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V73 MICROPROGRAMMING GUIDE 

I. MICROPROGRAMMING ELEMENTS 

In the conventional processor, the control section normally consists of large assemblie_s 

of gdtes and flip-flops interconnected to form timing counters, sequencers and d~coders 

to perform the fol lowing functions required by the SPecific instruction set: 

• fetch instructio~s from memory 

• decode machine instructions 

• enable appropriate data paths 

• change the state ~f the computer to. that required by the 

next operation 

In a microprogrammed processor, the control section is implemented in a less random 

fashion. All control signals are derived from information stored in a memory device 

(usually a read only memory). This memory, together with its buffers and control 

logic, form the control sections. The control words ~tored in the memory are known 

as microinstructions. Preparation of these instructions is known as microprogramming. 

These microinstructions bear no resemblance to the computer'~ own instmction set 

as they manipulate and control data at the most elementary level. 

Advantages of microprogramming are: 

· • Provides an orde~ly method of implementing modifications 
I . . 

and extensions to existing instruction sets. 

• Permits easier tr+bleshooting through minimization of 

random logic. I 

I 

i 
• Permits optimum failoring of computer systems to a specific 

task by implemen~ing frequently·used operations in microinstructions. 
I . 



Design Considerations 

Two fundamental choices must be ma.de in the desJfJn qf a ~icroprogrammed control 

section: 

• number of bits in control word 

• number of computer states 'for ·eQch microinstruction 
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These choices must be made by trade-off deci'sions involving obiectives of cost, per­

formance and capabi I hy. 

The Varian 73 CPU i~ designed to offer high speecf performance (approximately twice that 

of the Varian 620/f-100), generalized organization to permit great application 

flexibility and modular expansion to allow oraetly system growth. 

High performance is achieved through the use of a microinstruction consisting of 64 

bits. This permits a great degree ofporallellsm in the computer. Data path mani...; 

pulations, instruction decoding, conditional testing, interruptmonitoring and memory 

cycle initiation may .be simultaneously contre">Ued. 

Processor 

High speed logic and use of a 60 nano5econd access time control store permit the 

Varian 73 CPU to execute _a single mfcroinstruc;:tion in 165 nanoseconds (sine~ each 

microinstruction represents iust one state of ,the .. processor, the most general capabil­

ity is achieved. 

A processor interface is provided to permit the internal read onJ.y memory to be disabled 

by an external writable control store to permit the Varian 73 to be adapted to special 

applications through user microprograms. This can result in significant perfor-mance 

improvement. 
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Varian · 73 Mieroprogrammi ng 

Maior operations performed by microinstructions are: 
. . 

• Data path manipulation 

• ·Address sequence 

• 1/0 and memory control 

• Specification of processor status 

• Instruction register field selection 

• Miscellaneous control functions 

Detai Is of these maior operations are described in the following paragraphs (refer to figure 

Data Path Manipulation 

The types of data path manipulations are: 

a. Source selection for each of the two inputs of the arithmetic and logic unit 

(ALU), including introduction of 16 bit data from the contents of the control 

store and masked instruction register. The sources are: 

1. Any two of 16 general purpose registers. One of the two may be 

selected for shift 1 bit left or right or unshifted. 

2. ·Operand register .• 

3. tv\emory input latch. 

4. 1/0 register. 

5. Operand register right byte_ ~ith sign extended. 

6. Operand register I.Et byte with sign extended. 

7. Operand register right byte with zeros in left byte. 

8. Operand register right byte in l~O byte position. Zeros in right 

byte position •. 
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9. Program counter. 

1 O. 16 bit control store literal. 

11. Instruction register masked by control store literal. 

12. Processor status word. 

· 13. All zeros register. 

14. Al I ones register. 

b. Selection of the ALU function (arithmetic or logical operations)·. 

c. Destination selection for ALU output data. The destinations are any one of 

16 general purpose registers and one of the following: 

1. Operand register. 

2. Program counter. 

3. Shift counter. 

4. Processor key register. 

5. 1/0 key register. 

6. Memory address register.* 

7. 1/0 register.* 

8. Wlemory data bus.* 

9. Instruction buffer via memory bus.* 

*The5e destinations are selected by specifying 1/0 or memory operations. 

d. Incrementing of program ·or s_hift counters. 

e. Selection of carry input _to the ALU. The selections are:· 

1. No carry 

2. Carry 

3. Stored carry 

4. Stored carry complement 

f. Selection of shifting. operations. The selectior1s are: 

1 • Shi ft or rotate 

2. Single or double word 

3. Arithmetic or logical 
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4. Left or right 

5. ·Setting and selecting flag bits used in multiply or divide algorithms. 

Address Sequence 

The next microinstruction a~dress can be determined through one of the fol lowing operations: 

a. Unconditional specification of a single address (or set of addresses dependent on 

the instruction register contents}. 

b. Specification of two addresses (or sets of addresses); the choice is dependent 

on the status of a selected flag. 

c. Decoding of the instruction buffer contents •. 

d. Specification of a branch outside the normal 512 word control store. 

e. Conditional override of al I of the above operations in the presence of an 

interrupt. 

f. · Specification of a wait for the completion of 1/0 .or memory operation. 

1/6 and Memory Control 

A memory operation can be initiated and the following parameters specified: 

a. Specification of address source. 

b. Specification of data destination for read operations. 

c. Specification of a read or write operations. 

d. Specification of word or byte write operation. 

e. Initiating of the memory cycle may be conditional on the pass or failure of a 

test of processor status flags. 

f. A previously initiated operationscan be overtiden to change the type of operation 

and the destination of data. 

An 1/0 operation is initiated by specifying a starting address for the independent 1/0 
control store. 



Specification of Processor Status 

Examples of processor status are: 

a. Set, reset or sample the overflow bit. 

b. Sample the ALU carry, zero detection and sign. 

Instruction Register Field Selection 
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By selecting a 3 or 4 bit~:field from the instruction register as the A or B field of the 

next microinstruction, register specification can be done directly from the instruction 

register without requiring control store addresses for the decoding. The A and/or B 

fields, once set up, can be maintained for as many microinstructions as desired. 

Misce I laneous Control Functions 

Microinstructions can perform miscellaneous control functions such a5: 

a. Selection of interrupt classes to be enabled. 

b. Transfer of instruction buffer contents to instruction register. 

c. Set and reset supervisor mode. 

d • Set and reset interrupt flag • 
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II. WRITABLE CONTROL STORE 

Writable control store 0/VCS) provides a means for extending the V73 processor's read 

only memory control store to permit addition of new instructions, emulation of other 

instruction sets, development of micro diagnostics and optimum tailorin~ of the computer 

system to the application. 

Unlike the read only memory which contains the V73 basic instruction set and cannot 

be altered, the writable control store consists of arrays of read/write memory which 

can be loaded from the computer system's main memory under control of 1/0 instructions. 

The capability of altering the contents of the writable control. store permits ful I user 

access to the resources of the V73 computer • 

. The WCS is packaged on ci standard 15.6 in. (39.62 cm) x 19.0 in. (48.26 cm) V73 

style multi-layer printed circuit card. It plugs into the V73 backplane to interface 

with the memory buses and connects to the processor and option boards via flat 

ribbon cable. (See figure 10-6 of Varian 73 Systems Handbook). Power ii supplied 

entirely from an external power supply via a power cable attached from the chassis 

rear. To minimize signal propagation delays the WCS module(s) should be located 

within 4 card slot positions of the processor and -Optioh·boards •. Up to·three.:writabie 

control store modules may be added to a V73 system. 

The WCS is available with either 256 or 512 words of 64 bit central control store. The 

central control store controls manipulation of al I of the V73 processor's data paths 

(except 1/0) and is capable of initiating mem·ory or 1/0 activity. 

OptiOnally availCJble are instruction decode and 1/0 control store arrays to permit 

efficient decoding of alternate instruction sets and variations in 1/0 bus discipline. 

The decode control store option consists of two 16 word by 16 bit memory arrays with the 

logic necessary to map instruction buffer register contents into central control store 

addresses. The 1/0 controi store option consists of a 256 wetd by 16 bit memory array 
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which controls operation of the 1/0 data paths and 1/0 bus signals. 

When operating under WCS control, the processQr executes a micro instruction in 190 ns. 

instead of the norma I 165 ns. 

Another optional feature is the micro-subroutine return address stack. The return 

address stack provides a 16 address st.eek for storing micro-subroutine return addresses. 

Addresses can be pushed or popped from the stack under microprogram control to pro­

vide a nested subroutine capability •. 
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Ill. MICROPROGRAM OPERATIONS 

Micro Word Format 

The detailed operation and applicable bit patterns of each field of the V73 micro­

instruction word will be described. Use of the Varian micro assembler minimizes the 

need for a user to become intimately familiar with al I aspects of V73 microprogramming 

to write effective microprograms. Obviously, the resources of the V73 may be 

fully exploited by the sophisticated user who becomes familiar with the functions 

of all microinstruction fields. The micro word will be described in this section from 

the functional point of view. Rather than examine each field in detail ·the functions: 

• data path manipulation 

• addressing 

e; 1/0 control 

• memory control 

.... s·ta tus con tro I 

~register field extraction 

«>miscellaneous control., 

will be described in the succeeding sections. 

Figure l shows the names and bit positions of each field in the. 64 bit micro-instruction 

word~ These names will be used in the following description. 
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Data Path Manipulation 

The V73 processor's data paths are shown in figur~ A. 

Major data buses are: 

• Arithmetic and logic unit (ALU) output bus 

• ALU input #ubus 

• ALU input B bus 

• Memory data bus 

• · ~mory address bus 

• 1/0 bus (E-bus) 

• . 1/0 register input bus 

ALU Operations 

Page 12 

The ALU is the only element which drives the ALU output bus. It performs a large 

variety of functions under control of the F, Mand C fields of the micro instruction. 

The M field specifies the ALU's mode of operation: logical (M = 1) or arithmetic 

(M = xo) . The c fie Id speci fj es the carry input ta the ALU. 

• Carry in equals zero (C = 00) 

• Carry in .equals stored carry (C = 01) 

• Carry i.n equals stored carry complement (C = 10) 

• Carry in equals one (C = 11) 

The F field selects the particular operation to be performed. The following table 

(Table 1) lists the ALU output where A is the ALU input A bus data and B is the ALU 

input B bus data. Arithmetic operations are modified by the carry input selecg1Gm11. 

Symbols used are: 

-¥- Exclusive OR 

V LogiCal OR 
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A Logical AND 

+ Two's complement addition 

Two's complement subtraction 

A bar over an input term (e. g • A ) refers to the one's complement of that input. 

F Field Bit Ar"ithmetic Logical 

3 2 1 0 ~M = 0)* (M = 1) 

0 0 0 0 (1) A A 
0 0 0 1 (1) AVB (AV B) 

0 0 1 () AV 8 (1) A/\ B 

0 0 1 1 -1 (Al I ones) (1) ~ (Zero} 

0 1 0 0 (1) A+ [(A A 8). A /\ B 

0 1 0 1 (1) (AV B) (AV 8) 8 
0 1 1 0 A - B - 1 (1) A-\f B 

0 1 1 (A AB) - 1 (1) A /\B 

1 0 0 0 (1) A+ (A/\ B) AV B 

1 0 0 1 (1) A+ B A¥- B 

1 0 1 0 (A \J 8) + (A /\ B) (1) B· 

1 0 1 1 (A./\ B) - 1 1(1) A/\ B 

1 1 0 0 (1) A+A -1 (Al I ones) 

1 1 0 1 (1) (AV B) +A AVB 

1 1 1 o· (AVB)+A (1) AV f> 

1 1· 1 1 A-1 (1) A 

*When in the arithmetic mode the selected carry is added two's complement to the result 

above for arithmetic operations (M = 0) carries selectable are: 

C Field 

00 

01 

10 

11 

Carry 

0 (Zero) 

Stored carry 

Stored carry comp lamented 

1 (One) 
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NOTE 1: If LB= 10 or 11, the Mand C fields are part Of a literal 16 bit mask. In this 

case, the ALU mode is automatically forced to the state of the F field bit 1 and the 

carry is a zero. 

NOTE 2: If LA= 00 and LB= OX, the ALU function ,._,ay _be forced in_ accordance wUh the 

contents of certain instruction register bits. For complete specification see the section 

on Miscellaneous Control. 

TAB~E 1. Summary of ALU Operations 

ALU Input A Bus 

Selection of the ALU input A bus is performed by the LA and A fields and is modified 

for certain shift operations by the SH field. 

To select the program counter for the ALU input A bus, the LA field is set to a code of 

01. No other fields are required to make this selection. 

Any of the 16 general registers may be applied to the ALU input A bus by setting the 

LA field to 00 and placing the binary code of the register number in the A field (0000 

through 1111). 

Any of the 16 general registers may be applied to the ALU input A bus shifted either 
- ~ 

left (LA= 10) or right (LA= 11) by one bit position. The registers to be used is 

specified by the A field. 

When shifting left (LA= 10) the.selection of what to apply to bits 15 and JOO of the 

ALU input A bus is made by the SH field. Bit 15 (the sign bit) wi II be equal to the 

selected register's bit 14 if the SH field is OXX. (NOTE: An X in any bit position 

desigh<;1tes that it's state is irrelevant to the operation discussed). Bit 15 will be 

equal to the selected register's bit 15 if the SH field is lXX. This permits either 
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logical or arithmetic shifts to be performed. (In arithmetic shifts the sign bit is unaffected 

by the shift operation). Bit 00 of the ALU input A bus is selected to be a zero if the SH 

field is XOO. This is for open single· length shifts. Bit 09 will be equal to the selected 

register's bit 15 of the SH field is XOl. This permits circular single length shifts. Bit 

00 of the ALU ihput A bus will be equal to the operand register's bit 15 if the SH field 

is XlO. This permits double length shifts. 

When shifting right (LA= 11) the selection of what to app.ly to bit 15 of the ALU input 

A bus is made by the SH field. Bit 15 will be equal to the selected register's bit 00 if 

SH equals 001. This permits single length closed shifts. If SH equals 010 bit 15 will 

be equal to the selected register's bit 15 to permit arithmetic shifts. If SH equals OJl 

bit 15 will be equal to the operand register's bit 00 permitting double length shifts. 

If SH equals 1XX bit 15 will be equal to zero. If SH equals 000 bit 15 will be set 

to the logical state of the processor's mu,tiply sign flag. 

The ALU input A bus will be forced to all zeros when the LA field equals 00 and the 

16 bit literal mask is not to be_ used (LB not equal to 10 or 1 i) if the SH field equals 

XOl. 

The ALU input A bus will be forced to all ones when _the LA field equals 00 and the 16 

. bit literal mask is not to be used if the SH field equals Xl X. 

The ALU input A bus selections are summarized in Table 2. 
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ALU Input A Bus Source Fields 

LA SH LB A 

Program counter 01 xxx xx xx xx 

General register (any one of 16) 00 Neither ox Specifies 
X01 nor register 
XlX 

General regi.ster (any one of 16) 00 xxx lX Specifies 
register 

, Al I zero's input 00 XOl ox xxxx 
All one's input 00 XlX ox xx xx 
General register shifted left 10 See ox Specifies 

below register 
·Bit 15 = register bit 14 oxx 
Bit 15 = register bit 15 lXX 
Bit 00 =zero xoo 
Bit 00 =register bit 15 XOl 
Bit 00 =operand register bit 15 XlO 

General register shifted right 11 See ox Specifies 
below register 

Bit 15 = multiply sign flag 000 
Bit 15 = register bit 00 001 
Bit 15 =register bit 15 010 

l 
Bit 15 = operand register bit 00 011 
Bit 15 =zero 100 

Table 2. ALU Input A Bus Seiections 
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ALU Input B Bus 

Selection of the ALU input B bus it1 performed by the LB and B fields. 

To select one of the 16 general registers for the ALU input B bus the LB field is set to 

a code of 00. The register used is specified by the B field. 

Other special registers are specified with the LB field equal to 01. The operand register 

is selected by a code of 0000 in the B field. The memory input register is selected by 

a code of 0001 in the B field. The 1/0 register is selected by a code of 0010 in the 

B field. The processor status word is selected by a code of 0011 in the B field. B 

field codes of 0100, 0101, 0110 and 0111 are used to perform byte operations on the 

contents of the operand register. These are summarized in Table 3. 

Any 16 bit literal constant may be applied to the ALU input B bus by selecting a code 

of 11 for the LB field. When this code exists the M, C, WR, SC, V, W, X, SH and B 

fields are treated as the one's cornplement of the desi.net ibRary constant. 

The contents of the instruction register may be applied to the ALU input B bus by 

selecting a code of 10 for the.LB field. When this code exists the M, C, WR, SC, 

V, W, X, SH and B fi_elds are used to mask their corresponding instrootion register 

bits. lf_ a bit in the mJcro instruction word mask • 

the instruction register appears with ALU input B bus. A summary of ALU input B · - . . . -

selections appears in Table 3. 
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ALU In ut B Bus Source Fields 

LB B Remarks 

General register (any one of 16) · 00 

Operand register fut I word 01 
Operand register right byte with sign extended · 01 
Operand register left byte with sign extended 01 
Operand register right byte with zero's in· left byte 01 

·Operand register right ·byte in left byte position; 0"1 
zero's in right . 

lv\emory input register 

.1/0 register 

Processor status word 

16 bit literal constant consisting of the one's 
complement of fields M, C, WR, SC, V, W, 
X, SH and B 

I Instruction register masked by 16 bit literal 
·constant consisting of fields M, C, WR, SC, 
V, W, X, SH and B. A one in the mgsk fields 
Jorces the corresponding ALU input bit to ;zero. ~ 

Co.,.. ' 

01 

01 

01 

10 

11 

Specifies 
reg~ster 

0000 
0100 
0101 

. 0110 
0111 

0001 

0010 

0011 

Part of 
constant 

Part of 
mask 

Note 

Note 

NOTE: When the 16 bit literal or mask is used, the .ALU mode is forced to the 
arithmetic mode if the F field bit 1 is a zero and to the logical mode if the F 
field bit 1 is a one. A carry of zero is forced. The ALU output may not be 
written into ahy general register. 

Table 3. ALU Input B Bus Selections 



Page 19 

Destinations of ALU Output Bus 

Data from the ALU may be directed to a variety of destinations. Some of these are 

under direct control of the central control micro instruction. Others are under 

control of the memory and 1/0 control sections of the processor. These sections 

accept tasks from the central control and thus indh·ect control of ALU data 

destination is achieved. 

Direct control mciy cause ALU data to be written into any of the 16 general registers 

under control of the WR, CB and A fields. If the WR field is a 1, the ALU output data 

wil I_ be written into the register designated by the A field unless the WR field is being 

used as part of the 16 bit literql (LB = lX). 

Other directly controlled destinations of ALU data are under control of the R field. 

They are: 

• The program counter (R = 001) 

• The operand register (R = 011 or 111) 

• The shift counter (R = 010) 

• The CPU key register (R = 110) 

De_stinations of ALU data controlled indirectly by the memory control are: 

• tv\emory Data Bus: When a write to memory operation is specified, 

(S field not equal to 00 and IM field equal to XXlX) the ALU 

output data is applied to the memory data bus during the resulting 

memo·ry eye le. 

• ~mory Address Register: When any memory cycle is initiated with 

the IM field equal to OlXX, the ALL) output data will be loaded 

into the memory address register and applied to the memory address 

bus.· 



• Memory Input Register and Instruction Buffer: When a special 

transfer is initiated by· setting the S fie Id equa I to 00 and the 

IM field equal to 0100 the ALU output data is transferred to 

the instruction buffer and the memory input register via the 

memory bus. This operation requires two micro steps. 
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The 1/0 register may be loaded with ALU output data under control of the 1/0 control. 

This operation is initiated by a request to the 1/0 mode by setting the S field equal 

to 00 and the IM field equal to 111X. The 1/0 operation specified by the TS, MR 

and AB fields will determine the timing and exact type of operation to be performed. 

Table 4 summarizes the ALU output data destinations. 
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Destination Control Fields 
~ 
~ 

R WR A s IM LB ; 
j 
t 

DIRECT CONTROL i 
General register (any 1 of 16) 1 Specifie• ox ~ 

~ 
register l l 

Program counter 001 j I 

i 
Operand register 011 or· ! 

I 111 ~ 

Shift counter 010 ~ 

I 
CPU key 110 

~ 
~ 
j 
i 

INDIRECT MEMORY CONTROL i 
J 
i 

NOTE: Transfer occurs only if i 
~ 

' { 
cycle is successfully initiated) 

I 
I I l 
\ f 

1 
j 

Memory data bus Not 00 j XXlX I I 

l 
J 

Not ool OlXX J\Aemory address register 
J 

f i j 

l I 0100 

f 

J\Aemory input register & ~ i 00 I. I r I 
instruction buffer 

I 
i I ' i } . 1 

INDIRECT 1/0 CONTROL. j I 
1/0 register i i I loo I 1 llX ; ~ ' I i • l I 

NOTE: Transfer is under direct I f J 
) 

J t 
control of 1/0 contro_I. Operation I I f · 1 is specified by TS, AB, MR fields 

. c 

I 1 
and· contents of 1/0 control store. 

Table 4. ALU Output Datd Destinations 
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Operand Register Shift Operations 

As previously noted, the ALU input A bus may have any of the 16 general registers 

applied shifted left or right one bit position. In addition, the operand register may 

be shifted left or right independently or in coniunction with shifting of any general 

register. This can occur any time the 16 bit literal or mask is not in use. 

When the LB field is equal to OX (no literal/mask} the SC, W and X fields define 

operand register shifting. 

When the SC field equals 0 no shifting takes place. When the SC field. equals 1,the 

operand register is shifted left if the W field equals 0 and right if the W field equals 

1 • 

For left shifts the next contents of the operand register bit 00 is specified by the X 

fie Id. If X equals 00 operand register bit 15 is copied to bit 00 to permit independent 

circula~ shifting. If X equals 01 bit 15 of the general register specified by the A 

field is copied to bit 00. This permits double length circular shifting. If X = 10 the 

complement of the ALU output bit 15 is copied to bit 00. If X = 11 t~e operand 

register bit 00 is set to zero. 

For right shifts the next contents of the operand register bit 15 is specified by the X 

fie Id. If X equals 00 operand register bit 00 is copied to bit 15 to permit independent 

circular shifting. If X equals 01 bit 00 of the general register specified by the A field 

is copied to bit 15 to permit double length circular:shifting. If X equals 10 the 

operand register bit 15 is maintained at its current state to permit independent 

arithmetic shifting. If X equals 11 the divide sign flag (DSB) is copied to bit 15. 

Table 5 summarizes the operand register shift operations. 



Control Field 

No shifting 

No shifting 

Shifting of operand register 

Left shifting 

Bit 00 =operand register bit 15 
Bi.t 00 = general register bit 15 

Bit 00 = ALU bit 15 complement 
Bit 00 =zero 

Right shifting 

Bit 15 =operand register bit 00 
Bit 15 = gene.ral register bit 00 

Bit 15 =operand register bit 15 
Bit 15 = DSB (divide sign) flag 

LB 

lX 

ox 

l 

SC w 

0 

1 

0 

1 

Table 5. Operand Register Shift Operations 
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x A 

l 
I 

I 
I 

I 
00 
01 Specifies I 

register I 

l 10 I 

11 I I 
! 
j 
I 
l 
j 

00 i 
) 

01 Specifies I 
f 

i register 
10 
11 I 
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Program and Shift Couhter Counting 

The program counter (16 bits) and shift counters (8 bits) may be loaded from the ALUt.' 

output as previously described. They may be incremented ·under control of the R 

field. 

To increment the program counter set the R field to 100 or 111. To increment the 

shift counter set the R field to 101. Either counter will automatically cycle back 

to zero when it is incremented while it contains all ones. 

This overflow from the shift counter may be tested by the micro instruction to cause a 

branch i.n the control flow. Shift counter operations characteristically are performed 

by first loading the two's complement of the desired number of shifts and+/ti~ testing 

the shift count" overflow while shifting. The shift continues until the counter overflows 

where upon a branch is made to the next desired micro instruction. 

The shift counter is incremented at the conclusion of the micro instruction. The program 

counter is incremented during the micro instruction. This is done for timin.g reasons 

and permits use· ·of the incremented program counter:vqh.1e for a memory cyde initiated by 
I • • • 

the sarhe~micrcs:$nstruction. Both>programf'counts .and shift counter are loaded at the con-

clusion of the micro instruction. 

Data Loop FI ags 

A number of one bit flags exist in the V73 processor's data loop. These serve to optimize 

performance for certain operations. Their names and method of control are summarized 

below. 

DNZT Normalize flag. 

Set after any micro instruction during which the ALU output~ 

bit 15 logical state is differ~nt from ALU bit 14. It will be 5eftt res~i ? 

after any micro instruction during which ALU output bus bits 15 

and 14 are alike. This flag may be tested by a micro instruction 



DSMl 

DSB 

DQS 

and used to cause a branch to either of two alternate micro 

instructions. 

Multiply sign 
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Set after any micro instruction during whieh any of the fol lowing 

three conditions existed: 

• ALU output bit 15 and ALU input A bit 15 were both 

equal to 1. 

• ALU output bit 15 and ALU input B bit 15 were both 

equal to 1. 

• ALU input A bit 15 and ALU input B bit 15 were both 

equal to 1. 

This flag may be applied to the ALU input A bus during right 

shift operations previously described. 

Shift flag 

Copies bit _15 of the general register specified by the A field 

whenever the literal/mask is not being used if the V field equals l 

(LB = OX and V = 1}. This flag may be shifted into the operand 

register bit 15 as pre.viously described. It may be tested by a 

micro instruction to cause a·branch to either of two micro 

instructions. 

Quotient sign 

Copies bit 15 of the ALU output following any micro instruction 

in which the literal/mask is not being used if the W field equals 

1 and the SC field equals 0 (LB = OX and W = 1 and SC = 0). 



· DBAD 

DOVF 
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Byte. address flag 

Copies bU. 00 of the genera.I register specified by the A field 

whenever the general register is specified as a shifted input to 

the ALU input A bus. This flag may be used to determine the 

address of the next micro instruction and for memory byte write 

operations (S field not equal to 00 and IM field equal to XX11) 

determines which byte of the addressed memory location is to 

be altered. If DBAD equals O,the left byte is selected. If 

DBAD equals 1, the right byte is selected. 

Overflow flag 

The overflow flag may be set or reset unconditionally or may 

sample data loop conditions under control of the T, S and G 

fields. It is automatically reset by system reset or a micro 

instruction in which the G field specifies testing of the 620/f 

test flag with bit 00 of the instruction register set and the test 

condition is met. 

The overflow flag appears as bit 08 of the processor status word. 



Page 27 

Conditions 
O~ration Fields Bit 15 

ALU ln~ut ALU Output 
T s G F A 

Set overflow 00 01 XOlX 

Reset overflow 00 01 XlOX 

S~mple_ '?v~rfl()w_ 00 01 X11X 
-- --- ~--'--..-.."'··~~~:...... -- -.;tr'~ ...._ ~ ~ ....... ~--· ,._ .~ -

(ADD) lXXX 

SET o. 
1 

DON1J SET* 

I 
1 
0 

(SUBTRACT) I oxxx 

SET 1 
1 

bOl'f'T SET* 0 
1 

Also, reset:by system reset Of':G: mic'° instruction ~~~ifying 

test of the 620/f test condition with the instruction 

register bit 00 on in which the test passes. 

Overflow may be sampled to be set if S = 00 and 

G = lXXX. It will not be reset even if no over­

flow exists • 

B 

.... _ -. --. ·~"'"~· 

0 1 
1 0 
0 x 
1 x 

0 0 
0 1 
0 x 
1 x 

*If set previously, overflow will remain set regardless of sampling conditions. 

· Table 6. Overflow Flag Control 

-.. .:...,_..;.,,... 



DCNOZ 

DC NOC 

DSGN 

DEQ 
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ALU zero flag 

This flag will be set if sampling is specified when all ALU output 

bus bi ts are zero. 

ALU carry flag 

This flag wi II be set if sampling is specified and a carry out is 

generated from the ALU. 

ALU sign flag 

Samples bit 15 of the ALU output bus when sampling is specified. 

ALU al I one's flag 

This fl~g will be set if sampling is specified when all ALU output 

bus bits are one. 

DCNOZ, DC NOC, DSGN and DEQ are sampled. after any miCro instruction in which the 

S field equals XO and the T field is equal to 00 and the G field is equal to XX1 X. 

The5e flags may be tested by a micro instruction to cause branching to either of two 

alternate micro instruction addresses. 

They appear as bits in the processor status word. 
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Processor Status Word 

The processor status word may be applied to the ALU input B ~us when the LB field equals 

01 and the B field equals 0011. Proces5or status bits are assigned as follows: 

Bit Function 

00 Not used (logic 1) 

01 Supervisor mode flag 

02 ALU zero flag 

03 Shift counter bit 00 

04 Shift counter bit 01 

05 Shift counter bit 02 

06 Shift counter bit 03 

07 Shi ft counter bit 04 

08 Overflow flag 

09 ALU all ones flag 

HD ALU sign flag 

· 11 ALU carry flag 

12 Processor key register bit 12 

13 Processor key register bit 13 

14 Processor key register bit 14 

15 Processor key register bif 15 
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MICRO ·INSTRUCTION ADDRESSING 

General 

Unlike conventional computer instructions which execute sequentially unti I altered by 

a branch instructioni each micro instruction of the V73 must specify the address of 

the next micro instruction. Through various means of specifying this address the functions 

of instruction decoding, conditional testing, interrupt handling and normal micro 

instruction ·sequencing are accomplished. 

The V73 standard 620/f compatible instruction set resides in the first 512 word page 

of central control store. Writable control store modules of 512 word page size may 

be added until a total of 8 pages is reached. Logical provision is made for 16 pages 

but physical limitations of present technology do not permit more than S. pages. 

Page Number 

.Each control store address consists of .a four bit page number and a 9 bit word address 

within that page. The page number is initially set to zero by system reset. There­

after, page numbers are altered by specification of a po..ee iump by setting the T 

field equal to 00, the S field equal to 10 and the G field equal to XlXX. The TS 

field specifies the page number and the word address. is specified by other fields. 

as described on the fol lowing pages. 
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ADDRESS I NG MO DES (Refer to figures 2 and 3) 

Normal Addressing 

Normal addressing is used to arbitrarily specify the next micro instruction address. No 

conditional testing is involved, no interrupts are active or they are disabled and decoder 

addressing is not specified. The FS and TS fields are set equal to 0000 and the MT 

field equals 0 so the low order address contribution (bits 0-3) is governed entirely by 

the MS field. The high order bits (4-8) are sup.plied by the AF field. 

CEA DX 

Control Store Address -- Normal. Addressing 

Normal Addressing with TS Field 

No reset 
No interrupts 
No decoding 
FS = 0000 · 
MT =0 
TS = 0000 or T = 0 

The TS field may be used to form bits 1 through 4 of the control store address when 

none of the fol lowing conditions is true: 

a. Register field extraction (AB field equals 01 or 10) 
. . . Gr 

b~ Interrupts allowed (Sand T fields both 00; H field equals Xl XX) 

c. 1/0 request (S field equals 00; IM field equals 111 X) 

d. Page iump (T field equals 00; S field equals 10;. G field equals XlXX) 

The· address is formed by the inclusive OR of the TS field into bits 1 through 4 of the 

address obtained with normal addressing (FS field equals to 0000; no decoding; no 

interrupts, MT field equals 0). 

CEADX I 8 
7 I 6 I 5 4 3· 2 I 1 

0 I AF MS I 
inclusive or 

Io I 0 0 0 TS: I ol 

Contro I Store Address 
Normal Addressing with TS field 



I s 7 6 5 4· 3 ·2 1 o I CEA DX 

I AF Field I 

I (FS Field) (See Table) - - h 
and · 

Equals MT field if no l/O request 
Equals zero if t/O request 

[MTIQ-. · ) I MS Field ~ . 

r HH~- Ts Ft~lcl -- . -- l 

[ l1A-(~~~rn~i1-y s~p~li~d} - I 

I All ones ~--------~----~] 

I Decoder address (See Table J 
·Figure 2. Control Store Address Components 
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Field Select or • Normal Addressing if no 
Field Select Testing,. noieg. field 
or · Select, no 1/0 Request, 
Normal no Decode or Interrupt 
Addressing or· Page Ju~p 

AF x x 
I 

I 
i 
I 

l x x i 'S) I\ MS I Mli 
! 
i 
I 
I 

I 
! 
l 
l 

TS 

l 
x 

I 
l 

I 
j 
1 

! 
! I 1 

I 

llA 

! I ~ 

I 
I 

JI Ones 

Decoder 

i 
I 

I 
I 
l 
l 
l· 

i 
l 
l 
I 

1· 
i 

I 
. i 

! 

i 
l 
I 
! 
l 
l 

l 

•• 
Testing 

Pass 

x 

)( 

. 
! 
l 
l 

I 
I 
I 
! 
I 
I 

! 

I 
I. 
I 

! 
l 
! 
' 

Fail 

x 

x 

' I 
I 
f 

' ) 
i 
I 
i 

Decode & r No Interrupt ~ Interrupt 

T 
j x 
I 
I 
I 
i 
r 
' I 
1 
~ 

i 
I 

I 
I 
l 
! 
I 
i 

I i 
I 

I 

I I 

I I 
I 

x 

I 

x 

FigLre 3. ~nabling of Control Store Addr s Components 
i ! ~ 

1 I i •1 i 

I I . J 
I i 
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t 
' l 

System Reset ! 
J,_ I 

I 1 I 
t 

I f 
( J 
i i I . I ~ 

l ·I l 
J l 
I . I l 

( I 
l 
f 
I r 

l ~ 
! 

! 
I 
l 
l 
l 
1 

I 

I 
I 

I 
I 
i 

i 

I f 
i 
I 
I 

I 
I 

l I 
I t 

J 
i 

x 
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Field Select Addressing 

The contents of the instruction register and a number of processor flags may be· used to 

form a control store address. Any one to five bit contiguous field from the instruction 

register may be used too in forming the low order five bits of control store address. 

thus, up to a 32 way branch may be performed based on instruction register contents. 

This permits detailed instruction decodfog. In addl_tion, the interrupt flag, byte 

address flag, shift flag and console step mode may be selected to alter the control 

store address •. 

Field select addressing is us~d any time the FS field is not equal to 0000. The field 

selector address contribution for all values of the FS field is shown in Table 7. Any 

bit of the .field select contribution may be forced to a zero by use of the MS and MT 

fields. The field masks bits 0-3 of the field select contribution. The MT field masks 

bit 4. A zero in any bit of the MS and MT fields_ forces the contribution of the 

corresponding field select bit to zero. When an 1/0 request is issued (S field equal 

to 00_ and IM field equQI to 111X) the MT field is and as·part of the 1/0 operation 

specification. In this case, the MT _field is ignored and bit 4 of the field select 

address contribution is masked to zero. 

The field select address contribution is-shown in Table 7 for all values of the FS field. 

High order address bits 4 through 8 are provided by the AF field. 

The TS field is logically OR'ed into the control store address bits 1 through 4 under 

the same conditions as normal addressing into TS field. Thus, the composite field 

select address is formed as follows: (see the following page) 
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CEADX 

18 ~/ 
6 I 5 4 

I 
3 I 2 1 1 l 0 

0 0 I 0 I 0 

inclusive 
or· 

!o I 0 0 0 TS {note 1) 0 

inclusive 
or 

le I 0 0 0 FS {note 2) ~ 
and 

lo I 0 0 0 I {~~e 3) I MS ~ 
Control Store Address 
Field Select 

Note 1: TS field is not used in bits 1-4 of address formation when: 

a. Register field extraction {AB field equals 01 or 10) 

b. Interrupts allowed {Sand T fields both 00; IM field equals 1 llX) 

c. 1/0 request (S field equals 00; IM field equals 111 X) 

d. Page iump {T field equals 00; S field equals 10; G field equals XlXX) 

e. Test addressing is specified {T field not equal 00) 

Note 2: (FS) is the contents of the field specified by the FS fie.Id as given in Table 7. 

Note 3: MT is replaced by a zero when 1/0 request is present {S field equals 00; 

IM field equals 11 lX) 
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It wi 11 be noted that normal addressing and normal addressing with TS field are special 

cases of field select addressing -- i.e. the FS field equals 0000 and the MT field 

equals O. 
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Control Store Address Bit 4 3 2 o· FS Field 

One One One One One ·o 
One One One One CINTF- 1 
One 01 One DSB+ DBAD+ 2 
One One One One NSTP+ 3 

04 03 02 01 00 4 
05 04 03 02 01 5 
06 05 04 03 02 6 
07 06 05 04 03 7 

08 07 06 05 04 8 
09 08 07 06 05 9 
10 09 08 07 06 A 
11 10 09 08 07 B 

12 11 10 09 08 c 
13 12 11 10 09 D 

1~ 13 12 11 10 ·e 
14 13 12 11 F 

Table 7. 
Field Select Address Contributicm 

Numbers 00 through 15 refer to instruction register bits 

CINTF- is the interrupt flag (complement) 

OBA~+ is the byte· address flag 

DSB+ is the shift flog 

NSTP+ is true when· the console is in the STEP mode 
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Test Addressing 

Two addresses must be specified when test operations are performed -- one for use if the 

test passes and one for use if it fails. Testing is specified whenever the T field is not 

equal fo 00. If the test is to pass when the condition tested is true, the T field must 

be equal to 10. If the test is to pass when the condition tested is false, the T field 

must be equal to 11. The condition to be tested is specified by the G field. Test 

conditions are shown in Table 8. 

The address used if the test passes is identical to that formed by field select addressing. 

The address. used if the test fails is made up of the AF and TS fie Ids as shown below. ~ 

CEADX 

18 
7 I 6 5 4 

1 
AF 

I 0 I 0 0 I 0 

3 

I : I 0 

TS 

1 

l ~l-1 0 

inclusive 
or 

I 0 l_J 

Contro I Store Address -­

. Test Fails 



Condition 

Overflow flag 

1/0 .Sense response flag 

Sense switch 3 
Sense switch 2 
Sense switch 1 

620/f Test 
The contents of the instruction register 
determine a set of conditions to be 
simultaneously tested. Refer to Varian 
73 System Handbook pp. 16-25, 26 
for a detailed description of instruction 
register bit assignments. 

ALU all one's flag 
ALU sign flag 
ALU carry flag 
ALU zero flag 
Shift flag 
tv\emory input register bit 15 
Shift counter overflow 
General register 0 bit 15 
Normalize flag 
Quotient sign flag 

T = 10 test pass if condition is true . 

T = 11 test pass if condition is false 

Table 8. Test Conditions 

G Field 

0000 

0001 

0010 
0011 
0100 

0101 

0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 
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Interrupt Addressing 

When interrupts are allowed (both T and S fields equal to 00 and G field equals XlXX) 

and an foterrupt is active and that class of interrupt is enabled by an appropriate bit 

in the TS field. The low order form bits of the control store address (0 through 3) 

supplied by the·interrupt logic and the high order bits (4 through 8) are supplied by the 

AF field. 

CEADX 8 7 6 5 

AF 

4 3. 2 1 
llA supp ied by 
interrupt logic 

0 

Control Store Address 
Interrupts 

The TS field enables interrupts wherever there are ones as follows: 

TS Field 3 1 0 

----Enables 1/0 interrupts 

------Enables 1/0 interrupts only if 
memory protect is installed 

--------Enables memory protect interrupt 

----------Enables console step mode interrupt 



Page Jump 

The· micro instruction specifies a branch to a location in another 51.2 word page by 

executing a page. iump. In this case, a 13 bit address is generated which sets a 
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new active page number and specifies an address within that page. The page number 

is specified by the TS field. The word address is specified by field select addressing. 

CEADX 12 11 10 9 8 

TS 

7 6 5 4 3 2 0 
Address as moduled by· field select 
addressing 

Contro I Store Address 
Page Jump 

Page iump is specified by the T field equal to 00; the S field equal to 10; and the 

G field equal to XlX~. 

Reset 

When system reset is active as a r~sult of pressing the console RESET button or following 

a power up or preceding a power failure, the control .store address is forced to all ones. 

Decode Addressing 

Pre I iminary decoding of instruCtions in the instruction buffer is performed by the instruction 

decoder control store and instruction decode logic. These elements translate the 16 bit 

instruction into a 9 bit control store address in accordance with the conteilts ofthe 

instruc:tion decoder control store. 

The instruction decoder control store consists of two 16 word by 16 bit memory arrays. 

The Varian 73 processor implements this with programmable read only memories (PROMS). 

An option to the writable control store permits selection of read/write memory arrays to 

permit alternate decoding strategies. 



Th~ first decode control store array uses instruction buffer bits 12 through 15 as _an 

address. The second decode control store array uses instruction bits 08 through 11 

as an address. The formatS for these two control store arrays are shown in figure 
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Decode addressing is enabled by the T dtid S fields both equal to 00 and the G field 

equal to Xl XX. If an interrupt is preseht, decoding is inhibited and interrupt. 

addressing is used. 

Decode addressing will be inhibited if the IM field equals 11XO. If decode addressing 

is so inhibited and no interrupts are present field select addressing is used. 

The possible components of a decoded address are shown in figures 4 and 5. The 9 

bits labeled CIDA3X obtained from the first decode contro.I store are always used in 

dee.ode addressing • · 

The most significant 5 bits (4-8) labeled Cl DA2X are included in the control store 

address bits 4 through 8 by an · inclusive or if either of the following bit combinations. 

exist in the first decoder output: 

T32 equals zero 

or 

532 equals zero 

The least significant 4 bits (0-3) ldbeled CIDA2X are included in the control store address 

bits 0 through 3 by an inclusive or if either of the foflowing bit combinations exist in 

the first decoder output: 

T32 equals zero and 00 equals one 

. or 

532 equals zero and 00 equals one 
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The contents of instruction buffer bits 04 through 07 are included in the control store 

address bits 0 through 3 by an inclusive or if either of the following bit combinations 

exist! 

531 equals zero 

or 

532 equals zero and 521 equals one 

The contents of instruction buffer bits 00 through 03 are included in the control store 

address bits 0 through 3 by an inclusive or if either of the fol lowing bit combinations 

exist: 

530 equals zero 

or 

~equals zero and 520 equals one 

One exception to this is the contribution of instruction buffer bits 04 through 07 is 

that the contribution to control store address bit 2 will be the contents of instruction 

buffer bit 03 if the first decoder's bit 00 equals one and the second decoder's bit 

XX5 equals one. 

Decode addressing is used to perform a preliminary instruction decoding function. It 

permits instruction ·classes to be discriminated with the detailed decoding performed later 

by field select addressing after the .instruction buffer is transferred to the instruction 

register. 

The meaning of other bits in the two decode control store words is shown in figure 

These signals are avai I able at .a processor connector and are used by Varian 73 options 

to detect certain instruction classes. 



First 
Decoder 

Sec·ond 
Decoder 

15 I 14 I 13 12 11 10 9 I 8 I 7 I 6 I 5. I 4 ·I 3 I. 2 I 1 I 0 

532 I 531 I 530 -T32 04 00 10 I CIDA3X 

--.-... -~ 

Address Contribution 
'---- External signal 

----- Enables least significant 4 bits of CI DA2X when S32 
or T32 are enabled 

.._ __ ___._ ___ External sJgnal 
..,;_____ Enabres Cl DA2X ;to a>ntri:l1n•to address 

--- Enables instruction buffer bits 00-03 to contribute to 
address bits 0-3 

"'"--~"·~--·~---·-·---· · "'-- Enables instruction buffer bits 04-07 to contribute to 
address bits 0-3 

'---.---·----- Enables second decode control store bits 520 and 521 . 

l'lot 
used I 521 520 XX3 ·1 XXO I XX2 I XX5 

CIDA2X 

-- External signal; force bit 2 of decode address if first 
decoder 00 bit is on 

----External signal 
---------External signal 

---------- Extermal signal 
~_,,.,..------.._----When enabled by 532, enables instruction buffer 

bits 00-08 to contribute to address bits 0-3 
----------------When en~ by 532, enables·instruction buffer 

bits 04-07 to contribute to address bits 0-3 

Figure 4. 

Decoded fcam 
instruction buffer 
bits 12-15 

Decoded from 
instruction buffer 
bits 08-11 

Decode Control Store Format 



Control 
Store Address Bit 8. l 7 l 6 l ·5 

CIDA3X 

C.IDA2X. 
(From second decoder) 

532 = 0 orm = 0 

Enabled components are logically OR'ed. 

All decoder components are· inhibited ·uri'-u 

the s· field equals 00 and the G field equals 

X l XX and no enabled interrupt requests .are active. 

In addition, decoding may be inhibited by the IM 

fie.Id equal to 11 XO. 

t 4 ·_l 3 I 2 1 l___t 0 
(From first decoder) 
{Decoded from bits .12-15 of instruction buffer) 

CIDA2X 
·'G:·)- . _c rDrecoded· from' bits 08..,llrm·~instruatfon I buffer 

r , r;;-- m - -~~r~~;;DUffer I 
530 = 0 or 

, '
0 

'. 1 .) ,,. I ·. ~ 1 i >ll:r 
!:{_' 

S3T= 0 or 

[532 = O· and S20 = '1] 

Instruction butter 
Bits 04-07 · 

[532 ~ 0 and 521 = 1) 

This bit is forced to state of instruction buffer bit 03 

if decoder 1.bit 00· is on and decoder 2 bit XX5 is<on. 

Figure 5. 
Decoder Address Components 



3 

-------... --·---~~-. ...... ,.., .... ~....,._... ...... ,.,. _____ _. 

First Decode 
Control Store 

AJ 

~. I 
-r-----·--~-· 

~·---__l 
Second Decode 
Control Store 

A2 

I I 0 J 
~ ~ .. ,,.. -. .,,-_r,,o..._ ... ,. ______ .......... ..._i&•'<•· ··-->"-, .... ~~· ,._ '""A· ...... ----.'\-~ .......... >;,.._,.....,,_.--~·- .... ~ ..... - 0:. - , •.., 

I ' r, 
I I 

_j_ +--' l-. - AO 

I 

I L .. -

L t--1 

I I 
J 

+- -- -
-- "=]r ·-,- - -- - - - - ~ J 

Instruction 
Buffer 

L J 
I 

i 

'-1-
t 

__ _u __ _ __:__ _ __ or - A I 

. If 00 = 1 & XX5 = 1 this bit is forced to state of 
---------- -·~nstruction buffer bit_p.:_.... 

1 

1 

L 

- - ' ~ o I 

- or : ---~~-,---1 __ 1.----~ 
\/ 

_ a,.Qd 

--. --~--~----' --- ----L._ -----·----- ------
- - - ~Indicates enabling term ' ~ A3 ---i 

)l~~c:~:::address contribution .s I 7 I 6 I 5 I 4TJj-2-r·-1·-1·0-1 CEADX 

1. Enabled contributions combined by inclusive or 

2. Decode addressing enabled by S = 00; T = 00; and G = XlXX Figure 6. 

3. Decode addressing is1 inhibited by interrupts or IM= 1 lXO Decode Addressing 
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1/0 CONTROL 

Microprogram Initiation 

The micro instruction can initiate 1/0 activity by signallng:an Vo re;quest while 

forming a starting address for the independent 1/0 control store. An 1/0 request is 

made by setting the S field equal to 00 and the IM field equal to 11 lX. (If the 

· IM field equals 1110, decode addressing is inhibited). 

The l/O control store starting address is specified by the MT, MR and TS fields. 

1/0 request 
s = 00 
IM= lHX 

5 413121110 

I/ 0 Control Store 
Storti ng Address 

*ABl is most significant 
bit of th~ AB fiel~ 

The micro instruction can wait for completion of 1/0 activity by specifying a wait for 

1/0 done. This is coded by settin~ the S field equal to 00 and the IM field equal to 

0010. Execution of this and subsequent micro instructions will be inhibited unti I the 

1/0 sequence is completed. If the 1/0 is busy performing a sequence and an l/O 

r~quest is issued, execution of the micro instruction specifying new 1/0 activity will 

·be inhibited uriti I the 1/0 completes its current sequence. 



Address from 
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Control Micro lnstructi~n 
Address I ill Generator 

_._ ... _ 
l/O· Address· Counter 

1/0 Control· ·Store · 

----- ;g; -~ 

--, 

1/0 Control Buffer r- -- ---? IV\emory Requests 
?" Control Signals 

_Trap and I 111 Bus Control Signals to 1/,0 Reg. ister 
Interrupt Requests _ _ _ 1/0 Bus Drivers 

r---'---...,.... __ _ll. -----i ~ l/t~::gister Input Bus 

1/0 !us .Control · I 1/0 Idle 
·Interface 
7f\ 

\V 
1/0 Bus Control Signals 

Figure 7. 
1/0 Control 
Simplified Block Diagram 
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1/0 Micro Programming 

The 1/0 control sec.tion performs 1/0 sequences initiated from either the Varian 73 

processor microprogram.s or .external OMA trap requests or interrupts. 

. . . 

It perfotms the followin~ functions in accordance with the sequence of 1/0 micro instructions 

stored in the 1/0 control store: 

• Control the source of data applied to the 1/0 register 

input bus. 

• · Control loading on byte shifting of the 1/0 register •. 

• Initiate memory cycle requests to the Varian 73 memory 

control section. 

• Initiate 1/0 bus control signals. 

• Wait for completion of external events such as memory · 

cycles, new processor mix:roprogrommed requests, externai 

control signals, etc. 

• . Signal completion of 1/0 activity to the processor's central 

control section. 

I/ 0 contro 1 store formats are shown in figure 8. 

The 1/0 address counter is automatically incremented at completion of each micro 

instruction unless a "'WAIT".or u1DLE 11 state is entered. This counter is cleared to 

:z:eto by system reset. 

1/0 micro instructions are executed from sequential addresses until the end of the 

sequence whe~eupon the 1/0 becomes idle and ready to accept new requests. 

The format of the 1/0 micro instruction is shown in figure 8~ 



1s . L_ 14 I . 13 1 12 11 10 I 09 I 08 I 07 I 06 I 05 I 04 I 03 I 02 I 01 I 00 

cox FRY I Spare I DRY I IDLE I WAIT I RQM I CRY I ON I EFY 

x EJd_llf_:J 4 

· ~te 1/0 contr 
· lnitlate 1/0 control signal FRYX-1-

Enables 1/0 register to 1/0 bus _ ___, 

VO Register Input 

y 0 1 2 

1 
...._ Signal 1/0 completion to central control 

~-- Reserved for future option 

----- Request memory cycle 

.___ _______ Put 1/0 in "WAil" state 

Set 1/0 busy 

I 
I 

0 0 ALU output 
1 0 Memory 1/0 register 
0 1 1/0 bus byte swapped 
1 1 1/0 bus 

I 
I t--·----·-,.·-··-·-·.-,-·-,----

_J 
J 

_C 
V9 Register-Operation 

'i', . 
0 1 2 Function 

0 0 No action 0 0 0 Sele·ct wait on external 
1 0 Left byte ·to right byte 1 0 0 load new sequence address 
0 1 Right byte to left byte 0 1 0 Advance clock counters 
1 1 Load from ·ALU output 1 1 0 Wait'for memory cycle 

0 0 1 Wait for processor request 
1 .0 1 Steer DRY to 1/0 bus 
0 1 1 Acknowledge interrupt sequence 
1 1 1 Spare 

Figure 8. 
1/0 Micro Instruction Format 



As the address counter is loaded with i_ts starting address, the 1/0 control buffer is 

loaded with the contents of 1/0 control store location corresponding to the last 

contents of the address register. Fol lowing a system reset this wi II be the contents 

of 1/0 control store address zero. At all other times i.t will be the ending address 

of the previous 1/0 sequence. In either case, the standard data will cause bits 

IDLE and DN to become true. 
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IDLE true indicates the 1/0 control is not idle and fmther requests are to be ignored. 

Al long as I OLE is true, the 1/0 address counter and 1/0 control buffer are enabled. 

At each succeeding micro instruction time the address counter is incremented and the 

l/O control buffer is loaded with the contents of the address designated by the address 

counter. The 16 bits of th~ 1/0 control buffer control all 1/0 functions. Their use 

is described below: 

ODO 
CDl 

CD 
1 0 

0 0 
0 1 
1 a· 
1 1 

CD2 
CD3 

CD 
3 2 

0 0 
0 1 
1 0 
1 1 

Control the processor's.·. 
1/0 data loop multiplexor (IOMXX+) 

.1/0 Register Input 

ALU 
~mory 1/0 register 
I/ 0 bus byte swapped 
1/0 bus 

~ 

Control the processor's 
1/0 register 

No action 
Shift right (left byte to right byte) 
Shift left (rightbyte to left byte) 
Load from ALU 
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These bits do not directly control the 1/0 register. The 1/0 register may also be 

controlled by IDLE (when the 1/0 is idle the register is continuously loaded from 

the ALU). 

CD4 

FRY 

Spare 

DRY 

WAIT 

Enables the processor's 1/0 register onto the E-bus. 

Initiates an 1/0 function ready (FRYX-1) signal. FRYX-1 is. terminated 

247. 5 ns. later by signa I II IT-. 

Not used. 

Initiates an 1/0 bus data ready (ORYX-I) signal. DRYX-1 is terminated 

247.5 ns. later by signal IEDRYN+ derived from lllT-. 

Determines idle/busy status of 1/0 control. While busy the 1/0 can 

accept no new requests. 

Places the 1/0 control im a 11wait 11 state by inhibiting address counter 

and ROM buffer clocks until receipt of a designated signal. The 1/0 
may wait for any of the fol lowing: 

• new processor request 

• processor interrupt flag reset 

• data memory eye le complete 

• external wait signal 

Selection of the specific condition is determined by the function bits 

EF2, EF1 and EFO of the 1/0 control buffer. 

RQM Requests a ll>MA memory cycle from the processor's memory control.· 

CRY Channel request. Reserved for future option. 

ON Results in an 1/0 done signal (IDNC- low) to signal the processor of 

EF2 

completion of the 1/0 sequence. 

·Function bits which control: 

• selection of "wait 11 condition 

• advance of interrupt clock counters 

• steering of DRY 

• acknowledge interrupt requests 

• loading of new sequence addresses 
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EF 
2 1 0 

0 0 0 Select wait on external signal IEXW+ 
0 0 1· Load new sequence address from CPU if CRQIO+ 
0 1 0 Advance I UCX and IUCF clock counters 
0 1 1 Select wait for memory cycle complete 
1 0 0 Select wait on CPU request 
1 0 1 Steer B>RY to ORYX-I 
1 1 0 Acknowledge interrupt sequence. request from CPU 
1 1 1 Not used 

Any 1/0 sequence continues through successive ROM addresses unti I address counter and 

ROM buffer clocks are inhibited by either of two cc>nditix>ns: 

IDLE becomes false signifying end of sequence or 

WAIT becomes true signaling that the current sequence must stop to wait 

for some external event such as: 

• memory eye le 

• new processor request 

• interrupt flag set 

• external wait line active 

For pro.grammed 1/0 sequences signal ii>N wi 11 become active and at the next micro 

instruction time l.0LE will become active also. IDLE causes 1/0 sequencing to stop. 

The 1/0 sequence is thus completed leaving the address co.unter loaded with an address 

whose contents IDLE and ON. This will be the first data loaded into the ROM buffer 

when d·ocks are re-enabled. 

MEMORY CONTROL 

General 

Memory cycles may be initiated by micro instructions either unconditionally or depending 

on the results of a test. The micro instruction specifies the type of operati~n and address 

source to be used. When the cycle is initiated, the memory control section handles the" 
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complete operation. This permits the microprogram to initiate, f~r e_xample, an operand 

fetch and then do other functions while that cycle occurs, The microprogram can detect 

completion of the memory cycle by specifying a wait for memory done. 

A special transfer may be initiated which uses the memory data bus but which does not 

cy~ie any memory units. This permits transfer of ALU output data to the instruction 

buffer and memory input register. 

An active memory cycle may have the type of operation changed by the micro instruction 

fol lowing the one which initiated it.. This is designated "override 11 and may OCGGE$', 

conditionally on the result of a ·test. 

If the memory control is busy when a micro instruction specifies a new memory cycle, 

execution of that micro instruction is deferred unti I completion of the current cycle. 

Memory operations are summarized in table 

Unconditional Cycle ·Initiation 

A memory cycle is unconditionally initiated or overriden when the S field equals 01 or 

if the S field equals 10 and the T field equals 00. 

The IM field specifies the type of operation and the address source. Permitted operations 

are: 

IM= XXOO Read data from memory into the instruction buffer and 

. memory input register (instruction fetch). 

IM= XXOl Read data from memory into the memor.y input register 

(operand or address fetch) • 

. IM= XX10 · Write the full word output of the ALU into memory. 



IM=XX11 Write the byte from the ALU specified by the byte 

address flag (DBAD) into the corresponding memory 
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byte. The other memory byte at the designated word - , . _., ,, 

address is unaffected. If DB~D is false, the left byte is 

written. If DBAD is true'· the right byte is written 

(override). 

The operation may be changed by the following micro instruction by specifying the new 

operation with the IM field equal to OOXX. This permits, for example, conversion of 

a store eye le into a fetch or an instruction fetch into an operand fetch. 

The data to be written to memory must be maintained at the ALU output by the micro 

instruction(s) following initiation until the cycle is complete. 

The source to be used for loading the memory address register is specified as fol lows: 

IM=.OlXX 

IM= 10XX 

IM= llXX 

ALU output 

Rrogram counter 

lv\emory input register (specification of this source) 

Conditional Cyde Initiation 

A memory cycle may be initiated (oroverriddet))on not depending on the results of a 

test specified by the G field. Conditions tested were described previovsly in the 

section on Test Addressing. 

If the T field is not equal to 00 and the S field equals 10, the cycle will be initiated 

(or-overridden) if the tested condition is false. 

If the S field is equal to 11, the cycle wi 11 be initiated (or overridEferi if the tested 

· condition is true. 
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In either case, the IM field specifies the operation t~ be performed and the address 

source to be used as described in the previous section. 

Special Transfer 

ALU output data may be transferred to the instruction buffer and rnemory input register 

by using the memory data bus~ This doe~ not involve activation of any memory module. 

To initiate this transfer the S field must be equal to oo·'"1d the IA field equal to 0100. 

The ALU output data must be set up li)r the initiating r:nicro instruction and maintained 

for one more micro instruction. 
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Control Fields 
Function s T IM G 

1 l 
UNCONDITIONAL INITIATION t--101 ' 

~10 00 
t 

I 
i ! 

l l 
CONDITIONAL INITIATION 

I 

t 
4 ! 

Condi ti oh True I 11 ~ 
Specifies Cond. 

I 

l Conditbm False 10 Not 00 1 Specifies Cond. 
I ~ 

I 
EITHER i 

I 
! 

Operation I xxoo ~ 

t 
Read memory data into I 

~ I ! i 

instruction buffer and 
I 

! 
I 

ta&~· input register 
., I 

~ 

I I I 
I 

i Read memory data into l XX01 l 
{ 

! 

memory input register l 

I 
I 
I 

Write ALU word output XX10 I . 
I 

Write ALU byte output xxtl I 
Address Source or Override I 

· Override operation i 
ooxx 

ALU outp.ut 01XX 

Program counter lOXX I 
I 

tv\emory input register 

I 
llXX 

SPECIAL TRANSFER 
(ALU output to.instruction buffer j 00 0100 
and~.me~input register) 

Table 9. Memory Operations 
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CENTRAL CONTROL FLAGS 

Certain flags in the processor's central control may be set or reset by microprogram 

control to store internal conditions. They are: 

CSMF 

CESK 

CINTF 

Channel flag (reserved.· for a possible f~tu~e option) 

Provides an external control signal at J4-22 under microprogram control. 

Set or reset when the T field equ~ls 00 and. the ·s fietd equals 01 in 

accordance with the G field: 

SET 

RESET 

S~pervisor key 

G = lOIXI. 

G = lXXO 

Provides an external control signal at J6-2 under microprogram control. 

It also'· when set, forces processor initiated memory cycles to be from 

key zero. This is used for the memory future map option. The actual contents of the 

key register are preserved and wi 11 reappear when the supervisor flag is 

reset •. It is set or reset when the S field equals 00 in accordance with 

the IM field: 

SET 

RES El 

IM= 1011 

IM= 1010 

It appears as bit 01 of the processor status word~ 

Interrupt flag 

This flag, which may be set or reset under microprogram control, may be 

used to suppress interrupts when set. It is set when the S field ·equals 00 

in accordance with the IM field: 

SET. 

SEEO:T & RESET 

IM= 1011 

IM= 1011 
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When the IM flag is selected and reset, al I interrupts wil I be 

blocked and the flag wil I be reset. 

The interrupt flag may be reset wi.thout affecting interrupts 

when the LB field equals OX (literal/mask not in use) and 

the. SC field equals 0 (no shifting of operand register) if the 

X field equais Xl. 
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RE QlSTE~ fl~_~p CQ~TROL 

N\any types of instruCtion words contain fields which specify registers which contain 

operand data. If all combinations of operations on all possible registers had to be specified 

by individual micro instructions, the control store size would be quite l~rge. 

The Varian 73 permits three or four bit fields to be selected from the instruction register 

and stored and maintained in the control buffer register specification fields. This 

permits a single micro instruction to handle al I combinations of registers for any operation:. 

This register field extraction is performed independently of the field select addressing 

function and both may be used simultaneously. 

The A and B fields of the micro instruction contained in control store are copied into 

their corresponding positions in the control buffer any time the AB field equals 00. 

and the MR field equals O. This is the normal mode of operation. 

Wheri the~-F~-s11uals 00 ancl .BO t)fi)~equest-!i:p_,obtivi;..:the1AB . .1ffe'-'equals~el'!'i0; 

the TS field specifies a four bit field of the instruction register to be loaded into the 

control buffer's A or B field. The field not being loaded wi 11 be maintained at its 

last value. A code of AB equals 01 and loads the field selected into the B field. 

A code of AB equals 10 and loads the field selected foto the A field. 

The MR bit is used to mask the most significant bit of the selected field. If .MR equals 

zero, the most significant bit of the selected field will be treated as, a zero. If MR 

equals one, the most significant· bit of the selected field wi 11 be loaded into the 

designated f_ield. 

The A and B fields can be maintained in their current state by specifying an AB field 

equal to 11 while the S field equals 00 and no 1/0 request is present. 
. . 
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If no 1/0 request is present, the AB field equals 00 and the· MR field equals 1, the 

control buffer A field will be maintained at it.s current value and the B field will be 

forced to either of two addresses depending on data loop conditions and the ·W field. 

W field equal to 1 

Operan~ register bit 01=1; B = 1111 

Operand register' bit 01 = 0;-B.= 1110 

W field equal to 0 

ALU bit 15 = 1; B = 1111 

. ALU bit 15 = O; B:::: 1110 

This function is used by the Varian 73 microprograms for multiply and divide. 

Register field control operations are summarized in tables 10 and 11. 



Function 

Load A & B fields from 
control store 

Inhibit loading of A field . 
& place selected 4 bit field 
(masked) from instruction 
register into B field 

Inhibit loading of B field 
& place selected 4 bit 
field (masked) from 
instruction register into 
A field. 

Inhibit loading of A & 
. B fields 

Inhibit loading of A field 
& force B field to 1110 if 
ALU output bit 15 = 0 or 
to 1111 if ALU bit 15 = 1 

I Inhibit loading of A field 
& force B fie Id to lllO if 
operand register bit Ol = 0 
or to 1111 if operand register i bit 01 = 1 I 

L I l All functions or~ i
0

nhibited if 1 
·an 1/0 re_g_uest 1s issued. 

.S AB 

00 00 

00 01 

00 10 

00 11 

- 00 

. i"I 00 

I 
l 

.. 

. Control Fields 
MR 

0 

Masks most 
significant 
bit of B field 

Masks most 
significant 
bit of A 
field 

1 

1 

Table. 10 • Register Field Control 
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TS w 
.1 i 

i l 

! . 
! 
~ 
1 

Selects 
i 

• i 

field I 
I 

.1 
I 
I 
I 
l 

Selects 
I 

I field 
l 
I 
~ 
I 
I 
I 

I 
I 

I I 

! 
l 
! 0 
I 
I 
I 

I 
I 
l 

! 

I 
l 
I 
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TS Field Bits selected from instruction register for register file 

000 03 02 01 00 
001 04 03 02· 01 
010 05 04 03 02 
011 06 05 04 03 
100 07 06 05 04 
101 08 07 06 05 
110 09 08 07 06 
11-1 10 09 08 07 

Table 1 l. Register Field Selection 
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VARIAN 73 REGISTER USAGE 

The Varian 73 standard instruction set makes use of certain general registers. The user 

microprogrammer is responsible for preserving his results when they are altered and 

restoring those necessary to their original -condition. Registers usage are as fol lows: 

. Register 0 

Register 1 

Register 2 

Register 3 

Register 4 

Register 5 

Registers £ & F 

Used to emulate the V73 A register. 

Uied to emulate the V73 B register. 

Used to emulate the V73 X register. 

Forced to al I zeros by the halt microprogram. Used 

by V73 micropragrams as a source of zeros. 

Used by the halt microprogram to save the contents 

of the instruction register. Not used by the V73 

standard instruction set while running. 

Forced to al I ones by the halt microprogram •. Used 

by V73 microprograms as a source of ones. 

Used by certain V73 instructions as temporary holding 

registers. Need not be restored as their use does not 

extend beyond the instruetions duration. 

Al I other registers are used by V73 microprograms and must be considered to be temporary 

usage registers. 

Transfer Instruction Buffer to Instruction Register 

The contents of the insfruction buffer will be transferred to the instruction register when 

the T and S fields are both equal to 00 and the 6 field equals XXX1. 
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PMA Start 

A special mode of operation of the PMA may be invoked by setting the T field equal to 

00 and the S field equal to 10 with the 6 field equal to XXX 1. 

Enable Jump Signal.· 

A signal is sent to the memory protect option designa.ting a iump instruction by setting 

the LB field to OX and the SC field equal to 0 with the X field equal to lX. If the X 

field equals 11, the interrupt flag w.ill be reset also. 

Reset Interrupt Flag 

The interrupt flag will be reset if the LB field equals OX and the SC field equals 0 

with the Y field equal to Xl • 

. . 

Enable Special ALU lv\ode 

The ALU mode, carry input and overflow sampling may be forced in accordance with 

the ~&Ht~~n of the tnsttu~ti()n tidfite~ by ~~.tting the ti!. ci~J LB h;ias both e~~~I to 

OX with the SH field equal to lXX. In this case, the ALU function control wil I be 

as follows: 

As specified 
by F field 
m.s.- 2 bits 

l Equal to instruction register bit 07 

~~mplemented. 

Equal to instruction register bit 07. 

The carry input to the ALU will be a one if the instruction register bit 07 is a one or 

bit 06 is a zero. 
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DETAILED MICRO INSTRUCTION DEFINITION 

General 

Figure$ 2 and 3 define the functions of each micro instruction fie Id. Al I of these 

· have been functionally described in previous section. The. following description lists 

the functions of each field. Detailed coding is given in the figures. 

TS Field 

• Provides a component of the address used when a test fails. 

• Provides a component of the address used when not testing if the field 

is not used for any of the following: 

• Selects a field from the instruction register for use 

in the A or B fields of subsequent micro instructions. 

• ·Selects interrupts which are to be enabled. 

• Provides a portion of the 1/0 sequence starting address for l/O 

requests. 

• Provides the ·page number for page iump operations. 

AF Field 

• Provides a contribution to the most significant five bits of control store address 

for. all except decode addressing. 

MS Field 

• Provides the low order from bits of address for normal addressing. 

• Masks the low order four bits of the field select address component. 



MT Field · 

• lv\asks the most significant bit of the field .select address component. 

• . Provides a portion of the 1/0 sequence starting address for 1/0 requests. 

FS Field 

• Selects a ·five bit field from the instruction register for use in field select· 

addressing. 

T Field 

• Specifies no testing. 

• Specifies testing with pass on condit~on true. 

• Specifies· testing with pass on condition false. 

S Field 

• Defines· unconditonal or conditional memory control. 

G Field 

• Specifies condition.to be tested for testiaddressing and conditional 

memory control. 

• Controls status sampling and control of overflow flag. 

• Controls transfer of instruction buffer to instruction register. 

• Controls transfer of instruction buffer to instruction register. 

• Controls selection of decode addressing. 

• Controls seJection of page iump. 

• Controls selection of PMA start. 
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MR Field 

• Masks the most significant bit of the instruction register four bit field selected 

by the JS field when the AB field so designates. 

•-- Controls, in coniunction with the AB and W fields, the forcing of address 

1110 or 1111 into the ·B field depending on data loop conditions. 

• Provides a portion of the 1/0 sequence starting address for 1/0 requests. 

AB Field 

• Specifies source of data for A and B fields of next micro instruction. f..Aay 

specify: 

• Control store 

• . Register field selection from instruction register 

• Previous values 

• Forced value for B field depending on data loop conditions 

• Provides a portion of the 1/0 sequence starting address for 1/0 requests. 

· 1M Field 

• Specifies non-memory operations. 

• Specifies 1/0 requests 

• Controls interrupt flag 

• Controls supervisor mode 

• Controls· special transfer of ALU output to instruction buffer and 

memory input register. 
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• Specifies memory operations. 

• Conditional or unconditional start or overri_de of memory cycle 

• Address source for memory eye le 

• . Operation to be performed 

LB Field 

• Specifies source for ALU input B bus from: 

• General registers _(specification A field) 

• General registers shifted left (field) 

• General registers shifted ·right (field) 

• Program counter 

R Field 

• Specifies destinations for ALU output data to: 

• Program counter 

• Operand register 

• Shift counter 

•. PrQcessor key register. 

o Specifies counter incrementation for: · 

• Program counter 

• Shift counter 

F Field 

• Specifies ALU function. 



M Field 

• Specifies ALU mOc:le as arithmetic or logical •. 

C.Field 

• Specifies ALU carry input as: 

• one 

• zero 

• stored carry 

• stored carry complement 

• Forms part of 16 bit literal/mask field. 

WR Field 

• Specifies writ~ng of ALU output data into general register specified by A 

field. 

• Forms part of 16 bit literal/mask field. 

SC Field 

• Specifies shifting of operand register. 

• Forms part of 16 bit literal/mask field. 

Y Field 

• Controls copying of general register sign to shifted flag. 

• .Forms part of 16 bit literal/mask field. 
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·w Field 

• Controls cop.ying of ALU sign to quotient sign flag. 

• Determines direction of operand register shifting. 

• In coniunction with AB field determines forcing of 8 field for next micro 

instruction. 

• Forms part of 16 bit .literat/maik field. 

X Field 

. • Determines bjt 00 input to operand register for shifts from the following: 

• Operand register bit 15 

• General register bit 15 

• ALU bit 15 

• Zero 
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• Determines bit 15 input to operand register for right shifts from the following: 

• Operand registet bit 00 

• General register' bit 00 

• Operand register bit 15 

• Shift flag 

• Resets interrupt flag. 

• Sends iump signal to external memory protect option. 

• Forms part of 16 bit lite~al/mask field. 



SH Field 

• Forces ALU input A to al I ones or all zeros. 

• Forces special ALU mode. 

• Determines ·general register bit 15 input for left shifts from either: 

• General register bit 15 

• General register bit 15 

• Determines general register bit 00 input for left shifts from the ·following: 

• Zero 

• General register bit. 15 

• Operand register bit 15 

• Determines general register bit 15 input for right shifts from the following: 

• Multiply sign flag 

• General register bit 00 

• General register bit 15 

.-- · .. ~Operand register bit 00 

• Zero 

• Forms part of the 16 bit literal/mask field. 

B Field 
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• Specifies one of 16 general registers which may be applied ·to the ALU input B bus. 

• Specifies one of 8 special registers which may be applied to the ALU input (B)bus: 
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• Operand register 

• N\emory input register 

• 1/0 register 

• Processor status word 

• Operand register right byte with sign extended 

• Operand register left byte with sign extended 

• Operand register right byte with sign extended 

• Operand register right byte shifted left. 

• Eight bits _· 

• Forms part of the 16 bit literal/mask field. 

A Field 

• Specifies one of 16 general registers which may be applied to the ALU input 

A bus. 

• Specifies one of 16 general registers which may receive ALU output data. 
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IV. USE OF WRITABLE CONTROL STORE 

INTRODUCTION 

The purpose of the V73 writable control store option is to provi·de means for expanding 

the instruction architecture and performance capabilities of the V73 microprogrammed 

processor. 

lncorp<;>rated in the WCS are diagnostic capabilities to assist in efficient debugging of 

micro code. The WCS may be loaded, tested and controlled by a second computer of 

the Varian 73 or 620 t}'pe. The control al lows single micro step execution of code, 

the inspect and changing of micro store locations and branch control using the .teletype 

of the second computer. 

The WCS may also be control led by its host computer. The various stores may be in­

spected and changed and a single branch to extended store initiated. For diagnostic 

purposes an optional display and control unit allows single stepping the clock and 

displays the current micro store address. 

FUNCTIGtrorl DE$1C~IPTION 

General Specification 

Central Control Store 

Decode Control Store (optional) 

1/0 Control Store (optional) 

WCS Control 

Load~ng 

Controls al I processor a~tivities. Modular in 256 

word increments to 512 words by 64 bits on one board. 

Al lows efficient instruction set changes and new 

instruction architectures to be. formulated. 

Permits variation in 1/0 rates and discipline. 

Control led over 1/0 bus and by processor page 

select functions. 

Loaded from either memory bus or input/output. 

~mory overlapped loading with execution from ROM 

· or a different module. 



Return Stack (optional) 

Performance 

Power 

1/0 COMMAND STRUCTURE 

External Commands 

EXC 076 Initialize 

EXC 176 Run Free 

EXC 276 Step CCS 

EXC 376 Step 1/0 

EXC 476 Command 76 

EXC 576 Data 76 

EXC 676 Memory Load 
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Hardware micro subroutine return stack. 

190 nsec. processor cycle ti me wi 11 use 380 nsec. 

. main memory demand rate • 

+5V ± 5%@ 20 amps per fully configured module. 

Program reset allows auxiliary diagnostic computer 

to reset WCS without having to reset the auxiliary 

CPU. Deselects·Dll WCS RAM's and terminates 

any memory load operations in progress. Enables 

free running mode of the fine clock. 

Enables free run of the processor fine clock. Clock 

control commands Qre generally used with auxiliary 

diagnostic domputer. 

Run unti I next CPU fol I clock. Fine clock is 

inhibited following the cycles hal.f dock. 

Run unti I next 1/0 address register change (ful I 

clock). Fine clock is inhibited before next half 

clock. 

Sets mode whereby subsequent output 76 transfers 

are commands to wcs. 
Clears command 76 mode and subsequent output 

76 transfers are set up for data transfer 75 commands. 

Initializes main memory to selected control store 

transfers starting at the main memory location 

specified in the main memory address register. 

The control store load starts at the address specified 

in the WCS address register. The mode is reset when 

. the number stored in the RAM transfer counter is 

decremented' to zero. 



Sense Commands 

SEN 076 WCS Busy 

Interrupts 
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This function senses that the WCS cannot perform 

1/0 da_ta transfers (transfer device 75) without 

disturbing a current function. Conditions are: 

WCS Busy= (CIOck running} (1/0 selected module = 

processor selected module) (1/0 selected module 

is doing a memory load}. 

Interrupts are: lv\emory load complete 

Stack c-verflow/underflow 

Trace 

Interrupts may or may not be implemented depending on future design decisions. 

Control Output Transfer 

OAR, OBR, OME 76 

. The output functi.on word is a command to the WCS if.command 76 mode was established. 

Otherwise the word is set up information for subsequent data transfer device 75 sequences. 

The word format for command mode is as follows: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

I F I A2 I Al 

The A 1 field specifies up to 9 bits of address in the WCS address register. 

The A2 field specifies the page address (which corresponds to the module address for 

1/0 purposes). 
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The F field specifies the command; command definiti.ons are: 

15 14 13 
0 0 0 Branch to central control store location specified 

by bits 0-12. 

0 0 1 Enable decoder control. store at the module specified 

by bits 9-12. 

0 1 0 Not used •. 

0 1 1 Enable 1/0 RAM at the m~dule address specified by 

bits 9-12. This enable is buffered unti I 1/0 IDLE 

occurs at which time it becomes active. The address 

presented to the RAM is for the last word in a pro-

grammed output sequence and the RAM contents 

should be the same as the ROM. Also, this word 

should be the last word of any sequence that would 

enable a different RAM or ROM. 

0 0 ·Not used. 

1 1 Not used. 

The word format for data mode output 76 transfers is as follows: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

I F. · 1 A2 I Al 

The A 1 fie Id specifies up to 9 bits of address in the WCS address register. 

The A2 field specifies the page address (same as 1/0 module select _address).· 

The F field bas different significance for a subsequent data. transfer out to device 75 

or a data transfer in from device 75. 



15 
0 

0 

0 

0 

1 

1 

1 

1 

15 
0 

0 

0 

0 

1 

1 

1 

1 

Data Transfers 

14 
0 

0 

1 

1 

0 

0 

1 

14 
0 

0 

0 

0 

OAR, OBR, OME 75 

13 
0 

1 

0 

1 

0 

0 

1 

13 
0 

·i 

. Q 

1 

0 

1 

0 

1 
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Data Transfer Out 75 

Select CCS and load WCS address register• 

Select instruction dec~de A store and load odd register. 

Select instruction decode B store and load add register. 

Select 1/0 control store and load WCS add register. 

Select main memory add register and load WCS add 

register. 

Select and load RAM transfer counter register. 

Unassigned. 

Unassigned • 

Data Transfer In 75 

Same as data transfer out· 75. 

Some as data transfer out 75. 

Same as data transfer out 75 • 

Same as data transfer out 75. 

Select CCS address. 

Select pseudo instruction register. 

Unassigned. 

Select 1/0 address. 

Output data to device 75 transfers data to the WCS control store or register previously 

sefected. After each transfer to a control store the WCS address register is incremented. 

Transfers to and from the 64 bit CCS are always started on a CCS word boundary. 
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INA, INB, IME 75 

Input data from device transfers data from the WCS control store or register to the 620 

A register, B register or memory. After each trdnsfer from a control store the WCS 

address register is incremented. 

Control RAM Selection Disciplines 

Control RAM's can be uniquely selected using the command 76 mode. Selectic;m of the 

central control and decoder control stores can dlso be made under control of the processor 

pcige iump micro commo.nd. 

Whenever a page jump is made, the select status of the decoder stores is set to enable 

the store associated with that particular· WCS module. This change occurs only if the 

optional decoder RAM is present. If the change is undesired, the micro code of the 

new environment may be programmed to 1/0 select the RAM1s desired. 

The 1/0 selection is performed by 1/0 control only. The selection is buffered unti I 

the 1/0 idle state. The address presented to the RAM at this time is the last address 

of th~ EXC 1/0 micro routine, which contains the standard state contents of 0088H. 

The just enabled RAM m~st also have 0088H at this address,_ and this address must be the 

last step in the RAM control sequence which would select other 1/0 ROM/RAM 

.control stores. 

Impact of Memory Control oh Processor System ConfigurCtfon 

The memory port of the WCS coratrols the memory request exactly as a processor does, 

and therefore,· should. not be connected to the s~rne port as the processor. The PMA 

option can then be. connected to either port and request the memory bus from either 

the WCS or the processor depending which memory bus it is connected to. 
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Physical Description 

The WCS is packaged on a standard V73 mainframe printed circuit board (approximately 

15.6 11 x 19 11
). The.maximum component height is d maximum of .4 11

, allowing modules 

on • 6 11 centers. 

Interface Requirements 

The WCS interfaces to the main memory and to the 1/0 option and CPU boards. It also 

connects to the E-bus cable. The standard connector assignments across the front edge 

of the card are: 

J2, J3 

J5 

J6 

CPU board interconnect 

Standard 1/0 interconnect 

1/0 opti~n board interconnect 

Signal assignments to these pins are given in tables 4-1 through 4-3. 

Power Control 

The auxiliary power supply for WCS functions the same as for semiconductor main memory •. 

The· power will remain on when the V73 console power switch is in the hold, on and 

console disable positions and is off in the power off positio·ns. 

Entry to Writable Contro I Store 

Entry to a microprogram contained in writable control store is by either of two means -­

an 1/0 instruction or a branch to control store (BCS) instruction. Formats for these 

· instructions are given below: 

.Bes 15 .14 13 12 11 10 9 8 7 6 5 4 3 2 0 

I . 10 . 5 I 0 I F I ADDR I 
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Branch to Control Store 

The microprogram control enters the first writable control store module (page number 1) 

at a word address of: 

CEA DX 

The F field may contain anything desired_ by the user. 

1/0 instructions are OAR, OBR, or OME 76 with a data word of: 

15 14 13 ]2 11 10 9 8 7 6 5 4 3 2· 0 

I 1 I 0 I 0 I PAGE I ADDR 

The microprogram control enters the selected writable control store module by the page 

field at the word addres·s designated by the ADDR field. 

Exit from Writable Control Store 

The writable control store can specify a branch to any address of any page by execution 

of a page i ump ·as described in the section on Addressing lv\odes. 



V. PREPARATION OF MICROPROGRAMS 

General 

Microprogram preparation consists of the following sequence: 

• Define the operations to be performed. 

• Prepare a flowchart of the operation detailing the use of the 

Varian 73 1s resources at each step. 

• _If memory utilization is high, prepare o timing diagram showing 

the time relationships of micro instructions to memory activity. 

Insure that meniory is being used efficiently. 

• Code the micro instructions using pre-defined OP codes. 

• Assem~le the microprogram using the Varian micro assembler. 

• Simulate and trace the operation of the microprogram using the 

Varian micro simulator to verify correct operation. 
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• When corrections are completed, load the microprogram into the 

writable control store using the Varian micro loader/utility program. 

• Prepare the macro program which ca I ls the microprogram using. the 

Varian ·DAS MR assembler. 

Mi-croprogram Assembler 

The Varian micro assembler, which runs under VORTEX, permits users to code micro­

programs using instruction mnemonics to define the various fields of the micro instruction. 

Control store addresses can be referenced symbolically. Constants can be specified 

in octal or hexadecimal modes. For ease in checkout and documentation, comments 

can be added between symbolic statements. 

The micr.o assembler has the following special features: 

• Use of labels ·in all addressing modes. 



• Ability to define 16 bit literal/mask fields. 

• Provides automatic relative addressi_ng. 

• Allows user to selectively continue with pass 2 of assembly if pass 

1 errors anei encountered. 

• Allows user-defined MACROS. 

• Al lows. fixed fields in user-defined formats. 

Micro Word Specification 
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The user has the option of specifying in each micro instruction a large number of tasks. 

The fol lowing checklist i.~ useful in planning micro Instructions. 

Data Path Manipulation 

ALU Input B 

• General registers (one of 16) 

• Speci.ai ·registers 

• Operand register 

• Ne mory input register 

• · Processor status word 

• 1/0 register 

• Operand register right byte sign extended 

• Operand register left byte. sign extended 

• Operand register right _byte sign extended 

• Operand register right byte in left byte position 

• Masked instruction register* 

• 16 bit I i tera I* 
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ALU Input A 

•. General registers (one of 16) 

• Program counter 

• All ones· 

• All zeros 

• General registers shifted left*. 

• General register bit 14 to bit 15 

• General register bit 15 to bit 15 

• :Zero to bit 00 

• General register bit 15 to bit 00 

• Operand register .bit 15 to bit 00 

• General registers shifted right* 

• Multiply sign flog to bit 15 

• General register bit 00 to bit 15 

• General register bit 15 to bit 15 

• ~perond register bit 00 to bit 15 

• Zero to bit 15 

ALU Operation 

• Arlthmetic or logical functions 

• Corry input 

• Zero 

• One 

• Stored carry 

•. Stored carry complement 

Loading and Counting of Special Registers 

• Load·· from ALU output 

• . Operand register· 

• Program counter 
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• Shi ft counter 

• Processor key register 

• Count 

• Program counter 

• Shift counter 

Writing of General Register with ALU Output Data* 

• Operand register shifting* 

. • No shift 

• Shift left 

• Operand register bit 15 to bit 00 

• General register bit 15 to bit 00 

• ALU sign complement to bit 00 

· • Zero to bit 00 

• Shift right 

• Operand register bit 00 to bit 15 

• General register bit 00 to bit 15 

• Operand register bit 15 to bit 15 

• Shift flag to bit 15 

Mi see 11 aneous Data Loop Contro I* 

• Copy general register (A) bit 15 to ·DSB 

*When literal/mask is specified ALU functions are restricted; carry input is zero; operand 

register shifting is prohibited; general register shifting is. limited; miscellaneous data 

loop control is prohibited. 



Control Functions 

Addressing 

• Normal 

• Field selection 

• 
• 

Field (any 1-5 bit instruction register fie Id} 

Mask (an·y of field selected bits) .. 

• . Base address 

• Testing 

. • Fai 1 i address 

• Pass address 

• Normal 

• Field selection 

• Condition tested (one of 16) 

• Pass or fai I on condition true 

• Interrupt or decode 

• Base address for interrupt 

• Class of interrupts enabled 

• Console step 

• 1/0 
• 1/0 only if memory protect 

• Memory protect 

• · Page jump 

• Page 

• Word address by fie Id selection 

1/0 and Memory Control 

• Special control 

•· ·No action 

• Wait for memory done 

• Wait for 1/0 done 
. . . 
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• Special transfer of ALU output to instruction buffer and memory 

input register 



• Set or select and res~t interrupt flag 

• Lo~d 1/0 key register 

• Set or reset supervisor key 

• Inhibit decode 

• Request 1/0 (1/0 address must be specified 

• Memory operation 

• Instruction fetch 

• Operand fetch 

• Word store 

• Byte store 

• Address source 

• ALU output 

• Program counter 

• Memory input register 

• Override previous operation 

• Start or override memory cycle 

• Unconditionally 

• Conditional on tested condition true 

• Conditional on tested condition false 

Register Field Control 

• Loud from control store 

• Maintain previous values 

• Select from instruction register 

• A or B field 

• · 3 or 4 bits 

• Force depending on ALU sign or operand register bit 01 

Status Control 

• Set, reset or sample overflow 

• Sample ALU condition codes 
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Miscellaneous Control 

• Transfer instruction buffer to instruction register 

• Start PMA 

• Set or reset selector/multiplexor flag 

1/0 and Decoder Control St~re Microprogramming 

The 1/0 and decode control stores may not be assembled by the inicro assembler. Source 

data must be prepared for these in loadable format. 
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Microprogram_~Si mu la tor 

Every product.Jdevelopment always includes much time dedicated to the verification 

that the developed product does indeed interface with and correctly solve the stated 

problem. Sometimes when this point in time is reached, the developed. product does 

not exactly interface with or correctly solve the stated problem. Many of the 

inconsistencies could have been uncovered and corrected if a simulation model was 

constructed. A simulation model or simply simulator can be used in helping to 

determine a product's performance before its design is fixed and in determining 

performance/cost trade-offs. The simulator can also be utilized to evaluate future 

modifications and extensions. 

Software Summary 

The fundamental program blocks of the simulator are: 

a. Sim.ulation control, inputs the simulator commands and directs their execution. 

b. Simulator common~ execution represents the dctual execution ~f the simulator 

commands. 

c. Micro instruction execution, executes a micro instruction by simulating its 

effect. 

d. Simulation information accumulator and I ist output. 

NOTE: The 1/0 functions of the V73 are not simulated. 

Summary of User Control led Functions 

A Alter/display simulator registers. 

B Begin simulated execution. 

C Change/display control ROM words. 

D Dump control ROM to line printer. 

E Change/display·decode ROM (A/B) words. 
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H Set control ROM HALT address. 

Initialize program. 

M Return to operating system. 

R · Read ROM data (ROM assembler output}. 

S Set program for single step/RUN operation. 

T Trace output (I ist or inhibit tracing on LO). 

The simulator permits a user developed microprogram to be debugged off-line with full 

visibility of the effects of each micro instruction registers, status flags and memory 

bus activity. 

This simulator provides the basic foci l ities for inputting, modifying and outputting 

the contents of the simulated read only memory, tracing and address halt of the 

micro instructions. 

The microprogram simulator runs under VORTEX •. A sample of one step of the TRACE 

output listing is shown in figure 9. 

Initial Condition Selection 

After loading, the simulator program is automatically entered and outputs the following 

to the teletype: 

Varian 73 simulator 

* 

An * indicates thot th~ program is in the simulator. executive awaiting a user command •. 

A.I I simulator dialogue is. entered through the teletype and is interactive between the 

simulator and the user. The simulator command is recognized by the first character 

· which is entered on the teletype. 



Page 91 

Some of the simulator commands are totally defined by its single character identi­

fication (i.e. no additional parameters or terminators are necessary). For these 

simulator commands., the simulator will output a carriage return and line feed when 

the command is interpreted. This is denoted in the following discussionciof the 

simulator commands, thus: 

(C/R) 

Some of the simulator commands require, or optionally require, that parameters also 

be specified in addition to the single character identification. For these simulator 

commands, the operator must enter the parameters and the carriage return; the 

simulator will output a line feed. This is denoted in the following discussion of the 

simulator commands, thus: 

(c/r). 

All numeric values denoted in the following discussion of the simulator commands 

are hexadecimal (0-F). Numeric values which are entered by the operator are 

right-justified.with unspecified leading bit positions containing zeros. 

Two methods of correcting typographical errors are available to the operator. An 

entire line can be deleted by typing the control/C character. A line feed and a 

carriage return are output to indicate that the line has been deleted. A character 

just entered can be deleted by typing the backarrow character. The backarrow 

character is printed on the teletype page printer as a visual indicator of the 

deletion. As many backarrows as necessary can be entered; each deletes one 

charac_tet (but not beyond. the beginning of the line). 

Each simulator command is checked for syntax errors as the characters are input on 

a character-by-character basis. When an error is detected by the simulator, a 

backarrow character is output to the teletype page printer in the character position 

fol lowing the character causing the error. The effect of this backarrow character 

is the same as if the operator had entered it with the effect as described on this page. 
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Writable Control Store Uti I ity 

The writable control store uti I ity runs under VORTEX or as a free-standing program 

with its own 1/0 drivers. It permits flexible control of the writable control store 

to perform: 

e Microprogram loading of assembler produced obiect micrqprograms. 

e Display and alterations of writable control store contents. 

• Dump of control store contents to an output device. 

• In a diagnostic mode, when controlling another computer's 

writable control store, the fol lowing additional functions 

can be performed: 

• Clock control (single step, halt, free running. 

• Read out of next control store address. 

Macro Definition 

Varian 73 programs may be assembled by the DAS. MR assembler which include macro 

instructions which are implemented either as stand instruction set sequences or as micro­

programs contained in writable control store. 

Through the use of macro definition directives both implementations may be defined. 

At assembly time, the correct definition may be invoked through the use of conditional 

assembly directives. 

This permits debugging of programs with special instructions usina fi¥st.: ~subroutines con­

taining standard V73 instructions; fhen, after writable control store microprograms 

are prepared and debugged, the microprogrammed implerilentotfons of thetnew~ i·nstructions. 

' ~ ·~ ,., ~-·- .. ..,,.. t~ I 

Refer to theVarian Software Handbook for details of the DAS MR assembler usage. 
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VI. MICROPRO.GRAMMING EXAMPLE 

General 

As an example of instruction implementation using Varian 73 microprogramming, the steps 

of a single word addressing load accumulator (LOA) in the direct address mode will be 

traced. 

SS1M 

Initially the instruction pipeline is assumed to be empty so a new instruction must be 

fetched from main memory. The first micro instruction studied wil I be that obtained 

. from control store location 13E (all addresses are given in hexadecimal). This 

location has the lobe I "SS 1M, 11 which is one of the microprogram's standard states. 

The micro instruction fle Ids at 13E are: 

I TS I AF I MS I MTI FS 
0000 01001 0010 0 0000 

I IM I LBI LAI R I . F M 
1000 oo. oo. ·ooo 0000 o· 

lo~ol oo~ol 

T S 
00 01 

G ~AB 
0000 0 00 

c I WR SC v w x I SH 
00 0 0 0 0 00 000 

The function of this miCro instruction is to initiate an instruction fetch from the memory 

address specified by the program counter. Note that the S field equal to 01 specifies 

unconditional initiation of the memory cycle. The IM field specifies use of the pro­

gram counter for an address source and the instruction buffer and memory input register 

as destinations for data received from memory. The FS, MT, TS and T fields contain 

al I zeros so normal mode addressing is specified. The next control store a.ddress wil I 

be 092. No other fields of the micro instruction are pertinent. 
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SS2M 

Location 092 is another microprogram standard state labeled 11 SS2M. 11 It continues the 

process of filling the pipeline by initiating another instruction fetch using the incre­

mented contents of the program counter. 

The micro instruction fields at 092 are: 

I ob~o I o~o I 1~g1 I ~Tj o~ \ cio \ gl \ oo~ I ~R\ ~o1 
!1~~l~~l~\1~\o;oo\~\~\~R,~c1;;1~ ~ ~ 

lo~\ o~I 
Again the s. field is equal to 01 arid the IM field is equal to 1000 specifying another 

instruction fetch using the program counter. In this case, however, t.he R field equals 

100 specifying that the program counter wil I be incremented before it is used an an 

address. This micr.o instruction wi 11 not be immediately executed as the previous 

micro instruction initiated memory activity and the memory interface wil I remain 

busy until the first instruction from memory is loaded into the instruction buffer and the 

memory input register. At that time, the current micro instruction completes and the 

next micro instruction from location 02 D becomes activ~ (normal addressing again due 

to FS, TS, MT and T fields zero. No other fields of the micro instruction are pertinent. 

SS3M 

Location 020 is another microprogram standard state labeled 11SS3M. 11 It causes 

decoding of the instru~tion fetched from memory while checking for interrupts. It 

also copies the instruction buffer into the instruction register to make room for the 

next instruction from mei:nory. 



The micro instruction fi.elds at 020 are: 

I 1 liol o~ioij o~ I ~Tl ~o I ~\ ~I 01~1\ ~I ~1 
lo\~I ~~I~ o~I 0;001 ~\~l~Rl~4~1~ ~1 Jo~I 
lo~I o~o\ 
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This micro instruction manipulates no data paths nor does it initiate any memory cycles. 

Its sole purpose is to check for interrupts and, if there are none, cause a branch to 

the required micro se.quence. The T and S fields are both equal to 00 and the G field 

bit 0 is a one causing transfer of the instruction buffer to the instruction register. The 

Gfield bit 2 is a one, thus enabling interrupts and decoder addressing. The TS field 

defines the interrupts which are enabled -- a 11 except 1/0 interrupts unless the 

memory protect option is installed. The IM field specifies selection of the interrupt 

flag. If this flag were s·et, interrupts ~ould be suppressed. · The flag is reset by this 

micro instruction. If an interrupt were active and the interrupt flag had not been set I 

the next control store address would be ODX where X designates the four bits supplied 

by the interrupt logic. This would produce a branch to the interrupt micro sequence. 

Assuming no interrupts are present, the new control" store address wi II be determined 

by the decoder logi~. The instruction fetched from memory is assumed to be 10F9 

(hexadecimal) or 010371 (ootal). This is a V73 11LDA11 instruction with direct 

addressing of location OOF9 (hexadecimal). The most significant four bits of the 

instruction buffer address the first decode control store at location 1. The next four 

bits address the second decode control store at location 00. The decode control store 

contents are: 

1st decode 

Control store location 1 T32 = 0 A3 = 110000010 
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2nd decode 

Control store location 0 A2 = 010000000 

Since T32 equals 0, the A3 and A2. address components are logically OR'ed to pro­

duce an address of 182, 

SWAlO 

Location 182 contains the first micro instruction of the single word addressing sequence 

(SWA 10) for the instruction fetched from memory. It forms the effective. address by 

masking bits 00 through 10 from the instruction register. It also initiates the operand 

fetch. 

The micro instructi:on fields at 182 are: 

lob~I 

I o\~il 
AF I MS ·I MTI FS I T l s I G I MR I ABI 

10010 1111 0 0000 00 01 0000 0 00 

LB l LA I R I 
10 00 011 F IM I c 1wR1sc1v1w \ x \ SH\ 1010 ;} 11 1 1 0 0 00 000 

l~ool o~ol 
The LB field equals 10 so the ALU B input bus will have the contents of the instruction 

register masked by the 16 bits of the M, C, WR, SC, V, W ,X, SH and B fields (a 

zero in the mask enables the corresponding instruction. register bit). The mask equals 

F800 so the low order 11 bits of the instruction are used. 

The ALU mode is determined by the F field (1010) in coniunction with the LB field 

(forces logical mode} resulting in an ALU function of.the ALU= B. 

· · The R field equals 011 so the ALU output is copied into the operand register. 
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The S field equals 01 so unconditional memory control is specified by the IM field 

(0101) to be fetch an operand into the memory input register using the ALU output 

for an address source. This micro instruction will complete when the memory cycle 

initiated by the micro instruction at 092 completes. 

The FS, TS, T and MT fie.Ids a•i contain zeros so normal addressing is used and the 

AF and MS fields specify the next control store address of 12F • 

. SWA20 

Location 12F contains the second micro instruction of the single word addressing 

sequence (SWA20). It decodes bits 13-15 of the instruction register contents to 

determine the class of the single word addressing instruction. 

The micro instruction fie Ids at 12F are: 

I TS I AF I MS I MT FS I T I s I G I MR l ABI 
0000 11110 1100 1 1111 00 00 0000 0. 00 

I tM I ts LA R F -1 Ml c WR sci vi wl x I SH I 
0000 _00 00 000 0000 0 00 0 0 0 0 00 000 

loCool o~oJ 
No data manipulation or memory control operations are performed by this micro 

instruction. It serves only to branch to the specific micro sequence for the class 

of single word addressing instruction contained in the instruction register. Field 

select addressing is used to perform this decoding (FS field is not eq~al to 0000). 

The FS field is equal to 1111 so the selected fie Id is bits 11 through 15 of the 

instruction register. The composite address formation is illustrated below: 

(see the fol lowing page) 
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I 

8 7 6 5 4 3 2 1 0 
AF field contribution :l l 1 1 1 010 0 0 0 h 

or= 11 1 1 1 0 0 0 0 01 
TS field contribution: I 0 0 0. o Io 0 0 010 J---J 

Field seiected from 
instruction register: -I 0.--.... 0-0 ..... -0--1-0,..._..,,,..0___,,,0-,,,...l -o~f --

1 (I = 1 OF9) and = I 0 0 0 0 0 0 0 0 0 ( 

Mask consisting 
of MT and MS 
fields 

too ·o 01111 1.0 of.__ _I 

Final effective address produced by 
inc I usive or 

The address of the next micro instruction is then IEO. 

LDAl 

(111100 0 0 01 

Location IEO is the first micro instruction specific tO the "LPA 11 instruction (LOA 1). 

This micro instruction increments the program counter and initiates another instruction 

fetch from main memory. 

1~~10~11 \ o~ \~r\ ~~ \ o~ \ gl \ o~ \~R \ ~8 \ 
11: I ~~ ~ l 1~ I 0600 I ~ ~I ~R5~ I~ I ~ I ~ I SH 

000 

The R field equals 100 specifying that the program counter will be incremented during 

this micro instnjction. 



The S field equals 01 so unconditional mem~ry control is specified by the IM field 

(1000) to be: fetch on instruction· into the instruction buffer and memory input 

register using the program counter for an address source •. (Note that the program 

counter is incremented during the micro instruction so the .new value will be used 

for the memory cycle). 
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Normal addressing is used to specify the next micro instruction address (T, TS, FS, 

MT fields are all zero). The AF and MS fields define the address. to be 085. 

LDA2 

Location 0B5 is the second micro instruction specific to the 11 LDA 11 instruction (LDA2). 

This micro instruction transfers the contents of the memory input register to the 

accumulator (RO); transfers the instruction buffer containing the next instruction to 

'the instruction register to make room for the instruction whose fetch was initiated by 

the micro instruction 1 EO; decodes the instruction buffer to determine the starting 

address of the next ·micro sequence and checks for interrupts. 

The micro instruction fields at 085 are: 

TS 
1111 

I 
IM 

0110 

AF I MS I MT I FS l T I s I G I MR I AB l 01101 oi 10 o 0000 oo oo 0101 o oo · 

LB ·1 LA I R I F \ M I c l WR SC I v I w I x 
~ ~ i 00 . 000. 1010 1 00 1 . 0 . 0 0 00 

t 

B A 
0001 0000 

o\ ~ 

SH. 
000 

The ALU B input is specified by the LB field (equal to .H)) to be one of the special 

registers. The B field (equal to 0001) defines the memory input register as the source. 

The ALU operation is specified to be in the logical mode (M = 1) with the ALU output 

equal to the ALU B input (F = 1010~ 



The WR bit equals a one so the ALU output data will be written into the register 

specified by the A field (A = 0000) which is the accumulator (11A" register). This 

is the execution phase of the LOA instruction. 
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The S and t fields are both equal to 00 and the G field bit 0 is a one so the instruction 

buffer contents are copied into the instruction register. The G field bit 2· is a one so 

the instruction decoder is enabled and interrupts are checked. 

The IM field equals 0110 and with the S field equal to 00 the interrupt flag is selected 

and reset. This wi II suppress interrupts if the flag is set. Al 1 interrupt classes are 

enabled as the TS field contains all ones. If an interrupt was active and the interrupt 

flag was off 1 . the decode address would be suppressed and the next micro instruction 

would be fetched from the address specified by the AF field and the interrupt logic. 

This would be ODX whe.re Xis the interrupt logic supplied address. 

if no active, encibled interrupts exist the next micro instruction wi 11 be fetched from 

the address specified by the decode control store logic. If the instruction buffer 

contains another single word addressing instruction, the next address will· be 182 

(SWA 10) and the sequence wi 11 be repeated. 

Continuation 

Figures l 0 and 11 show a flowchart and ti"ming diagram of the micro fnstruction 

sequence described. Note that the pipeline effect of buffering instructions permits 

effic.ient Use of the memory. (A330 ns. semiconductor memory was assumed). 
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Figure 10. Timing Diagram LOA Instruction 
Timing Diagram showing start-up and execution 
of a sequence of single word addressing instructions 
(330 ns. memo'ry cycle time assumed) 
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Figure 11. ·Flowchart LOA Instruction 

.Flowchart showing start-up and execution of 
a sequence of single word addressing instructions 


