
Appendix A

4A52 /4054 FIRMWARE INSTRUCTIONS

Thg folrowing table gives !!9 f,gl code, opcode abbrevati.on,and address mode for the 4052/4a54 system- firmware instrue-tions. y'\- ,: ,, (,...,,; r"+,)r !+ruew (rU oF :rH€}€ frf,{ r-(.op: rJqf*j
RVSr oF r111-rd1qurD oPCore! *pg {nAfl,i*J}Hex gpcode AddressCode Mode

){ oo TRAP N.NE
, o1 NoP TNHERENT
Fr 02 NoP2 TNHERENT
4. 03 SFA INHERENT
& 04 TRAP NoNE
)k 05 TAp TNHERENT06 TAP INHERENT07 TPA INHERENTOB INX INHERENT09 DEX INHERENTOA CLV INHERENTOB SEV INHERENTOC CLC ]NHERENTOD SEC INHERENTOE CLI INHERENTOF SEI INHERENT

1 O SAB INHERENT11 CBA INHERENT
4 12 TAPX TNHERENT
'.-^1F" 13 TPAX INHERENT
-:t- 14 ADXI IMMEDIATE
)4, 15 ASpr TMMEDTATE16 TAB ]NHERENT17 TBA INHERENT
X 18 SDA ]NHERENT
_,, 19 TRAP NONE,& 1A NLDXX INHERENT18 ABA INHERENT
ry lC NLDAX ]NHERENT";fi'1D NI-DBX INHERENThYq.lE NSTAX INHERENT".,iqr JMpAx TNHERENT20 BRA RELATIVEfr el sos TNHERENT

22 BHI RELAT]VE
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FIRMWARE INSTRUCTIONS

Hex
Code

23
24
25
26
27
2B
2g
2A
2B
2C
2D
2E
2F
30
31
32
33
34
35
36
37

M:A-t 39
>& :a-'38
;&:c*ro'3E

3F
40

X tlt
*'+z

43
,44

&qs
46
47
4B
4g

o4A
F4B

4C
4D

&qE
4F

Opcode

BLS
BCC
BCS
BNE
BEQ
BVC
BVS
BPL
BMI
BGE
BLT
BGT
BLE
TSX
INS
PULA
P ULB
DES
TXS
PSHA
PSHB
JMPI N

RTS
FPSHD
RTI
FPSHX
FPSH
WA]
SWI
NEGA
F PSHI
F PULD
COMA
LSRA
FPULX
RORA
ASRA
ASLA
ROLA
DECA
FPUL
INCA
TSTA
FDUP
CLRA

Address
Mode

RELATIVE
RELATIVE
RELATIVE
RELAT] VE
RELATIVE
RELATIVE
RELATIVE
R ELATIVE
R ELATI VE
RELATlVE
RELATIVE
RELATIVE
RELATIVE
I NHE R ENT
INHE R ENT
]NHERENT
INHERENT
INHERENT
]NHERENT
INHERENT
I NHE R ENT
EXT ENDE D

INHE R ENT
DIRECT
INHERENT
INDEXED
EXTENDED
INHERENT
INHE RENT
INHERENT
IMMEDIATE
DIR ECT
INHERENT
]NHERENT
INDEXED
INHERENT
INHERENT
INHERENT
INHERENT
INHERENT
EXTENDED
INHE R ENT
INHER ENT
I NHE R ENT
INHERENT
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FIRMWARE INSTRUCTIONS

Address
Mode

INHERENT
I NHERENT
INHERENT
INHERENT
INHEREN.I
INHE RENT
INHERENT
lNHERENT
INHERENT
INHERENT
INHERENT
TNHERENT
INHERENT
lNHERENT
I NHERENT
INHERENT
INDEXED
INHERENT
DIRECT
INDEXED
INDEXED
DI R ECT
INDEXED
INDEXED
INDEXED
INDEXED
I NDEXE D

I NHERENT
INDEXED
INDEXED
INDEXED
INDEXED
EXTENDE D

INHE RENT
INHERENT
EXTENDED
EXTENDED
I NHERENT
EXTENDED
EXTENDED
EXTENDED
EXTENDED
EXTENDED
NONE

Hex
Code

50
)* 51
K52

53
54

x- 55
56
5T
5B
59
5A

*58
5C
5D

)$ 5E
5F
60

J+ 61
fb 62-"63

64
&65

66
67
6B
69
6A

&68
6C
6D
6E
6F
7A

X T1futz
73
7U

*75
76
77
7B
79
7t'*za

0pcode

NE GB
FSWP
FADD
COMB
LSRB
FSUB
RORB
ASRB
ASLB
ROLB
DECB
FMUL
INCB
TSTB
FDIV
CLRB
NE GX
FNORM
PSHRET
COMX
LSRX
RTRN
RORX
ASRX
ASLX
ROLX
DECX
PSHX
INCX
TSTX
JMPX
CLRX
NEG
STROKE
EC
c0M
LSR
PULX
ROR

ASR
ASL
ROL
DEC
TRAP
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FIRMI'IARE INSTRUCTIONS

Hex
Code

7C
7D
7E
7F
80
BI

,82
A83"84

B5
B6

-L sztn\ gB

89
BN
8e
8C
8D

,BE
SBr

90
91
92
93
94
95
96
97
9B
99
9e
9s

,, 9C

weD
9E
9r
AO
Ai
A2

Opcode

INC
TST
JMP
CLR
SUBAI
CMPAI
SBCAI
TRAP
ANDAI
B ITAI
LDAAI
T RAP
EORAI
ADCAI
ORAAI
ADDAI
CPXI
BSR
LDS 1
TRAP
SUBAD
CMPAD
SBCAD
TRAP
ANDAD
B ITAD
LDAAD
STAAD
EORAD
ADCAD
ORAAD
ADDAD
CPXD
TRAP
LDSD
STSD
SUBAX
CMPAX
SBCAX
TRAP
ANDAX
BITAX
LDAAX
STAAX

Address
Mode

EXTENDED
EXT ENDE D

EXTENDED
EXT ENDE D
IMMEDIATE
IMMEDIATE
IMMEDIATE
NONE
IMMEDIATE
IMMEDIATE
IMMEDIATE
NONE
IMMEDIATE
IMMEDIATE
IMMEDIATE
IMMEDIATE
IMMEDIATE
RELATIVE
IMMEDIATE
NONE
DIR ECT
D]RECT
D] R ECT
NONE
DIRECT
DI R ECT
DIRECT
DIRECT
DIR ECT
DIR ECT
DI R ECT
DIR ECT
DIRECT
NONE
DIRECT
DIRECT
INDEXED
INDEXED
INDEXED
NONE
lNDEXED
] NDEXE D

]NDEXED
INDEXED

&as
A4
A5
A6
s.T
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F]RMWARE ]NSTRUCTIONS

"J;t

Hex
Code

AB
A9
AA
AB
AC
AD
AE
AF
BO

B1
B2
B3
B4
B5
B6
B7
B8
B9
BA
BB
BC
BD
BE
BF
c0
C1
c2
c3
C4
c5
C6
c7
CB
cg
CA
CB
CC
CD
CE
CF
DO
D1
D2
D3

0pcode

EORAX
ADCAX
ORAAX
ADDAX
cPxx
JS RX
LDSX
STSX
SUBA
CMPA
SBCA
TRAP
ANDA
BITA
LDAA
STAA
EORA
ADCA
ORAA
ADDA
cPx
JSR
LDS
STS
S UBBl
CMPB]
SBCBI
TRAP
ANDBI
BlTB]
LDABl
T RAP
EORB I
ADCBI
ORABI
ADDBI
ADAX
WADAX
LDXl
TRAP
SUBBD
CMPBD
SBCBD
TRAP

Address
Mode

INDEXED
INDEXED
INDEXED
INDEXED
INDEXED
INDEXED
INDEXED
INDEXED
EXTENDED
EXTENDED
EXTENDED
NONE

EXTENDED
EXTENDED
EXTENDED
EXTENDED
EXTENDED
EXTENDED
EXTENDED
EXTENDED
EXTENDE D

EXTENDED
EXTENDED
EXTENDED
IMMDIATE
IMMEDIATE
IMMED]ATE
NONE
IMMEDIATE
IMMEDIATE
IMMEDIATE
NONE
IMMEDIATE
IMMEDIATE
]MMED]ATE
IMMEDIATE
I NHERENT
I NHERENT
IMMEDIATE
NONE
DIRECT
DIRECT
DIRECT
NONE

E;.

Sr
*r--,"t

&"

k
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FIRM!.IARE INSTRUGTIONS

Hex
Code

D4
D5
D6
D7
D8
D9
DA
DB
DC
DD
DE
DF
EO
E1
E2

0pcode

ANDBD
BITBD
LDABD
STABD
EORBD
ADCBD
ORABD
ADDBD
SBUG
CBUG
LDXD
STXD
SUBBX
CMPBX
SBCBX
MVLR
ANDBX
BlTBX
LDABX
STABX
EORBX
ADCBX
ORABX
ADDBX
MVRL
1,'IADX
LDXX
STXX
S UBB
CMPB
SBCB
C PCH
ANDB
B ITB
LDAB
STAB
EORB
ADCB
ORAB
ADDB
TRAP ,

PCH
LDX
STX

Address
Mode

DIR ECT
DIRECT
DIRECT
DIRECT
DI R ECT
DIRECT
DI R ECT
DIRECT
I NHE R ENT
INHERENT
DIRECT
DIRECT
INDEXED
INDEXED
INDEXED
lNHE RENT
INDEXED
INDEXED
I NDEXE D

INDEXED
INDEXED
INDEXED
INDEXED
I NDEXE D

] NHER ENT
EXTENDED
INDEXED
INDEXED
EXTENDE
EXTENDED
EXT E NDE D

IMMEDIATE
EXTENDED
EXTENDED
EXT E NDE D

EXTENDED
EXT ENDE D

EXT ENDE D

EXT EN DE D
EXT ENDE D
NONE
IMMEDIATE
E XT ENDE D
E XT ENDE D

Keg
E4
E5
E6
ET
E8
E9
EA
EB

*ec
ffED

EE
EF
FO
F1
F2

*r:
F4
F5
F6
F7
FB
r9
FA

,FB
ATC
*FD

FE
FF
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4052/4054 SYSTE},I BLOCK DESCRIPTION

Tlg-deseripbion presented here is a generar overview of the4052 and 4054 systems. For a detailed description refer toSection 7 (ALU, MCP, AND MAS CIRCUIT BOARDS tHgonY OF
OPERATT0N) or to the r/a sections (keyboardr oag tape unit,
9l"pl"yr or cPrB) . Refer to Figure 6-9 and Figufe o-t o for
!l:^following description. The only difference between the4052 and the 4054 systems is the dispray eircuitry.

4052/4054 System Overview

GENERAL THEORY OF OPERATION

The 4052/4054 system consists of the r/o units (dispIay,
keyboard, backpacks, internar mag tape unit,, and cpig)-ino
!h" processor boards (ALU, Mcp, ind llls eoards). The r/oBoard interfaces the processor boards to the r/o units. Thefunctions of the processor boards and r/o Board can be
summarized as follows:

o ALU Arithmetie Logic Unlt. This is the
microprogrammed processor board containing the ar-ithmetic logic units (RALUs). The system microcode
bhe major processor registers (accumulators, indexregister, stack pointer, ete. ) , and master clockcircuitry. This board, through bhe mircroprograms
and related hardware, contrors the fundamLntir sys-
!"* operations and execution of firmware (macro)-
1evel instructions.

. MCP - Memory Command processor. Directing memoryoperations, the MCp plays a major role in theexecution of firmware instruetions and coordinatingdata transfers between t,he ALU and memory. some ofitsr primary funetions are: determining trre source
and destination of address/data informition beingpassed to the Memory Access Sequencer, relayinginformation on the number of bytes invorved- in-a
memory transfer or which memory space is invorved inthe operation, and upkeep of the iirmware leveI
program eounter (the only processor-related registernot contained on the ALU). rt arso is involved inthe operation of the MBUS (main 16-bit bus betweenthe MCP and MAS).
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GENERAL THEORY OF OPERATION

. MAS - Memory Access Sequencer. Under the direction
of bhe MCP, the MAS performs the actual memory
accesses for read/write operatlons. Besides contain-
1ng the timing logic for these operations, the MAS
also holds address decoding logic for accessing the
T/O and ROM Pack address spaces. All system RAM and
ROM ( firmware) are located on this board.

o I/O Input,/Output. Providing the interface to the
outside world, the 1/O board generates the necessary
timing for the operation of the keyboard, magtape,
display, GPIB, and peripheral/ROMPACK circuitry.

There are four types of data earriers in the 4052/4054
sysbem:

ADDRESS AND DATA. The 16-bit, data or the 16-bit
memory space address is carried on this bus between
the MCP Board and the MAS Board.

o ADDRESS ONLY. The 16-bit address from the MCP Board
is split into two 16-bit address busses on the MAS
Board: an even address bus and an odd address bus.
The even address bus is used for even RAM and ROM
addressing, for external addressing of the
backpacks, and for the I/O Board addressing. The odd
address bus is used for odd RAM and ROM.

. DATA ONLY. The 16-bit data between the MCP Board and
the MAS Board is split into two B-bit busses: an
even data bus and an odd data bus. The even data bus
is for even RAM and ROM data, and for external data
for the backpacks and the I/O Board. The odd data
bus is for the odd RAM and ROM data and 16-bit
external data (first external bybe).

o OTHER.The rest eonsists of Micro ROM addressing,
timing signals, control lines, I/O data, and hand-
shaking between the circuit boards.
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GENERAL THEORY OF OPERATION

The Micro ROM on the ALU Board performs a partiar system
check during power up (refer to 4052/4054 MrcRocoDE). when
finished with the power up operation, the microcode is
controlled by firmware instructions from the MAs Board or
Backpacks. The firmware instruction is ratched into thernstruction Register. The rnst,ruction Register is decoded
and the microcode sequence for the firmware instruction is
exeeuted. During each mlcrocode instruetion the microcode
word is latched into the Pipeline Register. This arrows the
ALU Board control to set up the address of the next
mierocode word to be executed.

Data between the ALU Board and the MCp Board is transfered
over two 16-bit busses: one for data to the RALU and one fordata from the RALU. The RALU and condition code Logic
consist of 16 registers, an arithmetic rogie unit, condition
Code Register, and shift Iogic.
Part of the microcode conbrors the operation and data-
address transfer between the MAS Board, the Mcp Board, andthe ALU Board. The MCP Board has a program counter, zero
High/Sign Extended, ALU input and output latches, and a
Memory Byte Latch. The Program counter is used for address-ing of the firmware instruction. The ALU input and outputlatches are used to store RALU data. The Memory Byte tatcrr
and the zero HLeh/ sign Extended are used together- duringfirmware instruction fetching and execution.

The MCP Board contrors the address and read or write of dataon the MAS Board. The address from the MCp Board is received
by the Address Bus Logic. For non-externar addressing the
address is put on the odd address bus, and the address plus
one is put on the even address bus. For external addressing,
the address is put on the even address bus and on the
external address lines. rf onry one byte is needed bhe
externar addressing is finished, but if t,wo bytes are neededthe even address is incremented and the externar address is
enabred again for the second byte. when 16 bits of data fromexternal are read, the first byte is latched and put on the
odd daba bus, while the second byte is placed on the evendata bus.
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GENERAL THEORY OF OPERATION

The data to and from the MCP Board to t,he MAs Board sprits
into an B-bit odd data bus and an B bit even data bus on the
IIAS Board. Depending on the operation and the address(Figure 6-11), even data ls active on either the row bybe er
the high byte of MCP Board 1 6-bit data but not to both
bytes. The odd data is active on the byte not used by the
even data. The Data Bus Logic can cross the data bytes
between the MAS Board and the MCP Board.

The r/o Board ccntains the external interface to the inter-
lal mag tape drive, the keyboard, the display, and the GPIB
Interface.

ODD ADDRESS- 1 6 BIT DATA OF MEMORY SPACE

MCP BOARD
16 BIT DATA BUS

MAS BOARD
2-8 BIT DATA BUSSES

EVEN ADDRESS_I6 BIT DATA OF MEMORY SPACE

MCP BOARD
16 BlT DATA BUS

MAS BOARD
2_8 BIT DATA BUSSES

Figure 6-1 1.
Data

MCP Board and MAS Board
Bytes Transfer.

(MB8.MBl5) HIGH BYTE

(MB8-M815) HIGH BYTE

ODD BYTE (ODBO-OD87)
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GENERAL THEORY OF OPERATION

4052/4054 FIRMWARE INSTRUCTION DATA TRANSFER

The 4052/4054 firmware instructlons are processed by theprocessor in the following sequence:

. Fetch firmware instruction.
o Decode instruction.
o Execute the instruction.
o Honor pending interrupts.
. Go back to fetch.

The address and data frow for the firmware instructions vary
depending on the type of addressing used: immediate (one orlwo bytes data), direct, extended, indexed, implied, orrerative. (Refer to t,he firmware part of this secti6n.)
Firmware Instructlon Fetch

The fet,ch cycle is started when the microcode purls the
MH0LD-0 control line to the MCp Board 1ow (Figure 6-12). The
MCP Board enables the output of the program counter to the
MB'15-MB0 bus. The address is applied to the Even and odd ROM(externar to the Backpacks, if'lrre address is a Backpack
address) . Two 

- 
bytes of data are always fetched . The h:.gtr

bybe of daba (M815-MBB) is roaded into the rnstruction
Register. The row byte of dat,a is loaded into the Memory
Byte Latch for use during two-byte firmware i.nstruction
execution. rf the instruction is a one-byte instruction, thelow byte of the fetch is not used since it is the opcode forthe next firmware lnstruction. The program counter is
incremented for the next firmware instruction or the operandof the present firmware instruction. rf the instruction is athree-byte firmware inst,ruction, this stored byte is dis-carded. The second and third byte of the instructlon arefetched together (refer to three-bybe lmmediate and extendedinstructions).

6-26 REV,Novles2 4052/54 & 4052A/54A TECH. DATA



GENERAL THEORY OF OPERATION

EXTERNAL ADDRESS (ROMPACK)
gf,rc ROMDATA

EXTERNAL OATA (I 6 BITS)

Flgure 6-12. 4052/4054 Firmware Instruction Fetch.
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GENERAL THEORY OF OPERATION

Two-Byte Immediate Firmware Instruction

Two-byte immediate firmware instructions require no futher
memory aeeess after a fetch. The byte stored in the MemoryByte LaLch and a zero byte from the zero High/sign Ext,endedis transfered to the Aluin Lateh and then to the RALU(Figure 6-1 3). At the end of the transfer the Progran
counter is incremented by one for t,he next firmware instruc-tion to be executed.
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Flgure 6-13. 4052/4054 Two-Byte
Immedlate Firmware Instructlon.

GENERAL THEONY OF OPERATION

P255

*
u

PZ54

MAS
BOARD

I/O BOABD
Plol

ilr --cotrTFoL{ \\Y7J
I

FIRMWAREoR I
coilMUNrcarroil I

BAcKPAcK I

I

lt
/-J\( \coNTRoLY7

DATA

AOOnESS

DATA

lr

ttll .
I )aDDREssl--

MCP BOABD

FFAT THBU FBAO

MBI5THAU MEO (MBI5THiU MBA)

I o.u,n,.
I trnu
I muno
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GENERAL THEORY OF OPERATION

Three-Byte Immedlate Firmware Instructions

Three-byte firmware instructions require an additlonal memo-ry access. The byte stored in the Memory Byte Latch is notused. The Program counter supplies the iooress to the MAS
Board. sixteen bits of data are returned from the MAs Board,
The data is latched ln bhe Aruin Latch and then to the RALU.At the end of the memory feteh the program counter is
incremented by two for the next firmware instructlon.
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GENERAL THEORY OF OPERATION

FETCH 3 BYTE

- 

ADDRESS
XTT5ru IMMEDIATEDATA

EXTERNAL DATA

EXTEBNAL ADDBESS

NOTE: BYTE STORED IN MEMORY BYTE
LATCH IS NOT USED SINCE 2 MOBE
EYTES ABE BEOUIRED BY INSTRUCTION,

Flgure 6-1 4 . 4052/4054 Three-Byte
Immedlate Flrmware Instructlon.

MCP BOARD

FFAT THBU FEAO

[815 iHBU MBO IMBI 5 THRU ilBA)

P254

Pl54

MAS
BOARD

I/O BOARD

/.--[( )coNTBoL

FINMWARE OB
COMMUNICATIO}I

BACXPACK DATA

AOORESS

I I o.,,*,.
I I tr"u
| | aruno
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GENERAL THEORY OF OPERATION

Dlrect Flrmware Instruction

Direct firmware instructions are two-byte instructions. The
second byte is used for addressing the first 256 bytes of
RAM Space or ROM Spaee, depending on the state of thS CCRD
bit in the Condition Code Register. The second byte was
stored in the Memory Byte Latch during the fetch cyere. The
second byte combined with a zero byte from the Zero
High/Sign Extended buffer is the address sent to the MAS
Board. If the direct address is a write, the data is
transferred from the RALU to t,he Aruout Latch, and then to
the MAS Board to be stored in RAM space. If the direct
address is a read, the data is transferred from the MAS
Board to the Aruin Latch and then to the RALU. At the end ofthe firmware instruction, the program counter is incremented
by one for the next memory fetch.
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GENERAL THEORY OF OPERATION

INDEXED

-- 

ADDRESSOFFSET
ADDRESS OF DATA

rffi DATAR/W

Flgure 6-15. 4052 /4054 Dlrect Firmware Instructlon.
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GENERAL THEORY OF OPERATION

Extended Firmware Instructlons

Extended firmware instructions require an additional memory
access. The byte stored in the Memory Byte Latch-is not
used. After the Program counter supplles the address to the
MAS Board, the operand is sent directly back to the MAS
Board by the MCP Board to be used as the data address. writedata for the second memory aceess comes from the RALU to the
Aruout Latch and then to the MAS Board. Read data for the
second memory access is latched into the Aluin Latch and
then to the RALU. At the end of the last memory cycre the
Program counter is incremented by two for the next fetch
cycle.
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GENERAL THEORY OF OPERATION

EXTENDED

IT-r PCADDRESS
EXTENDED ADDRESS

ry DATAR/W

Flgure 6-1 6 , 4052/4054 Extended Firmware rnstructlon.

MCP BOARD

FFAT 
'XFU 

FFAO
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F5 1/O BOARD
Ptot

"onr"o.fit
I
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I

._rS"o**.
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ADORESS
1_1__-
b r. r.. o r.. )rooness

--n
DATA
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DATA BUS
LOGTC &

DATA
PAFITY
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GENERAL THEORY OF OPE RATION

Indexed Flrmware Instructlons

Indexed firmware instruetions use the bybe stored in the
Memory Byte Latch as an offset to the index register. The
offset is in unsigned binary (O to 255). The Memory byte
Lateh (MB7) is used to supply the upper byte os all zeros.
The two bytes are latched into the Aluin Latch and then to
the RALU. In the RALU the offset is added to the index
register. The content of the index register is not ehanged.
The result is latehed int,o the A1uout Latch and supplied to
the MAS Board as the address of Lhe required data. Read data
is transfered to the Aluin Latch and then to the RALU. write
data is transfered from the RALU to the A1uout Latch and
then to the MAS Board. At the end of the address transfer
the Program Counter is incremented by one for the next
firmware instruction fetch.

6-36 REV,Novleg2 4052/54 & 4052A/54A TECH. DATA



GENERAL THEORY OF OPERATION

Flgure 6-17. 4A52/4054 Indexed Firmware Instructlon.

MCP BOARD

FhAT THFU FRAO
MB15 THBU MBO (M815 THRU MBA}

P254

P154

MAS
BOARD

I/O BOARD
P10l

CONTROI
CONTROL

FMilWANE OR lt
AACKPACK DATA

ADOEESS

DATA

lr
l_1:
I )ADDRESSi--;----n

I I :,.tx;

r-- ADDRESS
ffre DATAR/W
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GENERAL THEORY OF OPERATION

Inplled Flrmware Instructlons

rmplied firmware instructions use the index register or thestack pointer as the memory address of the dati. The addresscomes from the RALU and is ratched into the Aruout Latch.The MCP Board supplies the address to lhe MAS Board. Readdata is transferred from the MAS Board, latched in the AluinLateh, and then to the RALU. write data comes from the RALUto the Aluout Latch and then to the MAS Board for storage.since impried instructions are one byte instructions, the
Program counter is not incremented and the stored uyie inthe Memory Byte Latch is discarded.
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GENERAL THEORY OF OPERATION

Flgure 6-18. 4052/4054 Implled Flrmware Instructlon.

MCP BOARD

FRA? THNU TtrAO
flar5TsuilBo (MBl5rrBUUB8)

P255

Pr55
:l

"o"r"o.f,f
,,*rro"ao, I*Ef"',ili&""1

I o.r,r'u
I rxnu
I aruno

-r 

ADDRESS
ryDATA
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GENERAL THEORY OF OPE RATION

ReLatlve Flrmware Instructlons

Relative firmware instructions use the Program Counter and
the byte stored in the Memory Byte Latch for the'memory
address for branehes taken. If the branch is not taken the
Program Counter is incremented by one and the MCP Board
executes a opcode feteh of the next firmware instruction. If
the branch is taken, the Program Counter is transferred to
the Aluin Latch, then bo the RALU. The upper bit (MB7)
controls the output of the Zero High/ Sign Extended. If the
bit is a one, the output of the upper byte is all ones. If
the bit is a zero, the output of the upper byte is all
zeros. The RALU adds the output of the Memory Byte Latch
Latch and Zero High/Sign Extended to the stored Program
Counter address. The final address is Iatehed in the AIuouL
Latch, then transferred to the Program Counter. The Program
Counter now contains the next firmware instruction to be
executed. The MCP Board is enabled to do a firmware instruc-
tion fetch.
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