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A ¥.ORE POVERFUL ORDER CODE FOR THE TX=0

A. Introduction

'This note describes the present thoughtes of the TX-0 staff regarding
the eventual order code for the machine. These 2dditions fall iato three
major classes. The firat group is the expansion of the sst of addressable
compande from 8ix to twenty~four operation codes. These orders are listed
in Table 3 , and are discussed in section B below, and make use of a single
index resister XR, to be added to the comruter. ’

, Ths second group’inyolvos the expansion of the operate class commandas,
by making use of unused combinetions of bits & through 8 of the imstruction
word. These are described in section C. Finally, there is & group of
instructions which will control ths operation of the proposed magnetic tape
installetion and i8 given in section C-4. :

The philosophy of this order code, as will be evident from the
discussion, is that operate class commands will be used to parform the
majority of arithmetic and logical operations, while the addressable
comriends allow convenient access to quantities in memory &and provide the
more important testing and control functions.

The modified system orgunization of the TX-0 to provide these features

is shown in Figure 1. The importent asdditions to the logic are:
1) The index register consiating of a sign and 13 binary digits.

2) A full adding circuit in the program counter for effective
address celculation and index add@tlona

3) A shifting circuit in the operand register which is required
for automatic multiplication and division.

4) A bit selector which allows testing and changing of & specified
bit of the MER. "

5) A program sense register, PSR, in which each bit may be tested
or set by appropriate instructions. The flip flops in thisg
register will be used to indicate conditions in the magnetic
tape system, as flags for external events in user’s equipment,
end for the light pen input.

6) A program indicetor register, PIR, might be installed later for
storing one-bit indicators which could be set or tested by a

program.

7) A step counting circuit which would provide for shifting n places,
and counting steps in multiplication or division.

€) The magnetic tepe control circuits.

and the necessery additions to the control logic.



B. The Addressable Commends

_ Figure 2. gives the structure of a 7X-C addressable command. Bits
C through 4 give the operation code. Since a one in bit O and bit 1 de~
finea the opserate class instructions, either or both of theses bits being
sero defines the set of 24 addressable instructions. Bits 5 through 17
form the address ¢ which specifies which of the 213 memory registers is
involved. ‘ .

A complete listins of ell addressable commands is given in Table
3. The instructions ST0, ADD, TRA and TRN operate exactly ae at present,
and SOP and LOP are merely new names for ths present SIR and LLR. These
instructiona need not be discussed here.

LDX ¢  load Index - Load the index register from bit O and bits
5 through 17 of register ©. The contents of ¢ exe unchanged .
This instruction places the signed contents of a memory
register in the index register provided its magnﬁmle is
within the capacity of XR, that is \c (y)\.‘-‘. 2°7 -~ 1.

ADX €  Add to Indeg ~ The contents of memory register © sre added
to XR. The contents of ® is unchanged.

Ones complement addition is employed in the index regif er.
Therefore, the result of the addition 1s taken modulo 27 = 1,
The fourteen bit number added consiste of bit O and bits 5
through 17 of register ¢, '

Exempl o8
c(ai(=)) | C{XR) 14 vits
18 bits. initial final
*1 = 000001 | -0 = 37777 | 00001 = +1
. =4 = 777773 | +2 = 00002 | 37775 = -2
360000 | 00000 00000 = 40
117777 00000 | 37777 =-0

STX © Store Index - Store the digits of the index register in the
&ddress portion of register ®. The sign of XR is ignored.
The contente of XR are unchanged. Bits O through 4 of
register © are unchanged. ' '

The instructions LDX, ADX, and STX may be used to set addresses in
instructiona without affecting the operation codes.

TZE © [Transfer on Zgro - If the contents of the accumulator &re
either plus zero or minus zero, the next instruction is
teken from register ¢, If the accumulator contents are not
Plus or minus gero, the next instruction in sequence will be
executed. )

EXT ©  Extrect ~ Place selected bits from memory register ® in a
cleared eccurulator. The selected bits are those for which
the corresponding bite of the operand register are gero.
The contents of register © are unchanged.



INS &

wsm

Ingert - Change solected bits in rogister € to agree with
corresponding bite of the accumulator. The selectad bits
are those for which the corresponding bits of the operend
register are zerc,

These instructions allow convenient means for exsmining and

modifying & portion of 2 word in memory. For example, the

sequence : .
11r (000077

oxt y
8dd x
ine y

will add together the right hand six bits of recisters x
and y and return the aum to the right six bits of y, with-
cut affecting the other bits of register y, and rogardlescs
of the contentsof the other bits of register x.
If the operand regiatér is clear

oxt ¥
will load the accumulator with the content of regiaster ¥

SPO+X EXD4+X
ADDAX S
I§ x. Indexed instructions
SOP+X TRA+X
LOP+X

These instructions are identical to their non-indexed counter-
parts, but the content of the index register is added to the
address (modulo 21% . 1) before the instruction ie executed,
The resulting address 1s known as the effective addrese of ths
inatruction. :

Ezempleas

inatruction index effective
addresse register 2ddrese

(13 bits) (14 bits) {13 bita)

00000 =0 = 37777 17777

00067 =0 = 37777 00067

17777 41 = 00001 00000

00144 =1 = 37776 00143




TIX®

R [

Iransfer and Index ~ If the index register contains plus

or minus gero, perform the next instruction in ssquence
vithout chenging the contents of the index register. If
the index register containg & positive number, its contents
ere reduced by one and ths next instruction i taken from
register ®. If the index register contains & non-zero
negative number, its contents ax increased by one and the
next instruction is token from register y. 4 sero result
will have the same sign as the initial contents of ths
index register.

The TIX instruction thus combines the operations of
eddrens stepping, counting, and testing for completion.
The counting in the index reglster is illustrated by the
following ezamples:

Index Rogister Contente | Transfer Exscuted’
Initial Finel

00046 Q0045 Yes

37734 37735 Yes

00000 00000 Ko

00001, 00000 _ Yeos

37777 37777 ¥o

Both of the following programe will add the contents of the
operand register into the accumulator n. times where n=>1.

1dx (-n+l ldx (+n-=1
lad lad
£4X o=l tixX o=1

The progrem below will clear n registers sterting at
register tabs

cla

ldx {in=-1
gto tabix
tix =1

As another illustration of the exiract instruction, the two
programe given next will ssarch through a table of n entries
baginning at tab for a number which hasz zeros in bits O
through 2 and ones in bits 15 through 17. When such a
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number is found control is transferred to register yes.

11r (077770 11r (077770
ldx (-n+l ldx (-1

a, axt tabin-l+x : a, ext tabtx
add (-000007 : add (~000007
tze yes tze yes ’
tixa tixa

Nots that in emch program the main loop contains four
instructions and takes 42 usecs psr step. The first
program searches the table with increasing effective
addrese while the second searches with decreasing
effective address. Clearly, a similar program could be
written to test for any specified bit combination in 2
table. '

TSX ¢ [Transfer and Set Index - The next instruction is taken from
registor ® ard the address of the register following the TSX
instruction is placed in the index register.

The instxruction is used primarily for sntering closed sub-
routines. Two ways of returning control to the wain program
{rom a subroutine entered by the TSX instruction are given

below,
main program main program
° subroutine ° subroutine
i8X 8ub —» sub, t8x sub —s sub, stx xit
c v\\\\\\\ coatx o q

iy, tra

The firot procedure would te employed if the subroutine
itself does not make use of the index register, the second
proeedure would be used otherwise.

The index register also simplifies the acquisition of Program
parameters. Suppose the following calling sequence is used



ADO «

KXC ©

-6~

for & subroutine which will print the three flexo characters
of a TX=0 word:

define
print A
tsx pr
A

terminate
The subroutine could be coded as

pr, ¢la
edd +x

pn%
pnt

pna
tra M4z

ﬁgn=gne = Add one to the contente of memory register & and
leave the result in the accumulator and register ©.

The addition is performed modulo 28 - 1 in the s2me manner
as the ADD instzuction. This instruction is useful for
counting and address stepping when the index regiaster is
cccuplied.

Execute -~ Execute the instruction in register ®. If the
ins{ruction in register y is & transfer commend and the
trensfer is effective, control will proceed to ths
ipdicated register. Otherwise, the instruction following
the EXC command (or perhaps the second following for a
skip group instruction) will be performsd next.

As an example, the following calling sequsnee and subroutinc
will print ¥ words of flexo characters from registers A
thr Ough A+R‘l °

calling sequence subroutine
define sub, stx a
print N A lop 14x
t8x sub cla omb mbx
edd A44N+x a, axc
==X pnt
terminate pn%

(COﬂto)



pnt
tiza
léz a
tra 14x

The EXC inatructicn at location a in the subroutins
executes the add instruction in the ealling sequence,
which is indexed through the list of flexo words.

The execute commend may also be used to ezecuté a sscond
EXC ecommand and g0 on.

EBXC ®+x  Indexed Exacute = Execute the inztruction in the register
whose address is © plus the contents of XR modulo 21¥ -1,

C. Operate Class Commands

The structure of an operate class instruction is shown in Figure k.
Bits zero and one must be one for any operate instruction. These instructioms
fall into four groups, each of which will be described geparately below. Bits
4 through & of the instruction word determine which group is active &s speci-
fied in Chart S.

1. Micro-progranmed Group

: A micro=programmed operate imsiructiocn has the structure given
in Figure 6. Bite 2, 3 and 9 through 17 sslect members of & set of
16 micro-orders 2s indicated in Chart 7. The astion effected by
each of these orders is given in Table B. The individual orders are
executed in the ssquence given. Chart 7 also lists the time pulee
on which each micro-commend is obeyed. In analysirg the effect of
eny combination of micro-orders, it must be remembered that the
statee of flip flopm changs slowly compared with the duration of the
pulees which @t or cleaxr them. Thus, if two micro~orders are given
which cccur at the same time pulse, the result will be the eeme as
if each order h2d actsd separately on the initial contents of the
aritbmetic registers, It follows that using the miecro orders (MB
and MOP together will interchange the contents of ths memory buffer
and operand regiatsers.

Some exammples of the useful combinations which are made
possible by this list are the following:

MMB, CLA, (MB, MOP, PAD Exchangs OR amd AC

B, CLA, B, MOP, PAD, CYR Exchange, then cycle AC right
AMB, CLA, B, MOP, CRY Exchange, then cycle AC left
4B, ANB, CLA, PAD R N AC = AC ("and” to AC)
H4B, CLh, ANB, MOP, PAD AC —3» OR, AC N (R -3 AC

{(Exchenge then Yand" to AC)
Meny others a2re possible.



In-out commands - The input-output commends which may be used
together with the above micro-orders ere listed in Tuble 9.*
Except where stated otherwise, these orders are executed during an
“in-out stop" intervel of appropriate duration, which is inserted

between cycle zero and cycle one.

Half-word programming - If bits &4 through & of an operate instruction
correepond to the RHT, LFT or BTH codes shown in Chart 5, the micro-

orders specified by bite 9 through 17 will act on the halwes of AC
and OR as separate nine bit quantities. Specificelly, the orders
shift right, cycle right and carry will operate as indicated in
Figure 10. The codes RHT, LFT and BTH will cauge the following

action:

RAT -~ Perform the micro-commands indicated by bits 9
through 17 on the right nine bits of AC and CR.
The left nine bits of AC and OR will be unaffected.

LFT -~ Perform the micro-commends indicated by bits 9
through 17 on the left nine bits of the AC and (R.
The right nine bits of the AC and OR will be un~

affocted.

BTH == Perform the micro-commends indicated by bits 9
through 17 on both halves of AC and OR as separate
nine bit quantities.

The following micro-orders will alwaeys operate normally when the
codes RHT, L¥T or ETH are used: .

CLL CIE AB B XMB MBEX

=t
o

The reader will observe that the present orders PEN, R1L and R3L do not
appear in this liset nor in Chart 7. 4 skip group command will be pro-~

vided to test the light pen flip flop as described in section C-2.

During installation, an interim PEN order will be provided by one of

the spare combinations of bits & through 8. Control of the photo~electric
tepe reader will sventuslly be included with the magnetic tape control
logic (see section C~4). The present mode of operation will be continued
for some time after the new eystem is operating reliably.



2. Skip and Make Group

4An operate imstruction of the skip and make group has the
form shown in Figure 11. These instructions may be used to test
and/or set any bit of the &ccumulator, operand register, or a
register of flip flop indicators which will be called the program
sense regtster PSR. A second group of flip flops which will de
celled the program indicator register, PIR, might be added in the
future.

The specific bit or flip flop tested by & skip and make
instruction is determined by the bit address together with bit 8
of the instruction &s set forth in Table 12a. Testing is mecha-
nized in the machine by skipping the next instruction in the pro-
gram or not, according to the state of the selected flip-flop.
Four variations are possible as determined by the skip indicator
bite of the instruction. Thess are given in Tablse 12b. The
sotting or clearing of the selected flip flop is similarly con-
trolled by the two make indicator bits as in Table 12¢. It is
importent to remember that the skipping is controlled by the
initial state of the selected flip flopo.

To simplify the writing of skip and meike instructions
we may meke the following definitions:

skp = 600 mke = 140
skz = 200 mkz = 40
skn = 400 nkn = 100

Then the inastruction
gka skn 21

will cause the mechine to skip the following inatruction if big
17 (decimal) of the eccumulator is one. Bit 17 may a2lso be com-
plemented by the same instruction by writing

gka skn mke 21

Two extra features are provided by instruction bits 2 and
3. First, any skip and make instruction will also cleer the ac-
cumulator if bit 2 ia one. Sscond, the bit address will be augmented
by the contents of the index register if a one is placed in bit 3.
The effective bit addresz is given by bits 13 through 17, plus
the contents of the index register taken modulo 25.

Eight special orders are included in the gkip and make
group which allow the entire progrim sense or progrem indicator
register to be temated As a unit. These instructions are described
in Table 13.

The flip flope of the progrem sense register will be used
to inform & program of certain internal and externel events.



Included vill tethe following:

Arithmetic

or overflow indicator (addition)
Dye divide chsck indicator

Tape Control
EOR end of record
BvWC read write check
TCK parity error
Eor end of tape
Othexr
Ip light pen FF
user’s equipment flags

3. ZIhe Step Command Group

The instructions of the step group are used to cycle or shift the
accumulator, operand register, or both, and arbitrary number of places.
Algo included in this group &re multiplication and division commends, &

scaling order, and an order which will count the number of ones in an
18-bit word.

The structure of & step group comnand is given in Figure 14. Bits
12 through 17 specify the number of 8teps to be executed, and mey range
from O to 63 (decimal). If bit 3 is one, this number will be augmpnted by
the contents of the index register where the sum is taken modulo 2°. If a
one 1s placed in bit 2, the sccumulator will be cleared hefore the stepped

operation i1s executed. Bits 8 through 11 aspecify the particular step group
command being performed.

Shifting Commends

The seven shifting inetructions are stated and explained by
Table 15,

Other Step Commands

The remeining step group instructions are given in Table 16
end are discussed below with elamples,

caB SYM BOL FUNCTION
606021 MPY . Multiply
606221 DVF Divide Fractions
606321 L logical Divide
606500 SCA Scale
607500 CBT Count Bits

Table 16. Miscellaneous instructions of the operate
: gten awroun



Multiply Command
The instruction MPY multiplies the contents of the

accumulator by the contents of the operand register,
result in AC and CR.

leaving the

The multiplicand and multiplier are in-

terproted as & sign and 17 bits in the usuml one's complement
fashion. The product 1s & 34-bit signed number and major &nd

minor 17-bi¢ portions will eppear in the
and will agrse in sign.

AC and (R respectively,
The ueual sign rule a2pplies for all

cagos-
Examples:
Initinl Final

. AC R AC OR
000021 000101 000000 002121
417 +65 41105
77777 577777 140000 000000
-3/4 -1/2 +3/8

Divide Fractions

The instruction DVF takes as dividend the signed 34-bit
fraction coneisting of the sign and 17 bits of AC with 17 geros

or ones appendad to the right.
fraction initially in the OR.

The divisor is the signed 17 bit
The quotient will appsar as an

appropriately signed 17 -bit fraction in the OR and ths remainder
will be left in the AC with the same sign as the dividend. The
divide check indicator, DVC, will be set if the magnitude of the
divieor is less than or equal to the magnitude of the dividend.
However, the division will be executed even though ths

results are not meaningful.

Exemples:
Initial Final Divide
AC R AC R | Check
020000 200000 000000 040000 Yo
+1/16 +1/2 +0 +/8
577777 577777 577?77 3?7777 .
a8
=1/2 =1/2 «1/2 ~1




Logical Divide

The instruction DVL divides
by the signed integer in the OR.
quotient is left in the OR and the remainder is left in the AC

with the sign of the dividend. The divide check indicctor will
be get iIf the divisor ie plus or minus zero.

the signed integer in the AC
The appropristely-signed

Examples:
~ Initial Finel
- AC ® AC B
777756 000003 | 777775 777772
-17 + -2 -5 o
000021 | 777774 | ocooo2 277772
917 -3 2 -5 Yo
777777 000000 777777 400000
-0 +0 -0 ~a] Tee
Scale

, The instruction SCA shifts the contents of AC and OR left

in the manner of LIS (eee Tsble 15) until bit 1 of AC is the opposite
of bit 0. The number of shifts necessary to accomplish thie is placed
in the index register. If the contents of AC is plus or minus zerc
the divide check indicator is set and no shifts are executed.

Examples:
Initial Final
Ve
AC R AC R IR
002000 204000 200041 | 000000 | 000006 No
775777 | 573777 | 577736 | 777777 | 000006 Yo
000000 220000 000000 | 220000 | 000000 Yes

Count Bi*g

The instruction CBT counts the number of ones in the AC,
places this reeult in the index register, and clears the AC.
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4o In-Out Select Group

This group of inetructione is provided to control up to
three magnetic tepe transports and a photo-slectric tape reader,
although other equipment may be added. The select instruction
determines the unit which is to communicete information through
the arithmetic element, end eateblishes the desired mode of
operation. Copy instructions control the actual transfer of
data. The structure of an in-out select instruction is given
in Figure 17. 4 one in bit 2 will ceuse the AC to be cleored
by the inatruction. Placing & 1 in bit 3 will cause the mode
cods to be augmented by the contents of the index register
modulo 25. The presently contemplated select orders are listed
in Table 18. The megnetic tape orders are discussed in M-5001-17.
The opsration of the *1cad" push button is described in section
below.



I S Ty

Core :
Memory f €« Cocntrol
8192 oS | @ GStep
ter
Registers Togel oun
| Reel | ogele ! .
[
MAR - Memozg
Address Registe
1 A
Add Shift i _Shifg 4
{'P'Iif ~ Progrem ) Circu‘lit Circuit Circuit
ndjeator Reg. | T
4 A A— ~L LN
PC -~ Program
MBR - Memory Buffer AC = Agcumulator @R = Operand Regi&@ Count
Register : ! ountex
@ L T T4&T
PSR - Program l
Sense Reg. )y rem—
A Flexo-
writer
IR = Instrue .
tion Registe XR - Index
s R Register
ﬂe\i‘; Pan cope
' Tape Control
System
N F , _ User's
Equipment
7 :
Megnotic Tape| |Paper
Uniss ape
Reader
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Instruction Blta

1 4 7 10 13 16
,0 0 0 0 C & 2 a &8 2 8 &a &8 a &8 &2 & a
operation code address

Figore 2. Structure of an addressable instructioa



SYMBOL

FINAL CONTENTS OF

CCDE NAME
PC* Oi(w) cu(B) AC
00000 8T0 Store Agcumulator | PC + 1 AC
00001 STO + X Indexed Store C +1 M AC
Accumulatoy
(M (=) N OR) —
00010 INS Insert FC +1 Uacn @& aAc N OB
(cu (B) N or) -
00011 INS + X Indexed Insert PC +1 U (AC N GF) AC N OR
00100 sop Store Operand ) +1 OR
00101 S0P + X Indexed Store P+ OR
Operand .
(cm (=) 760000)
00110 STX . Store Index in ¢ +1 n
Address Ur O 017777)
00111 ADO Add One PC % 1 o (e) +1° oM (s) +1°

* Addition in PC is modulo 213,
V means union of logical sum.

TABLE 3A -

ﬂ means intersect or logical product.
& = gddress portion of instruction (bits 5-17).

Thie quantity will actually appear in MAR rather then PC.
C Jodulo 2

14

B = [a + x@] moduro 2",

ADDRESSABLE INSTRUCTIONS — STORE CLASS




. FINAL CONTENTS OF
CODE SYMBOL NAME
| PC AC R XB

01000 ADD 444 to Accumulator PC+1 | AC + (w(w)®

01001 ADD + X | Indexed Add PC+1| 4c + au(p)°

01010 BXT Extract PC+1 RO (=)

01011 EXT + X | Indexed Extract PC+1| OGREO M(B)

01100 LOP Load Operand PC +1 CN(w)

01101 I0P + X | Indexed Load Operand PC+1 cK(B)

01110 1DX Load Index PC+1 Chi{e)
[o, 517}
x +$ on(s)

01111 ADX Add to Index P +1 ©. 517 }n

2 Modulo 214

IABLE 4B - ADDRESSABLE INSTRUCTIONS - ADD CLASS




FINAL CONTENTS OF

CODE SYMBOL, NAME CONDITION
PC* XRr
PC + 1 AC =0 =0
10000 TRE Tranefer if negative
@ AC - 0 =1
PC +1 - ¥
10001 PZR Pransfer if zero a6 Lo -1797=0
: c AC 0 =-17>=12% g
10010 SX Trangfer and sst o PC + 1
index
PC + 1 XR=20
10011 71X Transfer and Index oy T
- mie R0
10100 TRA Transfer bt
10101 TRA + X Indexed Transfer B
10110 ‘BXC Execute Execute instruction in register «
10111 BXC + X Indexed Execute Execute instruction in register B

G The megnitude of contents of XR is reduced by 1. The result will have the same sign &8 the
initial contents of XR.

PABLE 3¢ - ADDRESSABLE INSTRUCTIONS - TRANSFER CLASS




Instruction Biis

1 L 7 10 13 6

lizixlylvlyiviylxlxlx|xlzlx}z xix

) ‘““0‘-’ W ‘
= in-cut crder or group code

i

A
N operate clasg code

Figure 4. Structure of operata class instructions




INSTRUCTION BITS FCUR AND FIVE

00

01

10

11

000

INSTHUCTION BITS SIX, SEVEN AND EIGHT

001 010 o1 100 101 110 111
R T —— r
| I sxap | amp STEP cctmn
NOP TAC TER SPARE ; vAKE | aroup GROU
EXO EXQ EX2 EX3 EX4 EXS5 EX6 EX7
CPY SPARE DIS SPARE PRT SPARE PGH P7E
IN-OUT
HLT IFT RET smcm <4———7\— SPARE —}——p
o i

CHART 5

Lk:i(:ae ~PROCAAMMED GROUT

IN-GUT ORDEES AND SPECIAL OFERATK GROUPS




1 b

Instruction Bits

7 10 1 16
lix|xlyliyiviyily xix|lx}x xlx|x
in-out é..ommand \ bits determining active
micro orders
Figure 6. Structure of a micro programmed order
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cons STMBOL FUNCTIOK
The MBR ie initially cloear.

600001 AMB transfer AC contents to MBR {occurs befors CLL or CLR

700000 CLL glear left 9 bits of AC

640000 CIR clear right 9 bits of AC

600040 cM complement AC

600500 XMB Transfer contents of ¥R to MBR (logical sum). The sign of -XR, bit &4,

will be the input for bits O - 4 of KBR.

600200 MoP transfer contents of MBR to QR T

600300 ANO AND the contents of FBR and OR and leave in OR (a)

600100 |- ORO OR (inclusive) the contents of MER and OR and leave in OR

600002 [ omB transfer contents of OR to MBR ]

6060006 ANM AND the contents of MBR and OR and leave in MER | (v)

600004 | ORM OR the zontents of MER and OR and leave in MBR ]

Kote: Any member of group (a) above may be used simultaneously
with eny member of group (b).

600020 PAD partial add MBE to AC (for each MER onas, complement the corresponding
AC bit) e

600400 SHR 8hift AC contents right one binary position (bit O is unchenged,
bit 17 is lost)

600600 CIR cycle AC contents right one binary position (AC bit 17 goes to
AC bit 0)

600010 CRY PAD plus garry completes a full add. Carry ie also useful by itself.
(A carry digit is 2 CNE if in the next least significent digit
either AC = 0 and MBR = 1, or AC = 1 and carry digit = 1o The
carry digite so determined are partial added to the AC by CRY.)

MBX . Place the conients of bite O end 5 through 17 of MBR in bits

600700

a*l?QfXRc

TABLE 8 ACTION OF CPERATE MICRC ORDERS




SN BOL CODE NAME FUNCTION
DIs 622000 Digplay Digplay & point on the CRT with x and y
coordinetes specified by the left and
right halves of the AC, respectively,
interpreted as one's complement nins
bit numbers.
PRT 624000 Print Print the flexowriter cheracter specified
by bits 2, 5, 8, 11, 14 and 17 of the
ACO '
- P6H 626000 Punch 6 Punch holes 1 - 6 on paper tape according
. holes to bite 2, 5, 8, 11, 14 and 17 of the
ACo Do not punch hole 7.
P?H 627000 Punch 7 Punch holes 1 - 6 on paper tepe according
holes to bits 2, 5, 8, 11, 1& and 17 of the
AC. Always punch hole 7.
. CFY 620000 Copy Control transfer of information to or
from & magnetic tape unit or from the
paper tape reader according to last in-
out selsct instruction (Table ) given.
For timing and other details ese M=-5001~
EXO 610000 |
EX1 611000 ) '
Operate user’s extarnal equipment.
BX2 612000 For detsils see ¥=5001-
£X3 613000
EXk 614000
EXS5 615000
EX6 616000
EX? 617000
TAC 601000 Exemine TAC | TACUAC - AC. (logicsl sum)
: Occure on time pulse 1 of cycle ons.
TER 602000 Exemine THR | TERUMBR -» MER. (logicel sum)
Occurs on time pulse 2 of cycle one.
KOP 600000 Fo Opersation] No in-out function is to be exscuted.
BLP 630000 Halt Stop the computer after completing this
instruction (time pulse 8 of cycle one).
TABLE 2; IN-OUT CQMMANDS WHICH MAY EE USED IN

MICBO»PROGR&'MED OPERATY CLASS INSTRUCTIONS




Instruction Bits

1 4 7 10 13 16
1 , ljcixjofoj1r]jojlajsfa|{m|m|bldlt|{b]D
i S, ' Lonad =
clear AC _J ‘ . ; o e
indicator / w bit address
sndex meke indicator
irdicator ]

skip indicetor
akip group code

Figure 13. Structure of a skip and make instruction



CODE SYMBOL SELECTED BIT
604000 + N SKA + N Bit n of AC, 0<% n-—ézxa
605000 + ¥ | SkO+ N Bnnofm,o&nsms
604024 + N SKS + N Bit n of PSR, 0%5.n %13
605024 + X SKI + ¥ Bit n of PIR, 051 %13
604022 S5KA 22 Parity of AC*

605022 SKO 22 Parity of (R*

"May only be examined, of course.

a) Bit selection by skip group instructions

Skip Indicator,

Bits 9, 10 ACTION
o o Nsver skip
0 1 Skip if selected bit is zero
1 o0 Skip 1f selected bit is onme
1 1 Always skip

b) Skip indicator bite

Make Indicator

Bite 11 and 12 ACTION
(¢} 0 Do not change selected bit -
0 1 Set selscted bit to zero
1 0 Set selected bit to one

1 Complement selected bit

¢) Make indicator bite

Table 12.

Skip group instruction poseibilities




 CQDE SYMBOL NAME ACTI O*
604023 SSE- Set Sense Register| Sets selected bits of PSR to agree
with corresponding bits of AC.
704023 SSE + CL Set Sense and As above, and leave AC clear.
Clear
604423 TSE Teat Sense Partial add selected dbits of PSR
Regiater to corresponding bits of AC.
704423 TSE + CL Clear and Test As above, but clear AC first.
Sense
605023 SIN Set Indicator j
Regiater
705023 SIN + CL | Set Indicators
and Clear ;
Same &3 abovs group, but
605423 TIN Test Indicator refers to PIR.
' Reglster
705423 TIR + CL Test Indicators g
and Clear )

*Selected bits are those positione in which the (R contains zeros.

Table 13-

Instructions for setting and testing PSR and FIR




NAME AND FUNCTION

. CODE SYMBOL AC ®
607400 + N | ARS + N Accumulator Right Shift n Places
01 16 17 4C~0 is unchanged
607600 + B | AIS + N Accumulator Left Shift n Places
fo 1 16 17 AC-0 1s unchenged
606400 + N. | LIRS + N Long Right Shift n Places
: V' Yore ) b
10 1 16 17 t 0 1 16 17
3= } }
AC~0 ia unchanged
606600 + N | ILS + N long Left Shift n Places
et ENENET )
|O 1 16 17 0 1 16 17
ey ,
OR~0 19 unchanged
607100 + N | CYA + ¥ Cycle Accumulator n Places
0 1 16 17
607700 + N | CYO + N Cycle Operanrd n Places
!0 1 - 16 l?i
606500 + ¥ | LIC + N

Long Left Cycle

Teble 15. Shifting Instructions of the Ope:ato Step Group




CODE*

SYM BOL* NASE FUNCTION
634011 + K REW + N | Rewind Rewind megnetic tape unit n to its load point
634015 +N | VWERT + N | Write Tape Start Magnetic tape unit n forward in the
T record mode.
634005 + N RDT + KN Reed Tepe Start magnetic tape unit n forward in the
' read mode.
634001 + N _BST + XN Backepace Run megnetic tepe unit n to the beginning
Tape of the previous record.

634004 R3L Read three Start paper tape reader in the three line

" 1line modeo
634014 RL Read one line Start paper ‘tape reader in the one line

' mode.
634025 INT + ¥°| Load Meg. Initiate read in mode from magnetic tape
‘ ~ Tape - ‘unit n. Unit n will firet de revound
to 1ts load point. :
634024 Ler ® Load Paper Initiate read in mode from paper tape reader.
Tape :

634000 STP ~ Stop Deselact any gelected unitc. This order

must be given to stop the paper tape
reader.

* In octal.

n'O l or 2.

Giving the instruction IMT 0 or LPT is

equivalent to pushing the “Load Mag. Tape” or Load Paper ’I‘ape“ push button,
regpectively.

Tablas 18.

In-out select order group




Instruction Bits

1 4 ? 10 13 16
11 e 111100 = = = = B B m om0
clear AC \ mode
indicator unused “ code
salect
index ______J group code

indicator

Figure 17. Structure of an in-out select instruction



TX-0 CQMPUTKR
MASSACHUSETTS INSTITUTE OF TECHNOLOGY
CA-BRIDGE 39, MASSACHUSETTS

May 25, 1960

To thz 43 Hoec Committee on Experimental Computation and other interested personss

Enclosed 1s a proposal for & comprshensive enlargement of the TX~-0
instruction code. The stnff feels that many of the features of this instruction
code offer a great advantage over possible alternatives and ghould certainly be
installed. However, there are some features included in the proposal which,
perhops, do not make the best use of availabdle operation codes. Your idoss and
commnte are solicited -~ perhaps there are useful alternatives which have not
‘been considered.

The reader will notice thet the proposal suggests the nams “operand
rogister" as more appropriate than "live register. Unfortunately, this suggestion
leads to a rather unaesthetic set of symbolic operation codes (2e given in the
memo). Criticiem of this suggestion has already been loudly voiced, and, therefore,
the peculiar designetion "live register" will probably be reteined.

Since the memo was prepared, & different scheme of organizing the
wicro~programmed operaté orders has been devised. Thig schene retains as many of
the current possibilities as ths arrangement set forth in Chart 7 and Table & of
the enclosed memo, yet allows even more flexibility. For instence, the new scheme
&llows the contents of LR and XR to be interchansed. Charts for this elternative
will be prepared shortly. ' ‘

. It 18 planned to proceed this summer with the installation of the
portions of the proposal which we are satisfied make good use of the availeble
operation codes. The following table 1lists these featuree a2nd the approximate
date they will be available to users. Of course, the dates ageume thet adequate
funds and technical assistance will be available.

Features: Expected to bdbe in operation:

New addressable commands

TZ2E DX

TiX ADX

TSX STX

STO + X September 1960
SIR + X (SOP + X)

ADD + X

LIR + X (LOP + X)
TRA + X




Nevw schedule of micro~
programmed operate commends September 1960

Magnetic Tepe orders:
(one unit) ‘ Hovember 1960

Cortain Skip Group
comménds associated with Novembar 1960
Magnatic Tape operation

Certain Step Group o
commands including December 1960
Multiply

The remaining skip group and step group operate orders will de
installed at a rate depending upon the amount of time subsequently available
for modifications.

The valus of the remaining addressable 1nstiuctiona, and the half-
vord provision for the operate micro~orders, is not elear. Therefore, active
consideration of these features has been dropped for the present.

Any criticiam or suggestions with respect to these plans will be
given due consideration.

8incerely,

PPl

JED/dbh
Enc.: M=5001-22



TX~0 COMPUTER :
MASSACHUSETTS INSTITUTE OF TECHNOLOGY
CAMBRIDGE 39, MASSACHUSETTS

June 15, 1960
o the Ad Hoc Committee on Experimental Computation:

During the past two weeks two meetings have been held with the im-
portant users of the TX-0 Computer to discuss the usefulness of the proposed
additions to the TX-0 order code, and to discuss the &ffect of the changes
on user’s programs. The principal problem arose concerning the order of in~
stallation of the changes in the coding of the operate command, and the in-
dex register with its associated new instructions. Ths following points were
brought out: '

(1) User's are more enthusiastic about the index register then
the changes in the coding of the operate command as en aid in improving and

speeding up their programs.

(2) A number of important programs do not have up-to-date English
(external languege) versions. Hence maintaining operadbility in these cases
is not merely a matter of recompiling. Thus, if the index register were
not available until some time after the changes in the operate command cod-
ing, two reprogramming Jobs would be required--one to keep programs working
‘with the nev operate structure, and one to take advantage of the index in-
structions. , ‘

(3) The difficulty of new programmers coping with changes made
during the fall term has probably been over-emphasized. They cean easily
awid the pitfalls 1f they are warned in advance.

For these reasons it was suggested that the index register be given
& relatively high priority, and that the changes in the coding of the operate
command be delayed until the indexing instructions are operating.

From the hardware point of view the following facts are pertinent:

(1) It is desired to eventuslly replace the present vacuum tube
time pulse generator with & transistorized equivalent (cost--about $2,000).
This would be much more reliable and would yield & considerable saving in
space. Also meeting the needs of new control circuitry would be relatively
difficult if the present time pulse distribution scheme is retained.

(2) The above chenge requires & switch from the precently used
register driver circuit to 2 pulse amplifier circuit. The cost of components
to manufacture these smplifiers is $2,500 for a sufficient number of units
to cover all TX-0 circuite with spares. To build a smaller number of unite



.2.

is economically unsound. The units would be aseembled by our technitians.
4 supply of these unite will be necessary to place the index register in
operation.

(3) At present, 1t does not seem likely that the index register
could bs installed and operating by the end of the summer. The principual
reason is the time required to have additional TX-2 Plug-in units assembled
bu an outside vendor. '

(4) With the pulse amplifiers available, all of the changes in
TX=-0 control circuits required for the tape unit, new operate orders, and
most of the changes required for the index register installation could be
mede this summer with no effect on currently operating programs. The ac~
tual change in the coding of the present orders could be accomplished at a
convenient time with a shut-down of a couple of days. The installation of
the indexing instructions would require about two weeks of down time.

On the basis of this information the following schedule of installa-
tion is proposed. The estimated down time for each Job is indicated in
parentheses.

Summer 1960:
(1) Build pulse amplifier units (0)

(2) Vire panel for new program counter. This is the major ad-
dition required for the operation of the indexing instruc-
tions. (0)

(3) V¥ire tape unit control panel. (0)

(4) Make changes in comtrol circuits of TX~0 fof taps unit, in-
dex register and new schedule of operate commends. (30 days
in groups of 1, 2 or 3). ‘

(5) Mechanical changes in control panel, asssmbling new rack,
runnipg cebles, etc. (10 days in short pieces). New orders
available: TZE ~ transfer on zero; perhaps ADO ~ add one
to memory register; select and copy orders for control of a
second paper tape reader. The present PETR will remain
operating as at present.

Fall 1960:
(1) Construct TX-2 type plug-in units for new program counter. (0)
(2) Continue chenges in control if not completed during summer. (1)
December 0:

(1) Check out magnetic tape unit. (10 days in bits)
New orders: Tape control orderg 8s indicated in M~5001-22.



Xmag vacation or between terms:

(1) Install new program counter (2 wesks)
‘New orders: Indexed STO, SLR, ADD, LIR and TRA; 78X, TIX,
LDX, ADX, STX mas given in M-5001-22.

(2) Change operate command to agres with attached schedule.(2 days)

Funds currently heve been procured for all of the sbove work ex-
cept for the comstruction of pulse amplifier units and the construction of
& pnew rack to provide space for megnetic taps equipment. The former will
cost $2,500. The majority of the parts for the new rack are expected to
be avallable from Iincoln laboratory, and the remaining parts we hope can
be constructed from standard stock in our shop3s.

Respectfully submitted, .

Jack B. Dennis

JBD:EAB



_SYMBOL CODE NAME FUNCTION
FEN 603000 § Read Light set AC bit O from light pen FF, and
Pen AC bit 1 from light gun FF. (FFis
contain ONE if pen or gun saw dis-
played point.)
R1L 621000 § Read One Line Read one line of tape from FETR into
before read
B3L 623000 § Read Three Read three lines of taps from PETR
Lines into AC, with CYR before each read

TABLE 9 -

Continued




Instruction bits &4 and 5

00

01

10

11

Instruction bits 6, 7, and g

090 001 010 011 100 101 110 111
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| Group |
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Micro~-Programmed Growup

Chart &

In-Out Orders and Special Opsrate Groups
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CODE SYMBOL FUNCTION
The MBR is initially clear.

640000 AMB transfer AC contents to MER (occurs befors CLA)

700000 c1A clear the AC

600040 CM somplement AC

600500 XMB Transfer contents of XR to MER (logical sum). The sign of
IR, bit 4, will be the input for bite O - 4 of MBR.

600200 MBL transfer contents of MBR to LR

600002 3B transfer contents of IR to MER
Note: MBL and IMB when used together will interchengs

"~ the contents of MBR and 1R

60007 ANB AUD the contente of MER and IR and leave in MER

60005 ORB OB the contents of MER and IR and leave in MER

600020 PAD partial add MBR to AC (for each MBER ome, complement the
corresponding AC bit)

600400 SHR shift AC contents right one binary position (bit O is unp~

changed, bit 17 lost)

600600 CYR cycle AC contents right one binary position (AC bit 17

goes to AC bit 0)

600010 CRY PAD plus carry completes & full add. Carry is also useful
itself. (A carry digit 1s a ONE if in the next least sig-
nificant digit either AC = O and MBR = 1, or AC = 1 and
carry digit = 1. The carry digite so determined are
partial added to the AC by CRY.)

600001 MBX Place the contents of bite O and 5 through 1?7 of MER in

bits 4 - 17 of XR

TABLE 8 ACTIOR OF OFERATE MICRO ORDERS




by bits 2, 5, 8, 11, 14 and 17 of the AC.

For timing and other details ses M-5001- -

instruction (time pulss 8 of cycle one).

PR T

C1L 631000 Clear Clear bits 0-8 of AC
Left
CIR 632000 Clear
Right Clear bite 9-17 of AC
DIs 622000 Display Display a point on the CBT with x and y
coordinates specified by the left and
right halves of the AC, respectively,
interpreted as one's gomplement nine-
bit numbers.

PRT 624000 Print Print the flexowriter character specified

TYP 625000 Type Read the last 6-bit character typed into
bits 0, 3, 6, 9, 12 and 15 of ths IR,
4 flip-Flop indicator will be set
wvhen a character is typed.

P6R 626000 Punch 6 Punch holes 1 -~ 6 on paper tape according

holes to bits 2, 5, 8, 11, 14 and 17 of the

4C. Do not punch hole 7.
P7H 627000 Punch 7 Punch holes 1 ~ 6 on paper teps according
holes to bits 2, 5, 8, 11, 14 and 17 of the

AC. A.ways punch hole 7,

CPY - 620000 Copy Control transfer of information to or
from & magnetic tape unit or from the
paper tape reader according to last in-
out select instruction (Table ) given.

EXO 610000

EX1 611000

EX2 612000 Operate user's external equipment.

EX3 613000 For details see M-50010

BX4. 614000

EX5 615000

EX§ 616000

EX7 617000

TAC 601000 Examine TAC TACUACPAC. (logical sum)

Occurs on time pulse 1 of cycle one.

THER 602000 Examine TER TERUMBR-?MER., (logical sum)

Occurs on time pulse 2 of cycle one.

NOP 600000 No operation | No in-out function 18 to be executed.

HLT . 630000 Halt Stop the computer after completing this

TABLE 9. IN~OUT COMMANDS WHICH MAY BE USED IN

MACRO-FROGRAMMED OPERATE CLASS INSTRUCTIONS
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