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DIGITAL INPUT/OUTPUT
~ CONTROLLER (DIO)
PROGRAMMING MANUAL

INTRODUCTION

This document provides programming information for the INTERDATA Digital 1/O Controller. It assumes that the reader
is familar with the I/O programming structure of INTERDATA Processors.

For information about INTERDATA programming. refer to the following:

INTERDATA 32-Bit Series Reference Manual, Publication Number 29-365

Model 7/32 Reference Manual, Publication Number 29-399

Model 8/32 Processor User's Manual, Publication Number 29-428

16-Bit Series Reference Manual, Publication Number 29-398
This manual describes the Digital Input/Output Controller and summarizes all of the information necessary to program the
system. The Digital I/O (DIO) controller provides a standard interface between the Multiplexor Bus and the external
peripheral device.

CONFIGURATION

The DIO Controller may be used with any Model 7/16, Model 7/32 or equivalent Processor.

DATA FORMAT

The DIO system is a halfword-oriented device. It consists of a 16-Bit output register and 16 input data lines. The 16
controller input bits represent external inputs to the system. The 16 bits of digital output data represent outputs from the
processor. Since the DIO Controller includes two independent data paths, a bi-directional flow of information is possible
between the processor and the peripheral device. Input operations command the external device to acquire and transfer 16
bits of information to the computer. Output operations enable the computer to output 16 bits of data to the external
device (see Section entitled Device Numbers).

PROGRAMMING INSTRUCTIONS

Processor Instructions

The following Processor I/O Instructions are used to control and communicate with the Digital I/O Controller:

Sense Status (SS or SSR)

The Sense-Status instruction is used to determine whether the peripheral device is ready for data transfer operations.
Output Command (OC or OCR)

The Output Command instruction is used to enable, disable or disarm DIO Controller interrupts.

Write Halfword (WH or WHR)

The Write Haifword instruction is used to output 16 bits of data to the controller output register.



Read Halfword (RH or RHR)
The Read Halfword instruction is used to read 16 bits of data from the controller input data lines.
Acknowledge Interrupt (Al, AIR, ACK, and ACKR)

The Acknowledge Interrupt instruction (applicable to INTERDATA 16-Bit Processors only) is used to service interrupts.
Execution of this instruction returns the address and status of the interrupting device.

Read Data/Write Data (RD,RDR,WD ,WDR)

Since the DIO Controller is a halfword oriented device, the use of these instructions is not recommended. However, if used,
the low order byte of data will be transferred to the device as a halfword with the 8 high order bits undefined.

STATUS AND COMMAND BYTES

Table | summarizes the DIO status and command byte data formats.

TABLE 1. DIO STATUS AND COMMAND BYTE FORMATS

2] L s -

Bit
Number i 0 1 2 3 4 5 6 7
Status
Byte BUSY
Command
Byte Disable Enable
— '
Y
DISARM
*BUSY The resetting of this bit, signals the computer that a halfword of data is available in the con-
troller. If enabled, an interrupt is generated. The program can then read a halfword of data. When
the read operation is complete, BUSY sets.
OUTPUT OPERATION:
The resetting of this bit signals the computer that the interface output register is ready to receive
a halfword of data from the computer. If enable, an interrupt is generated. The program must
then write a halfword of data. At the completion of the Write operation, BUSY sets.
COMMAND
ENABLE When this bit is set and DISABLE is reset, interrupts are passed to the Processor as they occur.
DISABLE When this bit is set and EMABLE is reset, interrupts are not passed to the Processor as they occur
but are queued by the interface.
DISARM When both ENABLE and DISABLE are set, interrupts are not passed to the Processor as they

occeur, and are not queued by the interface. All pending interrupts are cleared.

NOTES

1. A Controller option enables the user to unconditionally inhibit
the setting of the BUSY bit.

2. When the INIT switch is depressed on the Processor console,
BUSY is set. Furthermore, when power is turned on, BUSY is
set.

3. There is no Controller Qutput command to set or reset the
BUSY status. In order to set the BUSY bit under program
control, a “dummy” Read and Write operation must be per-
formed (see section entitled “PROGRAMMING SE-
QUENCES™).
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PROGRAMMING SEQUENCES

Asynchrohous Data Transfers (Appendices 2 and 3)

Data may be transferred to or from the device asyhchronously by issuing a Write Halfword to the output address (N), or a
Read Halfword instruction from the input address (N+1). The first programming example in Appendices 2 and 3 illustrates
the use of a simple subroutine designed to transfer data in this manner. Interrupts from the controller should be disarmed
and the BUSY status is not used to signal the processor when data transfers should be initiated.

Sense-Status Operation (Appendices 2 and 3)

Appendices 2 and 3 illustrate a subroutine to transfer data by sensing BUSY status. In addition, to initiate an input
operation: .

1. Disarm the controller interrupt system (see section entitled INTERRUPTS).

2. The BUSY status bit must be set to initiate the operation. If the state of the BUSY bit is unknown, a
“dummy” Read Halfword instruction must be issued to set the BUSY bit. This signals the controller
to initiate an input operation. The data read from the input data register by this “‘dummy” read, is
undefined. ' .

3. A Sense-Status instruction is used to sense the controller status. When BUSY resets, the program can
read one halfword of data.

To initiate an output operation:
1. Disarm the Controller interrupts (see section entitted INTERRUPTS).
2. The BUSY status bit must be set to initiate the operation. If the state of the BUSY bit is unknown, a

“dummy” Write Halfword instruction must be issued to set the BUSY bit. This-signals the Controller
to initiate an output operation. )

3. A Sense-Status instruction is used to sense the status. When BUSY resets, the program can write one
halfword of data.

Interrupt Driver Operation

Appendix 2 outlines a program to execute interrupt driven data transfers. To initiate an input operation:
1. Output a command to the input address assigned to the interface to enable interrupts.
2. Repeat Step 2 of Sense-Status Operation.*

3. When BUSY resets, the Controller generates an interrupt indicating that the input data is available in
the DIO Controller. The program can then read 1 halfword of data.

To initiate an output operation:
1. Output a command to the output address assigned to the interface to enable interrupts.
2. Repeat Step 2 of the Sense-Status operation.**

3.  When BUSY resets, the Controller generates an interrupt indicating that the computer should send
data to the device by issuing a Write-Halfword to the output address.

Auto Drive Channel Operation
Appendix 3 illustrates an example of using the Series 32 Processor Auto-Drive channel to execute DIO data transfers. For

further information concerning Auto-Driver Channel programming, refer to the 32 Bit Series Reference Manual, Publica-
tion Number 29-365.

*If the Controller is wired to inhibit the setting of the BUSY status bit, this step should be ignored. An external interrupt
occurs when data is available in the Confroller.

**If the Controller is wired to inhibit the setting of the BUSY status bit, this step should be ignored. An external interrupt
occurs when the device is ready to receive data.



INTERRUPTS

~ If enabled, an interrupt is generated by the DIO Controller when data is available in the interface, or when the output data
register is requesting a halfword of data from the computer. This interrupt occurs if the BUSY bit is operational or not.

INITIALIZATION

Initialization disarms all system interrupts, clears the digital input and output registers and sets the BUSY status (bit 4), if
operational.

DEVICE NUMBF:‘RS
The Digital 1/0 Controller communicates with the processor via two device numbers. I/O instructions used in output
operations must address a device number N as selected by two hexadecimal switches located on the controller board. This

setting must be even, i.e., the least significant switch setting must be 0, 2, 4, 6, 8, A, C, or E. I/O instructions used in input
operations must address on odd device number equal to N + 1.

SAMPLE PROGRAMS

Appendices 2 and 3 contain sample programs illustrating various methods of DIO data transfer.



APPENDIX 1

DIGITAL INPUT/OUTPUT (DIO) SYSTEM
BLOCK DIAGRAM

J

6 PROCESSOR MULTIPLEXOR i/0 BUS
A 16 & 8 A" 1]
INITIALIZE BIDIRECTIONAL CONTROL TEST LINES
DATA LINES LINES
SINGLE-CARD INPUT/OUTPUT CONTROL SECTION I
DIGITAL INPUT 3 Y ;
OUTPUT SYSTEM 16
OUTPUT
I DATA |
OUTPUT DIGITAL OUTPUT DIGITAL DIGITAL INPUT INPUT
STATUS INTERRUPT OUTPUT INTERRUPT STATUS
LOGIC LOGIC REGISTER . LOGIC LOGIC
1
J INPUT T
DATA
16 LINES
OQUTPUT OUTPUT INPUT
DATA DATA LINES AVAILABLE
REQUEST
QUTPUT INPUT
DATA DATA
AVAILABLE RECEIVED
INTERFACING SIGNALS (REQUEST/RESPONSE)
SIGNAL DESCRIPTION FUNCTION INTERRUPT STATUS
GENERATE
aeouest | 1pmeceuLse REQUESTING DATA PROCESSOR nusv-o
‘ REQUESTING DAT. INTERRUPT -
f OUTPUT DATA 1 UsEC puLse | PROCESSOR DATA SETTLED ON LINES NO INTERRUPT SET 'f !
AVAILABLE Vi F , AND READY FOR PERIPHERAL GENERATED BUSY=1 |
I N
INPUT 1 USEC PULSE PERIPHERAL DEVICE REQUESTING S:gg:?sgsﬁ RESET
& AVAILABLE i TO INPUT DATA TO PROCESSOR INTERRUPT BUSY=0
INPUT DATA 1 USEC PULSE PROCESSOR ACKNOWLEDGES NO INTERRUPT SET
RECEIVED ; DATA ACCEPTED GENERATED BUSY=1

Al-1/A1-2



I-zv

APPENDIX 2 16 BIT DIGITAL I/U FROGEAMMING EXAMPLES PAGE 1 15306314 07/26/77

PROG= *NUMEX

0000R

0000k
G000K

0g00R

0000k
0654

co00
0000
0000
ooeo
0000
00600
0000
0000
0000
0000
0000
0000
0000
couo
0000
0000
0000
0000
0000
Go0u
ooug
000V
0000
0000
ovuog
0000
c890

98he

ASSEMBLED BY CAL 03-0oekO4-01 (32-BIT)

uoop
uuoy
uoos
uops
eoo7
uoo08
0goc
ugos
0co9
UGoA
vooB
UOOF
Uo40
uo4s
vi4e

00063

voo2
0001
0000
0009
uoo?
uooHs
0005
ueoc
U0OE
vuo2
GOFOD

SCRAT
TARGT 32
NLSTC
MORX3
SGCHK
IFZ ADC-2
ENDC
WwIOTH 120
SQUEZ
CROSS
*x COPYRIGH! INTERGATA MAY 1975
* . .
* THE PROGRAMMING SEQUENCES THAT FOLLUW DEMONSTRATE THE VARIOUS METHODS
* OF DATA TRANSFER ySIWG THE DIGITAL i/0 CONTROLLER, THE FLOw-
* CHARTS IN APPENDIX 2 OUTLINE THL METHUDS IMPLEMENTED BELOW,IN THE
* FIRST EXAMPLE+OATA IS TRANSFERRED TU AND FROM THE SYSTEM WITHOUT THE
* USE OF HANDSHAKING OR INTERRUPT LOGLC.STATUS FROM THE INPUT AND
* QUTPUT SUBSYSTEMS IS IGNORED ANL SYSTEM INTERRUPTS ARE DISARMED. THE
* SUBROUTINE DIGITIO IS CALLED TO EXECUTE DATA TRANSFERS,THE CALLING
* ARGUMENTS INCLUDE AN INPUT/OUTPUT OPERATION IDENTIFIER AND A POINTER
*+ TO MEMORY SPECIFYING WHERE DATA IS TO RETRIEVED OR STORED.
* ALL PROGRAMMING EXAMPLES RUN WITH THt TEST CABLE REFERENCED IN
+ APPENDIX 6 OF DOCUMENT 06-188A15,
¥ ALL PROGRAMMING EXAMPLES ARE wRITTEN IN CAL COMMON CODE.
* : :
* EQUATES AND REGISTER ALLOCATIONS
STaAT EQU 13 STATUS REGISTER

QUTDEV EqU 4
INDEV ESU 5
I0IND EGU (3
DTAPTR  EQU 7
BSY EQU 8
DTAPTR1 ESQU 1
IONTCMP EQU 8
WK1 £au 9
RETRY EGU 10
INTDEY EQU 11
RETN EGU 15
OLDPSWST EQU Xtygo
NEWPSWST EQuU Xtyy
NEWPSWLC EQU X'4n
RST03 .  EQu
RST02 ~ EGu
RSTol EQU
RSTOO EQU
RSTFO EQU
DTYAPTRO EGU
OUTDEVO EGU
INDEVO EQu
DTAPTR10 EWU 12

WK2 ESU 14
BUFFLMST EQU 2
DIOENTR 1DAI WK1.X*'FO*

OUIPUT DEVICE ADDRESS

INPUT DEVICE ADDRESS

INPUT-QUTPUT IDENTIFIER

POLNTER TO INPUT/OUTPUT BUFFER

BUSY STATUS FROM DIO CONTROLLER
2 1NPUT BUFFER POINTER FOR INTERRUPTS
1/0 NOT COMPLETE FLAG
WORK REGISTER- GENERAL PURPOSE
ADURESS FOR ERROR RETRY
INTERRUPTING DEVICE ADDRESS
SUBROUTINE RETURN ADDRESS
OLU PSW SAVE AREA 16 BIT ONLY
NEW PSW STAT ON EXT INT 16 BIT ONLY
NEW PSW LOC EXT INT 16 pIT ONLY
EXtCUTIVE REGISTER SET.0.R3
EXtCUTIVE REGISTER SET o R2
EXtCUTIVE REGISTER SET g R1
tXeCUTIVE REGISTER SET 0 RO
REGISTER StT F-KREGISTER SET O
QUIPUT BUFFR POINTR -REGISTER SET 0
QUTPUT DEVICE ADDRESS. REG, SET ¢
REGISTER SET 0 INPUT DEVICE ADDR
REb1STER SET 0 INPUT sUFFER POINTER
WORK RLGISTER 2
BUFFER LIMIT STATUS
SELECT REGISTER SET x¢Fo

FPSH RETRY WK1 EXCHANGE PROGRAM STATUS

01000000
AQCOU010
DI0gou20
01000030
DI0QuUO31
01000040
Di100v080
DIoco090
DIOOVD10V
01000110
VI000120
pIo0013u
D1000140
D100C150
DICO0160
10003170
uI1000180
DIE00190
DI0opo200
DIDDO021V

..01000220

Dlo00230
DI000240
01000250
DI000260
pI1I000270
pI000280
B1Ip00290
DI1000300
DIO00D310
DI000320
D1000330
DIO0OU340
DI0OY0350
DI0g90360
pI000370
p1000380
D0I000390
0l0uou400
DI009410
DI000420
D100043¢
vIovUH4O
DIODO4S0
V1000460
pIo0o47U
DI000430
VI00Oo49U
01000500
DIO00S10
1000520V
01000530
01000540
01000541

SATINVXT DNINWVIDO0Ud O/1 TV.LIDIA LId 91
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APPENLIX 2 1g BIT DIGITAL 1/0 PROGRAMMING ExAMPLES PAGE 2 15:06316 07/28/77
0uleik 4840 UI0AR b7 LH OUTDEV+DEVADRL GET THE OUTPUT DEVICE ADDRESS
DUDAR  [DE40 0112R o8 oc QUTNEV+DISARM UISARM OUTPUY DEVICE LOGIC.
0C0ER 4850 010CR 59 LH- INDEVDEVAUR2 GE1 THE INPUT DEVICE ADDRESS
0c12Rk  DESp 0112R 60 ocC INDEV,DISARM DISARM INPUT DEVICE INTERRUPTS
0016R  2ue1 61 LIs 10IND1 SE' THE I/0 INDICATOR FOR DIG OUTPUT
00168R (870 G1lOER 62 LOAlL UTAPTRQUTBUFFR GET THt POINTER TO THE QUTPUT DATA
001CR  41F0 UO02ER 63 BAL RETH.DIGITLO CALL THE SUBROUTINE To WRITE DATA,
0020K 0766 64 XAR IQIND, IOIND RESLT THE 10 INDICATOR FOR INPUT OP
0022R €870 0110R 65 LOAI DTAPTR, INBUFFR GEl POINTER FOR INPUT DATA
0026K 41F0 UG2ER 66 RAL RETHN+DIGITIO GO READ THE INPUT DATA
002AR €200 0120R 67 LPSH WAIT HALT1 THE MACHINE
68 x
69 *x SUBROUTINE DIGITIO TRANSFERS 16 BITS OF PARALLEL BINARy DATA EITHER
70 % TO THE nIgITaL I,0 SYSTEM OR FROM THE DIGITAL I,/0 SYSTEM, STATUS LOG-
71 * IC FROM THE CONTROLLER IS IGNORED. AMONG THE CALLING ARGUMENTS ARE AN
72 * INPUT/QUTPUT INDICATOR FLAG«FPHYSICAL UEVICE ADDRESS AND A POINTER TO
73 x THE RESPECTIVE INPUT OR OQUTPUT DAIA BUFFER,
v =
7% x CALLING SEQUENCE: BAL RETN,DIGITIO
76 x INPUT REGISTERS: DUTDEV= OQUTPUT DEVICE ADDRLSS(EVEN DEVICE ADDR,)
77 = INDEV= INPUT pLVICt AUDRESS (0DD DEVICE ADDRESS)
78 * I0OIND= INPUT OUTPUT IDENTIFIER
79 =* DTAPTR= POINTER 10 INPUT QR QUTPUT BUFFER
80 x REGISTERS DESTROYED:NONE
81 % SUBROUTINE OUTPUT DATA STORED IN MEMORY LOCATION SPECIFIED BY POINTER
82 * DTAPTR,IF IOIND=0 OPERATION IS A READ OTHERWISE IT IS p WRITE
83 *x
002ER 0866 84 DIGITIO LDAR IOIND«IOIND CHECK THE 1/0 INDICATOR FLAG
0D030R 2334 85 Bz READIN BRANCH TO READ OPERATION
0032R D847 0000 86 WH QUTDEV,0(0TAPTR) WRITE A HALFWORD FROM OUTBUFFER
0036rR 2303 87 R RETURN
0038KR D957 uLLO0O 68 READIN RH INDEVO(DTAPTR) REAU A HALFWORD INTO INPUT BUFFER
003CR 030F 89 RETURN BR RETN RETURN TO THE USER,

90

*

DIC0dK"y2
p1000550
DI000%60
DI0g0580
01000590
pI1Io00600
D1000610
01000620
DI00U0630
V10005840
V10006850
UI000660
DIOQUeTO
01000680
pD1000gs0
11000700
D1000710Q
pI00O0720
DI0gO730
DI00OTYO
pIoo07s0
pIN00760
DIQg00770
viogo780
DI0p0790
p1000g00
pI000810
D1000820
01000830
0DI000840
pI000850
pI000860
BIQ008B7O
pI00ORBO

(panuyuo)) 7 XIANAddV
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APPERLUIX 2 16 BIT DIGITAL I/U PROGRAMMING EXAMPLES PAGE 3

SENSE=STATUS PROGRAMMING EXAMPLES

CO35ER
ooH2R
0044R
0o48K
CO04CR
0050K
GOo4R
0056R

0058R
005CR
0060R
0064R
0068R
006CR

0070R
0072R
Q074K
0078R
Q07AK
QO07CR

0080R
0084R
008BR
QUBAR
g08CR
008ER

0090K
ouo4Kr
0096R
009AR

890
95A9
4840
UE40
4850
LES5Q
2461
9959

C&70
41FQ
C8AQ
41F0
41F 0
C200

0866
213D
4850
I9nsn
2383
4300

0957
905D
4380
230A
9b4D
2187

1847
S04D
4380
2302

GOFO
U10AR
bli2k

U10CR
0112R

010ER
GO70R
V058K
00AQGR
U070R
0120R

U10CR

UO9CR
0000

0106R

uGo0

U106R

92
93
94
95
96
97
98
99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

19306217 07/26/77

IN THIS EXAMPLE THE DATA TRANSFERS ARE SYNCHRONIZED WITH THE CONTROL-

*
* LER THROUGH THE USE OF HANDSHAKINL S1GHALS ASSOCIATED wITH THE DEVICE
*+ A COMPLETE DESCRIPTION OF THE BUSY STATUS IS INCLUDED IN SECTION &
*
*
GIOENTR1 LDl WK1,X*FQ° SELECT REGISTER SET XsFo
EPSR RETRY WK1 EXCHANGE PROGRAM STATUS
LH OUTOEV.DEVADR1 LET THE OUTPUT DEVICE ADDRESS
cc OUTJEVDISARM UISARM SYSTEM INTERRUPTS
LH INDEVDEVADR2 GE1 THE INPUT SYSTEM DEVICE ADDRESS
oc INGEV,0ISARMN DISAKM INPUT DEVICE INTERRUPTS
LIS I0IND,1 SE1 THE I,0 IND FOR OUTPUT OP .
RHR INDEV WK1 LXeCUTE A READ OPERATION TO INITIA-

*

CONT LDAL

LIZE THE DIGITAL I/0 STATUS
DTAPTR+OUTBUFFR GE1 THE DATA POINTER TO OUTPUT BUFfR
BAL RETY,DIGITLo1 60 To UIGITAL 1,0 ROUTINE FOR OUTPUT
LDAI  RETRY,CONT 60 CHECK IF OP WAS COMPLETED
BAL RETM s+ CHECK 60 10 DIGITAL I/0 ROUTINE FOR INPUT
PAL RETN+DIGITIOL HALT THE PROCESSOR
LPSW.  WAIT
SUBROUTINE DIGITIQY FIRST CHECKS TO INSURE THAT BUSY STATUS FROM THE .
DESIREN SUBSYSTEM IS ZERO, IF IT IS WOT,THEN THE PERIPHERAL DEVICE
IS NOT READY FOR DATA TRANSFER ANU THE SUBROUTINE RETURNS TO THE USER
WITH THE IONTCMP FLAG SET=1,0THERWISL.THE SUBROUTINE WILL EXECUTE THE
APPROPRIATE READ OR WRITE OPERATION AND INSURE THAT THE BUSY STATUS
WAS SET=1 FOLLOWING THE I/0 OPERATION,

*
*

*

*

*

*

*

* CALLING SEQUENCE:
* INPUT REG1ISTERS:
*
*
*
*
*
*
*
D

REGISTERS DESTROYED:

16ITIp1l LODAR

I0OIND,IOIND

BAL RETN+DIGITILIO1

QUTDEV=0QUTPUT DEVICE ADDRESS(EVEN DEVICE ADDRESS)
INDEV=INPUT DEVICE ADURESS (ODD DEVICE ADDRESS)
IOIND= INPUT,QUTPUI IDENTIFIER

DTAPTR= POINTER TO INPUT OR OUTPUT BUFFER.
R8=IONTCMP s WK1=K9

GE1 THE INPUT/OUTPUT 0P IDENTIFIER

BNZ WRITEOP IF 1TS SET, ITS A WRITE OPERATION,
LH INDEVDEVADR2 OTHERWISE«GET THE INPUYT DEV.ADDRESS
SSR INDEV «STAT GEl THE STATUS OF THE DEVICE
RFC BSYCONT1 1F 1TSS ZERO+D0 THE READ OPERATION
B EXITINCP OTHERWISE, SET THE 1,0 NOT COMPLETE
* FLAG AND RETURN TO THE USER
CONT RH INDEV0(DTAPTR) REAU A HALFWORD OF DIGITAL DATA AND
SSK INDEVSTAT CHECK INPUT STATUS BUSY SHOULD SET,
BFC BSY,ERRQOR IF 17 DIDN'T.THE DEVICE IS IN ERROR.
B RETURN1 RETURN TO THE USER,
WRITEOP SSR OUTDEV ,,STAT SENSt DEVICE STATUS,
RBTC BSY EXITINCP IF THE BUSY BIT IS SET.SET I/0 NOT
* COMPLLTE AND RETURN,
COnT2 WH OUTDEV.0(DTAPTR) U0 THt WRITE OPERATION,. .
SSk QUTHEV,STaAT SENSE DEVICE STATUS
BFC BSY,ERROR BUSY BIT SHOULD BE SET
3] RETURN1 RETURN 70 THE USER

DI000900
vI000910
D1000920
BI000930
0I000Y40
DI0Q0950
01000951
01000952
DI000960
01000970
DI000990
0I001000
01001010
pI001020
D1001030
DIOO1040
01001050
01001060
DIO01070
01001080
DI1001090
DI001100
01061110
01001120
01001130
DI001140
01001150
DI1001160
pI001170
0Ip0118¢
01001190
0DI001200
DI1001210
01001220
D1001230

V1001240 |

DI1001250
DI001260

D1001270

01001290
DIC01300
DIOD1310
0I0D1320
D1001330
01001340
DIN01350
0DI001360
pI001370
01001330
01001390
DI001400
DIOO1410
DIOO1420
DI001430

(panuyuo)) 7 XIANAddV
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APPENDIX 2 16 BIT pIGITAL I/U PROGRAMMING EXAMPLES PAGE [N 15:06319 07726777

SENSE=STATUS PROGRAMMING EXAMPLES

009CR
009ER

00AOR
00A2R
00A4R
00A6R
00A8R
00ACR
00AER
Q0UUR

00B2R

2481
030F

0888
2333
a788
030A
c870
0766
0788
U30F

0110R

146
147
148
145
150
151
152
153
154
155
156
157
156
159
160
1ol
162
163
le4
165
166
le7
168
169
170
171
172
173
174

175 .

EXITINCP LIS JOMTCMP,1 SE1 THe I/0 INCOMPLETE FLAG
RETURN1 BR RETHN

*

*

*

* .

* SUBROUTINE CHECK INSURES THAT THE 1,0 OPERATION WAS COMPLETED

* SUCCESSFULLY,IF IT WAS NOT IT WILL RESET THE IONTCMP FLAG AND RETRY
* THE OPERATION, IF IT WAS A SUCCLSSFUL OPERATION, THE SUBROUTINE WILL
* INITIALIZE aAlLL PARAMETERS FOR SUQJSLQUENT OPERATIONS

*

* CALLING SEQUENCE: BAL RETN,CHECK

* INPUT REGISTERS: IONTCMP=IONTCMPLETEU INDICATOR

x I0IND=I/0 INDICATOR FLAG

* DTAPTR=DATA POINTER TO INPUT OR OUTPUT BUFFER

* RETRY= RETRY AUDRESS

*

* REGISTERS DESTROYED: .

x IONTCMP= 1/0 OPERATION NUOT COMPLETEV FLAG

* DTAPTR= POINTER TO MEMORY BUFFER

* TIOIND= I/0 INDICATOR :
CHECK LOAR IoNTCMP, IONTCHMP TES1 THE IO NOT COMPLETED FLAG

BZ REINIT IF IT ZERO,THE PREVIOUS OPERATION
XaRr IONTCMP, IONTCMP WAS SUCCESSFUL, OTHERWISE RESET THE
B8R RETRY COMPLETED FLAG TRY AGAIN.

REINIT Loal DTAPTRINBUFFR RELNITIALIZE THE OUTPUT paTa POINTER

XAR I0IyUIQIND RESET I,0 FLLAG FpR A READ OPERATION
XAR IONTCMP, IONTCMP RESET I,0 NOT COMPLETE FLAG

BR RETH

1Fz ADC=-2

DI001440
DI001450
DIOOo1460
LIOU1470
vIoo1480
DI001490
DI0p1500
viogis1e
01001520
UI001530
01001540
U100155¢0
01001560
Uuiot1n70
p1001580
N1001590
01001600
01001610
V1001620
01001630

01001640

0101650
01001660

DI001670

UI001680
vI001690
0Ig01700
11001710
01001720
01001730

(ponunuo)) 7 XIANAddV
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APPENUIX 2 16 BIT DIGITAL I,/0 PROGRAMMING EXAMPLES PAGE 5 15306220 07/26/77

INTERRUPT URIVEN OPERATION-16 BIT

00B2R
60B6R
00BAR
00BCK
0UBER
gCC2R
00C6R
DUCAR
00CER
00D2R
0006R

00DAR,

00DER

00E2R
00E4R
00E&R
00EBR
00EAR
00ECR

DOEER
00FOR
00F2R
00F6R

00FAR
00FCR
00FER
glu2R

4840
4e59
2651
0799
4090
€899
4090
DE40
DESO
ce70
€8Co
DB47

€200

9F 9D
0595
233A
0594
2332
2300

0800
2138
D847
C200

080D
2135
D95C
C2o00

G1pAR
0190CR

0044
UOE2R
Go46

0113R
0113R
010ER
0110R
0000

0120R

0000
0040

00090
0g40

177
178
179
130
181
182
183
184
185
186
187
188
189
199
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212

213 -

214
215
216
217
218
219
220
221
222
265

%
*
E 3
*
*
*
*
*
D

* *

M ¥ * * % % %

*
*

WRITEINT LOAR STAT«STAT

*
R

PROCESSORS

THE FOLLOWING EXAMPLE DEMONSTRATES IhE USE OF INTERRUPTS IN SYNCHRON-
IZING DATA TRANSFERS.WHEN THE PERIPHERaL DEVICE REQUIRES SERVICING
AN EXTERNAL INTERRUPT IS GENERATEU.INTERRUPTS GENERATED RY THE COMMON
DIGITAL I,/0 CONTROLLER CAN BE ENABLED,/UISABLED OR DISARMED,THIS PROC-
£SS IS DESCRIBED IN DETAIL IN SECTION 4 OF THIS DOCUMENT
IOENTR2 LH OyTDEV,DEVADR1 GET THE OyTPyT DEVICE ADDRESS
LH INDEV,DEVADR2 GET THE INPUT DEVICE ADDRESS
a1s INDEV 1 ADLD 1 TO MAKE IT AN ODD ADDRESS
XAR WK1 WK1 SE1 UP LOCORE TO PROCESS
STH WK1+ NEWPSWST EX1ERNAL INTERRUPTS
LDAl WK1 EXTINT
STH WK1 ,NMEWPSWLC
ocC OUTDEV.ENABLE ENASLE OUTPUT AND INPUT EXTERNAL
oc INDEV+ENABLE DEVICE INTERRUPTS
LDAI DTAPTR1OQUTBUFFR LOAD THE MEMORY BUFFER POINTERS
LDAI DTAPTR1, INBUFFR :
WH OUTIOEV,0(DTAPTR) ONCE THE WRITE HALFWORD IS EXECUTED
A READ SERVICE INTERRUPT IS GENERATtU AND THE PROGRAM WILL
CONTINUE PROCESSING INTERRUPTS UNTIL MANUALLY HALTED
LPSW WAIT EXECUTED A WRITE SERVICE INTERRUPT
EXTERNAL INTERRUPTS ENTER HERE- WHEN THE PERIPHERAL DEVICE REQUESTS
DATA FROM THE PROCESSOR,THE INTERRUPT IS VECTORED TO WRITEINT, WHEN
THE PERIPHERAL DEVICE IS READY TO StND DATA TO THE PROCESSOR THE
INTERRUPT IS VECTORED TO READINT WHICH EXECUTES A READ HALFWORD
OPERATION FROM THE DIO INPUT SUBSYSTEM
XTINT ACKR  WK1,STAT ACKNOWLEDGE THE INTERRUPT
CLHR WK1, INDEV - INPUT DEVICE REQUESTING SERVICE?
BE READINT IF Y&S GO SERVICE IT WITH A READ INT
CLHR . WK1,0UTDEVY’ .. 18 THE GUTPUT pEVICE REQUESTING SERV
BE WRITEINT YES G0 SERVICE IT WITH A WRITE

B ERROR OTHERWISE ERROR

REQUESTS: TO WRITE TO DIGITAL I/0 CONTROLLER ENTER HERE

TEST THE RETURNED STATUS
. BNZ ERROR BUSY STATUS NON-ZERO SIGNIFIES ERROR.
WH OUTDEV,D(DTAPTR) WRITE DATA TO THE DIO OUTPUT SUBSYS
LPSH OLDPSWST RETURN TO THE USING PROGRAM

REQUESTS. TO READ DATA FROM THE PERIFPHERAL DEVICE ENTER HERE

EADINT LDAR  STATSTAT IF THE STATUS IS
PN ERROR ’ NON=-ZERO THATS AN ERROR CONDITION
RH INDEV,0(DTAPTR1) READ UATA INTO INPUT BUFFER
LPSW  OLDPSWST
ENDC

01001750
0I001760
D1001770
DI001780
01001790
D1001800
VI001810
01001820
01001839
DI0p1840
01001850
01001860
D1001870
01001880
01001890
01001900
DI001910

- Dlgpo1920.

D1001930
DIGo1940

.DI001950

DI001960
DIp01970
DI001980
DIO0E1990
01002000
pI002010
DI1002020
DI002030

DIOp2040 .

DIOo02050
01002080
p100207¢
DIp02080
01002090
01002100
01002110
01002120
D1002130
01002140
01002150
DI002160
01002170
DIgu2180
01002190
UI10g2200
01002640
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APPENCIX 2 16 BIT DIGITAL 1,0 PROGRAMMING EXAMPLES

9TV

0106k

01UAR

010AR
010CR
010ER
0110K
0112k

D118R
0118R
0118R
011AR
0120R
0120R
0120R
0122R
D124R

0124R
0124R

C200 CG118K

0000
0000
0000
0000
COo40

0000 U113R

0000 V118K
8000

0118R

0000 0120R

€000
0120R

267
268
269
27u
327
528
329
330
331
332
333
334
335
336
337
338
339
340
344

345

346
347
348
349
353
354
387
388
389

INTERRUPT DRIVEN OPERATION~16 BIT PROCESSORS

PAGE 6 15:06821 07/26/77

* ERRORS CAUSE THE MACHINE TO HALT IN THE WAIT STATE WITH
* INTERRUPTS DISABLED

ERROR
*

* MEMORY
DEVAUR1
DEVAUR2
OUTBUFFR
INBUFFR
DISARM
ENABLE

ERR

WAIT

LPSW

ELSE
eNpc

ERR

ON AN ERROR HALT THE MACHINE WITH LOC
POINTING TU ERR

CONSTANTS BUFFEK AREAS AND CUMMANDS

nc

nc

DC

nc

oc
EGU
ALIGN
EQU
IF2
nc

]
ENDC
ALIGN
EQU
IFz
nc

2]
ENDC
ALIGN
ELSE
ENDC
ENDG

X'nl
chv
Xtqpt
X'[\'
X*COo40°*
*=1

8

*

ADC-2
X'R000°*
A(ERR)

8

*
ADC-2
X1C000*
A(WALIT)

4

QUIPUT DEVICE ADDRESS

INPUT DEVICE ADDRESS

YUTPUT HUFFER

INPUT BUFFER

UISARM INTERRUPTS (D10 CONTROLLER)
ENABLE DIO INTERRUPTS

16 BIT PSW STATUS WAIT STATE
16 BIT PSy LOC ON ERROR HALT

16 B8IT PSW STATUS WAIT STATE
INTERRUPTS ENABLED LOC=WAIT

VIC02660
ui002670
Dro02680
1002690
DI003300
Ul1005310
DI003320
DI003330

01003340

DI0N3350
$1003360
DI003370
01003380
01003398
VINO03400
UI003810
D1003420
01003430
01003470
01003480
U1003490
01003500
DI003510

01003520

v1003560
DI003570
DIO03900
DIOO3910
01003920

1ddV

(panunuo)) 7 XIAN
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APPENLIX 2 16 BIT DIGITAL I/U PROGHAMMING EXAMPLES

INTERRUPT UKIVEN OPERATION=16 BIT PROCESSORS

NO EKRORS
CAL 04=-01

ABRSTOP
ADC

BSY
BUFFLMST
CHECK .
CONT
CONT:
CONT2
DEVADR1
DEVADR2
DIGITIOL
DIGITIO
DICENTR
DIVENTR1
DIOENTR2
DISARM
DTAPTR
DTAPTRO
DTAPTRL
DTAPTR10
ENABLE

. ERR
ERROR
EXITINCP
EXTINT
IMPTOP
INBUFFR
1NDEV

INDEVO
INTDEV
10IND
TONTCHMP
LADC.
NEWPSWLC
NEWPSWST
OLDPSWST
OUTBUFFR
QUTDEV
OUTDEVO
PURETOP
READIN
READINT
REINIT
RETN
RETRY
RETURN
RETURN1
RSTOO
RSTO1

3 SQUEZ PASSES

0000
0002
‘0008
0002
Q0ACR
0058R
0080R
0090K.
010AR
010CR
0070R
002ER
0BOOR
003ER
00B2R
0112R
6007
0007
000cC
000C
0113R
0118R
0106R
009CR
00E2R
0124R
0110R
0005

0005
0008
0006
0008
0001
0046
0044
0040
010ER
0004
0004
0000R
0038R
0O0FAR
00A8R
000F
C00A
003CR
0C9ER
0000
0001 .

132

109
108
132

57
59
107
65

58
62

195

192
269
137
133
120

65
59

207

61

146

191
189
217
62
57

85
208
168

56
87
138

175
137

99
101
110

66

60
&5

221

193
340
144
140

171
60

221

64
167

222
106
58

66
98

145

271
140

185
130

100
86

211

195
88

64 .

167

194
86

89
108

338
144

186

102
88

215

101

84
169

99

107
170

PAGE

347

106

220

102

au
169

100

109

7

355

135 .

104

103
173

139

110

15:y6iz23

142

130

128
173

142

147

07/26/77
171 194
131 135
128 172
143 185
174

196

136

172

192

216

. 186

196

187

209

193

216
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APPENCIX 2 15 BIT UIGITAL 1/0 PROGRAMMING E£XxAMPLES

INTERKUPT URIVEN OPERATION=1le g3IT PROCESSORS

rSTO2Z
RS103
RSTFOQ
STAT
WAIT

WK1

WK2
WRITEINT
WRLITEUP

ggoz
0003
0000
Qu0D
0120R
0009
000E
00EER
008CR

131
67
55

210
129

13k
111
56

139
199
97

143
449
98

PAGE

206

1o4

8

214

188

19:00042

21%

1868

07/26/77
219 219
189 190

191

206

207

209
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APPENDIX 3 32 BIT DIGITAL I,/0 PROGRAMMING EXAMPLES PAGE 1 13:41:33 07/26/77

PRCG= *NONE*

0000v01
0000001
0000001

0000001

0000001
0000041

0000
0000
0000
0000
0000
0000
0000
0000
0000

. 0000

0000
0000
0000
0000
0000
LY
0000
00060
0000
0000
0000
0000
0000
0000
0000
0000
E690
95A9

ASSEMBLED BY CAL 03-0eeRU4-031 (32-BIT)

toop
uoo4
voos
0ogeé
0007
0008
0gocC
0008
0009
U00A
0008
U0oF
uo4o0
0ouy
0046
vgo03
0002
ool
0000
0000
0007
Vo004
0005
goocC
U00E
ooz
GOFo

LR B R EE BRI R R IR R L A AR

STAT EQU 13
OUTDEV  EGu 4
INDEV EQU 5
TOIND Ecu 6
DTAPTR ESU 7
BSY EQU 8
DTAPTRL EQU 1
IONTCMP EOU 8
WK1 EQU 9
RETRY -~ EQU 10
INTDEV EQU 11
RETN EQU 15
OLDPSWST ESU  X'40°
NEWPSWST EQU  X'un®
NEWPSWLC EQU  X'46°
RSTO3  EQU 3
RSTO2  EQU 2
RSTO1  EQU 1
RSTO0  EQU 0
RSTFO  EQU O
DTAPTRO EQU 7
OUTDEVe EQU 4
INDEVO €EQU 5
DTAPTR10 EQU 12

SCRAT
TARGT 32
NLSTC
MORX3
SACHK

ELSE

ENDC

WIDTH 12¢
SQuEz
CROSS

COPYRIGHT INTERDATA MAY 1975

THE PROGRAMMING SEQUENCES THAT FOLLOW DgMONSTRATE THE VARIOUS METHODS
OF DATA TRANSFER USING THE DIGITAL 1/0 CONTROLLER, THE FLOW-
CHARTS IN APPENDIX 2 OUTLINE THt METHODS IMPLEMENTED BELOW,IN THE
FIRST EXAMPLE+DATA IS TRANSFERRED TO AND FROM THE SYSTEM WITHOUT THE
USE OF HANDSHAKING OR INTERRUPT LOGIC.STATUS FROM THE INPUT AND
QUTPUT SUBSYSTEMS IS IGNORED AND SYSTEM INTERRUPTS ARE DISARMEDs THE
SUBROUTINE DIGITIO IS CALLED TO EXECUTE DATA TRANSFERS,THE CALLING
ARGUMENTS INCLUDE AN INPUT,/OUTPUT OPERATION IDENTIFIER AND A POINTER
TO MEMORY SPECIFYING WHERE DATA IS TO RETRIEVED OR STOREDs .
ALL PROGRAMMING EXAMPLES RUN WITH THE TEST CABLE REFERENCED IN
APPENDIX & OF DOCUMENT 06-188A1S. .

ALL PROGRAMMING EXAMPLES ARE WRITTEN IN CAL COMMON CODE.

EQUATES AND REGISTER ALLOCATIONS

STATUS REGISTER

OUTPUT DEVICE ADDRESS

INPUT DEVICE ADDRESS

INPUT=-0UTPUT IDENTIFIER L
POINTER TO INPUT/OUTPUT BUFFER

BUSY STATUS FROM DIO CONTROLLER

2 INPUT BUFFER POINTER FOR INTERRUPTS
170 NOT COMPLETE FLAG .

WORK REGISTER- GENERAL PURPOSE
ADURESS FOR ERROR RETRY .
INTERRUPTING DEVICE ADDRESS
SUBROUTINE RETURN ADDRESS

0LV PSW SAVE AREA 16 BIT ONLY .
NEW PSW STAT ON EXT INT 16 BIT ONLY
NEW PSW LOC EXT INT 16 BIT ONLY
EXECUTIVE REGISTER SET 0 R3
EXECUTIVE REGISTER SET ¢ R2
EXECUTIVE REGISTER SET g R1
EXECUTIVE REGISTER SET 0 RO
REGISTER StT F-REGISTER SET 0
OUTPUT BUFFR POINTR -REGISTER SET 0
OUTPUT DEVICE ADDRESS. REG, SET 0
REGISTER SET 0 INPUT DEVICE ADDR
REGLISTER SET 0 INPUT BUFFER POINTER

Wh2 EQU 14 WORK REGISTER 2

BUFFLMST EQU 2
DIOENTR LDAl WK1+X*FO"

BUFFER LIMIT STATUS
SELECT REGISTER SET x¢F»

EPSR RETRY WK1 EXCHANGE PROGRAM STATUS

01000000

ADCo00010
01000020
01000030
DI0po031

-.DI000060 .

DI000080
DIopooo0S0

DI0g0100 -

DIOC00110
DIC00120

- 01000130

DI000140
DIC00150
...01000160
DI000170
DIO00180
. .DI000190 .
DIOOs200
DI000210

-DI000220

DI000230
DI1000240

__ D10oD250

DI000269
01000270
DID00280
01000290
DI000300

. DIQOo3i0_
01000320
01000330

. D1000340 .
DIO00D350
DI0D0360
01000370
D1000380
DI1000390

. DIODO%0O.
D100Du410
DIOCOU20
01000430
01000440
DI00D450
0DI000460.
V1000470
DI1000480
01000490
01000500
01000510
D1000520
01000530
01000540
010005481
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APPENUEIX 3 32 BTT DIGITAL I/0 PROGRAMMING EXAMPLES PAGE 2 1541336 07726777

000uUel
0000UAL
00000EI
gogul2l
0000161
0000141
000NG1Cy
00ou2ul
000u221
0000z61
00002al

00002EI
*0000301
0060321
*0000361
0000381
0000sCI

440
DE4C
485¢
DESG
2461
£6T70
41FU
o766
te7o
41F0
c2uy

0866
2334
pau7y
2303
0957
030F

6198
819cC
€192
8194

6184
800K

8162

600y
816A

6000

U600

57
58
59
60
b1
62
63
o
65
66
67
&8
69
70
71
72

Lh QUTOEV,.DEVADR1 GE1 THE OUTPUT DEVICE ADDRESS
oc QUTLEV«DISARM U1SARM QUTPUT DEVICE LOGIC.

LH INCEV.OEVADRZ GE1 THE INPyUT DEVICE ADDRESS
oc INDEV,DISARM DISARM INPUT DEVICE INTERRUPTS

LIS IGING 1 SET THE 1/0 INDICATOR FOR DIO OUTPUT
LDl DTAPTRsQUTBUFFR GEl THE POLWNTER TO THE OUTPUT DATA
BAL RETN.DIGITI1O CALL THE SUBROUTINE Tn WRITE DATA,
XAR I0Inb, IOIND RESET THE 10 INDICATOR FOR INPUT OP
LDAL DTAPTR, INBUFFR GET POINTER FOR INPUT DATA

BAL RETHNDIGITILO 60 READ THE INPUT DATA

LPSW WAIT HALT THE MACHINE
*
* SUBROUTINE DIGITIO TRANSFERS 16 BITS OF PARALLEL BINARyY DATA EITHER
* TO THE DIGITAL I,0 SYSTEM OR FROM THt UlGITAL I/0 SYSTEM, STATUS LOG=-
* IC FROM THC CONTROLLER IS IGNORED. AMONG THE CALLING ARGUMENTS ARE AN
* INPUT/QOUTPUT INDICATOR FLAG,PHYSICAL DEVICE ADDRESS AND A POINTER TO
* THE RESPECTIVE INPUT OR OUTPUT UAIA BUFFER,
*
* CALLING SEQUENCE: BAL RETN.DLIGITILO
* INPUT REGISTERS: QUTDEV= QUTPUT DEVICE ADDRESS(EVEN DEVICE ADDR.)
* INDEV= INPUT DEVICe. AUDRESS {ODD DEVICE ADORESS)
* I0OIND= INPUT OQUTPUT IDENTIFIER
* DTAPTR= POINTER 10 INPUT OR OQUTPUT BUFFER
* REGISTERS DESTROYED:NONE
* SUBROUTINE OUTPUT DATA STORED IN MEMORY | OCATION SPECIFIED BY POINTER
* DTAPTR,IF I0IND=p OPERATION 1S A READ OTHERWISE IT IS A WRITE
*
DIGITIO LDaR IOIND+IOIND CHECK THE 1/0 INDICATOR FLAG
rZ READIN - BRANCH TO READ QPERATION .
WH OUTDEV.0(DTAPTR) WR1TE A HALFWORD FROM OUTBUFFER
B RETURN
READIN RH INGEV.0(DTAPTR) REAU A HALFWORD INTO INPUT BUFFER
RETURN BR RETH RETURN TO THE USER.

*

DI000542
DI000550
01000560
01000580
DI1000590
01000600
V1000610
01000620
D1000630
DI000640
DI0UV06E50
01000660
DI0VoeE70
V1000680
DI1000690
DI000700
01000710
01000720
V1000730
01000740
©I1000750
01000760
01000770
01000780
01000790
01000800
01000810
N1000820
V1000830
01000840
D1000850
01000860
01000870
11000880
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APPENDIX 3 32 BIT DIGITAL 1/Y PROGRAMMING EXAMPLES PAGE 3

SENSE~STATUS PROGRAMMING EXAMPLES

pouodtl
oogo421
00600441
0000481
00004C1
00coSul
0000541
0000561

0000581
00005C1I
0000601
0000641
0000681
00006CI

0000701
*0000721
0000741
0000781
*00007A1
00007C1

0000801
0000841
0000561
*00008A1
00008CI
*00008E]

0000901
0000941
0000961
*00009A]

Le9g
95A9
4840
DE#O
4850
DEby
2461
$959

E670
41Fg
LeAQ
41F0
41F0
c200

0866
2130
4850
9D5D
2383
4300

D957
9p5p
4380
230A
9D4D
2187

D8u7
9D4D
4380
2302

uoFo
815A
815E

6154
8156

814A
8010
FFFy
8038
8004
8148

812C

801C
0000

8086

0co0

8076

92

93

94

95

%6

97

96

99
160
101
1ge2
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145

188412137 Q7726777

* TN THIS EXAMPLE Tt DATA TRANSFERS ARE SYNCHRONIZED WITH THE CONTROL-
* LER THROJGH THE USt OF HANDSHAKING SLeNALS ASSOCIATED WITH THE ORVICE
*+ A ComPLETE DESCRIPTION OF THE BUSY STATUS IS INCLUDED In SECTION 4
*
* .
DICENTR]1 LODAlL Wkil.X*Foge SELECT REGISTER SET XF
EPSR  RETRY, WK1 EXUHANGE PROGRAM STATUS
L OUTDEV,.UEVADR) GET THE OUTPUT DEVICE ADDRESS
GC QUTNHEV«pISARM DISARM SYSTEM INTERRUPTS
LH INDEVDEVADR2 6E1 THE INPUT SYSTEM DEVICE ADDRESS
oc INDEV,DISARM UISARM INPUT DEVICE INTERRUPTS

*

COnT LOAL

LIs IOIND.1 SE1 THE I,0 IND FOR OUuTPUT OP
RHR INDEV WKL EXECUTE A READ OPERATION TO INITIA-
LIZE THE DIGITAL 1/0 STATUS
DTAPTRVOUTBUFER . GET THE DATA POINTER 7O OUTPUT BUFFR
RAL RETH,DIGIT1p1 GO0 TO DIGITAL I,/O0 ROUTINE FOR OUTPUT
LUAT RETRY(CONT G0 CHECK IF OP WAS COMPLETED
RAL RETH«CHECK 60 TO DIGITAL I/0 ROUTINE FOR INPUT
RAL RETNsUIGITIOL HALT THE PROCESSOR
LPSHW WAIT
SUBROUTINE DIGITIp1 FIRST CHECKS TO INSURE THAT BySY STATUS FROM THE
DESIRED SUBSYSTEM IS ZERO, IF IT IS NOT,THEN THE PERIPHERAL DEVICE
IS NOT READY FOR DATA TRANSFER AND THE SUBROUTINE RETURNS TO THE USER
WITH THE IONTCMP FLAG SET=1,0THERWISETHE SUBROUTINE WILL EXECUTE THE
APPROPRIATE READ OR WRITE OPERATION AnD INSURE THAT THE BUSY STATUS
WAS SET=1 FOLLOWTNG THE I,0 OPERATION,

CALLING SEQUENCE: BAL RETN.DIGITIOL .

QUTDEV=0UTPUT DEVICE ADDRESS(EVEN DEVICE ADDRESS)
INDEV=INPUT DEVICE ADODRESS (00D DEVICE ADDRESS)
I0IND= INPUT,/QUTPUT IDENTIFIER

NDTAPTR= POINTER 10 INPUT OR OUTPUT BUFFER

REGISTERS DESTRCYED: RB=IONTCMPsWK1=RO

*
*
*
*
*
%
*
*
* INPUT REGISTERS?
*
*
*
*
*
*
*
D

16ITIg1 LDAR IOIND,IOIND GEl THE INPUT,/OUTPUT 0OP IDENTIFIER
BNZ WRITEOP IF ITS SET, ITS A WRITE OPERATION,
LH INDEV+DEVADR2 - OTHERWISE GET THE INPUT DEV.ADORESS
SSR INCEVSTAT GEl THE STATUS OF THE DEVICE
RFC BSYCONT1 IF 1TS ZERO+DO THE READ OPERATION
R EXITINCP OTHERWISE, SET THE I,/ 0 NOT COMPLETE
* FLAG AND RETURN TO THE USER
CONTZ RH INOEV0O(DTAPTR) REAU A HALFWORD OF DIGITAL DATA AND
SSR INDEVSTAT CHECK INPUT STATUS BUSY SHOULD SET.
RFC BSY+ERROR 1F LT OIDN'T.THE DEVICE IS IN ERROR.
R RETURN1 RETURN TO THE USER,
WRITEOP SSK OUTDEVSTAT SENSE DEVICE STATUS,
BTC BSY+EXITINCP IF THt BUSY BIT IS SET,SET I/0 NOT
% COMPLETE AND RETURN,
ConT2 WH OUTDEV.0(DTAPTIR) 00 YTHE WRITE OPERATION.
SSK OUTDEV,STAT SENSE DEVICE STATUS
BFC BSY,ERROR BUSY BIT SHOULD BE SET
B RETURN1 RETURN TO THE USER

DI000eN0
p1o00910
DIE00920
DIOUDI30
DIOVGI4D
D10gE95U
D10gp951
DI10009s52
yI000960
uigo0970
UI0gu2e90
vI0g1o000

D1001010.

01001020
D1001030
UIO0o1040
DI0g1050
DI001060
pIod01070
D1001080
D100v1090
DIOo1100
DI001110
1001120
DIQ01130
DI0o1140
DIOU115Q
V1001160
DIN01170
DI1p011a0
DI00119¢
vI0p1200
DI1001210
pDI001220
01001230
01001240
0DI0g125¢
DI0O01260
DI001270
01001290
DIp01300
DIco1310
0I001320
0DI1001530
Dio01340
DIp01350
DI0D1360
DI0p1370
DI001380
0I001390
DICO01400
0i10y1410
DIOo1420
DI001430
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APPENLIX 3 32 BIT DIGITAL I/0 PROGRAMMING EXAMPLES PAGE

INTERRUPT UKIVEN OPERATION=32 BIT PROCESSORS

gogoeB21
00001361
0000B81
0000BCI
00C0CUI
0000C21
0000CHI
0000C81
goecoccl
0000CEIX
oooobOI
0000L4l1
0000081
000oLCI
0000EOQI
00C0E4I
0000ES8I
0000ECI
0000F01

0000F41
*0000F61
0000F8I
0000FC]
0001001

0001021
*0001041
0001061
00010A1
00010El
0001101

E&9p
95A9
4840
4850
0894
1191
E6EQ
J4U0E9
0895
1191
E6EQ
40E9
NDE40
DES0
E670
E6Cy
D040
D847
c200

0833
2130
D847
D140
1800

0833
2136
D9scC
D140

.1800

00FO

80E6
60E4

6g2cC
0ono

80p2E
uoDo
80CF
80C8B

80C2

8ucCo
8144
0000
80CH

6000
8130

0000

8122

225%
226
227
223
229
230
231
232
253
254
235
256
237
238
259
249
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265

15141340 G7/26/77

THE FOLLUWING EXaMPLE DEMONSTRAVES JHe USE OF INTERRUPTS IMN SYNCHROM=-

IZING DATA TRANSFERS,
PROCESSNRS(wWHEN ThHE

USING THE INTERRUPT STRUCTURE OF ThE SERIES 32
PERTPHERAL DEVICL REQUIRES SERVICING, AN EXTERNAL

INTERKUPT IS GENERATED,THE INTERRUPIS GEMERATED BY THFE DIO CONTROLLER

OUTPUT cOMMARD .«

THIS PROCESS IS DESCRIBED IN DETAIL

Iy THE SECTION ENTITLED ComMMAND Anb STATUS BYTES.

*
*
*
*
*
* CAN 3E CISABLED/ENABLED OF DISARMED BY THE APPROPRIATE PROCESSOR
*
£ 3
*
D

SELECT REGISTER SET XiF e

EXCHANGE PROGRAM STATUS

GE1 THE OUTPUT DEVICE ADDRESS

oL1 THE INPUT DEVICE ADDRESS

GE1 THE OUTPUT DEVICE ADORESS
MULTIPLY IT By 2 FOR INDEXING INTO
LOCORE,,GET INT, SERVICE ROUTINE ADDR
STORE INTERRUPT HANDLER ADDRESS

CGE1 INPUT DEVICE ADDRESS

MULTIPLY IT BY TWO FOR INDEXING

IN LOCORE, AFTER STORING THE ADDRESS
OF THE INTERRUPT HANDLER ENABLE DIO
INPUT AND OUTPUT INTERRUPTS

INITIALIZE THE POINTERS TO THE
INPUT AND OUTPUT DATA BUFFERS,
STORE REG. SET X*F!

WALl WiTH INTERRUPTS ENABLED

TEST THE INTERRUPTING STATUS
A NON=ZERO STATUS IS AN ERROR COND,

OUTNDEVN«O0(OTAPTRO) WR1TE DATA TO THE PDIO CONTROLLER

LOAD REG. SET 0: REG,4=~REG X'F?
RETURN TO USER

TEST THE INTERRUPTING STATUS
A NON=ZERO STATUS IS AN ERROR COND.

INDEVO+0(DTAPTR10) READ DATA FROM THE DIO CONTROLLER

LOAD REG. SET 0: REG,4=-REG X'F*
RETURN TO USER

IOENTR2 LOAI WK1 ,X1FQ?
EPSR RETRY WK1
LH OUTDEV.DEVADR]
LH INDEVIUEVADR2
LOAR WK1+0UTDEVY
SLLS WK1,1
1.0al WK2 ¢ WRITEINT
STH WK2+X'DO"(WK1)
thaR WK1y INDEV
SLLS . WK1+l
LDAI WK2 4 READINT
STH WK2,X'DD* (WKL)
oC OUTOEVENABLE
nC INDEVENABLE
LDAI  DTAPTK,OUTBUFFR
LOAl DTAPTR1, INBUFFR
STH OUTDEV+RSAVE
WH OUTDEV+0(DTAPTR)
LPSW WATT
* WRITE SERVICE REQUESTS ENTER HERE:
WRITEINT LDaR RST(p3,.RSTp3
BNZ ERROR
WH
L& OUTDEV+RSAVE
LPSWR RST0O0
* READ SERVICE INTERRUPTS ENTER HERES
READINT LOAR RST03+RST03
BNMZ  ERROR
RH
LM OUTDEV,RSAVE
LPSWR RSTQO
ENDC

DI0D2230
vioo2240
DI0V2250
DI002260
DI0y2270
DI002280
p1002290
DI002300
viloo2310
010p2320
DI0p2321
01002322
LIOV2330
D1002350
DIOp2360
DI0V2370
D1002380
01002390
DI002400
DIOg2410
DI0p2420
pI1002430
01002440
DIO02450
DIO02460
DI002470
p1002520
D1002530
DI0V2540
01002550
DI002560
vI002570
D1002571
V1002580
vI0D2590
01002600
01002610
01002620
DI002621
ploov2e3o
01002640

(penunuo)) ¢ XIANIddV
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APPENDIX 3 32 BIT DIGITAL I/U PROGRAMMING EXAMPLES

INTERRUPT URIVEN OPERATION=32 H1T FROCESSORS

0001101

0001141

C2uo 809C

267
268
269
270
271

* ERRORS CAUSE THE

* INTERRUPTS DISABLED

ERROR
*

LPSW

IFnZ

ERR

ADC=-2

PAGE

€ 15:41:41 07/26/77

MACHINE 70 HALT IN THt WAIT STATE WITH

ON AN ERROR HALT THE MACHINE WITH LOC
POINTING TO ERR

1002660
pvI0U2670
DI0v2680
DI0U2690
01002700

(penunua)) ¢ XIANIddV
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APPENDIX 3 32 BIT DIGIIAL 1/0 PKOGRAMMING ExAMPLES PAGE

SERLIES 32 AUTO-DRIVER CHANNEL~-DIGITAL I/0 OPERATIOM

0001141
0001181
00011AI
00011E1
gocle2l
0001241
0001261
0001241
00012C1

0001301
0001321
0001341
0001381
0001341

00013E1
0001421
0001461
00014Cl
0001501
0001541
0001581
00015CI
00015E1
0001621
0001661

00016A1
0001701
0001741
000178l
00017CI
0001801
0001821
0001861
00018AI
00018EIX
00C31921

0001961
00019AI

00019C1
0001401

E690
95A9
4849
4850
0894
1191
E6kyp
26E1
40E9

0895
1191
E6EQ
26k1
40E9

L6690
4090
E690
4090
E690
E6Ep
50ED
0B9E
4090
E€90
4090

"E690

4390
E690
EeEQ
50E0
0B9SE
4090
DE40
DES0D
D95C
C200

43290
1800

4320
1800

U0FO

8084
g0g2

8096

U000

80A0
uopo

8054
808E
4000
8070
809¢C
8gB7
8068

8060
8036
8082

4000
8064
8098
8083
805C

8054

8021
801D
0000
8022

FF76

FF70

FF85

FFa1

273
274
275
276
277
278
279
280
281
262
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326

15341341 07/26/77

THE FOLLOWING EXAMPLE DEMONSTRATES IHEL USE OF THE SERTES 32 AUTO=pR-
IVER CHANNEL IN EXECUTING DIGITAL INPUT=-GUTPUT SYSTEM DATA TRANSFERS.
TwU CHaMNEL COMMAND RLOCKS ARE ESTABLISHED TG CONTROL WwRITE OPERATION

ER TABLE 1S SET UP WITH THE ADDRESS OF THE CHANNEL CONTROL BLOCKS+j1
CHANMEL CONTROL pLOCKS .ARE SET UP PRIOR TO AUTO-DRIVER SERVICING.

*
*
*
*
* AND READ OPERATIOM RESPECTIVELY, THE LOW CORE INTERRUPT SERVICE POINT
*
*
D

IQENTR3 | DAI
EPSR

RH
LPSW

* WRITE TERMINAL SUBROUTINE ADDRESS

*
WRITERM RFC

WK1+X*FO?
RETRY WK1
OUTVEV,DEVADR]
INDEVDEVAUR2Z
WK1 +OUTQEV
WKlel

WK2,CCB1

WK2,1
WK2+X*'DO0' (WKL)

WK1y INDEV
WK1.1

WK2,CCB2
WK2e1
Wh2+4X*'D0" (WK1)

WK1, WRITERM
WK1, SUBADR

T WK11X'FF85°

WK1.CCB1
WK1+0TBFFRS
WK2,0TBFFRE

WK2,BUFEND

WK1 s WK2

WK1 +BUFCOUNT
WK1 READTERM
WK1,SUBADR1

WK1+X*FFB81*
WK1l.cCB2

WK1+ INBUFFRS
WK2, INBUFFRE
WK2,BUFEND1
WK1y WK2
WK1«BUFCONT1
QUTDEV,ENABLE
INDEV,ENABLE

INDEV,0(DTAPTR1)

WATIT

BUFFLMST,ERROR

LPSWR RSTO0O
* READ TERMINAL SUBROUTINE

*
READTERM BFC

BUFFLMSTERROR

LPSWR RSTa0

SELECY REG. SET X'F°*

EXCHANGE PROGRAM STATUS .

GE1 THE OUTPUT DEVICE ADDRESS

GET THE INPUT DEVICE ADDRESS

GET THE OUTPUT DEVICE ADDRESS
MULTIPLY IT BY TWO FOR INDEXING
GET THE WRITE CHANNEL CONTROL BLOCK
MAKE IT ODD -

STORE IT IN THE INTERRUPT SERVICE
TABLE

SImIL IARLY SET UP LOW CORE TQ

SERVICE READ OR INPUT SERVICE INTRPT

GEl THE WRITE CHANNEL CONTROL BLOCK
MAKEL IT 0DD
AND STORE IT IN LOW CORE

LOAU ADDRESS OF WRITE TERMINAL
SUBROUTINE IN THE WRITE CHANNEL
CONTROL BLOCK=- STORE wRITE CHANNEL
COMMAND WORD IN THE WRITE CHANNEL
CONTROL BLOCK.

6ET THE OUTPUT BUFFER END ADDRESS
STORE IT IN THE WRITE CONTROL BLOCK
CALCULATE THE BUFFER BYTE COUNT
STORE RESULT IN THE CONTROL 8LOCK,
LOAU ADDRESS OF THE READ TERMINAL
SUBROUTINE AND STORE IT IN THE READ
CONTROL BLOCK.

LOAD THE CHANNEL COMMAND WORD,

"STORE IT IN THE READ cONTROL BLOCK.,

GET THE INPUT BUFFER START ADDRESS
GET THE INPUT BUFFER END ADDRESS.
STORE IT IN THE CONTROL BLOCK
CALCULATE THE BYTE COUNT

STORE IT IN THE CONTROL BLOCK.
ENASBLE OUTPUT INTERRUPTS

ENABLE INPUT INTERRUPTS

PERFORM READ OP TO GEN FIRST INTRPT
WALT WITH INTERRUPTS ENABLED

SENSE STATUS ON OUTPUT DEVICE
IF NOT BUFF LIMIT STATUS ERROR
RETURN TO THE USER

1F NOT BUFFER LIMIT STATUS
1TS 1IN ERROR

01002720
plo02730
031002740
DI002750
DI0g2760
pI002770
p1002780
DIP02790
DI0p2791
DI0p2792
01002800
pi1002820
01002830
DI0p2849
DI0p2850
01002860
D1002870

. bIoo2s80

01002890

+01062900

01002910
V1002920
01002930
01002949
010029%0
01002980
D1002970
DIQ02980
01002999
DIOD3000
DIO03010
p1003020
DIQ03030
DIOD304p
DIND3050
01003060
DI003070
DIo03080
nDI003090
DIO03100
01005110
01003120
0I003130
DI0D3140
DIDD3200
DI003210
pI003220
DIo03230
DI0032490
DIOU3250
DI003260
D1003270
01003280
DI003290

(penunuo)) € XIANAddV
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APPENUIX 3 32 bIT DIGITAL I,0 PROGRAMMING EXAMPLES

SERIES 32 AUTO=-DKRIVER CHANNEL-DIGITAL I/0 OPERATIOM

0001A21
0001Au4]
00Cc1A6l
0001n81
0001AA]L

0001801

00010}
0001841
0001881
0001861

0001b81
0001BCI
0001C0O1
0001Cug
0001C0I

0001cU1
eo001C21
0001CHI
ooo1Cal
0001CAI
0001c¢CI
0001007
0001bygl

0001081
0001081
0001DAI1
000tbcl
0001EUX
oaolE2Il
0001E4]
000181
0001ECI
0001F0X
0001FDI

0002101

0002301
00p2301

0000
0000
ocoo
0000
Co40
0000

0000
0goa
0000

0000

0000

0000

0000
0000
00uvo
0000
0000
0000
0000
0000

0000
6000
0000
0000
0000
0000
0000
0000

00060

0000

01ABI
01301
80F0

u18ol
01n8l

CoFo
uiBsl

vooo

0000
0000

uvooo

ugoo
vaoo

020F1

022F1

528
329
330
331
332
333
534
335
336
357
341
342
343
34y
345
346
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374

375

376
377
378
379
380
381
382
383
384
385
386
388

ENDC

153431342 ©7/26/77

* MEMORY CONSTANTS,pUFFER AREAS AND CUMMANDS

DEvaUR1 DPC
DEvADR2 ODC
OUTBUFFR NC
INBUFFR  DC
DISARM afo
ENABLE EQu
ALIGN
ERR Fdu
ELSE
e
nc
ENDC
ALIGN
WAIT EQU
ELSE
s]8
DC
ENDC
ALIGN
IFNZ

* THE FOLLOWING CHANKEL COMMAND

X*Q*
Xepe
X'nl
x'bl
X'Cu40?
*=-1

8

*

Y*A0FO0"
A(ERR)

8
*

YeCoFQr
A(WALIT)

4
ADC-2

OUIPUT DEVICE ADDRESS

INPUT DEVICE ADDRESS

UUIPUT HUFFER

INPUT BUFFLER .

DISARM INTERRUPTS (D10 CONTROLLER)
ENABLE DIO INTERRUPTS

52 BIT PSW STATUS WAIT STATE
32 8IT PSw LOC ON ERROR HALT

32 BIT PSW STATUS WAIT STATE
INTERRUPTS ENABLED LOC=WAIT

BLOCKS CONTROL THE DIO INPUT OR QUTPUT

x REQUESTS AND PROVIDE THE USER WITH AN EXAMPLE OF ESTABLISHING THE
* CONTROL PARAMETERS

ccal sl
BUFCOUNT DC
BUFEND DC

CHECK1 DC
BUF1CNT DC
BUF1END DC
TABLE DC
SUBAUR 8] 8

*

*

* .

ALIGN

ccB2 pC

BUFCONT1 DC
RUFEND1  DC
CHECK2  DC
BUF1CNT1 DC
BUF1END1 DC
TAsLEL  nC
SUBADRL DC
ALIGN
OTBFFRS DSH
OTBFFRE EQU
INBUFFRS DSH
INBUFFRE EQU
ALIGN
RSAVE 13

Hep?
Heo*
Fepe
Hege
HYQ!
Frpe
Fepe
Hepge

4
Hepe
Hige
F'O'
H'O"*
Hoqe
Fege
F'O'
Hlo'
4

le
*=-1
16
*e]
n

16

CCW WORpD=- WRITEIN THE FAST MODE
WRITE QUTPUT BUFFER COUNT

ENU ADDRESS OF BUFFER '

CHECK BYTE

BUFFER 1 COUNT

BUFFER 1 ENU ADDRESS

ADURESS OF TRANSLATION TABLE
ADURESS OF TERMINATION SUBROUTINE

CCW WORD~ READ IN THE FAST MODE
READ INPUT BUFFER COUNT

ENU ADDRESS OF READ BUFFER
CHECK BYTE

BUFFER1 COUNT

BUFFER1 ENU ADDRESS

ADURESS OF TRANSLATION TABLE

" ADURESS OF TERMINATION SUBROUTINE

16 HALFWORDS OF DIGITAL OUTPUT DATA
BUFFER END ADDRESS

16 HALFWORDS OF DIGITAL INPUT DATA
BUFFER END ADDRESS

REGISTER SAVE AREA FOR INTERRUPT

* SUBROUTTINE AND AUTO=DRIVER CHANNEL SUBROUTINE

ENDC

V1005310
V1003320
NIP03330
DINE334Y
41003350
D1003360
DI003370
BI003380
01003390
V1003400
DIOO3440
01003450
0I003460
DIOV3470
01005480
01003490
DI003530
DI0D354¢
DI003550
DIN03560
VIP03570
UI003580
DI0p3590
DI003e00
01003610
01003620
DIN03630
01003640
DI0p3a50
DIN03660
vin03670
01003680
01003690
DIN03T00
viN03710
V1003720
DID03730
DIOD3740
01003750
1003760
0VI003770
01003780
DI003790
DIV03800
D1003810
D1003820
DINP3830
DI00384p
01005850
V1003860
D1003870
DIOps88Y
DI003890
DI003910

1ddV
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APPENUIX 3 32 BIT DIGITAL I/0 PROGRAMMING EXAMPLES
SERIES 32 AUTO-DRIVER (HANNEL-DIGITAL 1/0 OPERATION

0002701 389 END

PAGE

9

15841343

07/26/77

p1003920
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APPENCIX 3 52 dIT UDIGITAL I,0 PROGRAMMING EXAMPLES

SERIES 352 AUTO=DKIVER CHAMNEL=-DIGITAL I/0 OPERATION

NO ERRGORS
CAL 04-01

ABSTUP
ADC

BSY
AUF1ONT
BUF1CNT1
BUF1END
BUF1END1
SUFCONTL
BUF COUNT
HBUFEND
BUFEND1
BUFFLMST
CCu3
ccee
CHECK
CHECK1
CHECKZ
CONT
CONT1
CONT2
DEVADR]
DEVADR2
DIGITIO1
NIGITIO
NICENTR
UIOENTR1
DIOENTR2
DIVENTR3
DISARM
DTAPTR
OTAPTRO
DTAPTR1
DTAPTR1O
ENABLE
ERR
ERROR
EXITINCP
CIMPTOPR
INBUFFR
INSUFFRE
INBUFFRS
INDEV

INDEVO
INTDRV
101ND
IONTCMP
LADLC
NEWPSWLC
NEWPSWST

3 SGULZ PASSES

guuy
0ouo
ouuo
0000
ouuo
0600
00u0
ouuo
0000
ouvo
0000
oouo
0000
0060
0oug
0000
00060
GGU0
oouo
00uo
00060
0000
oouvo
oouu
0ouo
oouu
oouo
0000
ouoo
gooc
ouLo
0000
guuy
o000
0000
guue
oouo
0060
0o0uo
0000
00006
ouue

ouue
o000
gove
ouue
guoc
ooug
Quug

uuoo

0004

0006

01CAT
01E21
01CcCI
01E4]
01pAT
01c21
01C4I
01nCI
0002

01C01
01Dp6I
VOAGT
01C8I
01E01
00561
00801
00901
01A21
01A4]
0u701
002EI
U001
OUBET
00B21
01141
01AAI
o007

0007

ooocC

gvocC

01ABI
01B0I
01101
009C]
02701
01A8I
022F1
02101
0005

0005
oyoB
0006
0O0s
cuo2
0046

.004y .

314

312

58

256
249
262
246
269
137
133

65
311
310

59
283
262

61

. 146

175
137

3251

299
309

99
101
110

66

6uU
65

317

247
ELY-)
144
140

17

60
290

64
167

271
140

236
130

. 100

8e

315

255

249

88
316

64
167

338
144

282
237

102
a8

316

261

101
317

84
169

PAGE

347

283

106

321

1p2

a4

169

10

355

135

325

104

1035
173

1541344 07/26/77

142 171 248

13 131 135

128 128 172
173

251

’136

172

237

242

247

(panunuo)) € XIAUNAIIY



TI-EV/1I-EV

APPENDIX 3 32 BIT DIGITAL I/0 PROGRAMMING ExAMPLES

SEKIES 32 AUTO-NRIVER CHANNEL«DIGITAL I/0 OPERATION

OLLPSWST
OTBFFRE
OTBFFRS
QUTBUFFK
VUTOERY

QUTDEVD
PURELTOP
READIN
READINT
READTERP
REINIT
RETN
RETRY
RETURN
RETURNI1
RSAVE
RSTOU
RET01
RSTO2
RSTO3
RSTFQ
STAT
SUBADR
SUBADK1
TABLE
TABLEL
WALT

WK1

WK2

WRLITEINT
WRITEOP
WRITERM

guoo
(T}
0000
Uy
ouue

oouo
6Lo0
0u0g
00g0C
gouu
00U
0ouL
oouo
0060
ouuo
0000
goug
0000
00u0
gouo
00uU0
qQuuo

ouue

0000
oouoge

0000

000G

‘ouue

poU0

00U0

ouso
0ul0

0040
020F1
01F0I
0lhel
0004

o600y

0000p
00387
01021
019CI
0UABI
0UOF

000A

003CI
0091
02301

0000

0001
0co2
auod
0000
ouolr -

01D41T1 .

01ECI
01001
OlE61
01881
oun?9

0C0E

00F4T
ooecr

019l

301
300
62
57
257
256

85
244
305
168

63

56

a7
138
250
258

254

131
297
306

67
55
280
303
240

311

240
129
296

10e
54
263

111

56
281
304
241

-312

248
86

282

89
108

263
3z2

260

139

252

97
284
305
244

-.313

99

. 284 .

107
170

326

260

143

318

98
285
306
245

PAGE

100
315

109
235

352
104
288
308
286

11

139

110
281

234
2%0
309
287

15:41:56

142

147

235
291
310
288

07/726/77
143 236
174
238 239
294 296
313 314
292 293

238

241
297

294

246

242
298

301

259p

243
299

3g2

251

245
390

303

(ponupuo)) ¢ XIANAddY
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