Introduction

channel and main storage, it does not pass
through the R register. Refer to the Field
Engineering Mamnual of Instruction, IBM 2030
I1/0 Contral, Form Y2u4=3362.)

HNotice in Figqure 1-8 that the MyN-bus
(really the ¥ and N busses--eiqght informa-
tion bits plus one parity bit for each bus)
provides input paths to the MN-registers.
The following table summarizes the address
information =source inputs to the MH-
registers:

Usual Immediate
source of

Source Destin-
Register ation

I M High order address bits for
an instruction byte

J M Low order address bits for
an instruction byte

U M High order address bits for
a data byte

v N Low order address hits for
a data byte

T N Address bits for certain

auxiliary storage locations

Addresses are frequently obtained from
instructions which are in main storage.
Hence, there must be a path, during normal
instruction processing, over which thesge
addresses can be set into the U, Vv, I, J,
or T registers. One path is from storage,
to the R register, through the A-register
inputs te ALU, through ALU to the 2 bus,
and from there to the appropriate register
(Figure 1-8). This description is not
meant to imply that every time a byte is
sent from storage it [ollows the path just
described into all registers. The
microprogram specifies which registers are
to take part in the operation, and, as
already pointed out, the microprogram steps
used depend upon the operation being per-
formed.

During instruction processing, the G-
register usually contains the instruction
operation code. Hence, the values of the
bit positions of this register indicate
such items as instruction length and
format.

Many other registers are used. However,
how a register is used is mainly dependent

- bits.

upon the operation performed. The follow-
ing table summarizes the usual functions of
s0me important registers in the data flow
(Figure 1-8):

Register Usual Function

I Instruction address (high-order
bits)

Instruction address (low-order
bits)

Data address (high-order bits)
Data address (low-order bhits)
Data length

Buxiliary storage address

General purpose data register
Storage data register

Status (CPU)

Instruction cperation code
Priority status register
Storage-Protection key in PSW
{(High 4 bits); Storage-Protection
key of block of storage just used
(low 4-bits}

Interval Timer Count

External Interrupt: Interval Six
di rect-control interruptions
{bits 2 through 7).
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The W and X registers hold information
that is used to address ROS. A maximum of
13 bits are needed to address any ROS word,
The W register holds the 5 high-order bits
and the X register holds the B low-order
(Fote that the W register has only
five bit positions which are W31, Wi, W5,
Wé, and W7.) In addition, each of these
registers has a parity bit position.

The FW-FX and GW=GX registers are hackup
registers for R0OS5 addresses. The FW=-FX
registers are used to retain the ROS
address just held by the WX registers when
certain multiplexor channel operations
break into CPU instruction processing. The
GW=GX reqisters provide backup for address-
es in WX when selector channel one requires
use of ROE (such as in chaining
operations). A similar set of registers
{HW-HX) is used during ROS cperations for
select or channel two. For detailed infor-
mation about the WX registers, refer to
Chapter 2 of this publication. Multiplexor
and selector channel operations and reg-
ister usage) are described in Field Engi-
neering Manuwal of Instruction, IBM
System/ 3160 Model 30, 2030 I/D Control, Form
¥24=3362.
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Figure 2-137. ROS5 Word Wumbering

MICROPROGRAM

* The microprogram is used to control the function of the

2030,

¢+ Each machine cycle is controlled by one microprogram word.

* b microprogram word is punched in a ROS card and becomes a

FOS waord.

In all computers it is necessary to have
some method to perform a seguence of logi-
cal steps. The 2030 uses a microprogram.
#ithin the microprogram, the microprogram
word is the functional statement. The
microprogram word is punched in a4 ROS card
to form a ROS word.

B ROS word 1s selected by the decode of

the address in ROAR (Read Only Address
fegister) and the R0OS word contents are

A05 Word Control Fields

decoded to activate control points in the
system. The ROS word consists of specific
fields programmed to perform a logic state-
ment. The activated word sends back part
of the next address for ROS to HOAR. Cou-
pled with branch control {machine status
test), the partial address forms the com-
plete address of the next ROS word. To
read and understand the ROS word, we must
know what the ROS word can contain and what
format is used to write the word.

« The ROS word used in the 20310 is 60 bits wide.

* The RIS word is divided into control fields.

The 60=-bit ROS word is divided into control
fields (Figure 2=-383) and these fields can
be separated into six broad groups:

1. Function control CA, CF, CB, CG, CC,
ey, CP, Ck

2. Main and auxiliary storage CM, CU

2-30 (3/71/766)

1. Branching and ROS address CNH, CH, CL

L. #et and resek of status condition C5

5. Alternate AA, AS, AK

6. Parity for different sections of the
control fields
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Mot ice the control fields vary in numbers
of bit positions. Example: the CU field
iz two bits wide and the CD tield is four
bits wide., If the field is two bits wide,
we can set and decode four

combinations: 0-00, 1=-01, 2-10, 3=-11. A
three position field can be set and decoded
in eight combinations, 0-000 through 7-111,
and a 4-bit field has 16 combinations,
0=00C0 through F-1111.

FUNCTION CONTROL. The function control
fields (Figure 2-39) are used to control
all data movement in the CPU and the ALD,
ALL DATAR MOVEMENT IS THROUGH THE ALU. The

function control fields can be subdivided
into four groups.

1. Source to the A-register and control of
the A-register output to the ALJF; CA,
CF.

2. Source to the B-register and control of

the B-register output to the ALU; CB,
CK, CG.

1. Function and control of the ALU; CV,
[ B e

. Destination of the ALU outpuat; CD

Source to the A-register {CA): This 4-bit
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Figure 2-39. ROS Function Control Fields
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field is decoded to select the data to be

routed to the A-register.
&d to 16 combinations, but by using the AR
(explained later),
16 alternate sources to seleck,

Eield

the CA field has

32 combinations for the A-register source.

Control of the A-register putput

(CF):

bits,

eight bits.

This 31-bit field controls the method
that the data from the A-register is
sented to the ALT.
ly bit significant.
routed to the ALU from the A-register;
can block all of them, block the four high
block the four low bits,

pre—

The field is essential=
There are eight bits

W

If we block any bits, zeros are routed
to the ALU in place of the blocked bits.
We can also cross the four low bits with

the four high bits or cross and block four
Figure 2-40 shows:
the four low bits are allowed,

bit=.
OTl,

if the 2 bit is

bit is on the four high bits are allowed
and if the 0 bit i=s on the high and low
bits are crossed,

Crass The Black the Block the
A=Register | A-Kegister | A-Register
Four High | Four Low | Four High
Bits with Bits Ra- Bits Re-
the Four poce with ph:u:: with
Low Bits Four Zeros | Feur Zeros
and Allew | and Allow
High Bits | Lowe Bits
Bit O Eit 1 Bir 2
J J 0 Black A-Register—Route Zergs
fa ALL
2 0 1 Block High Bits=Raute CODD and
Lowe Bits
2 I 0 Block Low Bits-Route High Bifs
and 2000
d; I 1 Route &=Kegister ha AL
1 0 0 Condit'anal Mechine Srap
1 o 1 | Bleck High Biti-Route Low Bits
and GRG0
1 | 7 Bleck Low Bits-Route O0I0 gnd

High Bits

Route A=-Register Crossing Low
and High

Figure 2-u0.

CF Field Bit Significant

If both the 1 and 2 bits are off, the
information in the h-register is blocked.
Hotice there are two possible conditions
Eor this, all three bits off or just the

0-bit on.

The condition of just the 0-bit

on has been selected as the machine stop
function since it did not serve any other
The stop function lis

useful purpose.

It can be decod-

Thiz makes

or allow all

if the 1

explained in greater detail later in this
section.

Source to the B-register (CE): This
2=hit field is decoded to select the data
to be routed to the E-register from either
the R, L, D, or K register. The E-register
is the CK field of the ROS word.

The E-register (CK): The K-register 1is
also called the emit field or the constant
field. This 4=hit field can be decnded to
16 combinations; there are 16 alternate
combinations which are active when the AK
field has a 1 bit.

The primary bit configuration can be
used to emit a digit 0 through F. The same
digit is presented to both the high and low
four bits of the B-register. For example,
the E-register has a 1 in it and the CRB
field decodes to route E-register to B-
register, the 1 enters the high four bits
and the low four bits giving us the numher
11. By using the CG field, we can route to
the ALU from the DB-register the number 01,
10, 11, or 00. The W-register can be set
from the CK field if desired.

can also be used to

to set in the N-register.
in greater detail later

The F-register
create an address
This is explained
in the section.

Control of the D=register output
{CGY: This 2-bit field controls how the
data from the B-register is presented to
the ALU. The operation is the same as the
CF field except the B-register cannot be
crossed, We can block the output and route
eight zeros, or block either the high or
low four bits and route zeros where the
bits were blocked. The B-register output
can be routed direct {both high and low
four bits) to the ALU.

Contrel of ALD {(CV)e This 2-bit field
decoxles to select what type of arithmetic
operation (truescomplement and
binary/decimal) is to be performed.
B-register input to the AL is the
true/complement side.

The

{CC): This 3-bit f£ield decodes to con-
trol the carry-in and carry-out to the ALU
and permits the setting of a carry=-out into
the carry latch. This field also decodes
to control the AHD, OR, and EXCLUSIVE OR
function of the ALU.

MAIN AND AUXILIARY STORAGE CONTROL. The
two ROS fields which control main and aux-
iliary storage are the CM and CU fields
(Figure 2-41} and work in conjunction with
each other. To understand the functions of
tha two fields, it is easier to explain the
operation of the two fields together.

2030 FETOM (9/71766)

2= 33



Functional Units

AL

Nt v | cu BE
o] oz | o Fal

K==
Fadm—="we |

1407
Wi e Ac-iwared 3:,'

K T i

Activated By
As =
Selected Gy
Harawire

Figure 2-41. ROS Storage Control Fields

The 3-bit CM field decodes to select the
type of operation - read-compute or write.
The 2-bit CU field decodes to select what
scction of storage to operate in: main
storage or auxiliary storage. Auxiliary
storage includes local storage and the
maltiplexor storage blocks.

In the 2030, the four basic core storage
cycles are;
Read, Write (R, W)

Read, Compute, Write (R, C, W}

2-34 (9/1/66)

il

L2 Buppiarmnat

Activated By AS=|
Gslacted By Hargwars

Activates By
A=

Read, Store (R, 5)

Read, Compute, Store (R, C, S)
Remember from the study of ROS hardware and
timing, that the data from core storage is
not ready for use until the beginning of
the next ROS cycle. Therefore, if a read
call is given, the next cycle must be a
wr;te, a store, or a compute cycle. Also,
a4 write or store cycle should follow a read
cycle within three ROS cycles. If this
rule is not followed, it is possible to
have an over-run condition of an I/0 unit
on the selector channel. Over-run is where
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new data is ready but can not he accepted
before more data is ready. There is an
allow write latch on the 2030 which is used
to recognize whether the last cycle was a
read or a write. If a read is followed by
a read, there will be a position in storage
with all bits missing. This happens
because the position read first had nothing
written into it before its storage a:ddress
was changed. If a write is followed iy a
write, the sSecond write becomes a conpute
cycle because the allow write latch is off
(get to allow a read cyclel.

1f the read ecycle is followed by a write
eycle, the data is set in the R-register
and is routed to the core storaqge unit from
the RE-register during the write cycle. If
the read eycle is followed by a store
cycle, the ocutput from core-storage is not
used. Instead, new information is in the
R=register at the end of the read cycle and
is then written into core-storage during
the store eycle.

If the real cycle is followed by a com-
pute cycle, the output from core-storage
during the read cycle is set into the R-
register. During the next cycle, the
information in the R-register may or may
not be used in the computation. The next
oycle is either a write or a store cycle
and the R-register may contain the original
information or the result of the computa-
tion. In any case, what is finally in the
R-register is written in core-storage dur-
ing the write or store cycle.

The core Storage read-write control
{CM): This 3-bit fields is decoded to

determine if the cycle is a read, compute,
or write cycle. A 0 or 2 decodes to a
write cycle (2 is a store but brings up a
write operation), a 1 is a compute cycle,
while 3 through 7 are read cycles.

The section of core storage used
(CU): This 2-bit field decodes to select
which section of core storage is used dur-
ing the read cycle. Write at the same
address. The alternate decodes for the CO
field are activated when writing by the CM
field having a decode of 0, 1, or 2. The
alternate decodes are explained later in
this section.

Wote: If the CU field is a 3 (K/LS),
the operation must be checked further to
see if main storage or local storage is to
pe used. This is done by checking the two
high-order bits of the G-register which
contain the op code during this time. If
the two bits are 00, the op code format is
RR and local storage is used. Any other
combination of the two bits (01, 10, or 11)
requires the use of main storage.

BRANCHING AND ROS ADDRESS. The complete
ROS address 18 held in the W and X- reg-
isters. The W- registers hold the five
high-order positions of the ROS address and
can be set by a ROS statement CAhh->W
(detail on this ROS statement later) and
the eight low-crder positions of the ROS
address are in the ¥X- register. Normally

the ¥X- reglister is set from the CH, CH, and
CL fields (Figure 2-42).
2030 FPETOM (9/-1/66) 2= 3
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Figure 2-42. ROS Branch Control Fields

The 0 through 5 positions of the X reg-
ister are set from the CH field while the &
and 7 positions are set by decoding the CH
and CL fields. If the condition of the CH
Field is satisfied, the 6th position of the
X=- register is set to the on condition and
if the condition is not satisfied, the
position is set to 0. The same operations
for the 7 position are nsed except the CL
field is decoded to determine the on or off
condition.

2-36 (9/1766)

WRAF=x3
A FOHRCE

ASCIH—=H6
ISNT—=XhHET

CO Scaslemen

Activated By 45 = |
Galecied By Hardwa e

Activated Gy
AR =1

STATUS SET AND RESET. Certain bit posi-
tions in the S5-register are controlled by
the C5 field (Figure 2-43). The FB and FA
latches for the multiplexor channel are
also controlled by the CS field. The
alternate codes of the C5 field are used
for the selector channel.
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Figure 2-43. HROS Status Field and Parity

ALTERNATE DECODE. wWhen the 1-bit AR field
has a 1, the alternate codes for the CA
fField are used. If the 1-bit AS field has
a 1, the alternate codes for the CS field
are used. When the l1-hit RK field has a 1,
bthe alternate CK codes are used (Figure
2=43).

When the 2030 is in 1401 compatibility
mode the AA field needs a 1 in conjunction
with the mnemonic CAhh->W, to set the ROS
address.

CONTROL FIELD PARITY BITS.
parity bits associated with the control

fields: PN, PS, PA, PK,

CD Supp emen:

LEI==5%
HI =54

Hi=5d, LL=53

D—=54, 55

TREC—51

=50

=50

o—=52

ARESET =57

(=54

=55

(e

I==57

K—=Fp

== F
¥H [¥]
v 1
Ki—=R i
Ki—=R i
B Dy 4
Ki—=# 5

Gl GO0 |KEUv—ECDh| &

A=K E—=EkK £

Ga—=GF B==kF a

G =GO e L] ]

GR—=GL =KLl A

Ga==GW e B

K—=3GH s i

Gl—13GR k=K% ]

K—GE K—kR E

K= 34, K—=Ka F

Berlvatad By AS=

Selacted By Hardwore

and PC,

{(Figure

There are [ive

2-44) shows the fields and the parity bits

used for each checking circuit.
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Figure 2-44, Parity Check Bits

The PN parity bit is used to maintain Wnen the CK field is used as a constant
odd parity for the CN field. This bit is in an"adrithmetic statement, the PE bit is
used with X6 and X7 bits to set X- reglster not specified. In this case, the PE bit
parity bit when CN is gated to the ¥X- reg- can be 0 or 1; usually 0. In the storage
ister. The PS5 parity bit is used to main- statement (*aa) or in a statement where K
tain odd parity for the AA, AK, CA, CB, CH, 15 used to change the W- register (K->W),
ZK, CL, CM, and CU fields and the PA and PEK the PK bit is used to provide odd parity on
bits. the W= register.

The PA parity bit is used to maintain
aodd parity for the ROAR. As an example, if If the CA field is used to set the W-
the address of the ROS word is 01BF register (CAhh->W), the PE bit is used to

{0000 0001 1011 1111), the FA bit must be a maintain odd parity for the W- register.
one to maintain odd parity.

The PK parity bit is used to maintain The PC parity bit is used to maintain
odd parity for either the CA or CK fields cdd parity for the A3, CC, €D, CF, CG, C5,
depending on the mnemonic used. and CV fields.

Control Field Mnemonics

* Most of the control Fields have from one to sixteen mnemonics.

« Some of the control fields have alternate mnenonics which are
activated by the condition of another field.

By this time, we know the concepts of ROS, Figure 2-45% shows the symbols used in
along with the names and functions of each the mnemonics and the meaning of the sym
ROS control field. MNow we need to know how pol. Figure 2-46 shows the mnemonics for
each control field is coded and how this gach field and gives a brief description of
coding is written in the microprogram so the purpose each mnemonic serves,

the microprogram can be read and punched in
the ROS card,

2=38 (971766)
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Symbol
Hw"" o Definition Example
: T True Add/Fasitive A+ B B fs Added (True) te &
3 = Complement Ado/Subtreet, MNegasive & = B By Camplement Added 1o A
i Equal A =B oA s Equal o B
7 7 Unegual A ¥ B A is Unesual re B
= " Is 3et Inta B—=F: A 0z Set Into B (Destructive
Read=1n i [mplied.)
! - Is AMDed With [Legical) A B & s AMNDed with B
' ¢ AMD (Maon-legical) A=—=B, T: A is Sef lnte Band C
TL B Is CRed With (logical} AL E=C: A is Oked with B end
the Result is Set Inte C
; K

OR {Maon-logicol]

l1 Exclusive DFed With

True or Complament Add/Fasitive ar Megative

Binary Add Under T/C Control

D«l:i:'lml Add Linder T..-".C Central

ls Lesz Than

Mat (Boclean - Used as the Mat Function
an CLO%W)

ls Compared to

IJsac for Mormal English Tunetuation ar
to Enclose an Exprassion Within a Statemant

Special. 2030 Uses the * for One
Mg menis .

Indeterminate Funeiion {This Describes a
functian which i3 Hardware Canlralled
Ratrer thaa Under the Direet Conlrol of
the Micro Progrom,

&/ B—=C: Aar b is Set irta €

At Pm ™ A Ts Exclusive ORed
dith B and Set lata C

- 1is True or Complement
Sdded "a & and e Aesull
is Sat inte C

AL B=Cy Bis True er Complement
Added to & and the Resall
it Set ivta O,

A AB=C: Bis True or Complemant
Decimal Added te A a-d
the Result is S&f into &,

A<B: Als Less than B

A B Als Compered te B

*aa: Explained in Mremaonic

Sectian,

A 7 B+C: Aand Bare Logically
Combired (Linder Horgware
Cantraly and the Eesult
is Set fnta C,

Figure 2-45.

CLD Block Symbols
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Functional Units

Field |Hex| Marmanic Old Form Clp=raticn. Location of Fleld is in Reference to SAuroasted ©LD Box
0=-5 - C - Fhowa [n Hex o Right Side af Line 7 in the TLD Bos.
Ch Sets Posltlan O tergugh 5 of the K-legister for Mext Address,
D-13 - = = Shawnm an Lefe Side of Lire 7 i tha CLED Bax.
CH o | a 1] Sel X=é%a ZERD
Set &th 1 I 1 Sl M-dro OME
Fasitlon Z ®D EO Set M-& rothe Cerditien sf B-Register Pasition O
of I |ewE Wl Sel Hef ko QIME, iF the VY-Pegiver Pagitions & and 7 are TERO
K-Regiter| 4 =T 571 Skotas 7n (1700 )
5| o IR OF in (170
& AL A Set K-& to O i there 50 Corry Out ol ALU Preidion O
7| % 50 i
E |w3] 51
¥ 32 53
& 54 T |
B 56 L4 = St M-f o OME, if the Tested Pasition of the S-or CG-Segitter is Eouel to OME
c =0 ]
C: ¥ G2
E | G4 2
F Lt e -
-3 - - - Shown on Leflt Side of Line 7 in the CLD Bax-Feample; ©H, CL
cL a [} 0 Set X=-F ta ZERD
Set Fih | | 1 Set ¥-Fte OME
Pesitioe | 2 |w CAbhaw | w=Ca Jat Yalie af CA Field into W-Reglrer, Set ¥=7 to ONE, bk isthe Hex Value of the CA Fleld and AA Ejeld
of 3 Al Al Eelcreay in (10 Address)
H-Buglines| 4 | 54 Service in (5700
5 |e #=wTDO BVDD Set X=7 o OME If the R-Regiiter Contaire “alid Decinal Crigits,
G |w 1BC (- St X7 ro OPE IF thare i a0 Sarry Zutb of AL Pasitien One,
7 | E=0 =] Ser K= ta OME IF the Z-Bus (Rits O=2) f5 ZERD
g L= ry or
? 53 53
A 55 5
& 57 7 et X=F 1o ONE, If the Tested Position of the S—o (G=Zegitter is Egual to ONE
(o | ]|
o b | =4
E G5 L]
l F IMTE IWTF Test or oy Interrapt, Set %=7 la GHE if ther 15 a Intasiupl .
| =
b-2 - = = Shawr an Lebt Side of Line £ in the CLO Box
Cid a WRITE WRITE Write the Data in the B-Register Inte the Storoge Positian Addresed by the Meagrd F-Taglishers
Srorage 1 Mo Meesanic=Compute Cyele, Starage rat Leed,
Cardral F) LTORE STORE Write MEW B-Regiver Daro Inta Fie Sterage Poaition Addressed oy the Myeard M-Registers
k| |J ==k ] Set the M-ard M-Reglsters e ihe Address ir the l-ard d=Zegiste-s ard Reasd from Sterege of thot Address
4 L= Wk Liv Set the Me-ard M-Regliters e the Address Tr the L=ane W=Registers ond Brad Tram Sforage ot that Add e
3 (e =ppy T aet the M-Registers to the Acdress In the T-Ragister and Zeod from Starage a0 thar Adcress
4 |w wen K Ser the M-Reglster waing the CE Fleld (Mate |)
7 ¥ GLY Dusmeny Spmol-Moe Actizn or Car be Used ino Dlogrsstic Area, (O0d From wes o Selectar Channel Coda},
= | - El - Shewen oo Right Side of Llag 4 {4 the CLD Box
cu 9 A4S REN, Acdresing MAIM Sharege
sr“ﬂﬂf i LS Ci Addressiing duniliony E-Iuruge—LCC_FqL Share Seelian
Selestion | 2 | M ucw Addressing Auwiliery Storoge-Multlplexer UC'W Section
3| MAs M, Addressing MAIN Starage o LOCAL Stare Section, Depending on the OF Code-RR Forral Selects LS
In 1400 Mode this Selec’s e Locol Storoge Arew Fa HPL Areg
0-1 = | - Skawr an Righ* Side of Lire 4 e the CLD Box
Mlrarnare | 0 Mo Actior
= ] =l Lhe GR Lie tre GR-Regliter in the Selector Channal in Place af the 2-Register For Sfarage Input ond Output
2 k= W=k Su1 the YW=Regiser to the Hex Vialve of the CK Fleld
T | P W | OWEEFWN | Ses ihe Weard K-Taglaters la the Address in the Mulriplaser Bagc=Lip Registers (P are F]
0-2 = |= 5 Sherwn on Left Sice af Line 3 In e CLD Box
Ca B | ET FT MultTplexer Chaanel Togs i4
A-Bogister| 1 1 7 1052 Tags In
Saurce Z Wil Duesesy Symbpl=Me Action or Car be Used in 2 Diograostiz Area
Central 3 wva Dymey Symbol-Me Action or Con be Used In 2 Disgratiz Aren
4 5 5 Gale the S=Register ro tha A-Beqister Wia the f-bus
3 H H Ciate the H-Register ta the A-Register Vio the A-Bus
& | Fl Fi Multiolexsr Charesl Sus In
7 ] ] -
a o i
i L
i, e &
B T T = Grate (ke = Register to the A-Begister Yia the A-Bus
iC W W
o u u
E J d
F i | F

Figure 2-46.
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Functional Units

Field Hes Mremonic 2d Farm Chperalion
-3 - i = a Shown cn Line 4 of the CLD G2
Alternale ] F F Gole the F=Register *o the A-Fegister Via A-Bus [Exterral latercuphs),
Ca 1 FG F& Gete the Fmang G=Swilches ta the A= Register Via the A-Bus |
A Hivaled 2 M MC role the Mochire Check fegister ta the A-Ragister Wia tae A-Pus
by *A&"=] 3 YC Duimimy Spmbel=Ma Action o Can ke Used in the Diagnostic Aren
4 c ' ote the C-Register ko the A-Register Yia the S=Ris [Interval Times) |
3 a G Gote the G-Registes s the A=<Register Yin the A-Bue (Frotec: Storage]
& i Ji Dirgct Data Chasre! Bus In |
7 Tl T 1050 Bus I |
g YD |
i LE Dy Symbols - Mo Actlon or Car ke Lsed In the Diagaestic Area |
] Tis
= i GR Gote the GR-Register (Selecto: Chornel) te & -Register Via A-Gus |
& KL "Gs =5 Zate the Gi=Register (S=lectar Chorael) 1o A -Fegiscer Yia A-Bus
E | KY G1 G Giole the GI-Register {Salectar Chanral] ta A-Register Via A-Bus
F EYY = S Grate the G J=Register [Selector Thornel) o A-Register Via .i'-.-Eus_J
0-1 by - = Sagwn gn Lise 3 el e CLD Bax
Ch a B k Crate the R-RBegitter to the B-Register Yia the B-Big
B-Feqister I L L rate the L-Begister ta e B-'I-F!ggi:lgr “Wia the B=Pus
Sorcr 2 2 B iate the D=Regiler 19 the B-Register %io the B-Gus
Cantrzl 3| K K Gare Hex Value of the CE Field me the B=Register Wia the B-us
a-3 - - = = = I ~Shmen an Line 2 of the CLD Bax
CK p a0 poaa
Cinit “alue 1 iR R | coal
2 ag1n Dol
3 a1 potli
4 a01an Dp1aa
- airdl B1al
4 anr1n B1Ta
| 7 a111 o1l
B 00 100a1 2} Birary Bit Form of the Hex Mumber s Routed ta she Selected Ares When Reguested.
¥ R 1001
A P9 10 19113
L R+ I 1911
C T1na0 11012
o P16l 1101
E r1n 114
F 111 1 10 -
a-3 = = T Sheren an Lelt Side af Line 6 of the CLO Box
Albermate ] C==01AG RESET DA Resel the Diogneostic Latzh
CK 1 LN wWa =L Gate the U-and Y-Eegister ta the W-and K-Beglstary Wia the Wi=Bus
Aarivated | wWRAPY RESTORE WRAP | Gate the Wrap Buffes Lateh to He wWeap Larch
by "ak==1| 3 | ® WRAP-=Xs TEST WRAP Set X& to ZERC IF Wres Latek 15 On
Fl H1-+=3 HJ Giate the H-ang J-Switches to the B-Register Yla the B=Buy
b ® AL FORCE AL FORCE Set A-Raglster ta ZERD, ¥ o ALL Cu'r:.- Oecurred i Previous Cyela
& Tid Dummy Symbol-Me Actian ar Lied in Diognsstic Area. 00 Mremanic was Reset 1050 Lire Latch
7 ¥ Durny Symbol-Mo Actian or Used in Disgasstic Area, Old Mremanic was Set 1353 Line Latch
g | wi=0E QE =1 | Force an ALY Check (Mate 31
7 [ w A= TEST ASCII Set X-& sa ZERC IF the ASCH Latey Is On,
A | @ INT-=x6, X7 TEST IMT Sel XK=t ard X-7 per Stacked Interupts (Mate 4)
B e gt [ MC =0 [ Set Machine Check Begister ta &11 JERCE
c Y-+ WRAP STORE WRAP Crate the Weap Lotch to the Wrap BuFfer Latch
0 LA LOAD Besml the LOAD, COOJEVEN, and INTRODUCE ALU CHECK Lotche:
E | 90=F F=D Resel the F-Register ta Al OMES . Mote: The Reset Condition of the F-Register b5 ALl GRES
E | ® |==FD Fa=1 Set tha -Register Pasitian O ta ZEED
| 0-3 - ; : Shown on Line 3 of the CLO Bow
co i Z Z Ta Zhaw That the Z-Bus B the Orly Place the Cutput of the ALL is Rzuted
Chesti paati ze 1 & TE TE 1050 Bus Owt (Exit)
of ALY 2 a JE JE Direct Dats Chapnel Buos Gl (Exill, 5=t JE-Bepgister from D-Register, Z-Bus nos Used.
S d ] o Gate the Ouatput af the AU ta the G -Reglister Wia P 7= B
1 " TA 4 1053 Tagy Cur®
= H H ™
A | 5 5
| ? R R .
E | o 'l
g L E
[ A G G Gale the Owput o the ALU tathe  Reglister Vi the Z-Pus.
] T T it
| C W T
o Ll L
E J J
F [ I

Figure 2=-Ué6.
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Functional Units

Fimid Hes Mg e T ] Zild Farm Hpmrghion
0 . | - E Shgen on Ling 3o tha CLD Bax
Ci o L L Black A-Regieer Exir 1a mae AL, Route All ZEROT bn ALL Lodip For the
| | A=Eeniner,
FA-Register 1 L L Blnck High 4 Bivs of f-fegistar, doula L=ZFROS and Eir -7 af E-Bag uimr
b ALL b ik ALL
2 H H Black Law 4 B'n of A-Regisrer . Route 4-ZERCS oo Bits 0-3 of A-Reglshar
Iz tka &1L
1 (Gale tae Enlire A=Register ba fne ALU
1 5F STap Cenditiora! Machl e Shop [More 5)
3 =L =L Black A-Begiveer Bit 4-F Exlt. Gole Regiie Bis G=3 a5 ALL Eairy
Bl &7 o SoTEEOIS g 3py 01,
4 wH Wi Uack fa-Fagiver Fis O=5 Fxi-. Gote A-Regisser il <7 1 AL Ermy
Ritn 0-3 ard =T FFOIE =n 27 4-7,
7 . a Gase &A=Raglater Bite 03 100 ALL Enlry Bils £=F ame! Saote L:Regltker il
418 je ALL Eniry Fim 0-3,
a-1 - = - Sroram o Liseg D ol oo CLO Bexe
o a a 0 Bleck S-Reglster Bl 10 the AL, Fooe all ZEROE ko the ALL Eviry for the
H'ngiihl 2-Fegialer ,
i AL | L u Block High 4=Eite af the B-degiver, foute d-Z0800% erd 511 £ al tha
E-Ersi:lr Is F~a &LLI,
7 2] | H Rlacs Low 4 Bity of tha B-Regiites, Koole £-Z2E305 and 3its 0-3 oF the
B=Fagzinler b tha ALL,
3 Gule the E-tice B<Reglater ba fop AL,
0=1 . - - themn on Line 2 of the ©LD law
c¥ [ * * Trre Ackd B=Regive: Dnks
fapithenel 1 - - Camplenent Al B-Rag'ver Dobe
Fumg=ioes 2 i = Binery fuce o Subtmct Dspending on The Sabo el 50
| 3 * '}.i' Deciml fAdd & Susiract Dependicg an b Stats of 50
n-2 = = - Shomna en Line 3 & the CL0 e
Cc a ] H] Black Carry
&7 Famatic ) ¥ | Imar Carry
Coalrals 1 . . AMD Funcilan-Check g Sge il Sare 55 ore Sal ta DME In moch the
Aand B-Roglehar Lkicg thg &1L
| = £ Ol Function-Chezk 1o Sea il Eithar Bitin b Some Pesitien of the
f=ard D-Begislar iv Sel he CIME,
L o <o Me Carryin, fet 51 0 ONE if & Coryeut Clozun
] I 1 Fmed A Corepie and Ser 53 ba OME 71 o Soerpsur Oeews,
& eC | o= Allgwe Corrple from Carrp Letes end 5ot 33 10 ORE ¥ o Caryaul Do,
: e bl Fazlindve OF [ mion=Chece ra See 0T Orly 7 f=or E=Frgislar bow ke
Sarme Bib Peg'Hon Sei ja OME,
a-1 - = = Srazeaii oey Lira 5 al Fra CLD Bou
5 a Fo berior
ity | B et LS=LT Ser 53 i GAJF BF R 227 of the 2-Bus Bow O, Geasb 53 iF Blen-Fers
Cordifan [ {%ar B i ZERIY),
Z " l—id =L F Sat 34 1o ORL il Bils 3=3 oF the Z=Bue are 0, Yeset L1 Man=Zee
(Sak 55 i ZERON .
3 HEwum 2, LI—w55 5, BI-HZ, LT CodTnzy the Cocdtom o CF Flald Maemonick LE—=535 anc HI ==54,
4 C—efd, 55 B4, Li=) Set 5 and 55 1o ZERDD,
3 TRED —e-51 S1=TEFZ Sul 31 ro DOME IFa MOS0 Request hes Oocorree. Sar 31 ke TERC IF #g 1050
Kt -
| & O 50 Si=d Sel 50 k2 TEAG,
7 1—=50 S0=1 Sel 50 ke OME,
] | 52=0 Sl 57 b2 TERD,
7 ANEMI—nE] SPRANGAT Sml 57 ks COME T the et fram the ALLE i Mas-Taon, (Moke £,
L3 ] =5 | Ga=] Sel B e ZERC,
B Il Sh=| Set B8 ho QHE.
ol | HES S 70 Set 57 ho ZERID,
o |—=57 ar=1 Set 57 e OHE.
E K—=FE FE-E tullipless Chamrsl Togs Cut.
F K—pFa Fazi Flullip ey Chaee! Tagy Cul,
-3 = - - Srgeen o Ll 5 al iha CLD Bes,
b W = =
| gls gl ? ._.:I u, : | :I ey Spmbali
imlactar i K5 =R = k ™
Channel a [ - .
Axtiwnhad q KD = = =
by "A5%=] | 4 | EKK—ek - -
Selaclac h KUY =50 Tl =GO SO G
by ’ A —=f iR G =] Ll ] > Lhed For Galegtor Channel |::Fli:l:"i:rll
Hawwidre ;| A—e=kF GR —mF GFTGE Theae are Saleeor Chanra! Sagives Reee 2)
] =K GR—=GG HELE g
A R—=k L) GE—e U l=C1 |
B [T GR—eG ek e
' Ko H B e 5] Gk
i} A—=ES Gl —=Gp A=l |
E e 3 H—e3 K Selecter Charnsl Tags Chd
F - G | ATE | belee'sr Channel Teougs Churd
- | = — - -

Poceg 1 Maie 2 | meie Hate & X T | [ i Hals &
H-Fagivte: Set o These Mneeenic Deperds Usael an Timer Exterul T T | Wi Pregoam I Diagrislic Mase,
Felle=a: on the Chunnel Faguested, | Diegreiiza | Chaneel | 1 [ Lrigp or Procas 1 the " Maliussiiae
HI-Firoed e OHE Mhreamanicd may be of o [owee Chan=al 7 U 1 Loop Stap Teap Late®® i Sar,
F-Forgad 1g AEED Thraa Typas For e Hes Perity Ml iTalaxn: Cnanmal | I this Maerenlc wil|
MF=C M Qs Fhomizer, Exanole- Caume Machine Yas,
M3-CE ORI &llarna®e T4 Fleid,
bM-Farzad ta DME Hix E eom be K%, GT,

ME-CE THil ar HT
R ] A
MT-CKE dE F r

figure 2-46. Mnemonics, Sheet 12
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Functional Units

Some of the mnemonics need a more com—
plete explanation than given in the chart.

There is a
1ng a more detailed descriotion.

s next to the pew mnemonic hav-
The

column to the lefr of the maemonic contains
the hex number punched in the bit pocitions

for that control field.

A an example, the

CH field would be punched 1010(A) for a
mnemonic S54.

chhh->W;:

R = VYDD:

E=>Fh:

K=2FB:

Y= >*WRADP:

The walue in the CA field is
gated to the W-register positions
4-7 and the AA field is gated to
position 3. Example: to change
from ROS address 01XX to 0BXX,
the mnemonic CROB->W is used.
Also, position 7 of the X-
register is set to 1 for the next
address. Parity for the W=
register is maintained by using
the PE bit.

If this mnemonic is used
in the 1401 compatibility
mode, the AA 1-bit field is
set ko 1. Thiz is routed
to the 3rd position of the
W-register to salect the
second ROS module or if set
Eo 0, selects the first REOS
madule. Also when this
mnemonic is used, the add
statement normally has an A
entry of 0 (CF = 000).

Hotes

Each half of the R-register is
checked for a valid decimal digit
[(0-9). St XT to o a 1 1f both
digits are valid decimal diqgits.

The CE field is used to set and
reset latches in the multiplexor
FA-register, singly or in
combinat ion. The value of the CK
field is shown on the E line af
the new CLD box which is
exprlained later. The PK bit is
necessary and it's condition is
also specified on the E line. If
the CK field value is 3 and PE is
1, the E line will have K =

L2 1 B ety 1

The CE field and the PK bit is
used to set and reset some of the
multiplexor FB-register latches.
This mnemonic also provides a
gate for the set and reset of
other latches,

An address overflow (memory wrap)
may Aarise on a 6AUK core storage
unit. Additional circuitry is
needed to detect the error which
occurs when there is a carryout
of the high-order position of the
I- or U-register as a result of
up-dating the address.

wh A=Y

WHAE=2>X61

AL Forcei

1->0E:

If the I- and J-registers are
used to set the M- and N-
registers to address core
Storage, a memory Wwrap condition
gets a wrap latch. Certain rou-
tines, which may be needed during
the decode of an §3 instruction,
require the condition of this
lateh to be retained. The mne-
monic ¥->WRAP gates the status of
the wrap latch to another latch
called the wrap-buffer-latch. It
is retained there until the
WHEAP=>Y mnemonic iz used.

When it becomes necessary to
determine if there had been a
wrap earlier, the mnemonic
WRAP->Y gates the status of the
wrap-buffer latch to the wrap
latch. This mnemonic is also
nsed to reset the wrap latch in
some routines.

To test the status of the wrap
latch for branching, the mnemonic
WAAP=-2¥6 18 used. If the wrap
latch is on;, a 00 or 01 branch is
taken. However, it if is off,
the X6 rtion of the branch is
5till controlled by the CH field.
Hote: A wrap condition can also
occur on an 9K, 16K or 32K
machine. This is detected by
testing one of the three high-
order positions of the M=-register
to see if it is set to 1. The
position tested depends on the
size of core-storage the machine
has. This does not use the wrap
circuits used on 65K machines.

This alternate CK mnemonic causes
all positions of the X-register
to be set to zeros if there was a
carryout of the ALUT during the
previous ROS word. The
information in the CW, CH, and CL
fields is blocked. With the
¥-register egual to zero, the
microprogram is branched to 00 of
the block addressed by the W-
register decode.

This mnemoniec is used in
diagnostic testing., The first
time this mnemonic is used in a
routirne, bad parity is forced by
blocking the + L Z bus 0 line and
+ LZbus § line. The next time
this mnemonic iz used in the
routine, an ALU check is forced
by forcing all the minus 51M
lines and the minus carry 0-bit
line to a plus L levels (Figqure
2-47).

The pdd-even-control latch is
turned on (EVEN) by the decoded

2030 FETOM ([9/1/766) 2-43




Functional Units

ASCII-2>X6:

t

q .

2=44

line 1->0E, T2 and the intreduce
ALU check latch set off. A cir-
cuit to gate the + L 2 bus 0 line
an:d the + L Z bus 4 line requires
that the odd=-even latch be 0DD.
The introduce-ALll-check latch is
turned on at Tl when the expres-
sion 1->0E is used again. This
latch blocks the -L 5UM lines and
the -L carry 0-bit lire so the
lines are all plus and an ALU
check is forced. The odd-even-
control control latch is turned
off three ways: machine reset,
reset load line (which is

deve lopad when the mnemonic
0-2>1IFPL is used), or at T2 time
when the introduce-ALU-check
lateh is on.

This mnemonic tests the ASCII
latch to see if the ASCII latch
is on., If the latch is on, the
6th position of the K-register is
set to 0. If the latch is off,
the 6th position of the X-
register ls set by the CH field
conditions.

When the H-register is specified
by the CD field ecoding of 5
(0101), the
priarity-reset-control latch is
set on. This latch ANDed with T3
time, turns the priority latch
off s0 priorities may be
recognized.

This CF field mnemonic causes the
stop latch to be turned on at Ty
time (Fligure 2-48). The output
from the stop latch feeds two
circuits. If the J-register 1ig
not specified by the CA £ield,
one circuit causes a microprogram
stop line to be active. This
line stops the CPU clock by
blocking the clock start circumit.
If the J-register is specified
and the process stop latch is on,
a process-loop-stop line is made
active when the stop latch comes
on. The process=-loop-stop line
allows the CPMJ clock to run until
all RDOS share requests or multi-
plexor share reguests have bean
honcred. The CPU ¢lock is
stopped by turning off the clock-
start latch. The process=loop
stop line blocks the set of the
W= and X-registers so the
microprogram returns to the
address of the STOP word after
execut ion of any ROS or multi-
plexor share request.

This mnemonic addresses a byte in
local storage. The expression on

(3/71766)

WM s

1BC;

Gl

T~ 2>MM:

1=>F0:

OV i0=2%:

the 5 line of the CLD box to read
addressable byte 27 from local
storage is *BB 1S5. Filgure 2-49
shows how the H=register is set
tc BB so0 byte 27 can be
addreszsed. The CE field must he
a B (1011). Since this is a
constant, the CE field is speci-
fied on line E of the CLD box.

When operating in 1401 mwmode,
mnemonic appears as GW and is
used to allow a branch on a group
mark word mark combination.

this

When operating in 1401 this
mNemonic appears as k2
used to allow a branch
condition of the bit 2

R=register.

mod e,

and is
on the
in the

When operating in 1401 mode, this
mnemonic appears as R1 and is
used to allow a branch on the
condition of the bit 1 in the
R-register,

mode, this
and is

on the

in the

When operating in 1401
mnemonic appears as B3
u=ed to allow a branch
condition of the bit 3
R-register.

When operating in 1401 mede, this
mnemonic appears as LT->MY and is
used to gate the L- and T-
registers to the M- and K-
registers. This performs the
functions of the A-star in the
1401.

The F-register is used to
recognize external interrunts.
This mnemonic resets the P-
register s0 the output lines of
the F-register are plus,
preventing any external inter-
rupks from being recognized until
the F-register is set from an
external device. Since the F-
register is reset so all output
lines are plus, we say it is
reset to ONE's.

Since the F-register is reset to
ONE's, this mnemonic set the
J-position of the FP-register to
ZERD.

Special Statements

The following special statements
are used in diagnostic
programming:

This expression brings up the
oontrol lines to check positions




Functional Units

4 and 5 of the R-register. If J #0->Z: The wait latch is set on and the
bit 4 is a one, the ASCII latch ROS word that contains this
is set. If bit 5 is a zero, the statement is continually executed
suppress malfunction trap latch until an interrupt occurs. Deci-
is set. Decimal mode is speci- mal mode iz specified on line 2
fied on line 2 of the CLD block. of the CLD block,
| —= OF
~ Odd-Even Infroduce
Ctrl. Latch Alu Chk Latch
= Even

T2
—

- —
Machine Rasat
Resat Load

Reset Load =——

Machine Reoset ————

T3 T4 T1 T# T3 T4
T : T 1 r I \
Crdd-Ewvan Ciel Lat i_*_i I |
I ] | i ]
. : | | i i 1 i
Int, Alu Chk Lat : | | | = _—
I i | | 1 I i
Figure 2-47. 1 -> OF Control
CF Sal 190
T4
M P Bta
(MNaf) 1-Reg el s Bl
A,
Hop SW Proc. Loop Stop Active
Ingt Add Load 5W J=Reg i
DLYD Stop 5¥f
[matr Step SV —_
Figure 2-48. Stop Mnemonic
N—Eegl‘a‘.er
D1 P 2|34 | 51817
Tralrr1teilel1ly
I 4
Forced CE-3al
Forcea CE=-2a 1
CR=0 s et ba | CE=1a1
Chk-0al Farced

Figure 2-49. HN-Register Set from *aa
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Principles of Operation

CYCLE 0104

This is the last cycle of the alternate
program. During this c¢ycle, the control-
register latches are gcood for address 010u4.
At Tl time, it is necessary to set ROAR
with the next address to be executed.

Since thls is the last step of the
dlternate routine, the address where the
main program was when the break-in occourred
is needed. Therefore, the mnemonic FWX-3>WX
causes the backup ROAR to be gated to ROAR.

MPX ROS LATCH OR ROAR RESTORE BUFFER LATCH
SX

This latch is turned on at T2 time when a
statement in the microprogram specifies
that ROARR must be changed using the backup
EOAR. In our example, the statement is in
word 0104, FWX->WX. One purpose of this
latech is to allow the ROAR Restore Latch to
e set at T4 time of the cycle in which the
RE0OS word at 0001 is read out.

BEINARY ADD

CYCLE 00D1

The control-register latches are good for
address 0001 during this cycle. Even
though we have addressed this ROS word
before, this is the first time that it is
executed. The first time that 0001 was
addressed, the control registers were not
sck. At T1 of this cyecle, the branch por-
tion of address 0002 is set up by using the
backup X&é and X7 latches.

ROAR RESTORE LATCH OR ROAR RESTORE LATCH SX

This latch provides a gate to set X6 and X7
positions of ROAR from X6 and X7 buffer
latches.

CYCLE 0002

This is the normal execution of the ROS
word at address 0002.

* The binary add instruction is in the RR format with an op-

code of 1A.

* The second byte of the two-byte instruction contains the
addresses of two of the general purpose registers located in

local storage.

* The sum is stored in the first of the two general registers

specified.

* The value in the second register remains intact.

* The adding routine loops while progressing across the

register values.

» After adding the last bits, the operation moves into a set
condition routine to indicate overflow and sign eonditions.

You have see the many parts that, put
together, make up the microprogram. To tie
these pieces together, let's work our way
through a microprogram for a fixed point
binary add.

The instruction for a binary add is
written in RR format. The Op code for
Fixed-Point Binary Add is 1A in hexadeci-
mal. RR format, if you will remember, is
two bytes in length. The first byte is the
Op code. The second byte of the instruc-
tion consists of two general purpose reg-
ister addresses in hexadecimal.

In the example you will be working
through, assume that the data in general
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purpose register 5 must be added to the
data in general purpose register 7. The
instruction to accomplish this becomes

| A 7 5
0001 1010 0111 0101,

The first byte is the Op code 1A. The last
byte represents the addresses of the two
registers.

Let's briefly review the addressing of a
general purpose register. A register con-
tains four bytes of data. Sinece only one
byte of data is addressable at a time, the
N-register address must be constructed by




Frinciples of Operation

the microprogram. As an example: To
address the units position of general pur-
pose register 7, the N-register must be set
to 0111 0111. The first four bits specify
the register to use. The last four bits
specity a particular byte of the register.

Before starting into the program itself,
you should realize some functions that must
be performed by the microprogram. The
program musk:

1. Head the instruction, analyze the for-
mat, determine the Op code.

2. Construct addresses to set the N-
register starting with the units byte
of each register.

3. Add four bytes of data from register &
to the data in register 7.

4. Check for overflow conditions after the
data has been added.

5. Set the condition register to indicate
the status of the resultant answer
{greater than, egual to, less than
ZErol).

6. ©On overflow conditions, test program
masks to determine if the condition
should be ignored or not.

7. Branch to I-cycles, or to another
microprogram if an overflow is
unmasked.

The CAS sheets as written by a micropro-
grammer might appear as shown in Figures
3-3, 3-6, and 3-7. The description of each
ROS word that is used to execute the
instruction will be made in reference to
the actual address which appears in the
upper right corner of each block. These
facts will be assumed before starting the
exampl e.

l. The instruction is
1 A 7 5
go01 1010 0111 0101

2. The address of the instruction is in
the IJ registers.

3. The data in register 5 is:

Byte 0 Byte 1 Byte 2 Byte 3

¢0000000 00000000 0OO0OOOD 01011101
b. The data in register 7 is:

Oyte O Byta 1 Byte 2 Byte 3

00000000 0000QO00 QOOOOOD0 10011001
5. The L and 5 registers are zero.

Objective: The answer in register 7 as
a result of the addition should
be: 00000000 QOOOOOOD 00000000 11110110,
Using Figure 3=-3 let's determine how the
first function, the reading and decoding of
the instruction, is accomplished. The
first ROS word to be executed is at address
0100 at figure location A2. Had it been
necessary to change the instruction counter
or test for interrupts, a RDOS word at
address 0101, 0102, or 0103 would have been
axecuted.

ADDRESS 0100 (FIGURE 3-3): The expression
IJ->MN M5 on the £ line brings up control
lines to read the first byte of the
instruction from core storage. The address
in the I- and J-registers is set into the
MN register. Main storage is specified by
M5 on this line. Once core has been
addressed to read out the first byte, the
address in IJ can be updated for reading
the next byte of the instruction. To be
more explicit, only the J-register need be
increased by 1 because all instructions
start at an even address.,

Assume that byte 01FE in main storage is
to be addressed by the I- and J-registers.
The I- and J-registers will then contain
the address

I J
00000001 11111110.
To address byte 01FF it is only necessary
to add the value of 1 to the J-register.
The registers now contain:
I J

00000001 11111111.
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Should the value of 1- be added to the J-
register again, the resultant address in I
and J is 00000001 Q0000000, or 0100. Thus,
if the value 1 is added to the J-register
when it is odd, it is necessary to take
into account the possibility of a carryout
which might affect the I-register address.
Ther can be no carryout when adding 1 to
the J-register address when the J-address
is an even number.

The statement in the ROS word to update
the J-register is J:KL->J, where K has a
value of one. The A-register input of ALU
is the data in the J-register, and
0001 0001 is set into the B-register from
the K-field. The A-register is gated
directly to the ALU. Only the lower half
of the B-register is gated to the ALU. The
inputs are OR'ed, and the result is a 1 bit
in the low-order position of the ALU, which
is then gated to the J-register.

The expression on the C line is 0->87.
This statement brings up control lines to
set position 7 of the S register to 0. The
function performed by this statement has
little bearing on our operation. It is
used in an indexing routine for RX format.
This brings up an important point. In any
ROS word, a statement such as _0->57 may be
used that seems to have no relation to what
is belng done. However, it may be used
further in the microprogram and should not
be ignored.

The expression on the R line is 52,1.
Remember that when the box format was dis-
cussed, this line was used for branching.
If you look at the output line from this
box, you will see that there are two ROS
words that may be executed next. They are
the ROS words at addresses 0109 or 010B.
The expression 52,1 must somehow contrel a
decision circuit. The convenient place to
make this decision is the ROAR address
itself. The two low-order positions of
ROAR, X6 and X7, are controlled for branch-
ing purposes. To see how this is done,
first convert the addresses of the two ROS
words to binary.

XX
h7
Address 0109 in binary is 0001 0000 1001
Address 010B in binary is 0001 0000 1011

On the E line, the left portion of the
expression controls the X6 position of
ROAR. To carry this one step further, the
52 portion of the expression will determine
the status of X6. For this example, posi-
tion 2 of the 5 register is zero, so thes X6
position ©f ROAR will be set to 0. The 1
in the expression (52,1) forces the X7
position of ROAR to a one. A 01 branch is
taken to address 0109. HNotice that on the
top line of the box for address 0109 you

gee 0l. These are the two low-order bits
of the actual address. Had position 2 of
the 5 register been set, Xé would be set to
a one and a 1,1 branch would be executed to
address 010B.

ADDRESS 0109: The first byte which was
read and set into the R-register is trans-
ferred to the G-reqgister by the expression
R-»G. The G-register is interrogated later
in the program to determine the Op code.
The data movement from the R-register to
the G-register is through ALU. The output
of ALD feeds the Z bus.

On line C, the expression, HIL->SU4,
brings up control lines that check the four
high bits of the Z bus for zero. Position
4 of the S-register is set to a one if the
high bits are zero. Since the data on the
T bus is:s

1 A

0001 1010

54 is not set. The S4 bit is interrogated
in a Branch and Link routine and has no
bearing on our example.

Because core readout is destructive, the
information in the R-register is returned
to core by the statement, WRITE.

The expression on the 5 line is EK->d.
The W-register, remember, controls the
high-order positions of the ROAR address,
The CK control field (K) value sets the
W-register to the value shown on the K line
of this block.

On the lower R line, an R0,0 branch is
executed. Since RO is off in our example,
the branch is to address 02E0. This branch
determines that the RR or RX format will be
used,

All the ROS words until now have been at
addresses (01XX. When the second high-order
position of the ROS word address changes
value, the W-register must bhe set to a new
value. Since we are at address 01XX and
must step to 02XX, the expression K->W is
used. HNotice, the K line specifies the
binary value of 2. The high six bits of EO
came from the CN field of address (0109. X6
and X7 controlled the two low bits.

ADDRESS 02E0: The next byte of the
instruction is read from core by the
expression IJ->MN MS5. This is the byte
that contains the addresses of the two
general purpose registers.

Once the MN registers have been set, the
J-register is again updated by the expres-
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sion J + 0 ¢+ 1->JC. HNotice that a new
element has been added te the arithmetic
statement. The € to the right of the arrow
allows a carryout (if there is one) to set
the third position of the S-register. If
no carryout results, the 53 pesition is set
to zero. This is necessary because, should
a carryout result, the I-register address
portion must also be updated. At this
point there is a carryout, and S3 is set to
a one.

The C line of the RO5 word causes the
control lines to set S0 to zero. The 0O
position of the S-register is a control for
true or complement add when the arithmetic
operation is undetermined (*#). If S0 is
zero, the arithmetic operation is a true
add., If 50 iz a 1, the operation is com-
plement.

The G-register positions 2 and 1 are
interrogated by the expression G2, 81. The
data in the G-register is:

1 A
Qo001 1010

Finding that G1 = 0, and knowing that G0 =
O, we find that this Op code must be in RR

format. RX Op codes begin with 01, RS with
10, and 55 with 11.
Because G2 and Gl are both zera, a 00

branch is taken to address 02E4.

ADDRESS 02E8: The data in the BR-register
is again returned to core by the WRITE
expression.

The arithmetic expression LOR->D will OR
the data in the L- and R-registers and
transfer the resultant answer to the D-
register. The symbol for the OR function
is the omega. The L-register is always
zero on entering I-phase except for the
EXECUTE Op code. Since the L-register is
zerc and the R-register contains the second
byte of the instruction, the D register i=s
set 01110101.

The low-order fFour bits of the T bus are
checked for a zero condition by the
expression LZ->55. 55 is set to a 1 if the
data on the low portion of the Z bus is
Zero. Because the data on the low portion
of the Z bus is 0101, 55 is not set to one.

h test is made on other positions of the
G-register to further decode the instruc-
tion. Looking at Figure 3~4, we see that
by checking G4 and G3 our Op code must now
be add, subtract, multiply, or divide. The

3-B [94176R)

G4 and GI positions should set X6 and X7 to
11, the low order bits of address 02EB, but
the AC-force condition overrides this and
forces a branch to addre=s 0200,

RDDRESS 0200: The only function performed
by this word is I+0+1->I. This function
updates the I register at the times when
there is an address carry from the J-
register. After updating the I-register,
the microprogram again branches on the GU
and G positions to address 02EB.

it this time, check the data in the
registers. The D-register contains 0111
0101, which is the specification for
registers 7 and 5. The G-register contains
0001 1010, the Op code. The 53 bit is set
to a 1, all other positions of the S reg-
ister are still zero.

ADDRESS D2EE: Before any data from the
general purpose registers can be added, the
microprogram must set up the address of
each register. The address for the low-
order byte of general purpose register S is
get up by the expression DXH + EL-»VC. BSee
Figure 3-5. To address the low-order byte,
the N-register must be set to:

Reg 5 Byte 3
0101 0011.

In the expression DXH + KL->VC, consider
the DXH portion first. The A-register
input of ALN is set with the data from the
D-register. The data in the A-register is
now:

High Low
0111 0101.

Next, the output from the A-register is

crossed (X)) 50 that the data is:
High Low
0101 0111

The data is further controlled by the H.
The H specifies that only the high portion
of the data is to be used as A source data.
The A source data to ALU then becomes, 0101
0000.

The B source input to ALU is controlled
by the KL portion of the expression. K
represents a value in the CK ROS control
field. The constant is 3 and is shown in
hinary form on the K line of this CAsS
block. The B-register is set with the data
0311 0011. Only the low portion (L) of the
B-register data is gated to ALU. The B
source data is 0000 0011.
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Figure 3-4. Op Codes

The result of adding the B source data
to the A source data is set into the V-

register.
A znurce data = 0101 0000
+ B source data = 0000 0011

Reg 5 Byte 3
V=register data = 0101 0011

The C-line of the block insures that the
S-register 5S4 and 55 positions are blank
(0) before proceeding.

The E=line in this block has the
statement K->W. Since the K-field contains

a three, the next address to be used will
b 03]{:&’..

The R-line is a branch on G6 and G5.
This branch further breaks down the Op code
and for this operation, the branch is to
address 039E indicating an add or subtract

Op.

ADDRESS 03%E: The arithmetic statement
DH+KI~->T sets up the units address of reg-

ister 7 in the T-register. Again consider
the first portion of this expression, DH.

The A-register is set with the data in
the D-register:

High Low
0111 0101.

Cnly the high portion {(H) is presented to
ALU. A=-source data is therefore 0111 0000.
Again, the expression KL brings up the
control lines to use the CK field constant
of 3. The B source data is 0000 0011
pecause only the low portion (L) is gated
to AL

i source data =
+ B source data =

0111 000D
0000 0011
Reqg 7 Byte 3
0111 o©o011

o e e o e

T-register data =

The expression UV->MN LS addresses core to
read out the first byte from general pur-
pose register 5. The data read out is
01011101. ©Leocal storage, rather than main
storage, is specified by the LS portion of
the expression.
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The last bit of the Op code is checked

by the expression 1, G7.
a branch is

zerc,

Since GT is a
executed to address 03F2.

The microprogram has fully deccoded the
G-register data to determine that the Op
code must be a Fixed-Polnt Binary Add in RR

Format.

While this was being done, we have

been setting up register addresses and even
read our first byte of data from register

5.

ADDRESS 03rFr2 (FIGURE 3-6): The first byte
of data from general purpose register 5
must be stored before reading any data from

3-10 {(9/1/66)

register 7. This is done by the expression
E->DC. The information in the D-register
is no longer needed and it is replaced by
the data from register 5. The first byte
of data is regenerated by the expression
WRITE. The "C" foullowing the "D" will
preserve a carry out of the ALU in 53 if
there is one. Here there cannot be a carry

50 the result is a reset of S3 for future
use.,

The branch condition on the R-line for-
ces a branch to address 03A3.
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Principles of Operation

ARDDRESS 03A3: The first byte of data from
register 7 is read from core by the expres-
sion T->MH LS. The N-register is set by
the data in the T-register. LS5 defines the
core area addressed as local storage,

As this is being done, the expression
V=-0->V ecauses the value of one to be sub-
tracted from the V-register. The V-
register contains the address of byte 3 and
must be changed before the next byte of
data for this register is read. The
example shows how ONE is subtracted by the
expression V=-0.

Heg O Byte 3
V=register data = 0101 0011
minus 0 = 1111 1111
Req 5 Byte 2
V-register regult = 0101 0010

A3 you can see, some artithmetic statements
should be worked out in detail. If not,
the wrong impression might be assumed from
just reading the statement.

A 0,0 branch to address 03hd is taken
because ST is still a zero.

RDDRESS 03A4: The first byte of data from
register 5 and register 7 is added together
by the expression RiD+«C=>RC. The C to the
left of the arrow is a conditicnal carry
insert. If the third position of the 5-
register ias set to a 1, then a carry is
inserted. The C to the right of the arrow
allows a carry out that may result from the
addition of the R and D data to set S3.

The arithmetic operation, #, is determined
to be an add because the 80 position of the
S-register is not set to a 1. Had it been
the Subtract Op code, 50 would have been
set to a 1 at RDOS word address 03F3. S0 is
the true or complement control position of
the S-register. We know that it is a
binary add rather than a decimal add
because binary is specified on the K-line
of the CAS block. The result of the addi-

tion iaz
D-register = +01011101
Heg 7 byte 3 = +#10011001
R-register result = 11110110

The expression ANSNZ-»>532 sets 52 to a
one because the T hus has on it the data
11110110. ANSNI means Answer MWon Zero. 52
is tested further in the program to deter-
mine whether our answer is plus, minus, or
ZErO.

Since positions 5 and 6 of the 5-
register are zero, a 0,0 branch is executed
to address 01D0. Because Wwe are again
changing the second high digit of our
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address, the expression K-->W is used.
This time the value of ¥ is 1 as shown on
the K-line.

ADDRESS 01D0: The sum of the first byte
from each register is regenerated (WRITE).
The data in byte 3 of register 7 is now
11110110. An unconditional 1,0 branch is
executed to address 01CE.

At this time, again review the location
of the data and addresses in the registers.

1. The V-register contains Reg 5 Byte 2
0101 0010

2. The T-register contains Reg 7 Byte 3
0111 0011

3. HRegister 7 byte 31 data is 1111 0110.

4. The 52 position of the S-register is
set to one.

5. The G-register contains 0001 1010

ADDRESSE D1CE: The second byte of data from
register 5 is read by the expression,
JV=-2KN M/LS. M/LS can be either main core
(M} or local storage (LS). This portion of
the expression further checks the G- reg-
ister. Since the G-register determines
that the Op code is in RE format, only the
control lines for local storage are brought
Up. The second byte of data read from
register 5 is 000000000.

Wwhile register 5, byte 2 iz read, there
is no reason why the address of the next
byte from register 7 cannot be set up.

This is done by T=0->T, which subtracts one
from the data in the T-register. The
resultant answer in the T-reqgister is:

Reg 7 byte 2
0111 0010.

The expression LI->55 does not set 55 to
a4 one at this time. LZ is a check for zero
on the four lower bits on the T bus as a
result of the arithmetic statement T=0=>T.
These [our lower bits will not be zero
until the last address of register 7 is
obtained.

Reg 7 Byte 0
0111 0©000.

A 0, 1 branch is taken to address 01c1.

ADDRESS 01C1l: The byte of data just read
is regenerated (WRITE). This data is also
stored in the D-register, R->D. The D-
register now contains 000000000, or byte 2
of register 7,
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A 1,1 branch is executed to address
03A3. Position 3 of the G-register is a 1
because the Op code stored there is Add.

ADDRESS 03A3: Entering this address for
the second time starts a loop in the
microprogram. The loop continues until the
four bytes of data from the two registers
are added together.

The second byte from register 7 is read,

The V-register address is changed to:

Reg 5 Byte 1
0101 0001.

A 0O, D branch is executed to address
03A4 because 57 is still zero.

ADDRESS 03A4: The second byte of data from
both registers is added and the result is
stored in the R-register (RiD+C->RC). The
result of this second addition is
000000000. 52 is not set to a zero
{AHNSNZ=->52) even though there is noething on
the I bus because the S-register is not
made up of polarity hold latches. It takes
a definite reset expression to clear an
S-register position to zero (0->350).

56 and 85 are again tested to determine
the branch set up. Neither position has
been set to one, therefore, the 0, 0 branch
is again taken to address 01D0. K->W sets
the W-register of ROAR to the wvalue of one
because of the high-order address change.

ADDRESE 01D0: The second byte of the added
data is regenerated (WRITE). A 1, 0 branch
is taken to address 01CE.

ADDRESS 01CE: Byte 1 of general purpose
register 5 is addressed {UV->MN M/LS). The
address for byte 1 of register 7 is set up
(T=-0=->T).

55 is still not set to a one because the
data cn the 2 bus is:

Reg 7 Byte 1
C11l 0001

Take the 0,1 branch to 01C1.

ADDRESS 01C1l: Byte 1 from register 5 is
stored in the D-register (R->D). It is
also regenerated (WRITE). E->W is again
used for the address change. Take the 1,1
branch to address 03iA3.

AUDRESS 03A3: Byte 1 from register 7 is
read (T->N LS). The address for general
purpose register 5, byte 0 is obtained
(V-0->V). BHranch 0,0 to address 03ay
because 57 is still zero.

ADDRESS D3AL: Add byte-1 data from both
registers (RiD+C=->RC). 352 is still set to
1 and cannot be reset by the expression
ANSHZ->32. 56 and 55 are still zero.
Branch to Address DiDO.

ADDRESS 01D0: Regenerate (WRITE) the sum
to core. Branch 1,0 to address 01CE.

ADDRESS 01CE: Read the last byte of data
from register 5 (UV-3>MN M/LS).

Change the address in the T-register
(T=0=>T).

Reg 7 Byte 1
0ld T-register address = (111 0001
minus O = 1111 1111
Reg 7 Byte 0
New T-register address = 0111 0000

The information on the 2 bus as a result
of the arithmetic statement is 0111 0000,
The low-order four bits are 0000. The C-
line of the box has the expression LZ->355.
55 18 now set to a 1 because the low posi-
tion of the T bus is zero (LZ). Advance to
address 01C1.

RDDRESS (1C1: Store the last byte of data
that came from register 5 (R->D). Regener-
ate this data (WRITE). Control the address
change (K->W). Again check G3, set up a
1,1 branch to address 03a3.

ADDRESS 03A3: Address core and read the
last byte of data from register 7 (T->N
L5). Subtract one from the data in the
V-register. This address, 0101 1111, i=s
invalid for register S5 but it will not be
used as we are in this loop for the last
time. Check S7, which is still zerc, and
branch 0,0 to address 03au.

ADDRESS 03A4: Add the last byte of data
from both registers and store the result in
the R-register (RiD+C=3RC).

52 is still set and cannot be reset by
the expression ANSNI->S52. K->W sets upr an
address change. Positions & and 5 of the
S-register are tested. 85 had been set to

a 1, therefore, a 0, 1 branch is taken to
address 01D1.
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ARDDRESS 01D01: The last byte is stored in
core (WRITE). Register 7 now contains the
answer: 00000000 00000000 0O0QDOCOO
1110110. The data in the R-register for
the last sum is 00000000, In the expres-—
sion R » FKH=->2Z, this data in the R-register
is ANDed (+) with the K source high (H) and
gated to the £ bus. The wvalue of K on the

¥-line is eight (1000).

R data = Q0000000
Constant = 10000000
ANDed result = 000000C0o

On the hranch line, R, you see the two
mnemonics AC and 1BC. AC (ALD carrcy)
brings up control lines to test for a car-
rycut condition of ALU as a result of the
arithmetic expression executaed in the pre-
vious ROS word (Address 03A4, expression
RtD+C->RC). 1BC (one-bit carry) brings up
the control lines to test for a carry into
the highest position of ALU as a result of
the previous arithmetic statement. To show
the positions of ALU effected, assume this
data:

A-register = 0104 0O00

B-register = 11040 o000
- ll_garr;;s -

ALU output = 0000 cooo

AC

1BC

The previous expression RED+C->RC added
the last two bytes of data from both reg-
isters. Both bytes of data were zero,
therefore the output from ALU was zero. We
had neither an ALU carrcy nor a l=bit carry.
B 0,0 branch is taken to address 01DB which
is in Figure 3-7.

The AC and 1BC mnemonics test to deter-
mine overflow conditions. An overflow
condition would have caused branching to
either address 0109 or 01DA.

ADDRESS 01DB: The expression ¢ BB LS
addresses a byte of local storage. See
Figure 3-5. This byte contains the condi-
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tion code and program mask bits. Certain
bits are set according to whether the
answer is equal to, greater, or less than
zero, plus overflow conditions.

Program masks are checked further in the
PrEOgran.

To address a byte in local storage, the
W-register format is:

MO MN1 N2 N3 N4 NS5 NE&E N7
i, ©, CwnNO, RO, 1, K1, EZ, Kl.

The RO and N1 positions are set 1, 0 res-
pectively. The 2 position of the H-
register is set by the CH ROS control
field, 0 bit position. Position N1 is set
by the CK ROS control field 0 positien. HU
is set to a 1 unconditionally. N5, N6, and
N7 are set by the remaining positions of
the CK field. Figure 3-5 shows that the
coordinates BB address byte 27. BB in
binary is:

B B
1011 1011

Match this with the address format, and you
see that the CKE field must be coded 1011.

This is the value that app=ars on the K
line of the CAS block.

Format = 1, 0, CNMO, KO, 1, K1, K2, K3,
Value BB = 1011 1011

The control line expression 0->350 sets
50 to zero in case we had been in a
complement operation.

The branch tests are 52 and T = 0.

52 was set to a 1 because we had signifi-
cant data. The expression T = 0 checks the
2 bus for a zero as a result of the pre-
vious expression on the arithmetic line
(Re¥XH=>Z). Had the resultant answer been
minus, the expression ReKH->Z would have
provided a 1-bit output for the highest
position of ALU. Because our answer is
positive, the T bus is zero and a 1,1
branch 1s executed to address 01EB. Had
our answer been minus, the Z = 0 expression
would have set X7 to a 0. A 1,0 branch
would have taken us to address 01EA.
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Principles of Operation

ADDRESS D1EB: The byte just read from ccre
contains information pertaining to condi-
tion codes and program masks. The high
i-bit positions are for the condition code
settings according to the answer of the
problem. The expression RL + KH->R pre-
sents the data previously read to the A-
register. A constant (K) sets the B-
register to the value of 2 as specified by
line K., The low portion (L) of the data in
the A-register is used as the A source for
ALU. The high position (H) of the B-
register data is used as the B source for

EL1F. The data is then:

A source D000 xxxx x are the
program
mask bits

B source DO10  QO00

R-rejgister set 0010 xxxx

The four high bits (0010} when returned
to core signify that our resultant answer
Was greater than zero. Hote the table in
Figure 3-7.

The expression 0=>56 sets 56 to a zero.

A 0,1 branch is taken to address 01ES.

ADDRESS 01E5: The mnemonic, STORE, returns
to core the information that is in the
F-reqgister. This consists of a new
condition code, and the original program
mask bits.

The L-register is set to zero by the
expression 0=>L.

Position 52 of the S-register is set to
zern (0->52).

The branch mnemonics test 51 and inter-
rupt. 51 is not set. If there is an
interrupt, a 0, 1 branch is taken to
address 0101, Figure 1-3. If no interrupt
exists, a 0,0 branch is executed to address
0100, Figure 3=3. hddress 0100 is the ROS
word where this operation began. Address
G101 is the beginning of a microprogram to
test the interrupt and determine what it is
(selector channel, multiplex, etc.).

This completes the Add operation. How-
ever, to carry the microprogram one step
further, assume that the result of adding
the two registers produced an overflow
condition. An overflow makes it necessary
to set a different condition code before
returning to I-cycles {see chart insert on
Figure 3-7). The problem program can, at
some later time, branch on the condition
code set.
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Start at address 01D9 in Figure 3-7.

ADDRESE 01D9%: The local storage byte is
read out by *BB LS. The L-register is set
to GO000001 (O+0+1-2>L).

Bince 57 is not set to a 1 a 1,0 branch
is taken to address 01D6.

ADDRESS 01D6: The data just read consists
of the condition code and program mask
bits. It is regenerated to core (WRITE).
The arithmetic expression RLeEL->Z tests
the program mask bits by allowing or pre-
venting a bit on the 2 bus. Assume the
data in R 15 xxxx Oyyy. The x positions
are those for the condition code. The 0
means that this position is not set. The y
positions are the remaining program mask
bits.

The data for this expression is:

A source data (RL) = o000 0000
B source data (KL) = 0000 1000
ANDed ALU output = 0oa0 0000

Fosition zero of the S-register is set
to zero (0->50).

ADDRESS 01DD: Again, the same byte of
information is read by the expression: *BB
LS.

The condition code is set by the expres-
s5ion LXH+RL~->R. The data in the L-register
sets the A-register. The A-reqister now
contains:

High Low

o000 0ool

This is croassed (X}
High Low

0001 Q000

and only the high (H) portion is used for
the A source to ALU. The data in the B-
register is xxxx Oyyv. Only the low
portion is presented to ALU (RL). The
result of the addition becomes:

A sSource = 0001 0400
B source = 0o0ao Oyyy
R~req set = 0001 Oyyy

The C=line statement, 0->S6, sets pogi-
tion 6 of the S=-register to a zero.
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The branch conditions are 0 and T = 0.
Z = 0 brings up control lines to check the
Z bus as a result of the arithmetic state-
nent executed in the previous ROS word.
This is how the program mask condition is
checked, Our output was 0000 0000 as a
result of the expression RL = KL->%.
Therefore, Z = 0 sets X7 toa 1. A 0,1
branch is taken to address 01ES because the
overflow was masked off.

ADDRESS 01E5: The data in the B-register
is returned to core {STORE). The four
highest bits are the new condition code:

BRANCH ON CONDITION (RR FORMAT)

High
3001

Lavw
Oyyy

0001 is the coding for an overflow. The
L-register is set 0000 0000 by the expres-
sion 0->L. The S2 position is set to zero
and the branch conditions are S1 set to
zero and no pending interrupt. This
branches the microprogram to address 0100
on Figure 3-3.

* The updated instruction address is replaced by the branch
address (R2) if the bit that is on in the condition code is

also on in the mask.

* The M1 field is used as a four-bit mask.

* Normal instruction sequencing proceeds with the updated
instruction address if the condition is not met.

a7 M1 B2 RR Format

0 =T 8. =11 12=135

The branch will be successful whenever the

condition code has a corresponding mask bit
of one. The four bits of the mask corres-

pond with the condition code as follows:

condition Code Bit Op Code Bit (Mask)

B
9
10
il

Lat P2 B 3

Description of a Branch-on condition
instruction, RR format, with reference
directly to the microprogram follows.
kssume the previous instruction was a fixed
point add which set bit 3 of the condition
code, indicating an overflow. A Branch-on
condition is issued with bit 11 of the Mask
field at one.

Starting at ROS address 0100 Figure 3-8,
the Branch-on cendition Op code iz read
out. The Op code is placed in the G-
register at ROS address 010%.

ADDRESS 02E0: The second byte of the
instruction is read out and a branch on

G=register bits G2 and Gl is taken. This
determines that the operation is in ER
format.

The second byte is placed in the D-
register and 85 is set to 0 if the R2 field
is not zero. If the R2 field had been
zero, 55 would have been set to one and a
no-branch condition would have resulted at
address 02D9 (Figure 3-9).

ADDRESS 02EB: The R2 portion of the
instruction is placed in the V-register in
the event the branch address must be
fetched. The condition code is read from
local storage. A branch to 02EF is made by
testing G-register bits 6 and 5.

ADDRESS 02EF: The mask portion of the
instruction is ANDed with the condition
code and the result is placed in the L-
register. S2 is set to one if the result
was not zero. A branch is made on G-
register bit 7 which results in going to
address (2D% (Figure 3-93) .
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