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ABSTRACT

A simulation of Univac 1108 hardware
is written for the IBM 360 Model 65. The
simulation includes an 1108 Assembler,
Loader and machine code Interpreter.

The objective of the project is to
design and develop a system that will
assist in the education of Computer

Science students.
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INTRODUCTION

dynamic relocation of addresses or paging. Simulation is an
inexpensive method of illustrating such design differences,

The simulator enables students to compile, load and
execute programs written in Univac 1108 Basic Assembler
Language. Generally the user is unaware that his program is
being executed by an IBM 360/65.

The objectives of developing the 1108 simulator are -

(a) to make the student of Computer Science aware of

different computer designs.

(b) to familiarize him specifically with the Univac 1108.

Appendix V gives a general description of the 1108.

1108 programs may be written in executive (supervisor)
and/or user modes, Using the system gives considerable
insight into the functioning of the hardware and the
Executive. A suggested student exercise is to compare one
specific area of the 1108 with the 360, such as character
string manipulation. He can compare ease of programming,
number of instructions, main storage requirements etc. The
current simulator does not time execution but this could be
included to give a more complete comparison,
+¥ This~presentation includes three sections which describe
the simulator. It is suggested the usef omit Chapter III
and concern himself with the User Guide (Chapter II) and
Sample Programs (Chapter IV). 1108 Manuals may be needed to

supplement this description (see References). Chapter III is




'INTRODUCTION

difected to the Systems Programmer, for purposes of program
maintenance and additions. Conclusions and future

developments are discussed in Chapter V.




Chapter II USER GUIDE

This chapter contains several sections which describe the

simulated Univac 1108 in detail. Special attention is given

to the differences between the simulator and the actual 1108.
Differences have been introduced for two reasdns.
(1) A different approach enables characteristics of the
hardware to be better illustrated.

For example, main storage modules in the simulator are

smaller than in the 1108, By reducing their size, it is
possible to have multiple storage modules and thus
completely represent 1108 addressing.

(2) Some variations help surmount programming problems

in representing hardware operations.

One of the majorvproblems in developing the simulator was
in representing a hardware interrupt. In the 1108 an
interrupt may occur at any point in time. An instruction
which executes in more than one machine cycle may be
interrupted and re-started later. Programming this into the
simulator would have been an impossible task., Hence the
simulator handles interrupts a little differently. An
instruction cannot be interrupted during execution.

Therefore any interrupt that occurs will be handled after

the instruction in progress is completed.
Section 2.1 describes the 1108 hardware that is simulated.
Examples are provided to clarify the operation of the 1108.

The 1108 instructions implemented in the simulator are



USER GUIDE

presented in Section 2.2, This section is included for two
reasons,

(1) The User Guide is intended as a complete description
of the simulated 1108, and is to be used in learning
to program the simulator, and for reference. Appendix
III provides an alphabetic list of all 1108 instruct-
ions, Those that are included in the simulator are
cross referenced to Section 2.2,

(2) Each instrﬁction is presented in a notation which is
clearer and more concise than that found in any of
the manufacturers manuals. Once familiar with the
‘notation (see Appendix III) the student will £find this
method of presentation facilitates both learning and

.ureference.

Sections 2.3, 2.4 and 2.5 describe the three programs that
form the simulator. Of particular interest are the program
debugging aids that are available (Section 2.5). None of
these is provided in the Univac 1108.

In preparing job control language the user is aware for
the first time that his program is executed by an IBM/360.

To simplify this process all JCL usually required is listed
in Section 2.6.

Errors detected by the simulated Assembler are flagged as
in the 1108 Assembler. Unlike the 1108 Assembler, however,
the position of the error is marked in the simulated output.
Some errors may produce IBM error codes instead of 1108
messages. The reasons for this and a complete list of errors
~are provided in Section 2.7.

5




SECTION 2,1 SIMULATED 1108 SYSTEM

Many configurations of individual 1108 components are

possible. For the purposes of this simulation a very simple

configuration is used. Like the computer itself, the
gimulator is modular, such that future expansion 1is

possible. Chapter V discusses planned additions that will
help to improve and sophisticate the simulator.

The simulated system has a unit-processor (consisting o

h

control, arithmetic and input/output sections), two main

storage modules, a card reader and line printer.

1. MAIN STORAGE. [5]

Fach 1108 main storage module contains 32,768 36-bit
words. The simalator has +two modules so the user can
familiarize himself with alternate interrurpt addresses (see
later this Section).. The modules are reduced in size to
4096 words. Thus valid main storage addresses are:-—

0 +0 177778 (0 to 4025)

3
1000008 to 1077778 (32768 to 36863)

3

Note that addresses 200008 to 777778 are invalid,

to.

jon}
joXt
]
0]
in
n
O
69
&3]
]
{ 1
o]

There are 128 control registers whose a

6




1778, i.e. the sane addresses as the first 128 words of main

storage. ¥Most addresses less than 2009 refer to control
registers and hence the name "Hidden Storage" - the first
128 words of main storage. An address refers to hidden

storage rather than a control register when

¥ a

(a) the address is obtained

{

from the P-register (Progran

ress Counter) which contains the address of the

(b) the address is that of a word referenced during an

indirect addressing secuence.

x.-h

(c) the address s that of a2 woxrd referenced hy the

fen!
e
0]
Q
<
ot
O
}._1.
=
n
ot
]
o
Q
Cui-
}J-
O
o]
L)

Certain locations in main storage are used permanently as
interrupt handling routine entry points and status words,
The fixed address assignments used in the simulator are

listed in Table 2.1.1.

The value x is obtained from the Memory Select Register

)

(MSR) . It determines the storage module used. With two
storage mcodules the only’allowable values of C(MSR) are 0 or
1. For example, if C(MSR)=1 and a Guard Mode Interrupt
occurs the system will trap to absolﬁte location 1002434,

Initially C(MSR)=0, The MSR can be loaded with the SIL

(Select Interrupt Locations) instruction.

2. CONTROL SECTION.[5]

The Central Processing Unit (CPU) follows these steps in
7




x00220
x00221
x00222
200223
x00241

x00242
x00243

x00244
x002407
x200252

STHMULATED 1108 gvyswmy

Assignment
CPU external interrupt statu
word

9]

IST input monitor interrupt

IST output monitor interrunt
IET function meonitor interrupt
IST external interrupt

Illegal instruction fault
interrupt

fxecutive return interrupt 2

Guard mode/Storage protection
fault interrupt

Test and set interrupt

Divide fault interrupt
Implementation interrupt

Table 2.1.1. Fixed Address Assignments.

Figure

I3
¢
1
W
A
N
oy
Jt
o

function code,
operand qualifier,
function code.

minor

L
|

a = control register specification.

¥ = index register.

h = index register incrementation
indicator.

i = indirect addressing bit.

u = operand address.

2.1.,1. Instruction Word Format.

1817 o]

and

Figure 2.1.2.

:
X1 Pt

¥m both halfword signed integers.

Index Register Format.




Main Storage to Arithmetic Section
0,1 I3s o Bs
0,1 YsLl0/0000017717 o | 17
> 0,135 18/////71777//4 | 17
0,1 YLL//0717777 /17 o | 17
35 18////////////4 | 17
///11111117177 77720 of|____ signs
Vrs7777723 12777777774 sicns
s 2777070077000/ | fons
Vsr7772€ 1877707777777/ | zeros
Vrs777770707070777772 o | zeros 9
Vsir727/770777/737 97777774 | zeros 8
135 27///////7//777/7/77/4 | zeros 8
0,1 [110177771/0177777717775 o | zeros
0,1 Y/1/0007/077/7777/711 6777/ ) zeros 5
0,1 Y//00177///7717 1277777774 | zeros 5
0,1 WLL110/7/72318//7/7/77/07/07074 | zeros 5
L 0,1 /1128 2870/ 0000010770 0074 Zeros 5
0,1 8530//2//00/070/177/107000 | zeros
6 0,1 |//1//0/00/7///17 o | 17
0,1 lsssr000002/27 of | 17

pable 2.l.2a. Data Transfer Patterns.

Main Storage to Arithmetic Section



Arithmetic Section

oW to Main Storage

0,135 o a5 o
0,1 \/L200/2/077//17 oA Lr220/07707727 _—
0,1 L0100 0177717 of I35 18///////71/7/4
0,1 \LL0/00707/77717 o V1//01020077 707 q]
0 WYL 10000007/737 o 5 18////7////0/7//]
O LLLLL01111001077 775 o V///00/007777077077730 o]
0 |LLLL12010007177 7700 o V/////4/23 12////7////]
0 WYLLLLI010000177 770 AN BS __28////////7/777777/A
Y WL 1000070710778 of Y////726 1877777171777
L YLLLLLLI 10000101778 o VLLLL1111777717 70778 0]
v ss0000000001077/8 A YLsr077077077707 9771777
N VIIINIIIIIIIIIIIIIIA: 0BS5S 27////////17/00/7/7/77]

0,1 L100117/07/777/7707/7///75
0,1 |LLLLLLLLLS L1111 LS5
0,1 WLL11171117 0070707707775
0,1 L10000070070007000077775
0,1 Ll 0000000000070777070/75
0,1 /L1077

£ D,

N
R 4

1

.1

oA VLLL1777007770777777775 9

A VLLL1120007770710772% 6//77/]

oA YLL2272000017727 2277777017/

o V2/1/1/070/2318//0/707777777/

A VL1720 28/7/717/777777777/)

MO

NG

o Bs30///7/27/77/777/070777/7/)

MOANCTTTD
EARSY LSRN S

MTAMNOTTITD
[RGB E A I SN A N

Table 2.1.2k. Data Transfer Patterns. o
Arithmetic Section to Main Storage

10




STMULATED 1108 SYSTEHM

the execution of a program:
(a) An instruction is transferred from main storage to

+the control section of the CPU., The address of this

%

instruction is obtained from the P-register, which
is initially set by the Loader and incremented by
one until a program jump or CPU interrupt breaks the
sequence.

(b) The instruction is then decoded and the instruction
effective address computed,

(c) The omperation specified by the instruction is then
performed.

An 1108 instruction occupies one 36-hit word.

The instruction word foxrmat is illustrated 1in Figure

2.1.1
The following paragraphs discuss the most usual use of

each subfield of the instruction. Variations +to this are

found in the definition of each instruction {(Section 2.2).

f-field
The f-field defines completely (0 < £ <= 708)
partially  (£> 70
the operation to be performed by the CPU,

For £> 70,, the £ and j fields define the operation.

If £ < 70g, the j-field is used as a opverand gualifier.
For i such that 08 RS < 38 or 108 < 3 < 178 the value

£~

determines a specific pattern for data transfer from main

11




SIMULATED 1108 SYSTEM

storage to the control section or vice-versa. For 3j such
that 48 <] g 78 two different patterns are possible, The
Quarter Word Indicator (QW) in the Processor State Register
(PSR) determines which pattern is used. Tables 2.l.2a and
2.1.2b give the data transfer patterns for values of the
j-field and QW.

When the effective main storage address is 1less than 200g
the value of j is assumed equal to zero.

If £=70 the j-field and a-field together specify a

8'
control register (0g < j,a < 1778).

If £> 708, the j-field is a minor function code., i.e. f

and j together define the operation.

a-field

The a-field selects either an accumulator (A), index
register (X) or control register (R). If the instruction
uses two or three accumulators then the a-field explicitly
references Aa and implicitly references Aa+l and Aa+2.

Table 2.1.3 shows there are two sets of accumulators,
index registers and R-registefs. D6 (in the PSR) determines
which set is used.

If D6=0 then A values are 12 - 27

X " " 0 - 15
R " " 64 - 79
If D6=1 then A values are 108- 123
X " " 97 - 111
R " " 80 - 95
The latter set are called Executive registers,

12



CTATTT AT D N DT
CIMULATED 11038 SVvaTnM

Cral, DRECIMAL
0 Processor State Register storage) 8]
T 7
Fifteen Index Registers (Y-Registers)
13 1]
14 12
(overlayp)

Sixteen Accunulators (A-Registers)

33 27

34 28
(not uzed)

- o

77

100

Real-Time Clock (R0 Register)

101

Repeat Count Register (Rl Registerxr)

102

Mask Register (R2 Register)

103 67
Thirteen Special Registers (R-Registers)

117 79

120 80

137

Sixteen Executive Bpecial Registers
(same assignments as P-Registers)

140

*

Non~Indexing Recister (X0 Register)

141

153

Fifteen IExecutive Index Registers

154

157

(overlap)

-
L

o
OFD
[ V]

160

173

ixteen Executive Accumulators

$7]

ot [
ot [
2 {

123

174

{not used)

124

127

Table 2.1.3. Corntrol Register Assigrments.

13




SIMULATED. 1108 SYSTEM

T

x=field

[

If x=0 then no index register is employed in effective
address calculation.
If =x#0, then it selects an index register. The low

18=bits of this register contain a signed number which is
- -t

0]
h

used in computing the effective address (see Effective

Address Calculation below).

h~-field

If x=0, the h-field is not used.

If %20, h=0 then the index register remains unchanged
during the effective address calculation.

If x#0, h=1 then the index register is incremented after
it has been used for calculating effective address. The

incrementation process is define

o

as

C(Xi) + C(Xm) = C(Xn). (see Figure 2.1.2)

i-field.

If 1i=0, the value plavs no significant role in the
execution of the instruction.

For 1 non-zero, its meaning depends on the Base Register
Suppression bit (D7) of the PSR,

If i=1, D7=0 then indirect addressing is specified (see
Effective Address Calculation below).

If i=1, D7=1 +then the address as calculated is an
absolute address and the base register contents are not
added. Use of this is best seen by illustration in Sample

Problem 2 Chapter IV.

14




SIMULATED 1108 SYSTEM

u-field,
The u—field is normally used to address an orerand.

16 bits form an unsigned positive integer which is a

Exceptions are shift instructions and the Execut

struction.

u
®
(—i-
&
H
s
e

The P-register is an 18-bit register which contains

absolute address of the next instruction +o be execu

The

the

ted.

Immediately after an instruction 1is fetched from main
storage the value in the P-register is incremented bhv one.
A jump or skip instruction may further alter the contents of
the P-regigter, A jump to B is effecked by B = C(P).

When an interrupt occurs control is passed to a fixed
location in main storage. The contents of the P-register is
not changed. The first instruction of the interrupt handlex
must save the P-register. Usually a SLJ (store location and
jump) or IMI  (load modifier and Jump) instruction isg

executed at the trap location.
Subroutine call sequences:

(1) . . mainline

program
SLJ LRTN , C(?) = C{(RTN), jump to RTN+1
*

=
3
IE_»:
O

15




(2)

*RTN . return to mainline

. mainline program

X6, RTN . C(P) = C(¥X6), jump to RTM

the routine must not destrov register

(X6 . return to mainline

EFFECTIVE ADDRESS CALCULATION

The following is the sequence used in effective address
calculation., Instruction address obtained initially from
P-register.

L. resultl = u

2, if % = 0 continue at 6.

3. resultl = resultl + x modifier (indexing)

b, if h = 0 continue at 6.

5. C(Xi) + C(Xm) = C(¥m) (index modification)

6. if shift instruction and i1 = 0 continue at 15.

7. if £ < 708, j o= 168, 178, and x = 0 then continue at

9. (using 18-bit u value).

3. if D7 =1 and i = 1 then continue at 15. (absclute

addressing)

16
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10.
11.

12,

-
W
.

14,

(e)

3. ARITHMETIC

1108 Adder
The
all noint

is used for fixed

operates with either 36-bit or 7

17

arithmetic operations.

2-pbit operands.

if resultl > BE then continue at 12,

resultl = resultl + BI (instruction hase added)
continue at 13

resultl = resultl + BD (data hase added)

if £ <7%, 3 =16 , 17 , and x = 0 then continue at
15.

if i = 1 then use resultl to address ancther word
and continue at 1. (indirect addressing)

E = resultl (final effective addressg).
features of the addressing svstem of the 1108 are
indirect addressing to any level.

index register modification.

absolute addressing option,

base registers enabling dynamic relocation £
programs

2 base registers (one for instructions, one for
data) with separate storage limits checking.

1108 Adder is Ones complement subtractive adder that

It




STMULATED 1108 SYSTEM

Fixed point addition and subtraction

9
0
[
o
5]
b}
‘,.:

nstructions can result in an overflow or carry

tialize the overflow and

ot
|

condition. Thesgse instructions in

carry indicators (D1 and DO in PSR) to zero. The indicators

de

may then be set 1 hv the arithmetic.
The overflow hit is set 1 when the sign of the result is
algebraically inconsistant.
viz. Augend Addend Result
Addition + + -
- - +
Minuend Subtrahend
Add Megative + - -
(Subtraction) - + +

The carry bit is set 1 when an end-around carry o©CCuUrs

during the execution of the instruction.

viz. Augend Addend Result
+ - +
Addition - + +
- - +
Minuend Subtrahend
+ + +
Add Negative - - +
(Subtraction) - + +
- + —

Fixed=-point multiplication,
There are three fixed point multiply instructions.

18




operand has an implied binarvy point to the rig

has an implied binary point to the left of th

(a) Multiply Integer gives a 72-hit result stored

COHSéCUtiVe accumulators.

in two

(b) Multiply Single Integer stores onlv the 3¢ rightmost

ER 4 ] - e o

(o8

h

bits of the product. The high oxrder word is 1
(c) Multiply 'Fractional is the game as.ﬂulticly I
until the result is stored. For this instr
the 72-bit product is left shifted circular
hit position prior to storing in two conse

accumulators,

For the two multiply integer instructions, if

rightimost hit then the nroduct has an implied bhinary
“to the right of the rightmost bit.
For the multiply fracticnal instruction, if esach on

has an implied binary voint to the left of the 1la

D

magnitude bit,

Scaling operands can be done either ur or down,

example to multiply

i.e. 10.11 by 11.101,

L

we can proceed in either of the following wavs

leftmos

uction
lv one

cutive

nerand

f+rmost

magnitude bit (i.e. hetween bits 35 and 34) then the nroduct

t

For

(1011)2 % (11101)273 (0.1011)2° % (n.11101)2 2

prod= (1011 x 11101)27° prod=(0.1011 % 0.11101)2"
using mult int using mult frac

= (100111111)2 " - (n.100111111)2"

1001.111112 = 1001.11111

19




SIMULATED

=
i':)-.
®
()
D
&)
]
®
fu3
juy
=
)
0]
th
i,-l-
b
D
(@]

o]
o)
}.J.
=3
(-I..
jo]
;.J.
<
[
o)
D
fda
1
D]
ch
¢
[
9]
ot
I_.l
O
‘..
N
.

(a) Divide Integer gives a 36-hit quotient and a 36-hit
remainder stored in two consecutive accumulators,

replacing the original 72-kit dividend.

)

(b) Divide Fractional left shifts logically the dividend
one bit position rrior tco the divide, A 36-bit
guotient and a 36-hit remainder are stored in
consecutive accumulators, replacing the original

72-bit dividend.

(¢) Divide Eingle Fracticnal left shifts logically the
dividend one hit position priocr +to the divide,. The

original dividend is only 36 bits long. A 36-bit
gquotient is stored in an accumulator and the
remainder is lost.

For the divide integer instruction if hoth the dividend

and divisor have implied binary points to the right of the

rightmost bit then the cquotient and remainder also have

o

implied binary points to the richt of the rightmost hit,
2 fractional instructions if hoth dividend
and divisor have implied binarv points to the left of the
leftmost magnitude bit (i.e. between bits 35 and 34) then
the cguotient and remainder bhoth have implied bhinary points
to the left of the leftmost magnitude hit.

There 1is no equivalent in the IBM/360 revertoire to the

multiply and divide fractional instructions,

20




The 1108 is designed to operate under the control of an
axecutive rrogram whose function @ includes loading and
controlling user programs, handling interrupts and I/0.

The simulated system automatically loads instructions to
handle interrupts. For anv interrupt a core dump is given
and the user program terminated. The user can, however,
overwrite those instructions and effectively write his own
executive program (see Sample Problem 2, Chapter IV). When

3

doing so consideration must be given the following:

PROCESSOR STATE REGISTER (PSR).

D8 (bit 35) not used.

D7 (bit 34) - Base Register Suppression Indicator.

1 the i bit of the instruction is used to

5
)
=3
(w}
]
{

specify absclute addressing rather +than indirect
addressing. When computing the effective address

the contents of the base registers are not used if

location 01000 containg 900001

»

&0

s

location llQOO? contains 01001

b

0

location llOOl8 contains 01002

[0s]

Base register contents = 10000,
If D7 = 0 when the load instruction is executed 01002, is
0

loaded into A2. The effective address is computed by:-
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(a) base register + u = 11000 ¢

b) indirect addressing - get C(11OOOS)=1OD19
(c) add hkase, E=110018

If D7=1 when the load instruction is executed, 001 is

loaded into A2, The i-bhit now indicates absolute addressing

soc B = 010008'

J
)

(bit 33)

|

Control Register Selection Designator,

When D6

i

1, the a and x fields of the instruction word
reference the BExecutive control registers (see Table
2.1.3).

These registers have addresses -

14L3 - 1578 (index registers)
1548 - 1734 (accunulators)
1205, - 1374 (R=~registers)
When D6 = 0, the a and x fields refer *to control
registers with addresses
l8 - 17, (index registers)

[s]

148 - 338 (accumulators)

lOO8 - 1178 (R~registers)
D5 (it 32) - not used.
P4 (hit 31) - not used
D3 (bit 30)/D2(bit 29) - Modified storage protection/Guard
mode and storage limit protection.
if D3D2 = 00, then guard mode and storage protection are

<a

disabled. No guard mnmode/storage protection fault

interrupt can occur.

~

If D32 = 012 then guard nmode and

protection are fully enahlad, A GMEL  fault

22




interrupt occurs if an attempt is made to write into

any control register other than user registers, if a

the effective address violates

for a write instruction a
interrupt occurs.
If D3p2 = ll7 then quard mode 1is enabled and gstorage

limits protection is enabled for writes.

DL (bit 28) - Overflow Desi

I.J.

gnator.

Certain fixed point arithmetic instructions affect DI.
These instructions always c¢lear D1 initially and

then set D1 = 1 if overflow occurs during the
arithmetic,
DO (bit 27) - Carry Designator.
The same instructions that affect Dl may set DO,

Initially DO = 0 then if end around carry occurs

f
}___l

during the arithmetic operation DO

BI - Instruction Bank Base Address Register.
BI converts a relative address, of a word that is in the
instruction hank of the program, +to an absolute

address. The value of the hase address is formed hy

placing 92 zero bits +to the right of the 9-hit BRI
field,

OW = Quarter Word Designator.

For some instructions the value QW is used +to determine

23
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the data transfer pattern. (see Tahle 2.1.2)
BS - BI/BD Selection Register.

S determines vwhether a relative address references a

o

word in the Instruction bank or the Data bank of the
program, Nine zero bits are attached to the right
of the 7=-bit BS field to form a compare value., If
the computed relative address is less than or ecual
to this compare value} BI is used as bkase to form
‘the absolute address. Otherwise BD is used to
compute the absolute address.

BD - Data Bank Base Address Register.

BD converts a relative address to an ahsolute address if

§

the word referenced lies in the Data Rank of the

rrogram. The process is as for BRI,

The PSR is loaded with the ILoad Processor State
instruction. When an interrupt occurs the PSR is
automatically stored in control register zero. A new PSR is

loaded before the interrupt handler is given control. Only

the D-field and QW of the new PSR differ from the o0ld P&R,
D7 and D& are set to 1, and D8, D5 through DO and QW are =zet

to zZero.

STORAGE LIMITS PROTECTION

A user program can be divided intc two sections - viz.
the instruction bhank and the data bank. Each bank is hased
on a separate register contained in the PSR and each has its

own storage limits. When the instruction bank register (BI)
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SIMULATED 1108 SYSTEM

is used to compute the address the instruction bank limits
are used to check the validity of the address.

Format of the SLR is given in Figure 2.1.4.

The actual value of each limit is obtained by placing 9
zero bits to the right of each value in the SLR.

If BI is used to compute E then IU 2 E 2 IL

If BD is used to compute E then DU 2 E 2 DL

If E does not satisfy the appropriate condition and
storage protection is enabled (see PSR) then a storage

limits protection interrupt occurs,

5. INPUT/OUTPUT SECTION

The design for the I/O section is discussed in Appendix
Iv. Initially a temporary section consisting of/ two
built-in macro instructions is provided for reading cards
and printing 1lines.

Two instructions directly affect the 1108's preparedness
to accept an I/0 interrupt. One allows and one prevents
interrupts. As the simulator at present does not include
the simulation of an 1108 interrupt, these instructions can
have no effect.

They are included in the simulator for two reasons:-

(1) I/0 interrupt simulation is planned for the future
aﬁd is discussed in the design of the I/O section
(Appendix IV).

(2) Both of the instructions transfer control to the
computed effective address and are therefore not
"No opération" instructions,
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The instruction set is discussed in detail., Instructions
are presented in logical groups. Appendix III provides an
alphabetic list which cross refers to this section. Factors
common to each member of the group are listed first and then
indivicdual instructions described.

For an explanation of notation see Aprendix II,

LOAD INSTRUCTIONS.

All single precision load instructions
a) transfer data under j control from main storage
to the arithmetic section.

b) transfer the fullword to the srecified control

1. Load Accunulator (L. or LA; 10)
C(E)j = C(ra)

If j=16_, 17 , x=0, h=i=l, u==l777778 then +0=C(Aa)
©

3

-

2. Load Negative Accumulator (LN or LNA; 11)
-C(E)j = C(Aa)

, ¢ X=h=i=u=0 then -0=C(Aa)
g :

If §=16,_, 17
[e]
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3. Load Magnetude Accumulator (LM or ILMA; 12)

IC(E)j1 = C(ra)

b, Load Negative Magnetude Accumulator (LNMA; 13)
-1C(E)Jl = C(aa)
if j=lig, l%}, x=h=i=u=0 then -0=C(Aa)
5. Load Register (L, or LR; 23)
C(E)j = C(Ra)
If Guard Mode is enabled (i.e. D2 of PSR set) then
an attempt to load RO causes a Guard HMode

Fault Interrupt.

&. Load Index Modifier (LXM; 26)

C(B)j = C(Xa)17—0 ; C(Xa) unchanged.

35-18
7. Load Index Register (L or LX; 27)

C(E)] = C(Xa)

8. Load Index Increment (LXI; 46)

C(E)] = C(Xa). : C(Xa)17_

L unchanged.
35-18

G

9. Double Load Accumulator (DL; 71,13)

C(E,E+1) = C(Aa,ha+l)

10. Double Load WNegative Accumulator (DLN; 71,14)

-C(E,E+1) = C(ra,Aa+l)
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STORE INSTRUCTIONS.

All single precision store instructions
a) transfer a fullword from the specified

register to the arithmetic section,

b) transfer data under J  control
arithmetic section to main storage.
except when

a) j=16,, 17, when no data is stored.

by E < 200 when only a fullword
: 8
transferred.

1. Store Accumulator (S or SA; 01)

c(ra)j = C(E)

2. Store Negative Accunulator (S¥ or SNA; 02)

: -C{Aa)j = C(E)

3. Store Magnetude Accumulator (SM or SMAa; 23)

IC(Aa) 1y = C(E)

4L, Store Register (& or SR; 04)

C(Ra)j = C(E)

5. Store Zero (8Z; 05)

+04 = C(E)

6. Store Index Register (S or SX; 06)
C(Xa)j = C{(E)
29
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7. Double Store Accumulator (DS8; 71,12)

C(ha,ha+l) = C{(E,E+]1)

w0

. Block Transfer (BT; 22)
C(E)j = C(Ra), C(R2) - 1 = C(R2); repeat K times.
where Fa is effective address computed using Xa
instead of ¥xz.

K=0 no data is transferred.

=t
i-h

If j=16_, 17 no data is transferred.
Q J

If x=0 no data is transferred and C(¥a) remain
unchanged regardless of h.

If i=0, h is usually non-zero,

If h=0 no index register modification is performed
and hence source and destination addresses

remain the same for all X data transfers.

the destination address specifies a control

i~
h

reqgister a fullword is always moved from the

arithmetic section to the register.

o
Q
e
O
=
wm
.

FIXED-POINT ARITHMETIC INSTRU

-
l-J
g

~—

1. Add to Accumulator (A or AA
C(hAa) + C(B)] = C(ra)

The overflow (Dl) and carry (D0) indicators are
cleared at initiation and mayv bhe set during
this instruction.

If j=168 ’ 178 , x=0, h=i=1, u=1777778 then

30




1108 INSTRUCTION SET

C(Aa)+0=C(Ra)

2. Add Negative to Accumulator (AN or ANA; 15)
C(ra) - C(EB)3 = C(ra)

D1 and/or DO mav be set by this instruction.

a—
e

If 3=16. , 17. , x=0,

o]

=i=1, u=l7777%j then

C(ra)-(+0)=C(na)

3. Add Magnitude to Accumulator (AM or AMA; 16)
C(ra) + IC(E)31l = C(Aa)
D1 and/or DD may be set by this instruction.
If j=l68 17, x=0, h=i=1, u=177777, then

(9}

C(Aa)+0=C(Aa)

4. Add Negative Magnitude to Accumulator (ANM or ANMA; 17)
C(ra) - IC(B)jl = C(Aa)
.Dl and/or DO mayv be set by this instruction.
If j=16, , 17, , =x=0, h=i=l, u=177777, then

C(Aa)-{+0)=C(Aa)

5. Add Upper (AU; 20)
C({aa) + C(E)j = C(ra+l)
D1 and/or DO may be set by this instruction.
vaj=168 ' 178 , x%=0, h=i=l, u=177777, then

C(Aa)+0=C (Aa+l)

6. Add Negative Upprer (ANU; 21)

C(aa) - C(E)J = C(pa+l)
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D1 and/or DO may be set by this instruction.

=h

If 4=16, , 17, , =x=0, h=i=l, u=177777, then
Q O

G

C(Aa)=-(+0)=C(Ra+l)

7. Add to Index Reagister (A or A¥; 24)
C(Xa) + C(E)j = C(Xa)
D1 and/or DO mav be set by this instruction.
If j=l@3 ' 1%3 , x=0, h=i=1, u=177777,  then

C(Xa)+0=C(Xa)

8. Add Negative to Index Register (AN or ANX; 25)
C(Xa) - C(E)] = C(Xa)
D1 and/or DO may be set by this instruction,
If j=l§3 ’ 113 , x=0, h=i=1, u=177777, then

C(Xa)=-(+0)=C(Xa)

9, Multiply Integer (MI; 30)
C(ra) . C(E)3j = C(pa,Rra+l)

If j=16, , 17, , x=0,

oy
i
fuda
il
ft
~

u=l777778 then

C(Aa).(+0)=C(Ra,Rra+l)

10, Multiply Single Integer (MSI; 31)
C(Aa) . C(E)j = C(Ra)
1f j=168 , 175 , x=0, h=i=]1, u=l777778 then

C(ara). (+0)=C(Aa)

11. Multiply Fractional (MF; 32)

C(aa) . C(E)] = C{aa,Ra+l)
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Prior to storing the 72-bit result it is shifted
left, circularlv, one bit rosition,

Tf J=16_ ’ 17, =x=0, h=i=l, u=177777, then
5] S

L

C(ra).(+0)=C(Ra,Ra+l)

12, Divide Integer (bI; 34)
C(Aa,Ra+l) + C(E)] = C(A3)
remainder = C(Aa+l)

C(ra,ra+1) is left shifted, circularly, one bhit
position before the division is performed.

The remainder retains the sign of the dividend.

If x=a+n, where n=12 or 13 and h=1 then the value
of the dividend is undefined bhecause of the
overlap of the index register Dbeing
incremented and the accumulator.,

If j=1l6_ , 7., =x=0, h=i=l, -u=l777778 then

3 g
C(Aa,Aa+1)+ (4+0)=C(ra)

A Divide Fault Interxupt occurs if C(E)j=0

or I1C(aa,ra+1)l = IC(E)Jl . 2e35

13. Dpivide Single Fractional (DF; 35)

C(ha) + C(E)3 = C(ra+l)

The remainder is lost.
If j=le¢_ , 17, , x=0, h=i=l, u=177777, then
C(Aa)+ (+0)=C(Aa+l)

A Divide Fault Interrupt occurs if C(E)j=0

or IC(Aa)l = IC(E)]I
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14, Divide Fractional (DF; 386)
C(aa,Ra+l) + C(E)Y] = C(Aa)

remainder = C(Ra+l)

The remainder retains the sign of the dividend.

If =15 and a=0
or x=168 and a=1
or X=l78 and a=2

and h=1

then the value of the dividend

because of the overlap of the

is undefined

index register

being incremented and the accumulator.

If 3=16_, , 17, , =x=0, h=i
lo]

o]

C(Rra,Rha+1)+ (+0)=C(Aa)

u=l777778 then

A Divide Fault Interrupt occurs if C(E)j=0

or IC(Aa)l 2 IC(E)]jl

15, Double Precision Fixed Point Add (DA;

C(Aa,ra+1) + C(E,E+1) = C(Aa,Aa+l)

71,10)

D1 and/or DO mayv be set by the instruction.

16. Double Precision Fixed Point Add  Negative (DAN; 71,11)

C(Aa,nhat+1) - C(E,E+1) = C{Aa,hAa+l)

D1 and/or DO mayv be set by this instruction.

17. Add Halves. (AH; €2,04)

C{Aa) + C(E)35_ = C(Aa)

35-18 18 35-18

C(Aa) + C(E)

17-0 17-0 clraly, o

Bits 35 and 17 are sign bits.

34
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is propogated to kit 18, Similarly a carry
from bit 17 is propogated to bit 0.

Overflow and carry indicators remain unaltered.

18. Add Negative Halves (ANH; 72,05)

A - E = A
Clra)ys qg = OB g5 15 = AR 55 14
-— F = A
CRalygg ~ g =)0,
19. Add Thirds (AT; 72,06)
¥ = A
CRa) 35 oy * ClE 355y = € 55 oy
+ k5 = C(A:z
ClAa) g3 19 * ClB) g3 9, = €0 55 15
C(Aa)ll_G + C(E)ll_O = C(Aa)ll_O

Carries from bits 11, 23, 33 are propogated to

bits 0, 12, 24 respectively.

20. Add Negative Thirds (ANT; 72,07)

CRa) 35 5y = CB) 55 oy = ClRA) 55 oy
- E = £

C(Ra) 53 15 = CB) 53 4, = C(RA) 55 4,
— ™ = A

C(aa) |, _, C(E) 1, g C(ra) 4 _q

SEARCH INSTRUCTIONS,

All search instructions consist of +three stages of
execution, viz.
a) the initial stage
- Rl is transferred to the index subsection.

- contents of specified accumulators are
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b) repeated test stages. During

- the

- the

- the

- the

1108 INSTRUCTION SET

transferred to

the arithmetic section.

each test stage

the following steps are executed

effective address E

contents of
control to the
repeat counter

specified test

is computed.

E are transferred undexr J
arithmetic section,
is decremented by one.

is made.

the condition is satisfied the termination

stage is entered immediately.

- else the repeat counter is tested for

non-zero a new test stage is

otherwise the termination stage is enterad.

0]

c) the termination stage.

- if entered as a result of a successful test the

contents of the P-register is incremented by

one, effecting the skip of an instruction.

- the repeat counter is stored in R1.

Note: Unless either h=1l or i=l i.,e. index incrementation

or indirect addressing is specified, the effective

address computed at each test stage is the same.

=

Note: The sinulator differs in the handling of

interrupts from the 1108 and as such +the sgearch

instructions cannot-be interrupted (see introduction

this chapter). For a description of programming

cbnsiderations'for the 1108 see Univac manual [l]

1. Search Equal (SE; 62)
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If C(E)j = C(ra) then skip NI else repeat up to K times.

If j=164, 175, =x=0, h=i=l, u=177777g then (if
C(ra)=+0 then skip NI, else repeat up to X
times)

Note that +0=#-0.

2. Search Not Egual (SNE; 63)
If C(E)j #C(ra) then skip NI, else repeat up to XK times.
If j=l6ég, 174, =x=0, h=i=1, u=177777, then (if
C(Aa)=+0 then skip NI, else repeat up to X
times)

Note that +0#:-0

3. Search Less than or Egqual - Search Not Greater (SLE or
SNG; 63)
If C(E)3 £ C(Ra) then skip NI, else repeat up to X times
If j=l6g, 174, x=0, h=i=1l, u=177777g then (if
+0 < C(Aa) then skip NI, else repeat up to K
times)

Note that +0> -0

L, Search Greater (SG; 65)
If C(E)i > C(ha) then skip NI, else repeat up to K times.
If j=16g, 179, x=0, h=i=l, u=177777g then (if
+0 > C(Aa) then skip NI, else repeat up to X

times).

Note that +0 > -0
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5. Search Within Range (8W; 66)
If Cc(pra) < C(E)j < C(ra+l) then skip NI, else repeat up
to X times.
If j=l68, 178, x=0, h=i=l, u=l777778 then (if

C(ra) <+0 £C(Aa+l) then skip NI, else repeat

up to K times)
If ¢(Aa) 2 C(Aa+l) there 1is no value that can
satisfy the conditions of the test.
Note that +0 > =0,
If h=l and x=a+tn, where n=12 or 13 then one of the
values transferred to the arithmetic section

from control recisters is undefined.

6. Search HNot Within Range (8N¥W; &7)

If C(E)j] < C{ha) or C(E)] > C(Aa+l) then skip NI, else

repeat up to K times.

If j=168’ 178, x=0, h=i=1l, u=177777 then (if

8
+0 <C(aa) or +0>C(ARa+l) then skip NI, else
repeat up to X times).

If C(ha) 2 C(Aa+l) then all values satisfy the

conditions of the test.

Note that +0 > -0,

MASKED SEARCH INSTRUCTIONS,

This group of instructions is similar to the nmultistage

search instructions. The three stacges of execution are

-
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1.

3.

a) the initial stage

- as for search instructions excent that the
contents of R2 (Mask Register) are also
transferred to the arithmetic section,

b) repeated test stages. Fach test stage is the
same ags the search instruction test stage
except that a fullword is always transferred-
from main storage to the aritmetic section.

¢c) termination stage - as for search instructions.

Masked Search Egqual (MSE; 71,00)

If [C(E) AND C(R2)] = [C(Aa) AND C(R2)] then skip NI,

else repeat up to K times.

Note: +0:#%0

Masked Search Not Equal (MSNE; 71,01)

If [C(E) 2AND C(R2)] * [C(Aa) AND C(R2)] then skip NI,

else repeat up to K times.

Note: +0=#=-0

Masked Search Less Than or Egual, Masked Search Not

Greater (MSLE or MSNG; 71,02)

If [C(E) AND C(R2)]< [C(E) AMD C(R2)] then skip NI, else

repeat up to K times.

Note +0>-0

Masked Search Greater (MSG; 71,03)

If [C(E) AND C(R2)]1 > [C(E) AND C(R2)] then skip NI, else
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repeat up to K times.

5. Masked Search Within Range (MSW; 71,04)
If [C(ha) AND C(Rr2)] < [C(E) AND C(R2)] < {C(Rra+1) AND
C(R2)] then skip NI, else repeat up to K times.
Note: +0>-0.
If [C(ra) AND C(R2)] =z [C(Ay+1) AND C(R2)] then no
value can satisfy the conditions of the

test.

6. Masked Search Not Within Range (MSNW; 71,05)

If [C(R) AND C(R2)] < [Cc(hAa) AND C(R2)] or [C(E) AND
C(r2)] > [C(nra+l) AND C(R2)] then skip NI, else
repeat up to K times.

Note: +0>-0.

If [Cc(ara) AND C(R2)] =z ([C(Ra+l) AND C(R2)] then
all values satisfv the conditions of the

test.,

7. Masked Alphanumeric Search Less than or Equal (MASL;
71,06) |
If [C(E) AND C(R2)] £ [C(hra) AND C(R2)] then skip NI,
else repeat X times.

Note: -0>40.

8. Masked Alphanumeric Search Greater (MASG; 71,07)

If [C(E) AND C(R2)1 > [C(Ra) AND C(R2)] then skip NI else
40




repeat X times.

TEST INSTRUCTIONS

1. Test Even Parity (TEP; 44)
If [C(E)jJ AND C(Aa)] has even parity then skip NI, The
logical product is not saved.

If j=16,, 17,, x=0, h=i=1, u=177777, then  ( if

8’ 8
[+0 AND C(ra)] has even paritv then skip
NI).

If h=1 and a+l2=x then the value transferred to

the arithmetic section from the control

register is undefined.

2. Test 0dd Parity (TOP; 45)
If [C(E)J AND C(Aa)] has odd paritv then skip NI. The
Jlogical product is not saved.
17

If j=16 x=0, h=i=1l, u=177777 then (if

8’ 8 8
[+0 AND C(Aa)] has odd parity then skip NI).
If h=1 and a+l2=x then the value transferred to

the arithmetic section from the control

register is undefined.
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3. Test Less Than or Equal to Modifier,

of

Tes Not Greater
Than HModifier (TLEM or TNGM; 47)

If C(E)J1m.4 = C(Xa)

then skip NI
17-0
C(Xa)l7—0 + C(Xa)35_1 =

19 = C(Xa)
Note:

D
—O< "1"0 .

If j=16_ , 17_ , x=0, h=i=1l, u=177777_ then +0 is
8 8 8

transferred to the arithmetic

section from
main storage.

If h=1 and a=x the specified index register is
incremented once onlv,

4, Test Zero (TZ; 50)
If C(E)j = 0 then skip NI.
If j=168, 178’ x=0, h=i=1, u=l777778 then skin NI,
5.

Test Non-Zero (TNZ, 51)

If C(¥)3] = 0 then skip NI,

If j=168, 178, x=0, h=i=1, u=l777778 then the NI
is executed.

Test Bgual (TE; 52)
If C(8)] = C(hra) then skip

NI,
Note: +0 =0
If j=168 ’ 178 , xX=0, h=i=l, u=l777778 then (if
+0=C(Aa) then skip NI).

Test Not Equal (TNE; 53)

If C(E)] # C(ra) then skip NI,
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Note: +0 =0

If j=16 17 x=0, h=i=l, u=177777_, then
o

g" ~'gf
+0,C(Ra) then skip NI)

8. Test Less Than or Egual, Test Not Greater (TLE, TNG;
If C(EB)] £ C(Aa) then skip NI.
Notes: +0>-0

x=0, h=i=1l, u=l177777 then

If j=16,, 17 6

8'
+0 <C(Aa) then skip NI).

9. Test Greater (TG; 55)
If C(E)j > C(Aa) then skip NI.
Note: +0>=-0,

17

If =16 x=0, h=i=1, u=l777778 then

8 ' 8’
+0 >C(Aa) then skip NI).

10, Test Within Range (TW; 56)
If Cc(aa) < C(E)]j = C(Aa+l) then skip NI.
Note: +0>-0.
If C(Aa) =2 C(Ra+l) there is no value that
satisfy the conditions of the test.
g 178 ’
C(Aa)<+0 =C(Aa+l) then skip NI).

If j=16 x=0, h=i=1, u=177777, then

8

If h=1 and x=a+n, where n=12 or 13 then one of

(if

54)

(if

can

(if

the

values transferred to the arithmetic section

from the control registers is undefined.
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11. Test Not Within Range (TNW; 57)
If C(e)d . C(Ra) or C(E)j > C(ARa+l) then skip NI
Note: +0>-0
If C(Rra) 2C(Aa+l) then all values satisfy at least

one of the conditions of the test.

h

1f =164,

+0s C(Aa) or 0> C(Ra+l) then skip NI).

178, x=0, h=i=l, u=1777774 then (i

If h=1 and x=a+n, where n=12 or 13 then one of the
values transferred to the arithmetic section

from the control registers is undefined.

12. Test Positive (TP: 60)
If C(E)3J =+0 then skip NI.
If j=l68 ' 178, x=0, h=i=1, u=177777 g then the NI

is skipped.

13. Test Negative (TN; 61)
If C¢(R)j £ -0 then skip NI
If j=168, 17 g, x=0, h=i=1, u=177777 g then execute

NI.
1 4 Double Precesion Test Egual (DTE; 71,17)

If C(E,8+1l) = C(RAa,ha+l) then skip NI,

Notes: +0 2 -0,
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SHIFT INSTRUCTIONS,

The input operands for all shift instructions, excert the
two load shift and count instructions, are located in one or
two accumulators.

The effective address, E, is computed normally and then
the value of E is used as the shift count. The shift count
can lie bhetween 0 and 72.

shift types are

- Right circular; bits shifted out of the right
end of the register amnear at the left end,

- Left circular:; bits shifted out of the left end

et

of the register appear at the richt end.

1

- Right logical; zeros f£fill vacated bits at the
left end.

- Left logical; =zeros £ill vacated bits at the
right end.

~ Richt algebraic; sign bits f£ill vacated bits at

the left end.

1. Single Shift Circular (8S5C; 73,00)
Shift C(Ra) richt circularly T bhit nositions.

If 36 1< 72 then a shift of E~36 bit positions is

2. Double Shift Circular (DSC; 73,01)
Shift C(Ra,Ra+l) right circularly E bit positions.

If h=1 and x=a+n, where n=12 or 13 then one of the

45




1108 INSTRUCTION SET

arithmetic section

valuas transferred to the
from the control registers is undefined.

3. Single Shift Logical (SSL; 73,02)
Shift C(Aa) right logically E bit pnositions.
If 36sE572 then the resulting content of Aa is +0.

73,03)

Double Shift Logical (DSL;
shift C(Ra,Rha+l) right logically E bit p@éitions.
one of the

u,

If h=1 and x=a+n, vwhere n=12,13 then
to the arithmetic section

values transferred
from the control registers is undefined.

w9

Algebraic (SSA; 73,048)

Single Shift
shift C(Aa) algebraically E bit positions.

If 35 =1 =72 then all bits of the resulting Aa are

1
.

equal to the original sign bit.

SA; 73,08)

Double Shift Algebraic (DS
one

Shift C(Aa,Rha+l) algebraically E bit positions.
. £ the

ox

If h=1 and x=a+n, where n=12,13 then
values transferred to the arithmetic section

undefined.

is
7. Load Shift and Count (LSC; 73,06)
C(E) = C(Ra); shift C(ra) left circularlvy until C(2Aa) 2
C(Aa)3LL ; number of bit positions shifted = C(ha+l).
0, then C(E)=C(Aa) and Q38=C(Aa+l).

If C(E)
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1108 INSTRUCTION SET

8. Double Load Shift and Count (DLSC; 73,07)
AC(E,E+1) = C(ha,Ra+l); shift C(Ra,Ra+l) left circularly

until C(Aa,Aa+l%1-¢ C(Aa,Aa+l%q ; number of bhit

positions shifted = C(Ra+2).
If C(E,E+1)=0, the C(E,F+l)= C(ra,ratl) and 1078 =
C(ra+2).

9. Left Single Shift Circular (LSSC; 73,10)

made,

10. Left Double Shift Circular (LDSC; 73,11)
shift C(Aa,Aa+l) left circularly E bit positions.
If h=1 and x=a+n where n=12 or 13 theh one of the
values transferred to the arithmetic section

is undefined.

11l. Left Single Shift Logical (L8SL; 73,12)
shift C(Ra) left logically E bit positions.

If 36E<72 resulting C(Ra)=+0.

(%)

12. Left Double Shift Logical (LDS8L; 73,

ot

3)
hift C(aa, Aa+l) left logically E bit positions.
If h=1, and x=a+n where n=12,13 then one of the

values transferred to the arithmetic section

ig undefined.
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UNCONDITIONAL JUMP INSTRUCTIONS,

1. Store Location and Jump (SLJ; 72,01)

C(P) = bm = C(E) : Jump to E+1
17-0 -
where bm=bhase address modifier (RT or BD).
The Jjump is effected by E+l = C(P).,

The contents of +the P-register (absolute address

of NI) is first converted +to a relative

address by subtracting the base address
nodifier (in the P3SR).

If E< 200 then C(P)~-bm = C(E‘.)l7__O (refers to a

<0

control register): +O=C(E)35_18 ;o Jumn to

oy

E+1.,

the "jump to" address is less than 2005 then

-
i*h

]

the NI is taken from hidden storage vrathe

than a control register.

2. Load Modifier and Jump (IMJ; 74,13)

C(P) - bnm = C(Xa)l7_0; jump to E.
where bm=base address modifier (BRI or BD)
The jump is effacted by E+l= C(P).

Koy

The contents of +the P-register (absclute address

of NI) is first converted to a relative
address by subtracting the base address
modifier (in the PSR).

If E<00g then the NI is taken from hidden storage

rather than a control register.
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3. Allow All I/0 Interrupts and Jump (AAIJ; 74,07)
Allow all I/0Q interrupts and jump to E,
This instruction is used o allow I/0 interrupts
following the handling of an interrupt or
following the execution of a Prevent All I/0

Interrupts and Jump instruction.

fte

For description of the interrupt handling of the

simulator see Section 2.1.

CONDITIONAL JUMP IMNSTRUCTIONS.

1. Jump Greater and Decrement (JGD; 70)
If C(CRja)> 0 then jump to E,.
C(CRja)~1 = C(CRja)

The control register is specified in +the right

i

most seven bits of the Jja field of the
instruction word.
If QﬂgsjaleOS or 12085jasl778 and D2=1 (in PSR)

then a Guard Mode Fault Interrupt occurs.

2. bouble Precision Jump Zero (RJZ; 71,16)
If C(RAa,Aa+l)=0 then jump to E,
If h=1 and x=a+n, where n=12 or 13 then one of the
values transferred to the arithmetic section

from the control registers is undefined.
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Jump Positive and Shift (JprsS; 72,02)
If C(Aa)>+0 then jump to E.

Always shift C(Aa) left, circularly, one bit position.
Jump HNegative and Shift (JNS; 72,04)
If C(RAa) <=0 then jump to E.

Always shift C(Aa) left, circularly, one bit position.

Junmp Zero (JZ; 74,00)

If Cc(Aa) = 0 then jump to E.

Jump Nonzero (JNZ; 74,01)

If C(Ra) =0 then jump to

!

Jump Positive (JP; 74,02)

I

h

C(Aa) 2 +0 then jump to E.

Jump Negative (JN; 74,03)

If C(Aa) £ -0 then jump to E.

Jump, Jump Keys (J,JK; 74,04)

If a=0 or if SELECT JUMPS(a) = on then jump to E.

There are 15 SELECT JUMPS indicators in the 11082.

These may be set at program load time in the

simulator.

10. Halt Jump, Halt Keys and Jump (HJ, HKJ; 74,05)

]

If a=0 or (a AND SELECT ST0PS indicators)=0 stop;




restart or continuation jump to E.

The 4 SELECT 8TOPS indicators
program load time.
If Guard Mode in enahled when a

11. Jump No Low Bit (JNB; 74,10)

If Cc{ra) =

L

0 then jump to E.

mnay

i

3

ored

condition

and

with the jump.

the

is

Note: Positive even integers have no low bit but negative

even integers do.

12, Jump Low Bit (JB; 74,11)

If C(ra) = 1 then jump to E.

Hote: Positive even integers have no low bit but negative

even integers do.

13. Jump Modifier Greater and Increment

If£ C( >0 then jump to E.

Xa)17-9
Always C(Xa)l7_o+ C(Xa)35_18

Hote:

14, Jump Overflow (J0; 74,14)

If bl = 1 then jump to E. (D1 is found

The contents

51

C(Xa)l.;,_O

.
in

(TMGT;

the test ig made before the addition.

1 index regist
once.

of D1 remain unaltered.

th

70,12)

e PER).
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:

15, Jump No OQverflow (JHNO; 74,15)
If Dl = 0 then jump to E.

The contents of D1 remain unaltered,.

16.Jump Carxry (JC; 74,16)
If DO = 1 then jump to E. (D0 is found in the PSR)

The contents of D0 remain unaltered.

17. Jump Mo Carry (JNC; 74,17)

If DO = 0 then jump to E.

The contents of DO remain unaltered.

BOOLEAN INSTRUCTIONS.

1. Logical OR (OR; 40)

c(ra) OR C(E)J = C(Aa+l)

2. Logical Ixclusive OR (XOR; 41)

C(ha) XOR C(E)j = C(Aa+l)

3. Logical AND (AND; 42)

C{ra) AND C(E)3j = C(Aa+l)

b, Masked Load Upper (MLU; 43)

(C(E)j AND C(R2)) OR (C(ra) AND C(R2)) = C(Aa+l)
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MISCELLANIDQUS INSTRUCTIONS,

1. Execute (EX; 72,10)
Execute the instruction at E.
It E<2008 the remote instruction is fetched from
hidden storage rather than from a control

register.

Execute instructions may be cascaded to any level.

2. Executive Return (ER; 72,11)
Interrupt to location xooozuzg

where x=C(MSR)

The interrupt handler stores the current PSR in
control register 0 before the instruction at
2&28 is executed.

If Guard Mode is enabled (D3D2=017) and indirect
addressing is specified (i=1,D7=0) and E
viblates the main storage limits set in the
SLR then'a Guard Mode/Storage Limits Fault

Interrupt occurs.

3. Test and Set (T8:; 73,17)
If C(E) 35 = 1 then interrupt to location x0002844 4, where
x=C (MSR) .
Always 0lg = C(E)35_30; C(E)zg_o unchanged.
If B <2005 the result of the instruction is

undefined,
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4, Mo Operation (NOP; 74,08)

“

No operation performed.

If x=0 and h=1l index register incrementation will

h

take place.

EXECUTIVE SYSTEM CONTROIL INSTRUCTIONS

All the instructions listed here are privileged
instructions. If D2=1 (in PSR) when an attempt is made +o
execute one of these instructions, a Guard Mode Fault

Interrupt occurs.

l. Prevent All I/0 Interrupts and Jump (PAILT; 72,13)

&

Prevent all I/0 interrupts and jump to ¥,
After the execution of this instruction an Allow
All I/0 Interrupts and Jump instructions

must be executed in order that the CPU will

react to any I/0 interrupt.

2. Load Processor State (LPS5; 72,15)
C(E) = C(P3R)
When programming the 1108 to load the PS8R
consideration must be given to the timing

cycle of the machine [2]., The simulator

delays the loading of the PSR for one full
instruction. That dis, 1if the following
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sequence is used:-

LPS i (1)
ARIT  ES (2)
Ej L A2,Fk  (3)

The old PSR remains in effect until after the
execution  of instruction (2). Before
execution of instruction (3) the new PSR is
loaded from location Ei,

When handing control +to a User program the final
operations of the Executive is normally to

load the user PSR and pass control to the

fod
¥

user with a sequence similar to that above,

3. Load Storage Limits (LSL; 72,186)
C(E) = C(SLR)

This instruction does not enable storage

protection. It edefines the storage

H

protection limits. Enabling and disabling
storage protection is under the control of

the PSR,

et
(&)}
S

4. Select Interrupt Locations (SIL; 73,
a = C(MSR)

Only the three low order bits of the a field are
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1108 INSTRUCTION SET

used, For the simulator the only valid
contents for the MSR are 000, or 0912. ALl

fixed address references use the MSR to

determine the absolute address (xXFFFFF)

0
5]
.

where x=C(}MSR) and FFFFF = fixed addres

INPUT/OUTPUT INSTRUCTIONS.

The design of the simulator's invut/output handler is
found in Appendix IV. The first version of the syvstem uses
a temporary subsection which consists of two assembler macro
instructions. Only card reader input and line printer
output is permitted. Logically a card contains 72
characters. EBCDIC characters are converted to 1108 code on
input. An output line contains 132 characters the first of
which specifies carriage control. 1108 code is converted to

EBCDIC on outrut.

1l. Get Card (GET; 33)
72 characters from card = C(E)....C(E+11),
Columns 1-72 of the card are converted to 1108
code (6-bit ASCII) which is then packed 6

characters per 1108 word. Storage limits

check is done for E only and the user is
responsible for seeing that E+i, where

i=1,2...11 does not violate storage limits,
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1108 INSTRUCTION S8BT

T; 37)

2. Put line (P11

0) = 132 characters on line printer.

3

C(F) eee s C(E+

1108 character code 1is converted to IBCDIC, Six

018 - write and no space

et
ot
[
ol
0}

05 - write and space

118 - write and space 2 lines

138 - write and space 3 lines
778 - skip to channel 1 then write and space 1
line,
T is checked for storage limits violation. Mo
such check is made for I+i, where i=1,2...20
3., Dump core (no mnemonic; Q)
Dump core from location zero to high core. Terminate
job.
For a further discussion of debugging aids see

Section 2.1
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SECTION 2.3 ASSEMBLER LANGUAGE, [9]

The Assembler reads 1108 Basic Assembler Language
statements and produces relocatable code for input to the
Loader. Separate assemblies are possible, see Sections 2.4:
The Loader, and 2.6: Job Control Language. Free form source
statements are coded in EBCDIC using card columns 1-72,

There are three source statement types:

(1) A symbolic representation of a machine instruction.

(2) Data item definition.

(3) An Assembler directive which may or may not produce

executable code,

Omitted from the simulated Assembler are :

(1) the macro processor.

(2) label arrays.

(3) some of the built-in directives.

These are features which make the Assembler language
programmer's job easier but do not provide any additional
machine instructions. They were considered to be beyond the
scope of this initial project. Future expansion to the
system could include the addition of these features.,

All symbolic machine instructions are translated although
some are not implemented in the Interpreter.

Assembler Instructions

General form
$(e),label £,3 a,u,x
or $(e) ,label £ a,u,x,j
Where $(e) is a location counter specification, label is a
statement tag, £ is the function code, j is the partial word

designator, a is the accumulator.
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u is the main storage address
x is the index register
Some exceptions to this general form are the special

mnemonic J (unconditional Jump), and the sirmulator's I/0

h

macros GET and PUT. Each of these instructions has form
W,¥.

Example: J LOC rather than J , LOC

There are 32 location counters available for programmer
use (0 through 31). Location counter 0 is assumed in control
unless another is specified. Once specified a location
counter remains 1in control until another is encountered,
Programs written in logical sections mav be regrouped for
execution. When specified, the $(e) must commence in column
1.

A relative main storage address is assioned to each
location counter using the RES directive (see later this
section).

The current location counter mav he referenced in the

operand field of an instruction by usinag the svmhol &,

statement label is optional and if prezent must+ start

(a) immediately after "$(e),"
(b) in column 1.
Labels must be no longexr than six alphanumeric characters
- 7

of which the first is alphabetic. If a label is to bhe used

N
4

outside the program it must be externalized - by coding an
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j=field may be coded i ahove.

i
ot
ot
et
@]
o

Lo

=G
[#53

|
i
)
0]
[
D
3
®
l—:;
o3}
}._l
lga)
Q
o

The j value can be a decimal constant, an octal constant, a
user defined mnemonic or a built-~in mnemonic., Tahkhle 2.3.1
lists all built-in mnemonics.

The f-field starts with +the first non-hlank character

after the label. It is terminated by a blank excert when
"£,3" is coded when "£,nj" (where n is any number of blanks)

is allowable.

The operand field starts with the first non-blank
character atfter the operation field, Subfields are

9]

eparated by commas. If one is omitted either “,," ox ",0,7

is coded. If the last subfield is omitted a comma is not
reguired to terminate the previous one.
The a and x subfields may be codad as decimal constants,

octal constants, user defined mnemonics or bhuilt-in

mnemonics.

If the u subfield is immediately preceded bhv an asterisk
the i bit of the machine instruction 1s set to provide

indirect addressing.

If the x-subfield is immediately preceded by an asterisk
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INDEX ARITHMETIC R PARTIA

REGIGTERE REGICTERS DESICHATORSE
nem Abs Mnem Abs Mnen Abs Mnem Abhs

b
18]
(31
ot
(2}
s
~J

oy
je2)
~J
O
3
W

>4
[#)
N
s
N
g...x
[eo]
)
~J
~J
l.-.l
&
Al

X9 9 29 21 ZARY 7L 82
X106 19 AlQ 22 r11 75 23

X1l 11 ALl 23 R1z 76 sh

o}
fomd
I
Ny
£
e
,._l
~J
&o
N
by

o
}—-I
S
2
o
f..l
&
~J

)
)
}...l

Table 2.3.1. Control Register Absclute 2Addresses

and Agsembler Built-in Mnemonics.
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then the h bit of the machine instructicn is set to provide

i

Comments may follow each source shtatement, .

ndex register modification.

~

terminates the assembler scan. An entire card may be used
for comments if " . " precedes any other data.
Statements may be continued on two or more cards by

coding ":;"., All data after the ";" are icnored and +he
- i

assembler scan starts again in column 1 of the next card.

o

leither mnemonics noxr constants may be split across two
input records, Comments may be continued for any number of
cards.

The Assembler skips the output listing to a new page if
" o is coded in column 1 of an input record. A label or
location countér then starts in column 2.

Examples.

(1) LA, 6 A2,1.0C,3
(2) LA A2,L0C,X3,6

(3) 1A,T2 A2,LOC,X3

(1) L,T2 A2,L0C,X3

(5) L,T2 14,1L0C, X3

(6) T,T2 016,1L0C,~%

(7) L,T2 016,01023,%3 . COMMENT

If L.OC is relative main storage address 1022 then each

statement (1) through (7) generates the same obhject

code with

£ = 10_
¢]
j o= 6,
()
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5 N ST at ey | Y VO SAnT D
rates octal GOCGCO00G0CL3

vtes octal 00C000C00000 000000000015

generates octal 777777777750

data ‘items are encleosed in apostrophes and

.2
i

Justified

-

ef+

%)
H
&
!«.J

f an itam
cone  data

word is renerated. “seven to twelve characters are raclked
P ES

inte a double

VABCDERG!

. 5 H [} -~ [ R -7 - 3 <m
word. A "D" - after  the c¢losi 1

.
. Table 2.3.2

generates octal 060710050505

cgenerates octal - 000000CB0710

generates octal 060710050505  ¢5¢C

generates octal OU07L0111213 1LODOB05R0500
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First Item Operator Second Ttem
Any r = Any Mot
Anvy ++, —=- Anv Mot
Any ok Anv Not
Mot relocatable +, Not relocatahle | Mot
Relocatable +, Mot relocatabkle
Not relocatable +, Relocatable
Relocatable +, Relocatable
Table 2.3.4, Bules for Determiﬁind Result of
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coubslewora, "out of line
tiis word is inserted at the current value of +he location

COUnTer,

is  a literal pool for each of the 32 locatior
Duplicate lelenl
but the same literal
(1) L 52, (0734)
Hachine code generated is
L AZ,LPL
LPL G734
“he literal 0734 is inserted into the literal pocl for
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ing either a SLJ
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when an interrupt occurs.
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.5 THEE INTERPRETER.[11]

The interpreter simulates 1108 hardware. The initial
contents of the P-register is set by the loader. Logically
the interpreter functions as follows:

1. Obtain absolute address of instruction from

P-register.

2., Fetch instruction from main storace into control

section.

3. Decode the instruction.

L. Compute the effective address.

he instruction.

Jmto
th
jo X
ote
3

&

5. Perform the operation spec

=

€. Continue at 1, except

fte
h
d-
oy
M
O

73
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2
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just performed
was either

a) terminate the joh or
b) dump core and terminate.
The terminate instruction is ER ,077.
The dump coré instructicn has £ = 0
Fach instruction is descrihed fully in Section 2.2. ‘Anvy
rot in that section is not implemented in +the simulation.
Fleoating vpoint arithmetic and some I/0 instructions fall
into this category. If an attempt is made to perform one of
these instructions an implementation interrupt occurs. This
interrup is wunique to the simulator and traps to absolute
location x00252 , where x = C(MSR).

The sequence of operation described abov
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interrupt occurs. The contents of +the PSR are stored at

absolute location zero prior to executing the instruction at
the dinterrupt location. Note that the contents of the
P-register is unchanged - i.e. contains the address of the
nstruction being executed when the interrupt occured plus

one,

DEBUG AIDS

To assist the user in debugging 1108

certain features have bheen included in the internreter. A

program trace facility is provided. This prints the address

. $u

of each instruction executed. That .5, the contents of the

1

P-register

7
s
0
H
o
O

incrementation. hen an interrupt
occurs the address of the interrupt location is not captured

by the trace. For example, consider +the following secquence

i

Address Instruction
002478 SIaT L F0260
002608 0

po2 6]CB I Al,*0260
010048 DT A2 ,DE0OR

Suppose a divide fault interrupt occurs while executing

he instruction at location 01¢

0l g.  The system traps to

location 002478 which transfers control +o location 002861

c:d“'
[ ]

A trace would produce the following ocutput

001004
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The core dump is another debug facility available.
program is terminated after the dump. For core dump format
refer to Figure 2.5.1.

Description of fields.,

PPPPPP contents of the P=-register.

BBEBDBBBBBBBEB contents of the PSR,

CCCCCCCeeece contents of the SLR.

EEEEEE absolute value of the last effective address
computed.

IIITIT address of the last interrupt trap location. (The
handling of this interrupt may or may not be
complete.)

FF channel number of most recent I/0 interrupt.

G CPU associated with most recent I/0 interfupt.

EF channel number of most recent I/0 interrupt Ffor CPU

#O‘
KK channel number of most recent I/0 intexrrupt for CPU

£1.

L number of CPU performing this instruction.

M contents of the MSR,

NNNN halt key setting (binarv).

DD contents of the channel select register (CSR).

J contents of the last address register (LAR).

S interrupt switch. Zero indicates that the CPU will
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THE INTERPRI

currently allow all 1I/0 interrupte. If 1 the

th
")

a
prevent all TI/0 interrupts instruction has been
executed, No I/0 interrupts are currently allowed,

T load processor state switch. If set 1 it indicates a

- L

Lrs instruction has bheen executed but the new PSR
has not vet been lcaded. FRefer to Zection 2.2 for a

description of the delay in the IPS instruction.

AAAALA address of the first word output this 1line of
dump. It refers to either a control recgister,

hidden storage or main stora age address., Fight words

are outnut rer line. The addresses are
AADMAMR ,AAAPRA+], JBAAAARHT,

AXXXEXXEXXXEX is the contents of the control register,
hidden storage or main storage word at the address
indicated by AAAAAA,

A core dump may be recuested bv the program oxr mav re +the

{

result of a program error. To recuest a core dump code the

following

I  22,VALl
MI  A2,VAL2

S  A2,VAL3

0

The constant zero is programmed where the dump is required.

After executing the store instruction the interpreter

proceeds to the next secuential instruction, which dumps “‘core.
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nrovide "mini-dumps® cefore the exacution of each
instructior Use LEY1IO8 for +this feature. The normal
internreter is LEX1108 (see fection 2.5 JoF Control

A "mini-dump" prints the content

’)
O
Fh
o)
Pl
5]

T
1
-
&qi
U’}

i

control registers

v

nd & main storage locatiors., The control
registers 14 - 17 inclusive (i.e. A2 - AL, 1€ - 21lg) and
the main storage words at addresses 516 - 517 inclusive
(i.e. 10028 - 1005) are output. HNHote that control registers
14 and 15 may be either accumulators or index registers.,

If a program is written to use these control redi

and four main storage locationg, the mini-dump can be of

considerable assistance. ‘hen the program is debugged
remove the mini-dump by eAecuflng LEX1108, The mini-dunp is

illustrated in Section D: Sample Problems.

Subroutines are often useful for program testing. One
such routine is Sample Problem 3, Section D, which prints,
in both display and octal, the contents of one to seven

words of main storage. When testing is complate remove the

subroutine calls.

INITIALIZATION,

The following are initialized at program execution time

P-register: value taken from END statement.
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i1.e. D8

]

£
i

A
!

s
et
wd

Iu

IL

bu

[a]
o
DI, = 1
211 other internal registers
Switches, such as SELECT JUMPS and
Zero.
Mote: there 1g no initializatio

11560

00110001

= 110
8

= 0
i

= 110

main storage.

82

are initialized at =zero.
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SECTION 2.€ JOB CONTROI LANGUAGE.

Job Control Language discussed herein is for 05/360

The most commonly used JCL is listed below.

To compile an 1108 Assembler language prog
//Y¥AME JOB ' a/c information ', programmer

//JOBLIR DD DSN=RLMACL,A0224, RACTID (DISP=SHR,
// VOLUME=SER=UMT404 , UNIT=8YSDA

//  EXEC PGM=ASM1108,REGION=L2K

// VOLUME=REF=0NE , MONTH, DISP= (MEW, DELETE) ,
// SPACE= (TR¥, (1,1) ,RLSF)

//8YSUT2 DD DS¥=Ffilenane UNIT=8YSDA,

=REF=ONE,MONTH,DTSP= (NE, DELETE),

KEEP
// SPACE=(TRX, (1,1) ,RLSE)
//SYSUT3 DD DSN=filename3,UNIT=SYSDA,
// VOLUME=REF=ONF.Moumr,nzsp=(NEW,DRLETE),

// SPACE=(TRX, (1,1) ,RLSF)
//SYSPRINT DD SYSOUT=A

//f

//SYSIN DD %

Lr‘}

YSUDUMP DD SYEQUT=A

source statements

V&
83




The rartitioned datea set (on
permanently mounted volume Umli0l) contains the load module
ASM1108, Two temporary work files SVSUT1 and 8YSUT3 should
be deleted after the assembly. The relocatablé module
produced from the assembler is written to the file avepmo.

To compile, load and execute ar 11082 Assembler language
program

//NAME JOB ' a/c information ',programmer

//JOBLIB DD DSN=RLMACL.A0220, RACLIB,DISP=3VR,
/7 VOLUME=SER=UMTL40L, UNIT=8SYSDA

// EXEC PCGM=ASM1108
//S¥YSUTL DD DSW=filenamel,UN T=5YSDA,

/7 VOLUME=REF=0NE .MONTH,DISP=

// SPACE=(TRK, (1,1) ,RLSE

//SYSUT2 DD DeM=filename?2, UNIT=8SYSDA,

S/ VOLUME=REF=0ONE , MONTH ,DI&P= (NEW PASE),
// SPACE=(TRX, (1,1) ,RLSE)

//8YSUT3 DD DSN=filename3l,UN IT=8YSDA,

// VOLUME=REF=0NE . MONTH ,DIS

// SPACE=(TRY, (1,1) ,RLEE)
//SYSPRINT DD SYSOUT=A
//SYSUDUMP DD SYSOUT=A
//SYSIN DD *

source statements

84




JOB CONTROIL LANGUAGE

// EXEC PGM=ILEX1108,PARM='MS=size,TPACE= NO'

LEY1108 . YES
//SYSUT2 DD DSN=filename2,DISP=(, DELETE),
KETP
// UNIT=8YSDA, VOLUME=REF=0NFE , MONTH

//SYSPRINT DD SYSOUT=A
//SYSUDUMP DD SYSOUT=A
//SYSIN DD *

program data

/*
For an explanation of the compile JCI see

are two parameters input to the Loader/In

,RECTION=78

above, There

preter.

(a) MS=XXXXX where X¥XXX is a decimal integer ecual to the

1108 high main storage address recuired. XXYYY

should lie on the range 256 to L0853,
36863, Default is 36263.
(b) TRACE= YES

NO {(default value)

=3

he trace prints the value of the P-reg
execution of each instruction.

The relocatable module is loaded from +he
Separate assembly is possible by concatenati
form the logical file SYSUT2

To execute a program previously compiled.
//VAME JOB ' a/c information ', programmer

//JOBLIB DD DSM=RILMACTL,A0224,6 7R3 .CLIE,

o &

ﬁ

TEDR=G

ng daté

or 32768 to

rister prior to

file g&YSUT2.

a sets to

-




JOB CONTROI, LANGUAGE

// VOLUME=S8ER=UMTL0L , UNIT=8YSNA

// EXEC PGM= LEX1108,PARM='MS=size, TRACF=

LEY1108

YES

//SYSUT2 DD DSN=filename2,DISP=(, DELETE),

KREP
// UNIT=SYSDA,VOLUME=REF=0NE . MONTH

//SYSPRINT DD SYSOUT=2
//SYSUDUMP DD SYSOUT=A
//SYSIN DD %

program data

/% Note: Use LEY1108 instead of
"mini-dump" debug feature,
Core Recuirements:

Assembler U2K bytes.

Loader/Interpreter 38K+5(1108 size) hytes.

78K is required for a 8K 1108 svstem,

86
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For the most part the user is unaware that his program is

executed by an IBM 360/65, HMost errors detected give
appropriate 1108 exroxr messages. There are, however,

instances where IBM error codes are output. This may occur
when

(a) The wuser steps bhevond the scope of the svstem an

&b
ol

attempts to use an 1108 feature not implemented.
(b) The system fails.
To correct an (a) type error the user should consult +the

User Guide, modify his program and re-submit the -ol
r

Type (b) errors should be reported to a Systems
Progranmmer.

The Assenbler,
Source statement errors are listed in the 2Assembler
print. The type of error is represented bv an alphabetic

code which is printed under the heading "“Error Flags" A

nan

t is placed under the character where the error is

detected. If the error occurs in an arithmetic expression

x_l-

the last element of the expression is flagged.

o)

Error Description User Action

Flag

D Duplicate label. Correct and re-submit.
E Invalid Expession. Alter expression and
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ERROR CODES

invalid instruction.

Relocation error., A

relocatakle item loses its

relocatab ty in evaluation
of expression.

Syntax error. Statement format
invalid or a,x, or j value
outside allowable range.
Truncation error. Data item
too long, eg. character string
of length 13.
Undefined label. An absolute
assignment mav follow the

label reference.

I1/0 exrror,

stem error.
Implementation error. Feature
not included in current
version of Assembler.
End-of-file error. Unexpected

EOF condition, eg. during

88

re-submit,.

gsuch that level is 8

or less and re-—-suhmit,

Correct the expregsion
and re-submit,.

Correct statement

and re-submit.

Reduce field sgize by
coding additional
statements.

Define item or
e-positi the

definition,
Re-submit, If error

rersists see Svstems
Programmer
See Systems Programmer

Alter +to avoid feature

Correct, ensure an END

statement completes




IRROR CODEC

statement continuatio

The assembler mav abnormally terminate with one of +!

-

following /360 user abend codeg.

tﬂd-
St

stem work f

(¥

D
[Ro)
3]
b

<

0

I

Q

]

N
e

d)

write,

Exrror on print file write.

2223 Error on system work file
Y

3000 Label table overflow.

winber of labels ap

s

3002 Procedure statement used.

3003 Constant table overflow.

Maximum approx. 100,

3103 Floating point constant.

; expression.

6010 Assembler internal push down

89

299 Irror on output file write
2222 Error on source file open.

3004 Directive not implemented.

3107 Invalid operation in Assemble

Drocram.

o

e
{1

Re~run. If error

persists see Systems

feature and re-run.

"ecquate" statements.
Replace directive and

re-=yun,

operator and re-run.

Correct level erxror




list overflow. May be a level and re-compile, or see

error or svstem error. Svstems Programmer,
6011 System error. See Systems Programmer
6068 Open system work file error. See Systems Programmer
8001 Partial word constant. Replace partial word
constants with single
octal wvalue.
8021 Literal table overflow. Reduce number of

Maximum approx. 150. literals and re-run.

The Loader

The loader may terminate abnormally with the following
/360 error code:
User Description User Action

Abend Code

o)

101 Error on input file read. Re-submit. If error
persiste consult

Systems Programmer.

The Interpreter

An error in program execution causes an interrupt to a

D

fixed main storage address. Unless overriden, this

r

instruction requests an 1108 core dump.
The interpreter may abnormally terminate with one of the

[P 4

following /360 error codesg:
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User

Abhend

102

103

N
ERR

ROR CODES

Description

Code

I/0 interrupt detected.

i~
S
<
O
o]
.
[N
1t
h
=
D
Q
o
=t
<
0]
o
u
[o
y
i)
0n
3]

77778
or 10000085 "< 1(}77778

Invalid parameter strincg.

91

User Acticon

Replace the I/0

instruction that

caused the interrupt.

Correct instruction

Correct(see Section

it

2.8) and re-suh




Chapter III SYSTEM DESCRIPTION

The system is described from the Systems Programmer's

viewpoint. Each source program is discussed and flow charts
are provided for the main subprograms. Included in the
discussion of each section are mathematical formulae and the

more important data structures used.
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This section outlines system

ALl programming is in /360

8]
"'\

b~.|

Ass

and 3.3 discuss individual modul

The two pass

assembler reads Univac 1108 Rasic

“

stucture and program

bler Lancuage. Sections 3.2

g

as, thelr logic and linkacge,

o

Agssembler

Language from a source file, usually the card reader. Pass 1

assigns relocatable values to labels and creates a table of

user assignments. The length

measured to determine origins of

checking is done. Two system fi

duplicate of the input file,

detected., Pass 2 reads these

code which is

addresses to the system
operation of the assembler is il

File attributes and record forma

ot
e
m

of each program segmen
literal tables. Sone
les are created =~ one a

the other a record of errors

two files

written, together with relocatable

output file. Pictorially the

Ficure 3.1.1.

Jot
b5
o
]
U
o
]
»y
|_J -
s}

lus

+t3s are as follows:

Source file Record length = 80 bytes. Block size = 230
bvtes. The first 72 bvtes of each record contain
source data.

SYysuTl Record length = 88 bvtes. Block size = 84
byvtes. The first 80 bytes ars copied from the

file record., The

source record is marked.

gysuT2 Record length =

93

80 bhvtes. RBRlock size = 800

errors in the corresponding

16 bytes. BRBlock size = 160




SYSTEM STRUCTURE

bytes., Record format is shown in Figure 3.1l.2.
Only when the source statement generates a double
word, are bytes 9-13 used.

The assembler produces a list of the source statements

together with machine code generated and errors detected.
Version 1 of the Assembler requires a 42K region.
Limitations imposed on a single assembly are:
maximum number of labels approx. 500.

maximum number of absolute assignments approx. 100.

maximum number of operators in assembler expression =
100.

The loader reads the file SYSUT2. Machine code is loaded
into 1108 Main Storage. If the relocatable address in the
input record is 777777g then the record contains:. the entry
address of the program (bytes 4-8), This wvalue 1is 1loaded
into the P-register.

When the loading is completed, the interpreter executes

the user program, The system files are used for reading
user data cards and printing user reports. Only the first
72 characters of each 80 character input record is given to
the user program. These 72 characters are placed in 12

consecutive 1108 words (6 characters per word).
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Tt
YSTEM STRUCTURE

[y "
e NG W SO

source
statements

AGSEMBLER

LN

PASS 1

SYSUT3

e gn S

work file

P R R

[ahtdal '!rrpl
woxk Fil

internal
tables
etCc.

Figure 3.1.1. The Assembler.

where a = relocatable address of generated word
wl = generated word
w2 = second generated word, if appnlicable
bvtes 14, 15 are unused

Figure 3.1.2. Assembler Output Record Format.
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Figure 3.1.3. The Loader/Interpreter.
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SECTION 3.2 THE ASSEMBLER,

The Assembler structure is presented in Figure 3.2.1.

)
o

brief discussion of each Assembler module is found latér in

this section. Module Linkage is done according to standard

/360 practice. A communication fullword is used by many
programs to indicate entry and exit conditions. Each

character string passed between modules has a PL/I type
"dope vector" which contains “the address and length of

the string.

Labels are inserted into the label table during pass 1.
Each element of the table is 10 bvtes long.
Bytes 0-5 contain the LABEL MNEMONIC
Byte €& contains TFLAGS

bit 0

1

element occupied,
1 - label externalized.
2 - mnemonic value 1is absolute,
3~7 - an intecger between zero and 31 representing the

location counter under which mnemonic is de

h

Bytes 7-9 contain VALUE. If bit 2 of the flag byvte is zero
then "value" contains the relocatable value of the mnemonic.
If bit 2 of the flag byte is 1 then "value" sexrves as a

pointer to a table of constants (see below).

The position of an entry in the label table is determined

b

by the "hash" value -(see glossary) of the mnemonic. If
this location is occupied (flag bit 0) the assembler scans
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PASS 1

Ty

Fiil

TUNIATN

~ S5RCRD

PRSS 2

other routines
(see helow)

IUMReD

TUNPSE

WKBWR

XVAL

FIXED

Iuccon

Figure 3.2.1l. RAssermbler Structure.




for the next free location. At the end of pass 1 each "value"

is incremented by the location counter base address.

An extension to the label table is a tahle of ah

2] solute
constants, then a mnemonic is assioned an absclute value,

it is inserted into the label table and "value" points +to

the element in the constant table.
Elements in this table are 10 bvtes lonc, and cortain +wo
1108 words, The leftmost L bi+s give attributes of the

item, e.g. single or double word, binarv or floatincg.

EXDPRESSIONS
In scanning an arithmetic expression the assembler Ffirst
forms the reverse polish equivalent. This expression is

then evaluated., L1Z]

ot

The reverse polish string has the following

-

Indicator bytes are intermixed with arithmetic values.

An indicator byte may contain a mumeric code representing an

operation (operation bvte) or, the attributes of a numeric

value in the string (attribute bvte).
Drogram,

Flow of pass 1 in Figure 3.2.2.

O
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X5CAN - Scans a source arithmetic expression and constructs
the equivalent reverse polish expression.

The input string is scanned and the polish notation

formed according to the following algorithm,

Qutput Input expression
POLISH
expression
Stack
Each operator has a stack priority and a compare
priority.

1.

fde

£ nextsymbol (input) = operand

then pass it through to the output

L.

alse
2. 1if stackpriority (operator at tow of stack)
comparepriority (incoming operator)

then pass stack operator to output
else move incoming operator to top of stack.

Operator priorities are listed

{.l-

&

Table 3

W]

.l.

D

XVAL - Evaluates a reverse polish expression.

XVAL reduces the reverse polish string +to "arg"
"terminatoxr".

The string is scanned for the combination
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<
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*
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.
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nes
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varent

Close
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™

inator.
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|

(9]
g

bl
S

108



"arg". The string is compressed. The scan
continues. If neither of the above forms can

then the evaluation i1is terminated abnormall

"arg" "terminator" string is reached the arcumen:

SRCRD - All source file operations,

The module opens, closes and reads the source

PRINTF - All print file operations.

Luie

Opens, closes and outnuts the nrint file.

WKAWE - All system work file operations.

Performs all I/0 for files SYSUT1 and S§YSUT3I.

WEBWR - All system output operations.

Opens, closes, and writes file SYSUT2.

This module is also used by the Loader to read SVEUT2,

HASH - hashes a mnemonic into an intecer value.

process then

be

f

The six characters of the mnemonic are V1,V2,....V6.

for all i, 0 £ vi = 2&16.

blank gives 36

109
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The hash value h0 is computed as -

S
f

MOD (T (27V1+27V2/37)+L (19 (V3+Vl) /2) +T (19 (V5+V6) /74))

704

where I means "integer part of",

Note that 0 < h0 < 704

The mnemonic 1s placed at location h0 of the lahel table

unless occupied (see SEARCH) . (Rafar

FIXED

2r Thagh' Slossary)

and converts to binary values.

Mumbers are treated according o certain characteristic

- V131Z.

(a)

(C$

An  Octal number is manipul
the binarv ecuivalent.
A decimal number of magnitude less than or ecual to 2

-1 is converted as a /360 fullword value

[oX]

A decinmal number of magnitude greater than 2°+-=1 bhut
less than or ecual to 263.1 is converted as a /360
doubleword value. This is +then converted +o an

1108 fullword oxr doubleword.

4 decimal number of magnitude greater than 263-1

(that does not cause 1108 overflow) is converted +o

octal by decinal division taking successive

xtracts mnemonic from source strinc.
first character must be alphabetic, Subhsecuently anv

non-alphanumeric terminates the scan.

110

- Reads decimal or octal integers from source string




®*SEARCH = Searches the 1label table for a mnemonic and
returns the table offset.
The label table search commences at entrv h0, where h0 is
the hash value of the mnemonic. A seek can result in -
(a) label found - return takle offset,.
(b) label not found, table entry occupied - continue
search at next entryv.

1
£

(c) label not found, table entry unoccupied - return
table offset of expected entry.
The search, continues only if

ha - h0 < 500d/n

is satisfied.

il

where ha actual table entrv this seek
h0 = original hash value

d = tolerance (currently 5)

n number of elements in table
The constant 500 is used to give a table "Ffill" factor of
500/704, That is, of the 704 possible table entries it 1is

-

hoped to wuse 500, without any search going hevond the

tolerance. (R

"hash" Glossarv)

OPCODE = Translates a mnemonic opcode into its machine code
ecuivalent. The opcode table 1is searched comparing the
input mnemoni¢c with those in the table. When found, the f

and j values are returned to the calling program.

IUCCON - Translates ERCDIC character code to 6-bit RASCIT.

Either six or +twelve bvte strings are converted and

i
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packed into an 1108 single or double word.

This module is also used by the Interpreter,

—- Constructs print lines for pass 2.
The print line has the format:
Position 1 control character
2 - 17 erroxr flags
18 - 23 generation address in octal

25 - 36 generated word in octal

38 ~ 58 generated word divided into separate fields
60 - 131 source code
If a doubleword is generated a second call to PILIVES

Jit A

made. The second word is printed in octal from column 25

column 36,

112




The interpreter structure is designed for easy
maintainability and expansion. Fach 11082 machine instruction

e

is handled by a separate CSECT w
TUirsx (0 < £ < 705) or IUxxdyy (£ > 705)

where xx = octal value of £

NAY octal value of j

Table 3.,3.]1 cross-refers CSECT to module in system

library.
Figure 3.3.1 illustrates the three-level subprogram

structure which gives optimum use of core storage.
The contents of the Internal Register Block (IRD), which
is described fully below, show the status of the system at

any time. 2ll subprograms have access to the IRB.

o

R 240 byte work storage area is obtained at
initialization time and is used bv all subprograms.

Main storage for the 1108 is obtained at initialization

time and is a function of the user assignaed MS parameter,

Svstem function subroutines are available to Dboth
mainline and machine instruction programs. They perform

tasks such as effective address calculation and WVO(UCtlon
of the 1108 core dump.
The logic of each module is discussed in three sections
(a) Mainline Program,
(b) Ha01iﬁo Instruction Subprograms,

(¢) System Function Subprograms.
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(a) Mainline Program (Module name

ASSTICNMENTS AND DEFPINITIONS.

200 bytes of main storage are reserved for system

internal registers. This area is called the Internal
Register Block (IRB). Throughout execution, registe 3

addresses the IEB.
Contents of the IRR

Offset Length Mnemonic Contents

(bytes)

0 b PAC P-register - absolute 1108

address of next instruction.

£

]
T,
ky}

e,

-‘
LJ -
ri"

Instruction address regis

The /360 address of th

instruction being executed.
8 5 SLR Storage limits Register,

The leftmost 36 bits contain

E:i:.
{

-
fot
L)
<0

SLR.
16 b EFA "Effective address (1108)

computed for the current

instruction.

20 5 PSR Processor EState Register,

The leftmost 36 bits contain

the 1108 Per,
28 1ls ACU Arithmetic/Control unit.

16 bytes used as the 1102 ACQI,
bn 2 F The irntecer wvalue of the

f=field in the current
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bhe

48

120

N

XS]

o

]

{52

fadid

£

AN

-

118

MUTRPRIETER

The intecer value of the
j=field in the current
instruction,

An 18 word save area used by
nost subroutines,

/360 offset of the control

add 60 if a~field refers *o
A-register.

subtract 80 if a~-field refers




f....l

132

136

X%

o]

n

I

IA

CHAN

119

Interrunt Address, 1108

abgolute addregs from which

as the interrupt is handled
Unused.

Byte 0 contains the channel
number of the most recent I/0
interrupt (4 bhits) and the
associated CPU number (2 hits)
Byte 1 contains the channel

number of the most recent I/0

1

interrupt (U4 hits) for CPU #0

th
l..l-

right justified.

Byte 2 contains the channel
number of the most recent I/0
interrupt (4 bits) for CPU #1
right justified.

Bvte 3 contains the number of

the CPU performing this

instruction (2 bits) - right
Justified,.

Memory Select Register.
Contained in bitsg 1-3 of +he

byte, All other hits zero.




o

-t
it

Ut

2!
in

o

120

Channel Select Register.
Contained in hits 0-3 of the
byte. Qther hits zero.

Last Address Pegister.
Contaired in bits 1-3 of the
byte.

Interruprt switch. Set zero

initially subsecuently by

any Allow All I/C Interrupts

1.
[

instruction. Se a

1 by

Prevent 211l I/0 Interrupts
instyruction.

LPE Switch. Set 1 by the

Load Processor State instruction
Set zero when the load is
completad, after the execution
of the next 1108 instruction.
New PSR. Loaded by the LPS
nstruction. Transferred +o

eX

execution of next

Bit 0 is set 1 if a sgstorace
limits vicolation is detected

imply that an interrupt will

occur as storage protection mav




160

164

‘-—J
[#3]
[ee)

172

176

180

184

NB.

g

EFA/360

2 ISI/EST
4 BS
L UL

4 IU

16

The IRB contains some fields which ar

Bit 3 is set 1 if an invalid

address is computed - that is,

simulated machine,
The /360 address equivalent to

EFA,

corresponding channel is either
IST (bit set 0) or EsIT

(bit set 1).

The /360 address of the hidden

i+

storage origin.

Xo]

Machine upper limit, The

highest valid 1108 address.

I/0 interrupt count. An intecer
count of the outstanding I/0
interrupts - i.e., those still to
be serviced,.

Last interrupt. Trap location
(1108) of last interrupt

handled.

ot usead,

0

not used in the

resent version of the simulator,
S
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THT LOADER/INTERPRETER

When core storage 1is obtained for the simulated 1108,
register 4 is loaded with the /360 address of location zero.
To £ind the /360 address of an 1108 word whose address is F:

If B < ZGOO and refers to a control recister then

<

-
]

B¥5 4+ LOCO

If B < 2008 and refers to hidden storage then
I = E*5 4+ HS

If 200, s B < 77778 then
I = E*5 4+ LOCO

If 1000008 < E < 1077778 then
I = EX¥5 = 28672 + LOCO

where I = /360 address

E = 1108 addres

U)

h
fond

cation zero of the 1178

N
H

LOCO = /360 address o

HS = /360 address of location zero of 1102 hidden
storacge.

240 bytes of work storage are permanently addressed hy

register 5. This area is used bv subroutines for scratch

work.,
PROGRAM EXECUTION, The flow chart in Figure 3.3.2 provides

a general outline of SIMPEX logic.

The program is terminated when an ER  ,077 is executed.

"HORMAL " is printed.

€

(b) Machine Imstruction Subprograms.

71l . . 1 Yo "1 s B L bl
These subroutines are not discussed incividually, Tac

@
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iii) re-compile the library module, linking into the

iv) link edit the system into the same library. Remember

that two versions of the svstem exist - LEZ1108 and

(c) System Function Subprograms.
Fach system function subprogram mav be called from either
the mainline or machine instruction subprogranm. No

parameters are passed between these routines as the IBR and

WSA are used as commnon areas.

LOADER - Loads relocatable code from a system data set,

assigns absolute addresses and establishes program entry
point.
Initially 1108 locations 2008-2478 and 2528 are loaded/

with the instruction
SLJ ,*0250

Location 2519 is loaded with a dump instruction.
3 ,
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Relocatable code is read from file 8vsyum2. Absolute

addresses are assigned equal to the relocatable addresses in
e Y|

ﬁ-«
3
Q%]
=
®
Q
O
=
C

9}
H
=
3]
ok
jo]
3

the file. Figure 3.,1.2 shows 8YSUT

entry address record loads the P- ~register

n the current

I..I-

EADCAL - Computes the fective address
instruction.

The Flow Chart of effective address calculation is in

Figure 3.3.4.

SLCHK - Tests the status of the Guard Mode/Storage Limits
indicators in the PSR and if enabled tests for a violation.
EADCAL has previously set violation flags.

There are two entry points to SLCHR,.

I

i) For instructions that read only from main storage.
ii) Tor instructions that write into main storage.

Violation flags in the IRR and D3,D2 settings in the PeR
are examined. A storage limits interrupt is effected by

loading 243 into IA in the IRB,

g.o.

HDUMP - Constructs and prints one line of datae - being the
contents of control registers 1lI - 17 and absolute locations

512 - 515 (mini-dump).

PRINTX - Performs all I/0 for system print file.

Opens, closes and writes to print file.

DUMPX = Constructs and prints an 1108 core dump.
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Data from

formatted as shown

The data transfe

(a) AND-ing

are unchanged by the transfer.

then (b) OR-ing in the specified bits

unit word,

1108

- Transfers data

off

THE L

FN

in

internal registers

Fi

JMA - Transfers data

arithmetic control unit
The transfer 1is accom
(a) ?Iﬁling off the

OADER/TI:

gure 2.5.1.
m the 1108 ari

from the 1102

under j=control,

rlished by

hits of the main

are to be transferred.

(b) Moving the
necessary

If either the
convearted to a

word

augend or the

twos complement

to - the

left

&b

130

1 main storage ar
etic control unit

ain storace to the
storage word which
shifting right - 1if

negative value.




The additicn is performed using

arithmetic.

THTERPREMTR

/360 wmultiple

If the result is negative then it is converted to a cnes
complement negative value.

The signs of the augend, addend and result are +hen
exanined and the overflow and/or carry indicators set if
necessarv.

DIVIDE - Performs integer division. Division +takes ©place
from left +to right and thus makes both divide integer and
divide fractional possible.

If either of the arguments 1is negative +then it is
complemented.

Divide exception checks are made.

The quotient is set to +0.

The following operations are performed 35 times.

the 72

position.

-bhit dividend is

left ghifte

(b) the guotient is left shifted logically 1 bit
prosition.

(c) +t leftmost 36 bits of the dividend are +treated as
an integer value and this value is compared with the
divisor. If it 1is greater than or egual to the
divisor then the divisor is subtracted from it and a
1 bit 1is stored in the rightmost bit of +the
guotient. Otherwise neither this value nor the
guotient is altered.

The quotient is then complemented if the signs of the

131




THE LOADER/INTERPRETER

original dividend and divisor are unequal. The remainder is

given the sign of the dividend.

MULT - Performs integer ones complement multiplication.

If either argument is negative it is complemented and the
arithmetic performed with only positive values.

Fach argument is treated as:

Multiplicand = al#218 4+ a2

Multiplier = p1*218 4 p2

The result is then computed by:-

If al = bl = 0 then result = a2*h2

If al = 0 then result = a2%bl*2~° 4+ a2%h?

-

If bl = 0 then result = al*h2%218 4 2412

Otherwise result = (al*bl*.?l8 + al*h2 + a_2*.bl)218 + az¥*b2
The result is then complemented if the signs of the

multiplicand and multiplier are unecual.
UICCON - Translates 6-bit ASCII into ERCDIC,

Either a single or double 1108 word is converted to a 6

or 12 byte character string.

132




133



J/7RLM9Z JOR 10299,XXX, 1,T=20,1220,C=0,L=2,R=42",
A ESDBLIB. DO DSN=RLMACL A0224 . RACLIB,UNIT=SYSDA,

R MACMILLANY JOB 229

1/ DISP= SHR,VOLW1F'§ER-UM1434
_7/CM EXLC P3M=ASYLI]03,REGTINS42K -
J/SYSUTL DD DSN=RLMACL.ADZZ24. 5/5”T1,d“11—SYSDA,

/4 VELUMESREF 2ONE  AONT 11, DISP=(NEN s DELETE) » SPAGE= ({TRKs (1o 1) +RLSED,

T e (RECFM S BLKS 1ZE =34, LRECL=84) o
/7SYSUTZ DO DSN=RLMACL.AOZ24.SYSUT2L,UNTT=SYSDA,

VOLUAE=REF=CE« MONTH, U TSP= (HEW,KEEP) 3 SPACE={TRKy(L1s 1)y RLSEYy
NCB=(RECFY=FB,BLKSI/E=1 60, LRECL=16)

T77SYSUTS DD DSM=RULMACL.A0224.SYSUT3,UNIT=SYSDA,
ViLUME=REF=0E MCNTH,y SPACE=(TRK, (1,1} sRLSE ),

Nl%P'(”t\y)L'bTF).DCB‘(”ECFM FB,BLKSIZE=800yLRECL=80)
L ZSYSPRINTY DD SYSAUT=A

_J/SYSIN DO %

S avsiDUAr Db SYSaUT=A . . e e e o -

IEF3731 STFP /CM
| IEF3741 STEP /CM

"/ START 71188. 0903

/ STIP 71188 CPU_ OMIN 00.65SEC MAIN 42K LCS 0K

cH 177 XEC TIME USEC CPU TIME 290 1/0 COUNTS 42K REGION 42K USED

“1EF3751
IEF3761

JOB /RLM92Z T/ START T1188.0903"

JCR JRLMI2 / STOP 71188.09%04 CPU OMIN 00465SEC

TRLM92 17.26 SEC EXEC TIME

0.65 SEC CPU T I ME OATE 71,188 UNTVERSTTY OF MA

wh CARDS READ —=

HASP—-TT Ji38 STATISFICS --
__UNTIVERSITY OF MANITIBA —-

55 TINES PRINTED —-
342 K BYTE-SECONDS =

0 CARDS PUNCHED =--

307 1/0 COURNTS —- 0.62 UNITS —

0.28 MINUTES EXECUTION TIME
0.01 MINUTES CPU TIME = =

ONLINE ACCOUNTING {NFN —- )56 JJB(b) RUN --




ERROR FLAGS

ADDR  OBJELT CODE  F

g

A X

HY

SOURCE LUDE

$L1 ) RES 0500=$% o RELATIVE 1 QCATION IN

0005010100)4090LQQZ,J&LﬁﬂnQZ_QQ_QQ,CQLQQZ_**____*“~L&_“_~A24§I_*;_LDAQ~QE_E&A_Q__§IA_ILJQ~MALQE‘

MAIM_SIQRAGE

LP EQU $

000501 3009240000522 30 02 00 00 000522 MT A2,{3125) « MULTIPLY BY 3125 AND DIVIDE BY 67108864
.000502..340040001006 34H00”OZMQOWOOM901006 DY A2 LIMIT R
000503 010060001002 01 .00 03 00 00 001002 SA A3,STP , STORE NEW GEMERATOR VALUE
0006504 100100000520 10 00._04 00_00. 000520 L A4, TOR . LOAD HIGH LIMIT OF RAMGE

006G50% 1553100000521 15 00 04 00 Q0 000521 AN A4y BOR o SUBTRACT LOW LIMIT
000526_300100091002 30.00.04 00 .00 001902 M1 A4ySTP o MAP QONTN RANGE
000507 3401000601006 34 00 04 00 00 001006 Dr Ao LIMIT
000510 140100000521 14 00 .04 .00 00000521 A A4yBOR_ . ADD_LOW LIMYY _ _ ____
nNons1t O1GL00ND1I003 01 00 04 00 00 001003 S A4, RAND o STORE RANUNOM NUMBER
000512 100140031004 10 00 06 02 00 001004 Lo A6,CHT . COUNTER
003513 140140000523 14 00 06 00 00 GQ0923 A A6y (1) o INCREMENT
00314 010140071004 01 00 06 09 00 01204 s A6.2CNT
N0L>15 525140001005 52 00 06 00 00 GO1005 TE A64NN o TEST FOR ENMD OF EXECUTION
009516 T4Z000GR0500 T4 04 0000 00 000500 . “J _LP
DOUS LT 724400000077 72 11 D0 €O 00 Q00077 ER y077 « HALT
200520 000300070012_00 00 00 00 00 000012 TOR - 10 . UPPER LIMIT ON RANGE
000521 000300000000 00 00 G0 00 00 000000 BOR 0 o LOWER LIMIT ON RANGE
R » C$(3) RES __01002-% -
001002 COU0J0U35631 71 00 00 00 00 01 163171 STP 124537 o+ STARTING VALUE FOR GEN
001003 G00000000000._00 00 0000 00 000000 RAND RES 1 .
0019204 0CCI000Q0000 00 00 00 G0 00 000000 CNT 0
001005 0000900090012 00 00.00.00.00 000012 NN 10 . NUMBER OF RANDOM NUMBERS REQUIRED
0017206 CO0400C20000 00 01 00 00 0Q 000000 LIMIT 67108864
777777.000000090500_00_00_00_00_00 000590 ___END_0500

135




"R MACMILLAN' 0B 357

F/RLM92 JOB 102594%XXXs1,T=20,1=20,C=0,L=2,R=78",
LA/ INRLIB DD DSHERLYACL.AQ224.RACLIB,UMIT=5YSDA,
17/ DISP=SHR, VLY 4E=SER=UML 404 :
LSIGD EXEC POM=LEYLLI3,PARA="MS=35803,y TRACE=YES s REGION=TBK i
//G3.SYSUTZ DO DSM=RILAACL LA0224.SYSUT21,D1SP=SHRyUNIT=5YSDA,
L1 VOLMESREFZONESMONTH DCB=(RECEM=FB, LRECL=16,BLXSILE=160)
J/SYSPRINT DD SYSTUT=A

L L/SYSUDUMP DD SYSOUT=A

//7SYSIN DD * - —— R
....... IEF3731 STED /G / START T118R.1210 ) :

IEF3741 STEP /G / STOP 71188.1210 CPU  OMIN 00.84SEC MAIN oK
60 11.38 $EC_EXEC TIME _ 0.84 SEC CPU TIIE 118 _1/0 COUNTS_ 78K REGIOM 78K USLD

LLEF3TST 3B /RLMS2 £ START 7118841210 . .
[EF3761 JAB /RLM92  / STOP  71188.1210 CPU  OMIN 00.84SEC
LRLM92 o 11.38 SEC EXEC TIME  0.84 SEC CPU TIME . .. DATE 71.188 UNIVERSITY QF MAMITOBA

16S 10 _CARDS REAU == 321 LINES PRINTED —-— 0 CARDS PUNCHED == 0,18 MINUTES EXECUTION TIME
UNIVERSTITY JF AANITOBA —- 135 1/0 COUNTS == 456 K BYTE~SECONDS - 0.56 UNITS == T0.01 AINJTES CPU TIME
__ONLINE ACCOUNTING TMFO == = 573 JOB(S) RUN —= ’
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0003500

000503
000200000005

J00504
e 2Q00C0V00005

J00505

000314461415 .. 60C123220061

C0U314461415

€00C00C00000

QUOA14461415__000D0Q0CO0IO0T

.000000000007

..0314004406560. ..

.. 000000000012 .. 031400446560 ..

*M__“DQQQDQQOOQQEWNMQQQJIﬁéélALi_waQQQOQOQleZ_ﬁ_QﬁAﬁQQ§4656”

000314451415

00€000000000

........ 000000363L71mmw04151UCBOGOOm_”60012322006Lﬂ~ﬂ031400436560;MMWW“DDQﬂoﬂlbilllWﬂ”QOODOﬂQOQOQO 000000000020 001000000012
000501
_.Q00D00000000....002714461615 .. 600123220061 . 031400445560 ........000000363171 __.000000000000.._..000000000009 004000000012
000502 .
000200000005 . 000314461435 6001232200061.....031400446560. 000000363171 ..000000020000 001000030000 000000000012
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77 UCB=(RECFM=F ,3LKSTZE=84,L_LCL=84])
/7SYS5UT2 DD NSN=RLMACL .A0224.SYSUT22,UNIT=SYSDA,

/7 VELUNESREF=ONE.HCNT i1, 01SP= (NEAy PASS Y,y SPACE={TRK, (T51Y,RLSED, T o
e UCB=(RECFM=SH,BLKSIZE=160,LRECL=16)
775Y50T2 LD DSNSRLMACL JAG224.SY5UT3,UNIT=SYSDA, T -
/7 VCLUME=REF=0EACHTH, SPACE={TRKs{141)4RLSE),
/7 DTSP=(NEW, VELETE) yOCOEIRECFM=FE,BUKSTZE=E00, LRECL=80)
CJ/SYSPRINT LD SYSOUT=A
J7/7SYSGUUNMP DD SYSOUT=A T ) - - ) .
//SYSIN Lo =
TYEESTITTUSTEP FCHTTT Ty START TrylgdLesisT T T T e o T i T
IEF3141 STEP /(M / ST3P  71188.0914 CPU OMIN O1.44SEC MAIN 42K LCS 0K
™ 72760 SEC EXECTTTHF I 44 SECTCPU TIWE 589 170 COUNTS 42K REGIUON 42K USED

CFFCETEXECTPGRELENLLGE, PARMEIMS = 36863 TRACE=Y ES Y, REGTON= 78K‘W“”W”““W”””“
//7GO.SYSLT2 DD DSN=RLMACL.ADZ224.SYSUT22,DISP=(ULD4DELETE) UNIT=2314,

I TN OCUE EREFSONE L BONTHYICBERECTH=FBVIRECT=T6, ALKSTZE=16C)
J/7SYSPRINT LD SYSOUT=A

J7SYSUDUMP T SYSUUT=A
//SYSIN LD *

LERBTST STER 76T T START TITBETOS1A T T U e e evine o
TEF3741 STEP /GO / STOpP  71188.0914 CPU OMIMN 00.85SEC MAIN 78K LCS OK

TeutT Uy 02 S ECTEXECTTIME T TR T SECTCPUTTIME T TTTTIBE 1707 COUNTS T TTER T REGIUN T8 USED

Itrjlﬁl JI8 /RLMAS2 7 STARY 71188.0613

CLEF3761 408 /RLA92 / STOP  71186.0614 cpPu OMIN 02.29SEC

LM TR E 62 SECTEXEC TIRETTT T 20297 SECT CPUTTIME TERTETTIVIEY UNIVERSTTY "OF "MANITOBA

145

TTHRASESTT 0T STATISTICS == U2 CARDS READ == 453 LINES | "0 CARDS PUNCHED --

0.47 MINUTES EXECUTION TIME

UNIVERSITY OF MANITOBA —— 649 1/0 CCUNTS -- 14129 K BYTE-SECCNDS - le74 UNITS Rt C.03 MINUTES CPU TIME
CNLINE ACCCUNT ING INFO =-— 561 JCB(S) RUN -—




ERROR FLACGS ADDOR

U SOURCE CORE
. , o o , o (1) RES  0242~-% . ER TRAPS TO LOCATION 242 . :
000242 12340020030C 72 €1 00 00 01 €CO300 SLJ s%ERRTN o JUMP TO ER HANDLER
- $(2) RES 0270-4% . INITIAL EXEC START LOCATIGCN
- T LSt ,(G1041060110104) . USER SLR LOAD 3
. INSTRUCTION 100000-103777; i o N
0002 TC 727000000273 72-16 00 0000 000273 CATA TTT04000=107TTT
Q00271 7264C0003274 72 15 00 00 0C 3C0274 LPS y (CU400CLT77904) o LOAD USER PSR
TTUTO00272 7743400100000 14 €700 00 00 100000 7T T T AALY 40100000 . CONTROL TO USER T T B )
$(3) RES 0200-$ . EXEC RETURN HANDLER
OO TETT IO SATEDEOT OG0T 06TUGTO0 OO0 000 TERRINTT T TS U PEREGISTERTSAVE TAREATTTT - B
000301 270060209300 27 0C €3 GO 01 0CA300 L X33 %ERRTN o LOCATE USER ER INSTRUCTICN _ i
000302 247060200326 24 0003 00701 0003267 T 7T AXTT T x3,*USER « ADD USER START ADDRESS e )
000303 703262200304 73 06 €3 00 Cl C0C304 JGDO 99 ,%$+1 o C(EXEC X3) = A(USER ER INSTRUCTION}
TTTTOO0204 270040200322 27 00 02 00701 0003227 T "L TTUX24%INDEX . SET INDEX REGISTER ~ 0 ommmmmmmommmmmommmmmm
COU3C5 230920200323 23 00 Gl 00 01 000323 R1,*COUNT . REPEAT COUNTER
OO0 I0E T I04DE3EOTTCOTICTIO 027 COOOOO““‘”“‘“““'l,ulo A YEOYX3TLTLOAN LOW CHAR OF USERTERTINST
AD0307 620042600324 62 CO 02 02 11 GOU324 SE A2y*ELIST,*X2 « SEARCH ER LIST
TOCNI L0 720000003000 72 €0 COT00 00 0GASO0TTT TR 720000:¢000007 . END T OF 0B T T B
0NN311 270100200001 27 00 £4 00 01 GGOO0OL L X44,%1 o« LOAD USER STRING ADDRESS
T 000312 7902420233315 70 05 01 90 01 Q00315 777" 7777TUUYED T B 1y *READ . A POSITIVE VALUE INDICATES READ W o
027313 370004200000 37 00 CO 04 Gl 00I000 . PUT %04 X& W EXECUTE WRITE
0003147 742007323T316 T4 704 C0 DO CL " JOQI LG [ T RN T e e e
000315 333uU34220G00 33 00 00 04 ©1 000020 READ GET %0y X4 o EXECUTE READ
000316 270340209300 27 0C 02 00 01 CCC300 END™ 77 "L 7777 'X2 ,%ERRTN o GET RETURN "ADDRESS ~ ~ 7w s s
D003 17 24023233326 24 00 02 €O Gl C0N326 T AX X25*%USER . ADD USER START ADDRESS
TRO032C 726430233000 72 15 700 00701 Q0Q000 TIPS T Ty 07 o TRESTORE USER PSR T T T T
DO0321 743432200000 74 C7 00 02 01 CCOOGO AALJ  ,%0,X2 . RETURN TO USER
003227090001 08 3000700000 UL T 00T U000 TRNDEXT T I000000 W TINTTIAL” VALUE "INDEX REGISTER
033323 CCITILICO0C2 CC 00 €O 0D CO 000D02 CCUNT 2 . NUMEER UF ELEMENTS ON ELTIST 0
TUUU000224 00ND0IGI00107 00 00 00 00 00 000010 ELIST VL0, READ IDENTIFIER T T T
00V 325 02JITO00CNCIT CO 00 00 00 00 000017 017 . WRITE IDENTIFIER ~

T00D326 COA0A0DC0N00 N0 00 00 0D TOU NODOO0 T USER T TGO0TU0000 . USER 'START ADDRESST T 7T




ERKOR FLAGS ADDR OBJECT CODE F J A X HI U SOURCE CODE

LA5L6) . RES. .. 0100000-% . USER PROGRAM: .. .
LCGICS
REALS 6 CARDS AND SEARCHES EACH FOR THE ALPHABETIC STRING ARGS$

ONTALTU RALFWORD  {THREE CHARACTER) BOUNDARIES:
WEEN FOUND A MESSAGE IS PRINTED

T100CH0 100040100112 71C 6 €200 0 10Cii2 L R2S (6 U NUMBER OF CARDS TO BE READ T
170001 700340100003 70 00 16 00 00 100003 CLP UGD  A2,%+2 . TEST FOR END OF JOB

147

150600277 7244C0000¢77 72 11 "¢0¢o 60 CO0OTT ERTTTTVOTTT U UREQUEST EXECTTERMINATE JoB T T
109603 230040100113 23 00 €2 00 00 100113 L R2, (0777777000000} . SET MASK REGISTER
183004 260820100114 72660701 007 C0 100114 XM ¥1, (AT VINAREAY 7T SETTINNDEX REGTSTER FORREAD
100005 1244000G60C10 72 11 00 00 00 000010 ER »010 o REQUEST READ OPERATION FROM EXECUTIVE
TUTTL00666 260020160118 267007 0T 00 UG TI0011S AT T XY 4 LU AT S INAREA=EY TV TSET L INDEX REGISTER FOR WRITE
130007 724400000017 72 11 00 00 00 000017 FR 2017 . WRITE INPUT RECUORD
100010 1001001001167 10 U0 €4 00 001061167 “”””“””“T”“““’AA,('ARGARF')‘;‘sEARCH ARGUMENT 7777 777
. NOTE THAT WHEN AN ARGUMENT IS FOUMND THE SEARCH IS DISCONTINUED
105011 INZOTO0TT 7 23700 01700 o0 TouTLT 7 1TP I KTy (I2Y "V REPEAT CUUNTER ™™
100012 270942100120 27 00 €2 00 00 1€0120 LX X2,(01000000) . INITIAL VALUE FOR INDEX REGISTER
TGO013 710102500042 771700706 32 LT TLC0042 T T MSE T TR 4 INARE AL X2 U SEARCH TINPUT RECORD T
100014 7420C)100017 14 €4 CO €O 00 100017 J ILP2 . NOT FOUND
1309015 720400100026772 01700700 EETLC0026TTTTTTTTTTTTIRIIY TV ORIN YT GIVE TCONTRGLTTO T BUT PUT TROUTINE -
109016 142302100001 74 04 00 00 00 10001 ’ J cLe . ONLY ONE SUCCESSFUL SEEK PER CARD
1OCTTI7 I8V a0COTC2 T 006 00007 TOo102 " TLP2 |8 AE BT TUOAD "MASK TREGISTER
LOD020 731140009022 73 G2 C6 00 00 000022 “SL A6,18 . SHIFT YASK TO RIGHTMOST HALFWORD
U021 233D40000722 2ET00 G2 BN oG OG0022TTTTTT TR 2518 T RESTORE "MASK REGISTER T )
100022 7101C2500042 71 G0 04 G2 10 130CC42 MSE A%y INAREA,%X2 o SEARCH A SECOND TIME
TTUO0AZ3 743000100025 74 04700 700 00T L0Q02s T T T 8427 U TUNSUCCESSFUL T T T
10J024 7204C010CC26 12 G1 €O Q0 0C 100026 SLd JORTN . OQUTPUT
100025 T42005TCo031T7 4 040 0000 10Ny 1 CONT d CYP o T LRoP TSI TTMES
100026 000C3CGROCAC 00 00 00 00 OC CGLDOOO CRTN 0 o OUTPUT ROUTINE
1000277 1001601001127 16 CO7C7 00700 1CoL L T T AT, (B T T
109030 150160900016 15 00 07 00 00 000016 AN ATs14 . FIND NUMBER OF CURRENT CARD
TT00031 4C41601CGDT21 60 TOT07 TO0TH0 10012 TR T AT, (0607 T CONVERT VALUE TOTDISPLAY CHARACTER
100032 o142 aCC72 01 10 10 00 OC 1€CCT72 SAy8 AB,NUM . STORE IN PRINT LINE
TO0033 0600201091227 26700781700 667105122 (B4 XTIy U AT OUTAY U7 SET XTI FORTER WRTTE REQUEST
100034 724400000017 72 11 00 00 CC 0o00L7 ER 2017 « REQUEST WRITE GF EXECUTIVE
TTTTTIO0035 T 1420003000267 74 C4TCOT0CTOY 10000 ETTTTTTTTTTTY T T HGRTN TV RETURNT TGO MAINUINET T
100036 110505050505 11 01 04 £5 Q0 050505 0110505050505 « FOR PRINTING INPUT RECORD
100037711063 10606510 711 01711711 0O Co05L07 7 7TTTTTYEATA T CARD REYTT T
362711052712
100041 0611950505057 06 02 04 £5 06 C505C5 VADT
100042 GGI003005000 00 CO €O 00 00 000000 INAREA F.ES 12 « 12 WORDS FOR CARD INPUT
TTIH0056 7050535050505 (% CTT04TTe 0T OO T TV T T T
050505050505
100060 CHABC5055505 €5 0L 04 05700 050505 7 AR
J5U505053505
100062 050505059505 05 01704 85 00 TvC5¢C5 LY}
50595050505
160084 1165050505C5 117 017 Ca4 €5 €0 €50505 CUTA " 011US0505050% 70 22 WORDS FOR "LINE PRINTER OQUTPUT
103065 301236271915 30 02 10 86 01 C71015 t SEARCH?




FLACS

CADDR  OBJECT CODE F J A X

HI U

SUURCE CODE

10C 066 :
100067 122331051324
100070

... 190072

190871 Csi0Ce27110Y
05C56538595C5

050627143222 05

1

322311051623 32

2 C4 15711 00 051324
C4 14 11 0C C51623

01 11 07 00 143222

' ARGUMY
VENT FO°

G502700 06 0170705

5

01 04 C5 00 €50305 NUM .

unp 1N
TTEARDT

' L} D

05050 5953506 T T - T
10CC74 I50505G5C505 €5 01 04 05 00 053505 1oy
e RA5080505 e e e e e e e e e e
100076 050505052565 €5 C1 €4 C5 0C C5C5C5 D
0505050535257 7 o
100100 €50505C505%C5 €5 C1 04 €5 00 C50505 v 1y
e e R B OROGYE " T e e e e L . S - —_—
100102 050525050505 05 01 04 C5 00 C5C505 ! .
e e e S R iy o e . - et e e - -
100104 050505053505 €S €1 04 C5 00 C5C5C5 1 'D
050505053505 )
1001C6 0£5C505050505 €% 01 04 05 €0 050505 ' tn
e e e L S 5080505 T e e e - . - S
100110 050505050505 05 01 04 C5 00 C50505 YD
050505050505 < e e T s e et s e e o N e e et e - -
177777 GOONDLONC270 G0 GO0 00 00 00 00C270 END 0270 « INITIAL EXECUTIVE ENTRY
S e i e . _— - - e - Ll — —_— @
b
=




3C02172

_....8ecerl

gccz2i2
LL08CI0 .

10CCal
100CC3

...100€C5

1€CCCa

C0C301

000320

J3c0217

CeC221

Toccee”
109CC7

T coczcs

TTT3003C5

ctozci
246302

3003C4

‘C0C3Cs

cCCzC7
JO00Zz11

000312
300313

200314

TTTDATA CARD READ

TRTTEST DATA

CARG WITH SEVERALU FCSSTBILUITESARG ARG ARG ARG ARG ARG

TTTieccrn

JCC216
cooz17

wooz2y T
0Co321

103011

1uccl2
100013

e S 03

10¢Cis™
1oacz27

100031

100C32

149



100033
100C34

[SLE
Qunz202

JUC303
€C038304
£30205
e, O O O 3 c 6 P e wre 4 o meereimes weie e seaies = s+ e mereiemeeses i — - miaiemse tee saee racw comaen \e4 eCmbseiith o e emmwws was Aed Lo AeS e .n Atam mmeriains e de T A LA LS SmeetohLla A A A s o~ - RO, e e ————— s
- 300307
JGC211 . S — e e e o b i
e 1 .
JU0113 -
TS EARCETARGUMENT FOUNDTIN CARD
O O O 3 1 {' Qg U — —— —— e
TTTTH00216
900317 i i R R
e S 0T
coC321
130035
1gac1é - e e e e et e oo e e e+ e e i
e eerar
1occe : ) o i
e GO G B e -
100C05
Woctv
ccc3n2 - - N o
TUgs0303 T )
00304 . L o o
g e
{ccace
TOC3CT
Ju031il .
e T e e e Si
C0z215 e 3 ] o R |
J00316
0nCceaL?
CTTi2)
Jeesz2l ) L } o
e N
100cCQ7 B i o S o
TTTTTTRec3clT o )
cCCz02
CG33C3
0003C4 B B s i}
e L (o e e
CocC 2¢e B - e o i B -
B 3
000211
3CCE12




10g6c27

Loucl
.1uoos2
10C033
106034

ek GOE3D

Cu03Cl

. CeeEll
_L00313
SEARCH
000214

TTae0z2

TARGUMENT FOUND TN CARD ™ 2

000316
occary

300320
bogzzl
106035
100C16

13¢CCT
100C03

1CCCas

109co4

00C302

06201

060303
CCC3C4

gui3ce

TcdceEcs

CO03cT
J0C311

Cgozlie

181



000215
e 30C 216
J0C217
Leeszy

20C321
1eccce
16aCC7
000301
Nooa0s T e e e e e e e e e e e e -
000303
e D e e T T S —
£Ce3es
Tl o
RN
e - . S - - - e e e e e e
0CC312
G = e o - S e e e e e e
DATA CARD READ ARG AGATN
e S
JCC216
Tnoozir T . ; ) o T - T T . T
L0320
G : S SR e S N
1CCC1
100011 T o
100012
T T T LT e e e e et .t e e e R o - S
100015
T O S
109030
TTL00C3
S lucoz o
100033 o ’ ’ o T i T T n
100034 —
O - S e e o e e -
€ac202
BR P ELE] o
000304
Q3@ T S e i S SO - - . . .
CoC206
308307 e e e e e e e e i e e e e
200311
DLy
0C0Z213
e AR O ARGUMENT “FUUND " IN™CARD™ 3~ e o . - - S—
000314
ooz e e e et e o e e L e e i —
000217
Uo032n




000321
_..100035

10¢CL6
e AQOCCY

™3

103¢03
10CCo4
10CCCS
.....Laczol N - - —_
000302
.......000303 .
003C4 o T
0CC3C5
QUC3CA
kveser -
gCeall B
o....La9¢cz12 -
0uo31s
uuo3le
CCC317
_goeczzo
T uz221 T
100006
e VRO g ) -
S00201
JUTECE
.....bogsos
e D e
ctCzes
e 2 e e e et e
" 000307
GOC3T1
000212
Qg ] g e -
_ DATA CARD READ  NOT HERE
R —
200216
300517
3CG320 .
R g e e
1eoclo
e B OO T e .
16CC12
100C13
16CC14
160C1T
106C20
e L GG T
100622
100023




100025
1830901

15CCC3 T
Jeascca
1C0C35 . . B
000301
o362
..gecscs
0036i et e e et e N . o e
C003cs
o . . - —— e e e
ceoacy
B ENS!
o031z
OO s — e
00216
e00IT e _ _— e
006320
§0cCazL
106CCs
ST QT T e - - e < oo e O
000301
“COT3027 T B
£0C203
Jut 304
00C3Cs
e - e - e e
6cc2Cc7
3902117 - - .
900312
VD E]
DATA CARD READ GR HERE
003 4 e e 2R e e e B . . 3%
JLegzxle ~
jcc 5 17 - B e - - —' T T e e T .
000320
[ EFSI
LCCC10
LOEEL] - i e S _
100012
Ty — X - i . N . S
10CC14
TUOTTT
Lu0C20
- e e e e e e B
10c022 -
LG0T e e o e e e e ) - N - e e e et e e
106025
T00CUT




16SC03
130Co4
100CC5
. Loc2ol
DU0302
0C03C3
CCC2C4
_..LL0z2C5,
0003Ch
_.Boa3cy
300311
00C312
UJ0Z215
_....00031e
06C317
..896€z29
000221
100CCo6
100GCCE7
coozol
e S
600303
R of e Tor
£0C3C5
BREW
000307
T
2003212
BOINESE N
" LATA CARD READ ARG ALMOST
SN ERY)
Joo21s
JU0317
...38C329
Tgcez2t
100C10
T10061T
.10cc12
U kR
100014
00017
10620
100C21
160022
TTTIG0023

155

000301




000302
600303

cceacs
...goc205 . ; ] -
C00305
809307
¢eea1d
NORMAL END . - . S e e - e e




-
it

=
[

P~
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4

TOrs

i

0

157



J/RLMS2 JOB 10299, XXX91,T=20,15204C=0,L=2,R=T81, "R MACVILLAN®

JOB 358
_//JOSLIB DD DSN=RLMACL.A0224.RACLIB,UNIT= SYSDA,um"M“_W'VWWWHMMHMWM___‘ S
/7 DIQP <Hh VCLUME=SER=UML 404
//CM EXEC PGM=ASMILC8,REGION=42K ; S i o i ) o )
7/7SYSUT1 CD ISN=RLMACL.AS224.SYSUTL,UNIT=SYSDA,
7/ NCLUME=REF= LJt.VChTH,DlsP—(VFN CELETE) ySPACE=(TRK, (1,1},RLSE},
7/ T ECEE(RECEFM=F, B LKSTZE =84, LRECL=84]
//SYSUTZ CD DSN=RLMACL. A02’4 SYSUT23,UNIT=SYSDA, o -~ o o e
VOLUNME=REF=NNC.MCHTH,DISP=(NEW, PASS ), SPACE=(TRK, (1, 1),RLSE Y, ~ o o o - )
UCE={RECFM=F3,8LKSIZE=16I,LRECL=16)
TJ7EYSUT3 DD DSK=RLMACLLAOR224.SYSUT3,UNIT=SYSLCA, T Crmrmm T o . T e R
VOLUME=REE = INE MCNTiHls SPACES(TRK,(1,51) yRLSE),
ISP EINER S DELETE Y, DUBEIRECAM=FR ,, BLKSTZE=800, LRECL=80Y 7777
//SYSPRINT CO SYSTUT=A e
e OLNP Tl SYeBuT oA e e e e -
//SYSIN LD % N
TIEF3731 STEP /CM /7 START 71188.1210 7 T T T
IEF3141 STEP /CM / STOP  71188.1211 CPU OMIN OL.77SEC MAIN 42K LCS oK
T T TR R TS EC T EXEC T TTIME T TS 7T SECT CPUTTTME T T BT T8 TOUNTS 42K TREGTON T A 2K TUSED
G0 EXEC PEMELEXLLOB, PARM= T HS=3686% s TRACESNC T TREGICNSTHK « = = =% * e s oo e o . - e e e e e
//GC.SYSUT2 0D DSN=RLAACLWAJ224.SYSUT23,D1SP=(0OLD,DELETE) JUNIT=2314,.
77 VCLUME=REF=CNE.MCNTH,CCR=(RECFMZFR,LRECL=163DEKSTZE=16C) " T - T T e -
//SYSPRINT CD SYSOUT=A
T ISYSGEUMPTLD USYSDUTER R T
//SYSIN CO #
TTEF3720 STEP /GO T/ OSTART 7TU188.1211 R e e B
IEF3741 STEP /GU / STOP  71188.1211 CPU OMIN 01.C9SEC MAIN 78K LCS  OK
eI B 8.78 SEC EXEC TIME 7 1.09 SEC CPUTTIME " ""13§ 170 COUNTS ~ 78K REGION 78K UsEs " =~ - b
I EES TS YO T /RCATY T 7 USTART T TLLEE L LT
IEF3761 JOB /RLM9?2 / 5TC 71188.1211 CPU OMIN 02.86SEC
TRLM9Z T 66458 SUC EXEC TIME T 2.86 SEC CPUTTIME” CATE 71188 UNIVERSTTY OF MANITPBA“”“““'"“““‘“’““'”"”””“”“”‘“”““‘““"'““*“”Ej
THASP=TT 308 STATISTICS —= "7 123 CARDS READ == TFTLINES PRINTED =<7 0 TEARDS TRUNCHED 2 1. 10 MINUTES EXECUTION TIME — 77
UNIVERSITY OF MAMITOBA —— 669 1/0 COUNTS -- 1,020 K BYTE-SECCNDS = 1.55 UNITS -—  0.04 MINUTES CPU TIME
CNUTNE ACCTUNT IS " THFD == 574 JCR (S RUN == - - T o




ERKUR FLAGS  AUUK  UBJELL Lupe F g U CUUSUURUE TCUDE ™

R e oo e B AL ) A MAIN RES. 01000-% ' « LOAD AT .10CC_QCTAL -
001¢00 100240001022 10 00 12 00 0C 001022 L A10,(7) . NUMBER OF ITERATIONS REQD
CO1CO01 100120001014 10 00 €5 00 00 001014 L AS4 A
001002 1C0Ll40001016 1C 00 C6 GO 00 001Cie6 L AG,C
V01003 700540001005 70 01 06 00 00 001605 ST2  JGD  Al0,$+2 . TEST FCR ECJ, DECR COUNTER
0010C4 7244CCONCCTT 72711760 CO6C CCoCTTEND TTER 1077 . TERMINATE JOB
001005 722120001015 72 04 05 09 00 001015 AH A5, 8
TT0010C6 123540001017 72707706700 00 TEETETT TTTTTTTTTTANT TR D T T
0010C7 71512000102C 71 12 C5 00 00 001020 DS A5, E « STORE RESULTS OF ARITHMETIC
J0T0T0 100G00u3T023 10760 06 8060031023 C 0,127 . NUMBER CF WORDS™TO DUMP
001911 470920)#1007‘27100 01 00 00 D01CO7 LX X1ly$=2 « LOAD ACDRESS OF € FOR TDUMP
001012 72C4)006327C 72 €1 €6 CO0E 00c27¢ BN + TDUMP JEALL bUMP SUBRGUTINE ™ T
001013 747000001003 74 04 00 00 00 001003 J ST2 . Loor
01014 CO0H03DEN032 TECE CCTC3 00 T EOCo3 2 AT THE30006G32 T T e e “’“
00101% 0NI00TCCUCHLT CO CO 00 C7 OO0 COCCOL B 007000061
G0T016 0001300 TTIT6 00760 64 00 00" 0¥7Tite ¢ GOTCOOTTTT6
001017 0CG702010031 CC Ol 14 CO 00 010031 O 00700010031
QUL0Z20 06030000000 00 00 00 00 00 00000 B ™ T B g T e e
. . - [*))
wy
rd




ERRQR FLAGS

ADDR CBJECT CUDE F J

THI

u

/%(31)

RES

L0270=% . e

SOURCE CODE

DUMP SUBROUTINE

000270 93)000GR0N00 06 00 CO0 GO GC CC00Q0 THUMP o « ENTRY POINT
000271 0060C400I0406 06 00 02 00 00 (0406 3 X2,5X2 «  SAVE INDEX REGISTERS AND
003272 CHECEEITNACT CET COTE3T 00 0¢ 060407 e X3,5X3 . ACCUMULATORS
Q00273 27004C003464 27 €O 02 00 GO 0CC4E4 L X2y (NOP ,SVA) . ADDRESS OF SAVE AREA .
000274 460040000465 46° 00 02 00 007000465 7 T TTTLKL X2, (LY T U INDE X INCRERMENT T T T o
000275 27CC6C0NG355 27 CC €3 00 0C CCC355 LX X3 ,CONST1 « REGISTER ADCRESS
DIV276 230020000466 23 00 01 00°007°000%66™™ 77 TTTTTTL TUTTIRL U2y T 2O UNUMBER T OF WCRDS T TG MOVE
COO277 220043400000 22 00 02 93 10 200000 BT X240,y %X3 .« MOVE TG SAVE AREA
DHDICO TESICOCINIGHT S5 QU CO T 00TCO L0467 T6™ RO U8Y < MAXTMUM NUMBER OF WORDS™="7
00301 74200000 334% 14 04 00 00 00 000345 J PETX . : . RETURN NGO PRINT i
A0D3C2 2TC6T6C0NC4AT0 27 00 03700 00 GUC4T0 ™ 7T T LT3, (01000001Y T PLING INDEX T
0907303 270100086471 27 00 C4 Q0 GG CC0471 L X4, {D3000001) . PLIND INDEX
TR0 304 460020009472 46 00 01 00 00 0GD4TZTT T T ULXT T UK, {QLY T T ITT T U INDE X INCROFOR T INPUT ADDRESS T
00305 7C0300N0CO30T 7C 00 14 00 00 CGO307 LP JGn AOy $+2 o« TEST AND DECREMENT
D020 TTA200C0CI33N S04 000 00T CCA330T T TTTTTTRET T T e e
0003CT 120121400000 L0 00 65 Gl 10 000000 L AS40,%X1 « GET INPUT WORD
TTTTTIO00310 Cl0124400410 81 00 05 C4 L0 CCCALE g T A PLINDy XXG T UTTTTTUUINS ERT O INTO DISPLAYTLINE T T T
J00311 13016L002473 10 00 07 00 CC C0D473 L AT75(2) o CCUNTER
- "007312 7C0460970314 7C 01 G3 700700 COA3L& LPL 7777 "JED " TIG, §42 7 0 S LOOP THROUGH TWICE' T T
000313 742030000326 14 04 00 00 CC 0C0326 . J FINX
VD03 I YIGL4I0CI4T4IC 00 06 00700 CLCATE ™ s RETI6T , 2 TCOUNTER
000315 740440003317 7C 01 €2 00 CU 0CO317 LP2 JGD 18,$+2 ., LCOP THROUGH 6 TIMES
004 1e TAZOOCO0NI22 T4 04 00 00 00 QOGP © e e e Eppy s s e S R LaiES .
Q00317 7351C000C003 73 12 04 00 CC CO0CO3 LSSL  A4,3 . SHIFT LEFT ACC 4
TUUTTTQ00320 735522000003 73713 04700 "00 Q00003 TTTTTTTTTLDS L TALy 3T JOSHIFT LEFT ACCS 4-5 7 T
007321 742000003315 74 04 00 00 00 000N215 J LP2
300322 7100220003320 1000711 D000 0000207 FIN T £9,167 JTCOPY TATCTRTT T
000323 4130220000475 4C 00 11 CO 00 CGC4T5 CR A9, (0606060606060) « OR IN ZONE BITS FOR EACH OCTAL o
000324 010243400436 01 00 12 03 107000436 77 TS AL, PLTNO XX 3T T USTORE IN DUTPUT LINE ™ 77 7777777 g™
000225 742000009312 74 04 00 00 00 000312 g LP1 1
T Q00326 247060000476 24 700 703 00 007C0G4T6 FTNXTTTTTTIATTTTT TR, (O T T T T T U ARDITIONAL CINGR CFOR X3 T T
Q00327 742000002305 74 04 00 00 00 0003905 J Le .
000330 3 7CoC00CS4I0 37 COCOTCOT RO T OUNALOTRET T RPUT TTTTRLIIND T L TOUTPUT DISPLAY UINET™
000231 372200000436 37 00 CO GO 00 000436 PUT PLINO o« CCTAL LINE
TNCI332 1O0LCH00047T 10 00 04700 00 COQATT T T T R, (Y Oy T T T ¢ CLEAR QUTPUT AREA T T
D0D3%3 010100CR2411 01 00 C4 00 00 002411 S A4 4 PLIND+1
TTTTTTUE00334 0LOLJ0DCH43T 0100 04 00 GO 004 T T T N4, PLINGQE LT T
000335 270040000500 27 00 02 00 Q0 000500 L X2, {01000000)
B033367 270360005317 27700° T3 CUTOCTCCeECY L X3, 10100600071} T
000337 230022000502 23 00 01 00 06 0CCS502 L R1,4(20}
TTTTTO00340 220062400411 227C0 03 7 C2 L0 ORI T RT T UK 2, PLIND ATy AX 2T T T T T - .
000341 230020000503 23 00 01 00 00 CCC5C3 L R1,(20)
- 000342 270046000504 277007 02 D07 00 00QBDGTTTTTTT T T K 2 (O LOQQ00 Y T T e e e - T
000343 27CC600QC05C5 27 00 C3 00 00 CON5CS L X3, (01000001}
000 3EE 2200524043722 0070302 TITTO00A 37 T X3y PLTINOF U %X2
002345 270040000506 27 00 02 D0 00 C00506 RETX L X245 ({NOP 4SVA)
- 000346 46CC40C0I5CT 46 COTCZTO0 00TDNOSCTTTTTTTTTTT UTTLXT X2 4 (01) T e T T e e
000347 27006C0003I55 27 00 03 00 0O 000355 L X3,C0ONSTL




ERRUR FLAGS

0BJECT CODE

ADDR

L..200350 230020000510

020351 7223062400€00
000352 27604000C4006

030354 7420C020927¢C

000355 0V0CNLINLN004A

~e0356
000406

»pu) 00000000
ccaccodoaneo
C004C7 J00G00ISIN00

T 000412 050

DR GRS HENEREN L)

U50535953505
505059505
50505050505

000414 050505050505

050505050505

T T000420

DO0422 050

000416
05050535C5CH
C50505053505

J50505050505

330383 2 70CA0CC04CT

THO5CHEO5THTUE

250505050505

23
22
21

00 €61 00 00

000519

00 03 €2 16 cononno

SQURCE

CaDE

B
aT

X304 %X2

27

14
00
00
ce
0n

Uy
%

5

B05050505 C5

00 00 01 00

01T0aTT

00 02 00 0C C00406 L X2, $X2
00 03 00 0G ©00407 L X3y SX3

€4 G0 00 01 000270

00 00 00 00
00" 60 00 06"
00 00 00 €0
01 04

C1 04 ¢5

€5 00 C50505"

oC ¢sches T

CECC04 CONSTT™
000000 Sva
BADGADTENS
¢0Q000 SX3

TRES T

1
7310000C4
RES

RE

S

e

FTRUNP

« RETURN TO CALL ING PROGRAM.

24

1

57007 ¢505C5 PLTND

D

i
U

TRH04307YS05350505C5

53575050505
050535905C505

0030424

7000426 250505051505

3535059590505

05050u5u

7000434

0005322

BEBLBLL ;
Ub“b)SUDubJS

C505C505G505

750505050505 ¢

01045 C0Cs

TCETOTTUATCETTOT050505 LY

g5 C1 047C5 00 Cs5C8Cs ™~ T

C5TC1T04 TCE TOTTTSESTS T

C8TULTUET TS TUUTU50505 revg
CS"OiWO%WCEWOﬁ"ﬁ§65C§WMW g o

€5 01704 C5 0T LBC5C5 D

TETOT 4TS 00 055U TS

95 055 e o

161

00974367 110535059505 1L €17 047C57067C505C5 PUING ™ 0110565¢50505050505050505 -
JbO)Ub 50505
GT04%C CoTSTS0sELCE "¢ 01T 04 05700 C5C5¢C5 Th
. 050505050585
000442 7050595050505 70% 701704 "C5 700 Ch05¢C5 T TR - B
050505050505 (
000%&4 05050506C505 ¢85 C1 C47C5 00 C5C5C8 U I -
' 050505
30546 Cs0535U5U3C5 ¢85 01 G4 G5 00 §50505 )
350505050505 - -
000450 050505050505 705701 047 G5 G0 050505 TR T
C50505050505
o 000452 05C5050505¢5 (5 €104 €5 00 €C5C5C5 L) - o
050505050505 :
000454 (50505083506 056 01 04 €5 00 050505 L]
050505053505
00436 050505050605 7057 0 0785 00T CSEES T LI -
050535050505




ERROR FLAGS

ADDR CBJECT CUDE F

J A x

HI

SOURCE CODE

) 000460 £5050595G5C5 €5 01 04 C5 00 C505065 St ) i
: 050505050505 .
800462 £5C505050505 05 01 04 05 CO €50505 ' 'p
b2 Co0oo0enen pr oL s -
777777 0000000VL0CC GC 00 CO 00 CO CCLCCC END  ©1000 L ) o o
i
S . - . . S e . et
©
~




AIEQ(F 299A72>
CCCCL2CN0113 177180061745,
dalal/ 220 2?6 :
_.LCCC21C00174 776200057714 . . ... . e :
aadSa) 2183 - e e
000630000255 77153000416€3
ddZasy ?=ait<U
_.JC6L37ci0336 114400037632
daba~d 2Xa)) <(
£CCC46CN0417 773530027601
22 a 3 Wal.x T v -
£O0CCS5CH0500 772600017550
cd4a 1 Pdad.d
0CCCe4C00561 171733007517

NURNMAL END

J
0
|
=
[
e
o5
il
b
1o}
&
; .
Iy

3

(»
{oed
7
fuoo
4

163




s

1

T

&2
<

164



J/RLMYZ JOB 0299 4XKXs1T=20,1=204C=0,L=2,R=78% 'R MACMILLAN® JOB 237 .

C/7JCBLIB DD DSA=RLMACLLAD224 RACLIG,UNIT= SYSDA,”__ o » i ) e o
// DISP=$HR ZVCLUNE =SER=UMI 404

_//7CM EXEC PCM=ASHL108,REGION=42K e e e
J7SYSUTL DD DSN=RLMACL.AD224 JSYSUT1,UNIT=SYSDA,

S NCLUME= thTQNl.ul'TH,)I§P~(NLw LELLT&),SPACE-(T?K,(1,1),PLSE),

/7 CCE=(RECFM=Fy OLKSTIZE=d4y L7 U=3%)

J/7SYSLT2 DD DSN=RLMACL.A0Z24.5Y5S UT24yUNIT SYSCA,

ez VULUME=REF =0NE HCNTH, D 1SP = (NEW, PASS) , SPACE= (TRK, (1311, RLSED, ’ o oo T
% CLE=(RECFM=FB,BLKSTZE=160,LRECL=16)
/7SYSLT3 DD DSN=RLAACLLAVZ24.SYSUT3,UNIT=SYSCA, T T - o T T
1/ VOLURE=RLF =OhE o3 TRKy(151) sRLSED 4

TT7TTTTTUETSP EINENL D NM=F, BUKSTZESEU0,TRECT=80T
//SYSPRINT LD SYSOUT=A i ) L

TUF7SYSULOUNP DD SYSUUT=A T o o T - A T o - o
//SYSIN LD *

I D i ™ S ART TUTRE 03 S T - - S
[EF3741 STEP /CM / STIP 71188.0613 CPU  OMIN 00.57SEC MAIN 42K LCS ~ OK

N T T T TS E R T T LT T TS T U SECTCPU T TRE T T2 7T /U COUNT ST 42K REGTONT 42K USED

7/ GO EXEC PCHSLEXILO8, PARM= "MS=4 3955 TRACE=YESY yREGTONSSgK ™~ s e ) T T
//7GG.SYSUT2 DD DSM=RLAACL.AD224.SYSUT24,D1SP=(OLD,DELETE) ,UNIT=2314,

7T VOLUME SREE=CNE JMONTH DCH= (RECFM=FE LRECTU=163BLKS T ZE=160)
/7 SYSPRINT Ly SYSUUT=A
T/ SYSUDURPT LY TSYSOUT=A
J/SYSIN BD %
ERSTS1 STEP /GU T 7 START TLLBS.DGLE " e e e e
TEF3741 STEP /b\ / STOP 71188.0913 CPU OMIN 0l.22SEC MAIN 58K LCS 0K
TGO T C4ETSEE EXECTTIME T LL2? CSECTCPUTTINE T T TTIE2 1/0 TCUOUNTS T BBR TKEGION 58K USED T

TEF3 751 JUE7RUAS277 JTSTARTTTILREV0YT3

CIEF3761  JOB /RLM92 / STO”  71188.0913 CPU OMIN O1.79SEC : 0w

CTURLMGE T 200997 SEC EXEC TIME T T T 1L79 SECTCPUTTIME T T U BATE 710188 UNIVERSITY OF MANITOBA T ) T ©
~

CHASPSIIT OB STATISTICS == 7 37°CARDS READ =<~ "88% LINES PEINTED ==~ "0 CARDS PUNCHED == 0,34 MINUTES EXECUTION TIME
UNIVERSITY OF MANITUSA == 421 1/0 COUNTS -- 792 K BYTE-SECONDS — 1.32 UNITS -~ 0,02 MINUTES CPU TIME

ONCTNE ACCHUNTYNS T INFU == /ey JUB (ST RON ==




ERRUR FLAGS

ADDR

U205 00

JUU340000C0N0

00 00

SOURCE CODE

Q0

000009

$7C

A2,FLD o INVALID INSTRUCTION

B BES__ 0500-=$ . RELATIVE LOCATION_JIN _MAIN STORAGE _ .

; i CGNTINUATION
THIS INSTRUCTIGN WILL GIVE DUMP AT EXECUTION TIME

e

00uU501

10035027

000503

100930000507

10 00

330043C00000

34304C0C)506 34

LE 00

sa

oeC

) 00

- BE

oCcos507

coooon

I

LA

X24STP .
¥

#H

060506

i} 8

#

A2y FLD.TUNDEFINED FLDT T

AZUTM, 23 U TLLUEGAL INDEX REG

X SPECIFICATION WHERE A EXPECTED

UE

UE

000506
00u5C7

0103600600000 01 00

27C0400C0C00 27 00 0

COIGOICOC000 30 007

GJJI000uC0C77 00 00

oo

66

00

0200900

A3, FIN+#23N . TLLEGAL EXPRESSION

007003000

0006050
006077

FIN

e

STP

077

"REST

IR SO
1

X2 A3 . RCC MNEMON [C INVALTD IN U=#TELD -

0Uvob 10

..02sll

[AXNRLM

AH00ACOC002% 00U GO

39000000000 00 00 |

00000009500 00 00 (

60
00

oo

000024
000000

£C8500

T22

T2z

024

JRES L

ENQ

L+ MULTIPLY DEFINED LABEL

0500

Yohtar B -
T e
Y e
— - O
v
~{
.




INTERNAL REGISTERS

e P=REGISTER 030501 - _....PSR 000000177000 SLR....110000110001 000000
INT ADCRESS 000000 CHAN  00-0-00-00-0 MSR 0000
_ . CSR 00 WAR L0 1S ; 0 - ; e e e e
ACCRESS STURAGE CONTENTS
REGISTER CJINTENTS ,
LYoo 216402235055 776100001000 064120321101 150437604470 044315074011 534030602103 450530301001 116500020000 =~
THGLOT0T A CTLIOE0I05 L0140 044202 7 00040300161 T 0544042100007 0240513804147 7310593010000 T 644014200114 041510030400
000020 600123222061 os1»004465oo_ 040100200411 241200052167 450023260074 101400402167 450120335664 741120306520
000030 6C02022 435544 GGI1357486560 600203001004 540000040604 266500000411 1005026621707 450321302408 350541202400
“QQOQﬁQWM”6560152d?zO4“mv3’04)4204507w_ 024301010411 - 424050602615 600061205720 040501150001 461653200311 777500140177
£0005¢ 644000200602 GC00I0000000 676760C00153 4C60C006T2307  T0561 7276074 613617246534 663546536320 001774022020
0C0U6C A»qogoza@;uzccA, 015643706617 217903770044 000000067220 060033510416 721613116134 705423307500 000000654000 .
TOEDOT0 T 523427967437 T T TA1445006604 7 6514373120147 T 3035310061457 667403066555 200401002004 200401002004 663427437115
CUO100 652403036554 612401002002 000400003006 200000000017 2221010400 440407604400 024034000156 320000000000
€00110 625421367175 TETTIZ602137 740129000156 37000505000 GZ3477067137 V538372302407 T RI146 105 TAITTT U50000067271
GOUOLZ0 - DOCOVNITUV L4 613433456517 2004C0120185 C71103546400 013000301425 500300302612 000001304412 230542600021
TEUU130 T 2613026503047 3000007021217 400170120241 7342541201402 0066310331207 014031402605 7 7000022102460 040455205407 T
000140 217302002304 200000012266 541020332524 741001262204 540770342104 201302060645 064531013000 002141062244
T OEOLE0T T B4 10003 00le TTTTBL01453421707 T EOTGOTOTIONT T TEE4 157048665 T 217102004101 330437604006 TTT0606560332521777113044600000
QUU160 430203000204 314C00001044% 216702010244 2411000421067 401241003011 0106437604031 262502200004 401002702611
JCO170 GEGTVT0TTETH 45 T106004400 2T7307TC0500% PR TACYOU U AT TS0 T 0T IO 0205 C 040200 T 202420001 CO0& T 104002602145
HIDUEN STORAGE ,
TR OE T 0000860060 DEIEI0s0r0ae T aEG000UEG000 T UTEOG00H0000 T 000000000007 3000000000007 0006060600067 000000000000 -
0UO01¢C N000NICCOOLY ©  QUICIIVO0000 00C00G0C0000 000060000000 000000000000 000000002000 007000000000 000000000000
CCO0zZ¢C HEEETOI0TOUY FEGTGEOATIN00 COCOUNTGEo000 000000000600 LofsleloIsIelo o pa]e]o)s] 0OGUBEH0060T ~ 000T03000000™ 000000000030
060036 (CCO0LIN0GY  0JCCO0D0N00C  COCC00000000  00C0000C0000  €00000000000 000000000060 0000000C0OC00  00C000000000 o
JuCial 500000000000 059000000000 §5000C006000 800000000000 0000300600¢0 77T000060003000 77 0000600000000 000000000000 O
060050 000000C000G0  90DC0NCINCI00  CCCOB000000D) 00000000C000 000000000000 000000002C00  NONCO0000000 000000000000
0CD0ED ACI00NCHIN6H 0LACHEO00000 7T 000606 0CN00 T ToD00000060L0 T 0G0000D00060 TTB00000003000 T 000000060605 T 600000000000
CCICT7C 20COCCOL0OU0 €20000002000 00000000¢0G0 0C00000000C0 - D00G0OCRN000 00000 0 000000000000
00910¢C JCOOANIATCD JOOTICTOG60T GOGE0TUC T80 06060060000 GE0000UE0CT0 T 0000To00IN00 60000 0 0060000500000
CO2L1C JOC00VAA00CY 200200000000 Q00000066000 00COR000COND 000000060000 0000CC00I000 000000000000 000000000000
“”“dCuLZO""ﬂoCOvac)Cooo““”o@abodo@o@dd”w“oOcoocbocooo“m”6066066@0000”"0@0060oOoodd““”oOOooOooJ000“”“000006000000”““000000000000' T
003132 Hneo00INGUIN0 000000000000 COCICPQO0000 00CCO0000000 000000000000 000000000000 000000000000 000000000000
TTTTICGLA0 T TIC0000060000 7T DOICIIEEINF0TTTEa0AT0 000006 T 083600000007 T90H0000000067 000060062600 TTH0DE000OC000 T 606000000000
2060150 QG 00CILICHC0 30010000000 coan)(o»ofoo 000000000000 000000000000 00000000000 000000000GC00 000000000000
RIVSIYY SEO000 330360 BRRESERBIIN) LoD CYGGOISER0T0 GE0GDO0006E0 BEJ0BBOTICEO 000050360000 GIEN000603500,
coulig 0CEOCHCOrUGH  00VCILGOIN00 ooooo 0000000  000COVGC00G0 000000000000 000000000000 0200C0000000 000000000000

BRI STURBGE e e e - L S e e .
03200 7204owzoovfo 720400200250 720400200250 720400200250 720400200250 720400209250 720400200250 720400200250
000210 7204002002 72030200250 7205007200750 T2CHTTZL0750 720400200250 120500209250 720400200250 720400200250
CLu226G 72040020025) 720400200250 720400200250 72C4C02CC250 720400200250 720400200250 720400200250 720400200250
TTICHE250 2040020028 TTTI20406700250 7 7204002502507 T TT204002002507 TTIZC400200250 T TT204€02002507 1204002002507 720400200250 7
00U240 729400200250 7204730200250 T72CN00200250 7204602002450 720400200250 720400209250 720400200250 720400200250
THGIZE TG COUIT000TY TTTRCIGUI000000 T 20aCO200250 T T34 1006505440 200602200015 0071000050047 2411074023057 300300402604




060260

00000104203 T BUCU4AU221044 LUBHHa00ULUs

000000331050 4CLlUluuBUL4Z U4UUUZOUY fuy
0CU27C 645277010004  0011320044C0 217702020155 536400006000 067775207720 040140272020 ¢
THCGBG0 TTTTOC 0033536200 0 220059126130 220602604C05 7160006644307 440031074610 061110053401
~owo34oe 5G0540306144 640003400714 065525206560 050141154320 340101073410 200443204400
T CUu320 7u21(qn)o>z1 3455604000060 217202004544 656000422202 540751136413 414435004007
060330 423503000204 671500012177 401C51126413 414453205410 014202111000 020153222020
“"”CCLBAL"mééCTJbAOluOB”“”bSZGabOdZO21”“ RO 21 200 60 150140472613 0001013674137 670027572600
CCC350 340003220104  0N0TIC036440 240101660404 210000052025 000201063010 670437604035
00360~ U00GNS305400 040542605400 7 2202026036417 0C4436604020 7 220202604104 7T 101302062262
0G0370 062111071019 140417672000 203774000024 756000074221 000142150000 041121772400
TG00 T 422100000610 0 2000002023217 540321200160 7 1504044700007 7261300000405 7 741300340136
000410 216792013415 0D4TI0D53400 455001200004 741003006440 340001600204 000000302121
003423 404665226Y6Y”““U476)0502402”””240142?26265"“"0%0467060000W"”424401?00704”““60050036203@“"
QUC&30 5506054210001 001510013400 340015306160 050457004046 060261306300 000113542167
TToud440 17702000005 040300342607 000121201160 0405424700027 2022024026057 7 7102000242602
CCCas0 24C2C400604 042000040240 260100600704 00000010240 260234000405 102000242614
TUGO04SCT  UBO0UU221304  40LOLLLI02614 T 0COCEGL3004407T T 031510070400 T100L00300444777000000309240
GCus1C 267775300403 071125770400 217902023004 740000142616 0N0330077740 ¢02000100002
e N G TG Q0D GO G0 TTTIONN G0 IA5CTTT 3 C0AT GTIGH0TTT 34004000506 7701 0040000000777 2720400000007
CCus10 DOCOILD0024 000eNNIB0000 433003116134 745717676224 721643502004 201407230475
00207 611527016514 T 717634040004 7 T 001360002170 T C0144TO5ELSTT T 751743112015 77 7655413255035
0LVS30 612403046115 603523057176 201427316635 662403016475 655417017074 653435006634
0540 7 TL1522350400 240000400002 T 400003116134 745723706224 77 721643502004 77 2014430170447
0uCs550 556517446514 2016134279%6 7056102CH005 0C00000GG0O00 060090000000 1170€C0006234
e E S BT T I 0A03NAETE6 T 62 34T 702015 TR GIS 2305201577 TeE 24030360357 6074272320007 7240006740002
CC3570 643533026534 651427472015 655411006074 653417056474 616020002000 200003116134
"cc:boc"”613637472015 6544 )542T7CT5 T 6634CTOT6124 7 T13533237115 7613611132016 7655517446514
Q00610 705613446514 6100)01V0L37 016301057417 054000067374 000000000014 613433037135
TR Le20 7 DC0U335 Teb00 T 000000006234 615417456555 T TA4GS00T013T7 T 2137036005C0 70156 77600C00
0CJ630 924035200402 110434220009 304100000146 000000002400 0G00000N0000 000000620000
OB S G ITEI0O0C 0N ET T TIO00 )G DIGIN0TTTTRO0G0C0EDN0TTTTOTIE000GHT0 000000000000 TTTO0G000003000 T
0CLesC COCO03000000 000300000000  00GINR0000C0 00900600 C0TO 000060006000 006000000000
V00660 T ICON0DCHCY T 0000300CA00N TTTCOCTNTO0R000 T 002C0CHGA0I0 T 7000020000000 T 000000020000
207C 2C00DIVEV0CY A0ACOA0D0ICO CO0000000000 00CCOULOGUTO 0C0000000000 000GO0000I000
TTUGLITOC OO C00ICOCICU T DUddI0000000 000000030000 7 TG000GLRC00007TT GC0000060000 T T 0000000000007
QUITLC 2000000000 36 000DB00 CCCCCeOnso0d COCCCLOCDOCO 000000000000 000000007000
JCHT126 B[V UL I IS T R VI TUI G IS To X s oA ToRe BN COOTOIOTEI0E TTTGOEECHECTOT0TTTTO00GI00U00007TT000000002000 T
0Co730 00000000 Q00CHANI0000 CCL00GO00000 000000000000 000000000000 00G000902000
TTTIEITA0 T TIE0092 200000 T 0000009000007 COGICTO00CE0 T TOGOTI000COC 070G U00000000T 7000000002000
002175C ' COCCU.LO3CIGE ACICDO0OGO0 0030020600000 00000000600C0 0000NN00030C0 000000009000
U0 T6CTTTT N0 I00NGEOV0D T 3C0CINC000U0 T CL0000CO000TTTTOEeCO0600000 T 0600N00000CO 7000000000000
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CONCLUSIONS

- 1108 instruction timing.
- 1108 I/0 section (see Appendix IV). Simulated I/O

devices could then be "interfaced" with the 1108.

While the simulator does not illustrate all 1108
characteristics, most have been included, for example -

- indirect addressing to any level

- indexing at each level of indirect addressing

- index register modification

- storage protection

- guard mode

- partial word arithmetic

- partial word data transfer

- program relocation

- repeated instructioné such as repeated search and

repeated masked search

- multiply and divide fractional instructions

- interrupt handling

The aim of the project was to illustrate that the
development of an 1108 simulator for use in student teaching
was possible., It has been mnoted that problem areas exist
where the simulator does not exactly represent the actual
machine operation. These variations are so few that they do
not detract fron the simulators use as a student teaching
aid.

In other cases a true representation was obtained at the

cost of the efficiency of the simulator. For example, one
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CONCLUSIONS

hundred and fifty /360 instructions may be required to
perform a single 1108 division.
The sample problems contained in Chapter IV illustrate

typical student programs. Many 1108 features are used in

these programs and the total /360 execution time for compile,
load and execute is less than 3 seconds for each example.
Therefore, it is concluded that the simulator's inefficiencies
are not critical when being used for student programs.

The advantages to the student using the simulator are:-

(1) First hand experience on a machine with many design
differences from the University computer.

(2) Additional aids built into the simulator to assist in
familiarizing himself with the 1108 and writing and
debugging his programs.

The <development of simulators of this nature is a

relatively inexpensive task. Approximately 1 to 1% man years
would be sufficient to produce a comprehensive system. The

simulation of computers will soon assist in the teaching of

Computer Science at the University of Manitoba.
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GLOSSARY

~

"AND-off" bits within words referenced by repeated
masked search instructions and some logical
comparisons, The Mask Register must be loaded prior

to execution of the instruction that references it.

Memory Select Register. When an interrupt occurs control

Ones

Overflow Indicator. Bit 28 of Processor State Register

is transferred to a fixed main storage location (see
Table 2.,1.1). The address of this location is

computed using the contents of the 3-bit MSR, The

C(MSR) select the fixed address in one of the main
storage modules, The simulator has two modules,

hence C(MSR) must be zero or one,

complement binary. This is the 1108 internal
representation of all binary integers. The negative of
an integer is obtained by complementing each binary
digit. i.e. changing all zeros to ones and all ones to
zeros, This means there are two representations of

zexo, viz. all binary =zeros and all binary ones.

Throughout this presentation the former is called +0,

the latter =0.

indicates overflow in most recent arithmetic
operation, Overflow is defined as the resultant
sign of the arithmetic being inconsistent with the
argument signs,

€.g. + X + (+y) gives - z,
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GLOSSARY

P-register or Program  Address Counter, An 18-bit
internal register that contains the absolute address
of the next sequential instruction, The instruction
fetch is made from the word addressed by the

P-register,

Privileged Mode. A mode of operation established in the
PSR which protects only against out-of-bounds
writes. The entire instruction set is available to
a program in Privileged Mode. Each program run in

the simulator commences in this mode.

Processor State Register. A 36-bit internal register
which  contains the two base registers, and
indicators which define the state of the CPU at any

time.

R-Registers. Control register locations 64 to 79 (User
R-Registers) or 80 to 95 (Executive R-Registers).
Includes the Repeat Count and Mask Registers in

addition to 13 others for User or Executive use.

Repeat Count Register. Control register location 65
(User Repeat Count) or 81 (Executive Repeat Count).

Used to specify number of cycles in repeated

instructions. such as search, masked search and block

transfer instructions. The repeat Count Register

must be loaded prior to execution of the instruction
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GLOSSARY

that references it.

Storage Limits Register. A 36-bit internal register that
contains upper and lower bounds for both instruction
and data banks. The loading of the SLR does not
enable storage protection, it merely sets the

bounds.,

u-field. 15-bit field in instruction word (bits 15-0).

Specifies the operand address.

User Program Mode. A mode of operation. established in
the PSR which provides full protection against
out-of-bounds reads or writes and use of certain

priveleged instructions,

x-field. Four bit field in instruction word (bits

21-18). References an index register which is used

in address calculation.
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