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1 Intr oduction

ThispaperdescribestheESP: ExtremelySimpleComputer, asmallcomputerusedto teachthebasicconceptsand
organizationof amicroprogrammedcomputer1.

1Also known at RyersonasthePPM: ProgrammableProcessorModule.
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Studentsin the RyersonElectrical and ComputerEngineeringprogramthird semesterDigital Electronics
course,study the architectureof the computerandwrite both microcodeandprogramcodeasa 3-week�nal
exercisein the laboratoryfor the course. The exerciseis challengingfor students,but provides them with a
tangibleandnon-trivial indicationof their capabilitiesat the conclusionof the course. As well, it introduces
conceptsof computerdesignthatareexpandeduponin a subsequentcoursein ComputerArchitecture.

It is hopedthat the informationprovided in this paperis usefulandsuf�ciently completethat othersmay
designandbuild similar smallcomputersfor teachinganddemonstrationpurposes.

2 The Extr emelySimpleProcessor

A closupview theExtremelySimpleProcessoris shown in �gure 1.

Figure1: TheExtremelySimpleProcessor:Closeup

TheESPusesa total of 10 readilyavailableintegratedcircuits.OneEPROM, theProgramMemory, contains
a studentprogram.Two moreEPROMs containtheControlMicrocodefor thecomputer. ThethreeEPROMs are
placedin the large ZIF socketsin the foregroundof �gure 1. The smallerZIF socket at the rearholdsa 16V8
GAL devicewhich is programmedwith miscellaneouscombinationallogic for thecomputer.

A generalview of theESPwith two otheritemsancillaryequipmentis shown in �gure 2. Theblackboxat the
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topof thephotographprovidespowerto theESP. Thesilverbox to theright of theESPprovidesLED readouts,4
toggleswitchesfor datainput, two clock sources(manualandoscillator)anda resetbutton.

Figure2: TheExtremelySimpleProcessor:Overview

Somemicrocodeis providedto studentsandthey createtheremainderasalabexercise.Whenthatis working,
they write anddemonstratea completecomputerprogram.

Someof theprogramsthathavebeenassignedto studentsareasfollows:

� Input two 4-bit numbersfrom thedataswitches.Calculateanddisplaythesumanddifference.

� Countthenumberof 1's in the4-bit inputdataword.
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� Input two 2'scomplement4-bit numbers.Calculatethesumandconvert into signed-magnitudeformat.
� Input four 4-bit numbersin sequence,computeanddisplaytheir average.
� Input two 4-bit numbers,computeanddisplaytheir product.
� Inputa4-binnumberA into memory. Countfrom 0 to A in sequence,thenstop.
� Input two 4-bit numbersA andB. If

�����

, then�ash thedisplayforever.
� Rotatea 1 bit throughtheaccumulator.
� Programtheaccumulatorto simulatea Johnson(twisted-ring)counter.

StudentsprogramtheEPROMs usingoneof severalof several lab PCsthatareequippedwith EPROM pro-
grammers2.

3 Machine Overview

Speci�cationsfor theESPareshown in �gure 3. (SincetheESPis clockedmanually, clockspeedis not rated.)

DataWord Length 4 bits
InstructionLength 8 bits: 4 bit opcode,4 bit operand
MicroinstructionLength 16bits
TotalALU functions 32
Numberof instructions 16
ConditionalJump? Yes,threedifferenttests
ProgramStorage 16 instructionsmaximum
Working storage 16 � 4 SRAM
Numberof ICs 10

Figure3: ESPSpeci�cations

Themachineperformsloadandstoreoperationsbetweenasmallread-writememoryandasingleaccumulator.
It is aHarvardarchitecturemachine– theprogramanddataarein distinctmemoryspaces.Programtext is stored
as8 bit wordsin anEPROM. Datais movedto andfrom a 4 bit SRAM.

Thecompleteinstructionsetis shown in �gure 4.
The studentsusethe mnemonicsfrom this tableto createan 'assemblylanguagelisting' of their computer

program.They thenhand-translatethis assemblylanguagelisting into a hexadecimallisting andburn it into the
ProgramEPROM. Sincetheprogramsaresmall– 16 linesmaximum– this is quitefeasibleto doby hand.

An exampleprogramis shown in �gure 5.

4 The Datapath

TheESPdatapathwhich implementstheLoadandStoreinstructionset,is shown in �gure 6.
2EPROM Datamaybeentereddirectly into theprogrammeredit buffer. Alternatively, it is possibleto createanassemblylanguagesource

®le consistingentirelyof DEPOSIT BYTEdeclarations,andthenassemblethis to ans-record®le. Thes-record®le maythenbeloadedinto
theEPROM programmer.
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Name Op Code Operand Mneumonic Description
Add to Accumulator 0 0 0 0 ��������������	 ADDA N ACCA := ACCA + (N) + C.
Subtract fr om Accumulator 0 0 0 1 ��������������	 SUBA N ACCA := ACCA - (N) - /C. (/C = Borrow Bit)
Input Switches 0 0 1 0 X X X X INPA ACCA := Sw
Load Accumulator 0 0 1 1 � � � � � � � 	 LDAA N ACCA := (N)
StoreAccumulator 0 1 0 0 � � � � � � � 	 STAA N (N) := ACCA
Jump 0 1 0 1 � � � � � � � 	 JMPN PC:= N
Add Switches 0 1 1 0 X X X 0 ADDA S ACCA := ACCA + Sw + C.
Subtract Switches 0 1 1 0 X X X 1 SUBA S ACCA := ACCA - Sw- /C.
Logical AND 0 1 1 1 ��������������	 ANDA N ACCA := (N)&&A CCA
Clear carry 1 0 0 0 X X X 0 CLC C := 0
Setcarry 1 0 0 0 X X X 1 SEC C := 1
DecrementAC 1 0 0 1 X X X 0 DECA ACCA := ACCA - 1
Incr ementAC 1 0 0 1 X X X 1 INCA ACCA := ACCA + 1
Rotate right 1 0 1 0 X X X 0 RORA RotateACCA right ( 
�� := C andC := 
�	 ).
Rotate left 1 0 1 0 X X X 1 ROLA RotateACCA left ( 
�	 := C andC := 
�� ).
Storeswitches 1 0 1 1 ��������������	 STSWN (N) := Sw.
Jump if Carry Set 1 1 0 0 ��������������	 JCSN (PC):= N if C == 1
Jump if AC equalsSW 1 1 0 1 �

�
�

�
�

�
�

	 JEQN (PC):= N if ACCA == SW
Jump if AC negative 1 1 1 0 �

�
�

�
�

�
�

	 JMI N (PC):= N if ACCA[3]==1
Clear accumulator 1 1 1 1 X X X 0 CLRA ACCA := 0000
Setaccumulator 1 1 1 1 X X X 1 SETA ACCA := 1111

Term Description
��������������	 Memoryaddress,0 to 15
N Memoryaddress,0 to 15
ACCA AccumulatorRegister
C CarryBit
Sw Switchregister
(N) Contentsof memoryaddressN
:= is replacedby


�	 Leastsigni®cantbit of ACCA



� Most signi®cantbit of ACCA
&& LogicalAND
X don't care bit

Figure4: ESPInstructionSet

Themachinetransfersdataovera4 bit DataBus.Someexamplesof transfersequencesare:

Load AC Transferfrom a memorylocation,via theB inputof theALU, into theaccumulator.

Add to AC Replacethecontentsof theaccumulatorwith thecurrentcontentsplusthecontentsof somememory
location. The contentsof theaccumulatorentertheA input of the ALU via the left datapathloop, while
datafrom RAM enterstheB inputof theALU. Theresultis storedbackinto theaccumulator.

Input Switches Thecontentsof theswitchregisteraregatedontothedatabusandtransferredvia theB input of
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Input two numbers& calculateboth the sum and the differ ence.

Solution:
� Loada 4-bit numberfrom theswitches& storein M1 (memorylocation#1).
� Loadanothernumberfrom theswitches& storein M2.
� Calculatethevalueof “M1 + M2” & storein M3.
� Calculatethevalueof “M1 - M2” & storein M4.
� Repeatfrom start.

Address ------ Program word ------- ------- Comments ---------
(Hex) (Binary) (Hex) (Mnemonic)

0 0010 1111 2F INPA Input data from switches
1 0100 0001 41 STAA 1 Store data into M1
2 0010 1111 2F INPA Input second data from switches
3 0100 0010 42 STAA 2 Store second data into M2
4 1000 1110 8E CLC Clear Carry to prepare for ADD
5 0000 0001 01 ADDA 1 Add M1 into Accumulator
6 0100 0011 43 STAA 3 Store "M1 + M2" into M3
7 0011 0001 31 LDAA 1 Load data from M1
8 1000 1111 8F SEC Set Carry to prepare for SUB,

borrow = /C = 0
9 0001 0010 12 SUBA 2 Subtract M2 from Accumulator
A 0100 0100 44 STAA 4 Store "M1 - M2" into M4
B 0101 0000 50 JMP 0 Jump back to start of program

Figure5: ESPProgramExample

theALU to theaccumulator.

Decrementthe accumulator Contentsof theaccumulatorarecirculatedbackinto theA input of theALU, ma-
nipulated,andthenstoredbackinto theaccumulator.

The74LS181Arithmetic Logic Unit is uses5 functionselectlines– four control lines
�����������
	

anda mode
controlline � – whichselectoneof 32differentoperationson two, 4-bit operands.

Theoutputof theALU, for operandsA andB, aresummarizedin �gure 7. Someof theoperationsarenot
useful.Thesetableentriesareleft blank.

Theaccumulatorregisteris a74LS1944-Bit BidirectionalUniversalShiftRegisterthatcanperform4 different
operationsoperationsbasedon2 controlsignals

�
	

and
�
�

, asshown in �gure 8.
Thereis also(notshownonthediagram)a1-bit memory�ip-�op, theCARRY�ip-�op, thatretainsany CARRY

OUTbit sothatthenext instructioncantestthecarryor useit for CARRYIN to thenext calculation.Similarily,
another1-bit memoryretainstheA=B signalfor a subsequentconditionaljump instruction.TheCARRY�ip-�op
andA=B�ip-�op couldberegardedasa 2-bit ConditionCodeRegister.
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A[3..0] B[3..0]

F[3..0]

D[3..0]

Q[3..0]

74LS194

Switch Register
S

W
[3..0]

M[3..0]

A
[3..0]

Tri-state Buffer
1/2 74LS241

74LS181
ALU 

2114
1k x 4
SRAM

RAM Address
(from control unit)

Carry Bit

A = B

1/2
74LS194

AccumulatorStatus Register

(to Control Unit)

Tri-state Buffer
1/2 74LS241

Figure6: ESPDataPath

5 The Control Unit

TheESPcontrolunit orchestratesthecontrolsignalsof thevariouselementsin thedatapathsothattheoperations
speci�ed by theprograminstructionstake placecorrectly. Figure9 shows themain featuresof theESPcontrol
circuits.

The control units startsat the left edgewith the ProgramCounter(PC). The PC incrementsthroughthe
programinstructionsand can be parallel loadedto executea JMP instruction. The programcounterreceives
thesystemclock but is incrementedonly whena controlsignalallows. Up to four clock pulsesmayoccureach
time theprogramcounterincrementsto thenext instruction.

Theoutputof theProgramCounterconnectsto 4 addresslinesof theProgramEPROM, which containsthe
actualcomputerprogram.A total of 4 differentcomputerprogramscanbeburnedinto theEPROM andoneof
themselectedby two Program Select switches.

The MicroprogramMemory is containedin two, 8-bit wide EPROMs. This sectionof the control unit is a
statemachinein which the currentstateis latchedinto the 2-bit State Register . The currentstateis fed
backasaddresslinesA0 andA1 into thestatememoryandthey selecta memorylocationthatcontainsthenext
stateof themachine.Sincetwo bitsusedto specifythecurrentandnext state,thestatemachinecancycle through
a total of four possiblestates.Thesefour statesarethestatesof themachineor statesequenceasit executesof
someinstruction(suchasLoad the Accumulator ) of thecomputerprogram3.

The 4-bit operationcodeof the currentlyexecutingprograminstructionselectsoneof 16 possiblestarting
addressesin themicroprogramEPROM, eachof whichcontainsa four-statesequencefor thatinstruction.

As the control systemcyclesthroughthe 4-statesequencefor someinstruction,it is accessinglocationsin
microcodememorythat containsome13 bits that control otherpartsof the machine.Someexamplesof these
signalsare:

3In practice,many of thestatesequencesareonly onemicroinstructionlong,andthethreeothermicroinstructionstatesarenot used.
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FunctionSelect LogicalOperation ArithmeticOperation
S[3..0] M=0 M=1

0
� �

1
��� �

2
3 �������

4
5

�

6
��� �

7
8
9

�

plus
�

A
�

B
��� �

C
D
E

��� �

F
� �

minus1

Figure7: '181 ALU Operations

FunctionSelect Operation
S[1,0]

0 Hold (noop)
1 Shift Left
2 Shift Right
3 ParallelLoad

Figure8: '194 AccumulatorOperations

ALU Function 5 bits thatspecifythefunctionof theArithmetic Logic Unit accordingto �gure 7.

Accumulator Function 2 bits thatspecifythefunctionof theAccumulatorRegisterasshown in �gure 9.

Read-Write 1 bit thatspeci�esa reador write cycle for theSRAM.

Bus Enables 2 bits thatenableanddisablethetri-statebuffersin thedatapath.

Program Counter 2 bits that control the ProgramCounter, choosingbetweenHOLD, INCREMENTandPAR-
ALLEL LOADoperations.

As themachinecyclesthroughits 4-statesequence,it generatessignalsat 13 outputsfrom themicroprogram
EPROMs thatactuatedifferentsectionsof themachine.

Whatwe have describedso far conveys thebasicoperationof thecontrolunit, but therearesomeadditional
details,not shown in �gure 9.
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Clear

Clock

A[3..0]

A[5]

A[4]

A[12..6]

Program Memory
4k x 8 EPROM

D[3..0]
Operand

PC[3..0]

Parallel Load (JMP)

To SRAM Address [3..0]

A[5..2]D[7..4]
Op Code

A[1,0]

Clk

D[1,0]

Next State

State Register

Program Select (1:4)

Control Signals (13)

2732

Microprogram Memory
2, 4k x 8 EPROM
2, 2732

1/2 74LS194

74LS161
Program Counter

Figure9: ESPControlCircuit

ExtendedDecoding

The previous descriptionassumedthat instructionscould be distinguishedby their 4-bit operationcode,in bits
[7..4] of theinstruction.This is truefor someinstructions,but others,suchasADDA S andSUBA S mustbe
distinguishedby anadditionalbit in position0 of theinstructionword. This bit mustparticipatein theselection
of a statesequencefor theseinstructions,soit is connectedto A6 of themicrocodememory.

Conditional Branching

Whena conditionaljump instruction(JCS N, JEQ N or JMI N) is beingexecuted,themachinemustexecute
oneof two possiblesequencesof statesdependingon theconditioninput. Consequently, theconditionmustalso
beusedto selecta statesequenceandsois usedasA7 of themicrocodememory.

Combinational Logic

A certainamountof combinationallogic is requiredto implementsomesignals.For example,thelogic equation
for theA7 input into microcodememory(truewhena branchis to takeplace,falseotherwise)requirescombina-
tional logic like:

A7 = (JCS_OP*C) + (JEQ_OP*A=B} + (JMI_OP*Q3)
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whereJCS_OPis theopcodefor theJCS instruction,andsoon.
In words,theA7 signalis true whenever theJCSopcodeandcarrybit areasserted,or theJEQopcodeand

equalbit, or the JMP opcodeandmostsigni�cant bit of the accumulator. This andothersimilar equationsare
implementedin a16V8GAL device.

6 SchematicDiagrams

Thecompleteschematicof theESPdatapathis shown in �gure 10. Theschematicof thecontrolunit is shown in
�gure 11.

Co

A=BM

Cin

AEB

/Co

/AS

Tristate Bus
Driver

1/2 241

Tristate Bus
Driver

1/2 241

I/O

WE

CS

A0

A9

1K x 4

4 4

4

4

4

4

ALU 181

4

4

SM

/WE

SM

4.7K

+

LEDs
SRAM

4

..

.
4

.

.

M

S 3-0

F 3-0

S 3-0

A3

A4

6

S1

S0

S1

S0

D3-0

Q3-0

SIL/R

N 3-0

SW 3-0

B 3-0A 3-0

U1

U2

U3A

U3B

U4

CLK

4

ACCA 74194

Q3 Q0

/CALU

Cx

4-bit Data Bus

Figure10: ESPDataPath:Schematic
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D
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A 1-0

O 3-0
A2
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A2

A5
O 3-0

A6
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A7A7

A7A7

A8

5

A8

5
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S0

S1

U6

D1
D 1-0

CNT

D3

D6

SMD4

WRD5
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..
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CLKCLR

CLR CLK
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B QB194
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From Pulser

Accumulator Select
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Load PC (JUMP)
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Operand

ALU Function

Address
Instruction
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PAL

Program Storage
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N 0

WR

Program Counter
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S0 S1
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Microinstruction "Next State" Register,
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I2

I7

I8

I9
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I11
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I13

1

2

3-6

7

8

9

11

14
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O3

O4

O2

O1

13

17

15

12

19

A 12 - 6

A4

A5

SW4
SW5

7

I/O SOCKET PA5 PA4 EPROM3 PROGRAM 
STARTING ADDRESS

0 0

0

01

1

11

0000

0010

0020

0030

CN C

CN

1
2
3
4
5
6
7
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10
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13
14
15
16

Sw0
Sw1
Sw2
Sw3

CLK

PA0

PA2
PA3
Q0
Q1
Q2
Q3

PA1

/CLR Sw7

PA4 Sw4
PA5 Sw5

To PC and Memory

/Co

AEBD

C

To ACCA

PAL 16V8
U9

Figure11: ESPControlUnit: Schematic
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TheIO SOCKETshown in �gure 11connectsswitchandLED signalsfrom theInput-Outputboxseenin the
photographof �gure 2.

Signal Names

A tableof thesignalnames,in alphabeticalorder, is shown in �gure 12.

Signal Function
/AS AccumulatorSelect:connectAccumulatorto mainbus
/CALU CarryIn bit to theALU
/Co ALU CarryOut
/PE Programcounter, Parallelloadenable
/WE Write Enable
A7 Microinstructionaddressline 7 select
AEB A equalsB
AEBD A equalsB, Delayed(A=B statusregisteroutput)
A[1..0] MicroinstructionStateSelectlines
C Carrysignalfrom statusregister
CLK Systemclock
CLR Cleartheprogramcounter
CN IntermediateCARRY signal
CNT Programcounter, CountEnable
Cx CarryIn bit to theaccumulator
M ALU Functioncontrolline
N0 LSBit of InstructionOperand,usedto selectmicrocodeaddress
NCC No ChangeCarry: holdcontentsof carrybit register
N[3..0] Instructionoperand�eld
N[3..0] RAM addresslines
O[3..0] Instructionoperationcode�eld
PA[3..0] ProgramAddresslines
Q0 LSBit outputfrom theaccumulator
Q3 MSBit outputfrom theaccumulator
S1,S0 Accumulatorregisterfunctionselectlines
SM SelectSwitchesor Memory
SW4,SW5 Programselectswitchlines
S[3..0] ALU Functioncontrollines
WR Write to memory

Figure12: ESPSignals

GAL Equations

TheGAL (or PAL) device implementsthefollowing combinationalequations:
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� WE = WR*/CLK; Developscorrecttiming for SRAM write.

� CN = �

�

��� �

�

�

	�� 	 �

CLC, SEC�

+ �

�

� � �

�

�

	 ���	� 	�
 � � � 	�
 	
� �

ROLA, RORA �

+ �

�

��� �

����� �

ADDA N/SUBA N �

+ �

�

�����

�

�

	 ��� �

ADDA S/SUBA S�

+
� ��� � � �

NO CHANGECARRY �

CN = C+ = active HIGH next carry bit. The carry bit is inhibited from changingby the NCC bit from
EPROM 1 ( ��� ) unlessthe instructionrequiresit. Similarly ACCA shouldnot bechangedunlessdirected
to.

� C := CN (C+) andAEBD := AEB to beimplementedusingthe74194dueto pin-outlimitationsof thePAL.

� CALU = �

�

��� �

�

�

	
� 	 �

DECA, INCA �

+ �

�

� � �

� � �

ADDA N/SUBA N �

+ �

�

�����

�

�

	 � �

ADDA S/SUBA S�

Note:CALU will bezerofor JEQN, LDAA N andINPA by default.

PAL outputpin de�ned as/CALU to achievedesiredactiveLOW.

� A7 = �

�

�
�

�

�

�

	
�

�
�

JCSN �

+ �

�

��� �

�

�

	 � ��� �

�

�

JEQN �

+ �

�

�����

�

�

	 �



� �

JMI N �

7 Micr ocode

The completemicrocodelisting is shown in �gure 13 on page14 and �gure 14 on page15. Most machine
instructionsrequireonly oneline of microcode,but some(STSWN, JEQ N) requiretwo lines.

ThemicrocodememoryusescontrollinesJMPandN0asaddressinputA7 andA6 into themicrocodememory.
Consequently, if thereis somepossibilityof theselinesbecomingassertedduringagivenmachineinstruction,the
microcodemustbeduplicatedat severaladdressesin memory. For example,it is possiblefor all theinstructions
thatN0 maybecomeactive, soall the instructionmicrocodeentriesmustappearat two addressesin microcode
memory, correspondingto N0=0 andN0=1. Consequently, thecompletemicrocodelisting requiresthetwo tables
of �gures 13and14.

This useof conditionlines to selectmicrocodeaddressesrapidly becomesunweildy whenmany conditions
affecttheexecutionof themicrocodesequence,becausethemicrocodemustbeduplicatedatsomany locationsin
themicrocodememory. In thosecases,it is betterto selectthedesiredconditionusingadditionalcontroloutputs
from themicrocodememory, andhave thatone,selectedconditionsignalactuateonemicrocodeaddressline.

13



1 0 0 1 1 0 0

1 0 0 1 1 0 0

1 X 1 1 1 0 0

1 X 1 1 1 0 0

1 0 X 1 1 0 0
1 0 X 1 1 0 0
1 0 X 1 1 0 0

1 0 X 1 1 0 0

0 01 1 1 0 0

0 01 1 1 0 0
X 11 1 10 0

X 11 1 10 0

1 0 X 1 1 0 0

1 0 X 1 1 0 0

0 X 0 0 0 01

1 0 X 1 1 0 0

X
X

X
X
X
X
X

X
X
X
X
X

X
X
X
X
X
X

1 0 0 1 1 0 0

1 0 0 1 1 0 0

X X X X1 0 0 X
1 0 0 0
1 0 0 X
1 0 0 X

X X X X
X X X X

0 1 1 0

0 000 000
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0

0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0 0 0 0 0
0 0
0 0
0 0
0 0
0 0

1
0 0 1 0
0 0 1 1
0 1 0 0
0 1 0 1
0 1 1 0
0 1 1 1 00

0 0
0 0
0 0
0 0
0
0
0
0

0
0
1

1
0 0
0 0

1 0 0 0
1 0 0 1
1 0 1 0
1 0 1 1
1 0 1 1
1 1 0 0
1 1 0 1
1 1 0 1
1 1 1 0
1 1 11

0 X 0 0 0 01
X 11 1 10 0
0 X 0 0 0 01
0 X 0 0 0 010

1
0
0

EPROM 2 OUTPUT
 

A7 A6 A5 A4 A3 A2 A1 A0
N0 JMP  OP Code M.C.

  
EPROMs 1&2 Address Lines

ADDA N
SUBA N
INPA
LDAA N

HEX

STAA N
JMP N

ANDA N

JCS N

JMI N

JEQ N

STSW N

10

04
08
0C

14
18
1C
20
24
28
2C
2D
30
34
35
38
3C

S1 S0
D7 D6 D5 D4 D3 D2 D1 D0
NCC

HEX
M S0S1S2S3

00

PAL ACCA ALU181

69
66
FA
FA
9F
9F
69
FB
1F
EF
5F
FA
9F
9F
86
9F
9F

JMP=0, N0=0

D7 D6 D5 D4
WR/AS SM/PE

D3
CNT
D2

A1+ A0+
D1 D0 HEX

JCS N
JEQ N

JMI N

Data Path PC 161
EPROM 3 OUTPUT EPROM 1 OUTPUT         

EPROM1&2

CC
CC

CC
FC

AC
D0
FC
CC
DC
DC
DC
F9
AC
DC
F9

DC
DC

D0

D0
D0

F3

9F
86
9F
9F

B0
B4

B8
B5

ADDA S

CLC
DECA
RORA

CLRA

JMP=1, N0=0

*Indicates a 5-bit instruction.

NC

DC

F9

 PPM INSTRUCTION MICROCODE (PG.1 OF 2)

0 1 1 0 1 0 0 1
0 1 1 0 0 1 1 0
1 1 1 1 1 0 1 0
1 1 1 1 1 0 1 0
1 0 0 X X X X X
1 0 0 X X X X X
0 1 1 0 1 0 0 1
1 1 1 1 1 0 1 1
0 0 0 1 1 1 1 1
1 1 1 0 1 1 1 1
0 1 0 X X X X X
1 1 1 1 1 0 1 0
1 0 0 X X X X X
1 0 0 X X X X X
1 0 0 0 0 1 1 0
1 0 0 X
1 0 0 1 1 1 1 1
1 1 1 1 0 0 1 1

X X X X

ppm1.key.fig 22/4/98 @50%

X
X
X
X

1
1
1
1

1 1
1
1

1
1

1 1

0
0
0
0

0 0
0
0 1

0
1

1 0

0
0
0

F
igure

13:E
S

P
M

icrocode:1
of2

14



1 0 0 1 1 0 00 000 000
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0 0 0 0 0
0 0
0 0
0 0
0 0
0 0

1
0 0 1 0
0 0 1 1
0 1 0 0
0 1 0 1
0 1 1 0
0 1 1 1 00

0 0
0 0
0 0
0 0
0
0
0
0

0
0
1

1
0 0
0 0

1 0 0 0
1 0 0 1
1 0 1 0
1 0 1 1
1 0 1 1
1 1 0 0
1 1 0 1
1 1 0 1
1 1 1 0
1 1 11

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1 0 0 1 1 0 0

1 X 1 1 1 0 0

1 X 1 1 1 0 0

1 0 X 1 1 0 0
1 0 X 1 1 0 0
1 0 X 1 1 0 0

1 0 X 1 1 0 0

0 01 1 1 0 0

0 01 1 1 0 0
X 11 1 10 0

X 11 1 10 0

1 0 X 1 1 0 0

1 0 X 1 1 0 0

0 X 0 0 0 01

1 0 X 1 1 0 0

X
X

X
X
X
X
X

X
X
X
X
X

X
X
X
X
X
X

1 0 0 1 1 0 0

1 0 0 1 1 0 0

1
1
1
1

1 1
1
1

1
1

1 1

1
1
1
0

0 0
0
0 1

0
1

0

1 0

0 0
0
0 0

1

X X X X1 0 0 X
1 0 0 0
1 0 0 X
1 0 0 X

X X X
X X X

0 1 1
X
X

0
0 X 0 0 0 01

0 X 0 0 0 01
0 X 0 0 0 01

X 11 1 10 0

EPROM 2 OUTPUT

*

*

*
*

*

 

A7 A6 A5 A4 A3 A2 A1 A0
N0 JMP  OP Code M.C.

  
EPROMs 1&2 Address Lines

ADDA N
SUBA N
INPA
LDAA N

HEX

STAA N
JMP N

ANDA N

JCS N

JMI N

JEQ N

STSW N

50

44
48
4C

54
58
5C

64
68
6C
6D
70
74
75
78
7C

S1 S0
D7 D6 D5 D4 D3 D2 D1 D0
NCC

HEX
M S0S1S2S3

40

PAL ACCA ALU181

69
66
FA
FA
9F
9F

FB

3F
FA
9F
9F
86
9F
9F

JMP=0, N0=1

D7 D6 D5 D4
WR/AS SM/PE

D3
CNT
D2

A1+ A0+
D1 D0 HEX

JCS N
JEQ N

JMI N

Data Path PC 161
EPROM 3 OUTPUT EPROM 1 OUTPUT         

EPROM1&2

CC
CC

CC
FC

AC
D0
FC
CC
DC
DC
DC
F9
AC
DC
F9

DC
DC

D0

D0
D0

FC

9F
86
9F
9F

F0
F4

F8
F5

SUBA S

SEC

ROLA

SETA

JMP=1, N0=1

*Indicates a 5-bit instruction.
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