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When a Guard Mode/Storage Limits Protection Fault Interrupt occurs, the CPU 
performs those actions common to all interrupts; i.e., it disables all I/O interrupts, 
stores the current PSR, and resets the PSR (see 8.1). In addition, it responds to 
the Guard Mode/Storage Limits Protection Fault Interrupt by executing the in­
struction at MSR + 2438 as its next instruction. 

8.3.2.3. Floating-Point Characteristic Underflow Fault Interrupt 

The Floating-Point Characteristic Underflow Fault Interrupt is triggered only if 
the CPU detects that the characteristic of the result obtained is less than zero 
for eithe r a sing Ie-precision floating-point or a double-preci sion floati ng -poin t 
operation. (See 4.4.4.1.1.) 

When the CPU responds to a Floating-Point Characteristic Underflow Fault 
Interrupt, the CPU performs the actions described in 8.1. The instruction from 
the main storage location MSR + 2458 is performed as the next instruction. 

NOT E: Ifa floating-point characteristic underflow fault is detected for an 
instruction which specifies index register modification, the index 
modification is carried through to normal completion. When a floating­
point characteristic underflow fault is detected, the result is not stored 
and the contents of the original (input) operand locations remain 
undisturbed. 

8.3.2.4. Floating -Poin t Characteris tic Overflow Fault Interrupt 

The Floating-Point Characteristic Overflow Fault Interrupt is triggered during 
the execution of a floating-point instruction only if the CPU detects that the 
characteristic of the result obtained is greater than 3778 for a single-precision 
floating-point operation or 37778 for a double-precision floating-point operation. 

When the CPU responds to a Floating -Point Characteristic Overflow Fault Inter­
rupt, the CPU performs the action s described in 8.1. The instruction from the 
main storage location MSR + 2468 is performed as the next instruction. 

NOT E: If a floating-point characteristic overflow fault is detected for an instruc­
tion which specifies index register modification, the index modification is 
carried through to norma I completion. 

8.3.2.5. Divide Fault Interrupt 

The Divide Fault Interrupt is triggered when the CPU detects that more than 36 
bits would be required to properly express the signed quotient for a fixed-point 
divide instruction or that division by zero is being attempted. 

The Divide Fault Interrupt occurs in the following four specific cases: 

• For the Divide Integer instruction, when the absolute value of the di vidend is 
greater than or equal to 2 35 times the absolute value of the divisor . 

• For the Divide Single Fractional instruction, when the absolute value of the 
divisor is less than or equal to the absolute value of the dividend. 
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• For the Divide Fractional instruction, when the absolute value of the divisor 
is less than or equal to the absolute value of the most significant word of the 
dividend . 

• For either floating-point division instruction, when the signed mantissa is plus 
or minus zero. 

The first three cases listed inel ude the cases in which the divisor for any fixed­
point divide instruction is plus or minus zero. 

When the CPU responds to a Divide Fault Interrupt, the actions performed by the 
CPU are those described in 8.1. The instruction from the main storage location 
at MSR + 2478 is performed as the next instruction. 

NOT E: Detection. of a divide fault condition during execution of either floating­
point divide instruction inhibits any reaction to a floating-point 
characteristic overflow or underflow fault condition. Only the Divide 
Fault Interrupt occurs. 

8.4, PROGI~AMMED INT ERRUPTS 

The programmed interrupts are as follows: 

• Executive Return Interrupt 

• Test and Set Interrupt 

8.4 .. 1. Executive Return Interrupt 

The Executive Return Interrupt is generated when the Executive Return (ER) 
instruction is executed. The operation performed by the ER instruction provides 
the user program with the ability to transfer control to the executive program. 

The CPU responds to the Executive Return Interrupt by performing the actions 
described in 8.1. The instruction from the main storage location MSR + 2428 is 
performe d as the next instruction. 

8.4,,2. Test and Set Interrupt 

The Test and Set Interrupt is triggered when the Test and Set (TS) instruction is 
executed and bit 30 of the main storage location tested by the instruction contains 
a 1 bit. The operation performed by the TS instruction provides control over multi-

. processor use of common Data or common program segments. 

The CPU responds to a Test and Set Interrupt by performing the actions described 
in 8.1. The instruction from the main storage location MSR + 2448 is performed as 
the next instruction. 
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8.5. P REGISTER CONTENTS CAPTURED AT INTERRUPTS 

The main storage locations associated with the various types of interrupts are listed 
in Table 3-3. Proper program response to any interrupt requires that the associated 
main storage location contain an LM] or SL] instruction to capture and store an 
address related to the point of interruption and initiate the response to the interrupt. 

Table 8-3 lists various individual interrupts and types of interrupts and indicates the 
address which is captured by the LM] or SL] instruction contained in the main storage 
interrupt location for that particular interrupt. For some interrupts, the address cap­
tured depends on the particular instructions performed immediately preceding the LM] 
or SL] instruction. In these cases the address captured is shown for the various 
possible preceding instructions. 

The address captured is always a relative address (see 9.3.5). It is represented in the 
table by one of the values P, P+ 1, P+2, or a jump to address. In this notation, P 
normally represents the address of the instru'ction which just precedes the interrupt. 
If the interrupt was caused by detection of some error or abnormal condition which 
prevented completion of the instruction, P normally represent s the address of th at 
instruction. An exception to these statements occurs when the interrupted instruc­
tion was loaded into the control section as a result of an Execute instruction. In this 
case, P represents the address of the Execute instruction. For those cases in which 
the address captured is shown as a jump to address, it is the address generated as 
the result of performing a jump instruction just before the interrupt and bears no 
direct relationship to the address of tha t instruction. 

8.6. PROGRAM CONSIDERATIONS FOR HANDLING INTERRUPTS 

The address c;aptured and stored by the LM] or SL] instruction contained in the main 
storage location associated with any particular interrupt is a relative address derived 
from the contents of the P register as indicated in Table 8-3. (See 9.3.5.) The LM] 
or SL] instruction also loads the P register with an absolute jump to address. This 
absolute address is the address of the entrance to the routine used for the program 
response to the particular interrupt. 

When an interrupt occurs, the processor state word 'for the program which has been 
interrupted is automatically stored and a processor state word suitable for an interrupt 
handling routine is formed in the PSR. This processor state word is used as required 
during each phase of the LM] or SL] instruction (and each subsequent instruction) 
until the contents of the PSR are changed. The following hardware characteristics 
are important considerations related to the interrupt handling routine. 

• The values for 07 and D6 are set to 1 'so The values for 08, DS through DO, and QW 
in the PSR are set to D's. 

• The values for BI, BD, and BS are not affected when an interrupt occurs. 

• When a Monitor Interrupt, an External Interrupt, or an I/O Parity Error Interrupt 
occurs, the CPU loads a nonaddressable register with the associated I/O channel 
number. 

• All I/O interrupts are disabled when any interrupt occurs. 

2 
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P REGISTER CONTENTS CAPTURED 

INTERRUPT NAME JUMP 
P Pel P-I2 TO 

ADDRESS 

All 1/0 Type Interrupts: 

Repeated Instructions In Progress X 
In Termination Pass, Skip Not Set (Go to Nil X 
In Termination Pass, Skip Set (Skip Nil X 

Test Instructions, Go to NI X 

Test Instructions, Skip NI X 

Unconditional Jump Instruction X 

Conditional Jump Instruction, Go to NI X 

Conditional Jump Instruction, Jump X 

All Other Instructions X 

-- --
Main Storage Parity Error Fault: 

Instruction Word Parity Error: 

All Instructions X 

Operand or Result Word Parity Error: 

Repeated Instruction in Progress X 
In Termination Pass, Skip Not Set (Go to Nil X 

In Termination Pass, Skip Set (Skip Nil X 

Test Instruction, Skip Not Set (Go to Nil X xCV 
Test Instruction, Skip Set (Skip Nil X xCV 
All Other Instructions X xCV 

C ontro I Reg ister Par ity Error Fa u It: 

Repeated Instruction In Progress X 

In Termination Pass, Skip Not Set (Go to Nil X 
In Termination Pass, Skip Set (Skip Nil X 

Test Instruction, Skip Not Set (Go to Nil X 

Test Instruction, Skip Set (Skip Nil X 

U~conditiona I Jump Instruction X 

Conditional Jump Instruction, Go to NI X 

Conditional Jump Instruction, Jump X 

All Other Instructions X xCV 
--

Illegal Instruction X 

Guard Mode Fault: 

Repeated Instruction In Progress X 
In Termination Pass, Skip Not Set XGo to Nil X 

In Termination Pass, Skip Set (Skip Nil X X@ 

Test Instruction, Skip Not Set (Go to Nil X 

Test Instruction, Skip Set (Skip Nil X X@ 

Unconditional Jump Instruction X 

Conditional Jump Instruction, Go to NI X 

Conditiona I Jump Instruction, Jump X 

All Other Instructions X xCV 

Characteristic Underflow X 
--

Characteristic Overflow X 

Divide Fault X 

Executive Return X 
--

Test and Set X 
--

NOTES: CD The address captured is represented by P+2 when the operation of reading or writing the 
operand for the current instruction overlaps the operation of reading the next instruction 
word from main storage (alternate bank operation applies). It is represented by P+l when 
same b'ank operation applies. In this context, current instruction is the instruction which 
lead to detection of the fault or parity error associated with the interrupt. 

® In this case, the address captured can be either of the values represented by P+l or P+2. 
The value captured depends on the exact nature of the fault which led to the interrupt and 
the exact moment of detection during the instruction. It does not depend on same bank 
versus alternate bank timing. 

Table 8-3. UNIVAC 7708 Interrupt Versus P Register Contents Captured 
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07 is set to 1 when an interrupt occurs. This action converts the interpretation of 
i =1 from indirect addressing to base register suppression. When base register sup­
pression is effective (07 = 1), x f:. 0, and i = 1, then each absolute jump to address, 
operand word address, or result word address formed in the index subsection is 
u + Xm (and u + Xm + 1 for double-precision instructions). When base register sup­
pression is effective (07 = 1), x = 0, i = I-and j f:. 16 or 17 for f = 01 - 67 8, then the 
address forme d is u (and u + 1 for double-precision instructions). Thus the CPU c_an 
develop absolute addresses which are independent of the values for BI, BD, and BS 
in the processor s tate word which were carried forward from the interrupt program. 

D6 is set to 1 when an interrupt occurs so that implicitly addressed R registers and 
the A, X, and R registers addressed by the a and x fields of the subsequent instruc­
tions are from the executive set of A, X, and R registers (addresses 1208 through 
175 8) rather than from the user set (addresses 0018 through 035 8 and 1008 through 
117 8), 

The PSR is changed when an interrupt occurs, so that, in most cases, it must be 
loaded with the values appropriate to the interrupted program before control is 
returned to that program. 

During a Monitor Interrupt, an External Interrupt, or an I/O Parity Error Interrupt, 
the channel number associated with that interrupt is stored in a non addressable 
register. This number can be captured by the interrupt routine by means of the Store 
Channel Number (SCN) instruction. The SCN instruction must be executed while the 
I/O interrupts are disabled for that particular interrupt if the channel number is to 
be preserved. Otherwise, a subsequent interrupt could replace that channe 1 n urn ber 
in the nonaddressable register. 

Since all I/O interrupts are disabled when an interrupt occurs, the Allow All I/O 
Interrupts And Jump instruction should be performed as soon as the interrupt program 
is logically interruptible. Barring manual intervention or initiation of the auto re­
covery procedure by the Availability Control Unit, this instruction must be performed 
before an I/O interrupt can occur. 

PAGE: 22 
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9. EXECUTIVE CONTROL 

9.1. GENEI~AL 

The CPU was designed to be run under control of an executive program wh ich: 

(a) assigns the absolute main storage locations to user programs and data; 

(b) handles all I/O transfers. 

As a rysult, certain control capabilities are provided for the exclusive use of the 
Executive program. The hardware for addressing utilizes base registers which allow 
the Execu ti ve program to relocate any program and/or its data in main storage and 
to subsequently run that program without modification. These base registers are 
contained in the Processor State Register (PSR). This section defines and explains 
the various operations related to and affected by the contents of the PSR and other 
registers and operations under Executive control. 

9.2. PROCESSOR STATE REGISTER 

The PSR is a 36-bit register which contains the two base registers BI and BD, used 
in base indexing and also some special designators which define various states and 
conditions affecting the current operation of the CPU. The format of the processor 
state word is given in Figure 9-1. 

35 

INSTRUCTION BANK 

BASE REGISTER 
BI/BD SELECTION 

REGISTER 

D FIELD 

27 26 

'--- D2 

_D3 

'------ D4 

~----D5 

~ ______ D6 

~------D7 

QUARTER WORD 
MODE 1 lOT USED 

18 17 16 15 

CARRY DESIGNATOR 

OVERFLOW DESIGNATOR 

DATA BANK BASE 

REGISTER 

I 

9 8 

GUARD MODE AND STORAGE PROTECTION 

WRITE ONLY STORAGE PROTECTION 

1107 COMPATIBILITY 

DOUBLE PRECISION UNDERFLOW 

CONTROL REGISTER SELECTION 

BASE REGISTER SUPPRESSION 

~------D8 FLOA TING-POIN T COMPA TI BI LI TY MODE 

Figure 9- 7. Format of the Processor State Word 
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9.2.1. D8 - Floating-Point Compatability Mode Designator (F-P Zero) 

When D8 = 0 and the mantissa of the most significant word of a single-precision 
floating-point result is ±.O, the entire word is stored as all zeros. 

When D8 = 1 and the mantissa of the most significant word of a single-precision 
floating-point result is + 0, the most significant word is packed and stored with the 
appropriate characteristic (see 4.5.1). 

The operations of Floating Add, Floating Add Negative, Floating Multiply, Floating 
Divide, and Load And Convert To Floating (which has only one result word) instruc­
tions are influenced by this designator. 

9.2.2. D7 - Base Register Suppression Designator (Executive Mode) 

When D7 = 0, the instruction i field specifies indirect addressing and base register 
indexing is used to develop main storage addresses. The absolute operand, result, 
or jump to address is developed in the index subsection as (u + BI) + Xm, or 
(u + BD) + Xm. When D7 = 0, and i = 1, the i field specifies indirect addressing, 
except for the cases in which f = 01 - 67 a , j = 16 or 17, and x = O. (See 5.2.7.) 

When D7 = 1, the i field is used to specify base register suppression rather than 
indirect addressing. When D7 = 1 and i = 1, the contents of the BI and BD fields 
of the PSR are igno~ed, and the absolute operand address, result address, or jump 
to address is developed in the index subsection as (u + 0) + Xm. The i field can 
still be used with the hand u fields to form an 18-bit operand for those cases in 
which f = 01 - 67 a, j = 16 or 17, and x = O. When D7 = 1 and i = 0, base register 
indexing functions the same as for D7 = 0 (see 5.3.3.1). 

The operation of the P capturing instructions, Store Location And Jump (SLJ) and 
Load Modifier And Jump (LMJ), when base register suppression has been specified, 
is discussed in 9.3.6. 

9.2.3. D6 - Control Register Selection Designator (Exec ABR) 

When D6 = 0, the a and x fields of an instruction word reference the addressable 
control registers assigned for use by the user program. These are the control 
registers having addresses in the ranges from OOOe through 037 a and 100 a through 
117 a . (See 3.3 and Table 3-6.) 

When D6 = 1, the a and x fields of the instruction word reference addressable 
control registers assigned for use by the Executive program. These are the control 
registers having addresses in the range 120a through 177 a. 

9.2.4. DS - Double-Precision Underflow Designator (Interrupt Suppression) 

When DS = 0, a Floating-Point Characteristic Underflow Fault Interrupt occurs if 
characteristic underflow is detected during the execution of a double-precision 
floating-point instruction. The contents of the specified A registers, A and A + 1, 
remain unchanged. 

PAGE: 2 
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When 05 = 1, a Floating-Point Characteristic Underflow Fault Interrupt does not 
occur if characteri.stic unde.rflow is detected during the execution of a dou ble­
precision floating-point instruction. Instead, the contents of the specified A 
registers, A and A + 1, are cleared to all zeros, and the normal instruction sequence 
is continued. 

9.2.5. D4 - 1107 Compatibility Designator (1107 Mode) 

When D4 = 0, U, SI, and SD are formed and used to provide a main storage absolute 
address range from OOOOOOa to 777777 a (262K words). See 5.3.3.1. 

When D4 = 1, the absolute addresses formed are not defined unless BI = BD = BS = 
zero. When D4 = 1, and BI, BD, and BS are zero, the main storage absolute address 
range is OOOOOOa to 177777 a (6sK). When the u field specifies an operand address, 
result address, or jump address, U, SI, and SD are, in effect, formed in the normal 
manner (U = SI = SD, since BI = BD := 0), and then 0 bits are forced into bits 17 
and 16 of U, SI, and SD before U is tested to determine whether or not it isto be 
used as the address of a control register and before its comparison with BS (which 
is also zero). See Figure 9-2. 

9.2.6. D3 - Modified Storage Protection (Write Only); 02 - Guard Mode/Storage 
Limits Protection 

D3 and D2 are interactive. The functions of these designators are defined together 
in the following paragraphs. 

When D3, 02 = 00 2 , guard mode and storage limits protection are disabled. A 
Guard Mode/Storage Limits Protection Fault Interrupt will not occur for any reason. 

When 03, D2 = 01 2 , guard mode and storage limits protection are fully enabled. A 
Guard Mode/Storage Limits Protection Fault Interrupt (to MSR + 243 a) occurs when 
an attempt is made to execute any of the privileged instructions (listed as items 1 
through 12 under 8.3.2.2), when any attempt is made to write (store) into any of the 
I/O A~cess Control Registers (040 a through 077 a), the Real Time Clock register 
(100 a), or the executive registers (120 a through 177 a), when an Execute instruction 
or indirect addressing loops or cascades for more than 100 microseconds, or when 
the main storage address developed for reading an operand, writing a result, or 
loadingthe P register for a jump operation violates the Storage Limits Register 
(see 9.4). 

When 03, D2 = 10 2 , guard mode is disabled and storage limits protection is dis­
abled for reads and jumps. However, a Storage Limits Protectio'n Fault Interrupt 
(to MSR + 243 a) occurs When the main storage address developed for writing a 
result violates the SLR. 

When D3, D2 = 11 2 , guard mode is enabled, and storage limits protection is enabled 
only for write operations, the guard mode protection is identical to that provided 
when D3, D2 = 01 2 as explained above. However, the protection provided by the 
SLR applies only to write operations; it does not apply to operand reads or to 
jump operations. 

NOTE,' When D2 = 1 and a Halt Jump/Halt Keys And Jump instruction is performed, 
the halt portion of the instruction is not performed. Instead, the instruction 
from the jump to location U is immediately executed. 
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9.2.7. D1 - Overflow Designtor 

D 1 is always cleared to 0 when the execution of one of the following arithmetic 
instructions is initiated. 

Add To A 

Add Negative To A 

Add Magnitude To A 

Add Negative Magnitude To A 

Add Upper 

Add Negative Upper 

Add To X 

Add Negative To X 

Double Precision Fixed Point Add 

Double Precision Fixed Point Add Negative 

D 1 is set to 1 if an overflow condi tioh (see 4.3.3.1) is detected when one of the 
above instructions is performed. 

9.2.8. DO - Carry Designator 

DO is always cleared to 0 when the execution of one of the ten instructions listed 
in 9.2.7 is initiated. 

DO is set to 1 if a carry condition (see 4.3.3.2) is detected when one of the ten 
instructions listed in' 9.2.7 is performed. 

NOT E: When D 1 and/or DO is set to 1, it remains set to 1 until one of the instruc­
tions listed in the explanation of Dl is executed or until the contents of 
the PSR are changed as a result of some other event such as the CPU 
responding to an interrupt signal (see 8.1) or performing a Load Processor 
State instruction. 

9.2.9. BI - Instruction Bank Base Register 

BI is the Instruction Bank Base Register. I t is ~sed during the conversion of a 
relative address to an absolute main storage address. BI (or BD) is also used 
during the execution of an LMJ or SLJ instruction (see 9.3.6) to convert the 
absolute main storage address in the P register to a relative address to be slored. 
BI is used for this conversion when SI (or SI + 1) was used as the most recent jump 
to address in the program. The relative to absolute address conversion process is 
explaine d in 9.3.4. 

4 
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9.2.10. QW - Quarter Word Designator 

When QW = 0 and the f field of an instruction contains a value in the range 01a 
through 67 a, then i field values of 4, 5, 6, and 7 in that instruction are interpreted 
as follows for a main storage reference: 

j = 4: Specifies half word (18-bit) transfers to or from bi ts 35 through 18 of the 
specified location. 

= 5: Specifies third word (12-bit) transfers to or from bits 11 through 0 of the 
specified location. 

j = 6: Specifies third word (12-bit) transfers to or from bits 23 through 12 of the 
specified location. 

= 7: Specifies third word (12-bit) transfers to or from bits 35 through 24 of the 
specified location. 

When QW = 1 and the f field of an instruction contains a value in the range 01a 
through 67 a, the j field values of 4, 5, 6, and 7 in that instruction are interpreted 
as follows for a main storage reference: 

j = 4: Specifies quarter word (9-bit) transfers to or from bits 26 through 18 of the 
specified location. 

= 5: Specifies quarter word (9-bit) transfers to or from bits 8 through 0 of the 
specified location. 

= 6: . Specifies quarter word (9-bit) transfers to or from bits 17 through 9 of the 
specified location. 

j = 7: Specifies quarter word (9-bit) transfers to or from bit_s 35 through 27 of the 
specified location. 

The value of the QW designator has no effect on an instruction in the following 
circumstances: 

• when the f field of the instruction contains a value in the range 70 a through 77 a; 

• when the j field contains a value other than 4, 5, 6, or 7; or 

• when U is used to address a control register. All transfers to and from control 
registers are always full word transfers regardless of the values of the QW 
designator and the j field of the instruction. 

9.2.11. NU =: Not Used 

The value in bit 16 of the PSR is not used (that is, it has no effect on the operation 
of the system). However, it is recommended that bit 16 of the word sent to the PSR 
by a Load Processor State instruction contain a 0 bit. 
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9.2.12. BS = BI/BD Selection Register 

BS is the BI/BD Selection Register. It is used to determine whether a relative 
address references an absolute main storage address in the I bank or 0 bank portion 
of main storage. The value assigned for BS should be greater than or equal to the 
nine most significant bits of the largest relative address in the I segment of the pro­
gram and less than the nine most significant bits of any relative address in the 0 
segment of the program. The function of BS in UNIVAC 1108 inain storage address­
ing is explained in 9.3.4. 

9.2.13. BD - Data Bank Base Register 

BD is the Data Bank Base Register. It is used during the conversion of a relative 
address to an absolute main storage address. BD (or BI) is also used during the 
execution of an LMJ or SLJ instruction (see 9.3.6) to convert the absolute main 
storage address in the P register to a relative address to be stored. BD is used 
for this conversion when SO (or SD + 1) was used as the most recent jump to ad­
dress in the program. The relative to absolute address conversion process is 
explained in 9.3.4. 

9.:2.14. Loading the Processor State Register 

The Processor State Register can be loaded by performing a Load Processor State 
instruction. When this instruction is executed, the word addressed by the instruction 
(the Processor State Word) is transferred to the PSR. The Executive program must 
define a Processor State Word with the desired designators set and the proper 
values of BI, BD, and BS for each user program under its control. The Executive 
program must load the proper Processor State Word into the PSR before it transfers 
control to a user program. An example of the sequence of instructions which an 
Executive program might perform to transfer control to a user program is given in 
note (5) of 6.14.3. 

Control is returned to the Execu tive program only when an interrupt occurs. The 
LMJ or SLJ instruction in the interrupt location transfers control to the Executive 
program. When an interrupt occurs, the contents of the PSR are autom atically 
stored in the control register at address OOOa and the PSR is then automatically 
forced to contain 1 bits for D7 and D6 and 0 bits for 08, D5 through DO, NU, and QW. 
The values for BI, BD, and BS in the PSR are not automatically ch anged when an 
interrupt occurs. If these values need to be changed, the Executive routine handling 
the interrupt must set them to the desired values by performing a Load Processor 
State instruction. 

9.3. INTRODUCTION TO ADDRESSING 

The CPU's addressing hardware provides for relocating the instructions and! or the 
data for any program in main storage. The hardware design provides the ability to 
specify two areas of memory for use by a running program. The two areas are referred 
to as segments. The design also provides the ability to specify that all areas of main 
storage not assigned to a program are locked out to that program for both read and 
write (or write only) references. The areas of main storage wh ich may be assigned 
to a program can be specified in gradations of 512 words - thus, an area may be 
opened up for use, that is, 512 words, or 1024 words, or 1536 words. An area of 512 
words is referred to as a block of main storage. 

6 
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·9.3 .. 1. Main Storage Organization 

The UNIVAC 1108 is designed as a modular system, permitting a variety of main 
storage configurations. For noninterleaved main storage, the minimum configuration 
consists of two 32K modules (65K). This system can be expanded to a maximum of 
131K words. For an interleaved main storage, sequentially addressed main storage 
words within a 65K module pair are alternately located in the two modules. Two 
module pairs (131K words) are the minimum complement of interleaved main storage 
available, and this configuration may be expanded in increments of 65K words to a 
maximum complement of 262K words. 

The base registers, BI an,d BD, which provide the CPU with the flexibility for re­
locating programs are 9-bit registers. The Storage Limits Register contains four 
9-bit fields which are used to specify the areas of main storage assigned to a 
specific program. The use of 9-bit registers allows a maximum main storage con­
figuration of 262K (2 18) words to be divided in to 512 (29) blocks of 512 words each, 
or 1000 8 words. Any location within a block of main storage can be addressed by 
using values of 000 8 through 777 8 , The block address and the address of the 
location within a block can be combined to address any location from 000000 8 

through 777777 8 , Table 9-1 shows the ranges of block numbers for noninterleaved 
modules and interleaved module pairs of main storage. 

NONINTERLEAVED MAIN STORAGE INTERLEAVED MAIN STORAGE 

MAIN ST'ORAGE MODULE BLOCK NUMBERS MAIN STORAGE MODULE PAIR 
NUMBER NUMBER 

Module itO (Mem 1) 000-0778 Modu Ie Pa ir itO (Mem 1 ) 

Module It 1 (Mem 2) 100-177 Module P air It 1 (Me m 3) 

Module 1/-2 (Mem 3) 200-277 Module Pairlt2 (Mem 2) 

Module 1t3 (Mem 4) 300-377 Module Pairlt3 (Mem 4) 

Table 9-7. The Range of Block Numbers for Noninterleaved and 

Interleaved Main Storage 

9.3.2. Program Segmentation 

BLOCK NUMBERS 

000-1778 

200-377 

400-577 

600-77 7 

A program can be written in two segments or portions, each of which may be relocated 
in main storage. The segment having the lower relative address is the I segment, and 
the segme nt having the higher relative address is the D segm ent. If the in struc tion s 
for the program are in one segment and the data is in the other segment, the Executive 
program can attempt to assign the segment s to differen t banks of main storage so that 
alternate bank timing will apply to the instruction execution. 
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When a program is loaded into main storage, the Executive must determine how many 
blocks are required for each segment based on the segment size. Then it can assign 
each segment of the program to main storage blocks not assigned previously to other 
programs. An individual segment is loaded into contiguous blocks starting wi th the 
first location within the first block assigned to that segment. The segment may not 
entirely fill all the storage locations in the last block assigned to it. The unfilled 
portion of that block is ordinarily not used if the program is to b'e run with guard 
mode/storage limits protection because the granularity for memory protection is 
512 words. 

9.3,,3. General Theory of 1108 Addressing 

Normal 1108 programs are constructed wi thout consideration for the physical area of 
main storage they will occupy during execution. As the program is constructed, each 
word is mapped into a set of addresses called relative addresses. A relative address 
is actually used in an instruction within the program which references other 'locations 
or words in the program. Proper conversion from these relative addresses to the phys­
ical locations of the program will occur during execution using the base register 
mechanism of the 1108G' 

The range of relative addresses is from 0 to 262,143. Three constraints limit the por­
tions of the relative address range into which programs are 'mapped. 

• Addresses 0 through 127 always reference control registers and are unavailable for 
main storage access. 

• The additional difficulty in forming addresses greater than 65,535 makes it de­
sirable when possible to map the program within the first 65,536 addresses. 

• Execution of instructions located at addresses greater than 65,535 require special 
addressing considerations. (See 9.3.5 and 9.3.6.) 

If a program was mapped beginning at relative address 0, the first 128 words of the 
first block assign,ed ,in memory could not be referenced. A programming convention 
which maps addresses beginning at 200 a or greater avoids this waste. For conven­
ience, b,eginning addresses at multiples of 1000a is desirable as they correspond with 
the block assignments for the program. Physical space need not be assigned corre­
sponding to the relative addresses below the minimum address. The Storage Limits 
Register can be adjusted to prevent reference in this range. 

PAGE: 
8 
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A program consists of one or two segments. Normally two are prepared to take ad­
vantage of the overlapped main storage references possible in the 1108 which 
provide faster execution. Two base registers are available for independent reloca­
tion of each segment. A part of the relative address range is assigned to reference 
ea,ch of the segments. The I segment is always referenced with the smaller relative 
address values; the D segment with the larger relative addresses. The constraints 
given above in selecting the relative address map apply to either case. However, 
the relative address range used for reference to each of the two segments need not 
be contiguous. 

The Base Selection register (BS) defines for the addressing algorithm the split in 
addresses between the two segments. BS remains fixed for each constructed pro­
gram, and is unaffected by th e actual placement in main storage of the program. 
BS is a 7-bit field of the Processor State Register which points to the highest 
b lock of the I segme nt. The largest address BS can represent is 0177777 a or 65,535. 
Any address reference greater than this value will always be a D segment reference. 
The I segment is limited to this length. If one imagines the BS register extended on 
the left by two 0 bits and on the right by nine 1 bits, then: 

• A relative address is an I segment reference if less than or equal to the extended 
BS . 

• Any relative address greater than the extended BS is a D segment reference. 

The I segment and D segment will typically be placed in noncontiguous main 
storage areas. If relative addresses are mapped cont inuously at the break, references 
during execution will appear continuous across the physical break with one important 
exception. Each jump instruction loads into the P register an absolute address con­
structed from the relative address supplied by the program. Sequential instruction 
execution proceeds by incrementing the absolute P register value by 1. If the two 
segments are not physically contiguous, and sequential instruction execution pro­
ceeds through the last word of the I segment, the next instruction will not be secured 
from the D segment but rather from the first absolute location following the physical 
I segment. Normal storage protection applied to user programs would cause a guard 
mode fault. 

The base registers BI and BD are the relocation factors applied to each program 
address reference to adjust for the physical position of the program in main storage. 
BS is compared with each relative address to determine which of the two base 
registers is added in forming the absolute address. BI and BD are 9-bit fields in 
PSR. Each can be thought of as an address by extending it on the right with nine 
Obits. 

A free area of sufficient size will be selected by the Executive and the I segment 
loaded into it. BI is calculated as the difference between the absolute address of 
any word in the I segment and the relative address assigned by the program to this 
location. F or example, by programming convention the first word of the I segment is 
assigned relative address 1000 a . If absolute address 70,000a is selected as the 
first physical location of the I segment, the BI address value is easily calculated 
as (70, OOOs - lOOOs) or 67, OOOs. The Execu ti ve truncates and assigns this BI value 

to the Processor State Word for the program, 
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A similar selection of physical space to hold the 0 segment and calculation of the 
value for BD must be' carried out by the Executive. One additional constraint exists 
in the selection of physical space for the 0 segment. The addressing algorithm 
operates properly only on positive values. BD must be equal to or greater than O. 
This requires that the absolute address of any 0 segment word be equal to or greater 
than the relative address by which this word is known. This same constraint also 
applies to the I segment, but is usu~lly of no concern as the smallest convenient 
relative addresses are typically used for the I segment. 

The TO timing chain is als 0 used to secure the operands for repeated instructions 
such as the Block Transfer. I/O service requests are satisfied during the long dura­
tion instructions by breaking into the sequence and inserting a T8 timing chain cycle 
at the point in time at which the next TO cycle would have b~en initiated. 

9.3.4. Description of the Base Register Addressing Process 

C 
17 

171615 

C 
17 

The flowchart in Figure 9-2 illustrates the effective sequence of operations during 
the formation of an address. The equivalent of five additions is performed . 

• At the start of the process, the sums u+BI and u+BD are formed in parallel. The 
alignment for these sums is as follows: 

u u 

17 1615 9 8 o 17 1615 9 8 o 

BI BD 

17 9 8 o 17 9 8 o 

u+BI I u+BD 

17 9 17 9 

These are 9-bit additions with no end-around carry. If there is overflow on the 
addition, the 10th bit is discarded. (See 9.3.5.) 

• After the contents of the X register have been read out, the following three sums 
are formed in 18-bit registers. 

Xm I I Xm I [ Xm 

0 17 0 17 

u u+BI u I I u+BD u 

9 8 0 17 9 8 0 17 9 8 

u+Xm = U I I (u+BI) + Xm SI I I (u+BD) + Xm = SD 

0 17 0 17 

0 

0 

0 

10 
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Add: (u+BI)+Xm 

18-bit ones 

complement sub­

tractive adder 

------' 

Xm 

Main Storage 

Address 

Add: (u+BOHXm 

18-bit ones 

complement sub­

tractive adder 

{ 

9-bit adder 
no end-around 
carry 

15 

U to arithmetic 

section 

U to arithmetic 

section 

SECTION: 

t 
Add: u+Xm 

18-bit ones 

complement sub­

tractive adder 

U used to address 
a Control Register 

NOTES: (1) The next consecutive main storage address must also be developed for double-precision 
instructions and for the SLJ instruction. In these cases, the hardware forms the second 
address by clearing the register holding u and sending U+1 to the register holding Xm. 
This means that SI+1 and SO+l are formed as follows: 

SI+ 1 = (B 1+0) + (U+ 1) 

SO+1 = (BO+O) + (U+1) 

(2) When 07 of the Processor State Word is 1, the i field can be used to specify base 
register suppression for instructions which require developing a main storage address. 
When 07 = 1 and i = 1, the absolute main storage address developed in the index sub­
section is (O+u) + Xm. (See 9.3.6.) 

Figure 9-2. UNIVAC 7708 Addressing Operation Flowchart 

9 PAGE: 1J 
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These sums are formed in ones complement 18-bit subtractive adders which function 
as described in 4.2. 

PAGE: 

• If the f, j, and x fields of the instruction call for U to be used as an 18-bit operand, 
then U is sent to the arithmetic section. 

• If the instruction is a shift instruction, then U is sent to the arithmetic section to 
be used as a shift count. 

Otherwise, U is examined to determine whether or not it is a control register address 
or a main storage address. 

• If U is a control register address, it is used to reference a control register. 

If it is not, then U is compared with BS to determine whether SI or SD should be 
referenced: 

• If U ~ BS, the main storage address referenced is SI. 

• If U > BS, the main storage address referenced is SD. 

The comparison of BS with U can be illustrated more clearly by first designating the 
seven bits of BS as 15, ... , 9. The bits of U that are tested with BS are aligned as 
follows: 

15 9 

u 

171615 9 8 o 

During the comparison, U 17 and U 16 are sampled. If either or both is a 1, SD is 
automatically taken as the main storage address referenced. Otherwise, BS is 
compared with U15 - 9 to determine which address is taken. 

12 
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9.3.5. Programming Considerations Related to Addressing 

The hardware which performs the relative to absolute address conversion was de­
signed to function properly provided that the relative address is always less than 
or equal to the absolute address. This requirement can be stated briefly as: 

PAGE: 

• If SI is the main storage address to be referenced (U 17-9 ~ BS), then the hardware 
requires that U ~ SI. 

• If SD is the main storage address to be referenced (U 17-9 > BS), then the hardware 
requires that U :; SD. 

An Executive program can ensure that these requirements are met by selecting the 
values for BI and BD such that 

U 17-9 + BI ~ 777 8, 
and 

U 17-9 + BD ~ 777 8 . 

where U in the first case is the largest relative address which can occur in the I 
segment of the program, and U in the second case is the largest relative address 
which can occur in the D segment of the program. 

These requirements stem from the fact that the sums 

U 15-9 + BI and u 15-9 + BD 

are formed in 9-bit adders. If U15-9 + BI >7778 or u15 _ 9 + BD> 7778, overflow has 
occurred and the leading bit of the 10-bit sum cannot be contained in the 9-bit 
register which holds the sum. 

The absolute address generated in these cases appears to be smaller than the 
relative address. For example, if 

u = 020000 8, 

BD::-: 7708, and Xm = 0, 

then 

U15 _9 + BD = 020 + 770 = 1010 

However, only nine bits of this sum are retained so that value appears as 

U15_9 +BD = 010 

Then the relative address U = u + Xm 
SD = (u + BD) + Xm = 010000 8, 

020000 8 and the absolute address 

.For double-p.recision instructions and for the SL] instruction, the next consecu­
tive main storage address must be referenced. In these cases, the next consecutive 
i?ddr.ess SI + 1 or SO + 1 is .for,.med as (BI + 0) + (U + I). or (BD + 0) + (U + 1) where 
U = u + Xm. The main storage address developed for either SI + 1 or SD + 1 must be 
less than or equal to 777777 8 , When th is restriction is violated, the absolute main 
address developed in the index subsection is two greater than the corresponding 
SI or SD. 

13 
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In the previous example 

BD + 0 = 770000 8 

U + 1 = 0200018 

SD + 1 = (BD + 0) + (U + 1) = 010002 8 

Thus we have SO = 010000 8 

and SD + 1 = 010002 8 

SEC TION: 
9 

The two addresses developed are not consecutive because an overflow bit was 
produced (and ignored) when the 9-bit sum u 15-9 + BD was formed; but when the 
18-bit sum (BD + 0) I- (U + 1) was formed, the overfloVi bit generated an end­
around carry which was added into the low order bit position. 

This problem will not arise in normal circumstances where no overflow occurs 
in either U15-9 + BI (if SI is selected as the absolute main storage reference) or 
u15_9 + BD (if SD is selected as the main storage reference), and either SI or 
SD is less than 7777768 for those operations which require the next consecutive 
address. 

A similar problem can arise if the value for Xm is negative (i.e., if the value for 
Xm has leading 1 bits). In this case the value assigned to BI an~ BD (whichever 

PAGE: 

is associated with the relative address U) must not be so great that BI + u 15_9>777 
(or BD + u 15-9 > 777). 

This problem is avoided when addressing locations within a segment by not assign­
ing values to u which exceed the largest relative address for that segment. 

9.3.6. P-Capturing Instructions 

The Program Address Register (P register) contains the absolute main storage 
address of the next instruction to be read from main storage and loaded into the 
CPU's control section for the normal sequential execution of a list of instructions. 
When one of the two P-capturing instructions, Store. Location And Jump (SL]) or 
Load Modifier And Jump (LM]) is executed, BI or BD is subtracted from the contents 
of the nine leftmost bit positions of the P register to obtain the relative address 
which corresponds to the absolute main storage address in the P register. This 
relative address is stored by the SL] or LM] instruction. 

Whenever any jump instruction is performed, the CPU records which of the two values, 
SI or SD (SI + 1 or SO + 1 in the case of an SL] instruction) was used as the absolute 
jump to address. By updating this record each time a jump occurs, the CPU maintains 
a record which indicates whether the absolute main storage address in the P register 
is associated with BI or BO. When an SL] or LM] instruction is performed, the CPU 
determines the relative address to be stored by subtracting either BI or BO from the 
contents of bits 17 through 9 of the P register. If SI or SI + 1 was last used as the 
absolute jump to address, BI is subtracted; if SD or SD + 1 was last used, BD is 
subtracted. When BI or BD is subtracted from the absolute main storage address in 
the P register to form the relative address to be captured by the SL] or LM] instruc­
tion, any end-around borrow generated during the subtraction is suppressed. 

14 
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When a program is operating with base register suppression (D7 = 1 and i = 1), the 
base register suppression applies to each absolute main storage address developed 
using the value in the u field, but not to the captured relative address derived from 
the contents of the P register. Base register suppression applies to the calculation 
of the absolute main storage address at which the captured relative address is 
stored for the SL] instruction. The jump to addresses for the LM] and SL] instruc­
tions are also calculated with base register suppression. The jump to address for 
the LM] instruction is developed according to the procedure in Figure 9-2 except 
that BI and BD are effectively zero so that (u + BI) + Xm and (u + BD) + Xm reduce to 
u + Xm. The jump to address for the SL] instruction is developed according to the 
procedure described in N:ote (1) for Figure 9-2 except that BI and BD are effectively 
zero so that (BI + 0) + U + 1 and (BD + 0) + U + 1 reduce to U + 1. 

The LM] and SL] instructions are frequently used in the interrupt locations to tran s­
fer control from a user program to an interrupt handling routine. D7 is automatically 
set to 1 when the interrupt occurs so that if the LM] or SL] specifies i = 1, base 
register suppression will apply to the jump to address (and to the address specified 
by the SL] instruction for storing the user jump from address). The user jump from 
address is a relative address formed. by subtracting BIoI' BD from the absolute main 
·storage address in the P register. If ejther an LM] or SL] instruction is performed 
at some point within the interrupt handling routine, the captured address will be a 
relative address. Thus the interrupt handling routine must clear BI and BD if these 
instructions are to be used to capture the proper address within a routine operating 
with base register suppression. The PSR must be restored to the appropriate values 
for the user before control is returned to that user. (See 9.2.14.) 

If the SL] instruction is used to capture the relative jump from address and transfer 
control to another se.quence of instructions, the procedure for returning to the first 
sequence of instructions is simplified if the relative value captured is less than 
200000 8 . If the relative value captured is 200000 8 or greater, it contains a 1 bit in 
bit 17 or 18 (or both). If this relative address is used as the right half of an instruc­
tion, any 1 bits in these positions will be interpreted for index register incrementa­
tion and indirect addressing (or base. regi~ter suppression) rather than as bits used 
in developing an absolute address. However, if all the instructions for a program 
have relative addresses of 1777778 or less (the largesJ. possible relative address 
in the I bank 1777778), this situation will not arise (see 6.9.1, Note 7). 

15 
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9.4. MAIN STORAGE PROTECTION 

The CPU has the capability of specifying two areas of main storage for use by a 
running program. All locations in main storage not assigned to a program can be 
locked out to that program either for both read and write references or only for write 
references. The portions of main storage assigned to a program are specifiable in 
blocks of 1000s words (see 9.3.1). There are two sets of storage limits" one for each 
of the two areas of main storage which may be assigned to a program. These storage 
limits are contained in the Storage Limits Register (SLR). The upper and lower 
absolute address limits for the I segment and the D segment of a program are defined 
in the SLR. These limits are expressed as block numbers. The two segments of main 
storage defined by the SLR may be completely separate segments or partially over­
lapping segments, or one segment may be a subset of the other. 

9.4.1. Format for the Storage Limits Word 

35 

The Storage Limits Word contained in the SLR has the format shown below; The 
upper half of the SLR is used to define the upper and lower limits of the I segment 
of a program. The lower half of the SLR is used to define the upper and lower 
limi ts of the D segment of the program. 

I PORTION I PORTION D PORTION D PORTION 
UPPER LIMIT LOWER LIMIT UPPER LIMIT LOWER LIMIT 

27 26 18 17 9 8 0 

9.4.2. Loading the Storage Limits Register 

The SLR is loaded by the Load Storage Limits instruction (LSL). This is the only 
way the SLR can be loaded. The execution of this instruction transfers the contents 
of location U to 'the SLR, but it does not enable main storage protection. 

9.4.3 . Activating and Deactivating Main Storage Protection 

Main storage protection is activated when a Load Processor State instruction (LPS) 
is executed which sets D3D2 (bits 30 and 29) of the Processor State Word to one of 
the three types of guard mode/storage limits protection (see 9.2.6). Main storage 
protection is deactivated when D3D2 of the Processor State Word are cleared to 
00 2 , These two bits are automatically cleared to zero whenever an interrupt 
occurs. (This includes the interrupts which occur when the Executive Return 
instruction and the Test And Set instruction are performed). D3D2 of the PSR can 
also be cleared to zero by performing an LPS instruction when D3D2 = 10 2 , The 
contents of the SLR are not disturbed when main storage protection is deactivated. 

PAGE: 16 
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Conversion of the relative addresses (U and U + 1) to absolute main storage addresses 
(SI and SI + 1, SD and SD + 1) is performed in the index subsection. When either SI or 
SI + 1 is chosen as the absolute main storage address to be referenced, it is checked 
agains t the set of lim its f<;>r the I portion of the program. When either SD or SD + 1 is 
chosen, it is checked against the set of limits for the D segment of the program (see 
Figure 9-2). In either case, the reference is permitted if it is not outside the limits 
specified in the corresponding part of the SLR, that is, if 

I Portion Lower Limit:; SI :; I Portion Upper Limit 

or 

D Portion Lower Limit :; SD ::; D Portion Upper Limit 

When the absolute main storage address is outside the limi ts specified by the SLR 
and main storage protection has been specified for the type of operation involved, 
then the main storage reference is not made. Instead a Guard Mode/Storage Limits 
Protection Fault Interrupt occurs and the CPU executes the instruction at MSR + 243 8 

as its next instruction. 

The two classes of protection, read-write-jump and write only, are discussed in 
9.2.6. It should be noted that the SLR in conjunction with the contents of the PSR 
does not provide main storage protection again'st the reading of sequential instruc­
tions whose addresses are formed by the normal process of incrementing the P 
register. Thus it is possible for a program to move along sequentially from an as­
signed main storage area into an area which violates the SLR. However, if guard 
mode/storage limits protection is fully enabled (D3D2 = 01 2 ), then main storage 
protection is provided for any jump to address wh ich violates the SLR. 

17 
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A 

APPENDIX A. SYMBOLS AND 
ABBREVIATIONS 

The a field (bits 25-22) of an instruction. 

Control register specified by the a field of an instruction. 

A register A control register (addresses 148 - 33 8 and 154 8 - 1738), Registers at 
addresses 34 8, 35 8, 174 8, and 175 8 can be used either as general purpose 
registers or as extensions of an A register. 

Aa 

Aa+l 

Aa+2 

ACU 

ACW 

AND 

A+l 

A+2 

BD 

BI 

BS 

C 

The A register specified explicitly by the a field of an instruction. 

An A register whose address is one greater than the control register address 
specified by the a field of an instruction. 

An A register wh ose address is two greater than the control register address 
specified by the a field of an instruction. 

Availability Control Unit 

Access Control Word 

Logical product 

Same as Aa+l 

Same as Aa+2 

The BD field (bits 8 - 0) of the Processor State Register. BD times 2 9 

yields the address of the first word in the D-bank. 

The BI field (bits 26 - 18) of the Processor State Register. BI times 2 9 

yields the address of the first word in the I-bank. 

The BS field (bits 15 - 9) of the Processor State Register. BS times 2 9 plus 
7778 yie Ids the address of the last word in the I-bank. 

The C field (bits 31 - 30) of an Access Control Word for a Quarter Word 
ESI channel. 
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Characteristic Biased exponent portion of a floating-point number. 

CL T Comm unication Line Terminal 

CPU Processor Unit (the computer itself as opposed to the I/O Controller which, 
in the UNIVAC 110S Multi-Processor System, is also considered to be a 
processor) 

CSR 

CTM 

CTMC 

Channel Select Register 

Communication Terminal Module 

Communication Terminal Module Controller or Communication Terminal 
Module Control Subsystem, dependent upon context. 

One of the two areas in main storage assigned to the program. 

PAGE: 

lD-bank or 
D-portion The- area which corresponds to the higher relative addresses. See also I-bank. 

IDO 

Dl 

D2 

D3 

04 

05 

The carry indicator (bit 27) in the Processor State Register. 

The overflow indicator (bit 2S) in the Processor State Register. 

The guard mode/storage limits protection indicator (bit 29) in the Processor 
State Register. Used to specify guard mode and whether a Guard Mode Fault 
Interrupt should occur if an attempt is made: 

(1) to perform any restricted instruction; 

(2) to write in a main storage location outside the area specified by the 
Storage Limits Register; or 

(3) to write in any restricted con trol register. 

It is also used to prevent a program halt from occurring for a halt-type 
"instruction, and to determine whether the contents of the Storage Limits 
Register are to be used in restricting reads and jumps when 03 = O. 

The modified storage limits protection (write only) indicator (b it 30) of the 
Processor State Register. Used to specify whether the Storage Limits 
Register only writes (03 = 1) or is to be used in conjunction with D2 = 1 
to restrict reads, writes, and jumps (03 = 0). 

The 1107 compatibility indicator (bit 31) of the Processor State Register. 
Used to specify 1107 address compatibility, that is, whether the leftmost 
two bits of the IS-bit address produced and selected in the index subsection 
are to be left unchanged or cleared to 0 bits just prior to sending the address 

"to the main storage address circuits. 

The double-precision underflow indicator (bit 32) of the Processor State 
Register. Used to specify whether the result of charactedstic underflow 
should be the initiation of a Characteristic Underflow Fault Interrupt or 
the storing of the result as all 0 bits. 
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06 

D7 

D8 

EF 

EI 

ESI 

f 

f ,j 

FO 

F1 

F3 

F4 

G 

h 
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The control register selection indicator (bit 33) of the Processor State 
Register. Used to specify which of X, A, or R registers is to be used. 

The base register suppres sion indicator (bit 34) of the Processor State 
Register. Used to specify the interpretation of the i field in an instruction. 

PAGE: 

D7 = 1 selects absolute addressing; 07 =0 enables either indirect addressing 
or u field extension, as appropriate. 

The floating-point compatibility mode indicator (bit 35) of the Processor 
State Register. Used to specify form of special treatment to be given to 
word stored in Aa for a single-precision floating-point operation when the 
sign/mantissa arithmetic produces a result of all 0 bits or all 1 bits. 

External Function. Control signa 1 sen t by CPU to a su bsystem which identi­
fies the word on the output data lines as a function rather than a data word. 

External Interrupt. Control signal sent by a subsystem to the CPU which 
causes an interrupt and identifies the word on the output data lines as a 
status rather than a data word. 

Externally Specified Index. Applied to a subsystem and the I/O channel 
connecting that sub system to the CPU. An ESI subsystem specifies a rela­
tive address when it requests an input or output data transfer. This relative 
address is converted by the CPU to an absolute address. The absolute 
address is used as an address of an Input or Output Access Control Register 
rather than a control register. 

The f field (bits 35 - 30) of an instruc tion; the function code. 

The f and j fields (bits 35 - 26) of an instruction. When the function code 
is greater than 70 s , the f,j combination defines the basic operation to be 
performed. 

A 36-bit register in the program control subsection wh ich receives each 
instruction read out of main storage and the low order 22 bits of the word 
read out of main storage during an indirect addressing sequence. 

A 14-bit register in the program control subsection used to store the f and j 

fields of an instruction and an [!ll) CSR (logical sum of a field and Channel 
Select Register). 

A 7 -bit register u sed to store the address of a control register. 

A 7 -bit register used to store the address of an A register when an instruction 
references two A regi sters. 

The contents of bit positions 35 and 34 (G field) of an Input or Output Access 
Control Word. F or each I/O transfer, G speci fies address incremen tat ion 
(g = 00), decrementation (g = 10), or no change (g = 01). 

The h field (bit 17) of an instruction. Normally, this field specifies whether 
or not the index register is to be incremented. In some instances, it is used 
to extend the u field. 

3 
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I-bank or 
I-portion 

IA 

IACR 

IACW 

IDR 

IFR 

Increment 
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A one- or two-bit field (bit 33 or bits 33 and 32) of an Input or Output Access 
Control Word. It is used to specify wh ich portion (half or quarter) of a word 
is to be transferred. 

The i field (bit 16) of an instruction. It normally specifies indirect address­
ing; however, in some instances, it is: 

(1) used to extend the u field; or 

(2) used in conjunction with D7 to specify base register suppression. 

One of tw 0 areas in main storage as si gned to a program. 
The area which corresponds to the lower relative addresses. 

Input Acknowledge. Control signal sent by the CPU to the subsystem in 
response to an Input Data Request or External Interrupt signal and it indicates 
that the CPU has accepted the input status or data word. 

Input Access Control Register. For an Internally Specified Index I/O channel, 
the IACR is one of the control registers at addresses 408 - 57 8 , For an 
Externally Specified Index I/O channel, the IACR is a main storage location 
associated with an input device. 

Input Access Control Word 

Input Data Request. Control signal sent from a subsystem to the CPU when 
the subsystem has data for input to the CPU. 

Internal Function Register. Another name for the Processor State Register. 

The leftmost 18 bits (Xi field) of an index register. 

Incrementation The addition of the 18 leftmost bits (Xi field) of an index register to its 
rightmost 18 bits (Xm field). When incremented in this manner, the resultant 
value in the Xm field may be greater than, less than, or equal to, its original 
value. 

I/O 

IOC 

lSI 

ja 

Input and Outpu t 

I/O Controller 

Internally Specified Index. Applied to a subsystem and the I/O channel 
connecting that subsystem to the CPU. When transferring data, the CPU's 
initial response is to read out the Input or Output Access Control Register 
so as to determine the main storage location of the next word to be trans­
ferred. 

The j field (bits 29 - 26) of an instruction. This field is used as either an 
operand qualifier, a partial control register addres s, or a minor function code. 

Bit positions 29 - 22 of the Jump Greater And Decrement instruction which 
." 

are used to specify a control regi ster address. 

4 
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K 

Ka 

LAR 

Mantissa 

MC 

MEM 

MMA 

Modifier 

MPA 

MSR 

NI 

Normali.?e 

NU 

OA 

OACR 

OOR 

OR 

P 

Pack 

Pass 

P register 

PSR 

The initial count in the R~peat Count register for Block Transfer, search, or 
masked search instruction. 

The console key specified by the a field of certain instructions. 

Last Address Register 

The fractional part of a floating-point number 

Master Clear. See Subsystem Clear. 

Main Storage module 

Multi-Module Access Unit 

The rightmost 18 bits (Xm fie Id) of an index register. It is added to the 
16-bit address in the u field of an instruction to produce a relative address. 

Multiple Proces sor Adapter. Identica 1 to Shared Peripheral Interface; see SPI. 

Memory Select Register 

Next Instruction 

To normalize a floating-point number, the mantissa is shifted left or right 
until the leftmost bit of the mantissa is not identical to the sign bit. 

Not used. Bit position 16 of the Processor State Register. 

Output Acknowledge. Control signal sent by the CPU in response to an 
Ou tput Request signa I from a pe ripheral subsystem. 

Output Access Control Register 

Output Data Request. Control signal sent by peripheral control unit to the 
CPU to indicate that the control unit can accept a function or output data 
word. 

Logical inc Ius ive OR 

Program Address Counter (P register) 

Process of combining the sign and mantissa of a floating-point number from 
one register with the characteristic of the number from another register into 
a single register. 

When each of the five cycles initiated for the main timing chain (0.625 micro­
seconds minimum) have been completed, a pass through the chain has been 
completed. 

Program Address Counter 

Processor State Register 

5 
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QW 

R or 
R register 

Ra 

Residue 

RTC 

RO 

R1 

R2 

S 

SCCS 

so 

SI 

SLR 

SPI 

Subsystem 
Clear 

TO 

T1 

u 

U 

UNIVAC 1108 
Appendix A 

PROCESSOR AND STORAGE SECTION: PAGE: 

The quarter word indicator (bit 17) in the Processor State Register. Specifies 
alternate interpretation of partial word designators in order to provide quarter 
word operations. 

Control register specified explicitly or implicitly by an instruction. Control 
• register addresses 100a - 117 aand 120a - 137 a. 

The R register specified by the a field of an instruction. 

The least significant result word produced by a single-precision Floating 
Add or Floating Add Negative instruction. 

Real Time Clock 

Real Time Clock register at control register addre.ss 100 a . It is also a control 
register at address 120 a . 

Repeat Count registers at address lOla and 121a. They are used during Block 
Transfer, search, and ID.qsked search instructions. 

Mask registers at addresses 102 a and 122a. They are used during masked 
search instructions and the Masked Load Upper instruction. 

Sign bit or bit position 

Storage C las s Control Subsection 

The absolute address (D-bank) developed through addition: (BD + u) + (Xm or 0). 

The absolute address (I-bank) developed through addition: (BI + u) + (Xm or 0). 

Storage Lim its Regis ter 

Shared Peripheral Interface (formerly called the Multiple Processor Adapter). 

Control signal sent by the CPU to each peripheral subsystem which clears 
the peripheral control unit and conditions it to receive the next function. 
From the standpoint of the peripheral control unit, it is a Master Clear 
signa 1. 

Main timing chain 

A timing chain that operates in parallel with the main timing chain which may 
store up to three words (from arithmetic section) in a control registers. 

The u field (bits 15 - 0) of an instruction. 

The 18-bit value produced in the index subsection by adding the righ tmost 18 
bits (Xm field) of the index register specified by the x field of the instruction 
(or by adding 0 if x = 0) to the 16-bit value in the u field of the instruction 
(u field is extended to 18 bits). This value represents an address in main 
storage. 

6 
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V+1 

Unpack 

v 

w 

x 

X o.r 
X register 

Xa 

Xi 

Xm 

Xx 

XOR 

+0 

-0 

( ) 

( )' 

The 18-hit value produced in the index subsection by adding 1 to U. This value 
represents an address in main storage. 

The process of separating a floating-point number. The sign and mantissa are 
placed in one register and the characteristic in a different register. 

The absolute address contained in bits 17 - 0 of an lSI or ESI Access Control 
Word. 

The count field of an Access Control Word. For lSI operations, the W field 
is bits 33 - 18. For half word ESI operations, the W field is bits 32 - 18. 
For qu:uter word ESI operations, the W field is bits 29 - 18. 

The x field (bits 21 - 18) of an instruction. 

Control register specified by an instruction a t addresses 18 - 178 and 
1418 - 157 8, The registers at 0 8 and 140 8 are special registers. 

The X register specified by the x field of an instruction. 

Bits 35 - 18 of an index register. Used to increment or decrement the con­
tents of bit positions 17 - 0 (Xm field) when specified by an instruction. 

Bits 17 - 0 of an index register. Used in the index adder for the process 
u+Xm = U. 

The X register specified by the x field of an instruction. 

Logical exclusive OR 

Two words, one word, or a field consisting of all 0 bits. 

Two words, one word, or a field consisting of all 1 bits. 

The c'ontents of the register or location identified by the symbol within the 
paren theses. 

The ones complement of the register or location identified by the symbol 
within the parentheses. 

The contents of bit position 5 of the register or location identified by the 
symbol within the paren theses. 

The contents of bit positions 17 through 0 of the register or location identi­
fied by the symbol within the parentheses. 

7 
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AF:JpENDIX 

INSTRUCTION WORD 

B. UNIVAC IIOB 
WORD FORMATS 

~ ______ 3_oLI2_9. _______ 2_6LI2_5 _______ 2_2~1_21 ________ 18~1_Ih_7~I_l~~1~1_5 ____________________________________ ~01 

INDEX REGISTER WORD 

lSI ACCESS CONTROL WORD 

~ ________________ W __________________ ~1~8.1~1~7 ______________________ V __________________ ~01 

ESI ACCI::SS CONTROL WORD (H IS ONE BITON HALFwORD. TWO BITS ON QUARTER WORD; C IS PRESENTFORQUARTERWORD) 

135 G34 13; 13~ 131 C30129 W 18117 v 0 I 

BIASED ESI VALUES IN IACR'S 

r- BIASED INPUT ESI VALUE BIASED OUTPUT ESI VALUE' I 
~ __________________________________ ~~17L-______________________________________ ~0 

SINGLE-PRECISION FIXED-POINT WORD 

c~rr:-r- 0 \ 

u~--------.----------------------------------------------------------------~· 

DOU BL E-PR ECISION FI XED-POI N T WO RD 

,~r:r-
u~--------------------------------------------------------------

A~rrlr- 0\ 
U+l~---------------------------------------------------------------------------~' 

FI XED-paiN T IN TEG ER MUL TI PLY RESUL T 

AI3~1;4133 ________________________________________________________________________________ ~ol 

A+l~ _____________________________________________________________________________ o~1 

FIXED-POINT FRACTIONAL MULTIPLY RESULT 

A~. ____________________________________________________________________________ ~ol 

A+l~ ____________________________________________________________________________ lLI~61 

1 
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FIXED-POINT MULTIPLE SINGLE INTEGER RESULT 

A~4~ ____________________________________________________________________________ ~ol 

ADD HALVES WORD FORMAT 

Carry 
________________ ~f ~I ______________ _ 

Carry ----------'. 

ADD THIRDS WORD FORMAT 

Carry ---------~. ~I----------- Carry _____ .... f ... 1 _______ Carry ____ -...It 

SIN GL E-PRECISION FLOA TIN G-POIN T OPE RAN 0 

S CHARAC TERI STI C 
35 34 (BIASED EXPONENT) 27 26 

MANTISSA 

SINGLE-PRECISION FLOATING-POINT RESULT 

A S CHARACTERISTI C 

35 34 (BrAsED EXPONENT) 2726 
MANTISSA (NORMALIZED) 

A+l CHARACTERISTIC 
35 34 (BIASED EXPONENT) 2726 

MANTISSA (NOT NECESSARILY NORMALIZED; CON.TAINS RESIDUE, 
. LEAST SIGNIF"ICANT WORD OF" PRODUCT, OR· REMAINDER) 

DOU BL E-P RECI SION FLOATIN G-POIN T OPERAN 0 OR RESUL T 

A 
S 

or 

U 
35 34 

CHARACTERISTIC 
(BIASED EXPONENT) 2423 

MANTISSA 

o 

o 

o 

o 

A+l ~ 
or MANTISSA I U+l ~3~ __________________________________________________________________________________ ~O 

STORAGE LIMITS WORD 

35 
I-PORTION 

UPPER LIMIT 27 26 

I-PORTION 
LOWER LIMIT 18 17 

D-PORTION 
UPPER LIMIT 

PROCESSOR STATE WORD NOT USED 

• 
BS 

9 8 
D-PORTION 

LOWER LIMIT 

BD 

I~ _____ ------~---------------~' • 
DeSignatJr Section QUARTER- Relative Addr~SSing Section 

WORD 
DESIGNATOR 

o 

PAGE: 
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APPENDIX C. CHARACTER CODES 

--
OPERATOR'S 

80- HIGH DISPLAY CONSOLE CONTROL CONSOLE 

CPU COLUMN SPEED TYPE 4009 TYPE 4004 

CODE CARD PRINTER 
(OCTAL) CODE SYMBOL KEYBOARD CRT PAGEWRITER KEYBOARD PRINTER 

SYMBOL SYMBOL SYMBOL SYMBOL SYMBOL 

00 7-8 @ If Note 1 Note 1 K It 
01 12-5-8 [ [ [ [ UC \. 
02 11-5-8 ] ] ] ] LC Iii 
03 12-7-8 # NL (new Note 2 Note 3 LF LF 

line) 

04 11-7-8 ~ (no key) Note 1 Note 1 RETURN CR 

05 (blank) (space) (space bar) (blank) (blank) (space bar) (space) 

06 12-1 A A 

07 12-2 B B 

10 12-3 C C 

11 12-4 0 0 

12 12-5 E 
.. E 

13 12-6 F F 

14 12-7 G G 

15 12-8 H H 

16 12-9 I I 

17 11-1 J J 

20 11-2 K K 

21 11-3 L L 

22 11-4 M M 

23 11-5 N N 

24 11-6 0 0 

25 11-7 P P 

26 11-8 Q ... Q 

27 11-9 R - .. R 

30 0-2 S S 

31 0-3 T T 

32 0-4 U ... U 

33 0-5 V V 

34 0-6 W W 

35 0-7 X X 

36 0-8 Y Y 

37 0-9 Z 
.. Z 
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80- HIGH DISPLAY CONSOLE 
OPERATOR'S 

CONTROL CON SOL E 
CPU COLUMN SPEED TYPE 4009 TYPE 4004 

CODE CARD PRINTER 
(OCTAL) CODE SYMBOL KEYBOARD CRT PAGEWRITER KEYBOARD PRINTER 

SYMBOL SYMBOL SYMBOL SYMBOL SYMBOL 

40 12-4-8 ) ) 

41 11 - -
42 12 + + 
43 12-6-8 < < 

44 3-8 = = 

45 6-8 > > 
46 2-8 & - - - - -
47 11-3-8 $ $ 

50 11-4-8 * * 
51 0-4-8 ( ... ( 

52 0-5-8 % ad aa .. aa " 
53 5-8 -

54 12-0 ? ? 

55 11-0 ! ...- ! 

56 0-3-8 , (comma) ~ , (comma) 

57 0-6-8 \ 0 ¢ <t> 0 0 
60 0 0 0 0 0 0 0 
61 1 1 

.. 1 

62 2 2 po 2 

63 3 3 3 

64 4 4 p 4 

65 5 5 5 

66 6 6 .... 6 

67 7 7 - 7 ,. 

70 8 8 
.. 8 .... 

71 9 9 9 

72 4-8 '(apostrophe) .. • (apostrophe) 

73 11-6-8 .. ; , ... 

74 0-1 / .. / 
75 12-3-8 . (period) ~ . (period) 

76 0-7-8 ):t CJ CJ CJ spec ):t 

77 0-2-8 f= or stop t t t t t 
Note 1: When either 008 or 048 code is received f?r either the CRT or the PAGEWRITER, it is completely ignored. 

Note 2: When the 038 code is received for the CRT, the CRT addressing circuits are set to display the symbol for 
the next character code as the first symbol on the next line. 

Note 3: When the 038 code is received for the PAGEWRITER, a combination carriage return and line feed action is 
initiated at the PAGEWRITER. 

PAGE: 
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APPENDIX D. PROCESSOR UNIT 

I~ 

Preven 

Store ( 

F 

~STRUCTIONS OR CAPABILITY 

t All I/O Interrupts and Jump (PAIJ-72,13) 

:hannel Number (SCN-72,14): 

~or a = ° 

~or a = 1 

Initiat 

both a 

e Interprocessor Interrupt (111-73,14), for 

= ° and a := 1 

. 
Enable , Day Clock (EDC-73,14), for a = 118 

Disabl e Day Clock (DDC-73,14), for a = 128 

Load L _ast Address Register (LLA-73,16), for a= 1 

Test a nd Set (TS-73,17) 

Maxim urn Main Storage Size 

Interpr etation of bit 17 or PSR 

Is ESI quarter word logic included? 

Used v vith Avai I abi I ity Control Un it 

of the CPU in real time mode on Halt Jump Effect 
(HJ) a nd Halt Keys And Jump (HKJ) 

Time r 

CPU 0 

cabine 

leeded to update real time clock 

perability if a main storage power supply 
t is inoperative: 

~oninter leaved main storage 

Interleaved main storage 

Is sub 

attach 

Fixed 

system operable if power is down in a CPU 

,ed to the SPI ? 

Address: 

Status word made available with 

~xternal interrupt 

rest and set interrupt entrance 

DIFFERENCES 

TYPE 3011-95 TYPE 3011-97 TYPE 3011-99 

Privileged Privileged Not Privileged 

As defined As defined As defined 

As defined Undefined for some; Undefined 

as defined for others 

As defined Undefined for some; Undefined 

as defined for others 

As defined Undefined for some; Undefined 
as defined for others 

As defined Undefined for some; Undefined 

as defined for others 

As defined Undefined for some; Undefined 

as defined for others 

As defined As defined Illegal instruction 
fault interrupt 

262K 262K 131K 

Quarter word Quarter word Ignored 

indicator indicator 

Yes Yes No 

Yes No No 

No effect Prevents halt for some; Prevents halt 

no effect for others 

0.375 f.lS 0.3'75 fls 0.625 fls 

Not appl icable Operable Operable 

Operable Operable for some Not appl icable 

CPU's; nonoperable 
for other s 

Yes Yes, if CPU includes No 

shared subsystem kit 

2008 + CPU# 2008 + CPU# 23°8 

2448 + MSR 2448 + MSR No Test and Set 

instruction 

1 
PAGE: 
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APPENDIX E. INSTRUCTION 
REPERTOIRE 

E.l. INTRODUCTION 

Table E-1 lists the UNIVAC 1108 instruction repertoire in function code order. 
This table also provides the mnemonic, the instruction name, a brief description, 
and the execution time for each instruction. Table E-2 cross-references the 
mnemonic with the function codes. 

FUNCTION 
CODE (OCT AL) 

DESCRIPTION® 
EXECUTION TIME 

MNEMONIC INSTRUCTION 
f j 

IN I1SEC CD 

00 - - Illegal Code Causes illegal instruction -
interrupt to address 2418 

01 0-15 S,SA Store A (A) ~ U .75 

02 0-15 SN, SNA Store Negative A -(A) ~ U .75 

03 0-15 SM, SMA Store Magn i tude A \(A)\ ~ U .75 

04 0-15 S,SR Store R (Ra) ~ U .75 

05 0-15 SZ Store Zero Zeros ~ U .75 

06 0-15 S, SX Store X (Xa) ~ U .75 

07 - - Illegal Code Causes illegal instruction -
interrupt to address 2418 

10 0-17 L, LA Load A (U) -) A .75 

11 0-17 LN,LNA Load Negative A -(U) ~ A .75 

12 0-17 LM, LMA Load Magnitude A \(U)\ ~ A .75 

13 0-17 LNMA Load Negative Magnitude A -\(U)\ ~A .75 

14 0-17 A, AA Add to A (A) + (U) ~ A .75 

15 0-17 AN,ANA Add Negative to A (A) - (U) ~ A .75 

16 0-17 AM, AMA Add Magnitude to A (A) + \(U)\ ~ A .75 

17 0-17 ANM,ANMA Add Negative Magnitude to A (A) - \ (U)\ ~ A .75 

20 0-17 AU Add Upper (A)+(U) ~ A+ 1 .75 

21 0-17 ANU Add Negative Upper (A) - (U) ~ A + 1 .75 

22 0-15 BT Block Transfer (Xx + u) ~ Xa + u; 2.25 + 1.5K 

repeat K times always 
L.... 

See notes at end of table. 
Table E-7. Instruction Repertoire 

(Part 7 of 70) 
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FUNCTION 
CODE (OCTAL) EXECUTION TIME 

MNEMONIC INSTRUCTION DESCRIPTION® IN (lSEC CD 
f j 

2.3 0-17 L, LR Load R (U) -') Ra .75 

24 0-17 A, AX Add to X (Xa) + (U) -') Xa .75 

25 0-17 AN,ANX Add Negative to X (Xa) - (U) -') Xa .75 

26 0-17 LXM Load X Modifier (U) X . X -') a17_0 ' a35- 18 
.875 

unchanged 

27 0-17 L, LX Load X (U) -') Xa .75 

30 0-17 MI Multiply Integer (A) · (U) -') A,A + 1 2.375 

31 0-17 MSI Multiply Single Integer (A) · (U) -') A 2.375 

3:2 0-17 MF Multiply Fractional (A) · (U) ~ A,A + 1 2.375 

3:~ - - Illegal Code Causes illegal instruction -
interrupt to address 2418 

34 0-17 01 Divide Integer (A,A + 1) + (U) -') A; 10.125 

Remainder -') A + 1 

31-.) 0-17 DSF Divide Single Fractional (A) + (U) -') A + 1 10.125 

3() 0-17 OF Divide Fractional (A,A + 1) + (U) -') A; 10.125 

Remainder -') A + 1 

3i' - - Illegal Code Causes illegal instruction -
interrupt to address 2418 

40 0-17 OR Logical OR (A) [$I (U) -') A + 1 .75 

41 0-17 XOR Logical Exclusive OR (A) oom (U) -') A+ 1 .75 

4'" L. 0-17 AND Logical AND (A) mIDJ (U) -') A+ 1 .75 

43; 0-17 MLU Masked Load Upper [(U) rJIDJ (R2)] [$I .75 

[(A) fJIDl (R2)p] -') A'+ 1 

44 0-17 TEP Test Even Par ity Skip N I if (U) rJII!] (A) 2.00 skip 

have even par ity 1.25 NI 

45 0-17 TOP Test Odd Parity Skip N I if(U) rm!l (A) 2.00 skip 

have odd parity 1.25 NI 

46 0-17 LXI Load X Increment (U) -') Xa ; Xa 1.00 
35-18 17-0 

unchanged 

47 0-17 TLEM Test Less Than or Skip NI if (U) < (Xa) ; 1.75 skip 
- 17-0 

1.00 NI Equal to Modifier 
always (Xa) + (Xa) 

TNGM Test Not Greater Than 17-0 35-18 

Modifier 
-) Xa 

17-0 

50 0-17 TZ Test Zero Skip NI if (U) = ± 0 1.625 skip 
.875 NI 

See notes at end of table. 

Table E-7. Instruction Repertoire 

(Part 2 of 70) 
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FUI~CTION 

CODE (OCT AL) 
DESCRIPTlON® 

EXECUTION TIME 
r" MNEMONIC INSTRUCTION IN {LSEC CD 

f j 

51 0-1"7 TNZ Test Nonzero Skip NI if (U) 1= ± 0 1.625 skip 

.875 NI 

52 0-17 TE Test Equal Skip NI if (U) = (A) 1.625 skip 

.875 NI 

53 0-17 TNE Test Not Equal Skip N I if (U) 1= (A) 1.625 skip 

.875 NI 

54 0-17 TLE Test Less Than or Equal Skip NI if (U) ~ (A) 1.625 skip 

TNG Test Not Greater .875 NI 

55 0-17 TG Test Greater Skip NI if (U) > (A) 1.625 skip 

" .875 NI 

56 0-17 TW Test Within Range Skip NI if (A) < (U)'::; (A+ 1) 1.75 skip 

1.00 NI 

57 0-17 TNW Test Not Within Range Skip NI if (U) .:s; (A) or 1. 75 skip 

(U) > (A+ 1) 1.00 NI 

60 0-17 TP Test Positive Skip NI if (-U)35 = 0 1.50 skip 

.75 NI 

61 0-17 TN Test Negative Skip NI if (U)35 = 1 1.50 ,skip 

.75 NI 

62 0-17 SE Search Equal Skip NI if (U) = (A), 2.25 + .75K 

else repeat always 

63 0-17 SNE Search Not Equal Skip N I if( U) 1= (A), 2.25 + .75K 

else repeat always 

64 0-17 SLE Search Less Than or Equal Skip NI if (U) .::; (A), 2.25 + .75K 

SNG Search Not Greater else repeat always 

65 0-17 SG Search Greater Skip N I if (U) > (A), 2.25 + .75K 

else repeat always 

66 0-17 SW Search Within Range Skip NI if (A) < (U)..:S (A + 1), 2.25 + .75K 

else repeat always 

67 0-17 SNW Search Not Within Range Skip NI if (U) ~ (A) or 2.25 + .75K 

(U) > (A + 1), else repeat always 

70 CD JGD Jump Greater and Decrement Jump to U if (Control Register)ja 1.50 jump 

> 0; go to N I if (Control .75 NI 

Register)ja.:s; 0; always (Control 

Register)ja-l~Control Registerja 

71 00 MSE Mask Search Equal Skip NI if (U) rJID1 (R2) = (A) 2.25 + .75K 

rJmJ (R2), else repeat always 

See notes at end of table. 
Table E-7. Instruction Repertoire 

(Part 3 of 70) 
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FUNCTION 
C()DE (OCTAL) 

MNEMONIC INSTRUCTION 
f j 

n 01 MSNE Mask Search Not Equal 

n 02 MSLE Mask Search Less Than 

or Equal 

MSNG Mask Search Not Greater 

n 03 MSG Mask Search Greater 

n 04 MSW Masked Search Within Range 

ill 05 MSNW Masked Search Not Within Range 

71 06 MASL Masked Alphanumeric Search 

Less Than or Greater 

71 07 MASG Masked AI phanumer ic 

Search Greater 

71 10 ,DA Double Precision Fixed. 

Point Add 

i'l 11 DAN Double Precision Fixed-Point 
Add Negative 

71 12 OS Double Store A 

71 13 DL Double Load A 

71 14 DLN Double Load Negative A 

7'1 15 DLM Double Load Magnitude A 

71 16 DJZ Double Precision Jump Zero 

71 17 DTE Double Precision Test Equal 

72 00 - Illegal Code 

72 01 SLJ Store Location and Jump 

72 02 JPS Jump Positive and Shift 

See notes at end of table. 

I 
I U1"'1"'~U~ .. A~' ~ 

SECTION: PAGE: 

DESCRIPTION~ 
EXECUTION T~E 

IN p.SEC 1 

Skip NI if (U) mI!l (R2) t (A) 2.25 + .75K 

t1IDl (R2), els.e repeat always 

Skip NI if (U) fJID) (R2) S (A) 2.25 + .75K 

mm (R2), else repeat always 

Skip NI if (U) fJIDl (R2) > (A) 2.25 + .75K 

t1IDl (R2), else repeat always 

Skip NI if (A) mm (R2) < (U) 2.25 + .75K 
t1IDl (R2) S (A + 1) fJIDl (R2), always 

else repeat 

Skip NI if (U) mI!1 (R2) ~ (A) 2.25+ .75K 

mrn (R2) or (U) r..1m (R2) always 

> (A + 1) mrn (R2), else repeat 

Skip NI if (U) mrn (R2) s. (A) 2.25 + .75K 

mrn (R2), else repeat always 

Skip NI if (U) mrn (R2) > (A) 2.25 + .75K 

IBIDJ (R2), else repeat always 

(A,A + 1) + (U,U + 1) """" A,A + 1 1.625 

(A,A + 1) - (U,U + 1) """" A,A + 1 1.625 

(A,A + 1) """" U,U + 1 1.50 

(U,U + 1) """" A,A+ 1 1.50 

-(U,U +1) """" A,A + 1 1.50 

I(~,U + 1).1 """" A,A + 1 1.50 

Jump to U if (A,A + 1) = ± 0; 1.625 jump 

go to NI if (A,A -t 1) t ± 0 .875 NI 

Skip NI if (U,U + 1) = (A,A+ 1) 2.375 skip 

1.625NI 

Causes illegal instruction -
interrupt to address 2418 

(P),- Base Address Modifier 2.125 always 

[BI or BD] """" U 17-0; jump to 

U+1 

Jump to U if (Ahs = 0; go to 1.50 jump 

NI if (A)3S = 1; always shift (A) .75 NI always 

left circularly one bit position 

Table E-1. Instruction Repertoire 
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72 03 JNS Jump Negative and Shift Jump to U if (Ahs = 1; go to NI 1.50 jump 

if (Ahs = 0; always shift (A) .75 NI always 

left circularly on one bit position 

72 04 AH Add Halves (A)3S-l8 + (UhS-18 ~ A3S_' l8 ; .75 always 

(A)17-0 + (U)17-0 ~ A 17- 0 

72 05 ANH Add Negative Halves (A)SS-18 - (U)SS-18 -) A3S·· l8 ; .75 always 

(A)17-0 - (U)17-0 ~ A 17- 0 

72 06 AT Add Thirds (A)3S-24 + (UhS-24 ~ ASS-24 ; .75 always 

(A)2S-l2 + (U)2S-l2 ~ A23- 12 ; 

(A)ll-0 + (U)ll-0 ~ All -0 

72 07 ANT Add Negative Thirds (A)SS-24 - (UhS-24 ~ ASS-24 ; .75 always 

(A)23-l2 - (U)23-l2 ~ A23- l2; 
(A)ll-0 - (U)ll-0 ~ All -0 

72 10 EX Execute Execute the instruction at U .75 always 

72 11 ER Executive Return Causes executive return 1.375 always 

interrupt to address 2428 

72 12 - Illegal Code Causes illegal instruction -
interrupt to address 2418 

72 13 PAIJ Prevent All I/O Interrupts Prevent all I/O interrupts .75 always 

and Jump and jump to U 

72 14 SCN Store Channel Number If a = 0: channel number ~ U3- 0; .75 

if a = 1: channel number ~ Us-o 
and CPU number ~ US_4 

72 15 LPS Load Processor State Register (U) ~ Processor State Register .75 

72 16 LSL. Load Storage Limits Register (U) ~ SLR .75 

72 17 - Illegal Code Causes illegal instruction -
interrupt to address 2418 

73 00 SSC Single Shift Circular Shift (A) right circularly .75 always 

U-places 

73 01 DSC Double Shift Circular Shift (A, A + 1) right .875 always 

circularly U-places 

73 02 SSL Single Shift Logical Shift (A) right U-places; zerofill .75 always 

73 03 DSL Double Shift Logical Shift (A, A + 1) right U-places; .875 always 

zerofill 

73 04 SSA Single Shift Algebraic Shift (A) right U-places; signfill .75 always 

73 05 DSA Double Shift Algebraic Shift (A,A + 1) right U-places; .875 always 

signfi II 

See notes at end 0'( table. 
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73 06 LSC Load Shift and Count (U) -) A, shift (A) left 1.125 

circularly until (A)3S*= (A)34; -

NUMBER OF SHIFTS-) A +- 1 

73 07 DLSC Double Load Sh itt and Count (U,U +- 1) -) A,A +- 1; shift 2.125 

(A,A +- 1) left circularly until 

(A,A +- 1)71 *= (A,A +- 1)70; 
NUMBER OF SHIFTS -) A + 2 

73 10 LSSC Left Single Shift Circular Shift (A) left circularly .75 always 
U-places 

73 11 LDSC Left Double Shift Circular Shift (A,A +- 1) left .875 always 
circularly U-places 

73 12 LSSL Left Single Shift Logical Shift (A) left U-places; zerofill .75 always 

73 13 LDSL Left Double Shift Logical Shift (A,A +- 1) left U-places; .875 always 

zerofill 

73 14 III Initiate Interprocessor Interrupt Initiate interprocessor interrupt .75 always 

(a =0 or 1) 

ALRM Alarm Turn on alarm .75 always 

(a = lOa) 

EDC Enable Day Clock Enable day clock .75 always 

(a = 11a) 

DOC Disable Day Clock Disable day clock .75 always 

(a = 12a) 

73 15 SIL Select Interrupt Locations (a) -) MSR .75 always 

73 16 ·LCR Load Channel Select Register (Uh-o -) CSR .875 

(a = 0) 

LLA Load Last Address Register (U)z-o -) LAR .875 

(a = 1) 

73 17 TS Test and Set If (Uho = 1, interrupt to Alternate bank: 

address 244a; if (Uho = 0, go to 1.625 interrupt 

NI; always 01a -) U3S-3O ; .875 NI 

(U)29-0 unchanged 
Same bank: 

2.0 interrupt 

2.0 NI 

74 00 JZ Jump Zero Jump to U if (A) = ± 0; 1.50 jump 

go to NI if (A) *= ± 0 .75 NI 

always 

74 01 JNZ Jump Nonzero Jump to U if (A) =f. ± 0; 1.50 jump 

go to NI if (A) == ± 0 .75 NI 

always 

See notes at end of table. 
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74 02 JP Jump Positive Jump to Uif (A)35 = 0; 1.50 jump 

go to NI if (A)35 = 1 .75 NI 

always 

74 03 IN Jump Negative Jump to U if (A)35 = 1 ; 1.50 jump 

go to NI if (Ab5 = 0 .75 NI 

always 

74 04 JK Jump Keys Jump to U if a = 0 or if .75 always 

J Jump 
a = lit select jump indicator; 

go to NI if neither is true 

74 05 HKJ Halt Keys and Jump Stop if a = 0 or if [a mm I it .75 always 

HJ Halt Jump 
select stop indicators] 1= 0; 

on restart or continuation, 

jump to U 

74 06 NOP No operation Proceed to next instruction .75 always 

74 07 AAIJ Allow All I/O Interrupts Allow all I/O interrupts and .75 always 

and Jump jump to U 

74 10 JNB Jump No Low Bit Jump to U if (A)o = 0; 1.50 jump 

go to N I if (A)o = 1 .75 NI 

always 

74 11 ,JB Jump Low Bit Jump to U if (A)o =: 1 ; 1.50 jump 

go to NI if (A)o =0 .75 NI 

always 

74 12 .JMGI Jump Modifier Greater and Jump to U if (Xa) 17-0> 0; 1.50 jump 

Increment go to NI if (Xa) < 0; .75 NI 
17-0-

always (Xa) + (Xa) 
17-0 35-18 

always 

~ X
a17

_
0 

74 13 LMJ Load Modifier and Jump (P) - BASE ADDRESS MODIFIER .875 always 

[BI or BD] ~ Xa ; jump to U 
17-0 

74 14 JO Jump Overflow Jump to U if Dl of PSR = 1; 1.50 jump 

go to N I if D 1 =: 0 .75 NI 

always 

74 15 JNO Jump No Overflow Jump to U if Dl of PSR = 0; 1.50 jump 

go to NI if Dl =: 1 .75 NI 

always 

74 16 JC Jump Carry Jump to U if DO of PSR =: 1 ; 1.50 jump 

go to N I if DO =: 0 .75 NI 

always 

74 17 JNC Jump No Carry Jump to U if DO of PSR=:O; 1.50 jump 

go to N I if DO =: 1 .75 NI 

always 
'---. 

See notes at end of table. 
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75 00 LIC Load Input Channel For channel [a (ill]CS'R]: (U) .75 
-) IACR; set input active; 

c lear input mon itor 

75 01 LlCM Load Input Channel and For channe I [a t!I3 CSR]: (U) .75 
Monitor --,) IACR; set input active; 

set input mon itor 

75 02 JIC Jump On Input Channel Busy Jump to U if input active is set .75 always 

for channel [a [ill) CSR]; go to 

NI if input active is clear 

75 03 DIC Disconnect Input Channel For channel [a [ill) CSR]: .75 always 

clear input active; clear input 

monitor 

75 04 LOC Load Output Channe I For channel [a (i]3 CSR]: (U) .75 
--,) OACR; set output active; 
clear output monitor; clear 

external monitor (lSI only) 

75 05 LOCM Load Output Channel For channel [a (ill] CSR]: (U) .75 
and Monitor --,) OACR; set output active; 

set output monitor; clear 

external function (lSI only) 

75 06 JOC Jump on Output Channel Busy Jump to U if output active is .75 always 

set for channel [a [ffiJ CSR]; 

go to NI if output active is clear 

75 07 DOC Disconnect Output Channel For channe I [a tmJ CSR]: .75 always 

c lear output active; c lear output 

monitor; clear external function 

75 10 LFC Load Function in Channel F~r channel [a [!J3 CSR]: (U) .75 
--,) OACR; set output active (lSI 

only), external function, and 

force external function; clear 

output monitor (lSI only) 

75 11 LFCM Load Function in Channel For channel [a [ill) CSR]: (U) .75 
and Monitor --,) OACR; set output active (151 

only), externa.1 function, force 

extern al funct i on, and output 

monitor (151 only) 

75 12 JFC Jump On Function in Channel Jump to U if force external .75 always 

function is set for channel 

[a [illJ CSR]; go to N I if force 

external function is clear 

See notes at end of table. 
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75 13 - Illegal Code If guard mode is set, causes .75 always 

guard mode interrupt to address 

2438 , If guard mode is not set, 

same as NOP 

75 14 AACI Allow All Channe I Allow all external interrupts .75 always 

External Interrupts 

75 15 PACI Prevent All Channel Prevent all external interrupts .75 always 

External Interrupts 

75 16 - Illegal Code 

I 
If guard mode is set, causes 

1.75 always guard mode interrupt to address 

2438 , If guard mode is not set, 

75 17 - Illegal Code same as NOP 

76 00 FA Floatin'g Add (A) + (U) ~ A; RESIDUE -) A+ 1 1.875 

76 01 ,FAN Floating Add Negative (A) - (U) ~ A; RESIDUE ~ A+ 1 1.875 

76 02 FM Floating Multiply (A) . (U) ~ A,A+ 1 2.625 

76 03 FD Floating Divide (A) + (U) ~ A; REMAINDER 8.250 

~A+1 

76 04 LUF Load and Unpack Floating \(U)134-27 ~ A7-0, zerofill; .75 always 

(U)26-0 ~ A + 126-0, signfill 

76 0" ,) LCF Load and Convert to Floating (U)35 ~ A + 135; [NORMALIZED 1.125 

(U)]26-0 ~ A+ 126-0; if (U)3S-= 0, 
(A)7~0 ± NORMALIZING COUNT 

~ A + 134-27; if (Uh5 = 1, ones 

complement of [(A)7-0 ± 
NORMALIZING COUNT] 

~ A + 134-27 

76 Oli MCDU Magnitude of Characteristic 11(A)135-27 -1(u)135-27I .75 always 

Difference to Upper ~ A+ 18- 0; ZEROS ~ A+ 135-9 

76 07 CDU Character istic Difference I(A)135-27 - I(U)b5-27~ A+ 18-0 : .75 always 

to Upper SIGN BITS ~ A+ 135-9 

76 10 DFA Double Precision Floating Add (A,A + 1) + (U,U+ 1) ~ A,A+ 1 2.625 

76 11 DFAN Double Precision Floating Add (A,A + 1) - (U,U+ 1) ~ A,A+ 1 2.625 

Negative 

76 12 DFM Double Precision Floating (A,A + 1) . (U,U+1) ~ A,A+ 1 4.25 

Multiply 

76 13 DFD Double Precision Floating (A,A + 1) + (U,U+ 1) ~ A,A+ 1 17.250 
Divide 

Seo notes at end of table" 
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76 14 DFU Double Load and Unpack !(U)!34-24 ~ A, 0-0' zerofi II; 1.50 
Floating (U)23-0 ~A+ 123-0, signfill; 

(U + 1) ~A...+ 2 

76 15 DFP Double Load and Convert (U) ~ A + 13S ; [NORMALIZED 

to Floating (U,U + I)Js9-0 ~ A'+ 123-0 and 

A + 2; if (U)3S = 0, (A), 0-0 ± 
NORMALIZING COUNT ~ 

A + 134-24 ; if (Uhs = 1, ones 

complement of [(A), 0-0 ± 
NORMALIZING COUNT] ~ 

A + 134-24 

76 16 FEL Floating Expand and Load If (U)3S = 0, (U)3S-27 + 16008 1.00 

~ A3S-24 ; if(U)3S = 1, (UhS-27 

- 16008 ~ A3S-24 ; (U)26-3 ~ 
A 23-0; (U)2_0 ~ A + 135-33 ; 

(Uhs ~ A + 132 - 0 

76 17 FCL Floating Compress and Load If (Uhs = 0, (UhS-24 -16008 1.625 

~ A3S-27; if (U)3S= 1, (U)3S-24 

+ 16008 ~ A35-27; (U)23-0 

~ A26-3; (U + 1)3S-33 ~ A2-0 

77 0-17 - Illegal Code Causes illegal instruction -

interrupt to address 2418 

Notes: 

CD The execution times given are for alternate bank memory access; for same bank memory access, execution time is 
.75 microsecond greater. Exceptions to this either show the execution times for both types of memory access or 

include the word "always" to indicate that the execution time is the same regardless of the type of memory access. 

For function codes 01 through 06 and 22, add .375 microsecond to the execution times for 6-bit and 12-bit wr ites. 

The execution time for a Block Transfer or any of the search instructions depends on the number of repetitions (K) 
required; that is, the number of words in the block being transferred or the number of words searched before a find 
is made. 

CD INI stands for Next Instruction 

CD The a and j fields together serve to specify any of the 128 control registers. 

o If 28 rather than 27 subtractions are performed, add .25 microsecond to the execution time. 

® If 61 rather than 60 subtractions are performed, add .25 microsecond to the execution time. 

Table E-1. Instruction Repertoire 
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A 14 DSF 35 LlC 75 00 SIL 

A 24 DSL 73 03 LlCM 75 01 SLE 

AA 14 DTE 71 17 LLA 73 16 SLJ 

AACI 75 14 EDC 
a=1 

73 14 SM 

,AAIJ 74 07 
a= 118 

LM 12 SMA 

AH 72 04 ER 72 11 LMA 12 SN 

ALRM 73 14 EX 72 10 LMJ 74 13 SNA 
a= I08 

FA 76 00 LN 11 SNE 

AM 16 FAN 76 01 LNA 11 SNG 

AMA 16 FCL 76 17 LNMA 13 SNW 

AN 15 FD 76 03 LOC 75 04 SR 

AN 25 FEL 76 16 LOCM 75 05 SSA 

ANA 15 FM 76 02 I-PS 72 15 SSC 

AND 42 HJ 74 05 LR 23 SSL 

ANH 72 05 HKJ 74 05 LSC 73 06 SW 

ANM 17 III 73 14 LSL 72 16 SX 

ANMA 17 a=O or 1 
LSSC 73 10 SZ 

ANT 72 07 J 74 04 LSSL 73 12 TE 

ANU 21 JB 74 11 LUF 76 04 TEP 

ANX 25 JC 74 16 LX 27 TG 

AT 72 06 JFC 75 12 LXI 46 TLE 

AU 20 JGD 70 LXM 26 TLEM 

AX 24 JIC 75 02 MASG 71 07 TN 

BT 22 JK 74 04 MASL 7l 06 TNE 

CDU 76 07 JMGI 74 12 MCDU 76 06 TNG 

DA 71 10 IN 74 03 MF 32 TNGM 

DAN 71 11 JNB 74 10 MI 30 TNW 

DDC 73 14 JNC 74 17 MLU 43 TNZ 
a== 128 

JNO 74 15 MSE 71 00 TOP 

DF 36 JNS 72 03 MSG 71 03 TP 

DFA 76 10 JNZ 74 01 MSI 31 TS 

DFAN 76 11 JO 74 14 MSLE 71 02 TW 

DFD 76 13 JOC 75 06 MSNE 71 01 TZ 

DFM 76 12 JP 74 02 MSNG 7l 02 XOR 

DFP 76 15 JPS 72 02 MSNW 71 05 -
DFU 76 14 JZ 74 00 MSW 7l 04 -
DI 34 L 10 NOP 74 06 -
DIC 75 03 L 23 OR 40 -
DJZ 71 16 L 27 PACI 75 15 -
DL 7l 13 LA 10 PAIJ 72 13 -

DLM 71 15 LCF 76 05 S 01 -
DLN 7l 14 LCR 73 16 S 04 -
DLSC 73 07 a==O S 06 -
DOC 75 07 LDSC 73 11 SA 01 -
DS 7l 12 LDSL 73 13 SCN 72 14 -
DSA 73 05 LFC 75 10 SE 62 

DSC 73 01 LFCM 75 11 SG 65 
4 ___ 

Table E-2. Mnemonic/Function Code Cross-Reference 
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73 15 

64 

72 01 

03 

03 

02 

02 

63 

64 

67 

04 

73 04 

73 00 

73 02 

66 

06 

05 

52 

44 

55 

54 

47 

61 

53 

54 

47 

57 

51 

45 

60 

73 17 

56 

50 

41 

00 

07 

33 

37 

72 00 

72 12 

72 17 

'15 13 

75 16 

'15 17 

77 
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