte.

Push Step FFFF2 0004 04 is the offset high byte
total offset-041l H.
00 is the segment low byte.

Push Step FFF4 OOFb rb is the high byte of the segment.
Total segmentaFb0O0.
Absolute.address a FbOO

+ o4El
Fb4EJ

This is the start of the operating
system determined at the time of
location using LOC86 by the
software designer.

Push Step FFFF6 29C7 This step is the bus interface
unit fetching ahead to the
instruction queue. Actual data
is not meaningful since it will
not be executed as soon as the
processor realizes a JMP has
been ordered.

Push Step Fb4El bCFb These are-the first two bytes
of the actual. operating system
(USAF86 Module).
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7! Reset Button

The reset button asserts a signal to the microprocessor
forcing it to resume processing at location FFFFO. This
cannot be changed as it is an internal function of the CPU
NMI. This button forces an interrupt which the processor
cannot ignore. The operating system loads locations 8, 9,
A, and B with EF, lF, 00, FB. This is the address of the
operating system routine service routine for the NMI. The
vector location 8 to B cannot be changed. It's-cntents,

*1i however, could be reloaded to any value from software.

The following section describes the primary control charac-
ters and gives examples of typical system reaction. The
operating system module USAF86 is responsive to the follow-
ing primary control characters:

S - Substitute
L - List
G - Go
F - Fill
M - Move
P - Print
Q - Convert
B - Breakpoint Set
C - Clear Breakpoint
T - Test Module
X - Abort

The operating system module DOS86 uses the following primary
control characters:

R - Read
W - Write
D - Directory
I - Input Hex Files
N - Name Change
A - Attribute change
K - Copy

Any primary character evokes a full English response with
prompts from USAF86 or DOS86.
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Substitute (S): Allows the user to alter memory byte by
byte. The system asks for an address. This may be in the
form XXXX:YYYY*DDDD where XXXX is the desired segment. YYYY
is the desired offset. DDDD is the desired displacement.
Entry is terminated by a Carriage Return. The system
responds by giving a display of the net offset followed by
the current memory value. Cells which are not desired to be
changed can be passed using either the space bar or the car-
riage return. Routine is exitted using the character X
which is the standard system abort character. Os are un-
derstood by default if not entered, i.e., 8-0008.

Substitute Command Exaples
x
ENTER CfmImAmTn PLEASF-SI.BSTJTLUTE (ADRS)
.FFFF: 0000
rI fl0-FA-X
FhTFP C'MMANrI Pt FA..F.S 1ST7TLITF (Des) Aborted Sequences
i*00r€i: I nx
FrHTTP hTfmm) P1 FAISF: SI IT I TI 'wF (RDRS)
.cirirn: A1 nil
10,3-PF-11

O 01-0l-2P
0 1 P-Fr-33 Segment: Offset

1 0..-F7-44
0i tfl4- 0F-55

" ,:,1 105.-Af-X
F:lTEI COMMANtI Pt. RSFIAS.I STITI.ITE (RDRS)
.1001111

. Il-p- Offset Only, Leading Zeroes
Al A! ,', 3 Not Shown.
I A:-44-45

01 '-Ar9-A ,

FrrTF, r.nmm i P.FA-F:SIE RT1TITF (ATIRS)
#I n 6r+6% Offset + Displacement
(.1 0',,-78 - (Segment Implied)
& 7t CT-F7-R9
("108:. -61F-9R
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List (L): Allow the user to display to the console any con-
tiguous block of memory. User must supply the address in
format (XXXX:YYYY) and the number of bytes to be displayed.
Entries are in hex.

FNTFP r:flmmAPDT P1 EA\.-:1. ST (ADRIS *C:HT) List Cannad Example

Ar (in 7~lR Aq qF4 AO Fni FF4 F 00 FO) F7
(11l AF FA Fn FS nF Pr' Fn FF WF rO FO FE riP 80 FO- FCT
Al AP AP~ (In F A FrI AF C14 F n FF Ofi AS~

Go (G): Allows the user to execute a program at a given ad-
dress in format XXXX:YYYY. Again, leading zeros and unen-
tered data are assumed as zeroes.

:ITFP rnfmmFWRm PLESSE:GO (ADRS) Execution Example

*FF4AO: O6R4 Execute "Next Cctmand"

-rITFP rnfmmFimn, PLFR! :

Fill (F: Allows the user to block fill any contiguous block
-nmemory. User must supply the address, the number of

bytes, and value to be filled in byte form (00-PF).

NIER(PM~tII PEA':FIL (TAPCITIIAL)Fill Example and

NMTER COMMANDt Pt EASF: LIST (ADPS, CMT) PrilRsl
.2000920 i
'0')00 on on0n 00 00 0o 00 on no 00 on 00 00 00 00 00
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Move MN: Allows the user to move any block to any location.
Address of source, address of destination, and number of
bytes must be supplied. Data moved is copied exactly.

FNTFP CflMMANDf PI.EA5E: MOVE (SOURPCE, DEST, CIT) Move Example: Data at 100
.1 on!, 200A 1 n Entered Above; See Substitute

FtNTFP rnfmmRNTi P1 FA F: LIST (ArIPS!, CNT) Example

200r1 I? P 3 14 45 5A An 79 Aq -;A 00 FO FF AF 00 FO F7,
;,oi n rr on on nn no o on on n no on on on nn n

Print (k): Allows contiguous block of memory to be dumped to
tEheline printer. user supplies address and counit.

Lr0O w40 FRFE F9 AOF5FFO F9 FE F8 0 FE~

E" 1UtWR DW~
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Convert (Q): Changes a given representation of a floating
point word to its decimal value and prints it on the con-
sole. User supplies the address of the floating point
number. Routine uses A451 APU.

FtITFP CFlmmiNr PL.FAVP:SNMIFIT ITIITF (ADRS)
*~IRClfl

~EiA-Fri0rI Substitute a 2.0 at location 3000

-3ri04-ri n-x

FNTFP CmmFmr~4T PLEASEu1P 3000 Q (Convert) Example

Breakpoints (A): Can be set any address in RAM. User sup-
plies the address. Will restore call upon encountering
breakpoint. uses software interrupt 3. Only one breakpoint
is allowed.

Clear Breakpoint (C): Allows a user to clear a unencountered
-reakpoint. Caution: clearing nonexistant breakpoints has

an undefined result.

FjTF r:MMNrI 1 E SE:Breakpoint Operations
PNTF rDMF~~n LEA'E-BPIAk'Pfl1NT SET (REIpSN Set Breakpoint at 1000

FrITFP CflmMANDg PLFP F: Go (ApPSN Execute 1000

at ESP PIRFAl'pflIT Breakpoint Encountered and
Cleared

F~RFk' flTM FM~flIIITPFDAT rifl: 101)Breakpoint Found

FIA4TFP I:OMMPNDr PLEASE:LIST (RDR'S,CIT)
*1 00ot I1
1 lo ri nr <- Contents of 1000 Before areakpoint
FUITEP CnfmmAmnT P1 FAS1F: PPF~kFn. 'SET (ArIRSO

FHiTFP cnmmANr, Pt FPS-F:L7T5T (ADPSCNT)

1o 'r: (7n E- Interrupt 3 (S9oftware) set by operating system
FTITFP rtflAFNr Pt FAS'F: (- FAr P~s FPF~n TNT

Pt1TFP rfnMMPNn PI.EASF:LIST (ADR,1ZCrT)

1 (,Ifr nr- <- Original Content Restored
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Test Module (1): Invokes system diagnostic package. Secon-
dary commanid characters used are:

M - Memory test
A - APU test
R - Ramp DAC test
H - Hybrid Loop test

*L - Loop tolerance test
C - Console LEDs/Switches
I - Integrated Circuitry
K - Keyboard Display
T -Timer
D - Discrete
E - Console LED Ramp
F - Floppy Disk

Me or Test (T,M): user supplies starting address. Memory
iswritten twice; first to 55 and then to AA one cell at a

time. First cell to fail on readback is declared bad.
Hence, routine must fail at the top of memory. Starting ad-
dress should be greater than 00369H since system data and

* stack are below this level.

FNTFF' COMMAND PLEAPSE:TEST MODULE Memory Test Example
#MEMnPY TFST
FrITFR STARTING ADTPESS:369
MFMOPY FA 7 FD AT n io nl: Afn til W ITH THF VALUE FF+- Must fail at top of

PNTFP COMmANW PLFRSF:LIST (ADRS,CI1T) Remutofll.or

1 (in RAR AR PAR AS AR AR ARA RAR AR ARA AASi R O being
101 n AS PA ASR A AAR A AR AARA ARA AR AR AR RA RE AL tested!
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APU Test (T,A):- Works a "simple" Rroblem in floating point
using the AM9511. The test actua ly is he conversion which
is presented to the console. Uses \the convert function of
uSAP86. Should show:

* ~FNTFF rnfmmFINtI PI.E.S:E:TEST MODULLE APIJ Test
*APFU TFST.

+p. (rirififiriA F-Anr +. + noniAnjOO E-OC0 +5. 00000001 E-00

Ramp Test (T,R): Ramps the indicated DAC (ports 40 to 5E)
from -100 volts to +100 volts. An o'scope should be used to
analyze channel performance. Exit by NMI.

ENTEP r.OMMANfl PLERSE:TEST MODULE Hybrid Ramp Test Examples

PNTFP pflPT NUPMFR:42

Hybrid Loop test (T,H): Takes a given ADC port (40-5E )and
an arbitrary DAC p~ort (40-5E ) and links them through
software connecting the DAC port to the ADC port. Exit by
NMI.

FNTFP F:nrMANrl PLEF.SE:TEST MODUILE, Hybrid Locop Test Example
*HYBPTDi LOOP
FNTFP rFr: PflPT:42 Result: DAC 42'tied to ADC 50
Fr-4TFR frir: PnPT:51l
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Hybrid Tolerance Test: allows a tolerance check of ADC/DAC
loop. Not used thus far with system.

FN1TFR r:nMMAHn P1 FA"SF:TFST Mnriiii F Hybrid Loop Tolerance Test
* *L aP TF.T
FtITER Tr: VAI LIE: 42
FITER Pl RT HIIMRFFP: 44
HYF:R1T I nP FRROR IIO 5 GREATER THAN TOLEPRAhCE--015D ,
FIHTEP 'Ir VAI IIF: X

* Console/LED Switches (TC): Console switches are software
connected to console les (i.e., they echo). Exit by mNM.

FNTFP rnImMRr4n PLEASETEST MODULE Console/LED Loop Test
crtjIIszI. F I EDS1MIIITCHES

Integrated Circuit Test (T.I): This routine allows the user
to directly address any 8 bit input or output port in the
system. If a read is desired the result is given the con-
sole leds. If a write is directed, the data is taken from
the console switches. X to abort.

FNTFR CrlMMANT, PLER.ZE:TEST MODIILE I/O Tests
Ifl TEGRATFI CIRCUITRY

Fr TF PnRT HIIMRFP FF
TYPF Q T RIf4n. Id TO ITTE R
FIITFR PLIRT HI lEMPR FE
TYPF P TO IFAfI. i Tr 1RITE R
FItTFR PflRT NIIMRFR FF
TYPF R TO RFAD. hi TO hlRITE R
FNTFR PORT MI IMBFR FE
TYPE R TO RFRTIc il TO WRITE Id
FNTER PORT NI.IMRFR FF
TYPE R Tn PFFI, 14 T1 QhIR7TE -li
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Keyboard/display Test (T,K): Has the user print in the en-
tire alphabet and numerics.

FITFR COMMAID PLFRF4E:TEST MODIILF Keyboard Test
KEYnRPFgD 7IT.:PI AY TF,;,T

FNTFP THF EXACrT. :;AMF IATR •
AF:rDFFGH I ._lI MNOPI-)PSTI IVhl1XY7 I 1 P14.7Ac4
FAF:': rEFGH I ..IIMNnPf I'R:TI IVtosXYZ I11 4567c9
FMTFP rOMMAND I. FR:F;TF'ST MrlriILE
*KY FinAFn rl fPI AY TEST
FNTFR THF-F.Af'T .c:AMF DATA
AF',:TIFF(;H1 IisIMMflrPOjR TLIVhl,t Y7. 01 ?:4547[Q9

FrPF
*FYFri E'NTRY FplR.

Timer Test (T,I): Causes the 8253 to be programmed so that
it outputs 50% duty cycle square waves.

OUTO 1 1000 Hz
OUT1 - 1000 Hz
OUT2 = 1000 Hz

Square waves must be checked with an o'scope at the 8253 on
the hybrid interface card. timer continues running in this
mode until reprogrammed.

F ITFP rnMMANID P FASE:TEST MODILE Timer Test Example
*TIMRF TF!:T

Discrete Test (TD): The discrete out and in ports must be
cabled to each other and 28 volt power applied. Each port
has all values from 0000 to FFFF written and verified.

FNTFP CNMMARi PLEASE:TEST MODULE Discrete I/O
e:ISrPFTF 1/0 TFST

I PFTE TFST I FAILED--000l Unit Not Cabled Properly

Test Console Leds (TE): Ramps the console leds (i.e., this
is a busy work routine - good for those who like flashing
lightsl). Exit by NMI.

FNTFR' mrlMMANtr PI. EASE:TEST MODULE Console LED Ramp Test
*ErI PtrniE LFD RAMP
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Test Floppy Disk: Assumes disk powered and diskette inserted
a-nd ready. Allows the user to directly access any track and
sector of either diskette. No software write protects are
honored. User must provide the ZOPB-Input Output Parameter
Block in memory.

lops
WORD

0 Channel Word, normally-00
1 Diskette Word, indicate drive, operation

04-Read, 0
14-Read, 1
06-Write, 0
16-Write,l
01-Seek, 0
li-Seek, 1

2 # of sectors to be affected, usually-Ol
3 Track (0-4A)
4 Sector (0-1A)
5 Offset Buffer Addrs Low
6 Offset Buffer Addrs High)f Assumed in Segment 0000
7 IOPB # normally-Ol
8 Next IOPB Low, normally-00
9 Next IOPB High, normally-00

FN4TFp rfmmF4mr pLFASE: SUBSTITLuTE (ATrIS) Floppy Disk Test
#1 (ol. Create IOPB
I 00(i-AA-fli - Channel Word
10 A I-AA-A -,. Diskette Word
I flflP-Ak- A I # of Records

1O~-AR-nnf -Track
1 0A4-AA-C1 -. Sector
I AreiA-0 Buffer Low Offset
I ons;-F.--n7 -Buffer High Offset
i riA7-AA-nl IOFB #
1 onr1-AA-on Next IOPB Low Offset
1009O-A-ofl Next lOPE HUi Offset

O '~A-AR-X
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The disk operating system uses memory locations up to 0780H.
Each sector of the diskette contains 80 or 128"bytes in
IBM3740 format. The following primary control characters
invoke disk operating system routines:

D - Directory
N - Name change
A - Attribute Change
R - Read
W - Write
I - Input Hex File
K - Copy
E - Erase
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Directory (D): The user must indicate drive number (0 or3)
and whether (A) all files are desired.

FII4TFP r.01MM1ANI P1 FAS-F:DIPFCTO19Y O,A DrcoyCvtn ml
FILE FXT rATARECTOPS ATTR Petz cmadFml

I I S TI P 0011IQ Fl All Files
I:I S MAP 0 00li Fl
ISIS Tn 0017 FT
I1 :1 1 . ARi nont Fl
12:5 nh 1115r SF1

1:31 . l.I n n I SFI

H: :M8 (I ~ f 00 0 Slit I

A MA ro OVP OnIl I

A :M A-A flV4 onpql Silly
H .XPFF n('022 ZlII
FflFMAT 00n,; r Sli 7
CODPY 0042' S II!
nELETE nn6 Still
Di) I A,6 sll
F1 I T 1nA3q CO stil
HFxflP. ISil

PFIIAMF 0013 Still
1.IITonk00 Still

inF T1ZT 1 1106
TaFrii .iE ponpo
TPTAI. S.ECTnfi%= n3r:94/n7r,?

ENTIFI rnfmmsmD P1 EASE: DI ECIPY 0 retyEapl
FILF EXT PARARECTOPS ietzExml

JOE ST 1(106NON-I Files

TTII S Fr.TfF= riir9, f7TI2
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Name Change (N): The user must supply the drive (format :FO:
or :1:)and The file name.

_FfTFR (:OMMANTI PLFA F: NAMErHAN(W, Nam Change
+:F0:JOE. T5T, JIM. TST
EIITFR rflMM14hT1 P1FF.,F: DI PFCTORY 0
FILE FXT rIATK: FCTDRS

JIM T:T 000
DEMO .ifF A11lf12
TGT~j_ !ECTIRS= 0~9/07D2

Attribute Change: The user must supply the drive number, the
file name, and the attribute typing as:

NI Not Invisible
I Invisible
NW Not Write Protected
W Write Protect

NF Not Format
F Format

NS Not System
S System

FNTEP rnfmmANTi PL EAS;E: ATTR I UTE CHANGE AtiueCag
*:F:J I M. TS T * I AtiueCag

EIITER VOLmmF~j1T PLF."5_E: DIRECTORY t v.)ce
FILE FXT DATPFKFTnRs Mk

TOTF41 sc:FlnpzS rlSC9/07l?.

FNlTER rOMMANri PLEASE:ATTRPIuITF CHANGE~
:F l: -JIM. T5:T *NI

ErITFP r.flMMAr~n PLEA1R.F: DIRECTORY ~'Return to NON-I
F ILE EXT DATASFCTORS

JIM TST n006
DEMO jnF fl00p
TOTAL SFCTfPS= 0VC9'f7D?
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Read (a): Read copies identically the contents of a file
into memory. user provides drive, name, start address# and
upper limit. The start address will default to 10001 and
the upper limit will default to O7FFFH.

FIATFP CfMMrI PLFA5F: READ Read Example
.FA:PEMr]. ~jnE

PEA' OPFPRTTON COMPLETED

Input Hex File QI): Reads and interprets a hex file placing
it in the location in memory indicated within the file. See
the Intel 8086 manual for absolute file formats. This is
the method by which we download from the IhDSSOO to the USAFA
8086.

FNTEP COMMAND PLEASE:INPUT HEX FILE Input Hex File Example
*F (: DEMO. jnF
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Write (W): This routine copies from memory to disk exactly.
User gives a drive, file name, start address, and final ad-
dress.
F14TFR commFNt Pt EA1SF:1JIdITE Write Example
*z F A: ECHfl. FPiri 1000!i~. 1 i07F
I,1PTTF flPFRATifl rTIMPIETED1

FNTER rnmmwir, PLEASE:IREC:TORY n New Directory
FILE EXT rIATAS*FCTnPs

TOTM~ :.FrTnrtP.= nr1R/n71)P

Koy(K): Copies a file from drive to drive. User gives
drive and name to drive and name. -

ENTER cnmmARHD PLEASE:KOPY Copy Example
*:Ffl:FC:HO.PIN-1 :F1:.ErHOir4L1N
ENTFP CFlMMRNri PLFF4SF: DIRECTORY I
FILF FXT DETA!F(:TrlP_1

r'E MO PTC 0: 0 0 New Directory of' Drive 1
Fr,:Hfl RU 0..1 (A AI
TOTt4L .EC:TnFlP.= r'C:4/0'71'
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Erase (E): Delete a given file from a given drive.

FrITFP MrMMANrI PLEASE:EPASF Erase Example
0: FI : ECHO. 61W4
ENTFP C:OMMANDI PLERSE:DTRECTflPY I
FILE EXT riATASFr:ToPs

DgEMO PIC .1.) rip
TOTAL SFCTflPs- nri~/fl7P

EIITFP CflMMF4I P FA:,F: ERASE
*Fl :FAP(F. P I r

FILF tiT FfINTi
FfITFP rnlMMANT PC.EA5~E:
HSVAFA FA8A VFP I.P
iV". 1(i~ riml RFATIY

TiI'Sii I tIVT PEAtDY
FtITFR (:MMANfl P1 FAR-,F:DIPFCT1ORY
FILE EXT TIATRSFFCTflp,,

rii*,-, 0 PFAnIY
wsiK j mnfT PFAnY
FHTFR COMMAND~r P1 FAS-E:IRECTflRY
FILE FXT DATW FCTIIRS

Pft rF cN
JI14 TST 1) f, f6

F CHfn PIN 011
TflTF, SECTDPS= 03CTP' ':7112

ENTER COMMARIP P1. EPS.F: DIRECTORY
FILE EXT rIATAS.ECTOPS

JIM TST 0006
rIEmO .lfF 0r l

TflTAI SCTflWz.= ,ropl,ripl

F -4TFP C (mmAr4TO P1 FAS:F: EPAS-E Additional Erase Example

FILF WIiTF PpflTFCTFn
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APPENDIX B

MDS-800 DISM=T PHYSICAL AND DDGICAL ORGANIZATION
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MDS-800 DISK=r PHYSICAL AND LOGICAL 01ANIZATION I

Each diskette is physically organized as 77 recording tracks of'26
soctors (often called records or blocks) per track and 128 data byte$ per
sector. The actual recording of digital data is in accordance with the
IBM 3740 standard fonuat. For specific details a this format refer to
the IBM Canpatibility Reference Manual published by Shugart Associates.

Based upon this physical organization, the MDS-800 systen software
imposes an additional logical organization for recorded data. N1)-800
reserves specific trac and sectors for system use and many of these
must be preserved across MDS-800 and non MDS-800 systems for canpatibility.
These reserved tracks and sectors and their uses and formats are as
follows:

TRACK?

a. Systan Initialization Program - Sectors 1 through 23 are used by
MIL-800 for its Systemn Initialization Program. Even though non-I1)
systems may not require such a prcgran (e.g., it may be in ROM instead)
for compatibility with MDS systems these sectors should not be used for
any other purposes.

b. Disk Label - Sector 26 is used to record the logical name assigned
to the diskette by the user when pranpted by 1S-800. Only the first 9
bytes of this sector are used to store the ASCII nane which is assigned
in conformance with the W)S convention of names canposed of 1 to 6
characters with optional extensions of 0 to 3 characters (i.e., HNNN.EEE).
For names shorter than 6 characters and/or extensions shorter than 3
characters, ASCII nuls (OPH) are inserted so that 9 characters are always
recorded.

EXAMPLES: TRACX 9, SECTCI 26
BYTE:

DIETE NAME 1 2 3 4 5 -6 7 8 9

44 ~(2)45 4C 45 54 45 48 45 58
SAM53 414D9990@ 9W W9999
ABLE.CJ 41 42 4C A5 go W 4F 42 4ACIYM43 4F5 590 go 44 0

NAME BKTMI

NOMES: (1) The ASCII character for the period (.) is not recorded.
(2) Hex representations of ASCII characters.

c. Linkage Maps - Sectors 24 and 25 are used by MD)-800 as linkage maps

far the System Initialization Program and Disk label respectively. Link-

age maps are closely tied to the diskette directory so their purpose and

format will be discussed after the directory is described.
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TRMACK 1

a. Directory - Sectors 2 thrcugh 26 are used by dDS-9 to stare f $le
directory information for all files stored on the disk. Each directory
entry requires 16 bytes this allowing up to 21 files per disk (asmnz,
of course, that the files are safficiently small to all fit on the
reming tracks of the disk).
The format for each directory entry is:

= ACTIVE FILE: Active files are protected
from being overwritten by newly created files
and are readily accessable via all lDS camands.

F? = INACTIVE FILE: The directory entry, sector
linkages and actual file contents may still be
intact for a file made inactive but since inactive
file space is eligible for being overwritten by
newly created files, re-activation of inactive
files may only be possible if no other files have
been created subsequent to file deactivation.

7F - UNUSiD FILE EmRY: Space not yet used.for
directory entries. MDS inserts ruls (PP) in the
remaining 15 bytes of all such unused file entries.

2-7 FILE NAME.= 1 to 6 ASCII characters with uls
(W) in byte positions where less than 6
characters are used.

8-10 FILE NAME = 0 to 3 ASCII characters with nuls (9)
EXTZSICN in byte position where less than 3

characters are used.

11 FILE ATIRIBU71
FL40S
BIT 7 - F(RMAT FLAG (F) - When set, the file cannot

be deleted, renuned, or opened for output
(i.e. write-to-file) or update. (Newly
fogmed diskettes are also assigned this
attribute.) This attribute is normally
only given to files which should never be
changed but not to any other files since
they can be protected by the MITE
attribute flag.

BITS 6-3 - Not used - set to 9 by M S-800.

BIT 2 - WRITE-PUM FLAG (W) - When set the file
cannot be deleted, reamed, or opened for
output or update.
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BIT 1 - SYSPM FLAG (8) - Used in conjunction with
the S switch in the MDS-800 FCEUT oRM a
to cause the file to be copied to the
second disk drive (i.e., drive 1).

BIT 9 - INVISIBLE FLAG (I) - Used in conjunction
with the I switch in the 11S-800 DIR
candnan to supress listing of the file's
directory entry.

12 FINAL SBCIft f Binary Count of the unmber of valid
BYTE COUN bytes in the last sector of the file.

Valid bytes are those that actually
belong in the file content versus
filler bytes often inserted to fill
out each sector. 1-i-88, are the
only values this byte caf assume.

13/14 # OF SECIS= 16 bit binary count of the nmber of
IN THE FILE sectors in the file. Byte 13 holds

the least significant bits and 14 the
most significant. Max sector count
is apprcvmately 187210 = 975%.

15 LINMCMAP -Binary values in the ran~ge 91 to 1IA,of
SE'UR # the sector holding the first link m*p of

the file.

16 LINK MAP = Binary value, in the raige 9P to 4C., of
TUMA # the track holding the first link um of

the file.

b. Linkage Map - Sector 1 is used by WS as the first linkage map sector
for the Disk Directory. (See linkage map description below).

LJNKAE MAPS

As files are created by MDS-800, directory entries are made in the
directory space and sector linkage maps are created in available (unused)
sectors starting with Track 9 sector 24 and progressing sequentially
by track and sector through unused sector space. Since WS-80O allocates
file space on a sector-by-sector basis based on what is available in the

inactive and unused sector space, quite often sectors used by a file
requiring multiple sectors are not allocated adjacent to one another.

Therefore, a sector linkage map is created for each file that indicates

to the system software which tracks and sectors comprise the entire file.

Depending on the size of the file, it may require one or more sectors for
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its linkage map. Even if only part of a sector is needed, S1)-800' allocates
at least one entire sector for linkage map information per file (unused
bytes are filled with ASCII nuls by MDS-800). The fcamat for a linkage
map is as follows:

1-2 Sector (Byte 1) and track (Byte 2) of any preceediM
linkage map sector for the file. Both bytes are
rils if this linkage map sector is the first (or
only) sector of the linkage map.

3-4 Sector (Byte 3) and track (Byte 4) of any succeeding
linkage map sector for the 'file. Both bytes are
nuls if this linkage map sector is the last (or only)
sector of the linkage map.

5-128 Pairs of bytes in the order sector - then - track
linking sequential storage areas for the file's
contents. Unused bytes are filled with ruls to
indicate the end of the linkage and additional
sectors (both preceedirg and succeeding) are
indicated as discussed above. Since Bytes 1-4 are
reserved for linking linkage map sectord, -124
bytes are available per linkage map sector for
file sector/track pairs allowing 62 such pairs.

As described above, certain sectors on Tracks 0 and 1 (and Sector 1 on
Track 2 as you'll see below) are dedicated as Linkage Maps for systen
infomation such as the System Initialization Prcgram, Disk label, and
D Lsk Directory.

'TEACK 2

a. Allocation Bit Map - Sectors 2 and 3 are dedicated to the allocation
bit map for the diskette. This map is used by 1)-800 to keep track of
which sectors on the diskette are being used (i.e.,. active) versus
unused (i.e., inactive or not yet used). One bit is allocated per diskette
sector (1 = used, 0 - unused). Since there are 77 tracks at 26 sectors
per track, each diskette has a total of 2002 sectors thus requiring 2002
allocation map bits. Two sectors are needed for the allocation bit map
since one sector has a capacity of 1024 bits (i.e., 128 bytes/sector times
8 bits/byte.

b. Linkage Map - Sector 1 of Track 2 is dedicated as the linkage map for

the allocation bit map described above.
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c. File Space - The remaining tracks and sectors on the disk (exclusive
of tracks 75 and 76 which are reservt-d as spares to be used only if same
other track is unusable due to wear) are available for user file data.
Assignment is made exclusively by MDS-800 or the operating system &t any
canpatible non-MIS systm so that the necessary directory entries and
linkage maps can be prepared and maintained.

A s.mary of the track/sector assignments described above is shown in

the. following table:

TRACK SEMMtt(S) CQMTMT/USE

0 1-23 MDS System Initialization Prgram

24 Linkage Map for MSI System Initialization
Program

25 Linkage map for Disk label

26 Disk Label

1 1 Linkage map for MUS Disk Directory

" 2-26 MW Disk Directory

2 1 Linkage map for MOS Allocation Bit Map

2 2,3 MIS allocation Bit Map

and Free storage for data files and
3-74 1-26 accampanying linkage maps

75,76 1-26 Tracks reserved as spares to substitute
for worn out tracks
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