










b. lOPS Binary (Mode 0) (52
10 

locations required to store 78 data columns) 

Seventy-eight card columns (columns 1-78) are read as 12-bit bytes and stored, 3 

bytes in each 2-word group, in the caller's line buffer area. Punches appearing in 

columns 79 and 80 are ignored in this mode. 

Data punched on the card are taken to represent full 18-bit words, each divided 

into one 6-bit segment and one 12-bit segment. The high-order (leftmost) bit in each 

column appears in the 12-row of that column; the low-order bit is punched in the 9-row. 

The organization of words on the card is represented schematically iin Figure 4-1 • 
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Figure 4-1 lOPS Binary Input Card Format 

The I ine header pair, punched in columns 1, 2, and 3 of the c1ard, consists of a 

header word (word 1) and a checksum word (word 2). 

Header word 1 (column 1; column 2, rows 12-3) includes the following data fields: 

Bit 0 (column 1, row 12): Ignore checksum indicator; may be punched. 

Bits 1-8 {column 1 , rows 11-6}: Word Pair Count; must be punched. The handler 

will halt data transfer upon fulfillment of (1) the word count in the .READ sequence, 

(2) the word pair count in the card, or (3) 52
10 

words transferred, whichever occurs 

first. 
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Bits 9-11 (column 1, rows 7-9): Rows 7 and 9 must be punched. 

Bits 12-13 (column 2, rows 12-11): Validity Code. This field is ignored by the 

handler (except for checksum computation) and the punches appearing in it are not 

passed on to the caller. The handler sets this field in the user's line buffer as dictated 

by conditions resulting from the read request. 

Bits 14-17 (column 2, rows 0-3): Mode; this field may contain either no punches 

or punches in rows 0 and 3 to indicate logical end-of-file. If rows 0 and 3 are punched, 

columns 4-S0 are ignored. 

Header word 2 (column 2, rows 4-9; column 3) inc ludes only, in bits 0-17, the 

checksum word for the card. The checksum must be the 2 1s complement of the lS-bit, 

unsigned, arithmetic sum of aU the data words (column 4-7S) on the card and word 1 

of the header. 

c. Dump (Mode 4) (SOlO locations required to store an SO-column card) 

Identical to Image Binary (2. a), except that no header pair is stored in the line 

buffer. 

C. Unrecoverable Errors 

1. Illegal Function (Monitor Error Code 6) 

a. • ENTER 

b. .CLEAR 

c. • WRITE 

d. .TRAN 

2. Illegal Data Mode (Monitor Error Code 7) 

a. CDA.: Not applicable; all modes are legal for this version. 

b. CDB,CDC.: lOPS ASCII only is legal for these versions. A request for data trans­

fer in any other mode results in an error return to the Monitor. 

D. Program Size 

1. CDA. (All modes): Approximately 450
10 

locations. 

2 •. CDB. (lOPS ASCII only): Approximately 360
10 

locations. 

3. CDC. (lOPS ASCII only): Approximately 270
10 

locations. 

E. Program Descri ptions 

Both CDA. and CDB. utilize SO-word internal buffers for the temporary storage of column 

data as it is encountered; remapping in these two handlers is performed after all SO columns have been 

read. This scheme guarantees protection against data loss resulting from the service requirements of 
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other active I/O devices. CDC., on the other hand, remaps each column as it Clppears, thus doing 

away with the need for 80 words of temporary storage. There is some, though sli~3ht, possibility of data 

loss in the process, since the column data is presented at fixed time intervals which cannot be program­

specified. If data loss does occur during reading, the checksum error indicator is set in the validity 

field of the header for the line in which loss was detected. 

CDC. is designed for use with programs which have large core requirements but relatively 

low I/O rates (e.g., FORTRAN 4, MACRO). 

4.6.7 MT (Magnetic Tape) 

Not Yet Implemented 

4.6.8 OK (Disk) 

Not Yet Implemented 

4.6.9 DR (Drum) 

Not Yet Implemented 

4.6.10 I/O Handlers Acceptable To System Programs 

This section lists the· OAT slot requirements of system programs, the uses made of the· OAT 

slots and which I/O handlers may be assigned to each. It is imperative that one and only one I/O 

handler for a device be in core at the same time; i.e, DTA. and DTB. should not" be brought in together 

since there is no communication between the two interrupt handlers • 

System Program . OAT Slot Use 

FORTRAN IV -11 Input 

-12 Listing 
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Handler 

TTA. 
PRA. 
PRB. (recommended) 
DTA. (required if 3 DT files open) 
DTB. (recommended if 2 DT fi les open) 
DTC. (recommended if DT input only) 
DTD. 
CDE. 
COB. 
MT 
OK 
DR 

TTA. 
LPA. 
PPA. 



System Program . OAT Slot Use Handler 

-13 Output 

MACRO-9 

DTA. (required if 3 DT files open) 
DTB. (recommended if 2 DT files open) 
DTD. (recommended if DT listing 

MT 
OK 
DR 
PPA. 
PPB. 

output only) 

PPC. (recommended) 
DT A. (required if 3 DT fi les open) 
DTB. (recommended if 2 DT files open) 
DTD. (recommended if DT output only) 
MT 
OK 
DR 

Identical to FORTRAN IV, with two exceptions (1) if .ABS binary output is requested on 

.DAT slot -13, PPC. and DTB. cannot be used. (2) .DAT slot -10 is the secondary input device 

(P option in command string) and should be attached to a non bulk storage handler: 

DDT-9 

EDIT -9 

-6 

-10 

Output 
(paper tape 

only) 

Input 
(paper tape 

only) 

TTA. 
PRA. 
PRB. 
CDE. 
COB. 

PPA. 
PPB. 
PPC. (recommended) 

PRA. 

NOTE: As DDT handlers can be serially shared with the user program, choice 
of the DDT output handler (. OAT slot -6) should be a function of the user paper 
tape output requirements. 

-10 Secondary Input 
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TTA. 
PRA. 
PRB. (recommended) 
CDE. 
COB. 



System Program .DAT Slot Use Handler 

-14 Input TTA. 
PRA. 
PRB. (recommended) 
DTA. (required if DT input and output) 
DTD. (DT input only) 
CDE. 
CDB. 
MT 
DK 
DR 

Linking Loader -1 System Library PRA. 

PIP-9 

-4 

-5 

Input 

External User 
Library 

DTA. 
DTB. 
DTC. (recommended if no user DT I/O) 
DTD. 
CDE. 
CDB. 
MT 
DK 
DR 

(same as for. DAT -1) 

(same as for. DAT -1) 

NOTE: As Linking Loader handlers can be used by the user program, clhoice of the 
DECtape handler for the loader should be a function of the user DECtape require­
ments. 

-15 Output 

PIP-9 uses a II the positive . DAT slots (1 - 10) 

LPA. 
TTA. 
PPA. 
DTA. (required if DT input and output) 
DT D. (DT output on Iy) 
MT 
DK 
DR 

Prior to PIP-9 use, any non-standard peripheral device assignments should be made via the 

ASSIGN command to the PDP-9 Keyboard Monitor (KM-9). If several PIP functions are to be used with a 

variety of peripherals, assignment of all these peripherals to Device Assignment TClble (DAT) slots (1-10) 

wi II avoid returning to KM-9 for reassignment of DAT slots and reloading PIP and its new lOPS routines. 

into memory. The following should be carefully noted in using the ASSIGN command to set up DAT slots 

for PIP-9. Since the PDP-9 ADVANCED Software System inc ludes more than one device handler for 
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certain peripherals, those used with PIP-9 should normally be the ones with the fullest capabilities, e.g., 

PRA, PPA and DTA. If both input and output are to occur to the same type device (e.g., DECtape), 

separate slots must be assigned. Both, however, must be assigned to the same handler, i.e., erroneous 

results will occur if DTA is assigned to one slot and DTB to another, since there is no communication 

between the interrupt service routines. The user must be certain to clear (ASSIGN NONE A, B, C~ , 

where A, B, and C are the OAT slots to be cleared), undesirable assignments. 

System Program 

System Generator 

DUMP-9 

.DAT Slot 

-14 
and 
-10 

-15 

-12 

-14 

7-TO-9 CONVERTER -12 

-14 

Use 

Input 

Output 

Listing 

Input 

Listing 

Input 
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Handler 

DT A. (I/O both DT) 
MT 
DK 
DR 

DTA. (I/O both DT) 
MT 
DK 
DR 

LPA. 
TTA. 
PPA. 

DTA. 
DTD. (recommended) 
MT 
DK 
DR 

TTA. 
LPA. 
PPA. 
DTA. (required if3 DT files open) 
DTB. (recommended if 2 DT files open) 
DT D. (recommended if 1 DT fi I e open) 
MT 
DK 
DR 
TTA. 
PRA. 
PRB. (recommended) 
DTA. (required if3 DT files open) 
DTB. (recommended if 2 DT files open) 
DTC. (recommended if DT input only) 
DTD. 
CDE. 
COB. 
MT 
DK 
DR 



System Program 

Li brary Update 

.DAT Slot 

-15 

-10 

-12 

-14 

-15 

Use 

Output 

Secondary Input 

Listing 

Input 

Output 

Handler 

LPA. 
TTA. 
PPA. 
DT A. (required if 3 DT files open) 
DTB. (recommended if 2 DT files open) 
DTD. (recommended if DT output ol1ly) 
MT 
OK 
DR 

PRA. 
DTA. 
CDE. 
COB. 
MT 
OK 
DR 

LPA. 
TTA. 
PPA. 
DTA. 
MT 
DK 
DR 

PRA. 
DTA. 
MT 
DK 
DR 
CDE. 
COB. 

PPA. 
PPC. 
PPB. 
DTA. 
MT 
DK 
DR 

NOTE: DT A. can only handle three files simultaneously. Thus it should not be 
assigned to all four Library Update . DAT slots. 

4.7 DESCRIPTION OF I/O HARDWARE AND API SOFTWARE LEVEL HANDLERS 

4.7. 1 I/O Device Handlers 

All communications between user programs and I/O device handlers are made via CAL in­

structions (see Section 2.2) followed by pertinent argument lists. The CAL Handler in the MONITOR 
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(. lOPS), performs preliminary setups, checks on the CAL calling sequence, and then transfers control 

via a JMP instruction to the entry point of the device handler. When the control transfer occurs, the 

AC contains the address of the CAL in bits 3-17 and bits 0, 1, and 2 indicate the status of the Link, 

extend mode and memory protect, respectively, at the time of the CAL. Note that the content of the 

AC at the time of the CAL is not preserved. 

On machines that have an API, the execution of a CAL instruction automatically raises the 

priority to the highest software level (level 4). Control passes to the handler while it is still at level 4, 

allowing the handler to complete its reentrant procedures before debreaking (DBK) from level 4. This 

permits the handler to receive reentrant calls from software levels higher than the priority of this call. 

If a devi ce handler does not contain reentrant procedures, system fai lure caused by inadvertent reentries 

can be prevented by remaining at level 4 unti I control is returned to the user. 

If the non-reentrant method is used, the debreak and restore (DBR) instruction should be ex­

ecuted just prior to the JMP* which returns control to the user, allowing debreak from level 4 and re­

storing the conditions of the Link, extend mode, and memory protect. Any lOTs issued at the CAL level 

{level 4 if API present, mainstream if no API) should be executed immediately before the DBR exit 
JMP* 

sequence to ensure that the exi t takes place before the interrupt from the issued lOT occurs. 

The CAL instruction must not be used at any hardware priority level (API or PIC), since in­

terrupts to these levels are not closed out by the execution of a CAL and recovery is not possible from 

such sequences of events as 

a. An I/O flag coming up during a CAL at level 7, 

b. Control going to the I/O device handler at level 3, 

c. The handler at level 3 CALing and thus destroying the content of location 00020 

for the previous CAL. 

The highest API software level {level 4) is also used for processing CALs and extreme care 

must be taken when executing CALs at this level. For example, a routine that is CALd from level 4 

must know that if a debreak (DBR or DBK) is issued control will return to the calling program at a level 

lower than 4. The calling routine will also debreak; however, this second debreak will not be from 

level 4 but from the next highest active level. Much confusion can arise as to which level you are on. 

4.7. 1 . 1 Setting Up the Skip Chain and API (Hardware) Channel Registers - When the Monitor is 

loaded, the program interrupt control (PIC) skip chain and the automatic priority interrupt (API) chan­

nels are set up to handle the Teletype keyboard, teleprinter and clock interrupts, only. The skip chain 

contains the other skip lOT instructions, but indirect jumps to an error routine result if a skip occurs, 

as follows: 

SKP DTA 
SKP 
JMP*INTl 

/Skip if DECtape flag. 

/INTl contains error address. 
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SKP LPT 
SKP 
JMP*INT2 
SKP TTl 
SKP 
}MP TELINT 

ISkip if line printer flag. 

IINT2 contains error address. 
ISkip if Teletype flag. 

ITo Teletype interrupt handler. 

All unused API channels also contain JMP's to the error address. 

When a device handler is called for the first time via an .INIT user program command, it 

must call a Monitor routine (. SETUP) to set up its skip chain entry or entries and API channel, prior to 

performing any I/O functions. The calling sequence is as follows. 

CAL N 

16 
SKP lOT 
DEVINT 
(norma I return) 

/N = API channel register 40··77, (see section 
/4.7.3 for standard channel assignments), 0 if de­
/vice not connected to API. 
/. SETUP function code. 
/Skip LOT for this device. 
/ Address of interrupt handler. 

DEVINT exists in the device handler in the following format. 

DEVPIC 

DEVINT 

DVSTON 

DEVION 

DAC 
LAC* 
DAC 
LAC 
JMP 
JMP 
DAC 
LAC 
DAC 
10RS 

DEVAC 
{O 
DEVOUT 
DEVION 
DVSTON 
DEVPIC 
DEVAC 
DEVINT 
DEVOUT 

SMA!CLA 
LAW 17740 
TAD DEVION 
DAC DVSWCH 
DEVCF 
ION 

IOF 
DEVIOT 

/DISMISS ROUTINE. 
LAC 
DAC 
LAC 

{JMP DEVPIC 
DEVINT 
DEVAC 

/SAVE AC. 

/SAVE PC, LINK, EX.MODE, MEM.PROT. 
/FORCE ION AT DISMISSAL .. 

/PIC ENTRY. 
/ API ENTRY, SAVE AC. 

/SAVE PC, LINK, EX.MODE, MEM.PROT. 
/CHECK STATUS OF PIC 
/FOR RESTORATION AT DIS~IIISSAL. 
/PIC OFF, BUILD 10F lOT. 
/PIC ON, BUILD ION lOT. 

/CLEAR DEVICE DONE FLAG 
/ENABLE PIC SO THAT 
/OTHER DEVICES AREN'T SHUT 
lOUT. 

/DISABLE PIC TO INSURE 
/DISMISSAL BEFORE INTERRUPT 
/FROM THIS lOT OCCURS 

/RESTORE DEVINT IN 
/CASE API DISABLED. 
/RESTORE AC 
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DVSWCH ION 
DBR 
JMP* DEVOUT 

lION OR IOF 
/DEBREAK AND RESTORE CONDITIONS 
/OF LINK,EX.MODE AND MEM.PROT. 

Since the auto-index registers and EAE registers are not used by the standard I/O device 

handlers, it is not necessary to save and restore them. 

The Monitor routine (. SETUP) checks the skip chain for the instruction which matches 

SKP lOT, if there is a match it places the address, DEVINT, in the appropriate transfer vector (INTn) 

. and places JMS* INTn in the corresponding API channel register. If a match cannot be found, • lOPS 

outputs the following error message, 

• lOPS 05 XXXXXX 

indicating that the'skip lOT in the CAL calling sequence at location XXXXXX was not in the skip chain. 

Refer to the operating procedures of the System Generator for the method of incorporating 

new handlers and associated skip chain entries into the Monitor. 

4.7.2 API Software Level Handlers 

(This section assumes complete fami! iarity with chapter 9 of the PDP-9 User Handbook.) 

4.7.2.1 Setting Up API Software Level Channel Registers - When the Monitor is loaded, the API 

software-level channel registers (40-43) are initialized to 

JMS* • SCOM+ 12 /LEVEL 4 
JMS* • SCOM+ 13 /LEVEL 5 
JMS* • SCOM+14 /LEVEL 6 
JMS* • SCOM+ 15 /LEVEL 7 

where the. SCOM registers are at absolute locations 00112 through 00115 and contain the address of 

an error routine. 

Therefore, prior to requesting any interrupts at these software priority levels, the user must 

modify the contents of the. SCOM registers so that they point to the entry point of the user's software 

level handlers. 

EXAMPLE: 
• SCOM = 100 

LAC 
DAC* 

(LV5INT 
(. SCOM+13 

LV5INT exists in the user's area in the following format: 

LV5INT o fpC, LINK, EX.MODE, /Y\EM.PROT. 
DAC SAV5AC /SAVE AC 
/SAVE AUTO INDEX REGISTERS 
/Ifo LEVEL 5 ROUTIN ES 
fUSE THEM AND LOWER LEVEL 
/ROUTINES ALSO USE THEM. 
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/SAVE MQ AND STEP COUNTER 
/IF SYSTEM HAS EAE AND IT 
/IS USED AT DIFFERENT LEVELS • 

. 
/RESTORE SAVED REGISTERS. 
DBR /DEBREAK FROM LEVEL 5 
JMP* LV5INT /AND RESTORE L, EX.MODE, MEM.PROT. 

4.7.2.2 Queueing - High priority/high data rate/short access routines cannot perform complex cal­

culations based on unusual conditions without holding off further data inputs. To perform the calcula­

tions, the high priority program segment must initiate a lower priority (interruptable) segment to perform 

the calculations. Since, in general, many data handling routines will be reques1"ing calculations, there 

will exist a queue of calculation jobs waiting to be performed at the software level. Each data handling 

routine must add its job request to the appropriate queue (taking care to raise the API priority level as 

high as the highest level that manipulates the queue before adding the request) and issue an interrupt 

request (ISA) at the corresponding software priority level. The general flow chart, Figure 4-2, depicts 

the structure of a software level handler involved with queued requests. 

LV5INT 

SAVE PC'LlNK'ACO 
AUTO-INDEX REGS, 
MQ, STEP COUNTER 

AND CONDITIONS 
OF EXTEND MODE 

AND MEMORY PROTECT 

RAISE TO HIGHES] 
LEVEL THAT 

MANIPULATES 
LEVEL 5 QUEUE 

Figure 4-2 Structure of API Software Level Handler 
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Care must be taken about which routines are called when a software level request is honored; 

that is, if a called routine is "open" (started but not completed) at a lower level, it must be reentrant 

or errors will resu It. 

4.7.3 

Channel 

0 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

NOTE: The standard hardware I/O device handlers do not contain re­
entrant procedures and must not be reentered from higher software levels. 

Standard API Channel/Priority Assignments 

Option 
Device Number Priority 

Software priority 4 

Software priority 5 

Software priority 6 

Software priority 7 

DECtape TC02 

MAGtape TC59 

Drum RM09 

Disk 

Paper Tape Reader 2 

Clock overflow 3 

Power fail KP09 0 

Parity MP09 0 

Display (L. P. flag) 34H 2 

Card readers CR01 E 2 
CR02B 2 

Line Printer 647 2 

A/D 138/139 0 

DB99A/DB98A DB09A 3 

360 Data Link 3 

Channe Is 18-31 sti" unassigned. 
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Register 

40 

41 

42 

43 

44 

45 

46 

47 

50 

51 

52 

53 

54 

55 

56 

57 

60 

61 
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APPENDIX 1 

PDP - 9 AS C I II HaL L E R IT H COR RES paN DEN C E 
_. 

*00-37 40-77 100-137 *140-177 

ASCII ASCII HOLLERITH ASCII HOLLERITH ASCII 
CHAR. CHAR. CHAR. CHAR. CHAR. CHAR. 

0 NUL SP \ @ 4-8 rev 0 

1 SOH ! 11-2-8 A 12-1 a 1 

2 STX II 7-8 B 12-2 b 2 

3 ETX # 3-8 C 12-3 c 3 

4 EaT $ 11-3-8 D 12-4 d 4 

5 ENQ 0/0 0-4-8 E 12-5 e 5 

6 ACK & 12 F 12-6 f 6 

7 BELL I 5-8 G 12-7 g 7 

10 BS ( 12-5-8 H 12-8 h 10 

11 HT ) 11-5-8 I 12-9 i 11 

12 LF * 11-4-8 J 11-1 i 12 

13 VT + 12-6-8 K 11-2 k 13 

14 FF I 0-3-8 L 11-3 I 14 

15 CR - 11 M 11-4 m 15 

16 SO 12-3-8 N 11-5 n 16 

17 SI / 0-1 a 11-6 0 17 

20 DLE 0 0 P 11-7 p 20 

21 DCl 1 1 Q 11-8 q 21 

22 DC2 2 2 R 11-9 r 22 

23 DC3 
I 

3 3 S 0-2 s 23 

24 DC4 4 4 T 0-3 t 24 

25 NACK 5 5 U 0-4 u 25 

26 SYNC 6 6 V 0-5 v 26 

27 ETB 7 7 W 0-6 w 27 

30 CNCL 8 8 X 0-7 x 30 

31 EM 9 9 Y 0-8 y 31 

32 SS : 2-8 Z 0-9 z 32 

*ASCII code 0-37 and 140-177 have no corresponding codes in the Hollerith set. 
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*00-37 40-77 100-137 *140-177 
--1----------.-- --

ASCII ASCII HOLLERITH ASCII HOLLERITH ASCII 
CHAR. CHAR. CHAR. CHAR. CHAR. CHAR. 

33 ESC i 11-6-8 [ ¢ 12-2-,8 { 33 

34 FS < 12-4-8 Jl 11-7-B 
--, 

34 

35 CS - 6-;8 J .:t- 0-2-B } 35 

36 RS > 0-6-8 1\ 12-7--8 I 36 

37 US ? 0-7-8 (under- 0-5-8 de lete 37 
score) 

*ASCII code 0-37 and 140-177 have no corresponding codes in the Hollerith SElt. 

Al-2 



APPENDIX 2 

PDP-9 ASCII CHARACTER SET 

Listed below are the ASCII characters interpreted by the PDP-9 Keyboard Monitor and system 

programs as meaningful data input or as control characters. 

00-37 40-77 100-137 140-177 

ASCII ASCII ASCII ASCII 
CHAR. CHAR. CHAR. CHAR. 

~ 

0 NUL SP \ 0 

1 SOH (tA) I A 1 

2 II B 2 

3 ETX (tC) # C 3 

4 $ D 4 

5 0/0 E 5 

6 & F 6 

7 I G 7 

10 ( H 10 

11 HT ) I 11 

12 LF * J 12 

13 VT + K 13 

14 FF I L 14 

15 CR - M 15 

16 . N 16 

17 SI ( to) / 0 17 

20 DLE (tP) 0 P 20 

21 1 Q 21 

22 DC2 (tR) 2 R 22 

23 DC3 (t5) 3 S 23 

24 DC4 (tT) 4 T 24 

25 NACK (tU) 5 U 25 

26 6 V 26 

27 7 W 27 

30 CNCL (tX) 8 X 30 

31 9 Y 31 

32 S5 (tZ) : Z 32 

A2-1 



00-37 40-77 100-137 1401-177 

ASCII ASCII ASCII ASCII 
CHAR. CHAR. CHAR. CHAR. 

*33 ESC ; ESC 

34 < 
35 = ESC 

36 RS (t) > 1\ or t 

37 ? delete (RO) 

*Cocles 33, 176, 175 are interpreted as ESC (AL T Mode) and are converted on input to code 175 
by lOPS hand lers. 

A2-2 

33 

34 

35 

36 

37 
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