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INTRODUCTION 

Macrologic is a family of cost-effective LSI circuits designed for use in high-perfor­
mance digital systems. Bit-slice design makes Macrologic components particularly 
suitable as functional building blocks for microprocessor-oriented applications, pro­
cessor emulation and microprogrammed replacement of hard-wired logic. Micropro­
gramming concepts give Macrologic a greater flexibility for many applications not 
found in fixed instruction-set microprocessors. As a bonus to the designer, both bipolar 
and CMOS Macrologic circuits are available. For faster system operation, high-speed 
bipolar Macrologic is the logical choice. Where power is at a premium, use CMOS. 

The Macrologic Demonstrator is an educational tool designed to familiarize the user 
with the processor-oriented devices in the Macrologic family, and demonstrate con­
cepts used in microprogramming. 

The system consists of three main functional blocks. The 8-bit wide data path contains 
an ALU, a LIFO stack, a 16-register scratch pad and miscellaneous logic. The micro­
program controller contains the control memory as well as microprogram addressing 
and sequencing logic. The operator control and display panel provides the human 
interface and allows the operator to load and modify the control memory, run or step 
through his microprogram, and monitor system status and contents of various system 
busses. The Demonstrator is completely self-contained. The only item that is needed 
externally is a +5 V power supply capable of delivering about 2 A of current. The 
Macrologic Demonstrator also has an S-100 bus interface which enables its control 
memory (RAM) to be loaded by an 8080 based system. Using the Demonstrator, a user 
can write a microprogram sequence, load and execute it and observe various states of 
the machine via LEDs. 
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Section 1 

BASIC THEORY OF MICROPROGRAMMING 

The use of bit-slice bipolar Macrologic allows a machine to run at a higher speed than MOS 
microprocessors. Moreover, the modularity of Macrologic enables the data path width to be 
expandable in increments of four bits, allowing more flexibility than MOS microprocessors, whose 
data path width is fixed at 4, 8, 12 or 16 bits. However, unlike the fixed instruction set MOS 
microprocessors, Macrologic devices have to be microprogrammed. A prospective user has to 
become familiar with the concepts in microprogramming before he can utilize bit slices in his 
design effectively. 

Basically, a microprogrammed machine is a 2-level machine. The machine command is known as 
the macrolevel. It takes a sequenc~ of steps to execute a machine command; these steps are called 
microinstructions. In the case that the machine is a CPU, the basic machine command is the 
macroinstruction, which resides in main memory. After each macroinstruction is fetched, a 
corresponding sequence of microinstructions wi" be executed. Each microinstruction controls the 
machine for one clock cycle (called microcycle). A collection of microinstructions is called a 
microprogram. Microinstructions are stored in a memory called microprogram memory or control 
store. Usually PROMs are used for control store. However, the microprogram memory can be 
implemented using RAMs, which can be dynamically altered during machine execution; this is 
called writable control store. 

A microprogrammed system generally consists of two sections (Figure 1-1): 

1. The controller section includes the microprogram memory and the sequencing logic required to 
provide the address to the microprogram memory. . 

2. The data path usually contains ALUs, general registers, stacks, etc. and is controlled by the 
appropriate bits fields of the microinstructions. 
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The microprogram memory is simply an N-word by M-bit memory used to hold the various 
microinstructions. Each word of the microprogram memory contains M bits, which are usually 
grouped into various fields. The field can consist of various numbers of bits. The definition of the 
various fields of microprogram word is referred to as FORMATTING. Figure 1-2 illustrates the 
format of a 32-bit microprogram word containing nine fields. 

In general, a rrlicroinstruction must contain the following information: First, the definition and 
control of the operations to be performed by the data path and other system logic. These include 
such things as ALU function, ALU source, destination registers, shift or rotate control, stack 
operations, data in, data out select and so forth. Second, the address of the next microinstruction to 
be performed. In some cases, it can be implicit, such as when next address is current address plus 
one. In other cases, the actual value of the address field has to be supplied. 

The use of microprogramming allows the designer to employ memory as one of the functional 
building blocks in logic design. Unlike hard-wired logic approach, where a designer generates 
timing and control signals by using combinations of gates and flip-flops and prays he does not have 
to make major changes in the future, microprogramming enables highly ordered and structured 
designs. Therefore, implementation of design changes is easier. Instead of tearing up gates and 
flip-flops, a change can usually be accomplished by reprogramming the control store. With 
memory prices dropping the way they are, the increased use of microprogramming in logic design 
is imminent. Microprogramming will be used in such applications as: 

Special purpose controllers 
High-speed (relative to MOS microprocessor) functions 
Extending compute~instruction sets 
Emulations 
Diagnosis/fault tolerance 
Multiprocessors 
Multi-level hierarchies of processors 
Direct execution of high-level languages 
I/O controllers 

FIELD DEFINITION 
FIELD 1 - DATA IN CONTROL 

2 - DATA OUT CONTROL 
3 - ALU SOURCE OPERAND CONTROL 
4 - ALU FUNCTION CONTROL 
5 - ALU DESTINATION CONTROL 
6 - CARRY CONTROL 
7 - MISC. CONTROL 
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Section 2 
MICROPROGRAMMED SYSTEMS USING MACROLOGIC 

The controller part of the microprogrammed system can be implemented using the 9408 Micro­
program Sequencer. The 9408 is based upon a 10-bit Program Counter (PC) and addresses 1 K 
pages of microprogram memory (Figure 2-1). The basic instruction of the sequencer is FETCH, in 
which the program counter is incremented after each clock and, in effect, makes the next address 
the same as current address plus one. This type of addressing will cycle the microprogram memory 
sequentially, but will not be very adequate for most practical systems. The 9408 also has many 
provisions for branching. 

The first type of branching is unconditional branching. Here a new address is placed on the 9408 
input bus and loaded into the program counter. The new address can come from one of four 
different sources, selected by the BRVo to BRV3 instructions. 

The second type of branching is conditional branching. Here the 9408 performs a test on one offour 
available inputs. If test conditions are met, the program counter is loaded with the address at the 
input bus (BRANCH). If the conditions are not met, the program counter is incremented (FETCH). 
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The third type is the multiway branch. The multiway branch is similarto an unconditional branch in 
that a program counter will always be loaded into a specified address, i.e., a branch is certain to 
occur. However, the address of the branch is determined by substituting the three least significant 
bits of the branch address present at the input bus by the value of three multiway (test) inputs. The 
result is that the branch will be made to one of eight different locations. 

The fourth type of branching is subroutine branching. In branching to a subroutine, the incre­
mented value of the program counter is loaded into the on-chip LIFO stack. Then, the program 
counter is loaded with the address at the input bus. In returning from a subroutine, the program 
counter is loaded with the contents of the top level of the stack. 

A microprogrammed system can be operated in either pipeline mode or non-pipeline mode. The 
non-pipeline controller is simply a 9408 and a control store (Figure 2-2). In a pipeline system, an 
edge-triggered microinstruction register is also needed (Figure 2-3). In a non-pipeline system, a 
microinstruction is read from the control store and executed before reading the next microin­
struction. Since most microprogrammed systems are designed as synchronous machines, the 
maximum frequency the system will run at is indicated by the sum of the 9408 propagation delay 
(CP to address outputs), the memory access time, and the data path propagation delay. 
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In the non-pipeline system, the data path logic is idle during the part of the microcycle when the 
control store is being accessed. Similarly, the memory is not cycled and is sitting with the same 
outputs during the part ofthe cycle when the data path is used. A more efficient use of the resources 
will be overlapping the execution of the current microinstructions with the fetching of the next 
microinstruction. This requires holding the current microinstruction in a microinstruction register 
(Figure 2-3). Here, the control memory access time is hidden from the data path propagation delay. 
The system cycle time is the greater of the. sum of the propagation, set-up, and access times of the 
controller or the data path worst case propagation delay. In many instances, a microprogram 
written for a non-pipeline system cannot be executed in pipeline mode. However, the 9408 
architecture is chosen so that the same microprogram can be executed in pipeline or non-pipeline 
mode without any modification. In the Macrologic Demonstrator, the 9408 is designed to work in 
the non-pipeline mode. 

The data path logic generally consists of ALUs, general registers, stacks, etc., and can be readily 
implemented with Macrologic devices (ALRS, DPS, etc.). To provide logical, arithmetic and storage 
capabilities, the 9405A can be used (Figure 2-4). The 9405A is a 4-bit slice containing an eight­
function ALU, eight general purpose registers, four conditional code flags (carry, negative, zero, 
overflow), an output register and the necessary decoding logic. It can be expanded in multiples of 
four bits without additional components, or can be expanded with a carry lookahead unit for 
greater speed. 

Note the absence of a shifting network either before the RAM inputs or at the ALU outputs, which is 
quite common with other bit slice ALU designs. This is because Macrologic devices are designed to 
be functional building blocks in highly bus-organized systems so that sharing the input and output 
busses in the data path with the ALRS may be the hardware stack,general registers, etc. To 
eliminate the need for duplicating shifting capabilities in each Macrologic device, the shifting 
network is found in the 9404 Data Path Switch (DPS). The 9404 DPS is a combinational network 
consisting of two input busses and one output bus (Figure 2-5). It performs functions such as 
arithmetic or logic shifting, masking, sign extension and constant generations. In addition, when 
connected to other Macrologic devices (for example, the ALRS), it allows a closed-loop system to 
be formed, so that the output bus can communicate to the input bus. Figure 2-6 depicts a simple 
closed-loop system in which the ALRS inputs and outputs are connected to the DPS outputs and 
inputs respectively. External data may be introduced into the system usingthe K inputs of the DPS. 

DATA 
IN 

CP.-.......,..-...... 
fi ~~----~------~ 

DATA OUT 

Fig. 2-4 9405A ALRS 

4 

2-3 

K-INPUTS 

S MULTIPLEX, MASK, 
INSTRUCTIONS SIGN EXTENSION, SHIFT 

CONSTANT 

4 

O-OUTPUTS 

Fig. 2-5 9404 DPS 

I 
0 

9404 
DPS 

K 

t 
FROM 

EXTERNAL 

~ 
D 

940SA 
ALRS 

D 0 

t I 

Fig. 2"6 A Simple Closed-Loop Data Path 



As Macrologic devices are designed to be used in bus-organized systems, all devices are provided 
with 3-state data outputs and an Output Enable (EO) input to control them. Therefore, the data 
outputs from the devices can be bussed together to obtain the output bus (D-bus) as in Figure2-7. 
With a LOW level on the appropriate (E<:» input, a Macrologic device can be made to source data 
onto the output bus. The data inputs of the Macrologic devices can also be bussed together to 
obtain the input bus. Except for the DPS, Macrologic devices used in the data path are provided 
with individual execute (EX) input and a device will not respond to the clock unless its EX input is 
LOW. Thus, the instruction inputs can be bussed together to obtain an instruction bus. The result 
is that during a single clock cycle, information can be routed from any device in the data path to any 
other device (including itself) by controlling the proper EX and EO inputs. 

For some applications, a DPS and ALRS combination in the data path provides enough storage and 
computing power. For example, in an emulation design, one of the eight registers in the ALRS can 
be treated as the program counter, four can be accumulator registers, and the other three can be 
scratch pads. In some applications, this may be inadequate. If, for example, the emulation is for a 
machine with macrosubroutine nesting capabilities, the 9406 program stack can be added into the 
data path (Figure 2-8). The 9406 is a 16-level, last-in first-out hardware stack. The top of the stack 
can be used as the program counterand the other levels provide return address storage for nested 
subroutines. In addition, it provides two status outputs to indicate Stack Full (SF) and Stack Empty 
(SE) conditions. 

But suppose someone needed more than 16 levels of stack, say for unlimited levels of subroutine 
nesting capability. In that case, fixed level hardware stack will not meet the requirement. The 
approach may be changed to put the stack out in RAM (Random Access Memory) and maintain it by 
pOinters. The 9407 Data Access Register can be used for this purpose (Figure 2-9). Basically, the 
9407 contains three registers with an adder network, an output register and a two-to-one multi­
plexer to select either the adder output or the individual register output. It is designed to perform 
memory address functi6ns for RAM resident stack type applications. For example, the three 
registers can be used as program counter, stack pOinters and operand address. The 9407 
implements 16 instructions, which allows pre- or post-increment/decrement and register-to­
register transfer in a single clock cycle. For applications which require more storage capacity than 
the eight registers the 9405A provides, the 9410 register stack (R-stack) can be added to the data 
path. The 9410 is a high speed 16-word by 4-bit memory with an edge-triggered output register 
(Figure 2-10). 

Fig. 2-7 Bussing Macrologic Arrays 

2-4 



CP -EX -

INSTRUCTION 2 

STACK 
FULL 

STACK 
EMPTY 

DATA IN 

O-OUTPUTS X-OUTPUTS 

DATA OUT 

Fig. 2-9 9407 DAR 

4 

O-OUTPUTS X-OUTPUTS -DATA OUT 

Fig. 2-8 9406 P-Stack 

4 

4 

DATA IN 

WE----<l,' 

3-1 
MULTI­
PLEXER 

ADDRESS-~~-_~-~~ 

2-5 

Cp-+-.+--oIr"" 
CS --6----<lL.-J 

DATA OUT 

Fig.2-10 9410 R-Stack 



A SIMPLE PROCESSOR EXAMPLE 
One of the many possible Macrologic applications is to implement emulators for existinginstruc­
tion sets. These complex functional LSls offer improved cost and performance while retaining 
software compatibility with the target machine. A simple 16-bit processor is a good example to 
demonstrate the ease of use and versatility of Macrologic. 

The 16-bit fixed word-length processor, with four accumulators (ACo-AC3) and 2's complement 
arithmetic, has a 16-word push/pop stack for subroutine nesting, as well as general use. The 
memory reference instruction format is shown in Figure 2-11. The 2-bit index field in the instruction 
specifies four addressing modes - base page, PC relative, AC2 and AC3 relative. For the base-page 
mode, the 8-bit displacement field of the instruction is taken as the absolute address, i.e., first 256 
memory locations. For the relative mode, the 8-bit displacement is treated as a signed number in 2's 
complement notation and added to the Program Counter (PC relative) or one of the specified 
accumulators (AC2 or AC3 relative). The result is then used as the effective address for the operand. 

A data path suitable for this processor is shown in Figure 2-12. It consists of a 16-bit ALRS array, 16-
bit P-stack array and 16-bit DPS array. The ALRS and DPS can perform all the arithmetic logic 
operations needed. The P-stack provides the required 16-level stack function. The ALRS has eight 
built-in accumulators, but only four are needed for this processor. The P-stack has the necessary 
features to implement the PC; however, if this feature is used, only 151evels of nesting remain. This 
processor requires 16. Because the ALRS has four spare accumulators, one of these can be used 
as the PC, leaving three spares. Thus the PC feature of the P-stack is not needed and the address 
outputs are not used. The storage in the ALRS is allocated as follows: Ro = ACo, R1 = AC1, R2 = AC2, 
R3 =AC3, R4 = PC, Rs =TEMP 1, R6 =TEMP 2and R7 =TEMP 3. An edge-triggered Memory Address 
Register (MAR) on the output bus is provided. Data from the memory is introduced into the data 
path using one of the input ports of the DPS array. Data tothe memory is obtained directly from the 
output bus. An edge-triggered Instruction Register (IR) is also provided to hold the OP code bits 
and index bits of the macroinstruction. 

Figure 2-13 illustrates the microprogram control section for the data path. This control is centered 
around the 9408 sequencer operating in the pipeline mode. The INH output of the 9408 is used to 
share the control fields. Thus, the source, destination, and ALRS/P-stack control fields provide the 
10-bit address for branching when needed. A 6-bit DPS control field provides the instruction inputs 
for the DPS array while the 4-bit SEQ field provides the instruction inputs for the 9408. Other fields 
lumped as miscellaneous are used to control the memory, etc. 

The source and destination fields are decoded to activate the EO and EX inputs (see Figure 2-13). 
Note that the IR clock and MAR clock signals are generated by gating the system clock with the 
appropriate destination decoder outputs. The Branch Address inputs (BAo-BAg) are obtained from a 
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4-way input multiplexer which, in turn, is controlled by the VIAo and VIA1 outputs of the 9408. One of 
the inputs to this multiplexer qonsists of the address inputs for branching from the microinstruction 
register. The second part is fed by a mapper that may be a PROM or FPLA. It receives the IR outputs 
and translates them into a starting address in the control memory for emulation. Figure 2-14 is a flow 
chart for the sequence of operations to accomplish macroinstruction fetch, while Table 2-1 lists the 
operations performed by various data path elements and the 9408. 

The first operation is to read the PC. Thus, the destination field specifies the ALRS and the 
destination decoder drives the EX input of the ALRS LOW. The ALRS/P-stack control field specifies 
"Read R4." At the end of the microcycle, the contents of R4, i.e., the PC, are in the output register of 
the ALRS. The SEQ field of the first microinstruction is FETCH; therefore, the 9408 generates the 
address of the second microinstruction. 

Here, the ALRS is specified as the source and the MAR as the destination. The source decoder 
activates the EO input of the ALRS, the destination decoder enables the gating for the MAR clock, 
and the microinstruction loads the PC into the MAR. In the miscellaneous field, a memory read is 
initiated. The third microinstruction is made to increment R4 by selecting ALRS as the destination 
specifying Add with Carry. The DPS outputs (ALRS inputs) are forced HIGH. This incrementation 
is in preparation for the next macroinstruction fetch. The result from the memory read operation, 
initiated during the second microinstruction, is now available on the K-bus of the DPS. The fourth 
microinstruction activates the IR clock so that the eight most significant bits of the memory data are 
loaded into the IR. Assuming the data is still on the bus, the sign extended displacement is loaded 
into R5 (TEMP 1) of the ALRS in the fifth microcycle by selecting "Load R5" as the ALRS operation, 
and selecting the "K-Bus Sign Extended" for the DPS. It should be recalled that the data path has 
16-bit fixed word length and the displacement must be treated as a 2's complement number. By 
using the sign extension capabilities of the DPS, the sign bits, i.e., most significant bits, can be 
aligned. At this point, the instruction is in the IR and the sign extended displacement is in TEMP 1. 
The sign of the least significant eight bits of the macroinstruction is extended in anticipation of a 
memory reference instruction. The sixth microcycle is intended to decode the I R. By specifying a 
BRV1 in the SEQ field, the VIA outputs of the 9408 select the mapper output as the source for next 
address. The mapper is designed to provide the starting address of the routine to emulate the 
instruction currently residing in the IR. 

The total microprogram really consists of several simple routines. These easy steps can be 
converted into binary patterns to be loaded into the control store. Once a data path architecture and 
microinstruction format has been chosen for a given system deSign, the microprogram can be 
written to realize the desired function. It can then be assembled, using the microprogram 
assembler, to get the binary listing that specifies the control store address and contents. Using this 
information, the control store can be loaded with the program and the system is ready for operation. 
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Section 3 

DESCRIPTION AND OPERATION OF THE MACROLOGIC 
DEMONSTRATOR 

The Macrologic Demonstrator is an educational tool designed to familiarize the user with the 
processor-oriented devices in the Macrologic family. It consists of three main functional blocks 
(Figure 3-1). The 8-bit wide data path contains an ALU, a register file,UFOstack and miscellaneous 
logic. The microprogram controller contains the control memory, as well as microprogram 
addressing and sequencing logic. The operator panel provides the human interface and allows the 
operator to load and modify the control memory, run or single-step the microprogram and look at 
system status and contents of various system busses. An S-100 bus interface is also provided for 
optional automatic loading of the control store by 8080 based system. 

Schematics for the Macrologic Demonstrator are located at the end of this section. 

THE DATA PATH 
Two 4-bit slices of the following Macrologic devices form the 8-bit wide data path (Figure 3-2). The 
Data Path Switch (9404 DPS) allows shifting, constant generation and other operations. An 
Arithmetic Logic Register Stack (9405A ALRS) performs eight arithmetic and logic functions and 
includes eight data registers. The Program Stack (9406 P-stack) contains a 16-level stack for last­
in, first-out storage. TheData Access Register (9407 DAR) includes three general purpose registers 
and an adder network which can be used for RAM-resident stack-type functions. A Register Stack 
(9410 R-stack) provides 16 words Of high-speed read/write memory for scratchpad area. 
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The data path illustrates the highly bus-organized configuration possible with Macrologic systems. 
The instruction inputs of the P-stack, OARs and R-stacks are bussed together to allow instruction 
field sharing. That is, the same 4-bit field (C4-C7) is used to control the devices, but only one of 
these devices is allowed to execute an instruction in a microcycle. The K-bus inputs of the OPSs are 
tied to the eight data input switches on the operator panel so external information can be 
introduced into the data path. Three other busses are also available - the O-bus, a-bus and M-bus. 
The O-bus is created by connecting the O-inputs of the OPSs to the corresponding a-outputs of the 
ALRSs, P-stacks, OARs and R-stacks. The a-bus is the result of connecting the a-outputs of the 
OPSs to the corresponding D-inputs of the ALRSs, P-stacks, DARs and R-stacks. The M-bus is 
created by wiring the X outputs of the P-stacks to the X outputs of the DARs. 

Except for the DPS, all Macrologic devices in...!!:)e data path are clocked by a common system clock. 
Each of these devices has an Execute input (EX) and the device will not respond to the clock unless 
(EX) is LOW. In addition, the 3-state outputs of the devices remain in the high impedance state 
except when the Output Enable (EO) is LOW. Thus, during a single clock cycle, information can be 
routed from any device in the data path to any other device (including itself) by controlling the 
proper EX and EO inputs. 

The manner in which the individual EX and EO inputs of the Macrologic devices are controlled is 
shown in Figure 3-3. Bits 0 and 1 of the microprogram control word (CO and C1) are address inputs 
to an LS1391-of-4 decoder. Its active LOW outputs are tied to the Output Enable (EO) inputs of the 
ALRSs, DARs, P-stacks and R-stacks, respectively. Therefore, a device can be selected to source 
data on to the Data Out bus (D-bus) in a clock cycle by appropriately selecting bit 0 and bit 1 of the 
microprogram control word. Similarly, bit 2 and 3 (C2, C3) of the microprogram control word are 
inputs to the other half of the LS139 package. Three of the four active LOW outputs are tied to the 
Execute (EX) inputs of the DARs, P-stacks, and R-stacks, respectively. Thus, bit 2 and 3 can select 
one of these three devices to be active and respond to input clocking, or none of them to be 
activated during a clock cycle. The ALRSs are operated in the general register mode. A two-to-one 
multiplexer routes the A field inputs of the 9405s to the source and destination registers during the 
HIGH and LOW periods of the clock respectively. The 10 input of the most significant ALRS slice is 
used both to pass instructions and carry information from the least significant ALRS slice. 

Fig. 3-2 Data Path 
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To extend the shifting capability in the data path, atwo-to-one multiplexer selects data, originating 
from either a bit in the control memory (C30) or the right and left serial DPS outputs, and enters it 
into the left and right serial inputs of the DPSs (Figure 3-4). 

The select input of the two-to-one multiplexer is controlled by a rotate select bit (C14). If this bit is 
HIGH during a right shift, the right serial output is shifted into the most significant DPS position 
which, in effect, makes the instruction a right rotation. For left rotation, the left serial output is 
shifted into the least significant DPS position. If the rotate select bit (C14) is LOW, then the value of 
the left or right shift carry in is under microprogram control and determined by control word bit 30 
(C30). If C30 is HIGH during a right shift, a "0" will be shifted into the most significant DPS position 
since the DPS has active LOW inputs. 

MICROPROGRAM CONTROL 
The microprogram memory is constructed using eight 1 K 93L422 fully decoded RAMs organized as 
256 words by 32 bits. A 9408 Microprogram Sequencer provides address inputs to the control 
memory (Figure 3-5). 
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The clock input of the 9408 is a signal called SEQCK, which is the same as the system clock (CP) 
that goes to all other Macrologic devices in the data path when the system is in the Run or Single­
Step mode. When the system is in the Halt mode, SEQCK is held HIGH and only goes LOW 
momentarily when either the Address Load switch is depressed, or the Deposit Next or Examine 
Next switch is depressed and Field Select (FS1 and FSo) is "11" (to be described later). 

The 9408 Bran,ch Address inputs come from the outputs of two LS157 two-to-one multiplexers 
whose select input is tied to the VIAo output of the 9408. A Branch VIAo instruction will select 
control memory bits 16 to 23 (C16-C23) as the branch address, whereas the Branch VIA1 
instruction will load the microprogram address from the control panel input switches. Actually, the 
9408 has the capability of selecting its branch address from up to four different sources through the 
BRVo to BRV3 instructions. But in the Demonstrator design, only two branch address sources are 
implemented. 

The Multiway switches (MO to M2) on the control panel feed the 9408 MWo-MW2 inputs for multiway 
branching. The four ALRSs status flags (zero, overflow, carry and negative) are strobed in the 9408 
internal test register at the end of each microcycle in which the ALRS,s are exercised by an active 
LOW signal called ALUEXL which also goes to the Execute (EX) input of the ALRSs. The PLS 
(Pipeline Select) input is grounded for non-pipeline operation. 
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The instruction inputs of the 9408 come from the outputs of two LS153 four-to~one multiplexers. 
Table 3-1 depicts the manner in which the various combinations of the instruction inputs are 
selected. In the Run or Single-Step mode, S1 of the multiplexer select input is HIGH and the 9408 
instruction inputs are entered via the microprogram control memory output bits 24 to 27 (C24-C27). 
In the Halt mode, S1 of the multiplexer select input is LOW and So of the multiplexer input causes 
the 9408 to either increment the microprogram address by one (FETCH) or load the microprogram 
address from the controlpanel input switches (BRV1) when the 9408 is clocked. Normally, the clock 
input of the 9408 is disabled (held HIGH) and the So input of the LS153 is HIGH, forcing the FETCH 
instruction of the 9408 instruction inputs. When Field Select (FS1 and FSo) is "11" and either the 
Examine Next or Deposit Next switch is activated, the 9408 is clocked once. This increments the 
microprogram address by one, allowing the next control word to be examined or loaded. Operation 
of the Load Address switch momentarily brings the So input of the LS153 LOW, forcing the BRV1 
instruction on the 9408 instruction inputs, and selects the input switches as 9408 Branch Address 
inputs. The 9408 is again clocked once to match its address outputs to the input switch data. 

OPERATOR PANEL 
The operator panel consists of two sections - control and display. The control section provides the 
operator interface to the control memory and data path through a number of toggle switches. The 
display allows the operator to monitor the microprogram address and data, ALU status flags and 
the various system busses through LEOs. In addition, a number of turret terminals are provided to 
allow easy access to some important system signals. 

Display 
The display consists of two rows of eight LEOs which read the microprogram address and data; a 
row of eight bus status LEOs, four ALU status LEOs, two Field Select LEOs and a RUN indicator 
LED. Since the microprogram control word is 32 bits wide, two control inputs (FS1 and FSo) select 
four separate fields to be displayed by a single set of eight data LEOs. Setting FS1 and FSo to "00" 
produces the left most (most significant) eight bits of a control word. A setting of "01" produces the 
next eight bits, "10" the next, and "11" the right most (least significant) 8-bit field. The ALRS flags 
(zero, negative, carry and overflow) are latched into the four status LEOs so that ALU status can be 
continuously monitored. 

Control 
The panel control section, contains a group of eight toggle switches (SWO-SW7l for Branch 
Address or Data input to the system, as well as a number of miscellaneous control switches. The 
Clock Select switch selects between an internal 2 MHz oscillator or an external clock provided by 

S1 

0 
0 
1 
1 

S1 -0 
S1 = 1 
So = 0 
So = 1 

So 13 112 I 11 I 10 

0 .0 1 0 1 
1 0 0 1 0 
0 C24 C25 C26 C27} 
1 C24 C25 C26 C27 

Halt 
Run or Single Step 
Address Load 
Data Load 

MEANING 

BRV1 
FETCH 

Controlled by 
Microprogram 

Table 3-1 9408 Instruction Inputs Control 
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the user. If an external clock (such as a pulse generator) is used, it should be attached to the EXT­
ClK IN turret terminal on the board. A group of three Multiway switches (MO-M2) provides the 
multiway inputs to the 9408 for eight-way branching. Two Data Bus Select switches (DS1, DSO) 
select either a lamp test or the contents of one of three system busses (0, D, or M-bus) for display by 
the eight data-bus lEDs as illustrated by Table 3-2. The Master Reset switch halts the system and 
clears the microprogram address and field to zero. 

The Run/Halt switch is a 2-function toggle switch that selects either the Run or Halt mode. If the 
processor is halted, pressing this switch returns the processor to the Run mode. The processor 
then executes the microprogram beginning with the instruction contained in the memory location 
pOinted to by the microprogram address. It continues in this fashion until the Run/Halt switch is 
pressed again; however, the processor halts only after completion of the current microinstruction. 

While the processor is in the Halt mode, a number of other switch functions can be activated. The 
load Address switch loads input switch data as the microprogram address. The Deposit switch 
writes the 8-bit words, at the input switches, into the field of the memory location addressed by the 
9408 address and Field Select (FS1 and FSo) outputs. The Deposit Next switch operates similarly to 
Deposit; however, the field is incremented by one before the input switch data is written into 
memory. Moreover, if Field Select is "11," the field is recirculated to "00" and the 9408 address 
outputs are incremented by one before the input switch data is written into memory. Thus, the user 
can load a microprogram eight bits at a time without laboriously loading addresses by repeatedly 
setting up data switches and then pressing the Deposit Next switch. 

The Examine Next switch displays the data in the next field by lighting the appropriate lEDs, and 
allows the operator to examine memory data field by field and location by location. The micro­
program address lEDs display the memory location of the next processor instruction. Pressing the 
Single Step switch executes that instruction and then halts the processor. The Single Step switch is 
especially useful in program debug. 

A number of turret terminals provide convenient access to some system signals as test points for 
viewing on the oscilloscope. The CP test point connects directly to the system clock line of the 
Demonstrator and represents the actual clock signal applied to the Macrologic devices in the data 
path. The AlUEXl test point is the lOW active signal which goes to the Execute (EX) input of the 
AlRS. The ADDR SYNC test pOint outputs a HIGH pulse whenever the microprogram address 
matches the input switch word. In this manner, the input switches can be used to select the 
microprogram address at which a sync pulse is desired. This provides a handy signal for use as a 
reference trace on the oscilloscope and signals in the vicinity of the synchronized instruction can 
be examined by placing the microprogram in a loop. The C31 test point is tied directly to control 
word bit 31, which is a spare bit at this time. However, it can be used as an additional marker to 
identify a microinstruction or provide another reference signal on the scope. A Ground point is also 
brought out to a turret terminal next to the ADDR SYNC test pOint so that the ground clip of an 
oscilloscope probe can be attached to it. 

DATA BUS SELECT BUS SELECTION 
DS1 DSO 

0 0 O-Bus 
0 1 D-Bus 
1 0 M-Bus 
1 1 Lamp Test 

Table 3-2 Data Bus Select Switches Operation 
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CONTROL WORD FORMAT 
Choosing the width and format of the microprogram control word is a task which involves tradeoff 
between system performance and memory cost. A format which dedicates separate fields for each 
individual control function allows many independent operations to be done in one microcycle but 
also yields the widest control word. Usually, some sort of field sharing is implemented to reduce the 
control word width without sacrificing too much performance. The Macrologic Demonstrator uses 
a 32-bit control word reduced by the following overlapping and encoding techniques. 

The control inputs for the ALRS and the Branch Address inputs of the 9408 are overlapped since 
most program structures consist of more fetches than branches. The address for the 9408 
Microprogram Sequencer is implicit during Fetch (FTCH) and Return from Subroutine (RTS), 
which suggests that the branch address field of the 9408 can be overlapped with the instruction 
input field of another Macrologic element in the system. In this case, the 8-bit branch address field 
can be conveniently shared with the instruction and register fields of the ALRS. The 9408 Inhibit 
(INH) output simplifies field overlap; the EX input of the ALRS is simply disabled except during a 
FTCH or RTS. 

Since the O-bus is 3-state, only one of the four Macrologic elements can drive this bus at any time. Thus 
the four O-bus sources can be encoded by two bits. Since the likelihood is sma" that more than one 
Macrologic element in the system wi" need to operate on the same input during the same microcycle, the 
four D-bus destinations can also be encoded by two bits. Actua"y, there are only three Macrologic 
device destinations and four possible permutations of two bits, which leaves a 'free' state "00." This state 
can be used to select an external device or to deactivate a" three Macrologic elements. Note that the 
ALRS execution is controlled by the INH output of the 9408 and is unaffected by this field. The result is a 
32-bit control word with field definition as shown in Table 3-3. 

BITS FUNCTION 

CO-C1 O-bus source. These bits select the device driving the input bus of the DPS by activating the 
proper Output Enable (EO) input. "OO"-ALRS, "01"-DAR, "10" P-stack, "11"-R-stack 

C2-C3 D-bus destination. These bits specify device to be activated and respond to C4 - C7 by enabling 
the proper Execute (EX) input. "00" - EXT', "01" - DAR: "10" - P-stack, "11" - R-stack 

C4-C7 Shared between P-stack, DAR and R-stack, these bits are Instruction inputs to the P-stack and 
DAR and Address inputs to the R-stack. 

C8-C13 Instruction inputs to the DPS. 

C14 Rotate control. Specifies source of carry in (external or rotate) during DPS shifts. 

C15-C23 Shared between the 9408 Sequencer and ALRS. When the 9408 instruction (C24 - C27) is 
neither a Fetch or a Return, these bits are the Branch Address. Otherwise, C15 - C17 select one 
ALRS register for destination of ALU operations, C18 - C20 select one ALRS register as source 
of ALU operations, C21-C23 become ALRS Instruction inputs. 

C24-C27 9408 Sequencer Instruction inputs. 

C28 9407 X-bus enable input. When the 9406 is executing a FETCH instruction, C28 should be held 
HIGH for microcycle to prevent both the 9406 and 9407 from driving the M-bus at the same time. 

C29 9406 and 9407 carry in input. 

C30 9404 carry in input for shift function. If rotate control (C14) is LOW, the value of C30 (active LOW) 
will be shifted into the least o"r most significant pOSition of the DPS following a left or right 
shift, respectively. 

C31 Spare. This bit is brought out to a turret terminal and can be used as a marker to identify one or 
a group of microinstructions. 

"EXT = External, non-selected Table 3-3 Control Word Format 
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MISCELLANEOUS 
The Demonstrator is pretty much self-contained. The only additional equipment needed for its 
operation is a 5 V power supply capable of delivering about 2 A of current to be attached to the Vee 
and GND turret terminals in the lower left hand corner of the board. 

Instead of hand loading the microprogram through input switches, a user who has an S-100 bus 
8080 based system can choose to have the control store of the Demonstrator loaded by the 8080. 
The Demonstrator card edge connector plugs directly into the S-100 bus. A JLA7805 voltage 
regulator in TO-220 package is used to obtain Vee from the 8 V which come from pin 1 of the S-100 
bus. A 5 n, 2 W resistor is required between the input and outputterminal of the regulatorto provide 
enough current for the board. 

OPERATING PROCEDURE FOR CONTROL PANEL OF MACROLOGIC DEMONSTRATOR 
The following operations are possible when the system is in the Halt mode. To place the system in 
the Halt mode, use either the Run/Halt switch or press the Master Reset switch momentarily. 

Loading In Microprogram 
1. Press Master Reset. Make sure system is in Halt mode by verifying Run light is off. 
2. Set up starting address via the eight data input switches. 
3. Hit Load Address switch momentarily and verify the address lights show the same data as the 

input switch settings. 
4. Verify Field Select (FS1 and FSo) Iights="OO." Set up data for first field in data input switches. 
5. Depress Deposit switch and verify the data lights show the same data as the input switch 

setting. 
6. Set up data for the next field through the input switches. 
7. Depress Deposit Next switch and verify: 

a. The Field Select (FS1, FSo) lights are incremented by one. 
b. If the Field Select lights =:'11," the address light will be incremented by one and the Field 

Select lights will go to "00." 
c. The data lights are the same as the input switch settings. 

8. Repeat steps 6 and 7 to input data sequentially, field by field, location by location. 

Verifying Program 
1. Press Master Reset to get into the Halt mode. 
2. Set up desired starting address of microprogram by input switches. Press Load Address 

switch momentarily and verify the address lights show the same data as the input switch 
settings. 

3. By continuing depressing the Examine Next switch, one can sequentially examine the 
contents of the microprogram, 8-bit field at a time, location by location. 

Modifying Program 
1. Hit Master Reset to clear out address and field lights. 
2. Enter starting address via input switches and depress Load Address switch. 
3. Get to desired field using Examine Next switch. 
4. Verify old data is displayed on data lights. Set up new desired data through input data 

switches. 
5. Hit Deposit switch and verify new data is deposited. 
6. Repeat above steps for other fields to be modified or use Examine Next switch to advance to 

the next field to be modified and repeat step 4 and 5. 
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Single Stepping Microprogram 
1. Make sure system is in Halt mode. Set up starting microprogram address via the eight data 

input switches. 
2. Press Load Address switch and verify the address lights display the same data as input 

switches. 
3. Depressing Single Step switch momentarily will cause the microinstruction pointed to by the 

microprogram address LEDs to be executed. The system will then be halted. 
4. Repeat step 3 to execute the microprogram one microinstruction at a time. 

Running the Microprogram 
1. Set up starting address via input switches and hit Load Address switch. 
2. Depress Halt/Run switch and the RUN light will come on, verifying the system has begun 

execution starting from the microinstruction specified in the microprogram address. 

Loading the Microprogram Memory Through the S-100 Bus 
The Macrologic Demonstrator has the provision for an S-100 bus system to load its control 
memory. The write signal from the 8080 Processor (PWRL) is simply made to act like the Deposit 
Next switch. The Demonstrator board decodes the two higher order bits of the 8080 address bus 
and makes sure they are equal to "11" before its control memory is loaded, i.e., the Demonstrator 
can have a hexadecimal memory address of CXXX up to FXXX. To load the microprogram memory, 
8-bit field at a time, do the following: 

1. Halt the 8080 system. Plug the Macrologic Demonstrator into the S-100 bus connector. 
2. Press Master Reset and verify the address and field lights are zero and the system is halted. 
3. Set up the starting microprogram address via the input switches and press the Load Address 

switch. 
4. Set up the first field of the microprogram through the input switches. Depress Deposit 

momentarily. Verify the data lights are the same as the input switch settings. 
5. Put all eight data switches in the Up position. 
6. Any subsequent write by the 8080 Processor to memory address CXXX through FXXX will 

increment the field by one first before writing the data, i.e., it generates the same action as if 
the Deposit Next switch is depressed. 

This gives the user an alternative to loading the microprogram memory through input switches. A 
user can now, say, read in a microprogram through the paper tape reader of the 8080 system and 
transfer it to the control memory of the Macrologic Demonstrator. 
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Section 4 

PROGRAMMING EXAMPLES AND EXERCISES 

The previous section described the data path architecture and the 32-bit microinstruction format of 
the Macrologic Demonstrator. This section will show some programming examples and exercises 
geared to demonstrate the uses of the Macrologic devices and to involve the user in the micropro­
gramming of these devices. The binary information which specifies the control store address and 
contents can be realized by either hand-coding the various fields of each control word or using a 
microprogram assembler. (Fairchild offers a choice of assembler software, the microprogram 
assembler and DAPL, available through time sharing networks.) 

After a microprogram is loaded, the user can single step through it. In this mode, the user can observe 
the various states of the machine at each microcycle. Alternatively, the user can evaluate the dynamic 
behavior of the machine by putting it in the Run mode. This allows the Macrologic devices to be tested 
under operating conditions and some switching characteristics to be measured by an oscilloscope. 

Table 4-1 provides a summary of the instruction set definitions for the various Macrologic devices. 
However, users should refer to the Macrologic Data Book for detailed device information. 

INPUTS 

L L L L L 

L L L L H 

L L L H L 

L L L H H 

L L H L L 

L L H L H 
L L H H L 

L L H H H 

L H L L L 

L H L L H 

L H L H L 

L H L H H 

L H H L L 

L H H L H 
L H H H L 

OUTPUTS 
FUNCTION 

L L L L Byte Mask 

H H H H Byte Mask 

L L L H Minus "2" in 25 Camp 

L L L L Minus "1" in 25 Comp 

53 0; 0; DO Byte Mask, D·Bus 

H H H H Byte Mask, D·Bus 

53 52 51 DO Byte Mask, D·Bus 

L L L L Byte Mask, D·Bus 

L H H H Negative Byte Sign Mask 

H H H H Positive Byte Sign Mask 

K:i K2 K, KO Byte Mask, K·Bus 

L L L L Byte Mask, K·Bus 

53 52 0; DO Load Byte 

K:i K2 ki KO Load Byte 

H H H L Plus "'" 

L H H H H H H H H Zero 

Comp =;= Complement 
Arith =: Arithmetic 

9404 

INPUTS 

14 13 12 I, 

H L L L 

H L L L 

H L L H 

H L L H 

H L H L 

H L H L 

H L H H 

H L H H 

H H L L 

H H L L 

H H L H 

H H L H 

H H H L 

H H H L 

H H H H 

H H H H 

10 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

OUTPUTS 
FUNCTION 

RI RI RI RI RI K·Bus Sign Extend 

K3 K3 R2 Ki Ko K·Bus Sign Extend 

Ai Ai Ai Ai AI D·Bus Sign Extend 

53 53 0; D, Do D·Bus Sign Extend 

53 0; 0; Do AI D·Bus Shift Left 

K3 K2 ki Ka AI K·Bus Shift Left 

Li 53 0; D, DO D·Bus Shift Right 

53 53 D2 D, 00 D·Bus Shift Right A'ith 

LI K3 K2 K, KG K·Bus Shift Right 

K3 K3 R2 K, KO K·Bus Shift Right A'ith 

K3 K2 K, Ka Byte Mask, K·Bus 

H H H H Byte Mask, K·Bus 

D3 D2 D, DO Complement D·Bus 

K3 K2 Kl KO Complement K*Bus 

Undefined (Reserved) 

Undefined (Reserved) 

Table 4-1 Instruction Sets for Macrologic Devices 
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9405A 

INPUTS 

12 I, 10 
ACCUMULATOR MODE (Rx = Ry) GENERAL REGISTER MODE (Rx "" Ry) 

L L L Rx plus DTuS plus , -+ Rx Accumulate and Jncrement Rx plus DTuS plus , -+ Ry Add with Carry 

L L H Rx plus 5llUS -+ Rx Accumulate Rx plus DTuS -+ Ry Add 

L H L Rx D-Bus-+ Rx Logical AND Rx D-Bus -+ Ry Logical AND 

L H H D-Bus -+ Rx Load D-Bus -+ Ry Load 

H L L Rx -+ Output Register Read Rx -+ Ry Transfer 

H L H Rx + D-Bus -+ Rx Logical OR Rx + D-Bus -+ Ry Logical OR 

H H L Rx '" D-Bus -+ Rx Exclusive OR Rx"'DTuS ~ Ry Exclusive OR 

H H H D-Bus -+ Rx Load Complement D-Bus ~ Ry Load Complement 

NOTES: 
Rx is the RAM location addressed by AO - A2 when CP is HIGH. 
Ry is the RAM location addressed by AO - A2 when CP is LOW. _ 
The result of any operation is always loaded into the Output Register at the end of the cycle provided that EX is LOW. 

9406 

INPUTS 

I~ INSTRUCTION INTERNAL OPERATION X-BUS O-BUS (WITH EOO LOW) 

Depending on the relative timing of EX and 
CP, the outputs will reflect the current pro-

L L Return (Pop) Decrement Stack Pointer Disabled gram counter or the new value while CP is 
LOW. When CP goes HIGH again, the 
output will reflect the new value. 

load D-Bus into Current 
Current Program Counter until CP goes 

L H Branch (Load PC) Disabled HIGH again, then updated with newly 
Program Counter Location 

entered PC value. 

Depending on the relative timing of EX and 
CP, the outputs will reflect the current prd-

Increment Stack Pointer and gram counter or the previous contents of 

H L Cali (Push) Load D-Bus into New Program Disabled the incremented SP location. When CP goes 

Counter Location HIGH again, the outputs will reflect the 
newly entered PC value. 

Fetch I ncrement Current Program 
Current Program Counter Current Program Counter until CP goes 

H H while both CP and EX are LOW, HIGH again, then updated with 
(I ncrement PC) Counter if Cf is LOW disabled while CP or EX is HIGH incremented PC value. 

9407 

INPUTS COMBINATORIAL FUNCTION SEOUENTIAL FUNCTION OCCURRING 

13 12 I, 10 AVAILABLE ON THE X·BUS ON THE NEXT RISING CP EDGE 

L L L L RO ~ 

~ Ro.Plus D plus CI---..RO and Output Register 
L L L H RO plus D plus CI 

L L H L RO ~ 

~ RO plus D plus Ct--·R 1 and Output Register 
L L H H RO plus 0 plus CI 

L H L L RO ~ 

~ RO plus D plus CI -.R 2 and Output Register 
L H L H RO plus 0 plus CI 

L H H L Rt ~ _. 
R, plus D plus CI-.R 1 and Output Register 

L H H H R1 plus D plus CI 

H L L L ~2 ~ 

~ o plus CI-+R2 and Output Register H L L H D plus CI 

H L H L ~O ~ 

~ Dplus CI-.RO and Output Register 
H L H H D plus CI 

H H L L R2 ~ 

-- R2 plus D plus CI- .. R 2 and Output Register H H L H R2 plus D plus CI 

H H H L Ii, -
~ D plus CI--->R1 and Output Register H H H H D plus CI 

Table 4-1 Instruction Sets for Macrologlc Devices (Cont.) 
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9408 

MNEMDNIC DEFINITIDN 
INPUTS 

T3T2T1 TO D9DsD7---D20.1 DO VIA1VIAO INH 
DESCRIPTIDN DF 

131211 10 DPERATIDN 

BRVO Branch VIAO LHLL XXXX BA9 BAs--BAl BAa L L H BAa BA9 ->PC 

UncondItional BRVl Branch VIAl LHLH XXX X BA9 BAs--BAl BAa L H H BAa BA9-PC 

Branch 
BRV2 Branch VIA2 LHHL XXXX BA9 BAs--BAl BAa H L H BAa BA9 ->PC 

BRV3 Branch VIA3 LHHH XXXX BA9 BAs--BAl BAa H H H BAa - BA9 ->PC 
InstructIons Branch MWO- MW2, BMW 

Multiway 
L L H H XXXX BA9 BA3--MW2 MWO L L H 

BA3 - BA9 -> PC 

BSR 
Branch to 

LLLH XXXX BA9 BAS -BAl BAa L L H 
BAa - BA9->PC & 

Subroutme Push the Stack 

BTHO Branch on TO H H L L XXXH BA9 BAS -BAl BAa L L H If Test RegIster 0 IS HIGH 
BAa - BA9 --PC 

HIGH XXXL PC+l If Test Register a IS LDW 
PC' 1-- PC 

BTHl Branch on Tl HHLH XXHX BA9 BAs--BAl BAa L L H If Test RegISter 1 IS HIGH-
BAa - BA9 ->PC 

HIGH XXLX PC+l It Test Register 1 IS LDW 
PC+l-> PC 

BTH2 Branch on T2 HHHL XHXX BA9 BAs--BAl BAa L L H If Test Register 2 IS HIGH: 
BAa - BA9 ->PC 

HIGH XLXX PC+l If Test Register 2 IS LDW 
PC+l-- PC 

BTH3 Branch on T3 HHHH HXXX BA9 BAs--BAl BAa L L H If Test Register 3 IS HIGH: 

Conditional 
BAa - BA9-PC 

HIGH LXXX PC+l If Test Register 3 IS LDW-

Branch 
PC+l-> PC 

BTLO Branch on TO HLLL XXXL BA9 BAs--BAl BAa L L H It Test Register a is LDW: 
Instructions BAa - BA9->PC 

LOW XXXH PC+l If Test Register a IS HIGH: 
PC+l-PC 

BTLl Branch on T, HLLH XXLX BA9 BAs--BAl BAa L L H If Test Register 1 is LDW: 
BAa - BA9-PC 

LDW XXHX PC+l If Test Register 1 is HIGH: 
PC+l-PC 

STL2 Branch on T2 HLHL XLXX BA9 BA8--BAl BAa L L H If Test Register 2 is LDW: 
BAa - BA9-PC 

LOW XHXX PC+l If Test Register 2is HIGH: 
PC+l -+PC 

BTL3 Branch on T3 HLHH LXXX BA9 BA8--BAl BAa L L H If Test Register 3 is LDW: 
BAa - BA9 -+PC 

LDW HXXX PC+l If Test Register 3 is HIGH: 
PC+l -+PC 

RTS Return from LLLL XXXX Contents of the L L L Pop the Stack 
Miscellaneous Subroutine Stack Addressed 

Instructions 
by Read Pointer 

FTCH FETCH LLHL XXXX PC+l L L L PC+l--+ PC 

L ~ LDW Level 
H ~ HIGH Level 
X = Don't Care 

Table 4-1. Instruction Sets for Macrologic Devices (Cant.) 
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EXERCISE 1 - UNCONDITIONAL BRANCHING IN 9408 
The basic instruction of the 9408 Microprogram Sequencer is FETCH, where the Program Counter 
(PC) is incremented after each clock to select the address ofthe next microinstruction. This type of 
instruction is used for the machine to execute a sequence of consecutive microinstructions. To 
transfer control to execute a microinstruction other than the next one, a branch instruction has to 
be executed. Figure 4-1 shows an example incorporating the BRVo unconditional branch instruc­
tion. Here locations 0 through 2 contain FETCH instructions and location 3 contains a BRVo to 
location O. Execution of the BRVo instruction causes control word bits 16 to 23 (C16-C23) to be 
loaded into the 9408 program counter. In this case, the 9408 program counter is loaded with zero. 
The execution sequence of this microprogram will thus be 0, 1,2,3,0, 1,2,3,0, and so forth. Figure 
4-2 illustrates the BRV1 instruction. The BRV1 instruction is also an unconditional branch, but 
instead of loading the branch address from a field in the word, the 9408 selects the eight-input 
toggle switch setting as its next address. The execution sequence of this example will be 0, x, where 
x = input switch settings. 

EXERCISE 2 - CONDITIONAL BRANCHING IN 9408 
Although the unconditional branch instructions add some flexibility to the sequencIng of micro­
instructions, the machine still lacks any decision-making capability. This can be provided by the 
9408 conditional branch instructions. The 9408 performs a test on one of four ALRS status flags 
(zero, negative, overflow and carry). If the test condition is met, the 9408 program counter will be 
loaded with the address represented by control word bits 16 to 23 (C16-C23) .If the condition is not 
met, the program counter will be incremented by one (FETCH). Figure 4-3 shows an example of the 
"Branch If Not Zero" instruction. In location 8, control bits 8 through 13 (C8-C13) generate the 
constant zero from the 9404 DPS. The ALRS source and destination registers are both selected to 
be register 0 and the ALRS instruction (C21-C23) is a load. The 9408 instruction field is FETCH. 
Thus execution of this microinstruction will cause binary zero to be loaded into register 0 of the 
ALRS. Location 9 control word bits 0 and 1 (CO-C1) selects the ALRS output register to source the 
9404 input bus. The 9404 instruction field shows a logical left shift (C8-C13). Again ALRS registerO 
is selected to be both the source and destination registers and the 9405A is going to execute an 
Inclusive OR (lOR) instruction. Carry control (C30) is a "1" which will cause a logic "0" to be the 
9404 carry in during the left shift. This instruction causes the 9405A output register containing "0" 
as a result of instruction 8 to go through the DPS input bus, shift left one place, filling in the 
right most bit position with a logic "0". This data will then be inclusive ORed with the original 
contents of ALRS register 0, and the result will again be stored in ALRS register O. The ALRS flags 
will be stored into the 9408 test register at the end of this instruction. Location A contains a "Branch 
If Not Zero" instruction. Here the 9408 examines iftheALRS ZERO flag is true or not. If it is not true, 
it Will execute a branch to location A, which is a branch-to-itself loop. If the devices are operating 
correctly, the branch will not be taken and the next instruction in location B, BRVo to location 8, will 
be executed. The normal program execution sequence will therefore be 8, 9, A, B, 8, 9, etc. 

EXERCISE 3-ROTATEFUNCTION IN THE DEMONSTRATOR 
As mentioned before, the shift and rotate functions in Macrologic devices are isolated from the 
ALRS and put into the DPS so that they can be shared with other Macrologic devices in the data 
path. In this example, a pattern is loaded from the input switches into a register in the DAR and 
rotated left continuously (Figure 4-4). In location 0, control bits 2 to 6 select the DARs to load the 
DPS output bus into register 0 of its three registers. In addition, control bit 7 selects the M bus to 
display the contents of that register. The 9404 instruction field depicts a "Load Complement of K­
Bus," which are the input switches. Control bit 29 disables the Carry In inputforthe 9407 so thatthe 
function B - Ro is realized. The 9408 instruction is a FETCH. After execution of this instruction, the 
M-bus data LEDs should display a pattern the same as the input switch settings. In location 1, the 
9407 output register contents are selected to source the DPS input bus by control bits 0 and 1 (CO 
and C1). Control bits 8 through 13 depict a left shift function in the DPS. However, since rotate 
control bit C14 is set, the rotate left function is chosen. Control bits 2 through 7 and C29 again 
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instruct the DAR to load the DPS output bus into register 0 of its three registers without any carry. 
The 9408 instruction is a BRVo to location 1 which causes this microinstruction to be executed 
again and again. Therefore this microprogram will hang in location 1 and, each time the Single Step 
switch is pressed, the M-bus LED will show the previous displayed pattern rotated one position to 
the left. The example illustrates the concept of iterative microinstruction execution. Often times in 
microprogramming, it is necessary to repeat executing a certain step until a test condition becomes 
true. In the Demonstrator architecture, the same microinstruction can contain instructions to the 
various Macrologic devices in the data path and simultaneously check for a test condition to 
become true. 

EXERCISE 4 - TIMING LOOP EXAMPLE TO ILLUSTRATE BRANCH TO SUB,ROUTINE IN 9408 
Just as in higher level language programming, the advantages of subroutining can be realized in 
microprogramming. The idea here, of course, is that the same block of microcode can be shared by 
several instruction sequences. This results in the overall reduction in the total number of micropro­
gram memory words required by a design. Sometimes a subroutine may call another subroutine in 
its microinstruction sequence; this is called nesting of subroutines. The 9408 allows up to four levels 
of subroutine nesting. Exercise 4 illustrates a delay loop example with two levels of subroutine 
nesting (Figure 4-5). It is essentially the same as Exercise 3. Instead of branching back to itself in 
location 1, it executes a branch to subroutine DELAY (location 37 on Appendix Microprogram 
examples). Upon return, location 2 contains a BRVo to location 1. The effect of executing this 
microprogram example is that the input pattern will still be rotated left one position at a time, but with 
a 1/2-second delay between each rotation so the program can be run and still produces a pattern 
noticeable to the human eye. Subroutine DELAY creates that 1/2-second delay. Subroutine DELAY 
calls subroutine TIMEY eight times; essentially, subroutine TIMEY generates a 60-millisecond delay. 
Microinstructions 41 to 44 constitute a timing loop where register 4 of the ALRS is loaded with zero 
initially, and is decremented by one each time until zero result is again reached. For each completion 
of this inner loop, a similar countdown is performed on register 3 in the outer loop. The calculation of 
the delay is shown as follows, assuming a clock rate of about 3.3 MHz. 

Calculation of Delay Loop Timing 
Subroutine TIMEY generates a delay of 2 + 256 [2 + 3 (256) + 1] clock cycles = 197378 CPo 
Assuming clock rate of 275 ns, delay = 0.3 x 10-6 x 2 X 105 second = 0.06 second or 60 ms. 
Subroutine DELAY calls TIMEY and generates a delay of 1 + 8 (3 + TIMEY) + 1 CP '" 0.48 second 
or 500 ms. 

EXERCISE 5 - TIMING WAVEFORM GENERATION 
In microprogrammed system, it is sometimes necessary to generate a signal which goes HIGH 
once every 10th clock and stays LOW the rest of the time. Recall that in the microcontrol word 
definition, control bit 31 (C31) is used as a spare bit. In this exercise, C31 is used to generate the 
required timing signal. Figure 4-6 shows a flow chart of the microprogram. The basic strategyis to 
use register 0 of the ALRS as a shift register. It is first loaded with the binary pattern 00001000; then 
the pattern is rotated left one place and the result stored back to register 0 of the ALRSs. A test is 
performed to see if the most significant bit of the result is set. If not, the pattern is rotated left one 
more place and checked again. Otherwise, control bit 31 (C31) is marked HIGH, register 0 of the 
ALRS is reloaded with the same starting binary pattern, and the procedure is repeated. 

The actual microprogram is shown in Figure 4-7. The various fields of each control word are 
marked with the appropriate 1 's and O's. The blank entries are "don't care." In location 0, control bits 
8 through 13 specify the instructions "NI::lgative Sign MaSk" on the least Significant nibble and 
"Positive Sign Mask" on the most significant nibble of the 9404. The result is the generation of the 
binary constant 00001000 on the 9404 output bus. Control bits 15 through 23 specify the ALRS to 
load that result into register 0 of its eight registers. Control bits 24 through 27 instruct the 9408 to 
execute a FETCH so that Microinstruction 1 will be executed next. Control bit 31 is marked O. 
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Execution of this microinstruction will cause the binary information 00001000 to be loaded into 
register 0 of the ALRS. The result is also strobed into the ALRS output register during the rising 
edge of the system clock. 

I n location 1, control bits 0 and 1 enable the ALRS output register to drive the D-bus of the DPS. 
Control bits 8 through 13 instruct the DPS to "shift left," control bit 14 specifies "rotate;" these 
combine to cause the information to be rotated left one place. Bits 16 through 23 command the 
ALRS to load the DPS outputs into register O. Again control bits 24 through 27 specify a FETCH 
instruction for the 9408 and control bit 31 is left zero. Location 2 contains a "Branch if Negative Flag 
Not Set" 9408 conditional branch instruction specified by control bits 24 through 27. The branch 
address is location 1 specified by control bits 16 through 23. Recall that the ALRS status flags 
(carry, negative, overflow and zero) are strobed into the 9408 internal test registers at the end of the 
microcycle in which the ALRSs are activated. Thus, in this case, the negative status flag generated 
as a result of Microinstruction 2 is examined. If it is not set, the 9408 program counter will be loaded 
with the address represented by control word bits 16to 23, i.e., location 1. If the test condition is not 
met, i.e., negative flag is set, the 9408 will execute a FETCH and go to location 3 and control bit 31 
remains o. Location 3 contains an unconditional branch instruction. Control word bits 24 to 27 
specify a BRVo instruction to the 9408. The branch address (location 0) is specified by control word 
bits 16 to 23. Control bit 31 is marked 1. Going through the microprogram shows that location 2 and 
3 will be executed four times before the negative flag is set, causing the microprogram to go to 
location 3. The execution sequence of the microprogram will be 0,1,2,1,2,1,2,1,2,3,0,1,2,1, etc. 
Therefore, the microinstruction in location 3 is executed once every ten clock cycles and the 
desired waveform is generated. 

Some very accurate timing can be generated in this manner, provided that the HIGH and LOW 
durations of the waveform are multiples of the basic clock period and, of course, that the clock 
period is precisely controlled. It is quite evident that the desired waveform could be achieved by a 
pure hardware approach (for example, a divide-by-10 counter). Therefore, what is the merit of 
using microprogramming? To generate more complicated timing may take more MSI, SSI pack­
ages than the corresponding microprogramming approach. Besides, the microprogramming 
approach is more highly structured and organized. Moreover, when one has to make a change, it is 
usually easier to modify the microprogram than to tear up gates and flip-flops. 

EXERCISE 6 - SWITCHING CHARACTERISTICS MEASUREMENT USING ADDRESS SYNC 
Examining the output waveform produced from Exercise 5 shows that there is a delay between the 
rising edge of the 10th clock pulse and when control bit 31 comes up HIGH. This is due to the 
propagation delay which is the sum of the clock to address output delay of the 9408 and the address 
access time (tAA) of the microprogram memory shown in Figure 4-8. These values are given in the 
Macrologic Data Book to be typically 52 ns and 30 ns, respectively. The actual values of the 
propagation delays can be verified using the Address Sync feature of the Demonstrator. First of all, 
it is necessary to identify what happens on the oscilloscope. The Address Sync signal helps put a 
reference traceon the scope, and signals in the vicinity of the trace can be identified. In this case, 
Microinstruction 3 is a convenient point to synchronize to because it is only executed once every 
time around the program loop. To do that, put the program in Run mode and set the data input 
switches to 3. Each time Microinstruction 3 is executed, a HIGH pulse will be seen (Figure 4-9). 

The combination of the system clock (CP) and Address Sync traces helps deduce and identify the 
execution sequence in time on the scope. To measure the clock to address input propagation delay 
of the 9408, notice that the least significant 9408 address line (Ao) goes from LOW to HIGH during 
Microinstruction 3. Thus the interval between rising edge of the system clock and LOW to HIGH 
transition of Ao can be measured as shown in Figure 4-10. Similarly, control bit 31 (C31) also comes 
up HIGH in Microinstruction 3. Therefore, the control memory address access time (tAA) is 
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measured as the interval between the rising edge of Ao and the LOWto HIGH transition of C31. The 
measured values of the clock to output delay of the 9408 and the address access time of the 
microprogram memory are 50 and 25 ns, respectively. 

Appendix A contains more microprogramming examples. The Multiway switches are used to select 
one of seven programs. These include: 

1. A simple functional test of the various Macrologic devices. 
2. An automatic pattern generation program whic.h makes light blink. 
3. A reaction time measurement program. 
4. A multiplication program. 

The user is encouraged to write his own microprogram examples. Blank programming sheets are 
provided in Appendix B. Appendix C is a sample programming format. Some suggestions are: 

1. Measurement of some ac characteristics such as propagation delay of various Macrologic 
parts. 

2. Ping pong games utilizing the LED display and input switches as paddles. 
3. Using control bit C31 to create a 50-Hz square wave. 
4. Use the P-stack to illustrate the Macro subroutine branching. 
5. A division program, perhaps using the OARs registers. 
6. A sorting program to order three or four words in descending numerical order in the ALRS 

register. 

Exercises presented here are only representative and the user should write additional exercises to 
evaluate any specific parameter or feature in which he is interested. 
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Appendix A 
MICROASSEMBLY EXAMPLES 

INSTRUCTIONS FOR RUNNING SAMPLE PROGRAM IN APPENDIX 
LOAD in the desired programs. 

Simple Function Test Program 
1. Set Multiway switches to 001. Hit RESET and single step through it. Execution sequence 

should be 0,1,8,9, A, B, C, D, E, F, 10, 11,12,8,9, A, B and so forth. This tests the four ALU flags 
and the 9408 branch on one of these conditions. 

2. This tests the 9406. Set address to 14 and single step through it. Monitor the M-bus as the 9406 
carries through Branch, Fetch, Call and Return instructions. 

3. The next test is for 9407. Set address to 1 D and single step through it. Monitor the M-bus and 
observe the program loads in the input switches and left shift the patterns it alternates between 
1E and 1F. 

4. The next test is for 9410. Set address to 20 and single step through it. Monitor the various 
busses to observe the 9410 is loading and storing the data from input switches correctly. 

Pattern Generation, Automatic 
Set Multiway switches to "010." Set Data Select switches to "10" to look at M-bus. Run the program 
and observe LEDs in M-bus flash in some fixed patterns. This program calls the DELAY routine. 

Reaction Time Routine 
Set Multiway switches to "011." Set Data Select switches to "10." Hit Run. After a while, the least' 
significant M-bus LED will come up. Flip anyone of the input switches as soon as you can. The 
program will measure the delay between when the light comes up and when the user flips the 
switch, and display a binary number whose magnitude is proportional to that delay. 

Multiplication Routine 
Set Multiway switches to "111." Set Data Select switches to "00" to look at a-bus. Single step until 
address shows SF. Input a 4-bit binary number through input switches. Hit Single Step. Address 
should show 60. Load in another number and hit Run. The a-bus LEDs will display the binary result. 
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•• •• 
H I C R 0 - PRO G RAM 

SINGER 
ASSE"BLER STATfMENTS 

••••••••••••••••••••••••••••••••••••••••••••••••••••••• * ••••••••••• 
•• •• •• 

"ACROLOGIC OE"ONSTRATION liT "ICROPROGRAH 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• •• •• 
•• FIRST STEP DEFINE THE "ICROPROGRAH WORD FIELDS •• 
•• •• 
•• DEVICE OUTPUT ENABLE SELECT fILED - 2 BITS •• 
•• 
• FIELD DEVOE 0.2 

ALUOE=OO. OAROE=Ol. PSTKOE=IO. RSTlOE=11 
•• 
•• DEVICE EXECUTE SELECT FIELD - 2 BITS •• 
•• 
• fiELD OEVEX 2.2 

EXTEX=OO. OAREX=OI. PSTKEX=lO. RSTKEX=ll 
•• 
•• q~Ob INSTRUCTION FIELD - 2 BITS (OVERLAPPINGJ •• 
•• 
• FIELD PSTKINST b.2 

RETURN=OO. BRANCH=OI. CALL=IO. FETCH=11 
•• 
•• q~07 INSTRUCTION FIELD I - 1 BITS (OVERLAPPINGJ •• 
•• 
• fIELD OARINSTI ~.l 

RO+O-)RO=OOO. RO+O-)RI=OOI, 
Rl+0-)R1=011. R2+0-)R2=110. 

1I0+0-)R2=010. 
0-)RO=101. 

0-)Rl=111, 0-)R2=100 DEFAULT=IOI 
•• 
•• q~07 INSTRUCTION fIELD 2. X-BUS SOURCE SELECT - I BIT •• 
•• 
• FIELD DARINST2 7.1 

REG-)I-BUS=O. AOOER-)X-BUS=1 
•• 
•• q~IO ADDRESS fJElO - ~ BITS (OVtRLAPPINGt •• 

•• 
• FiElD RSTKADOR 

AOO=OOOO, 
AO~=OI 00. 
A08=1000. 
Al2 = 11 00. 

•• •• 

~,~ 

A01=0001. 
AO!l=OIOI. 
A09=1001. 
Al1=IIOI. 

A02=0010. 
AOb=OlIO. 
AIO=1010. 
AI~=lllO • 

•• 9~0~ INSTRUCTION FIELD - ~ "SB •• 
•• 
• fiELD DPSINST 8.~ 

A03=0011, 
A07=01l1, 
A 11=1011. 
U5=1l1l 

BYTE"ASK=OOOO, "INUS-TWO=OOOI, "IHUS-ONE=OOOI, OMASKO=0010. 
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DMASKl=OOll, 
ONE=OIII, 
05HL=1010, 

5IGN"'A5K=0100, KMASKl=OlOl, PA5S=0110. 
ZERO=0111, KSIGN=lOOO, DSIGN=1001. 

KSHl=1010, OSHR=1011, KSHR=1100, 
II. "'A SK 0 = 11 01 , COMPLE"ENT=1110, D£fAUlT=0110 

00 

00 LSB Of 9~0~ INSTRUCTION fOR LEAST SIGNIfICANT BYTE *+ 
o. 

+ fIELD OPSlSB lZ,1 
LSI=}, MINUS-ONE=}. KSHL=l. ZERO=1 , KIN=1 

O. "SB OF 9~0~ INSTRUCTION FOR "'05T SIGNIFICANT BYTE .* 
•• 
• fIELD OPSI'ISB 13.1 

"'INUS-TWO=I, ONE=l, KSHL=l 
MSI=I, ZERO=I, KIN=1 

MINUS-ONE=I, 

** SHIfT WI [XTERNAL CARRY OR ROTATE SECLECT FIELD - 1 BIT *0 

** 
1~ ,} * fIElD ROTATE 

SHlfT=O, ROTATE=I, OEfAULT=O 
*0 
** NEXT ADDRESS fIELD - BRITS ( OVERLAPPING W/9~0~AI ** 
** 
* FIELD ADDRESS 15,9 

O. 9~05A DESTINATION REG FIELD - 3 BITS 0+ 
O. 

• fIELD OEST-REG 15,3 
00=000, 01=001. 
D~=100, 05=101, 

02=010. 
Db=110, 

D3=011, 
D7=111 

t. 9~05A SOURCE REGISTER FIELD - 3 BITS *. 
** 
* FIELD SOURCE-REG 18.3 

50=000.51=001, 
S~=100, S§=101, 

SZ=010, 
5&=110, 

53=011, 
57= III 

t. 

*. 9~05A INSTRUCTION FIfLO - 3 BITS ** 
•• 
• FIELD ALRSINST 21,3 

R+D+l =000, ADD =001, AND=010, LOAD=Oll 
OUTPUT =100. lOR =101. XOR=110, (0"'P=111 
INCR=OOO. DECR=OOI. OEFAULT=100 

** 9~08 INSTRUCTION fIELD - 4 BITS ** 
*. 
• FIELD SEQOP Z4.~ 

RTS=OOOO. BSR=OOOI. fTCH=OOID, BMW=OOll 
BRVO=OI00, 8RVl=0101, 8RV2=0110, BRV3=0111 
8TLO=1000, 8Tll=1001, BTLZ=1010, BTl3=1011 
8THO=1100, 8TH1=1101, BTHZ=lllO, 8TH3=1111, 
8ClRRY=1011, BZERO=1100, 8NEG=1010, 8NN£G=1110, 
80VFL=1001, 8NOVFl=1101, BNZERD=lOOO, SNCARY=1111, D£fAULT=OOlO 
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•• 
•• DAR M-BUS OUTPUT INHIBIT 
•• 
• FIELD DARXE 28.1 

INH-DARXE=1 
•• 
•• CARRY IN CONTROL FOR 9406.9401 

• fIELD CARYIN 29.1 
FETCH=O. DEFAULT=1 

•• 
•• CARRY IN CONTROL FOR SHIfTS 
•• 
• fIELD LIRI 30.1' 

SHl=O. DEFAULT=1 
•• 
.. SPARE FIElD 
•• 
• FIELD SPARE 31.1 

•• 
•• NEXT STfP WRITE YOUR MICROPROGRAM USING THE MNEMONICS 
•• •• •• 

YOU HAVE PREVIOUSLY DEFINED. EACH LINE Of CODE 
REPRESENTS ONE "ICRO-INSTRUCTION. 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• •• 
• PROGRAM HEX ,HE X 

•• •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• •• 
•• MACROLOGIC LEARNING KIT RESIDENT DEMONSTRATION PROGRA"S 
•• ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
BEGIN DAREX,D-)RO,BYTEMASK,BEGIN,BMW PROGRA" SELECT 

o lA000036 

TEST,BRVO SYSTEM TEST PROGRAM 
1 OA60DB46 

PATO.BRVO PATTERN GEN. AUTO 
2 OA602H6 

REACT.BRVD REACTION TIME 
3 OA60"546 

PONG.BRVO PING PONG 

" OA605A."6 

SHOOT ,BRVO SHOOTING 
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E"Ul.BRVO 
b OAb05Cltb 

"Ul TI .8RVO 
7 OU050ltb 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
•• SI"PlE FUNCTIONAL TEST PROGRA" .. 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
TEST ZERO,OO.lOAD TEST 9lt08+9ltOlt+9"0~ 

8 OA7C0126 

OSHl.ROTATf,OO.SO,IOR 
9 OU2052b 

fRRI BNZERO,ERRI 
A OUOOA86 

CO"PlE"ENT.Ol.lOAD 
8 OAEOlt12b 

ONE.D2.S1.ADD 
C OA 1It8926 

ERR2 BNCARy,E~R2 
o OUOOOF6 

SIGN"ASK.lSl.02,SZ,XOR 
E OAlo896Z6 

ERRJ BNNEG.ERRJ 
F OA600FE 6 

/ 

CO"PlE"ENT.DJ,lOAD 
10 OAEOC32b 

ONE ,01.S3,AOO 
11 OA7100926 

TEST,80VFl 
12 OAb00896 

fRRIo BRVO,ERRIo 
13 OAb013ltb 

PSTKTSl PST~EX.8RANCH.ONE 

1" 2911t0 .. 26 

PSTKOE,PSTKEX.FETCH 
15 A8600"22 

PSJKOE,PSTKEX,FETCH 
16 A860M22 

PSTKOE,PST~EX.CAll.K"ASKI 

17 AA<;00"26 

PST~OE.PSTKEX.FETCH 

18 A8600lo22 

A-7 
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PSTKOE.PSTKEX.CALL.KMASKI 
19 U500lo26 

PSTKOE,PSTKEX.FETCH 
lA AB6001022 

PSTKOE.PSTKEX.RETURN 
IB A8600426 

PSTKOE,PSTKEX.RETURN.8RVO.PSTKTST 
IC AB601lolo6 

DAREX.D->Rl.COMPLE"ENT.KIN 
10 lEECOlo26 

9407 TEST 

DARTST DAROE,OAREX.Rl+O->Rl SHIFT UFT 
lE 566001026 

OAROE,E.TEX. O->Rl.CO~PlE"(NT.BRVO.DARTST 
IF 4EEOlEIo6 

RSTKEX.AIO,COMPLEMENT,LS1,MSl.05.l0AO 
20 lAEOU26 

RSTKTST RSTKOE,COMPlEMENT.05.S5,COMP 
21 CAE16F26 

RSTKEX.A05,COMPlEMENT.BRVO,RSTKTST 
22 35E021106 . 

••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
•• (2). PATTERN GENERATION, AUTOMATIC •• 
••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
PATO OAREX,O->RO.SIGNMASK,Dl,lOAO 

23 U40lo126 

DARDE.OAREX.O-)RO,CDMPlEMENT,DElAY.BSR 
24 5AE03716 

DARDE,OAREX,O-)RO,OSHR.DElAY,BSR 
25 5A803716 

DARDE.DAREX.O-)RO,DSHR,DElAY,BSR 
26 5AB03716 

DAREX,RO+O-)RO.PASS.DElAY,BSR 
27 10603716 

DARDE.OAREX.D-)RO.DSHl.ROTATE.DElAY,BSR 
2B 5AA23716 

OAREX.D-)RO.SIGNMASK,DElAY.BSR 
29 lA403716 

DARDE.DAREX.0-)RO.OSHR.lSl.MS1,DElAY.8SR 
ZA 5A8C3716 

OARDE,OAREX,D-)RO,CDMPlEMENT,DELAY,BSR 
2B 5AE03716 

DARDE,DAREX.D-)RO.DSHl,RDTATE,DElAY.BSR 
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2C ':iAAZ3116 

DAROf,DARfX,D-)RO,CO"PLE"FNT,DELAY.BSR 
ZD ':iAE 03116 

DAREX,D-)RO,ZERO,DfLAY.BSR 
Zf U7C3116 

DAROE,DAREX,D-)RO,CO"PlE"ENT,DELAY,BSR 
Zf 5AE0371f> 

DARfX,D-)RO,BYT£"ASK,"SI,DFlAY.8SR 
30 lA04311f> 

DAROE,DSHR,ROTATE,Dl.lOAD 
11 4ABZ432f> 

DAR£X,D-)RO.DSHR,ROTAT£.OElAY.BSR 
32 lABZ371f> 

DAROE,DAREX.O-)RO,CO"PlEMENT,DElAY,BSR 
33 5A[03716 

DAROE,OSHR,ROTAT£,Dl.lOAO 
34 IoA8Z41Z6 

OAREX,D-)RO,DSHR,ROTAT£,DElAy,BSR 
35 UBZ3716 

PATO,8RVO 
36 OA6023106 

** DELAY ROUTINE 
DELAY StGN"ASK,"SI,DZ,lOAO 

37 0A448326 

DElOP "INUS-ONE,DZ,SZ,ADO 
38 OA1C91Z6 

DOUT,8l£RO 
39 OA603CC6 

lIMB,8SI! 
]A OA603D16 

DELOP,8RVO 
38 OA60381of> 

DOUT US 
3C OA6001006 

•• TIME OUT ROUTINE 
TIMEY SIGNMASK,lSI,D3,LOAD 

3D 0A48C3Z6 

TI MINUS-ONE,D3,S3,ADO 
lE OAlC0926 

Tl,8lERO 
3F OA6010'" 6 
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DECREMENT I 

UNTIL lER 

REPEU 
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SI G"I'IASK ,LSI ,0" ,lJAD INNER lOOP 
"0 0449032b 

T2 "INUS-ONE,04,S4,ADD DEC IIY 1 
41 OAI0112b 

Tl,BlERO 
41 OAbO]£[ b 

T1,BRVO RE PE AT 
It] OAb0414b 

1] RTS RETUPN TO CAll PT 
"4 OAbOO"Ob 

•••••••••••••••••••••••••••••••••••••••••••• * ••••••• **.* 
•• (3). GA"E JO "EASURE REACTION TIME OF HO~O-SAPlfN •• 
•••••••••••• * ••• * •• ** ••••••••• * •••• * •••• ** •••••••• * •• *.* 
RElCT OAREX,O-)RO,BYTE~ASK,"UlRA""BSR GENEqATE RA~OOM NO 

"5 1l00S1lb 

lERO,07,LOAO 
"t. 0A70(]1t. 

COUNT Tl"EY,BSR 
47 OAbO]Olb 

ONE,02,Sl,AOO 
4B OA 74q} 16 

COUNT,BNCARY 
"9 Ol60lo7f6 

K"ASKl,D6,lOAD 
ItA OAHB316 

DAREX,D-)RO,MINUS-TWO 
4B U140lo16 

AGAIN TI"EY,BSR 
4( OA603016 

ONE,D7,S7,AOD 
100 OA7H916 

K"ASKl,OI),Sb,XOR 
ltE OA511616 

AGAlN,BlfRD 
H OAb04CC6 

D7,S7,OUTPUT 
50 OAblFC2b 

CU' qrc; 7 

OH AY 

INC (OUNT 

YES, LOAD SW 

OUTPUT 1 LIGHT 

INTRODUCE OHAY 

INC COUNT 

TEST IF SW CHANGED 

REPEAT IF NOT 

OUTPUT COUNT 

FINISH OAREX,O-)RO.COMPlE"ENT,FINISH,BRVO DISPLAY REACTION T 
51 UE05J1tb 

•• SUBROUTINE MUlRAM : GENERATES 8 
•• REStOUE "ETHOO;IN THE FORM SEED 
•• REtO 
"ULRA" SIGNMlSK,"Sl,03,LOAO 

BIT RAN~OM NUMBER USING THE 
• U(N) UfN.l) WHFRE 

REG} REGZ IN lLRS 
LOAO I WITH" 

A-10 



52 OA41o(32b 

DSHR,DO,lOAD 
53 OA80032b 

D3,S3,OUTPUT 
54 OAbOOC2b 

DSHL,OO.SO.ADD 
55 OAAOOl2b 

MIHUS-OHE,DO.SO.ADD 
5b OAlCOl2b 

DI.S2.0UTPUT 
57 OAb0542b 

BSR.MUlT2 
58 OAbOblIb 

RTS 
59 OA6001006 

PONG PONG.BRYO 
5A OA605AIo6 

$HOOT SHOOT.BRYO 
58 OAb05BIo6 

EMUL EMUL.BRYO 
SC OAb05CIo6 

MULTI SIGNMASK.MSI.Ol.lOAO 
50 OAIoloC126 

lERO.02.LOAO 
5E OA7C8326 

OAREX.O->RO.KMASKO.MSl.DO.LOAO 
5F lAOlo0126 

PSTKEX.BRANCH.KMASKO.MSI,Ol,lOAO 
60 29DIoH26 

MUL T2.BSR 
bl OAb0631b 

MULFIN BRYO.MULFIN 
b2 OA60b21ob 

GFNERATE 4 

PUT 8 IN O-R( (; 

GENERATf 20 

GfNERATE SEEO=)9 

TRANSFER NfW UfN) 

'Wl TI PLY 

RETURN 

LOAD 8 

ClR RESUL T REG 

LOAD NIBBU 

FROM SWI TCHE S 

MULTIPLY 

••• ••• ••• ••• 
MULT2 

SUBROUTINE MULT2 DOES BBIT MULTIPLICATION 
CALLING SEQUENCE: LOAD REG 3 W/8. CLR REG 2 • 
PUT MULTIPLIER AND MULTIPLICAND IN REt 0 AND 
THE PRODUCT WILL BE IN REG Z 

I RESPECTIYflY, 

bl 
MUL Tl.IINNEG 

OAbOb5E6 

DAROE.PASS,D2.SZ.AOD 
blo IoAb09126 

MULTI MINUS-ONE.D1.S1.ADD DECREMENT COUNT 
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65 OAIC0926 

"ULTEX IT .BlUD 
66 OA6068C6 

02.S2.DUTPUT 
67 OA609"26 

OSHL.02.LOAD 
b8 OU08326 

PSTKDE.PSTKEX,BRANCH,DSHL,Ol.LOAO 
69 A9AO"326 

BRVO."UL T2 
6A OA6063"6 

"ULTEXIT 02.S2.0UTPUT.RTS 
6B OA609"06 

• UO 

••••• ° ERRORS ••••• 

A-12 

f Jl'HSHE ° ? 

SET UP PARTIAL RFSUl T 

COltTINUE 

DISPLAY RESULT AND RETURN 



0 UOOO036 30 OAlt8C326 
1 OA6008t,6 3E OUC0926 
2 OA602H6 3F OA60lot,(6 
3 OAbOt,5t,6 t,0 OAlt90326 
t, OAb05At,f, 101 OAl0212b 
5 OAb05Bt,6 102 OAb03EC6 
6 OA605(t,6 t,3 OA60101t,6 
1 OA6050t,6 lot, OAbOOt,06 
8 OA1C032b t,5 U005216 
CJ OAA2052b 46 OA70C32b 
A OAbOOA86 107 OA60301b 
8 OAEOlo326 108 OA7t,9126 
C OA1108926 t,9 OA60lo7F6 
0 OAbOODF6 loA 0&518126 
E OAlo89626 108 UlIoOlo26 
F OA600FEb IoC OA603D16 

10 OAE OC 32b IoD OA75F926 

11 OAHOCJ26 foE OA517626 

12 OA600896 t,f OA60loCCb 

13 OA601H6 50 OA61F(26 
It, 297t,Olo26 51 UEO!HIo6 

15 AB600 .. 22 52 OAIot,C32b 
16 A8600t,22 53 OAB00326 

17 U500lo26 5t, OAbOOC26 
18 A86001022 55 OUOO126 
19 U500lo26 56 OUC0126 

U A8600 .. 22 51 OA6051026 

IB AB6001026 58 OA606316 

lC AB6011ot,6 59 OA600 .. 06 

10 lEECOlo26 5A OA605AIo6 

IE 566001026 58 OA605Bt,6 

IF t,EE OlE 106 5C OA605Ct,6 

20 3AE OftlZ6 50 OAltloC326 

21 CAE16F26 5E OA7C8126 

21 35E02lft6 5F UO .. 0326 

23 U .. 0"326 60 2901010326 
2t, 5AE03716 61 OA60&316 

25 5AB03716 62 OA6061106 
26 5A803716 63 OA6065E6 

27 10603716 610 ftA609116 

28 5AA2)716 65 OAlC0926 

29 UIo03716 66 OA6068C6 

2A 5A1C3716 67 OA60CJIo16 

28 5AE03716 68 OAA08326 

2C 5U23716 69 A9A010326 

20 5AE03716 6A OA606H6 

2E U7C3116 68 OA609 .. 06 

2f 5AE03716 
30 UOftl1l6 
31 .. ABZIo3Z6 
32 UB13116 
33 5AE031l6 
310 10 AI 210326 
35 UB13716 
36 OA6013106 
37 OAIolo8326 
)8 OAlC9126 
39 OA603(C6 
]A OA603016 
38 OA6038"6 
3C OA600 .. 06 
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CONTENTS FS = 00 FS =01 FS= 10 FS = 11 

I 
01 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

'" 9406 c ... c .. 
II> m P-STOCK '" r :II 940SA 9405A 9405A 9408 I> !" '" 0", II> ... :II 

'" ... II> 

~'" 
.. g 0 ALRS ALRS ALRS SEQUENCER 

~l 
... .. 

" Cc 9407 DAR 9404 ... -t DESTINATION SOURCE INSTRUCTION INSTRUCTION .. ... I> 
~II> ZC r- I: ~ " r- :II ~II> DPS II> II> ~" 0 ~ m m '" III m II> J> 15 9410 m :II Z R-STOCK z :II 

ADDRESS 9408 SEQUENCER BRANCH ADDRESS ... COMMENTS 

... 



CONTENTS FS = 00 FS = 01 

I 
FS = 10 FS = 11 

I 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

'" 9406 0 
.. 

0 0 
UJ '" P-STOCK '" '" :D 9405A 9405A 9405A 9408 I> '" '" 0", UJ .. ~ :D 

'" 
.. U> 

:::j", 0 0 ALRS ALRS ALRS SEOUENCER ;:'" .. 0 -0 Cc Zc 9407 DAR 9404 .. .. .... DESTINATION SOURCE INSTRUCTION INSTRUCTION m~ 0 .. I> 
1'{UJ r- ;: I> ... r- :II ~U> DPS UJ UJ .... C ... () ~ '" '" 0 '" '" '" U> I> 

9410 
'" :D Z R-STOCK Z :D 

ADDRESS 9408 SEOUENCER BRANCH ADDRESS < COMMENTS 

OJ , 
'" 



III 
I 

(,l 

CONTENTS 

ADDRESS 

0 

m 
0", 
C:c: 
~II> 
m 

1 2 

" m 
m 
::!", 
Zc: 
I>m .... 
(5 
Z 

FS~ 00 

3 4 5 6 

9406 
P-STOCK 

9407 ,DAR 

9410 
R-STOCK 

FS =01 

7 8 9 10 11 12 13 14 

'" '" " .. .. 
2 " 0 

9404 .. .... ,.. I: I> DPS II> II> .... 
'" m 

'" 

I 
FS ~ 10 FS = 11 

I 
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

'" " 
.. 
" 9405A 9405A 9405A 9408 I> ~ '" " '" 

.. m ALRS ALRS ALRS SEQUENCER 1:'" .. 2 " " I> DESTINATION SOURCE INSTRUCTION INSTRUCTION iD~ ... ,.. 
" C: ... (') ~ m 

II> I> 
m " Z " 9408 SEQUENCER BRANCH ADDRESS < COMMENTS 



CONTENTS FS~ 00 FS=OI 

I 
FS~ 10 FS~·11 

1 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

'" 9406 c .. c c 

'" ", P-STOCK '" '" ::Jl 9405A 9405A 9405A 9408 I> i" '" 0 .. '" ... ... ::Jl 
'" .. V> 

::! .. c c C ALRS ALRS ALRS SEQUENCER i:'" .. c " C:c: Zc: 9407 DAR 9404 ... ... .... DESTINATION SOURCE INSTRUCTION INSTRUCTION mt !:;: ... I> ~V> r i: I> r :Jl 
~'" DPS '" '" .... c:"" '" ~ ", ", 

~. 
.. .. ", 

V> I> 
9410 ", ::Jl 

R-STOCK Z ::Jl 
ADDRESS 9408 SEQUENCER BRANCH ADDRESS < COMMENTS 

CD 
I 

"'" 



O-BUS DESTINATION 

00, I NO CONNECTION 
01 DAR 9407 
10 PSTK 9406 
11 RSTK 9410 

D-BUS SOURCE 

00 ALRS 9405 
01 DAR 9407 
10 PSTK 9406 
11 RSTK 9410 

13 12 

9406 INSTRUCTION 

XXOO RETURN 
XX10 BRANCH 
XX10 CALL 
XXll FETCH 

10 

9407 INSTRUCTION 

COMBINATION FUNCTION 
AVAILABLE ON THE M-BUS 

Ro 
Ao plus 0 plus Ci 
Ro 
Ro plus 0 plus Ci 
Ro 
Ro plus 0 plus Ci 
R, 
R, plus 0 plus CJ 
R2 
¢ plus CI 
Ro 
o plus CI 
R2 
R2 plus 0 plus Cl 
R, 
o plU5 Ci 

APPENDIX C 

MACROLOGIC DEMONSTRATOR MICROWORD FORMAT 

9410 

0000 

111 1 

I 
ADDRESS 

I 
Ro 

R'5 

SE QUENTIAL FUNCTION OCCURRING 
ON THE NEXT RISING CP EDGE 

Ro plu s 0 plus Ci-Ro and Output Register 

Ro plu s 0 plus CI-Rl and Output Register 

Ro plu s 0 plus CI-A2 and Output Register 

-
Al plu sill Ius CI-R, and Out ut Re ister 

Qj plus CI ~R2 and Output Register 

Qj plus CI--Ro and Output Register 

R2 plus (2) plus Ci -R2 and Output Register 

o plus CI -R, and Output Register 

10 
LSD 

10 
MSD 

10 9404 CI C30 
1 ROTATE ~ 

ALRS DESTINATION REGISTER 9405 INSTRUCTION 

000 Do 000 SI·JZ!·l~·DI 
001 01 001 Si - 0 ~ Oi 
010 0, 010 SI'JZ!~DI 
011 03 011 JZ! ~ 0, 
100 D. 100 S, ~ 0 
101 0, 101 SiOR0~DI 
110 06 110 SIGJZ!~DI 
111 Dt 111 0~DI 

ALRS SOURCE REGISTER 

000 So 
001 S, 
010 S, 
011 S3 r S, ~ SOURCE REGISTER I 
100 So 0, = DESTINATION REGISTER 

101 S, 
110 So 
111 S, 

9404 INSTRUCTION 

INPUTS OUTPUTS FUNCTION INPUTS OUTPUTS 

I. 13 I, I, 10 03020,00 I. 13 12 " 10 LO 03 0, 0, 

0 0 0 0 0 0 0 0 0 Byte Mask 1 1 1 1 1 RI RI RI RI 
0 0 0 0 1 1 1 1 1 Byte Mask 1 1 1 1 1 ~ K3 K2 K, 
0 0 0 1 0 0 0 0 1 MinUS "2" In 25 Camp 111 1 0 0 1 0 RI RI RI RI 
0 0 0 1 1 o 0 0 a Mlnus"1" In2sComp1l) 1 0 0 1 1 Q3 93 Q2 0, 
0 0 1 0 0 53 025, Do Byte Mask, O-Bus 1 0 1 0 0 D3 D2 D, Do 
0 0 1 0 1 1 1 1 1 Byte Mask, D-Bus 1 0 1 0 1 K3 i<, <, Ko 
0 0 1 1 0 53 020,50 Byte Mask, D-Bus 1 0 1 1 0 II 03 92 
0 0 1 1 1 0 0 0 0 Byte Mask, D-Bus 1 0 1 1 1 D3 03 D2 
0 1 0 0 0 0 1 1 1 Negative Byte Sign Mask 1 1 0 0 0 II ~ K2 
0 1 0 0 1 -' 1 1 1 Positive Byte Sign Mask 1 1 0 0 1 K3 K3 K2 

~ - -
K3 K2 ", 0 1 0 1 0 K3 K2 K, Ko Byte Mask K-Bus 1 1 0 1 0 

0 1 0 1 1 0 0 0 0 Byte Mask K-Bus 1 1 0 1 1 1 1 1 

0 1 1 0 0 03 52 5100 Load Byte 1 1 1 0 0 D3 D2 D, 
0 1 , 0 1 1<3 K2 'K, Ko Load Byte 1 1 1 0 1 K3 K2 K, 
0 1 1 1 0 1 1 1 0 Plus "1" 1 1 1 1 0 
0 1 1 1 1 1 1 1 1 Zero 1 1 1 1 1 

--'-------' 

10 ENABLE X-BUS I 
1 DISABLE 

00 RO 

RI 

Ko 
Ai 
Do 
RI 
Ai 
Ql Do 
D, Do 
151 Ko 
K, Ko 
Ko 
1 

Do 
Ko 

I 
9408 INSTRUCTI ON 

0000 RETURN 
0001 aSR 
0010 FTCH 
0011 BMW·SWITCH ES MO-M2 

C16-23 
W7 

0100 BRVo-/.'PROG 
0101 BRV,-SWO-S 
0110 BRV2-N/A 
0111 BRV3-N/A 
1000 BTLo-BNZ 
1001 BTL,-BOV 
1010 BTL2-BNEG 
1011 BTL3-BCRY 
1100 BTHo-8Z 
1101 BTH.-BNOV 
1110 BTH2-BPOS 
1111 BTHJ-BNC 

FUNCTION 

K-8us Sign Extend 
K-Bus Sign Extend 
D-Bus Sign Extend 
D-Bus Sign Extend 
a-Bus Shift Left 
K-Bus Shift Left 
D-Bus Shift Right 
D-Bus Shift Right Anth (2) 
K-Bus Shift Right 
K-Bus Shill Right Arith 121 
Byte Mask. K-Bus 
Byte Mask. K-Bus 
Complement D-Bus 
Complement K-Bus 
Undefined IReservedl 
Undefined I Reservedl 

Appendix C 
Macrologic Demonstrator Microword Format 
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	000
	001
	002
	003
	004
	005
	006
	1-01
	1-02
	2-01
	2-02
	2-03
	2-04
	2-05
	2-06
	2-07
	2-08
	2-09
	2-10
	3-01
	3-02
	3-03
	3-04
	3-05
	3-06
	3-07
	3-08
	3-09
	3-10
	3-11
	3-12
	3-13
	3-14
	3-15
	3-16
	3-17
	3-19
	3-20
	4-01
	4-02
	4-03
	4-04
	4-05
	4-06
	4-07
	4-08
	4-09
	4-10
	A-01
	A-02
	A-03
	A-04
	A-05
	A-06
	A-07
	A-08
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