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PREFACE 

This manu~l is intended as a reference manual for the PHOENIX 

digital computer; it is pot a primer, nor a system manu~l. Logi

cally, the structure of the manual is characterized by the program

ming terms: "multiple pass" and "recursive." 

An attempt has been made to exactly specify the functional 

characteristics of PHOENIX, and to provide enough information to 

allow even pathological situations to be analyzed. 

The format is chosen to facilitate corrections and additions, 

which will be issued as needed. 

Suggestions for improving this manual will be appreciated. 

vii 
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0.0 INTRODUCTION 

PHOENIX is a binary single address digital computer which performs 

instructions at an average rate of 500,000 instructions per secondo 

The overall organization of the machine is shown in Figure 0.00 

001 Memory 

The main memory consists of 4 memory units (A, B, C, and D) of 

16,384 26-bit words eacho Each word has, in addition to its normal 

24 data bits, an associated metabit which is not affected by normal 

manipulation, and a parity bit used for internal error checking. These 

4 memories are independently accessible, providing for the overlap of 

instructions, data, and I/O references (cfo 300)0 Memory is assigned 

to user programs in segments consisting of integral mUltiples of 4096 

words whose base or starting address is effectively 0 0 The relocation 

and limitirtg of the space available to user programs is handled auto

matically by means of the bouhdary and relocation registers. 

002 C~ntral Process~r· (CPS) 

The central processor has a repertoire of 54 basic instructions, 

several of which sub-divide into whole classes of subsidiary instructions. 

The entire main memory is addressable by these instructions 0 Address 

modification and indexing may be performed. There are 5 index registers 

per~; in 'addition, the program counter and the "address" portion 

of the accumulator are addressable as ind.ex registers; also there is an 

index whose contents are always zero, makirtga total of 8 "index" 

registers 0 
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The arithmetic unit performs lIs complement, fixed-point 

operations. 

A flexible interrupt system provides for interrupting the main 

stream of instructions to honor a variety of I/O demand and error 

conditions. 

To facilitate time sharing, facilities are built into the machine 

which automatically relocate the user program, limit the amount of 

memory available to the user program, and prevent the user program 

from directly affecting I/O operations. 

The external register (EX) provides a convenient and flexible 

channel for non-overlapped input/output operations between CPS and 

non-standard external devices. 

The basic machine cyc+e is, 1. 6 micr0!ileconds. 

0.3 Input-Output 

I/O operations are performed in parallel with program operations 

by PUP (Peripheral Unit Processor) which mediates data transfers between 

one of 5 channels and main memory. 

PUP operations are available to facilitate searching for records 

and sorting records, on the basis of key words or portions of a word. 

The ADC (Advanced Display Console) is a flexible visual display 

device with internal storage and response capabilities. 

The LSB (Low Speed Buffer) controls the transmission of I/O 

information between various low-speed devices and an external memory. 

Thirty-two devices, including 16 typewriters" may be connected to LSB. 

Initially, there will be 4 typewriters, a paper tape reader, a paper 

tape punch, and a digital incremental recorder. 
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The TeU (Tape Control Unit) controls I/O transmission to and from a 

maximum of 8 magnetic tape drives (TU). Four CDC 607 interfaces 'are 

provided which will handle data at rates up to 30,000 24-bit words per 

second. Four IBM 729-IV interfaces are provided which will handle 

data at rates up to 15,625 24-bit words per second. Initially, there 

will be two CDC 607 tape drives. 

The HSC (High Speed Channel) provides for transmission of information 

on a character basis between external devices and PHOENIX at variable 

rates up to 333,000 6-bit characters per second (equivalent to 83,250 

24-bit words per second). 

The DRM (Drum) has a capacity of 278,528 words (34 sectors of 8,192 

words each)" which can be transmitted to and from CPS memory at the rate 

of 491,520 words per second. 
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CHAPTER I --CENTRAL PROCESSOR 

1 NOMENCLATURE 

1.1 Quantities. Bits 

Let ~ be an n-bit quantity; that is, an integer in the range 

o to 2n_l inclusive. It is well-known that there exist unique 

integers 

n-l 
x = L:' 

k=O 

xk (k = 0,;;., n-l), each ~ = 0 or 1, such that 

. n-l-k 
xk ~ 2 . We call this xk the k-th bit of x. 

1.2 Bytes 

If ~ is an,n-bit quantity, andl and i are integers such that 

~i~J~n-l, then we define the byte xi: j 

We also define: 

x - Xo (sign) 
s 

x == a x8 : 23 (address) 

x t - xO: 2 (tag) 

x ::: x3 : 7 (opcode ) 
p 

:j{m E x24 (metabit) 

x c == x 
n-7 :n-1 

(count) 

1. 3 R.e:iisters and their conten.ts 

We consider the computer to be a c.ollection of registers, each 

of which contains a quantity. We describe the operation of the computer 

in terrn.s of how the contents of thes,e regiSters change with time. Given 

a regi$ter a., we use the symbol [a. ]tD detlO't.e the ,contents of, q. 

We speak O:f (J. a,s an n-bit register if [C( J is at most an n .. bit 

quantity. 



6. TM-3870 

1. 3.1 Memory regis ters 

A certain set of registers (CPS memory registers) are named 

by quantities. Given a register a, where a is a quantity, then by 

[ a ] we mean [ a JO: 23 ' 

1.3.2 Live registers 

Registers which are not CPS memory registers are termed 

"live registers" and are referred to by symbolic names, rather than by 

quantities. 

1.4 Replacement 

"x ... [ a Ji : j " means: "The quantity ~ replaces the contents of 

register a, bits i to i, inclusive,the remainder of a being left unchanged." 

More precisely, if a is an n-bit register, then [ a J changes to: 

i-l j n-l n-l-k n-l-k n-l-k 
L: [aJ k x2 + L: xk_l x:2 + 2: [a]kx-:2 . 

k=O k=i k=j+l 



TM-3870 7. 

1.5 Operations 

Let ~ and y be quantities of exactly n bits each. We define: 

1.5.1 x + y = x + y if x + y < 2n else 
n 

x + y = x + y - 2n 
n. 

1. 5.2 x EEl y = x + Y if x + Y < 2n else 
n 

x ~ y = x + Y - ( 2n - 1) 
n 

n-1 n-1-k 
1.5.3 wy - L: max (xk ' Yk) x 2· 

k=O 

1. 5.4 xAy -
n-1 

L: min 

1.~.6 

1 .. 5.7 

1.5.8 

1.5.9 

x- y n 

x = 

k=O 

n-1 n-1-k 
L: (xk +lYk) x 2 

k=O 

""" x + (2n ,.. y) 
n 

n-1 abs x = x if x < 2 else 

abs x x 

1.6 Metabits 

Worg§ in CPS memory, ~8B memory, and drum memory have a 25th bit 

c~l1ed the metabit in addition to the norm~l 24 bits of the word. 

The metabit is ~ flag and is not \ll3ed in norm~l camputations or 10~ica1 

manipulations. The metabit of word W is design~ted by the not~tion Wm' 

A. met~b~t may be set to 0 or 1 by ?n I/Q operation and the instr\lctions 

MMZ andMMN. Ametabit may be ~4=nsed by the user-cont.rolled metabit 

:uap, the inst;ructions 8MZ ~nd SMJj, or by some I/O operations. 
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1.6.1 Special I/O metabit handling 

Data coming from HSC or ADC always has a metabit of O. 

When data is sent to a device connected to one of these channels, the 

metabit is ignored. Data sent to the TCD also has its metabits ignored. 

However, on an input from the TCD, the first word of every record has 

a metabit of 1 associated with it. 

1.7 Miscellaneous notation conventions 

1.7.1 Where there is no possibility of ambiguity, we will elide 

the subscript specifying the number of bits involved in an arithmetic 

operation. If this subscript is unspecified, the size of the registers 

invol ved will be assumed. For example, we will write " [CAR] + [RL}" 

for "[CAR] +16 [RLJ" since both CAR and RL are l6-bit registers. 

1. 7.2 Given a register a, "step a" means "[aJ + 1 =0 [aJ". 

(Cf. 2.22) 

1. 7.3 The term "minus zero", also noted "-0", designates the 

n-bit quantity 2n _l. 
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2.0. .LIVE REGISTERS 

The operations of PHOENIX CPS (central processor) can be 

described in terms of its memory and the registers described in the 

following sections. 

2.1 AC Accumulator (24 bits) 

The AC is used in most instructions to hold operands and receive 

the results of arithmetic and logical operations. 

2.2 ACT Address Counter (16 bits) 

AC - XR6 
a 

The ACT is used during I/O operations to determine CPS storage 

locations for I/O data. [ACT] can be read into [BR] by a PER when [PR]=O. 

2.3 BD Boundary Register (16 bits) 

This register determines the limits of memory space available to 

a user program when. the computer is in protected status. The BD may be 

changed only by an LRB instruction. [BDJ4 : 15 == O. 

2.4 BR B-register (24 bits) 

The BRis used as an operand register for several arithmetic and 

logical operations. It also receives the results of several arithmetic 

and logical operations. The BR is also used to hold a mask for some 

operations. 

2.5 CA Combined Arithmetic Register (47 bits) 

The CA has no existence independent of the AC and BR. It is used 

in someshifts and cycles, divide, multiply, and the double-length 

arithmetic operations. 
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2.6 CAR Central Address Register (16 bits) 

The CAR is used in computing effective addresses. It is not 

directly addressable by the progranuner. 

2.7 CCAR Cycle and Shift Central Address Register (7 bits) 

The CCAR is used for computing the effective address E for shifts 

and cycles. It is not directly addressable by the progranuner. 

2.8 CCl Clear CAR Inhibit (1 bit) 

If [CCl] =0, the CAR and CCAR are cleared after the current 

operation. If [CCl] = 1, the CAR andCCAR are not cleared. CCl is not 

addressable by the progranuner. 

2.9 CK Clock (24 bits) 

The [CK] may be changed only by an SKM instruction while the CPS 

is in unprotected status. The [CK] is decremented at intervals of 5 ~sec, 

± .005 ~sec. When its contents are -0, the clock interrupt bit is set. 

More precisely, every 5~sec, the following sequence of events takes 

place: 

1) If [CK] = 1, then -0 -+ [CKl and 1... [NR]2:1, and go to 4 

2) If [CKJ = 0, then z:2~ -2 -> [CKJ and go to 4 

3) [CK] - 1 -> [CK] 

4) Done. 

2.10 EN Enable Register (24 bits) 

The enable register acts as a mask for the NR (interrupt register). 

The [EN] may be changed only by an SKM instruction while the CPS is in 

unprotected status. [EN]20:~.1 and [EN]22 == 1. 
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2.11 EX External Register (24 bits) 

EX allows a program to communicate directly with devices external 

to PHOENIX without the mediation of PUP. The [EX] may be sensed or 

modified by a SKM instruction if either [PRJ = 0, or [EXM] = 1. The 

sensing of [EX] automatically clears it. An external device suitably 

connected to EX can set or sense [EX] or any subset of its bits. The 

external 'interrupt bit [NR]13 can be set by a pulse generated by an 

external device. It is intended that this interrupt will be use'd to 

request that a program perform an action involving EX. 

2.12 EXM EX Mode Control Register (1 bit) 

This register controls the EX with respect to a SKM instruction 

while the CPS iain protected status. If [EXM] =0, then [EX] cannot 

be sEms:edor·~charig.ed by a SKM instruction in protected status. If 

lEXM) == l~then [EX] can be sensed or changed by a SKM instruction in 

protected status. [EXM] may be modified only by certain PER instruc-

tions which, themselves, are operative only in unprotected status. 

2.13 LSB Attention and ADC-Register (24 bits) 

LSB Attention ILADC 

16 

~ 
o 

[LA]0:15 are the attention status indicators for the 16 typewriter 

lines to the LSB. [tA]16:l9 are status bits for ADC. 

EseH bit is set ,by a pulse from LSB or ADC which also sets one 

of 3 indicators in NR: 
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LA bit Meaning Interrupt bit 

0:15 Typewriter 0:15 attention 16 

16 Not Storable 8 

17 Memory overflow 8 

18 Manual Input 11 

19 Display Area Change 11 

[LA] may be changed by SKM in unprotected status 

2.14 LB LSB Buffer Status Register (24 bits) 

[LBJ. = 1 when the LSB memory area assigned to LSB input device i 
1. 

has been filled. [LB]O:15 are for the 16 typewriters; [LB]16 is for the 

paper tape reader. 

2.15 LE LSB Device Error Register (24 bits) 

[LEJ. = 1 when a device error has occurred during a data transmission 
1. 

between LSB memory and device i, or during other LSB operations involving 

device i. 

[LEJ O: 15 typewriters 

paper tape reader 

paper tape punch 

[LEJ 18 digital incremental recorder 

[LE] may be changed through the use of SKM. 
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2.16 Ll LSB Input Statui Registe~ (24 bits) 

[LIJ. = 1 when LSB device i is in input status, i.e., when it is 
~ 

entering information into LSB memory. [LIJ O: 15 are for the 16 type

writers; [LIJ 16 is for the paper tape reader. 

2.17 LO LSB Output Status Register (24 bits) 

[LOJ. = 1 when LSB device i is in output status, i.e., when it is 
~ 

receiving information from LSB memory. [LOJ O: 15 are for the 16 type

writers; [LOJ 17 is for the paper tape punch; [LOJ 18 is for the digital 

incremental recorder. 

2.18 Me Miscellaneous CPS indicators (24 bits) 

Me 3 - VF (overflow indicator) 

MC4 == VFP (permanent overflow indicator) 

[MCJ 5 is the metabit trap enable bit • 

. [Me] may be changed through the use of SKM. 
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2.19 MP Misce11~neous PUl' Indicators 

Bit Use 

o 
1 PI (PUP idle indicator) 
2 TI (TCU idle indicator) 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

lOR parity error 
PBR parity error 
KEY parity error 
MASK parity error 
DSA parity error 
APR parity error 
Unexpected channel 
Unexpected channel 
PUP memory request 
ADC noisy 
LSB noisy 
TCU noisy 
DRM noisy 

21 Step control error 

demand 
answer 
error 

22 Time pulse distribution error 
23 Drum compare error 

(24 bits) 

Note that bits 6:23 represent conditions which may either cause an 

interrupt or halt the machine entirely. If [ENJ 1 = 1 then these con

ditions cause an interrupt, otherwise the machine halts. [MP]6:23 are 

set to zero before each 1/0 operation. These bits do not normally concern 

the programmer. 

[MP]1:2 may be set to 1 through the use ofSKM in tmprotectedstatus. 
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2.20 M!£ Metabit Trap Condition Register (1 bit) 

The [MTC] = 1 if the conditions for a metabit trap obtain 

(cf. 6.2;1), otherwise [MTC] = O. [MTC] is tested during each normal 

machine instruction cycle. [MTC] is not directly addressable by the 

programmer. 
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2.21 NR Interrupt Register (24 bits) 

Various events cause bits to be set in NR. 

Bit Event 

o 
1 I/O faults 
2 
3 Magnetic tape read/write error 
4 End-of-fi1e reading tape, or End-of-tape writing tape 
5 
6 Tape unit or LSB device inoperative 
7 TCU operation complete 
8 LSB device busy, tape busy, or ADC I/O exception 
9 PUP operation complete 
10 Tape unit rewind complete 
11 ADC attention 
12 TCU/RSC special device attention 
13 External device attention 
14 
15 LSB device error 
16 Typewriter attention 
17 Device to LSB transfe.r complete 
18 
19 LSB to device transfer cpmp1ete 
20 Out-of-bounds BCR 
21 Clock counted down to -0 
22 Out-of-bounds memory reference 
23 Unused (reserved for trace interrupt) 

[NRJ may be changed through the use of SKM in unprotected status. 

2.22 PC Program Counter (16 bits) 

In the normal case of instruction flow [PC] is the location of the 

next instruction to be performed. For details, see section 4. 

PC == XR7 
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2.23 ~ Program Counter Control (1 bit) 

The state of PCC determines whether th~ location of the next 

instruction is taken from PC ([PCC] = 1) or from CAR ( [PCC] = 0). 

2.24 PI PUP Idle Indicator (1 bit) 

PI == MPl 

[PI] = 1 indicates that PUl,> ·is idle (not busy). PUP may be forced 

to become idle by using SKM in unprotected status to put 1 ~ [MP]l' 

2.25 PR Protected Status lridicator (1 bit) 

PHOENIX operates in two statuses: protected and unprotected. 

The word "protected" is intended to signify that the machine (and the 

data of other users) is protected from the consequences of errors 

perpetrated by the currently operating program. 

[PRJ = 1 when the computer status is protected; [PRJ 

"atu~ is u.protected. 

o when the 

o ~ [fR] when an interrupt takes place, while 1 ~ [PRJ when the 

instruction RIS is performed when [PRJ = O. 

The state of PR cannot otherwise be changed. 

2.26 ~ Relocation Register (t6 bits) 

[RL] is used automatically to relocate CPS memory. references in 

protected status. For details, ~ee section 4. 

R~ fe~n be changed using at\ LRB instruction in unprotected status. 

It: cannot otherwise be changed, and its contents cannot be fetched .. 

An LRB affects [RL]O:3' [RL]4:15 are always zero. 
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2.27 TI TCU Idle Indicator (1 bit) 

TI == MP2 

[TI] = 1 indicates that TCU is idle (not busy). TCUmay be 

forced to become idle by using SKM in unprotected status to put 

2.28 TS Tape and Special Device Status Indicators (24 ,bits), 

r 3 G 9' 12. 16 Z3/ 

TS consists of 6 groups of indicators. 

Each of the first four groups contains a 3~bitbytewhich specifies 

the status of the four CDC tapes which may be connected to TCU. For 

the i-th byte (i = 0,1;2,3), these 3 bits have the following sig-

nificance: 

Bit Significance when bit is 1 

0 CDC tape unit i not busy and ready for reading 

1 CDC tape unit i not busy and ready for writing 

2 CDC tape unit i at load point 

Each of the remaining 12 indicators is set by a "special'device 

attention" pulse. TS 12 : 1S correspond to the four IBM 729 tape unit 

lines to the TCU, while TS 16 :23 correspond to the eight special 

device lines to the HSC. Any such "special device attention" pulse 

will also set [NR]lZ' 

[TS]l2:23 may be changed through the use of SKM in un~rotected 

mode. 
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2,29 VF Overflow Indicator (1 bit) 

VF - Me 3 

VF is set whenever one of the instructions ADD, DAD, DSU, SHA, 

SHB, SHC, or SUB is performed. If an overflow condition results. then 

1 -> [VFJ, otherwise 0..... [VF J. 

An SKM may be used to set or clear [VFJ = [MCJ 3 , 

RIS performed in unprotected status will set [4J 3 ..... [VFJ, 

2,30 VFP Permanent Overflow Indicator (1 bit) 

VFP - MC4 

VFP is set to one whenever one of the instructions ADD, DAD, DSU, 

SHA, Sl1B, SHC, or SUB is performed, if an overflow condition results, 

However it is not cleared if there is no overflow condition, 

An SKM may be used to set or clear [VFJ = [~J4' 

RIS performed in unprotected status will set [4 J4 -> [VFJ, 

2,31 WC Word Count Register (16 bits) 

The WC is used to keep track of the number of words transmitted 

by an I/O operation. [WC] may be tested by an SKM, but not altered, 

2.32 XRO-7 Index Registers (16 bits) 

There are 8 index registers. Index registers 0, 6, and 7 have no 

independent existence: 

[XROJ = 0 

XR6 == AC 
a 

XR7 _ PC 

XRS has some special uses when the instructions BCHand CBX are 

executed. 
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3.0 TlMINp; 

The following gives a detailed description of central processor 

timing within PHOENIX. 

3.1 Definitions 

The basic unit of instruction timing is a machine cycle which 

is equivalent to 1.6 microseconds. We will use the term "cycle" within 

section 3 with the meaning: "machine cycle". 

Concurrent operation of the central processor (CPS) and the 

input/output processor (PUP) is possible since CPS memory is divided 

into four separately addressable units. This also permits overlap 

operation of two successive instructions in certain cases which are 

described later. The low-order two bits of an address define the 

memory unit as follows: 

2 LOW-ORDER 
ADDRESS B.ITS 

00 

01 

10 

11 

MEMORY 
UNIT 

A 

B 

C 

D 

Memory unit conflict is defined as an attempt to address a memory 

unit concurrently from more than one address source (such as the 

progfam counter (PC) and the I/O address counter (ACT) both 

addressing memory unit A). A priority is established in the computer 

to solve such memory conflicts. The descending order of priority is 

as follows: 
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1) I/O memory request. 

2) CPS memory request for data. 

3) CPS memory request for instruction. 

The memory conflict is resolved by delaying the lower priority request 

for one or more cycles. Overlap of a CPS memory request for an in

struction with a CPS memory request for data is conditional upon: 1) no 

memory conflict in the instruction request, and 2) no memory conflict 

in the data request. 

3.2 Discussion of the Timing table 

Table 3.4 defines the timing of each instruction. The following 

sub-sections define the assumptions used to produce this table and discuss 

timing peculiarities referred to by this table. The contents of Table 3.4 

are also included within Table A-2 in the Appendix. 

3.2.1 The minimum time to execute an instruction as given in 

Table 3.4 assumes "best case" conditions. 

3.2,2 The average time to execute an instruction assumes: 

1) No I/O processor memory conflict. 

2) A probability of 0.25 that there will be a data-request/ 

instruction-request memory conflict, where appropriate. 

3) A probability of 0.0 that there will be an index register 

conflict such as noted in sub-sections 3.3.2 and 3.3.3. 

4) No metabit traps. 

5) Average data conditions as defined in sub-sections 

3.3~1 thru 3.3.10. 
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3.2.3 The maximtJm time to execute an instruction assUmes: 

1) No I/O processor memory conflict. 

2) Worst case data conditions. 

3) Index register conflict. 

3.2.4 'Machine Cyc1es"if Aborted refers to those instructions 

which are "no operation" instructions under certain conditions or to the 

DVD instruction which is aborted if the data are improper. 

3.3 Timing variations of instructions 

Within the conditions specified for Table 3.4, some instructions 

have timing variations due to index register conflicts, data-characteristics, 

etc. These instructions are discussed in the following sub-sections. 

3.3.1 AND, DAC, DAM, DBR, DPX, EOR, LAC, LBR, MMN, MMZ, and VOR 

Overlap conditions: 

No memory conflict. 

Timing: 

Two cycles unless overlap, then 1 cycle. 

Data-condition assumptions made for "average": 

None. 

3.3.2 ADD, DAD, DSU,and SUB 

Overlap conditions: 

1) No memory conflict. 

2) Next tag f 6 (= AC) . 
. . ', , 

Timing: 

1) ADD, SUB: 2 cycles unless overlap, then 1. 

2) DAD, DSU: 3 cycles unless overlap, then 2. 

Data,...condition assumptions made for ;'average": 
" . ,- ",,'. .. '.',," .", 

.. Norte. 

By 'inext tag" we mean bits 0:2 of the next instruction. 
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3.3.3 CBX 

3.3.4 

Overlap conditions: 

Next tag 'F 5. 

Timing: 

NUMBER OF 
SHIFTS 

0-4 

5-19 

20-35 

36-50 

51-63 

CYCLES; 
NO OVERLAP 

2 

3 

4 

5 

6 

CYCLES; 
OVERLAP 

1 

2 

3 

4 

5 

Data-condition assumptions made for "average": 

Shift of 11. 

CYA, CYC 

Overlap conditions: 

Next tag 'F 6 (sAC) . 

Timing: 

Two cycles unless overlap, then 1. 

Data-condition assumptions made for "average": 

None. 

3.3.5 CYB 

Overlap conditions: 

Always overlap next instruction. 

Timing: 

Actually 2 cycles, but always overlap, 

thus 1 cycle. 

Data-condition assumptions made for "average". 

None. 
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3.3.6 DVD 

Overlap conditions: 

No overlap possibie. 

Timing: 

If ZQ = the numb~r of "zeros" in abs(quotient), 

then timing is: 

15 + int* [-0.45 + 0.23 x ZQ} cycles. 

Data-condition assumptions made for "average": 

ZQ = 11. 

3.3.7 MPY 

Overlap conditions: 

No overlap possible. 

riming: 

If NOA mlfftber' of ·/lones " in abs [Ae] at the 

start of the instruction, and [PROD] = product, 

then the timing is·; 

5 + int (0.69 + 0.19 It. NOA + 0.09 )( [PROD] } cycles. 
s 

Data-condition assumptions made for "average": 

NOA = 11. 

"lnt" is defined as "largest integer not greater than". For example: 

lnt {O.9} = O;int {l.l} = 1; int {-O.4J = -1. 
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3.3.8 NALand NCL 

Overlap conditions: 

No overlap possible. 

Timing: 

NUMBER OF 
SHIFTS 

0 

1-2 

3-10 

11-18 

19-26 

27-34 

35-42 

42-46 

CYCLES 

1 

2 

3 

4 

5 

6 

7 

8 

Note: NAL limited to a maximum of 23 shifts. 

Data-condition assumptions made for "average": 

1) Shift 11 for NAL. 

2) Shift 23 for NCt. 



3.3.9 SHA and SHC 

Overlap conditions: 

Next tag ~ 6 (EAC). 

Timing: 

NUMBER OF 
SHIFTS 

0-4 

5-19 

20-35 

36-50 

CYCLES; 
NO OVERLAP 

2 

3 

4 

5 

6 

CYCLES; 
OVERLAP 

1 

2 

3 

4 

5 

Data-condition assumptions made for "average": 

1) Shift 11 for SHA. 

2) Shift 23 for SHC. 

TM-3870 27. 
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3.3.10 ~ 

Overlap coridi tions : 

Always overlap next instructiQll.. 

Timing: 

NuMBER OF CYCLES 
SHIFTS 

0-4 1 

5-19 2 

20-35 3 

36-50 4 

51-63 5 

Data-condition assumptions made for "average": 

Shift 11. 

3.4 Instruction Timing 

Table 3.4 is based on certain considerations; assumptions, 

and definitions developed in earlier p<;>rtions of section 3. 
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Normal Machine Cycles Machine Cycles Section 
Instruction Min. Ave. Max. If Aborted Reference 

ADD 1 1,25 2 3,3,2 
ADE 1 1 1 
ADX 1 1 1 
AND 1 1,25 2 3,3.1 
ASB 1 1 1 
BAS 1 1 1 
BCH 1 1 1 
BSA 1 1 1 
BXA 1 1 1 
BXS 1 1 1 
CBX 1 2 6 3.3,3 
CMA 2 2 2 
CMX 1 1 1 
CYA 1 1 2 3.3~4 
CYB 1 1 1 3.3.5 
CYC 1 1 2 3.3,4 
DAC 1 1.25 2 3,3,1 
DAD 2 2,25 3 3.3,2 
DAM 1 1,25 2 3.3.1 
DBR 1 1,25 2 3,3.1 
DER 1 1 1 
DPX 1 1.25 2 3,3.1 
DSU 2 2.25 3 3,3.2 
DVf} 14 17 19 3 3.3.6 
EOR 1 1.25 2 3,3.1 
IAC 1 1,25 2 3.3.1 
Ull\ 1 1.25 2 3.3.1 
LDE 2 2 2 
LRB 1 1 1 1 
LXI 1 1 1 

----.-~-----LXR 2 2 2 
MMN 1 1.25 2 3.3.1 
MMZ 1 1.25 2 3,3.1 
MPY 5 7 10 3.3.7 
NAL 1 4 5 1 3,3.8 
NAR 1 1 1 1 
NCL 1 5 8 1 3.3,8 
NCR 1 1 1 1 
NVX 1 1 1 
PAX 1 1 1 
PER 3, 2 2 2 2 

___ "_" __ J 

PXA 1 1 1 
RIS 3 3 3 1 
SAS 2 2 2 
SHA 1 2 6 3,3,9 
SHB 1 2 5 3,3.10 
SHC 1 3 6 3.3.9 
S10 1 1 1 1 
SKM 2 2 2 
SMN 2 2 2 
SMZ 2 2 2 
SUB 1 1,25 2 3.3.2 
TRP 2 2 2 
VOR 1 1,25 2 3,3,1 

Table 3.4 Instruction Timi.ng 
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3.5 Other timing considerations 
!' . 

. We.,next consider certain timing details not as directly associated 

with normal instruction timing as the factors discussed in the pre-

ceding section. 

3.5.1 Metabit trap timing 

When metabit trap conditions obtain (cf. 6.2.1), a sequence 

of operations is initiated (cf. 6.2.2) which may be considered (for 

purposes of timing) as equivalent to an instruction with the following 

characteristics: 

Overlap conditions: 

No memory conflict (a1ways* true), 

Timing: 

Two cycles unless overlap, then 1 cycle; but 

overlap is always possible, thus 1 cycle. 

3.5.2 Interrupt timing 

3.5.2.1 Normal Case 

When interrupt conditions obtain (cf. 6.1.1), and the 

current instruction is not BCH, a sequence of operations is initiated 

(cf. 6.1.2) which may be considered (for purposes of timing) as equivalent 

to an instruction with the following characteristics: 

Overlap conditions: 

No memory conflict (always true). 

Timing: 

Three cycles unless overlap, then 2 cycles; but 

overlap always possible, thus 2 cycles. 

* We still follow the convention, at this point, of ignoring I/O. 
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3.5.2.2 Pathological case (BCR) 

If interrupt conditions obtain and if the current in

struction is a BCR, then the timing given in 3.5.2.1 above is increased 

by one cycle. 
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4.0 THE INSTRUCTION CYCLE 

The CPS operates by performing.a sequence of instructions. 

4.1 Elementary Instruction Cycle 

One may consider the (normal) basic instruction cycle to be sub

divided into the following steps: 

4.1.1 Step 1 

Bring the word in memory location [PC] into the CPS, and 

treat it as an instruction I. 

4.1.2 Step 2 

Step PC. 

4.1.3 Step 3 

Compute the effective address E of I (cf. 8~O). 

4.1.4 Step 4 

Perform the instruction I as described in 9.0. 

4.1.5 Step 5 

Go to step 1. 

4.2 Detailed Instruction Cycle 

More precisely,the functional behavior during an instruction cycle 

is specified by Figures 4.2.1 and 4.2.2. Figure 4.2.3 represents only 

those portions of the instruction cycle which are of interest to a user 

prograuuner (Le., a prograuuner who wrttes programs for use in protected 

status), 



o 
~ 
N 

I 

!! 

[( R JiB [CAR J -[CAR J 

[ I R J cEf3[CCAR J-.[CCAR J 

l-(NR J 22 

O-[lRJ 

1 - [PCC] 

GO TO FIGURE 4. 2. 2 
FIG 4.2.1 

[PCC]· 0 ONLY AFTER A DFR. 
(LJ WILL BE USED IN THE INSTRUCTION 
FETCH; NORMALLY, [LJ • [PC] AT THIS 
POINT. 

[CCI] +0 ONLY AFTER LDE & ADE. 

NORMALLY, 0 -. [CAR] -. [CCAR J. 

IF UNPROTECTED ( PRJ = 0), THEN SKIP 
BOUND TEST AND INSTRUCTION RELOCATION. 
IF PROTECTED ([PRJ- 1), THEN TEST 
INSTRUCTION ADDRESS AGAINST BOUND. 

NORMALLY RELOCATE BY [RLJ. 
IF OUT OF BOUNDS, SET INTERRUPT BIT, 
FETCH 0 AS INSTRUCTION. 

NORMAL INSTRUCTION FETCH. 

NORMALLY STEP PC; DO NOT IF LAST 
INSTRUCTION WAS DFR. 

NORMALLY [CAR J • [CCAR J = 0 BEFORE 
THIS ADDITION. 

I NDEXAB ILiTY OR NON-INDEXAB ILiTY 
IS AN INTRINSIC PROPERTY OF EACH 
INDIVIDUAL INSTRUCTION. 

PERFORM THE INDEXING OPERATION. 

RESET THEMETABITTRAP CONDITION 
INDICATOR. 

FUNCTIONAL FLOW CHART OF INSTRUCTION CYCLE, 

PART I 



CD 
CD 

~ 
N 

I 

!! 

~~-I----. (UNPROTECTED 
PERFORM RIS) 

INSmUCTION 

GO TO FIG. 4. 2.1 

[P C]----+ [[LD a 
[Ll e 1 ....... [PC] 

[NRJ A [EN]: 0 

O~[PRJ 
0--+[4J 

PERFORM M INSTRUCTION (d. 91. 
IF on, THEN O+[PCCJ 
IF AOE OR LOE, THEN l .... [CCO 
IF RIS AND [PRJ· 0, niEN l-+[PRJ 
IF METAB IT TRAP CONDITIONS OBTAIN 
(d. 6. 2. ll, niEN l .... [MTCJ 

TEST FOR METABIT TRAP. 

RB.OCATE A METAB IT TRAP, IF ANY. 

THIS IS A METABIT TRAP. 

IF PROTECTED ([PRJ· 11, THEN DETERMINE 
LOCATION OF NEXT INSTRUCTION. 

IF PROTECTED, THEN TEST FOR NEXT INSTRUCTION 
OUT OF BOUNDS. 

IF OUT OF BOUNDS, THEN SET INTERRUPT BIT. 

IF OUT OF BOUNDS AND THE INSTRUCTION JUST 
FINISHED· BCH, THEN SET SPECIAL INTERRUPT 
BIT. 

TEST FOR INTERRUPT. 

[MCJ 3:S+[4J3:S THIS IS AN INTERRUPT, 
CPCCJ;:4J 6 

[CCI)I{4J 7 

[PC)+[4J a 

O-+[S] 
[CCARJ-+CS] 0:6 

[CARJ ...... [SJa 
1-[PCC] 
O-[CARJ-+[CCARJ"'[CC I] 

START 6--.rP 
CYCLE FIG 4.2.2 

FUNCTIONAL FLOWCHART OF INSTRUCTION CYCLE PART 2 



-I 
ID 

[J RJ affi[CARJ-+[CAR) 

[I R) ~[CCAR]+[CCAR] 

(PC) ...... [O] .. 
a 

l-+[PC] 

(THIS PAGE) 

FIG 4.2.3 

ASSUMPTIONS: 

1.) INlERRUPTS AND RELOCATION 
IGNORED. 

2.) BOUNDARY lESTS IGNORED. 

IF PREVIOUS INSTRUCTION WAS A DFR, 
THEN [PCCl· 0, ELSE [PCC]· 1. 

[LJ WILL BE USED IN THE INSTRUCTION FETCH. 

[CCll + o ONLY IF PREVIOUS 
INSTRUCTION WAS A LDE OR ADE, ELSE 
[CCI) = 0. 

NORMALLY ()O;[CAR}-..[CCAR] ; IF OTHERWISE, 
THIS IS THE INDIRECT ADDRESSING FUNCTION. 

FETCH THE INSTRUCTION 

NORMALL Y SlEP PC; I F THE LAST 
INSTRUCTION WAS A DFR, DO NOT STEP 
PC BUT RESET PCC. 

BEGIN BUILDING EFFECTIVE ADDRESS, E; 
OF THE INSTRUCTION. 

COMPLElE THE EFFECTIVE ADDRESS OF THE 
INSTRUCTION BY INDEXING, IF NECESSARY. 

CLEAR METABIT TRAP CONDITION REGISTER. 

PERFOR,M TRtIN.STRI:JCTION (cf.91. 
MTC' WILLJ~Emro 1 IF THE MEJABH 

TltAP CONDnIQNS'QBT,4;tN(cto02~Ui' 
lEST FOR ME'fABITTRAP. 

MEJABIT TRAP. 

LOOP. 

SIMPLIFIED FUNCTJONAL INSTRUCT/ON CYCLE FOR THE II USER II 
PROGRAMMER 
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5.0 PROTECTED STATUS 

To permit effective sharing among different user programs the com

puter normally operates in protected status. When an interrupt occurs, 

ordinary processing of instructions is suspended and control is transferred 

to a special program which operates in unprotected status. A special 

instruction, RIS, returns the program to protected status. 

5.1 Protected Status Operations 

When the computer is operating in protected status ([PR]=l), the 

processing of instructions and data described elsewhere is modified in the 

following ways: 

5.1.1 Protected Instructions 

The instructions SIO, RIS, LRB, and PER act as NOP (No 

operation) . 

5.1.2 Protected Registers 

The SKM instruction will not alter the contents of CK, EN, 

NR, WC, MP, T~, LI, LO, LB, LA, LE, or, if [EXM] =0 , EX. 

5.1.3 Relocation 

All CPS memory references are relocated by [RL]; that is when 

a memory fetch from, or store into, location L is to be performed, the 

actual memory location involved is not L, but L + [RL]. 

5.1.4 ~oundary Protection 

All CPS memory references are checked to see if they are in 

bounds, as follows: 

5.1.4.1 Data Fetch 

If an instruction requests a memory fetch from location L, 

andL:t [BD] , then 1 .... [NR]22, and a word of all zeros is fetched. 
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5.1.4.2 Out of Bounds Instruction 

If at the completion of the current instruction, [PCC] =:1 

and [PC] ~ [BD] or [PCC] = 0 and [CAR] ~ [BD] , then 1 - [NR]22. If, in 

addition, the current instruction is a BCH, then 1 - [NR]20 as well. 

(Note that [EN]20 22 == 1.) , 

5.1.4.3 Data Store 

If an instruction requests a memory store into location L, 

and L ~ [BD] , then 1 ~ [NR]22; [L] remain unaffected. 

6.0 INTERRUPTS AND TRAPS 

Both interrupts and traps are breaks in the normal sequence of 

program operations. Each interrupt or trap saves [PC] in CPS memory, 

and then alters [PC] so as to change normal sequencing; the contents of 

certain other registers are also saved when an interrupt occurs (cf.6.1.2). 

An interrupt places the CPS in unprotected status (and resets certain 

registers), while a trap leaves the CPS status unchanged. 

6.1 Interrupts 

6.1.1 Interrupt Conditions 

An interrupt will occur when all of the following conditions 

are satisfied. 

6.1.1.1 CPS is in protected status, ([PR] = l). 

6.1.1.2 [NR] A [EN] F O. [EN] acts as a mask which allows the 

selection of which interrupt conditions will cause an interrupt to take 

place. 

6.1.1.3 The current instruction has been completed. 

6.1.2 Interrupt Events 

When \ill interrupt conditions are satisfied, the following 

sequence of events takes place: 
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6.1.2 .• 1 If a metabit trap condition has arisen as a result of 

performing the previous instruction, then the metabit trap takes place 

(cf. 6.2.1, 6.2.2). 

6.1.2.2 

6.1.2.3 

6.1.2.4 

6.1.2.5 

6.1.2.6 

6.1.2.8 

~\~ 1. 2.9 

~.? 1.2.10 

6.1.2.11 

6.1.2.12 

6.1. 2.13 

6.1. 2 .14 

CPS is put into unprotected status (0 ~ [PRJ) 

o ... [4J O: 24 

[MCJ3: 5 ~ [4J 3 : 5 

[PCC] ... [4J 6 

[CCI] .... [4 J7 

[PC] ... [4 J 
a 

o ... [5J O: 24 

[CCARJ .... [5J O: 6 

[CAR] '"" [5J . a 

1 ... [PCCJ 

a =I [CARJ ..". [CCARJ .... [CCI] 

6 ~. [PCJ 

CPS resumes normal operation ~'(. 

6.1.3 Interrupt Register (NR) 

Various events taking place in the CPS or peripheral equipment 

cause bits :/:,0 be set in NR. These events and their associated bits are 

lis,ted :i.n2. 21. 

There are 2 types of traps: that initiate.d by the instruction TRP, 

and the metabit trap. The operation of TRP is described in Section 9.50. 

* .An interrupt cannot cause a metabit trap. 
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Both the TRP and the metabit trap are under the control of 

the user program. 

6.2.1 Metabit Trap Conditions 

A metabit trap will occur when all of the following conditions. 

are satisfied: 

6.2.1.1 [MCJ5 = 1. This bit may be set to zero or one using SKM. 

6.2.1.2 The current instruction is not DFR, LDE, MMN, MMZ, RIS, 

SMN, or SMZ. 

6.2.1.3 The current instruction has made a data reference (either 

fetch or store) to a memory location whose contents have metabit ~. 

6.2.1.4 The current instruction has been completed. 

6.2.2 Metabit Trap Operations 

When all metabit trap conditions are satisfied, the following 

sequence of events takes place: 

6.2.2.1 [PCJ ~ [OJ * a 

6.2.2.2 1 ~ [PCJ 

6.2.2.3 Normal operation is resumed, unless an interrupt condition 

obtains (cf. 6.1.2.1). 

* The location here referred to is 0 if status is unprotected, but [RLJ 

if status is protected (cf. 5.l.~). [OJm unchanged. A metabit trap 

cannot cause a metabit trap. 
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7.0 INSTRUCTION WORD FORMATS 

7.1 Terminology 

FIELD 
SIZE 

SYMBOL (bits) 

T 3 

X 3 

P 5 or 10 

R 16 

I 16 

N 7 

J 8 

MEANING 

The instruction is "indexab1e"*, and the [XRT] 
are used in the indexing operation. 

The instruction is not "indexab1e", but XRX 
is somehow associated with the instruction. 

The operation code specifying the instruction. 

A number used in forming an effective address 
in CAR, used (as a Remote operand) by the 
instruction. 

A number used in forming an immediate operand 
in CAR, used by the instruction. 

A number used in forming an immediate operand 
in CCAR, used by the instruction. 

A number which, along with bits 8:15 of the 
instruction, is used in forming a 16-bit 
number, E, in CAR. In the case of a LRB, the 
result is used as an immediate operand. A PER 
utilizes E8 : 15 to supplement P during the 

instruction decoding. 

* By "indexab1e", we mean that [XRT] and [xRTJ are added to [CAR] and 
c 

[CCAR], respectively, during the execution of an instruction cycle (cf. 4.0). 
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7.2 Instruction Formats 

Each PHOENIX instruction is one of six "types". Associated with 

each instruction type is a "format": 

TYPE FORMAT NOTES 

I;'ORX[ 1
8 

£.3: 

1 p R cRT I LAC, BAS, :~ .. ~. 

2 
,0 T [ E 

_,IT 
N 

.e.3, 
shifts, cycles 

3 eX I" P ~ PXA, MMZ, ••• 

4 - P ~ RIS, ASB,~~. 

5 (T [ P 
~,16 

J 
.eJ, 

LRB, PER only 

6 

_-3 
e ~ TRP only 
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8.0 EFFECTI.VE ADDRESSES 

Referring to Figures 4.2.1 and 4.2.2, we see that the following 

sequence of operations has been performed on [CAR] and [CCAR] at the 

point within the instruction cycle at which the instruction is executed: 

1) 0 ~ [CAR] q [CCAR] except after LDE or ADE 

2) [CAR] EB [IRJ* q [CAR] 
a 

3) 

[CCAR] $ [IR] ... [CCAR] 
c 

If the instruction [IR] is "indexable", 
p 

(tag "T" in Section 9.0), then 

[CAR] (l) [XR [IR]t] ... [CAR] 

[CCAR] @ [XR [IR]t]c ... [CCAR] 

From the state of [CAR] and [CCAR] at this point, we define the 

effective address E below and also show the modifications of E performed 

for relocation purposes (cf. 5.0). 

INSTRUCTION OPERAND E 
TYPE TYPE ([PR] = 0) 

1 R [CAR] 

I [CAR] 

2 N [CCAR] 

3 -.-.~~ ----
4 .. _--
5 J [CAR] 

6 

* IR is the "Instruction Register". 

Emodified 
([PR] = 1) 

[CAR] + [RLJ 

[CAR] 

[CCAR] 

[CAR] 
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9.0 DESCRIPTiON OF PHOENIX INSTRUCTIONS 

The following sections functionally describe the operations performed 

by the several PHOENIX instructions. 

The operations are those referred to as "Step 4" in Section 4.1. 4, 

and as f'perform instruction [IR] " in Figures 4.2.2 and 4.2.3. 
p 

The particular effective address (cf. 8.0) used by.each instruction 

is determil1ed for each instruction by its "Type", as follows: 

~ Effective Address (E) 

1 [CAR] 

2 [CCAR] 

3 none 

4 none 

5 [CAR] 

6 none 

Indexability or non-indexability is an intrinsi~ property of each 

instruction; and is indicated in the descriptions by the symbols used to 

represent the instructipn operands. (cf. 7.0) The symbol "T" indicates 

that an instruction is in4exable. 

The notation and nomencl,qture is that described in Sections l!0:,2.0, 
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9.1 ADD R,T Add Type 1 

1) o .. [VF] 
, 

2) Y = [AC] Ea [EJ 

3) If [ACJ = [E] f. Y , 
. s s s 

then 1 .. [VF]and 

1 .. (VFP] 

4) Y .... [Ae] 
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ADE I~T Add to Effective Address Type 1 

1 -. [GGI] 

The effect of this instruction is to produce the CAR 

and CCAR modifications characteristic of a Type 1 

indexable instruction (cf. 8.0, 8.1.2). 

ADE 
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9.3 ADX I,X .Add to XR Type 1 

[XRX] $ E .. [XRX] 



AND 
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9.4 AND R;;T And Type ~ 

CAC] " [E] ... [AC] 



ASB 

50. tM-3870 

9.5 ASB AC Sign to BR Type 4 

[AC]s - [BR]i' i = 0:23 



BAS 
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9.6 BR Sign to AC Sign Type 4 
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-', . 

9.7 BCR 1,1' Branch . type 1 

1) [PC] ... [XRSJ 

2) E -t [PC] 



BSA 
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9.8 BSA BR Sign to AC Type 4 

[BR] - [AC]., i = 0:23 s ~ 
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9.9 BXA I,X Branch on.XR and Add Type 1 

1) If X = 6 or X = 7, then go to 5 

2) If [XRX] = 1777778 , then go to 5 

3) [XRX] Ef) 1 ... [XRX] 

4) E ... [PC] 

5) Done. 
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9.10 BXS I,X Branch on XR and Subtract Type 1 

1) If X = 6 or X = 7, then go to 5 

2) If [XRX] = 1777778 , then go to 5 

3) [XRX] e 1 ... [XRX] 

4) E .... [PC] 

5) Done. 
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9.11 CBX N,T Cycle BR and Shift Into XR5 

(Refer to 9.14) 

1) 0 ... [XR5] 

2) If E = 1, then go to 8 
s 

3) If E = 0, then go to 14 

4) [XR5]i+1 ~ [XR5]i' i = 0:14 

5) [BR]s ~ [XR5]15 

6) [BR]i+1 ... [BR]i' i = 0:22; [BR]s'" [BR]23 

7) E - 1 ... E; go to 3 

8) E ... E 

9) If E = 0, then go to 14 

10) [XRS]i+1'" [XR5]i' i = 0:14 

11) [BR]23 =I [XR5]15 

Type 2 

12) [BR]i'" [BR]i+1' i = 0:22; [BR]23 ~ [BR]s 

13) E - 1 ~E; go to 9 

14) Done. 
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CMAR,T Compare AC Type 1 

[Step the [PC] 0, 1, or 2 times according as 

[AC] <, =, or ,. than [E]; and [AC] ... [BR].} 

[AC] e [EJ ... [BR] 

If tBR] = ± 0, then step PC, and go to 6 

1) 

2) 

3) If [AC] = 0' and [E] = 1, then step PC twice, 
s s 

4) 

and go to 6 

If [AC] == 1 and [E] = 0, then go to 6 
ss 

5) If [BI] = 0, then step PC,twice 
s 

'6) [At] ... [ERJ 

CMA 
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9.13 CMX I,X Compare XR with I 

Step [PC] 0, 1, or 2 times according as 

[XRX] <, =, or > E. 

16 16. 
The 2 values 0,···,2 -1 whl.ch [XRX] or 

E may take are distinct, and increasing 

in the order given. 

Type 1 
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Definition: Cycle then-bit register a. E times, where E is 

a 7-bit $igned (l's complement) quantity. If E = 1, cycle 
s 

right; if E = 0, cycle left. Note that E = [CCAR]. s 

1) IfE • 1, then go to 5 s 

2) If E = 0, then go to 9 

3) [o.]i+1 ... [a.]i' i ... 0:n-2j [a.] ... [a] 1 s n .. 

4) E .. 1 ... E; go to 2 

5) E ... E 

6) If E ... 0, then go to 9 

7) (a]1 ... [a]i+1' i = 0:n-2; [o.]n_1 .. [a]s 

8) E - 1 ... E; go to 6 

9) Done. 

CYCLE 



CYA 
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9.14.1 CYA NtT Cycle the AC Type 2 

Cycle the AC E times (cf. 9.14). 



CYB 
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9.14.2 CYB N,T Cycle the. BR· . Type 2 

Cycle the BR E times (cf. 9.14). 



CYC 

'62 ... : TM-3870 

" ... 
_.J ~. ,.J 

9.14.3 eyc N,T Cycle Combined.AC and BR . Type 2 

1) Consider the 48-bit r.egister CL: 

CLO: 23 :E ACO: 23 ; CL24: 47 == BRO: 23 

2) Cycle CL E times (cf. 9.14) •. 



9.15 DAC R,T Deposit AC 

1) 

2) 

[ACJO: 23 ~ [E JO: 23 

[E J unchanged 
m 

DAC 
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Type 1 
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9.16 DAD R,T Double Precision Add 

1) Le t Y. = [E]., i = 0: 23; 
~ . ~ 

Yi+23 = [E (a 1J i , i = 1:23 

2) 0 ... [VFJ 

3) z = y 4\& [CAJ 

Type 1 

4) If Y = [CA] F Z , then 1 ... [VF] and 1... [VFPJ s s s 

5) z ... [CAJ 

6) [CAJ .... [BRJ s s 



DAM 
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9.17 DAM R,T Depo$it AC. Masked Type 1 

([Ae] /\ [BR]) V ([EJ /\ [BR]) ... [E] 

1) If [BR]. = O~ then [E J. unchanged. i = 0:23 
1. 1. 

2) If [BRJ. = 1, then [Ae] .... [EJ., i = 0:23 
1. 1. 1. 

3) [E] unchanged 
m 
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9.18 D:BR R,T Deposit BR 

1) 

2) 

[BR] .... [E] 
0:23 '0:23 

[E J unchanged . m 

Type 1 
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DFR I,T Defer Execution Type 1 

o .. [PCC] 

The effectoc this instruction is to lend CPS 

control to the instruction [EJ. 

DFR 



DPX 
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9.20 DPX R,X Deposit XR Type 1 

1) [XRX] ... [E] 
a 

2) [E]0:7 and [E]m unchanged 



DSU 
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9.21 tisu R,T Double Precision Subtract Type 1 

1) Let Yi = [E]i' i = 0:23; 

Yi+23 = [E E9 1 ]i' i = 1:23 

2) Proceed as in steps 2:6 of DAD (cf. 9.16). 



DVD 
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9.22 DVD R,T Divide and Skip Type 1 

[CA] is divided by' [E] to form a quotient, [Ae] , 

and a :remainder, [BR] , as follows:' 

2) If abs [E] =0, or 

abs [AC] ~ abs[E]X 223, 

then [AC] ... [BR] and go to 8 
s s 

3) Step PC 

4) Compute the (unique) integers Q and R such 

that 0 < R abs [E], and = 
abs [CA] = (Q x abs [E]) + R* 

5) Q ... [AC]; R ... [BR] 

6) If SQ = 1, then [AC] ... [AC] 

7) If SR = 1, then [BR] ... CBR] 

8) Done. 

23 23 . 
* Note that 0 ~ R < abstE] ~ 2 -1, and Q < 2 ,sl.nce 

abs[E] >0 and Q x abs[EJ = abs[CA] .. R ~ abs[CA] 

23 < abs [E] x2. 



EOR 
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9.23 EOR R,T Exclusive "Or" Type 1 

[AC] '1 [E J ... CAC] 



LAC 
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9.24 LAC R,T Load AC Type. 1 

[EJ .... [AC] 



LBR 
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9.25 loBR R,T Load BR Type 1 

[EJ ... [BRJ 



LDE 
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9.26 LDE R,T Load Effective Address Type 1 

2) 1 ... {CCl] 



LRB 
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9.27 LRB J,T Load RL and BD Type 5 

1) E == [CAR] 

2) If [PRJ = 1, then go to 5 

3) ES:11 ~ [RLJO: 3 i note that [RL]4:15 == 0 

4) E12 : 15 ~ [BD]O:3; note that [BD]4:15 == 0 

5) Done. 
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9.28 LXI I,X Load XR Immediate Type 1 

E - [XRX] 



LXR 
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9.29 UCR, R,X Load XR Remo te Type 1 

[E] ... [XRX] 
a 
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9.30 MMN X Make Metabit One Type 3 

1) 1 q [[XRXJJm 

2 ) 0 =>I [MTC J 

3) [[XRXJJO: 23 unchanged 



MMZ 
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9 .. 31 il'JMZ .. x Make. Met.abit Zero Type 3 

1) 0 ... [[XRXJ~ 

2) 0 - [MTC] 

3) t[XRX]]O:23 unchanged 



MPY 
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9.32 MPY R,T Multiply Type 1 

[AC] is multiplied by [E] to form a 47-bit 

product rCA] as follows: 

1) P = [AC] -V [E] s s 

2) Y = abs[AC] x abs[E] * 
3) Y ... rCA] 

4) If P = 1, then rCA] ... rCA] s 

5) rCA] ... [BR] s s 

* abs[AC] x abs[E] is a (i.7-bit quantity Y; in fact, 

o < Y < 246_224+1. 
= = 



9.33 :NAL X Normalize AC Left 

1) If X = 6 or X = 7, then go to 8 

2) 0'" k 

3) If [AC]s ~ [AC]l' then go to 7 

4) Shift AC left 1, i.e. [AC]i'" [AC]i_1' 

i= Z: 23; [AC]s'" [AC]23 

5) k + 1 ... k 

6) If k < 23, then go to 3 

7) [XIPt] e k ... [xax] 

a) :pone. . 

NAL 
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TYPe 3 
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9.34 NAR X Normalize AC Right 

1) If X = 6 or X = 7, then go to 6 

2) If [VF] = 0, then go to 6 

3) Shift AC right 1, Le. [AC]i'" [AC]i+l' 

i = 0:22 

4) [AC] ... [AC] 
s s 

5) [XRX] @ 1 ... [XRX] 

6) Done. 

Type 3 



9.35 NeL X Normalize CA Left 

1) If X = 6 or X = 7, then go to 9 

2) 0 ... k 

3) If [CA]s ~ [CA] 1 , then go to 7 

4) Shift CA left 1, Le. [CA\'" [CA].i_1' 

i = 2:46; [CAJ s '" [CA]46 

5) k + 1 ... k 

6) If k < 46, then go to 3 

7) [XRX] e k ... [XRX] 

8) [AC] s 
... [BRJ 

s 

9) Done. 

NeL 
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Type 3 
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9.36 NCR X Normalize CA Right Type 3 

1) If X = 6 or X = 7, then go to 7 

2) If [VF] = 0, then go to 6 

3) Shift CA right 1, i. e. [CA]i ... [CA]i+P 

i = 0:45 

4) [CA] ... [CA] 
s s 

5) 

6) 

[XRX] ~ 1 ... [XRX] 

[AC] ... [BR] 
s s 

7) Done. 
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NOP No Operation 

A: variety of "instructions l ! when performed have no 

effect other than those conunon to all instructions • 

. All of the presently unused op-codes have this 

property at the present time, but one should not 

suppose that this will necessarily remain the case. 

If one requires a NOP, there are a variety of 

instructions that will always have this effect, 

e ... g. : 

LXI 1,0 (Type 1) 

NOP 
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9.38 NVX X Invert XR Type 3 

1) If X = 7, then go to 3 

2) [XRX]'" [XRX] 

3) Done. 



PAX 
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9.39 :PAX X Put AC Into XR Type 3 

[AC] ... [XRX] 
a 



PER 

9.40 PERJ,;t' Operate Type 5 

This class of "operate" instruction is primarily 

designed to facilitate maintenance of the machine; 

all PER instructions are equivalent to "NOP" when 

[PRJ = 1. 



PXA 
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9 • .41 Put XR Into AC Type 3 

[XRX] ... [AC] 
a 
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9.42 RIS Restore Interrupt Status type 4 

1) If [PRJ = 1, then go to 10 

2) [4J3 : 5 ~ [MC]3:5 

3) [4 J6 ~ [PCCJ 

4) [4 J7 ~ [CCIJ 

5) [4 J a 
~ [PCJ 

6) [ 5 J 0 : 6 =I [CCAR J 

7) [5 J =I [CARJ a 

8) 1 =I [PRJ 

9) Done. "I, 

10) Done. 

* If control reaches 9, machine control will by-pass that portion of 

the instruction cycle dealing with metabit traps and interrupts; 

thus, an interrupt will never take place immediately upon the 

completion of an "unprotected" RIS. If the conditions for an 

interrupt obtain, the interrupt will not occur until after the 

completion of the next instruction. 

Note: From Figures 4.2.1 and 4.2.2 we see that an RIS will never 

cause a metabit trap. 



SAS 
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9.43 SAS R,T Skip if AC Same, Masked Type 1 

If ([AC] 1\ [BR]) = ([E] 1\ [BR]) , then step PC. 



SHIFT 
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9.44 Definition: Shift the n-bit register el,E times, where E 

is the 7-bit signed (l's complement) quantity [CCAR,J. If 

E = 0, shift left; if E = 1, shift right. Note that 
s s 

E == [CCAR]. 

1) 

2) 

3) 

4) 

6) 

7) 

8) 

9) 

10) 

11) 

o .;.. [VF] 

If E = 1, then go tp 7 
s 

If E = 0, then go to 11 

If [Cl]s F [el]l' then 1 ~ [VF] and 1 ~ [VFP] 

E - 1 ~ E; go to 3 

E ~ E 

If E = 0, then go to 11 

[a.]i ~ [Cl]i+l' i = 0:n-2 

E - 1 ~ E; go to 8 

Done. 



SHA 
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9.44.1 SHA N,T Shift AC Type 2 

Shift AC E times (cf. 9.44). 



SHB 
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9.44.2 SHB N,T Shift BR Type 2 

Shift BR E times (ct. 9.44). 



SHe 
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9.44.3 sac N,T Shift CA Type 2 

Shift CA E times (cf. 9.44). 



SIO 
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9.45 SIO I,T Start I/O Operation Type 1 

This instruction is a NOP in protected status 

([PRJ = 1). For its action in unprotected 

status, see Chapter II. 
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9.46 SKM l,T Skip -Make Type 1 

9.46.1 Description. Every computer has a more or less heterogeneous 

collection of instructions used to perform conditional skips or branches 

and for manipulating the contents of special registers. In PHOENIX, 

these operations are performed by a single instruction, SKM, whose opera-

tion is controlled by subfie1ds of its effective address. This instruc-

tian fetches the contents of a live register, prepare:? conditionally to 

skip the instruction following the SKM, conditionally modifies the word 

obtained,. and stores the. modified word in a live register. For examp1e~ 

the following can be done using SKM instructions: 

1) ~oad AC from CK 

2) Store AC into MC 

3) . Skip 1£ AC is positive or -0 

4) 

5) 

6) 

Skip if BR16 is zero 

Set MC4 to one 

Complement BR if it is negative 

The 16 .. bit effective address E of an SKM instruction is divided 

into six subfields: K(skip), M(make), S(source), D(destination), R(regis

ter); and C (condit~ion) ~ 

o 3 8 23 

instruction · ..... I_· ____ T ........ -I1 ..... _S_KM .... · _ .......... +1 .... _. _ ............ ____ ._1 _______ -;1· 

effective address 

i& .. -Hl ,-1213 15 19 21 
I KIM IslD ~ R I C 

The contents of these sub fields determine the operation of SKM as 

1) 'etibh the contents VI of the source register specified by S 

SKM 
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2) Test W as specified by K andC to determine whether or not 

to skip. 

3) Modify W as specified by M and C. 

4) Store the new W in the destination register specified by 

D and R. 

5) Skip if so indicated by the test performed in step 2. 

If S=O then the source register is AC. If S=l then the source 

is specified by R. Each of the 16 values that R can take on specifies a 

different live register as source. In one case~ W is not simply the cOn

tents of the R-th register. Table 9.46.3 describes precisely how each 

register acts when used as a source, in protected status and in unpro

tected status. 

K and C together determine the condition which, if satisfied, 

results in a skip. Table 9.46.2 describes under what conditions a skip 

occurs for each C-K combination. 

M and C together determine how W is modified. The possibilities 

are: setting a bit of W to one or zero, complementing a bit of W, and 

conditionally complementing all of W. Table 9.46.2 describes the modifi

cation caused by each C-M combination. 

If D=O then the destination register is AC. If D=l then the 

destination is specified by R. In general, W does not. simply replace the 

contents of the destination register. Table 9.46.3 describes precisely 

how each register acts when used as a destination, in protected status 

and in unprotected status. 
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Table 9.46.2 shows when a skip occurs for each C-K (condition-skip) con
dition, and also shows the modification performed on W for each C-M 
(condition-make) combination. In the tab1e,"¢W" is used as an abbrevia
tion for "complement W". 

C 

0:23 

24 

25 

26 

27 

28 

29 

30:31 

K a skip occurs: 

o never 
1 if W =0 
2 if WC =l 
3 a1wa~s 

o never 
1 if wl=o 
2 if W=O 
3 always 

o never 
1 if wl=-O 
2 if W=-O 
3 always 

o never 
1 ifWs=O 
2 if Ws=l 
3 always 

o never 
1 if wl=±O 
2 if W=+O 
3 always 

o never 
1 if W>+O 
2 if Ws+O 
3 always 

o never 
1 if W<-O 
2 if W~-O 
3 always 

o never 
1 always 
2 never 
3 always 

M modification of W: 

o none 
1 1... W 
2 0 ... WC 

3 W ... W 
c c 

o none 
1 if wl=O then ¢W 
2 if W=O then ¢W 
3 ¢W 

o none 
1 if wl=-O then ¢W 
2 if W=-O then ¢W 
3 ¢W 

o none 
1 if Ws=O then ¢W 
2 if Ws=l then ¢W 
3 ¢W 

o none 
1 if Wl=±O then ¢W 
2 if W=+O then ¢W 
3 ¢W 

o none 
1 if W>+O then ¢W 
2 if Ws+O then ¢W 
3 ¢W 

o none 
1 if W<-O then ¢W 
2 if W~~O then ¢W 
3 ¢W 

o none 
1 ¢W 
2 none 
3 ¢W 

TABLE 9.46.2 

SKM 
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Table 9.46.3 determines the W that is fetched from each possible source, and what modifications are 
made to each possible destination, in protected status and in unprotected status. 

R Register 

AC, Accumulator 

o BR, B-register 

1 CK, Clock 

2 K;, Misc. CPS 

3 EN, Enable 

4 NR, Interrupt 

5 WC, Word Count 

6 MP, Misc. PUP 

7 TS, Tape Status 

8 L1, LSB Input Status 

9 10, LSB Output Status 

10 LB, LSB Buffer Status 

11 LA, LSB Attention 

12 LE, LSB Error 

13 Spare 

14 Zero 

15 EX, External Register 

Source, 
Protected 

[AC]->W 

[BR]->W 

[CK]->W 

[K;]->W 

[ENJ->w 

tNRJ->W 

Q-oWO:7' [WCJ->Wa 

[MPJ->w 

[TSJ-W 

[LIJ-<w 

[1OJ-<w 

[LBJ->w 

[LAJ-<w 

[LEJ-<W 

if [EXMJ=l then 
[EX J->w and (}--> 

[EXJ, otherwise 
a--.w and [EX] 
unchanged 

Destination, 
Protected 

W-{ACJ 

W-{BR] 

[CKJ unchanged 

[EN] unchanged 

[NRJ unchanged 

[WCJ unchanged 

[MP] unchanged 

[TSJ unchanged 

[LIJ unchanged 

[1OJ unchanged 

[LBJ unchanged 

[LA J unchanged 

[LE] unchanged 

no action 

if [EXMJ=l then W~[EX], 
otherwise [EXJ unchanged 

Table 9.46.3 

Source, 
Unprotected 

[ACJ-<W 

[BRJ-<w 

[CKJ-<w 

[~J-<W 

[ENJ->w 

[NRJ.I\[ENJ-<W, 

[NR].I\[ENJ-{NRJ 

o-.wO: 7' [WCJ-<Wa 

[MP]-<W 

[TSJ-<w 

[L1J-<w 

[1OJ-<w 

[LBJ-<w 

[LAJ-<w 

[LE]-<W 

[EX]-W 
and 

o-[EX] 

Destination, 
Unprotected 

W-{AC] 

W~[BR] 

W~[CK] 

W~[~J 

W-[EN], 1-[ENJ20-[EN]22 

WV[NR]-[NRJ 

[WC] unchanged 

Wl :2V[MP]1:2-[MPJ l : 2 

W12:23~[TSJ12:23-[TSJ12:23 

[LIJ unchanged 

[1OJ unchanged 

[LBJ unchanged 

W\f' [LAJ-{LAJ 

W'O'{LEJ-{LEJ 

no action 

~-{EXJ 



SMfN x Skip If Metabit One 

1 )1£ [[X8X]Jm == 1, then step PC 

2) 0 "" ooC] 

TM .. 3870 ~O1. 

Type 3 



8MZ 
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9.48 SMZ X Skip If Metabit Zero 

1) 

2) 

If [[XRX]] = 0, then step PC 
m 

o ... [MTC] 

Type 3 



9i49 sw R;T Subtr.act 

1) 0 ... [VF] 

2 ) Y oil [AC] e [E J 

3) tf [AC]s = [EJs F Yg , then 1 ~. [VFJ and 

1 ... [VFP] 

4) Y "'CAC] 

SUB 
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Type 1 



TRP 
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9.50 TRP 

1) 

2) 

3) 

Type 6 . 

[pel,,,, [2] 
a 

3 ... [PC] 

[230 ;7 and [2]m unchanged 

Note that if the CPS is iii.protecUd status, [PC] 

are stored in memory location 2 + [RL J. 

Note also that Ii metabit trap is possible asa 

resu1 t of a TRP (if [2] = 1). 
m 



VOR 
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9;51 VOJ R,T Inclusive "Or" Type 1 

[Ae] V [E] .. [Ae] 
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BLANK PAGE 
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10.0 PHOENIX INITIALIZATION 

The following sections describe the basic machine initialization 

from the programming point-of-view. 

10 .. 1 Master Reset Condition 

We define a machine status which we call "master reset condition": 

1) 0 ... [all live registers except those listed below] 

2) -0 ... [WC] 

3) 1 ... [PI] ... [EN]20 ... [EN]22 

4) TCU and DRM circuits reset 

10.2 "Load from Drum" Initialization 

A "Load from Drum" initialization consists of the following steps: 

1) Master reset 

2) Transfer 119 words from the drum (starting location 8) to 

central memory (starting location 8) using standard DRM 

transfer operation with operation as if CW2 4 and CW30: 3 were 

zero, (cf. 17.7, 17.8). 

3) Wait for PUP operation complete signal ([NR]9 = 1) 

4) 1610 ", [PC] 

5) Place CPS into normal operation, (with [PRJ = 0) 

10.3 "Load from Tape" Initialization 

A 'tLoad from Tape" initialization consists of the following steps: 

1) Master reset 

2) Transfer one file up to a maximum of 119 words from CDC tape 

unit 0 into central memory (starting address 8) using a standard 

TCD operation as if CW2 11 : 19 and CW30: 3 were zero (cf. 17.5,17,8) 

(CW2l8 : 19 = 0 yields 556 bits/inch), 
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3) Wait for PUP operation complete signal. ([NRJ9 = 1) 

(Normal "tape operation complete" interrupt bits also set.) 

4) 1610 .... [PC J . 

5) Place CPS into normal operation; (with [PRJ = 0) 
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CHAPTER II -- I/O 

11.0 DEFINITIONS 

I/O equipment, be it PUP, a channel, or a device, is operative if 

it is capable of carrying out its intended functions under program con-

trol, otherwise it is inoperative; it is idle if it is operative but not 

carrying out an operation; it is busy, if it is actually carrying out an 

operation. 

12.0 INTRODUCTION 

An I/O operation begins with the execution of an SIO instruction. 

(If the CPS is ~n protected status or PUP is busy, the SIO will be treated 

as a NOP~) The SIO instructs PUP to begin the operation. PUP in turn 

instructs a channel which may be a device (ADC or DRM), or which may 
, -,-

instruct a device (LSB, TCU, or HSC). , 

If the operation involves the transmission of data between a device 

and central memory, the path is: device"'" channel ... PUP ... central memory 

in the case of an input operation; central memory ... PUP channel ... device 

in the case of an output operation. 

Execution of the SIO instruction will cause PUP to become busy 

inunediately. If the selected channel is busy, PUP will wait until it 

becomes idle, at which time PUP will instruct the channel, causing the 

channel to become busy, If the device is inoperative or busy, an 

appropriate interrupt bit will be set and the I/O operation will be ter

minat~d, idling,both the channel and PUP. If the device is idle, I/O 

operation will begin. 

Whenever PUP, a device~ Or a channel completes its task in an I/O 

operation, it disconnects, i.e., it becomes idle and sets an appropriate 

interrupt bit, 



110, TM-3870. 

If an errDr condition arises during an I/O operation, an appropriate 

interrupt bit is set. 

The execution of an operation involves. PUP only as long as informa

tion is flowing between channel and memory. This flow can cease, PUP 

becoming idle, before the I/O operation is complete. In addition, a 

channel (TCU) may become idle before an I/O ·operation is complete, (i.e., 

Rewind or Rewind and Unload), 

13.0 I/O OPERATIONS 

There are four modes of I/O operation: NORMAL, SORT, SEARCH, and 

MULTIPLE SEARCH. NORMAL operations further subdivide into three classes: 

READ, WRITE, and NON-DATA. The SORT, SEARCH, and MULTIPLE SEARCH modes 

are only effective as READ operations. 

NORMAL operations require 3 control words to specify them, which .we 

refer to as CWl, CWf, and CW3. SORT requires 4 control words: CWl, ACW2, 

CW2, and CW3. SEARCH and MULTIPLE SEARCH require 5 control words: CW1, 

ACWl, ACW2, CW2, and CW3. 

CWl specifies mode, channel, and word count, as shown in 17.2. 

CW2 specifies information which differs from channel to channel, 

as shown in 17.3 - 17.7. 

CW3 specifies central memory starting address, behavior of address 

counter, and behavior of data metabits. 

ACWI is the key for search operatiorts. 

ACW2 is the mask for sort and search operations. 

1/0 operations are described in detail in 17.1 and by annotated 

flow charts 17.9 - 17.16. A sketch of these operations is given below. 

Details concerning the operations of each channel are given in 14 and 15. 

Interrupts are discussed in 16. 
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A Normal data operation moves data words between central memory and 

a channel. Locations of data in central memory are specified by the 

starting address, together with the address counter control bits. The 

number of words transmitted is limited by the word count. Modification 

of data metabits is specified by themetabit control bits. 

A Normal non-data operation causes the channel to perform an opera

tion involving the transfer of no information other than that contained 

in the control words. 

A Sort operation moves data records from a channel into central 

memory. A data word begins a record if its metabit is one, as received 

from the channel. The first word of each record is compared with the 

mask (ACW2) to determine how the record is to be treated. If the result 

of anding the wora and mask together is zero, then the record is loaded 

into locations determined by the address counter, (generally, into in

creasing locations in memory). If the result is non':zero"tfien the record is 

loaded into decreasing locations in memory determined by the word counter. 

The operation ceases when the two counters have the same contents. 

A Search or Multiple Search operation examines the first word of 

each data record input from the channel, to determine if it matches the 

key (ACWlh . A data word begins Ii record if its metabit is one, as re

ceived from the channel. The data word and key are compared only for 

thbse bit positions of the words at which the mask (ACW2) has a ~. 

If a match occurs, the matching data word and suc'ceeding data words of 

that record are put in central' memory as in a U(:)rmal read. A non-multiple 

search operation will be terminated if the first word of a new. record is 

enceuntered... During.a Multiple Search, each record encountered is 
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processed; it is transmitted if its first word matches. Indicators are 

provided to tell whether a match was ever found, and whether at least 

one whole record was input. 

Either type of search will terminate if the total number of words 

received (not necessarily transmitted to central memory) becomes equal 

to the speci.fied word count. 



14.0 CHANNEL AND DEVICE OPERATION 

14.1 ADC (Advanced Display Console) 

TM-3870 ll3. 

See Working Paper W-5272 , "Proposed Display Console for FIFI", for 

details. 

14.2 LSB (Low Speed Buffer) 

See Chapter III, and Working Paper W-6323. 

For LSB, I/O operations do not directly affect I/O devices, but 

rather affect the contents of LSB memory or I/O status bits. The LSB 

is itself only transiently "busy". Its devices communicate with LSB 

memory, and their busy/idle condition is only remotely related to PUP-LSB 

operations. 

14.3 TCU (Tape Control Unit) 

If the selected device (tape unit) is inoperative or busy, the TCU 

will disconnect immediately, 

The conditions for TCU and devices to become idle is discussed in 15. 

Whenever TCU becomes idle after having been busy, the "TCU operation com

plete" bit is set in the interrupt register: 1'" [NR]7' 

14.4 HSC (High Speed Channel) 

The high speed channel shares hardware with the TCU. Therefore, 

both the TCU and the HSC are either both busy or both idle at any given 

time. 

14.5 DRM (Drum) 

The drum is busy as long as PUP is busy with the operation. The drum 

is capable of storing 278,528 words. The words are stored in 34 drum fields, 

each of which is divided into 8,192 angular positions. The initial drum 

field address is specified by bits 5:10 of IOCW2 and the initial angular 
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position address is specified by bits 11:23 of IOCW2. After every word 

transfer, the angular position address is incremented by 1, with carry 

added to the drum field address. 

The angular velocity of the drum is 3600 rpm giving an average 

access time of 8.333 ms and a word transfer time of 2.08 ~s. 

14.6 Spare Channels 

PUP interfaces are provided for two additional channels. These 

channels are expected to accept and trahsmit standard 26-bit PHOENIX 

words. All control functions are provided except decoders which determine 

the class of I/O operation from IOCW2. 

15.0 TCU AND TAPE UNITS 

The format of information on tapes is that of IBM standard binary 

tapes except that the density of recorded information is either 556 char

acters/inch (low density) or 80~ characters/inch (high density). 

Ten operations can be performed on a TCU device (tape unit): 

15.1 Read File 

Data words are read from the selected tape and transmitted to PUP 

until either: 1) The number of· words specified by the word count have 

been transmitted, or 2) An EOF (end-of-fi1e record) has been read. 

In case 1, TCU continues to move the tape until an EOF has been read. 

After 2 has been satisfied, TCU and the device become idle and the 

following interrupt bits are set: 

15.1.1 1 ... [NR]3 if a redundancy error occurred during the operation. 

15.1.2 1 ... [NR]4 

15.1.3 1 ... [NR] 7 
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15.2 Read Record 

Da~a words are read from the selected tape and transmitted to PUP 

until either: 1) The number of words specified by the word count have 

been transmitted, or 2) An EOF has been passed, or 3) An inter-record gap 

is entered. 

In case 1, TeU continues to move the tape until either 2 or 3 is 

satisfied. 

When 2 or 3 is satisfied, TeU and the device become idle, and the 

following interrupt bits are set: 

15.2~1 1 ... [NR]3 if a redundancy error occurred during the operation • 

15.2.2 1 ... (NR]4 if an EOF was read. 

15.2.3 1 ... [NR]7 in any case. 

15.3 Backspace Record 

The selected tape is moved backward until either: 1) An inter-

record gap is entered, or 2) The load point is reached. At this time TeU 

and the device become idle and 1 ... [NR]7" 

15.4 Backspace File 

The selected tape is moved backward until either: 1) An EOF record 

is passed over, or 2) The load point is reached. At this time Teu and 

the device become idle and 1 ... [Nilt] • 
7 

is.5 Rewind 

The selected tape is set in hadkward motion, TeU becomes idle, and 

1 ... [Nt] 7' :Whenthe tape reaches its load point , it 'stops moving, becomes 

idle, :and 1 ... '[NRjl0 (Ctl6:t.ilipes':oJ:llyh :At,tiflt's time,:. tne':ta}i>e status indi-, 

te'a"t;or 1,tegi's:terwi11 ind±oate that the unit is idle and at load .point 

(c:f.2.28) (CDC tapes only, .• 
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15.6 Rewind and Unload 

Rewind and Unload is the same as Rewind, except that when the load 

point is reached, the device becomes inoperative (tape unloaded) rather 

than idle. 

15.7 Write End-of-File 

An end-of-file record is written on the selected tape, and checked 

for redundancy error, after which TCU and the device become idle, and the 

following interrupt bits are set: 

15.7.1 

15.7.2 

operation. 

15.7.3 

1 ='> [NR]3 if a redundancy error occurred during the operation. 

1 ~ [NR]4 if an end-of-tape condition occurred during the 

15.8 Write Record 

Data words are obtained from PUP and written on the selected tape 

until PUP disconnects (13.1.13). The tape continues in motion until the 

longitudinal redundancy check bits are written, and the written information 

is checked. At this time the TCU and device become idle and the following 

interrupt bits are set: 

15.8.1 1 ='> [NR]3 if a redundancy error occurred during the operation. 

1 ~ [NR]4 if an end-of-tape condition occurred during the 

operation". 

15.8.3 

15.9 Blank Tape and Write 

An empty space is written on the selected tape. The length of this 

space depends on a machine adjustment; it is nominally 2.25 inches. Then a 

record is written exactly as by a Write Record (15.9). 
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15.10 No Operation 

The TeU and selected tape become idle inunediately. 1 ""* [NR]7' 

16.0 I/O INTERRUPTS 

16.1 I/O Faults, [NR]l 

If any of the fault conditions noted by [MP]6:23 (cf. 2.19) occur, 

then 1 ""* [NR]l' If [EN]l=O and [NRJ1=1, then the machine halts. 

16,2 Magnetic Tape Read/Wri te Error, [NR]3 

Set to one if a redundancy error is detected during one of the 

following TeU operations: Read File, Read Record~ Write End-of-Pile, 

Write Record, Blank Tape and Write. 

16.3 EDT Writing Tape/EOF Reading Tape, [NR]4 

Set to one if either: 

16.3.1 An end-of-tape condition occurs during a TCU operation 

Write End-of-File, Write Record, Blank Tape and Write; or 

16.3.2 An end-of-file record is read during a TCU operation Read 

File, Read Record. 

16.4 Tape Unit or LSB Device Inoperative, [NR]6 

Set to one if either: 

16.4.1 One of the following LSB operations is attempted when the 

selected device is inoperative: Unload Input Buffer, I/O Status Command, 

Load Output Buffer; or 

16.4.2 Any Tell operation is attempted when the selected device is 

inoperative. Note that a tape unit which has a file-protected tape mounted 

on it is inoperative for a Write operation, although it may be operative for 

bther op~rations. 
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16.5 TCU Operation Complete, [NR] 7 , 

Set to one when TCU becomes idle after having been busy. 

16.6 LSB Device Busy, Tape Unit Busy, or ADC I/O Exception, [NR]8 

Set to one whenever: 

16.6.1 One of the following operations is attempted when the selected 

device is busy: Unload Input Buffer*, Load Output Buffer. 

16.6 •. 2 Any TCU operation is attempted when the selected unit is 

rewinding. 

16.6.3 An attempt is made to store into ADC memory in an improper 

manner or an ADC memory overflow condition is detected. 

16.7 PUP Operation Complete, [NR]9 

Set to one when PUP becomes idle after having been busy. 

16.8 Tape. Unit Rewind Complete, [NR]lO 

Set to one when any rewinding CDC tape unit reaches its load point. 

16.9 ADC Attention, [NR]ll 

Set to one when the ADC operator makes a manual input or when the 

operator makes a display area change. 

16.10 TCU/HSC Special Device Attention, [NR]12 

Set to one whenever a "special device attention" pulse is received 

from one of the four IBM 729 tape unit lines or one of the eight special 

device lines to the HSC (cf. 2.28). 

* There is one condition under which an Unload Input Buffer can be per-

formed for a busy device without setting [NR]8: For a typewriter which 

is in input status and single character mode (cf. Chapter III). 
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16.11 LSB Device Error, [NR]15 

Set t.o one when an error occurs during transmission of a character 

between LSB' and a device, or if a typewriter's input and output status 

indicators are both set to "one", or if an attempt is made to transfer 

information between a device and one of the first 32 locations in LSB 

memory (control word locations). 

16.12 Typewriter Attention Indicator, [NR]16 

Set to one when a Beginning-of-Message character is typed on a 

typewriter whose attention indicator is a zero while either its BS indi-

cator is a one or its IS indicator a zero. 

16 •. 13 Ji)evice to LSB Transfer Complete, [NR]17 

Set to one when any transfer of data from an LSB input device 

(typewriter or paper tape reader) to LSB memory is completed. 

16.14 LSB to Device Transfer Complete, [NR]19 

Set to one when any transfer of data from LSB memory to an LSB out-

put device (typewriter, paper tape punch, or digital plotter) is completed. 

17 .. 0 I/O CONTROL WORDS AN .. .D FLOWCHART. S .". ) 

The annotated flowcharts 17.9 through 17.16 describe the PUP opera-

tions involved in performing an I/O oPeration, from the time the location 

of the control words is obtained from CPS to the time PUP disconnects. The 

~erations descri1:>ed include Write, Normal Read, Search Read (Simple and 

Multiple), and Sort Read. 

To make the flowcharts more compact I fu~ctional notations are used 

to specify how the meta,bit$of data words are modHiecl 9.14riP-g; trans~ission, 

lind how theconteJ;l.ts of the Address Counter are lllodifiec;i after a data word 

is transmitted. 
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i7.1 con:t:to1 o"f Address Counter and Data Metabits. and WC 

Defifi.i;,t;.;ton of. u(W). During data transmission the data word W will 

be modified to jJ.(W) in a way determined by two bits in CW3. 

2) If CW32 = o then jJ.(W) = W . m m 

De£ip.itHm of n(ACT). After each data word is trahsmitted during an 

I/O operation, [ACT] is changed to a.(ACT) in a way determined by two bits 

in CW3. 

1) if CW\ == 1 then d (ACT) = [Act] 

2) a. (ACT) = [ACTJ+1 If CW3 == 0 and CW30 iii: 0 then 
1 

If OW3 == 0 ilhd CW3 == 1 then 
1 0 

[ACtJ+ 1, otherwise; !i(Act) ... tACTl·L 

Word .. b;ggil.t:. nrC). ArJ.thlneUc 

Note that arithmetic op~tations performed. oh twc] in flowcharts 17.9 

zero" ts u.se'dviith the meaningd'lefirit:r<1 in L 7.3.. tf [WO]=1, then 

twe]-l ... 0;. If tmn==(;) , 'then twcJ .. i i:i," >,ott ii!t i11·1-n~r" If (WC]="O, then 

eWc]-i- 17"77768 " 
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CWI SPECIFIES THE MODE OF OPERATION (NORMAL, SEARCH, OR 
SORT), THE CHANNEL, AND THE WORD COUNT. 

5 8 

MODE CHANNEL WORD COUNT 

L.-----t ... CHANNEL NUMBER 

o 
1 
2 
3 
4 
5 
6 
7 

'-------..... MODE NUMBER 

o 
1 
2 
3 

CHANNEL 

ADC 
LSB 
TCU 
HSC 
DRM 

MODE 

NORMAL 
SORT 
SEARCH 
MULTIPLE SEARCH 

FIG 17. 2 

CWI I/O CONTROL WORD I 

23 
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OPERATION 

\' 

CW2 (ADC) SPECIFIES THE OPERATION TO BE PERFORMED, AND THE 
STARTING LOCATION IN ADC MEMORY. 

12 

OPERATION ADC MEMORY ADDRESS 

CODE (OCTALl OPERATION TYPE 

0 IDLE NON-DATA 
1 READ READ 
2 WRITE WRITE 
4 NO STORE WRITE 

10 DISPLAY NON-DATA 
20 MI READ READ 

100 WRITE WRITE 
(FILTER) 

FIG 17.3 

I/O CONTROL WORD 2 FOR ADC 
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CW2 (LSB) SPECIFIES THE OPERATION TO BE PERFORMED, THE DEVICE 
SELECTED, THE LSB MEMORY ADDRESS, THE INITIAL VALUE OF CHARACTER 
COUNT, AND THE MODE. 

MOD ERATION DEVICE LSB MEMORY ADDRESS 

ICE CODE DEVICE 

0:15 TYP EWR ITER 0: 15 
16 PAPER TAPE READER 
17 PAPER TAPE PUNCH 
18 DIGITAL INCREMENTAL READER 
19-31 UNASSIGNED 

OPERATION TYPE 

0 NO OPERATION NON~DATA 

1 READ MEMORY READ 
2 READ INPUT BUFFER READ 
3 UNLOAD INPUT BUFFER READ 
4 SET INPUT BUFFER NON-DATA 
5 STATUS COMMAND NON-DATA 
6 LOAD MEMORY WRITE 
7 LOAD OUTPUT BUFFER WRITE 

MODE BIT MEANING (TYPEWRITER INPUT ONLY) 

0 MESSAGE MODE 
1 SINGLE-CHARACTER MODE 

FIG ·17.4 

I/O CONTROL WORD 2 FOR LSB 
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CW2 (TCU) SPECIFIES THE OPERATION TO BE PERFORMED, THE UNITTO BE 
SELECTED, AND THE DENSITY OF RECORDED INFORMATION. 

OPERATION 
CODE 

(OCTAL) 

0 
1 
2 
3 
4 
5 
6 
7 

10 
11 
12 
13 

14-17 

UNIT-CODE 

0:3 
4:7 

11 14 15 1718 19 20 

OPERATION UNIT DENSITY 0 

OPERATION TYPE 

READ FILE READ 
READ RECORD READ 

BACKSPACE RECORD NON-DATA 
BACKSPACE FILE NON-DATA 
REWIND NON-DATA 
REWIND AND UNLOAD NON-DATA 
WRITE END OF FILE NON-DATA 

Nap NON-DATA 
WR ITE RECOR D WRITE 
BLANK TAPE AND WRITE RECORD WRITE 

UNIT 

CDC MAGNETIC TAPE UNIT, TYPE 607, NUMBER 0:3 
IBM MAGNETIC TAPE UNIT, TYPE 729-VI, NUMBER 0:3 

DENSITY CODE 

o 
DENSITY 

556 B I TSII NCH 
1 
2 800 BITSIINCH 
3 

FIG 17.5 

I/O CONTROL WORD 2 FOR TCU 
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CW2 (HSC) SPECIFIES THE OPERATION TO BE PERFORMED, AND THE 
DEV I CE SELECTED. 

OPERATION 

HSC DEVICE 0:7 

OPERATION OPERATION 
(CODE (OCTAL) 

o 
1 READ 

2:11 
12 WR ITE 

13:17 

FIG 17.6 

I/O CONTROL WOR D 2 FOR H 5 C 
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CW2 (DRM) SPECIFIES THE TYPE OF OPERATION (READ OR WRITE), 
AND THE DRUM STARTING ADDRESS. 

DRUM STARTING ADDRESS 

OPERATION 
CODE 
o 
1 

OPERATION 

READ 
WRITE 

FIG 17.7 

I/O CONTROL WORD 2 FOR DRUM 
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CW3 SPECIFIES THE CENTRAL MEMORY STARTING ADDRESS FOR THE I/O 
OPERATION, WHETHER THE ACT (ADDRESS COUNTER) WILL BE INCREMENTED, DECREMENTED, 
OR LOCKED DURING DATA TRANSFER, AND HOW DATA METABITS ARE MODIFIED. 

o 1 2 3 8 23 

A M CENTRAL MEMORY STARTING ADDRESS 

L..-----i~CODE MEAN I NG 

o METAB IT UNCHANGED 
1 METAB IT UNCHANGED 
2 METAB IT SET TO ZERO 
3 METABIT SET TO ONE 

CODE MEAN I NG 

o ACT INCREMENTED 
1 ACT LOCKED 
2 ACT DECREMENTED 
3 ACT LOCKED 

FIG 17.8 

CW3 1/0 CONTROL WORD 3 
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WHEN AN SIO INSTRUCTION IS PERFORMED, THE CPS TRANSMITS THE 

EFFECTIVE ADDRESS E OF THE INSTRUCTION TO PUP, WHICH PROCEEDS 

0- [,tJ 
[E] - ell 
ell 2:4 - eH 
ell a - [Iii 

AS FOLLOWS: 

1 

o 

510 
FIG 17.9 

IF CPS IN PROTECTED STATUS OR PUP 
NOT IDLE THEN TREAT SIO AS A NOP. 

PUP BECOMES BUSY. 
FETCH FIRST CONTROL WORD, AND 
EXTRACT CHANNEL NUMBER AND 
WORD COUNT. 
EXTRACT B ITS WHICH DETERMINE 
METAB iT MODiFiCATION. 

TEST WHETHER THE OPERATION IS 
NORMAL, SEARCH, OR SORT. 

SUBSEQUENT OPERATIONS ARE DESCRIBED 
ON THE FOLLOWING FLOWCHARTS. 



A WRITE OR NORMAl. READ PROCEEDS AS FOllOWS: 

TRANSMIT CONTROL IN
FORMATION TO CHANNEL 
CH. SET CHANNEL BUSY. 

YES 

IS SPECIFIED DEVICE 
BUSY? 

FETCH CONTROL WORD 2. DETERMINE 
IF OPERATION IS READ OR WRITE, 
OR NON-DATA. 
FETCH CONTROl WORD 3. 
EXTRACT BITS WHICH CONTROL BEHAVIOR 
OR ADDRESS COUNTER. 
EXTRACT CENTRAl MEMORY STARTING 
ADDRESS. 

WAIT UNTIL SELECTED CHANNEL IS IDLE. 

TRANSMIT CONTROL INFORMATION TO 
SELECTED CHANNEL IT BECOMES BUSY. 

DECREMENT WORD COUNT. (NOTE 2's COMPo 
ARITH. ) 

I F WORD COUNT IS -0, OR THE OPERATION 
IS NON-DATA, THEN GO TERMINATE THE 
OPERATION. 

IF CHANNEL IS LSB OR TCU AND SPECIFIED 
DEVICE I S INOPERATIVE, THEN SET "DEVICE 
INOPERATIVE" INTERRUPT, AND GO TERMINATE 
THE OPERATION. 

IF CHANNEL IS LSB OR TCU AND SPECIFIED DEVICE 
IS BUSY, THEN SET "DEVICE BUSY" INTERRUPT, 
AND GO TERMINATE THE OPERATION. 

SUBSEQUENT OPERATIONS ARE DESCR IBED 
ON THE NEXT FLOWCHART. 

FIG 17.10 

NORMAL ( START) 
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OBTAIN DATA WORD [[ACTJ]--+W 
W FROM CHANNEL. SEND DATA WORD' 
~(W) --.[[ACTJ] V(W ) TO CHANNEL 

[WC] - l--+[WC] 
cx:(ACT)~[ACTJ 

l--.[PI] 
l-+[NR]9 

I F CHANNEL HAS BECOME IDLE, OR HAS 
INSTRUCTED PUP TO TERMINATE DATA 
mANSMISSION, OR CPS HAS INSTRUCTED 
PUP TO BECOME IDLE, THEN GO TERMINATE 
THE OPERATION. 

PUP TRANSMITS A WORD FROM CHANNEL TO 
CENTRAl MEtv~ORY OR V;CE-VERSA v·virri 
APPROPRIATE METABIT MODIFICATION. 

DECREMENT WORD COUNT. CHANGE CONTENTS 
OF ADDRESS COUNTER. 

IF WORD COUNT IS NOT ZERO, THEN LOOP. 

TERMINATE THE OPERATION: PUP DISCONNECTS, 
BECOMING IDLE AND SETTING "PUP" OPERATION 
COMPLETE" INTERRUPT. 

PUP IS NOW IDLE, AND READY TO PROCESS 
A NEW SIO. THE CHANNEL AND DEVICE MAY 
NOT YET BE IDLE. 

FIG 17.11 

NORMAL (LOOP) 

. , 
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CD 
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CD 

[E + l]+(MASK] 
[E + 2] .... CW2 
[E + 3] .... CW3 

CW3 a --+[ACT] 

TRANSMIT CONTROL IN
FORMATION TO CHANNEL 
CH. SET CHANNEl BUSY. 

OTHER 

IS SPECIFIED DEVICE ~----y 
OPERATIVE? 

YES 

IS SPECIFIED DEVICE ~_---. 
BUSY? 

NO 

O--+[ENWJ 
LO-+HIfLO 

FETCH MASK. 
FETCH CONTROL WORD 2, AND DETERMINE IF 
OPERATION IS READ, WRITE, OR NON-DATA. 
FETCH CONTROL WORD 3. EXTRACT BITS WHICH 
CONTROL BEHAVIOR OF ADDRESS COUNTER, AND 
CENTRAL MEMORY STARTING ADDRESS. 

IF OPERATION IS WRITE OR NON-DATA, THEN 
TREAT AS A NORMAl 110 OPERATION. 

WAIT UNTIL CHANNEL IS IDLE. 

TRANSMIT CONTROL INFORMATION TO CHANNEL 
IT BECOMES BUSY. 

IF CHANNEl IS LSB OR TCU, AND SPECIFIED 
DEVICE IS INOPERATIVE, THEN SET "DEVICE 
INOPERATIVE" INTERRUPT, AND GO TERMINATE 
THE OPERATION. 

IF CHANNEL IS LSB OR TCU AND SPECIFIED 
DEVICE IS BUSY, THEN SET "DEVICE BUSY" 
INTERRUPT, AND GO TERMINATE THE OPERATION. 

INITIAliZE END-CONDITION TEST AND HIGH-LOW 
RECORD TEST. (ENW • "END NEXT WORD") 

SUBSEQUENT SORT OPERATIONS ARE OESCR IBED 
ON THE FOLLOWING FLOWCHART. 

FIG 17.12 

SORT (START) 



FETCH DATA WORD W 
FROM CHANNEL 

I F THE CHANNEl HAS BECOME I DLE, OR HAS 
INSTRUCTED PUP TO BECOME IDLE, OR CPS 
HAS INSTRUCTED PUP TO BECOME I DLE, THEN 
GO TERMINATE THE OPERATION. 

PUP FETCHES A WORD W FROM THE CHANNEl. 

IF THE DATA WORD W HAS METABIT ONE, 
THEN W BEGINS A NEW RECORD. 

AND W WITH MASK TO DETERMINE IF RECORD 
IS TO BE STORED LOW OR HIGH. 

REMEMBER w-tERE RECORD I S TO BE STORED. 

IF RECORD IS LOW, THEN STORE W IN 
LOCATION SPECIFIED BY ACT, AND CHANGE ACT. 
IF RECORD IS HIGH, THEN STORE W IN 
LOCATION SPECIFIED BY WC, AND DECREMENT WC. 
I N BOTH CASES, THE METAB IT OF THE STORED DATA 
WORD MAY BE CHANGED. 
IF W IS THE LAST WORD TO BE TRANSMITTED, 
THEN TERMINATE THE OPERATION. 

COMPARE ACT AND WC TO DETERMINE IF THE NEXT 
WORD TO BE TRANSMITTED IS THE LAST. 
REPEAT THE SORT LOOP. 

TERMINATE THE OPERATION: PUP DISCONNECTS, 
BECOMING IDLE AND SETTING "PUP OPERATION 
COMPLETE" INTERRUPT. 

PUP IS NOW IDLE, AND READY TO PROCESS A 
NEW SIO. THE CHANNEl AND DEVICE MAY NOT 
YET BE IDLE. 

FIG 17.13 

SORT ( LOOP) 
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SET: "NOT 
MULTIPLE SEARCH" 

~ E + Ig[KEY ] 
E + 2 -+[MASK] 
E + 3 -+ CW2 

[E + 4 a [ACT ] 

NOT BUSY 

SET: "MULTIPLE 
SEARCH" 

TRANSMIT CONTROL INFOR
MATION TO CHANNEL·CH. 
SET CHANNEL BUSY. 
[WC] - 1---+[ WC] 

OTHER 

YES 

IS SPECIFIED DEVICE 
BUSY? t--'-'==------, 

SET FOR TYPE OF SEARCH MODE. 

LOAD KEY AND MASK 
REGISTERS FROM AlTERNATE CONTROl WORDS 1 AND 2. 
FETCH CONTROl WORD 2. DETERMINE WHETHER 
OPERATION IS READ, WRITE, OR NON-DATA. 
FETCH CONTROl WORD 3. EXTRACT BITS WHICH 
CONTROl BEHAVIOR OF ADDRESS COUNTER. EXTRACT 
CENTRAL MEMORY STARTING ADDRESS, AND LOAD 
IT INTO ADDRESS COUNTER. 

IF OPERATION IS WRITE OR NON-DATA, THEN 
TREAT IT AS A NORMAL I/O OPERA TlON. 

WAIT UNTIL CHANNEL IS IDLE. 

TRANSMIT CONTROL INFORMATION TO CHANNEl. 
IT BECOMES BUSY. DECREMENT WORD COUNT. 

IF CHANNEL IS LSB OR TCU, AND SPECIFIED 
DEVICE IS INOPERATIVE, THEN SET "DEVICE 
INOPERATIVE" INTERRUPT, AND GO TERMINATE 
THE OPERATION. 

IF CHANNEL IS LSB OR TCU AND SPECIFIED 
DEVICE IS BUSY, THEN SET "DEVICE BUSY" 
INTERRUPT, AND GO TERMINATE THE OPERATION. 

SUBSEQUENT SEARCH OPERATIONS ARE DESCRIBED 
ON THE FOLLOWING TWO FLOWCHARTS. 

FIG 17.14 

SEARCH (START) 
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FETCH DATA WORD W 
FROM CHANNEL 
[ WC] - 1 - [ WC ] 

[KEY] 1\ [MASK] 

YES 

YES 

IF EITHER: 

1) OUT OF WORD COUNT, OR 

2) THE CHANNEL HAS BECOME IDLE, OR 

3) THE CHANNEL OR CPS HAS INSTRUCTED . 
PUPTO BECOME IDLE, 

THEN,GO TERMINATE THE OPERATION. 

FETCH A DATA WORD W FROM THE CHANNEl. 
DECREMENT WORD COUNT. 

IF THE DATA WORD W HAS A METABIT 
ONE, THEN W BEGINS A NEW RECORD. 

COMPARE W WITH [KEY] THROUGH THE 
[ MASK] TO DETERMINE IF THIS IS THE 
RECORD BEING SEARCHED FOR. 

SUBSEQUENT SEARCH OPERATIONS ARE 
DESCRIBED ON THE FOLLOWING FLOWCHART. 

FIG 17.15 

SEARCH (FI NO LOOP) 
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'V(W)-+[(ACTJJ 0:24 
«(ACT) --.{ACTl 

NO 

1-+[NRJ 9 
l-+[PIJ 

STORE W, WITH METABIT APPROPRIATELY 
MODIFIED, IN LOCATION SPECIFIED BY ACT. 
CHANGE ACT. 

IF WORD COUNT IS MINUS ZERO, THEN GO 
TERMINATE THE OPERATION. 

I F CHANNEL HAS BECOME IDLE, THEN GO 
TERMINATE THE OPERATION. 

IF CHANNEL HAS INSTRUCTED PUP TO TERMINATE 
DATA TRANSMISSION, OR CPS HAS INSTRUCTED 
PUP TO BECOME IDLE, THEN GO TERMINATE THE 
OPERATION. 

FETCH DATA WORD W FROM CHANNEL. 
DECREMENT WORD COUNT. 

IF METABIT OF W IS ZERO, THEN LOOP. 

METABIT OF W IS NOT ZERO, INDICATING 
END OF RECORD. 

IF "MULTIPLE SEARCH", GO SEARCH 
FOR NEXT RECORD. 

TERMINATE THE OPERATION: PUP DISCONNECTS, 
BECOMING IDLE AND SETIING "PUP OPERATION 
COMPLETE" INTERRUPT. 

PUP IS NOW IDLE, AND READY TO PROCESS 
A NEW SIO. THE CHANNEl AND DEVICE MAY 
NOT YET BE IDLE. 

FIG 17.16 

SEARCH (READ LOOP) 
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CHAPTER III ... - THE UOW SPEED BUFFER 

18.0 GENERAL DESCRIPTION 

the Low Speed Buffer (LSB) has 1024 words of core memory, control 

elements, and the capacity for a maximum of 32 input or output devices. 

Presently existing are a paper tape reader, paper tape punch, digital 

plotter and sixteen typewriters, (each both an input and an output device). 

Device codes assigned to present devices are shown in Section 17.4. 
f· 

The LSB core memory may be considered a 1024 word auxiliary memory 

or an input!autput buffer for the various devices, depending upon the 

operation performed. As an I/O buffer for typewriters and paper tapes, 

each word is considered to be composed of three 8-bit characters. For 

the digital plotter each word contains six 4-bit .. connnands. 

The first thirty-two LSB memory positions will be used as control 

words -- one for each device -- specifying the buffer area for that device, 

and controlling the transmission of data between buffer and device, (CL 

Device .CoI).ttolWords). 

19.0 StATUS INDICATORS 

Each device has an input and/or output status indicator.. This 

is on only when data is to be transmitted to or from the device. The 

LSB directs this transmission (to or from LSB memory) with the device 

control word. Each device's input status (I/S) or output status (a/s) 

indicator must be turned on in order to initiate an input-or output 

transfer. It may be turned on or off (initiating or halting a transfer) 

with a special LSB operation, (Cf. I/O Status Connnand)~ 

The digital plotter and paper tape puneh each hav~ an oIs indicator 
;' 

which is on whe'a data .or connnands are being sent from the LS;B .to the 

device.. When ttJ,e tape punch or plotter output is· complfte, the ols 
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indicator is turned off· and the "LSB to device transfer comp1eterr 

interrupt bit [NR]19 is set. 

The tape reader has an liS indicator which is on when data are 

being·read into LSB memory. When it goes off, the ttdevice to LSB 

transfer complete" interrupt bit [NR]17 is set. 

The paper tape reader has a Buffer Status (BjS) indicator. When 

the LSB memory area assigned to the unit is filled, this indicator is 

turned on and the lis is turned off. No more data can be read from 

the unit until the BIS is turned off and liS is turned on. B/s can 

be turned off by the commands Set Input Buffer or Unload Input Buffer. 

liS canJ:Jeturned on by Unload Input Buffer or the status command (Cf. 

Operations) . 

. Each typewriter has three indicators, an lis indicator, an olS 

indicator and a buffer status (B/S) indicator. 

The lis indicator is turned on by a status command and is turned 

off by performing a status command, or a Set Input Buffer ~ommand, or by 

hitting the END MESSAGE key. Only when the lis indicator is on may 

information be typed into the buffer. If the liS indicator is off, the 

operator may request the computer to turn it on by striking the Begin 

Message Key. 

The Bls (buffer status) indicator is turned on by either of two 

actions: (1) hitting the typewriter's END MESSAGE key or (2) typing 

a character into the third character position of the last word in the 

LSB memory area assigned as that typewriter'sbuffer. When the character 

generated by actions (1) or (2) above is stored in theLSB memory, the 

udevice to LSB transfer complete" bit is set. In the case of action (1), 

the Tis indicator is also cleared at that time. The Bls indicator is 

turned off when that typewriter I s buffer area is unloaded into CPS 
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memory by antlUnload Input BufferH command or when the buffer area is 

re-established bya "Set Input Buffer" command (Cf. Operations). 

When the O/S indicator is turned on, it indicates that a message 

in LSB memory is to be typed out. The LSB transmits output characters 

to the typewriter from the typewriter buffer area unti,l the last character 

has been typed out. The typewriter's O/S indicator is then turned off 

and the IILSB to device transfer complete" bit is set. 

The possible combinations of the three status indicators' conditions 

are described in Table 19.1. 
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.. TABLE 19. 1: TYP£WltITER STATUS 

Conditibn of: State 

Number 

off· off off o 

off off on 1 

off on off 2 

off on on 3 

on off off 4 

on off on 5 

on .. on off 6 

. on on on 7 

Explanation 

Idle 

Typing ollt 

End Message .key hit, 
buffer not unloaded 

Sameas·2, but typing out 
begun (not normally. done) 

.Typing.in 

Error - see note 

Typing in, buffer filled, 
not unloaded. (End Message 
Key may have been hit but 
End Message character not 
yet stored in memory. L/S 
is cleared when End Message 
character is stored in memory.) 

. Error -- see note 

NOTE: It is not permissible for the 'LIs and O/S indicators to be on 

simultaneously. If this occurs, the device.i s error flip-flop 

is set and the device error interrupt bit [NR]15 is set. 
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19.2 Attention Status 

Each typewriter has one additional indicator, the Attention 

Status (A/S) indicator. This is turned ·on and a program interrupt 

signal ( [NR]16) is simultaneously generated if the .typist strikes 

the Begin Message key and the A/S and I/S indicators are off or the 

A/S indicator is off and theB/S indicator is on. In both cases the 

typist is unable to type in until appropriate action is taken by the 

CPS. In easel, the rlSindicator must be turned on by the CPS. l'his 

will require prior termination of an output message if the o/S indicator 

wason when the begin message key was struck, In case 2, the ·CPS must 

execute an "Unload Input Buffer" command to clear the B/S indicator 

and empty the buffer to make room·for additional inputs from the key

board. 

In both of the above cases, once the A/S indicator is set, repeated 

operation of'the begin message key will have no further effect until the 

A/S indicator is cleared by the CPS through a skip-make instruction. 

There is one additional condition for setting the A/S indicator, 

.If the high order bit of a typewriter input control word (Cf. 21,) is set, 

the LSBwil1 examine the A/S indicator each time a character isreceivE!d 

from the typewriter •. If the A/S indicator is .in the zero state, theLSB 

will set it and simultaneously generate a program interrupt signal (device 

toLSB transfer complete). If the A/S indicator is already set, His 

·left unaltered and the program interrupt signal isnot:generated. In 

both cases,the incoming character is stored in the LSB memory in 'the 

normal manner. 
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20.0 OUTPUT DEVICE CONTROL WORD 

When a, d~viceO/S indicl;ltor is on, and the device is ready to 

receive data from the buffer,; theLSB looks at the device control 

word. This is stored in LSBI\l.emory (at the locl;ltion equal to its device 

number) in the following format: 

~~~~ Character Num1,>er .Qf Words. Word ·Address 
RC ~~ Count 

0 2' 3 4 , 13 14 23 

For the tape punch or the typewriters, the word address specifies 

the LSBmemory location of the word from which the next character is .to 

be taken, and the Character Count' (a number from 0 to;2), specifies' the 
.. ":, '. '. . . 

character within that word. After the character has been sent to the 

unit, the Character Count is stepped up by one. If it goes from 2 to 0, 

the Word 'Address is stepped up by one and. the Number of Words is stepped 

down by one. Hence, the Number of Words gives the nuinberof words yet 

to·be written including the ORe from which characters are being written. 

When the last charact~~ is transmitted, the character-count and 
, " . . 

number-of-words fields are both stepped to zero •. When the device next 

Signals the LSB that it is ready. for another character, the LSB upon: 
.. I. . . 

noting zeros .. 'in the character-count and number-af-words fields turns 

off the devices O/S indicator and generates a program interrupt,signal, 

"LSB to·device transfer complete". 

The bitRCis used 'in controlling outputs to the digitai plotter. 

.' .'. .", 
RC specifies which half of the 8 bit character specified by CC is to be 

, ; 

.sent to the plotter; "O"=upper 1'ialf, "l"=lower half. RC is complem~nted 

after each transmission. CC is incremented when RC goes from one to Zero. 
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21.0 INPUT DEVICE CONTROL WORD 

. When a device" s 1/5 indicator is on and the device is ready to 

transmit data. to the buffer, the LSB looks at the device-' s corttrol 

word, -which is in the following format (in LSB memory): 

M 
o 

Character 
Count 
2. .3 4 

Starting Address -Word Address 
·13 14 ' 2.3 

The Starting Address remains unchangedduringli\.nyLSB.input 

ope·ration. It can be set initially by a load memory ona set lnput 

Bufter operation, and is used to specify the beginning of the LSB memory 

area assigned as that devicets input buffer· area. 

The Cha-J;'acter Count and Word Address specify where the next 

character from the unit is to be stored. They are stepped the. same as 

in the Output,: Control Word. 

As the characters are being read into an LSBmemory positi()n, 

they are positioned as described below: 

-x y 'Z Before arb is read in 

'c¢l rb ,-", rb After C~ is read .. in 

arb i C1 rb - After C1 is read in 

Cfl} C1 . C2 After C2 is read in 

The most significant bit,. M of the inputcC>lltro1 'word' iS',a Hmodeu 

bit applicabJ;e to typewriter inputs. 
j 

If Mis a one, the LSB examines 

the specified. typewt;'iters' 4ls indicator each time a eharac.ter is received. 

1£ the A/S iridicator is a zero, the LSB. sets the.!\'iS illaicator and bit 

number 17 o:f:-the interrupt register. If eitlter M .is a "ero or the 
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The input operation is terminated by the presence of a 1 Tag bit in 

LSB memory. Every LSB memory word has an extra bit position called the 

Tag. This bit is unaffected by the transmission of data from its buffer 

memory word or into its buffer memory word from an input device. However, 

it may be modified when the CPS writes into that LSB memory position. 

Normally, it is set only b;y a set Input Buffer operation. (Cf. Operatians.) 

A "1" in the Tag of an LSB memory position indicates that it is the ~ast 

word of the LSB memory area designated as a device's input buffer. Hence, 

in an input operation when the third character from the tape reader or 

typewriter is read into an LSB memory position having a 1 as its Tag bit, 

the Curr.ent Address is stepped up 1 .(Character· Count set to zero) and the 

transmission of data into the LSB is terminated in the following manner: 

(a) For the tape reader, the Bls indicator is turned on and 

the lis indicator is turned off. 

(b) For a typewriter, the lis indicator is left on and the 

B/s indicator is turned on, locking the keyboard. 

(However, the Begin Message key is not locked.) 

The B/s indicator is turned off when the buffer area 

is unloaded into CPS memory with an Unload Input Buffer 

operation or upon execution of a Set Input Buffer operation. 

A typewriter input operation may also be terminated by striking the 

End Message key. This enters an end of message character into the buffer 

(in location indicated by the control word), steps the control word, and 

turns the rls indicator off and the B/S indicator on. 
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22.0 INTERRUfTS 

The following CPS interrupt bits may be set by an LSB condition in 

the manner indicated: 

(1) Device Inoperative [NR J6: This is set upon receipt of certain 

input ... output conunands specifying a device which i.s not in 

.operating condition (e.g., power off, tape broken, unit dis .. 

connected). The Device Inoperative interrupt precedes 

PUP Operation Complete interrupt in all cases. 

The following LSB operations are capable of initiating a 

device inoperative interrupt: 

a. Unload Input Buffer 

b. Status Cominand 

c. Load Out.put Buffer 

(2) Device Busy [NR]S: This is set upon receipt of certain input 

or .output commands specifying a device that is already busy 

transmitting or receiving data. The operations and .conditions 

which will cause a device busy interrupt alre as follows: 

a-.· Unload Input Buffer 

1. Typewriters: 

(a) The O/S indicat~r is set or 

(b) The lIs. indicator is set, the control word mode 

bit, M is a zero, and the B/S indicator is a zero. 

2 • Other Devices~ 

(a) TheI/s. or ols indicator, is set~ 

,I , 
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b. Load Output Buffer 

The devices I/S or O/S indicator is set. In all cases, 

the device busy interrupt precedes the"· PUP Operation 

complete interrupt. 

(3) Device Error [NR]15: 

Various parity and other checks are made on data being trans-

mitted between the LSB and the low speed 10 devices. If any 

.of these checks are not satisfied, the devices error flip-flop 

is set and "the device error interrupt bit, [NR]15 is set. In 

the case of the typewriters, these bits are also set if the 

devices I/S and 0/8 indicators are ever in the one state simul-

taneously. 

(4) Typewriter Attention [NR]16: 

If a typewriter's Begin Message key is struck and the A/S 

indicator is off and either the Bls indicator is on or the 

I/S indicator is off, the typewriter's Attention Status 

indicator is set and this "interrupt bit is set. 

(5) Device to LSB Transfer Complete [NR]17: 

This interrupt bit is set when the paper tape reader's liS 

indicator goes off or when the .LSB receives a character from 

a typewriter which either fills the buffer or is an End 

Message character. 

The device to LSB transfer complete bit is set also upon 

receipt of any input character from a typewriter if the mode 

bit "M" of the input control word isa one and the"A/S indi

cator is a zero. Under these conditions, the Als indicator is 
also set. 



TM-3870 147. 

(6) ,LSB to Device Transfer Complete [NR]19! 

When an output operation is complete, Le. ~ when an ols indicator 

goes off, this bit is set. 

23.0 LSB OPERATIONS (Cf. Table 23.8) 

23.1 Read Memory (Op Code 1) 

This operation reads fromLSB memory, beginning at the Starting 

Address in IOOW2 l4: 23 into'::~~~:!memory. The number of words to be readY'·is 
..... 

specified by IOCW18: 23 o Tag bits or device buffer areas do not affect the 

operation. 

23.2 Read Input Buffer (Op Code 2) 

This operation is used to read the portion of the device's buffer 

area that has been already filled by the input device. It does not disturb 

the device toLSB transfer. The specified device's control wOl;'d is first 

retrieved from the LSB memory and sent to the CPS. FoHowing this, the 

remainder of the operation is performed by looking at the device's input 

control word and transmitting words from LSB memory to the CPS beginning' 

at the LSB memory location specified by the St.arting Address up to the 

location given by the Word Address. If the character count is zero, the' 

word at the Word Address location is not transmitted. If the character 

count is not zero, the word at the Word Address location is sent to the 
. . . ," ' 

CPS. The number of words transmitted to CPS memory is limited by theWol;'d 

Count (IOCWls:23 ) if this is smaller than the number of tiTords.read in.to 

the device 's buffer area. If the Word Count is g;reater thanth:e number of 

words read ins·o far ,it does not affect the operation. 
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23.3 Unload Input Buffer (Op Code 3) 

This operation causes the readout of the specified input device's 

LSB memory area into CPS memory. Initially, the device!s control word 

is retrieved from LSB memory and sent to the CPS. If the device is the 

paper tape reader, the sign bit of control word 2 is a zero, and the 

device is operative, the I/S indicator is turned on to reinitiate inputs 

from the reader. Following this, the device status is examined. If the 

device is already in operation or is inoperative, a device busy or. device 

inoperative interrupt will occur (cf. Interrupts). 

If neither interrupt occurs, the device's Bls indicator and A/S 

indicator (in the case of typewriters) is turned off, and the buffer area 

will be read into CPS memory in the same way as in the Read Input Buffer 

operation. After the data transmission to the CPS is complete, the Word 

Address (in the device's input control word) is set equal to the Starting 

Address and the Character Count is set to IOCW2 4 : 5 modulo 3. 

23.4 Set Input Buffer (Op Code 4): 

This operation effectively sets up an input buffer inLSB memory. 

It first clears the lis and B/s indic.ators for that device (generating 

no interrupts) and loads its input control word, setting the Starting 

Address as indicated by IOCWIS:23 ' the Word Address equal to the Starting 

Address, the Character Count equal to IOCW2 4 : 5 modulo 3, and the mode bit 

to IOCW2 0 • 

It next clears the assigned LSB memory area, Le., it c1earsLSB 

memory to all zeros, including the Tag bit, beginning at the Starting 

Address location and continuing until location equal to the Starting 

Address plus n-2 where n= [IOCW2 14:23 J. It clears the location given 
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by Starting Address plus n-l to zeros and sets the Tag bit to 1. Hence, 

all this sets up a cleared area in LSB memory (whose number of words is 

indicated by I/O Control Word 2) with all Tag bits cleared except for the 

last word's which is a 1. 

Note that a Set Input Buffer operation with n = 0 just affects the 

input control word and the I/S and B/S indicators. The remaining memory 

area is unaffecced. 

23.5 I/O Status Command (Op Code 5) 

This operation may be used to do any of the following: 

(1) Determine if a device is operative 

(2) Set or clear the I/S indicator 

(3) Set or clear the O/S indicator 

(4) Set the ILZ (Inhibit Lead Zeros) indicator of the Paper Tape 0 

Reader. 

The device code, IOCW2 6_l0 , specifies the device to be selected. 

The specified device is examined and if found to be inoperative, a device 

inoperative program interrupt signal is generated. 

If OICW222 is a one and the device code specifies device 16 (paper 

tape reader), the "Inhibited Lead Zeros" indicator is set. If this indi

cator is set, characters received from the paper tape reader are ignored 

until the first non-zero character is detected. Upon receipt of a non

zero character, the ILZ indicator is reset and all characters thereafter, 

including the initial non-zero character, are accepted and stored in the 

LSB memory. 

If IOCW223 is a one or if IOCW2 0 is a one and the fieviceis inop-

erative the Status Command is terminated at this point. If not, the 

operation continues as follows. 
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10CW22l specifies whether the lis or Dis indicator is to be affected: 

o = lis indicator, 1 = Dis indicator; 10CW20 tells whether the specified 

status indicator is to be turned on or off: 0 = off, 1 = on. The 

specified bit is modified as indicated and the operation ends. 

Turning an Dis indicator off will generate an LSB to device transfer 

complete interrupt. A status command to turn the paper tape reader's 

lis indicator off initially sets the B/s indicator. The next character 

received from the paper tape reader will then cause the lis indicator to 

be cleared and a device to LSB transfer complete interrupt to be generated. 

Turning a typewriter's lis indicator off does not generate an interrupt 

signal. Note that a command to turn an indicator on or off does nothing 

if the indicator is already in the specified state. 

The status command should be used with caution in modifying type

writer status bits. Due to timing peculiarities of the typewriter, the 

following dangers exist: 

(1) Turning off the lis indicator can cause undetected loss 

of the last character typed in by the operator. 

(2) Turning on the O/s indicator soon after turning off the 

lis indicator can cause the first few characters going 

out to be garbled. It is conceivable for example that a 

carriage return may have been in progress when lis was 

turned off. This operation maT1ast up to a second, thus, 

causing the first several outgoing characters to be printed 

during fly-back of the carriage. 
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(3) Turning off the O/S indicator irrnnediately after a character 

printing cycle has been initiated may cause the character to 

be lost or to be printed incorrectly. 

23.6 Load Memory (Op Code 6) 

This operation writes from CPS memory into LSB memory. It is the 

exact converse of the Read Memory operation. Note'that tag bits will be 

UTTU .a. UJ., • 

23.7 Load olp Buffer (Op Code 7) 

This operation loads the indicated number of words into 1SB memory 

beginning at the starting address. The number of words and the starting 

address are loaded into the output device's control words and the charac-

ter count is set to IOCW4 : 5 modulo 3. Note that Tag bits will be recorded 

as received from PUP. 

If bit S of IOGW2 is a zero, the appropriate O/S indicator will be 

turned on, causing the data to be written out. A one in bit S suppresses 

the actual outputto the device. 

If the device's I/S or O/S indicator was on initially or if the 

device is inoperative, the operation will not be performed (no data will 

be sent to the LSB memory) and an LSB device busy or device inoperative 

will occur. 

/nb 

Attachments: 
Appendix A 
Appendix B (Distribution List) 

Roland Silver 
For D-13 Staff 
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N 
lI) 
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LSB 
Qperation 

Read 
Memory 

Read 
Input 
Buffer 

Unload 
Input 
Buffer 

Set 
Input 
Buffer 

Status 
Command 

Load 
Memory 

Load 
Output 
Buffer 

IOCW18: 23 

Number of words 
read into CPS 
memory 

Maximum number 
of words sent 
to CPS memory 

Maximum number 
of words sent 
to CPS memory 

Address in LSB 
memory of first 
word of input 
buffer 

Number of words 
loaded into 
LSB memory 

Number of words 
loaded into LSB 
memory and 
number of words 
sent to output 
device by LSB 

IOCW2 0 

For paper tape 
reader, a = Set 
l/S to turn 
reader on. 1 = 
Leave :reader off. 
Copy into Itmode" 
bit position of 
device control 
word 

a = turn 
indicator 
off 

1 = turn 
indicator 
on 

o = Set O/S 
1 = Do not set 
OS (suppress 
output) 

IOCW2 l : 3 IOCW2 4: 8 IOCW2 9: 10 IOCW2 l4 : 23 IOCW38 : 23 

Address in LSB CPS memory loca-

001 memory of first tion into which 
first word from word sent to CPS LSB is stored 

Device CPS memory loca-
010 

Address 
tion into which 
first word from 
LSB is stored 

New character CPS memory loca-

all Device count for de- tion into which 
Address vice control first word from 

word LSB is stored 

Device 
Character 

100 Address 
count for Length of input 
device con- Buffer 
trol word 

IOCW221 : o = IS; 
1 = OS. IOCW222 : 

Device 1 = Set ILZ if 
101 Address tape reader speci-

fied, otherwise 
unused IOCW2 23 : 
1 = modify 
status bit; a = 
do not modify 
status bit 
LSB memory CPS memory loca-

110 
location into tion of first 
which first word sent to 
word is loaded LSB memory 

Character LSB memory CPS memory loca-
Device count for location into tion of first 

111 Address device con- which first word sent to 
trol word word is loaded LSB memory 

TABLE 23.8 LSB OPERATIONS 
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APPENDIX A -- INSTRUCTION SUMMARY 

The following tables present, in a compact form, a summary of the 

PHOENIX instructions. 

Table A-I 

Table A-I presents the instructions in groups according to certain of 

their characteristics. A given instruction may be a member of several groups. 

Table A-2 

In Table A-2, a miscellaneous assortment of information regarding the 

PHOENIX instructions is given. The nomenclature and notation is that 

developed in Chapter I. 

The following references may prove useful in the use of Table A-2: 

ITEM 

1) Basic notation 

2) Live registers 

a) AC 

b) BR 

c) CA 

d) XR 

e) VF, VFP 

3) Notation for arguments 

4) Instruction formats 

5) Metabit trap 

6) Interrupts 

7) Protected status «(PRJ =1) 

8) Timing 

SECTION 

1 

2 

2.1· 

2.4 

2.5 

2.32 

2,29, 2.30, 9.46 

7.1 

7.2 

6.2 

6.1 

5.0 

3.0 

(Note particularly the assumptions made 

for "average" normalize instructions, 3.3.8) 

A-I 
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Octal Listing of Instructions 

Octal Mnemonic ~ Octal Mnemonic ~ 

00000000 * 00200000 LXI 1 
00004000 RtS 4 00400000 LXR 1 
00010000 * 00600000 DPX 1 
00014000 * 01000000 * 
00020000 NAL 3 01200000 TRP 6 
00024000 NCL 3 01400000 BXS 1 
00030000 SM2 3 01600000 BXA 1 
00034000 SMN 3 02000000 BCH 1 
00040000 CYA 2 02200000 CMX 1 
00044000 CYB 2 02400000 SIO 1 
00050000 CYC 2 02600000 DFR 1 
00054000 * 03000000 ADE 1 
00060000 SHA 2 03200000 LDE 1 
00064000 SHB 2 03400000 DBR 1 
00070000 SHC 2 03600000 DAC 1 
00074000 * 04000000 EOR 1 
00100000 LRB 5 04200000 VOR 1 
00104000 NVX 3 04400000 AND 1 
00110000 PAX 3 04600000 LAC 1 
00114000 PXA 3 05000000 LBR 1 
00120000 CBX 2 05200000 ADX 1 
00124000 * 05400000 SUB 1 
00130000 MMZ 3 05600000 ADD 1 
00134000r M.MN 3 06000000 MPY 1 
00140000 NAR 3 06200000 DVD 1 
00144000 NCR 3 06400000 CMA 1 
00150000 BAS 4 06600000 SAS 1 
00154000 BSA 4 07000000 SKM 1 
00160000 ASB 4 07200000 DAM 1 
00164000 * 07400000 DSU 1 
00170000 * 07600000 DAD 1 
00174000 PER 5 * Unused at present; 

functionally a "ho-operation". 

Instructions BX TXEe 

TXEe 1 TXEe 2 Txpe 3 Txpe 4 

ADD DAD LDE CBX MMN ASB 
ADE DAM LXI CYA MMZ BAS 
ADX DBR LXR CYB NAL BsA 
AND DFR MPY CYC NAR RIS 
BCH DPX SAS SHA NCL .TYEe 5 
BXA DSU SIO SHB NCR 
BXS DVD SKM SHC NVX LRB 
CMA EOR SUB PAX PER 
DAC LAC VOR PXA Tn?e 6 

LBR SMN 
SM2 TRP 

TABLE A-1 {1st Eage) 

A-2 



Arithmetic 
Instructions 

ADD NCL 
DAD NCR 
DSU SHA 
DVD SHB 
MPY SHC 
NAL SUB 
NAR 

Instructions Which May 
Affect [AC] and/or [BR] 
But Which Do Not Reference 

TM-3870 

Instructions Which May 
Affect [AC] and/or [BJ{I 
and Which Reference 

Central Memory Central Memory 
-----------------------------------------------~---

ASB NAR ADD LAC, 
BAS NCL AND LBR 
BSA NCR DAD MPY 
CBX PXA DSU SUB 
CYA SHA DVD VOR 
CYB SHB EOR 
CYC SHC 
NAL SKM 

Instructions Which May Instructions Which May 
Change Central Memory Affect the Program Bit Manipulation: 

_!:'~S~~!~~~ _____________ ._9~~EE~!_~r~9J2 __________________ !~~~E~S~!~~~ _____ _ 

DAC ADX LXI Boolean: 
DAM BCH LXR AND 
DBR BXA PAX EOR 
DPX BXS PER VOR 
MMN CMA SAS Others: 
MMZ CMX SKM ASB NCL 
TRP DFR SMN BAS NCR 

DVD SMZ BSA SAS 
LRB TRP CBX SHA 

DAM SHB 

Also: Also: MMN SHC 
-- -- MMZ SKM Metaoit Trap Metahit Trap NAL SMN Interrupt Interrupt NAR SMZ I/O Operation 

Instructions Which Instructions Which Program Protection 
__ -~L9~~~~~_r~~J ____ . ___ ~~~y~~_~~~J _______________ ~~~_~~!~S~~!~~ _____ .. -

ADX 
BCH 
BXA 
BXS 
CBX 
LXI 
LXR 
NAL 
NAR 
NCL 

. NCR 
NVX. ' 
PAX 

DPX 
PXA 

Instructions Which 
May Modi£y Effective 
Addresses --------------------------

ADE 
LDE 

I/O Instruction ----.--------------------- --
SID 

. TABLE A-I (cont'd.) 
A-3 

Also: 

LRB 
PER 
RIS 

Interrupt 

Metabit 
,Instructions 

'. 

~-----------------------
MMN" 
MMZ 
SMN 
SMZ 



mb 
TM-3870 T May T 

Y May Affect R NOP if 
Mnemonic p Change VF and A [PRJ Timin~ Ref. 

Instruction Name OPC Ar~ e [PCJ VFP P = 1 Min AVg Max Octal Sect. Connnents 

Add ADD R~T 1 .J .J 1 1.25 2 05600000 9.1 
Add to Effective Address ADE I~T 1 1 1 1 03000000 9.2 1 .... [CCI] 
Add to XR ADX I~X 1 .J 1 1 1 05200000 9.3 
And AND R~T 1 1 1.25 2 04400000 9.4 
AC Si8n to BR ASB 4 1 1 1 00160000 9.5 Si8n to all of BR 
BR Si8n to AC Si8n BAS 4 1 1 1 00150000 9.6 
Branch BCH I~T 1 .J 1 1 1 02000000 9.7 [PC] .... XR5 
BR Si8n to AC BSA 4 1 1 1 00154000 9.8 Si8n to all of AC 
Branch on XR and Add BXA I,X 1 1 1 1 01600000 9.9 Test on 1777778; NOP if 

XR6 or XR7 
Branch on XR and Subtract BXS I,X 1 1 1 1 01400000 9.10 Test on 1777778; NOP if 

XR6 or XR7 
Cycle BR and CBX N,T 2 1 2 6 00074000 9.11 
Shift into XR5 

CMA R T 1 +0 1 2 2 2 2 06400000 9.12 
Com are XR wi th I CMX I X 1 +0 1 2 1 1 1 02200000 9.13 
C~cle the AC CYA N2T 2 1 1 2 00040000 9.14.1 
C~cle the BR CYB N~T 2 1 1 1 00044000 9.14.2 
C~c1e Combined AC and BR CYC N~T 2 1 1 2 00050000 9.14.3 
De120sit AC DAC R2T 1 .J 1 1.25 2 03600000 9.15 
Double Precision Add DAD R~T 1 .J 2 2.25 3 07600000 9.16 
De120sit AC 2 Masked DAM R~T 1 V 1 1.25 2 07200000 9.17 
De120sit BR DBR R~T 1 .J 1 1.25 2 03400000 9.18 
Defer Execution DFR I~T 1 1 1 1 02600000 9.19 
De120sit XR DPX R~X 1 .J 1 1.25 2 00600000 9.20 
Double Precision Subtract DSU R~T 1 .J 2 2.25 3 07400000 9.21 
Divide and Skip DVD R,T 1 +0,1 V 14 17 19 06200000 9.22 Normally Skip. 

Quotient .... [ACJ,~nder .... [BRJ 
Signs at end: AC: Algebraic 

BR: As Dividend 
Exclusive "Or" EOR R2T 1 V 1 1.25 2 04000000 9.23 
Load AC LAC R2T 1 .J 1 1.25 2 04600000 9.24 
Load BR LBR R2T 1 "- 1 1.25 2 05000000 9.25 
Load Effective Address LDE R2T 1 V 2 2 2 03200000 9.26 1 .... [CCI] 
Load RL and BD LRB J 2T 5 .J 1 1 1 00100000 9.27 
Load XR Innnediate LXI I~X 1 V 1 1 1 00200000 9.28 
Load XR Remote LXR R2X 1 V V 2 2 2 00400000 9.29 

TABLE A-2 ~lst 12a8e ) 

A-4 



T May 
y May Affect 

Mnemonic p Change VF and 
Instruction Name OPC Arg e [PC] VFP 

Make Metabit One MMN X 3 
Make Me tab it Zero MMZ X 3 
Mu1tiE 1;y: MPY RzT 1 
Normalize AC Left NAL X 3 

Normalize AC.Right NAR X 3 

Normalize CA Left NCL X 3 

Normalize CA Right NCR X 3 

Invert XR NVX X 3 
Put AC Into XR PAX X 3 V 
°Eerate PER JaT 5 +Ozl 
Put XR Into AC PXA X 3 
Restore InterruEt Status RIS 4 .j * SkiE if AC Same z Masked SAS RaT 1 +Ozl 
Shift AC SHA NaT 2 .; 
Shift BR SlIB NzT 2 Y.. 
Shift CA SHC NaT 2 -J. 
Start I/O 0Eeration SID IaT 1 
SkiE-Make SKM laT 1 +Oz1 * SkiE if Metabit One SMN X 3 +0 1 1 
SkiE if Metabit Zero SMZ X 3 +Ozl 
Subtract SUB RaT 1 
TraE TRP 6 3 
Inclusive "Or" VOR RaT 1 
Unused Codes 

lnterruEt 6 
Metabit TraE 1 

mb 
T 
R NOP if 
A [PRJ Timing 
P = 1 Min Av~ 

1 1.25 
1 1.25 

.j 5 7 
1 4 

1 1 

1 5 

1 1 

1 1 
1 1 

.; 2 2 
1 1 

.j 3 3 
2 2 
1 2 
1 2 
1 3 

.; 1 1 

* 2 2 
2 2 
2 2 

'i.. 1 1.25 
2 2 

.; 1 1.25 

* 1 1 

TABLE A-2 (cont'd.) 

A-5 

Max 

2 
2 

10 
5 

1 

8 

1 

1 
1 
2 
1 
3 
2 
6 
5 
6 
1 
2 
2 
2 
2 
2 
2 
1 

TM-3870 

Ref. 
Octal Sect. Comments 

00134000 9.30 
00130000 9.31 
06000000 9.32 
00020000 9.33 [XRXJ e k -> [XRX]; NOP if 

XR6 or XR7 
00120000 9.34 [XRX] ® 1 -> [XRX]; NOP if 

00024000 9.35 
~VF] = 0 or XR6 or XR7 
XRX] e k -> [XRX]; NOP if 

XR6 or XR7 
00124000 9.36 [XRX] ® 1 -> [XRX]; NOP if 

[VF] = 0 or X = 6 or X = 7 
00010000 9.38 NOP if XR7 
00110000 9.39 
00174000 9.40 
00114000 9.41 
00004000 9.42 * See 9.42 
06600000 9.43 SkiE if same l masked. 
00060000 9.44.1 
00064000 9.44.2 
00070000 9.44.3 
02400000 9.45 
07000000 9.46 KaMaSaD.RaCz * see 9.46 
00034000 9.47 
00030000 9.48 
05400000 9.49 
01200000 9.50 [PC] -> [21z 3-> [PC] 
04200000 9.51 

* A1wa;y:s NOP z see 9.37 

6.1 Store into 4and 5~ 1ranch to 6. 
6.2 [PC] -> [O]i 1 -> PC] 
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