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SPIREL SYSTEM

I. The Concepts

A computer serves a user by decoding instructions and perform-

ing the operations specified. 1In an analagous manner, the SPIREL

system serves a user by decoding control words and performing the

operations specified. 1In fact, once in the machine SPIREL may be
thought of as an extension of the Rice Computer,

As instructions are used to dictate computer operations on
single words in the memory, so are control words used to dictate
SPIREL operations on blocks, Physically, a block is a set of
contiguous words in memory., Associated with each block is a
one-word "label" called a codeword, A block is a logical unit
from the point of view of the user; it may contain a program, a
vector of data, or codewords which in turn label other blocks.
In general, an array is a logical structure which consists of a
codeword which labels a block of codewords which label blocks,
and so on until on the lowest level are blocks which do not con=

tain labels, The depth or dimension of an array is just the

number of codeword levels in the array. A program is a single block
with one codeword, a cne-dimensional array. A data vector is a
single block with one codeword; a one-dimensional array., A matrix
of data is a vector of data vectors, a two-dimensional array.
Collections of programs and data vectors may be logically grcuped
to form program and data arrays of any depth deemed organizationally
useful to the SPIREL user,

An array is unigquely associated with its single highest code=-

word, the primary codeword, In most applications all addressing of

information in arrays (contents in lowest level blocks) is done
through the primary codeword, Thus, access to infermation in an

array depends on only one address, the codeword address for the

array, The physical location of blocks is irrelevant to the user,
so allocation of storage for blocks is performed by SPIREL, and
addressing through levels of codewords constructed by SPIREL is

accomplished by the indirect addressing of the hardware, A fixed
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region of the memory, locations 200 through 277 (octal), is by
convention reserved for primary codewords, and allocation in this
area is the responsibility of the individual user, The unique
correspondence of a primary codeword address to its array provides
an informative "name" for the array., A program with codeword add-
ress 225 may be called program %225, and a matrix with primary
codeword at 271 may be called matrix %271; the '#%' symbolizes in-
direct addressing in the assembly language, and here serves to
emphasize this operation in ccnnection with codewords,

A program *P of length K may occupy a block beginning at
machine address F, Then program %P is represented in the machine

as

F:

e [X__] F ] —

codeword

In programming, control is passed to this program by the code
TSR *P
which becomes
TSR F
when the hardware indirect addressing is carried out, The address
formed is that of the first word of the program,
A vector %V of n data elements Vl’ VZ’ eoey Vn may occupy a
block beginning at machine address F, Then vector #%V is represented

in the machine as

e F: Vi
viloe | ilF-1 |—7 :
codeword v

'p

v

1

In programming, the data element Vp is addressed by the code
p ~— index register i
then

operation®*V
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which becomes
operation p+F=1
when the hardware indirect addressing is carried out. The address

formed is that of Vp’ as desired, The standard vector form uses

index register Bl for element addressing. Necn-standard forms permit
variability of indexing and even allow the first word of the block
containing the vector elements to be addressed as VK where K is

any integer,

A matrix *M of m rows by n columns of data M 300esM
—_— 1,1 m, n

is stored one row per block and is represented in the machine as

F:[ n jle,-1 Gt M
M: ! m i *i] Fa1l _ A | r D
primary codeword Y ;T o1 //,,x7 i
P D,2
n ! jpe -1 Mo oa
secondary codewords
In programming the data element Mp q is addressed by the code
2

p = index register i
Q - index register j
then
operation #M
which becomes
operation *%p+F=1
and then
operation q+Gp=1
when two levels of hardware indirect addressing are carried out,
The address formed is that of MP 4’ as desired, This addressing
in no way depends on the size of’the matrix #M, The standard
matrix form is for a rectangular matrix, using Bl for row specifica-
tion and B2 for column specification, Non=standard forms permit
variability of indexing and non-rectangular structures and even
allow the first element to be addressed as M for p andvq any
integers. ’

SPIREL operations on arrays are dictated by control words
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which specify the primary codeword address for the array., Such
operations are:
to take space for a program, vector, or standard matrix

to print the lowest level blocks in an array

® o0 O

to punch an array

® to execute a program

e to free the space occupied by an array

e and many others
0f particular importance is the fact that arrays may be dynamically
created and erased“o} changed in size and structure so that only
immediately pertinent arrays occupy space at any time during the

run of a user's system,

SPIREL control words are 18-place octal configurations, i.e.,
one machine word in length., With the SPIREL system in the machine,
control words may be transmitted to the system in two ways:

© internally under program control by the user ==

control word - T7
and TSR *126

6 externally to the SPIREL communication routine from paper

tape ==
control word preceded by 'carriage return’
punch on paper tape in the reader
or from the typewriter ==
control word type U-register,
In all these cases the control word is in fact transmitted to XCWD
(Execute Control Word), program %126 in the SPIREL system, This
program is the nucleus of SPIREL; it interprets each control word
and may use other programs in the system to carry out specified
operations, SPIREL is, then, a collection of programs, and any of
these may be utilized directly by the user of the system,
Details about codewords, system organization, control word

decoding and formats, storage control, and the SPIREL programs are

given in the succeeding sections,
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ITI. Codewoxds

With every block of memory is uniquely associated a codeword

which has two primary functions:

e description of the block, including current length and
location, current type of block content, and printing
format for the block

® indirect addressing portion appropriate for programmed
addressing through the codeword into the block,

The format for a codeword at address G, which labels a block

beginning at address F=f+i is:

L 15|16 27|28]29 30|31]32 39|40 54
C: n i i , a ! y J_* | m I £ '
\ indirect /

addressing —/
portion
where
n=length of the block,
izempty (+0) if no Bemods in codeword, in particular if block
contains a program;

initial index in 1's complement format if B-mods in codeword,

in particular if block contains a vector; first word of
block is addressed as Cig standard SPIREL provision is
for i=1; i=0 is represented by i=7777.
a=1 if block contains codewords; empty (0) otherwise,
y=printing format to be used for output of block if none
given in print control word
0: octal, 4 words per line (standard SPIREL provision)
1: hexad, 108 characters per line
2: octal, 1 word per line in program layout
3: decimal, 5 words per line
* m=indirect addressing and B-modification bits, effective
in addressing indirectly through the codeword.
f=F-i, F=the address of the first word of the block,
A codeword is completely formed by SPIREL at the time the
corresponding block is created, This creation is the result of a

control word to take space (structure formed and lowest level
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blocks filled with zerces) or one to read a block (structure formed
and lowest level blocks filled with words read from paper tape).
The most frequently used codeword forms are illustrated below.
e For a program *P of length k:
1 150 16 27|28 39| 40 54|

P: k I 0000 0000 F
{ —

octal digits
where the first word of the program is located at address F.

Control is passed to the program by the code

TSR %P
o For a standard vector %V of length n:
i 15116  27{28 39|40 54|
v: | =& | o001 | o002 | F-1 |
| —

octal digits

where the vector elements V1 is located at address F, the initial
index=1, and a Bl modifier is used, The element Vp is addressed
by the code
’ SB1 P
CLA *V
¢ TFor a standard matrix *M of m rows by n columns:
primary codeword
i 15{16 27|28  39(40 54|

M: | m 0001 4402 | s-1 |
i —

octal digits

secondary codewords

S: |_n [ o001 0004 | R,-1
S+p-1: n | o001 0004 [ R _-1
S+m-1: n [ 0001 0004 | R _-1

octal digits
where each row is stored in a separate block and the matrix element
Mp,l is located at address Rp—l for each p, the initial row and
column indices=1, a Bl modifier is used for row specification, a
B2 modifier is used for column specification, the primary codeword

contains an a-bit and a %*-bit. The element M is addressed by
it : ,



SPIREL SYSTEM

CODEWORDS
3
the code
SB1 P
SB2 q
CLA *M

For any array the primary codeword address is specified by
the user, but the location of blocks in the memory is left to the
"discretion" of SPIREL. Any given block may be located variously
from run to run, and may be moved even during a run if the STEX
storage control mechanism in SPIREL is active and such manipu=-

lation is necessary for another requested allocation,
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III., SPIREL System Organization

IITI.1, Memory Utilization

The SPIREL system itself is a collection of programs, tables,
and individual constants, System conventions provide memory

utilization as follows:

octal addresses use

00000-00007 machine full-length fast registers Z,U,R,S,T4,
T5,T6,T7

00010 not used

00011-00017 machine trap locations

00020-00026 SPIREL external communication routine (explained
below)

00027-00077 used only by SPIREL program #*120, diagnostic
dump

00100-00177 system codewords and individual constants

00200-00277 region for primary codewords of the system user

00300-17577 storage of blocks labelled by system or user

codewords, each block containing a program,
data or codewords which in.turn label other
blocks

17600=17777 working push-down storage addressed by index
register B6 (explained below)

20000-20007 entry to SPIREL program %120, diagnostic dump.

III.2. External Communication

The SPIREL external communication routine accepts directives
from machine location 23 (octal), This location contains a ‘'halt
and transfer' instruction., At this stop, the user at the console
may type a SPIREL control word into U or ready a paper tape bearing
a control word preceded by a 'carriage return' punch in the reader.
Pushing CONTINUE causes the available control word to be communica=
ted to SPIREL, which will then decode it and carry out the specified
action. If a single paper tape contains a series of control words,
FETCHing at the external communication stop will cause control words

to be read from paper tape and executed with no stops between actions



SPIREL SYSTEM
ORGANIZATION
2

specified until the end of the tape or a null control word is

encountered,

ITI1.3., B6=list

The working push-down storage area is addressed by index

register B6 and is commenly called the B6-list. SPIREL programs
use the B6-1list; programs of the system user may similarly use the
B6-list; and index register B6 may be used for other purposes only
if the working storage setting is maintained for those programs
which depend on it,

Conventional use of the B6-list depends on one fact: that B6
contains the address of the first word of a block of storage not in
use., Therefore, if one word of temporary storage is required, it
is taken at B6 and B6 is incremented by one; if the last word stored
on the B6-list is retrieved from the address B6-1 and is in fact no
longer resident on the 1list, B6 is decremented by 1, and the storage
location may be reused, The initial system setting of B6 is to
17600 (octal), and the push-down storage area extends toc address
17777 (octal).

A frequent application of the B6-list is for temporary storage
of fast registers to be used by a subroutine, but to appear un-
disturbed to the program using the subroutine, A program wishing

use but preserve T4, T5, and T6 might use the Bb6=-1list as follows:

upon entry

T4 - STO B6,B6+1
e T5 STO B6,B6+1
T6 STO B6,B6+1

computation with private use of T4, T5, T6 and any desired
use of the B6=list

- prior to exit

LT6 B6-1,B6-1
LT5 B6-1,B6-1
LT4 B6-1,B6-1

exit with B6 setting same as that upon entry.
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and individual constants which comprise

the SPIREL system are listed below, The programs are fully ex-

plained in later sections,

and the diagram of SPIREL component

linkage shows how the various components are functionally inter-

connected,

INDIVIDUAL CONSTANTS

Address Name
100 STORAG
114 PRCT
115 ACWD
117 STPNT
121 FWA
124 NAME

VECTORS and PRINT MATRIX

Codeword

Address Name
113 ST
116 PM
122 VT

125 ADDR

Function

describes available storage
current active length of ADDR
used by PUNCH

gives current active lengths of ST
and VT

first word address of last program
tagged (used by TRACE and TAGSET)

symbolic name (if any) of block
currently being operated on by SPIREL

Use Length8
Symbol Table 100
Print Matrix 200
Value Table 100
Base Address Vector 6



PROGRAMS

Codeword
Address

13
110
111
120
126
127
130
131
132
133
134

135
136
137
140
141
142
143
144
145
146
147
150
151
152
153
154
155
156
157
176

Name
TRACE
HDPR
MATRX
DIADMP
XCWD
SETPM
SMNAM
DATIME
CLOCK
PCNTRL
FIELD

TAKE
SAVE
UNSAVE
DELETE
CEINDX
TAGSET
CHEN
PRINT
PUNCH
XCWSQ
SYMRF
PRNWTG
PRSYM
PWRTN
MRDDC
SETX
BINDC
RDCHK
PUNCHK
TLU

SPIREL

SYSTEM

ORGANLZATLON

Use

Repeat Mode Trace

Print Control Word
Process Matrix

Diagnostic Dump

Execute from Control Word
Set Up Print Matrix

Find Symbolic Name

Print Date and Time
Decode Clock

Punch Control Word

Set Up Word in Program Format
in Print Matrix

Take Memory Space

Save Fast Registers

Unsave Fast Registers

Insert or Delete Space

Change Initial Index

Tagset

Take Chain Storage

Print

Punch

Execute Control Word Sequence
Load Symbolic Cross Reference
Set Up Tag in Print Matrix
Print Symbol and Value Tables
Conversion of Powers of Ten
Multiple Read Decimal

Storage Exchange

Binary to Decimal Conversion
Read with Check=Sum

Punch with Check=Sum

Table Look<Up

4

Length

251
55
135
57
276
75
26
14
55
15
20

41
41
124
13
15
13
70
130
L5
12
16
43
43
144
213
102
35
24
23



SPIREL SYSTEM
CONTROL WORDS

IV, Control Words
IV.l, Program %126, XCWD
The nucleus of the SPIREL system is the program %126, XCWD

(Execute from Control Word). This routine interprets control
words received in T7 and carries out the specified operations,
The work of %126 may in most cases be described in the following
steps:

1) address determination =-- consists of determining the
address of the first word to be operated upon and
the number of words to operated upon

2) operation determiﬁation == consists of determining
the operation to be performed

3) operation executicon == consists of performing the
operation or using another SPIREL program to carry
out the operation

XCWD is 276 (octal) words long, It accepts a control word

in T7 and disturbs no other fast registers. Two sense lights
affect the behavior of %126:

SL14 off causes XCWD to print one line for each control
word it executes, The information printed includes
the control word, the operation, the name of the
block operated on, the location and number of words
operated on, and the number of free words of storage

remaining, This SPIREL monitoring provides useful

load records and may help in debugging. A system
which has been checked out would probably run with
SL14 on to suppress monitoring,

SL15 on causes "reading" and "correcting" operations of
SPIREL to bypass storage of what is read and instead
compare it with what is currently in the locations

where storage would otherwise take place,

IV.2., Control Word Format

A control word is divided into seven fields: N,w,x,y,;z,

R, and F, These are arranged as follows:
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bits 1 15116 27128 3940 54
nnnnn WXYZ rrrr fffff

N R F

where each lower case letter represents one octal digit. 1In
general, N,x,R, and F concern address specification; w,y, and z

concern operation specification.

IV.3. Address Specification

General rules for address specification may be stated;
exceptions exist and are noted in the list of control words later
in this section.

The control word fields ¥,x,R, and F provide information which
determines

5}, the address of the first word to be operated on
and 7?, the number of words to be operated on.

To specify SPIREL operation on a set of locations whose
absolute machine locations are known:

x=0

F=3

N=2,

R irrelevant
For example, it might be useful to have SPIREL print the user’'s
codeword region, 100 (octal) words starting at location 200 (octal).

To specify SPIREL operation on all of or a portion of a block
labelled by a codeword:

x=1
If the codeword address is known:
F=codeword address
If the block is named:
F=0
and the name is given after the ccntrol word on paper tape or in
T4 for internal programmed communication (see Genie Notes, section

on Symbolic Addressing in SPLREL). If\} is to be the first word

of the block or blccks operated on:
R=0
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otherwise, R specifies the relative program word (counting from 1)
or the relative vector element (counting from the initial index of
the vector, 1 for standard vectors) whose address is to be taken
as J;. Note that the Otfh element of a vector is specified by
R=7777. 1f Zﬂis to be the current length of the block or blocks
operated on:

N=0
otherwise:

v= 71

To specify SPIREL operation on the entire contents of each of

the lowest level blocks of an array which is labelled by a codeword:

x=4

N=0

R=0
(More general application of x=4 is explained in the section on

Recursive Application of SPIREL.)

IV.4., Basic SPIREL Operations

The most basic SPIREL operations and the corresponding control
word forms are described in this section. This set is sufficient
for initial understanding and use of the system.

Read

Read operations are specified by control words with w=0 and
x=0,1,2, or 4, The y field specifies the read mode:
y=0, octal from paper tape -- 18 octal digits per word, each
preceded by a carriage return
=1, hexad from paper tape =-- 9 hexads per word, each pre-
ceded by a carriage return
zeros generated by SPIREL
=3, decimal from paper tape, each word followed by a carriage
return and in the form discussed in the section on paper
tape input formats under Use of SPIREL '
=4, hexad with tags and checksum from paper tape in the form
punched by SPIREL

For y=0,1 or 2 words are stored with the tag given by z. As words
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are read (except SPIREL-generated zeroes, specified by y=2), they
are checked for proper storage in memory., If the check fails, the
word as stored and the location of the word are typed in octal on
the console typewriter. The location given is an absolute machine
address if x=0 in the control word; it is the relative location in
the block if X+O in the control word, If SL15 is on, the words
read (except SPIREL-generated zeroes, specified by y=2) are not
stored but are compared to the contents of the memory location
where storage would normally take place, If the comparison fails
the word actually stored in memory and its location are typed on
the console typewriter as above,

Read control word forms are as follows:

nnnnn 00yz 0000 £fffff Read N words in mode y and store with tag

z (if y=0,1, or 2) beginning at location F.

nnnnn Olyz rrrr £ffff If codeword at F addresses an array and

STEX storage control is active, free that array,.

Create a block of length N and form its codeword at F,
Place octal configuration given by R in the correspond-
ing bit positions of codeword at F. (The last three
triads of R specify the B-modification and indireét-
addressing bits to be used, The first triad describes
the contents of the block being read; its interpreta-
tion is described under Codewords.) If no B-modifica-
tion is specified, set initial index=0; otherwise set
initial index=1, Read N words in mode y and store with
tag z (if y=0,1, or 2) into the block labelled by the
codeword at F,

nnnnn 02yz 0000 fffff Exactly equivalent to the control word

nnnnn O0lyz 0002 fffff, used to read a standard vector
of data,

nnnnn O4yz rrrr £ffff If codeword at F addresses an array and STEX

storage control is active, free that array. Create the
structure of a standard matrix with N rows and R columns
with primary codeword at F, Read NXR words, successive
complete rows, in mode y with tag z (if y=0,1, or 2) into

the matrix with primary codeword at F,
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Correct
The correct operation is specified by a control word with
w=1 and x=1,2, or 4., Correction implies that some part of an
existing unit is to be replaced with new information without
completely recreating the unit, Therefore, a correct is just a
read into an existing block over the previous contents, The fields
y and z specify mode and tag as explained for read operations, and
again SL15 on causes comparison instead of storage of what is read,
The correct control word form is as follows:

nnnnn 1lyz rrrr ££fff Read N words into the block labelled by the

codeword at F, where N and R are specified according to the stand-
ard rules for address specification. Read in mode y with tag z
(if y=0,1, or 2).

Tagset

Tagset operations are specified by control words with w=2,
The purpose is to set tags on words in the memory, and the tag to
be set is given by 2z=0,1,2, or 3 (tag O meaning no tag). If y=3,
all words in the address range specified are tagged, Otherwise,
all words in the address range specified are considered instruc-
tions and tagging is selective, with a word being tagged only if
its "class" triad = y. (The class of an instruction is given in
the third triad from the left.)

The tagset operation is most often used to set tag 3 on
instructions in programs to be executed, Then if execution 1is
carried out in the trapping mode, the trace program in SPIREL
monitors on the printer the execution of the tagged instruction.
This trace output is explained in detail in discussion of the
SPIREL trace program %13,

The tagset control word forms are as follows:

nnnnn 20yz 0000 fffff Set tag z on all words of class y from

location F to location F+N-1l, inclusive,

nnnnn 21lyz rrrr £f£fff Set tag z on all words of class y in the

block labelled by the codeword at F, where N and R are
specified according to the standard rules for address

specification.
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Execute

The execute operation is specified by wxyz=3100 and is de-
signed so that SPIREL will, in essence, transfer control to the
address specified as the entry to a closed subroutine. This
operation is usually employed as an external directive to SPIREL.
Primary control is then with SPIREL; successive programs may be
executed, with other SPIREL operations interspersed as desired,

The form of the execute control word is as follows:

00000 3100 rrrr fffff Transfer control to the Rth word of the

program which comprises the block labelled by the
codeword at F. At entry to the specified program,
all fast registers except PF are set to the values
they had at the time the control word was given to
SPIREL. The program executed should be written as a
closed subroutine, i.e., it should exit tc the address
contained in PF upon entry.
Print
Print operations are specified by control words with w=4,

The format of output is given by y as follows:

y format words /line

0 octal 4

1 hexad 12 (108 chars,)
2 octal, program format 1

3 decimal 5

4 octal, for 8%x11" pages 3

5 octal, with tag 1

6 decimal, with tag 1

7 decimal, for 8%x1l" pages 3

For all options except y=1 (hexad), the octal location of the
first word on each line is printed at the left of the line,
This number is the relative location in a block for x=1 or 4

(relative) or the absolute machine address for x=0 (absolute).



SPIREL SYSTEM
CONTROL WORDS
7

The format for each decimal number printed is:

floating point

+d,.,dddddddddddde+d
d.d4dddddddddddesdg
12 decimal exponent,
digits 2 decimal digits

fixed point integer
+ddddddd
——
1-15 decimal
digits
The SPIREL monitoring provided if SL14 is off provides a printed
identifier with each block printed,

The print control word forms are as follows:

nnnnn 40y0 0000 fffff ©Print in format y N words beginning at
o location F.

nnnnn 41ly0 rrrr ff£fff Print in format y from the block labelled

by codeword at F, where N and R are specified accord-
ing to the standard rules for address specification.

00000 44y0 0000 fffff Print in format y all of the lowest level

blocks in the array labelled by codeword at F.
Punch
Punch operations are specified by control words with w=5,
The punch format is givenm by y and corresponds to the mode in
which the information punched will later be read:
y=0, octal
=1, hexad
no information (zeros to be generated internally
at read time to correspond to information speci-
fied in punch control word)
=4, hexad with tags and checksum
If SL14 is off, SPIREL monitoring is provided and every
item punched is preceded and followed by control words sufficient
to cause the information punched to be read at a later time into
logical position identical to that at time of punching; this is
the usual procedure., If SL14 is on, no control words accompany

the information punched.
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If SL14 is off and a complete array is punched, the control
words punched cause recreation of an identical array when the
punched tape is later read. If SL14 is off and only part of an
array is punched, the control words punched assume that an
identical structure exists when the punched tape is later read,
and the punched information is corrected into the structure,

Any tape which is punched with the SPIREL punch operations
may then be read under SPIREL control with SL15 on to effect a
validation of the punched tape by comparison with the information
that was to be punched,

The punch control word forms are as follows:

nnnnn 50y0 0000 fffff Punch in mode y N words beginning at

location F,

nnnnn 51y0 rrrr ff£fff Punch in mode y from the block labelled

by the codeword at F, where N and R are specified
according to the standard rules for address speci-
fication.

00000 54y0 0000 fffff ©Punch in mode y all of the array labelled

by the codeword at F,
Activate STEX

The simple storage control algorithm in SPIREL operates on
a principle of linear consumption of space in memory. If STEX,
the storage exchange program, is active at the time blocks are
created, later redefinition of these blocks will result in the
space previously occupied being returned to the system for
re-use., Thus, at any given time only space which is currently
labelled by a codeword is in use. Activation of STEX causes
the STEX domain to be defined from the extent of linear con-
sumption through location 17577, or up to the B6-list region,
Any block created after STEX is activated is said to be loaded
under STEX control and will be located in the STEX domain.
Any block which is to be recreated under STEX control must be
created initially under STEX control. The STEX storage control

system is described in detail in another section.
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The control word which causes STEX to be activated 1is
00000 3120 0000 00135

It belongs to the execute class of control words., Once STEX is

activated, subsequent activations are meaningless but harmless.

Print, Punch from Console

For convenience in external communication to SPIREL by typing
into U at the console, an abbreviated control word of the form
00000 0000 00000 fffff

is defined, Here F is the codeword address of an array. If SLI15

is off, all of the lowest level blocks in the array labelled by
the codeword at F are printed in the format specified by bits 29
and 30 in F:
binary 00, octal
01, hexad
10, octal ~- program format
11, decimal
If SL15 is on, all of the array labelled by the codeword at F is

punched in hexad with tags and checksum.

IV.5. More SPIREL Operations

The SPIREL operations described in this section are not
necessary for initial understanding and use of the system.

Chain Storage Generation

The control word
nnnnn 0300 0000 fffff

causes a chain of N words to be formed from address F, Beginning

at F, the first 15 bits of each word contains the address of the
next word in the chain, the last word in the chain being "linked"
to F. The remainder of each word is cleared and F is given a tag
1. This control word must not be used with STEX active as the
block containing the chain must not be located in the STEX domain.

Address Base Manipulation

SPIREL operations may be applied to blocks and arrays when
the pertinent codeword address is known. The primary codeword

address of any array is fixed and known to the user, and is in
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When the F fields of control words

with x=1 are interpreted as machine addresses, the SPIREL address

base is said to be set to zero.

For the purpoée of applying SPIREL

operations tc sub-arrays, the SPIREL address base may be set so

that the F field of control words is interpreted relative to the

first word of a block of codewords whose codeword contains no

. th
B-modifications or to the O

whose codeword contains B-modifications,

element of a block of codewords

Each base change in a

sequence of base changes will progress one level into an array,

and such a sequence may go to depth 5,

Consider an array of three dimensions with primary codeword

at address A and B-modification on each level,

Assuming that A

exists in the machine, the following series of SPIREL operations

illustrates the use of address base manipulations:

operation

- -

set address base to A _

00000 0600 0000 aaaaa
print I in octal

00000 4400 0000 iiiid
set address base to J

00000 0600 0000 33jjij
print M in octal, one word

per line, with tag

00000 4150 0000 mmmmm
set address base back one

level

00000 0700 0000 00001
print K in decimal

00000 4430 0000 kkkkk
set address base to N

00000 0600 0000 nnnnn

effect

address base initially set to
zero

address base at AO

print two-dimensional array

AI in octal format

address base at AJ’0

3,M in the format

one word '‘per line, octal

print block A

‘with tag
address base at A0

print two-dimensional array AK
in decimal format

address base at AN,O
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operation effect
print from R, P words at print words AN,R,Q’ '°°.’AN,R,Q+P
Q, in octal in octal format

ppppp 4100 qqqq rrrrr

set address base to zero return to initial address
00000 0700 0000 00000 base setting
Note that the Oth element of a block is denoted by 77777, and
negative element addresses are specified in one's complement form.
The address base manipulation control word forms are as
follows:

00000 0600 0000 fffff If address base is set to zero, set address

base down to F. If address base is set down to A, set

address base down one level to AFo

00000 N700 0000 fffff Set address base back F levels, If F=0,

set address base back to zero,

SPIREL execution of these control words causes no monitoring
on the printer, but monitoring of SPIREL operations performed with
the address base set to other than zero reflects the successive
levels of address base settings in effect,

Print Symbol and Value Tables

As explained in the Genie Notes, system elements may have
names which correspond to single word storage addresses and code-
word addresses for arrays, When loaded under SPIREL control, such
elements have their names and descriptive parameters stored in
the SPIREL system vector *%113, the Symbol Table (ST). The parallel
SPIREL system vector %122, the Value Table (VT), contains the
cocrresponding single word or primary codeword., The extent of the
currently active ST-VT entries is maintained within the SPIREL
system, These tables may be printed with basic SPIREL control
words, but a special printing format appropriate to the contents
of the tables is provided when the following control word is used:

nnnnon 0500 rrrr 00000

N words of ST and VT are printed, beginning at STR and VTRo If
N and R are empty, all of the currently active ST-VT entries are
printed. The printing format used is discussed in a separate

section.
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Insert and Delete Words in Blocks

The insert operation provides a facility for lengthening and
shortening blocks labelled by codewords., The insert control word

form is
naonnn 1150 rrrr ff££ff

The Rth word of the bhlock labelled by codeword at F (counting from
one if F contains no B-modifications, from the initial index
otherwise) is addressed, and N words are inserted at that point in
the block. N is interpreted in one's complement arithmetic, If
N>0, N words containing zeros are inserted beginning at the Rth
word, and the iormer Rth word becomes the R+Nth word; the length
of the block is increased by N, Tf N<O, N words are deleted be~-
ginning at the Rth word, and former R+Nth word becomes the Rth
word; the length of the block is decreased by N. If R is empty,
N words are added to the end of the block. If N is empty, the
Rth word and all following are deleted.

The insert operaticn as carried out by SPIREL requires that
space for the new form of the block be available in the memory
while the old form still exists, If STEX is active, the space
occupied by the o0ld form is freed when the new form is complete,
If STEX is active and wecrds are deleted from a block of cedewords,
the space occupied by the arrays whose codewords are deleted is

freed,

Change Initial Index

The initial index of a block whose codeword contains B-
modifications may be set by the control word
nonan 1160 0000 fffff

The initial index of the block labelled by the codeword at F 1is

set to N, specified in ones complement form. After execution of
this control word, the first word of the block is addressed as FNo
An initial index of zerc is designated by N=77777.

Inactivate Storage

The inactivate operation may be applied to any array in the

STEX domain by using the control word
00000 1170 0000 fffff
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All storage for the array labelled by codeword at F is freed, and
F is cleared. This operation is not meaningful unless STEX is
active,
Monitor

If the STEX storage control system is active, blocks in the
STEX domain are subject to being physically moved when it is
necessary to concentrate free space, At the console, the user
may wish to obtain information about the location of a particular
block or the number of words of free storage. The control word

00000 3110 rrrr fffff

causes SPIREL monitoring to occur if SL 14 is off. R is interpre=-

ted as in standard address specification as the word in the block
labelled by the codeword at F for which monitoring is desired. No
SPIREL operation is performed on the block.

Obtain Date and Time

The date and time of day are available in the computer. SPIREL
will format this information (14 positions in length) for printing
when the control word

00000 4300 rrrr 00131

is executed, The next line actually printed will contain the date
and time beginning at print position R, SPIREL will format and
print the date and time beginning at print position R when the
control word

00000 4310 rrrr 00131

is executed, The print positions are numbered 1-108 (decimal)

from left to right across the pate., In both cases, if R is empty,
the print position is set by SPIREL to 48 so that the date and time
will appear at the right side of a page 8% inches wide,

Execute Control Word Sequence

A block may contain SPIREL control words., The execute control
word sequence operation, when applied to the block, will cause
SPIREL to interpret words addressed as control words and carry out.
the specified operations in the sequence given, The control word
forms which instruct SPIREL to execute a sequence of control words

are as follows:
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nnnnn 6000 0000 fffff Execute N control words stored in memory

from location F to location F+N-1,

nnnnn 6100 rrrr fffff Execute control words in the block labelled

by codeword at F, where N and R are specified according
to :-he standard rules for address specification.

Load Symbolic Cross References

Programs which are written to refer to named quantities, in
particular Genie generated programs, require internal cross
references to single words and codewords in the Value Table (VvT,
SPIREL system vector %122), parallel to the name of the quantity
in the Symbol Table (ST, SPIREL system vector *113). The load
symbolic cross references control word is

nnnnn 7100 0000 ff£fff

where F is the codeword address of the program into which N
references are to be loaded, N units of information are read

from paper tape. The format of this input and the use of symbolic
cross references are explained in the Genie Notes, section on

Symbolic Cross References.

IV.6. Recursive Application of SPIREL

In general, SPIREL control words with x=1 cause the specified
operation to be applied to the block labelled by codeword at F,
1f meaningful, x=1 may be replaced by x=4 and the operation will
be applied through the array labelled by codeword at F. This
recursive application is accomplished by the use of SPIREL by
SPIREL. 1In other words, when the SPIREL program *126 (XCWD)
encounters a control word C with x=4 (except in the case of read,
w=0), and F labels a block of codewords, the address base is set
down to F, SPIREL is applied to the first N blocks on the next
level with N control words C' in which N'=R and R'=0, and the
address is set back up one level, 1If a control word with x=4
is applied to a block which does not contain codewords, the be-
havior of %126 is as if x=1, and the recursion is terminated.
Thus the depth of the recursion is determined by the structure or

depth of the array addressed.
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As an example, consider the control word to print in decimal
00003 4430 0002 00200
where the array %200 is a standard data matrix, Since the block
labelled by the codeword at 200 contains codewords, these control
words are generated and delivered for SPIREL execution:
00000 0600 00GO 00200
to set address base to 200
00602 4439 0000 00001
to print the first two words of row 1
00002 4430 0000 000062
to print the first two words of row 2
00002 4430 COCD 00OC3
to print the first two words of row 3
00600 0700 000G 00001
to set address base back one level, to
Zero.
If row 2 in the array #*200 had contained codewords for 4 blocks of
data, the control word
C0002 4430 C0C0 00002
in the above sequence would have caused further generation of the
control words:
0000C 0600 0000 000C2
to set address base to 2002
00000 4430 0000 00001
to print all of block 2002
00000 4430 00600 00002
to print all of block 2002
00000 0700 G000 00001
to set address base back one level,

to 200

, 1

2

2

IV.7. Summary of Control Werds

The chart on the next page is a reference for the SPIREL

operations on the basis of w and y in the control word,



0 1 2 3 4 5 6 7
\\Q read correct tagset execute print punch
y e s E= T A == =
0 octal octal class 0O execute nctai, octal execute load
program 4 words/ control symbelic
line word Cross
sequence| refs
1 hexad hexad class 1 on=1line hexad, hexad
control 108
word chars/
print line
only
2 zeroces zeroes class 2 activate| octal zeroes
STEX program {control
format, 1} words
word/line only)
3 decimal decimal alil decimal,
classes 5 words/
line
4 hexad + | hexad + | class 4 octal, 3| hexad + i
tag + tag + words / tag +
check-sum check=sum line check~sum
831" wide
5 insert/ class 5 octal + B
delete tag, 1
space word/line
6 change decimal
initial tag, 1
index word/ling
7 free decimal,
storage 3 words/
line
81" wide

SUMMARY OF SPIREL CONTROL WORD OPERATIONS.
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V. Use of SPIREL

Vol. 1Input Paper Tape Formats

The SPIREL read control words designate the read mode to be
employed in reading the pertinent data from paper tape. For each
read mode there is an appropriate punch format for the data on
paper tape,

The octal format (y=0) prescribes that each word counsist of
exactiy 18 octal digits and that each word be preceded by a "spill
character", usually a 'carriage return' punch. Octal tapes may be
punched manually on the flexowriter, Also, a punch contrel word
with y=0 produces cctal format on paper tape, but this is in-
efficient use of paper tape since only three channels are utilized,

The hexad format (y=1) prescribes that each word consist of
exactly 9 hexads and that each be preceded by a "spill character",
usually a ’carriage return' or ‘tab' punch. The hexad format
utilizes all six data channels on paper tape and is equiwvalent to
the octal format at twice the density. Hexad tapes are usually not
punched manually on the flexowriter but are easily produced through
SPIREL with a punch control word in which y=1.

The hexad with tag and checksum format (y=4) 1is produced only

by a SPIREL punch control word with v=4. For example, cutput tapes
from the assembly program and the compiler are in this form. The
advantages of this format over the plain hexad format are implied
by the name:

© Tags on words are represented orn paper tape and reproduced
when the tape is read.

@ A sum over all words is formed as the tape is punched and
represented on the tape. This sum is recomputed when the tape is
read and the computed sum 1is compared to that punched on the tape.
This provides a check on both punching and reading.,

The format for one word consists of 9 hexads and one tag triad per
word, where tag representations are
1l for tag 1
2 for tag 2
3 for tag 3
4

for no tag
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The words with tag are not separated by any "spill characters" but
are immediately adjacent to each other. A set of words punched
with a single punch control word is preceded by a single "spill
character" and followed by the checksum, one hexad word which 1is
the fixed point sum of right half-word plus left half-word plus
tag representation for all words in the set.

The decimal format (y=3) for a single word depends on the
internal representation desired for the number. Tapes in decimal
format may not be punched by SPIREL, but this is the format most
frequently utilized for manually prepared data input tapes. A
set of decimal words to be read due to the execution of a single
read control word with y=3 is begun with a 'lower case' punch.
Spaces and case punches are then ignored, and a punch other than
one of

0123456789, +-eft*
terminates a number which is being read. The character punched
after each number to terminate it is most frequently a 'carriage
return' punch, In the particular formats which follow, the letter
d stands for a decimal digit, one of

012 34567289

'e' and '*' may be used interchangeably. 1If a decimal

The punches
point is punched in representing a number, it may begin or end the
number. The particular decimal formats are as follows:
integer +D of no more than 14 decimal digits, with tag
G=1,2,3,4. G=1,2,3 causes the number to be stored with
tag 1,2,3. G=4 causes the number to be stored without
changing the tag in memory.

+dd " " "dddtg
c¢ gafck
L D ‘e no tag if this field omitted

+ understood if no sign present
The decimal point is assumed to be to the right of the
least significant digit punched and at the right end of
the machine word. 1Integer fixed point arithmetic is to be

employed.
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floating point iDXlOiP, in absolute value between 10"‘78 and 1074,

with tag G=1,2,3,4

. P=0 understood if this

E field is omitted

, P oo e o
Iﬁd dd.dd QQquth

- Ly

D L
no tag if this

field is omitted

+ understood it
no sign present

Decimal digits in D beyond the 14th are ignored., Floating
point arithmetic is to be employed. The floating point
form is recognized only if D contains a decimal point or
if the field expp (or *zxpp) appears.

fixed peint fracticn iDXlOiP in absolute value 224’ and<l,

with tag G=1,2,3,4,

this field may
! not be omitted
L ieee R . U
+dd dd,dd ddfxpptt,
D P

{

!

Lo no tag 1if this
field is omitted

+ understood if
no sign present

Decimal digits in D beyond the l4th are ignored. The

representation in the machine assumes that the decimal

point is at the left end of the mantissa., Fixed peint

arithmetic is to be employed.
Ve2. [Zracing

Tracing is & means of observing the execution of instructions,

This facility is provided in the SPIREL system. The instructions
to be traced must bear a tag 3. Mode light 3 and trapping lights
6 and 9 must be turned omn prior to a run in which tracing is to
occur; this is the normal ML, TL configuration when SPIREL is
initially loaded, The trace is provided by the SPIREL system
program *13 (TRACE).
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The printed trace output for each tagged instruction executed
is given in eight fields as follows:
(CC): address of the instruction relative to the first
word of the last precgram tagged with a tagset
control word
(CC'): address of the next instruction to be executed
relative to the first word of the last program
tagged with a tagset control word, if not the next in
seguence; zero otherwise
(ATR'): contents of the arithmetic tag register (1,2,o0r 3)
after execution of the instruction; blank if the
tag is zero
(M'): the final address formed as a result of decoding
field 4 of the instruction
(I): the instruction executed
(S): the contents of S as a result of execution of field
4 of the instruction, before the operation in
field 2 is carried out
(U'): contents of U after execution of the instruction
(R'): contents of R after execution of the instruction
The trace procedure distrubs ne machine conditions other
than the contents of PZ and S, 1If the contents of either of
these registers is to be preserved from one instruction to the
next, neither may be traced., For example, transfers to SPIREL
system programs *136 (SAVE) and #137 (UNSAVE) set P2 for later
retrieval by the programs being transferred to; these instructions
may not be traced,
An order to be executed in the repeat mode may be tagged for
tracing only if the order which causes entry intc the repeat mode

is also traced and is of the form

MLN
or SBi,ERM
or ABi,ERM

and the instruction executed immediately after the repeated

instruction is also traced, The trace output for the traced repeated
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instruction ccnsists of one printed line in which (CC), (I), and
(S) pertain tc the first execution and (CC'), (ATR'), M"), (u'),
and (R') pertain to the last execution,

Manual controls may be applied to the trace procedure from
the console by use of Mode Lights 14 and 15:

If ML15 is on, the tag will be erased from each instruction
after it is traced, so that further execution will produce
no trace output, If ML15 is off, the tag is retained,

1f MLl14 is on, a tagged instruction will produce trace output
only if a branch of control occurs, that is if column (CC')
of the trace output is not zero.

if MLl4 and ML15 are both on, a tagged instruction will produce
trace output only if a branch of coantrol occurs, and the tag
will then be erased from the traced instruction,

A trace program which provides printed output in decimal and
one which operates on instructicns bearing a tag 2 are available.
These are not components of the SPIREL system but may be used in
conjunction with the system,

Vo3. Diagnostic Dump

If a program stops unexpectedly, the contents of machine
registers at the time of the stop may be printed with mnemonic
register labels by using the diagnoestic dump, SPIREL system
program ®120, with entry prefix in machine locations 20000-20007
(cctal). The procedure for obtaining this output is as follows:

e Record, mentally or otherwise, the contents of CC as
displayed on the conscle if the instruction at which the stop
occurred is of interest,

6 Type 20000 (octal) into CC and FETCH tc pass contral to
the diagnostic dump routine,

o A programmed halt occurs within the diagnostic dump
routine, Type the recorded (CC) into U and CONTINUE; or simply
CONTINUE if (CC) was not reccorded,

e Diagnostic dump output is provided on the printer, If
nothing was typed into U at the halt, CC and I at the time of

the stop are indicated as containing O,
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& A programmed halt and transfer to location 20 occurs.
This is the standard halt for external communication with
SPIREL. All registers except U, CC, P2, S, and I are restored
to their setrings at the time of the stop,

Vo4, ©igh-Speed Memwory Dump

if a2 program fails in such a way that the SPIREL system can-
not be reached, a3 printed record of the memory configuration at
the time of the failure is occasionally of assistance in debugg-
ing. For this purpose a self-loading High-Speed Dump tape is
available at the conscle.

To 1vad the tape, position the Dump tape in the reader,
depress RESET, then L0AD., Dec not CLEAR. When the Dump program
is loaded, a halt occurs with

(13: 00 00CQ00 00 0000 17561
Pushing continue causes dumping of thz contents of memory,
teginning at location 10,

The dump output is printed with four full words per line and
the address of the first word at the left of the line. FEach
full word is spiit inte five fields, corresponding to the fields
of the machine instruction., If a word is tagged, an a, b, or c
(corresponding to tag 1, tag 2, or tag 3) is printed immediately
to the right of the tagged word,

No allezevo lines are printed; if 8 block of words spanning
one line or mcre contains only untagged zeros, the paper is ad-
vanced cne line to indicate the elilipsis,

Dumping terminates with the halt

{iY: 77 00000 77 4001 17666
No registers are restored,

Te begin dumping from some lccation other than 10, turn on the
Tag 1 indicator light while the tape is loading. 1In this case, the
halt after loading is

(I): 01 00001 206 4000 17561
At this halt, typing the desired starting location into B1 and

pushing CONTINUE csuses dumping to begin at (B1).
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V.5, Error Halts in SPIREL

Programmed error halts within the SPIREL system and their
significances are as follows:
(I): 67 77777 40 4001 XXXXX
The punched checksum for the block just read from
paper tape did not agree with that computed while
reading., Raising and lowering the F3 switch at the
console exits the reading program and SPIREL %*126.
(I): 41 00010 47 4001 XXXXX
Sufficient space is not available in memory for
execution of the "read" control word just interpreted
by SPIREL. CONTINUE to exit SPIREL #*126.
(I): 41 00010 33 4001 XXXXX
Sufficient space is not available in memory for ex-
ecution of the '"chain" control word just interpreted
by SPIREL. CONTINUE to exit SPIREL *126.
(I): 41 00010 11 4001 XXXXX
Sufficient space is not available in memory for execu-
tion of the "insert'" control word just interpreted
by SPIREL, CONTINUE to exit SPIREL *126,
77 00000 00 4001 XXXXX

An improper decimal number has just been read from

N
=i
et

paper tape, out of the range permitted for the format
used, CONTINUE causes exit from the reading program
and SPIREL *126,.

V.6, Symbol Table-Value Table Print Format

The SPIREL control word
nonnn 0500 rrrr 00000
provides parallel printing of corresponding Symbol Table (ST) and
Value Table (VT) entries. These '"tables'" are SPIREL system
standard vectors %113 and %122 respectively. The output is in
seven fields as follows:
(1) relative address in vector, i.e., index

(2) symbol from bits 1-30 of ST entry
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{(3) descriptive parameters in octal from bits 31-39 of ST

entryvy
¥ 1 t i I
31 33134 35(36137 39
k . i I\ . 7/ [N . L —r
| - L
octal 1 for floating point not meaningful
2 for integer binary 1 for program
3 for string 0 otherwise
4 for Boolean

binary 00 for scalar
01 for vector
10 for matrix
11 for string

(4) address field from ST entry (not used by SPIREL)
(5) tag on ST entry
(6) VT entry: value associated with name in ST entry if it
is a single-word quantity; codeword for array associated
with name in ST entry, empty if the array does not
currently exit
(7) tag on VT entry
The Symbol Table and Value Table are most commonly used when
a system contains named Genie-generated programs and the named
data referred to in such programs. This usage is fully described
in the Notes on the Genie ‘Compiler,

V.7. SPIREL System on Magnetic Tape

Several copies of the SPIREL system are located on the MT
System magnetic tape., When one of these copies is read into the
memory & halt occurs in the SPIREL external communications routine.,
The Mode ané Trapping Lights are set to permit tracing of tagged
instructions, toading of "private'" blocks will begin at about
location 3700 (octal).

V.8. SPIREL System on Paper Tape

The SPIREL system is available on paper tape. When the tape
is readied in the reader, the console CLEAR and LOAD operations
should be performed., The tape is read, finishing successfully with

a page restore and printing of the word "SPIREL". A halt occurs in
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the SPIREL external communications routine., The Mode and Trapping
Lights are set to permit tracing of tagged instructions, Loading

of "private" blocks will begin at about location 3700 (octal).
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VI, Storage Control

ViI.l. Linear Consumption by TAKE

The simple storage control program which is initially utilized
in the SPIREL system is called TAKE, program %135, TAKE operates
on the principle of linear consumption of memory. A pointer to the
first inactive word of storage, address L, is maintained. A re-
quest for M words is satisfied by an allocation of M words at L,
and L is incremented by M. This is an irreversible procedure in
that space, once allocated, may not be reclaimed for use in later
allocations, L is stored in the address field of location 100 (octal)
in the SPIREL system,

TAKE may be utilized '"privately" to obtain blocks of memory in
a way compatible with allocation by the SPIREL system, On entry
to TAKE, program #%135, (B2)=number of words desired. On exit
(Bl)=address of first word of block allocated. If the request
for space cannot be satisfied, (B1l)=0 on exit,

VI.2., Activation of STEX and its Domain

The SPIREL Storage Exchange program STEX, %154, is activated
by the control word
00000 3120 0000 00135
In fact, program %154 becomes program *135 and TAKE is discarded.
If 1. is the address of the first word of inactive storage at the
time STEX is activated, the STEX domain is [L, 17577], all inactive
storage. STEX cannot be deactivated for recourse to the TAKE

system, STEX provides optimal use of storage because !

® blocks may be freed explicitly, making such space as

becomes logically unnecessary available for reassignment to
blocks logically required;
e blocks whose codewords are re-used to label new blocks are
automatically freed for re-use;
@ 1if the total free space in memory is sufficient to satisfy
a request for a block but no single space is large enough, free
space is automatically concentrated and the allocation is made,
Any block which is subject to being freed, either explicitly or
implicitly, after STEX activation, must be in the STEX domain,

i.e., must be created after STEX is activated.
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VI.3. Memory Configuration Generated by STEX

The domain of STEX is divided into active and inactive areas,
Each area is further segmented into blocks, not necessarily adjacent.
Each active block is labelled by a codeword. The first word of an
active block is not a part of the block from the user's point of
view; it is called the back-reference for the block and contains
in its address field the codeword address of the block. The inactive
blocks are chained from location 100, which contains the total
number of inactive locations in the memory in its first 15 bits and
the address of the first inactive location in its last 15 bits.
Fach inactive block contains in its first word the length of the
block it heads and the address of the first word of the next block,
the last inactive block being distinguished by a zero address field,
thus ending the chain. The first word of an inactive block is
inactive in the sense that it may be activated just as any other
word in the block,

An illustration of the STEX memory configuration is given below:
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In general, the length of the STEX domain is given by

” ”
K= SN S e
/
where the domain is divided into n inactive blocks and m active
blocks. Note that K is a constant, determined at the time STEX
is activated, and K=17600-L, where L is the address of the first
word of inactive storage at the time STEX is activated.

The codewords that address the active blocks may be located
anywhere in the memory, but the blocks of every array must lie
wholly inside or outside the domain of STEX.

If it is necessary to move a codeword for an active block,
the back-reference for the block must be appropriately altered.
For instance, when the block addressed through codeword A is
activated the back-reference for the block contains the address A;
if (A) is stored at B, back-reference for the block must be
changed to B.

STEX offers many advantages for data storage control, but
programs may also be loaded into the STEX domain with a few re-
strictions, Since pathfinder settings are absolute and return
is not made through codewords, programs should not be moved in
a memory reorganization which STEX may have to perform. This
possibility is eliminated if programs are loaded before any
space is taken for data that may ever be inactivated., This rule
should always be followed,

Vi.4. Use of STEX

Once activated, STEX exists as program %135 and may be used
directly by the coder. The entry parameters are
{Bl)=cocdeword address of block on which STEX is to operate,
(BR2)=1length of block.
STEX first tests the word addressed by (Bl). 1If this codeword is
not null, the storage addressed through this codeword to all sub=
levels is inactivated by STEX and all codewords are made null.
If the codeword is null, no inactivation occurs, Then (B2) is

tested, 1If (B2)#0, a block of storage of length (B2) is
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activated with back-reference to the address (B1l), the codeword

at (Bl) remains null, and then (Bl) is set for exit to the FWA

of the block activated, Hence, to take N locations to be ad-
dressed through codeword C, set (B1l)=C, (B2)=N and enter STEX.

All space formerly occupied by array C will be inactivated and

all associated codewords cleared. Exit will be made with (B1l)=FWA
of a new block to be addressed through C and (B2) unchanged.

To simply inactivate memory addressed through C, enter STEX
with (Bl)=C and (B2)=0. TIf (B1)=0 on entry, a memory reorginiza-
tion is performed (see below) and no space is taken,

If the inactive area is not sufficiently large to meet a
request for space, exit is made with (B1)=0, TIf the total inactive
storage will accomodate a request for space, STEX will activate a
block by cne of the three following means:

(1) space is activated from within an existing inactive

block;

if (1) fails, adjacent inactive blocks are combined and

~
o
o

(1) is tried againg
(3) if (2) fails, all active memory is re-written to the
low end of the domain, leaving one inactive block at
the high end, thus forcing (1) to succeed.
Alternative (3) is called reorganization; if this occurs and SL14
is off, the message REORGANIZATION is printed,
When STEX is used directly, the coder must generate his own
codewords, The alternative of taking space with a "read" control

word provides generation of codewords for the coder,
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VII. SPIREL System Components

Any component which is of use to the individual programmer is
denoted by e in the margin next to its name.

Since programs *%135(TAKE), *136(SAVE), and %137 (UNSAVE) are
necessary components of the SPIREL system, they are mot included
in the lists of supporting routines.

VII.1l. Vectors and Print Matrix
*113, Symbol Table, ST
Length: 100 (octal)

Function: This is a standard Bl-modified vector. Each entry

contains the name and descriptive parameter for an item in the total
system being run, an item which is identified symbolically rather
than by its address or codeword address, The parallel entry in the
Value Table, %122, contains the item or codeword corresponding to
the item name in the Symbol Table. The index of the last active
entry in the Symbol Table is dynamically maintained at lccationm 117,
*116, Print Matrix, PM

Length: 200 (octal)

Function: This block is not B-modified. The address of the

first word of %116 is used as the address field in all SPIREL print
orders, except in tracing. The print matrix is always cleared
immediately after SPIREL-controlled printing.
#122, Value Table, VT

Length: 100 (octal)

Function: This is a standard Bl-modified vector, Each entry

contains the value of or the codeword for an item in the total
system being run, an item which is identified symbolically rather
than by address or codeword address., The parallel entry in the
Symbol Table, #1113, contains the name and descriptive parameter

for the item, The index of the last active entry in the Value Table
is dynamically maintained at location 117.

*125, Base Address Vector, ADDR

Length: 6
Function: This block is not B-modified, It is used by SPIREL

to dynamically maintain a record of all levels through which the
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base address had been set down and to compute effective addresses
from those specified in control words,
VII.2. Programs
*#13, Trace, TRACE
Length: 251 (octal)

Function: The SPIREL trace program receives control through
hardware trapping due to tag 3 on instructions, both before and
after execution of the instruction., Information for each line of
trace output is derived, formatted, and printed by this program,

Registers Not Preserved: P2,S

Supporting Routines: %127 (SETPM)

#110, Print Control Word, HDPR

Length: 55 (octal)

Function: This program is used in the SPIREL system for
on-line control word monitoring when SL14 is off,

Supporting Koutines: SETPM(*127)
#111, Process Matrix, MATRX

Length: 135 (octal)

Function: This program is used in the recursive application
of SPIREL as explained elsewhere.

Supporting Routines: all SPIREL components, but only those
necessary to perform the specified operation on any particular
utilization; see section on SPIREL Component Linkages.

#120, Diagnostic Dump, DIADMP

Length: 57 {(octal)

Function: This program is used in the SPIREL system when
control is passed to location 20000 (octal). The diagnostic dump
formats and prints the contents of the fast registers as explained
in the section of Use of SPIREL.

*#126, Execute Control Word, XCWD

Length: 276 (cctal)

Function: This program is the nucleus of the SPIREL system.,

It interprets control words and may use other system programs to
carry out specified operations. External communication to XCWD

from paper tape and from the console is provided within the system
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and is explained elsewhere., For internal communication, control
should be passed to the second word of %126 if the SPIREL operation
specified is to be performed on a named item; otherwise control is
given to the first word of *126.

Input: (T7)=SPIREL contrcl word to be executed.

{(T4)=5 left-adjusted printer hexads (with '25' fill
if necessary) for name of item to be operated on if control is
given to *126 at the second word; in this case F in the control
word in T7 is empty.

Registers Not Preserved: none (and SPIREL cannot operate on
fast registers)

Supperting Routines: all SPIREL components, but only those
necessary tc perform specified the operationm on any particular
utilization; see section on SPIREL Component Linkages.,

*#127, Set Up Print Matrix, SETPM

Length: 75 (octal)

Function: This program will format a single word into the
print matrix for printing at a specified position on a line if
appropriately instructed, It will print the contents of the print
matrix and clear the print matrix if appropriately instructed.
Common usage of SETPM for the printing of a single line consists
of an entry for each word of information to be printed and an
entry to have the collection printed and the print matrix cleared,
Thus, SETPM provides a facility for composition and output of
lines on the printer,

Input: (T7)=information to be set up in print matrix, if any

(El)=parameter which controls operation of SETPM

(B3)=print position, 1-108 (decimal) at which field
set-up should begin, if relevant,

S1.15 on causes leading zeros in a hexad field to be
deleted; leading zeros in numeric fields are automatically deleted
unless SL15 is manually locked off,

Operation: on the basis of (Bl) on entry:

(F1)<0, octal format of last 5 triads of (T7) at print

position (B3), and increment of (B) by 5
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(B1)=0, octal format of (T7) in 18-position field at
print position (B3), and advance of (B3) by 18
(B1)=1, hexad format of (T7) in 9-position field at
print position (B3), and increment of (B3) by 9
(B1)=2, print and clear PM, (B3) set to one and (T7)
meaningless
(R1)=3, decimal format of (I7) in 18-position field
at print position (B3), and increment of (B3) by 18
Registers Not Preserved: none
Supporting Routines: *%155 (BINDC) when decimal formatting
is used,

%130, Find Symbolic Name, SMNAM

Length: 26 (octal)
Function: This program is used in the SPIREL system for
operations which are performed on items with symbolic names.
Supporting Routines: *176 (TLU)
#131, Print Date and Time, DATIME
Length: 14 (octal)

Function: This program reads the digital clock through
#132 (CLOCK), sets up the l4-character date and time in the print
matrix, and prints the contents of the print matrix if requested
to do so. It is used by XCWD to perform "obtain date and time"
operations; it may also be used directly.
Input: T7=00000 00p0 rrrr 00000,
wvhere p=0 csuses set-up only
p=1 causes set-up, print, and clear
r specifies the print position of the date
r=0 causes setup for 8 1/2 x 11" pages
(first character in print position 48)
Registers Not Freserved: T7
Supporting Routines: CLOCK(%*132), SETPM (*127)
%132, Decode Clock, CLOCK
Length: 55 (octal)

Function: This program interrogates the digital clock and
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calendar in the machine and translates the coded time and date
into printer hexads, The time is based on a 24-hour clock. CLOCK
is used by DATIME (*132),
Input: none
Qutput: Printer hexads in T5, T6. For example, if CLOCK
were executed at 9:45 pm on May 17, 1964, the CLOCK output would
be:
T5=05/17/64 _
T6=17.45

where denotes '"space',

Registers Not Preserved: B2,T4,T5,T6,T7
Supporting Routines: none

%133, Punch Control Word, PCNTRL
Length: 15 (octal)

Function: This program is used in the SPIREL system for
any punch operation executed with SL14 off.
Supporting Routines: none

%134, Set Up Word in Program Format in Print Matrix, FIELD

Length: 20 (octal)

Function: This program is used in the SPIREL system for
the operation of printing in program format,

Supporting Routines: none
*135, Take Memory Space, TAKE

Length: 5

Function: This program performs linear irreversible storage
allecation for blocks and maintains location 100 as a pointer to
the first word of inactive storage.

Input: (B2)=1length of block to be allocated,

OQutput: (Bl)=address of first word of block allocated, 0 if
space not available for specified allocation.

Registers Not Preserved: none

Supporting Routines: none

#136, Save Fast Registers, SAVE

Length: 41 (octal)
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Function: This program uses the B6-list for storage of

specified fast registers and a word denoting the registers so

stored.
Input: (R), bits 46-54, to specify registers to be saved:
45 46 54
(R) : ' T4 15| 76| B1 B2 |83 |B4|B5|PF

not mea%ingful to SAVE
For each position in which the bit is 1, the corresponding
register will be saved., The registers are saved on the Bé6-list in
the order shewn from right to left (i.e., PF, if specified, saved
first), and the (R) is itself stored on the B6-list. Notice that
(R)=-Z on entry causes all nine registers to be saved,

Use: Control should be passed to SAVE by a TRA (not a TSR)
instruction so that the saving of (PF) is meaningful. SAVE returns
via (P2) on entry, and the instruction

TRA %136
must not be traced,

Registers Not Preserved: none

Supporting Reutines: none
*#137, Unsave Fast Registers, UNSAVE

Length: 41 {octal)

Function: This program complements SAVE., It obtains from the

B6-list the (R) stored by the complementary execution of SAVE, re-
stores all fast registers then saved, and decrements B6 appro-
priately.

Use: Control should be passed to UNSAVE by a TRA (not a TSR)

instruction, UNSAVE returns via (P2) on entry, and the instruction

TRA *137
must neot be traced,
Registers Not Preserved: mnone
Supporting Routines: none

#3140, Insert or Delete Space, DELETE

Length: 124 (octal)
Function: This program is used in the SPIREL system for the
operation of inserting or deleting words in blocks.

Supperting Routinres: none
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#141, Change Initial Index, CHINDX
Length: 13 {(octal)
Function: This program is used in the SPIREL system for the

operation of changing the initial index of a block,
Supporting Routines: none

#1142, Tagset, TAGSET
2 2

Length: 15 (octal)

Function: This program is used in the SPIREL system for the
operation of tag setting,

Supporting Routines: none

#143, Take Chain Storage, CHN

Length: 13 (octal)

Function: This program is used by the SPIREL system for the
operation of geverating chain storage.

Supporting Routines: none
#144, Print, PRINT

Length: 70 (octal)

Function: This program is used in the SPIREL system for all
print operations,

Supporting Routines:

%127 (SETPM) for all printing

#155(BINDC) for decimal printing

%150 (PRNWTG) for printing with tags
#134(FIELD) for printing in program format

*145, Punch, PUNCH
Length: 130 (octal)

Functiorn: This program is used in the SPIREL system for all

punch operations,

Supporting Routines: %133 (PCNTRL) for punching tapes with
control words (i.e., with SL14 off); %157 (PUNCHK) for punching
tapes in the hexad with tag and checksum format

*146, Execute Control Word Sequence, XCWSQ

Length: 15 (occtal)
Function: This program is used in the SPIREL system for the

operation of executing a control word sequence.
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Supporting Routines: all SPIREL components, but only those
necessary to perform the operations specified by the control words
in the sequence being executed; see section of SPIREL Component
Linkages,

%147, Load Symbolic Cross References, SYMRF

Length: 12 {(cctal)

Function: This program is used in the SPIREL system for the
operation of loading symbolic cross-references,

Supperting Routines: *176(TLU)
%150, Set Up Tag in Print Matrix, PRNWIG

Length: 16 (octal)

Function: This program is used in the SPIREL system for the
operation of printing with tags.

Supporting Routines: none

%151, Print Symbol and Value Tables, PRSYM

Length: 43 (octal)

Function: This program is used in the SPIREL system for the
printing of ST and VT in the special format déscribed elsewhere,

Supporting Routines: *127 (SETPM)

%152, Conversion of Powers of Ten, PWRTN

Length: 41 {octal)

Function: This program is used in the SPIREL system for
reading of decimal numbers from paper tape., Given the floating
point number and the integer Q, this program computes the
floating point number N:PXIOQo

Inputs (T5)=signed floating point number P

(R2)=integer Q in one's complement form, less than
75 (deciwal) in absolute wvalue
output: (T5)=px10%, (PF)=0 if |Q|<75
(r5)=0, (PF)=1 if |Q]|=275
Registers Not Preserved: Bl, T4
Supporting Routines: none

#3153, Multiple Read Decimal, MRDDC

Length: 144 (occtal)
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Function: This program is used in the SPIREL system for the
reading of data in decimal input formats from paper tape. It may
be used directly to read decimal numbers, convert them as explained
elsewhere, and store them,

Input: (Bl)=address at which to begin storing the numbers
read,

(B2)=number of numbers to read,
Output: (Bl) same as on input,
(B2)=0
Error Halt: The SPIREL error halt
(Xy: 77 00000 00 4001 XXXXX
occurs if an improper decimal number is read, one which is out of
the range permitted for the format used. CONTINUE causes exit
from MRDDC with no further reading.

Registers Not Preserved: none

Supporting Routines: %152 (PWRTN)

*#154, Storage Exchange, STEX

Length: 213 {(octal)

Function: This program must be activated with the SPIREL

control word

00000 3120 0000 00135
before it may be used, It then operates as program %135 and must
be used as such, The function of STEX is explained in detail in
the section on Storage Control,

Input: (El)=codeword address of array or block which is to
be freed or for which space is to be allocated; 0 if reorganiza-
tion is desired,

(82)=length of block to be allocated; 0 if no space
is o be allocated,

Qutput: (Bl)=address of first word of block allocated; 0
if allocation requested and insufficient space available; same
as on entry if no allocation is requested,

(B2) same as on entry,

Registers Not Preserved: nmnone

Supporting Routines: none
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*#155, Binary to Decimal Conversion, BINDC

Length: 102 (octal)

Function: This program is used in the SPIREL system for
conversion of a number from its internal binary representation
to a decimal representation in printer hexads. It may be used
directly for the same purpose,

Input: (T4)=numbers to be converted, fixed point integer if

exponent empty, floating point otherwise,
Qutput: (T4), (T5)=number in decimal printer hexad form,
18 hexads:

floating point

#d.ddddddddddde+dd
12 decimel exponent,
digits 2 decimal digits

fixed point integer
bb°°°bq¢gd°°°d@

1-16 1-15 decimal
blanks digits

Registers Not Preserved: T6,T7,B1,B2,B3
Supporting Routines: none

*#156, Read with Checksum, RDCHK
Length: 35 {(octal)

Function: This program is used in the SPIREL system for
reading tapes in the hexad with tag and checksum format explained
in the section of Use of SPIREL, It may be used for the same
purpose by an individual,

Inputs (Bl)=address at which to store first word read,

(B2)=number of words to read,
Error Halt: The SPIREL error halt
(I): 67 77777 40 4001 XXXXX
cccurs if the checksum computed while reading does not agree with
that read from paper tape., Raising and lowering the F3 switch at
the console will cause exit from RDCHK,
Registers Not Preserved: T4,T5,T6,T7, B2,B3,B4 ((B2)=0 on .exit).

Supporting Routines: none.
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Word of Caution: The SPIREL hexad with tag and checksum
format prescribes that each sequence which is checksummed be
preceded by an extraneous "spill character" (one hexad). RDCHK,
in fact, expects this hexad, but it is not punched by *157, PUNCHK.
%157, Punch with Checksum, PUNCHK

Length: 24 (octal)

Function: This program is used in the SPIREL System for

punching tapes in the hexad with tag and checksum format when
the "spill character" (one hexad) that precedes a checksummed
sequence is provided by another component of SPIREL, It may be
used for the same purpose by an individual.

Input: (Bl)=address of first word to be punched,

(B2)=numbers of words to be punched,

Registers Not Preserved: T4,T5,T6,T7, B3,B4

Supporting Routines: none
#176, Table Look=Up, TLU

Length: 23 (octal)

Function: This program is used in the SPIREL system to

determine the index of the Symbol Table entry for a name, If
the name '"looked for" does not appear on the Symbol Table, TLU
adds it and increments the current last active index at location
117 by one,

Input: (T4)=1left adjusted 5 printer hexad representation
of the name to be "lcoked for'" on the Symbol Table, *113; the
rest of (T4) is irrelevant to TLU.

Output: (Bl)=index of ST entry for the name "looked for".

(PF)=1 if the entry was added to the active portion
of the Symbol Table; 0 otherwise,

Registers Not Preserved: Bl, PF

Supporting Routines: none
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VI.3. Component Linkages

The chart on the next page shows linkages among SPIREL
.2

components, SPIREL operations are shown in ovals !

and each operation is linked to SPIREL components on which it

may be dependent. Programs are denoted by hexagons ¢ )

and vectors by rectanglesl !. The programs and vector
required for a2 minimum SPIREL are starred (%) on the chart,

Reading the chart from bottom to top, programs and vectors
are needed only to perform operations which appear in ovals
above them (except for XCWD, which is always required).,

For example, XCWD (*126) uses DATIME (*131) only when an
"obtain date and time'" control word (00000 4310 0000 00131)
is executed; DATIME always uses CLOCK (*132) and SETPM (*127).
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VIII. Systewm Duplicator

VIII.1l., Purpose of the Duplicator

When a system of programs has been debugged and extensive
production running is contemplated or when memory space becomes
critical, it may be advantageous to produce a self-loading paper
tape bearing necessary SPIREL components, library rcutines used,
and the coder'’s private system elements. The system duplicator
MSPDUP, program %10, is designed for this purpose., This program
is not itself a2 SPIREL component, MSPDUP has codeword address
10 (octal) and this will not conflict with normal codeword
locations,

VIIT.2, Use of the Duplicator

A dump tape is used to tell program %10 what system elements
are to be punched., The dump tape consists of a series of dump
words, each preceded by a ‘carriage return' punch and consisting
of 18 octal digits, The dump word forms are as follows:

00000 0100 0000 fffff for all of the block (program or vector)

with codeword at F.

annnn 0000 0000 fffff for N words beginning at machine address F,

nnnnn 0120 rrrr fffff for a control word which will cause a

block of N zeroes to be created with codeword at F and R in
the dump word at the corresponding position in the codeword.
If N in the dump word is empty, N and R will be obtained
from the codeword at F at time of pun