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SECTION 1 
INTRODUCTION 

1. 1 PURPOSE 

This document de:scrib~s in detail the standard firmware of the(l:f.Od)CPU. The description 
is in the form of flowcharts thQt provide a highly accurate o._nd' consistent source of information 
regarding the operation of the.(4oo)cPU. . 

1.2 REFERENCE DOCUMENT_S 

This document assumes a general knowledge of the hardware of the( 400) CPU as described 
in the following document: :'. · 

Title 

Processor, Central ( 400) H PS 

XMIDAS Usage Description 

PROM, (4C>O)CPU 

Document Number 

98A1177 

81 W0306-031 

49A0369 

• I 
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SECTION 2 
FUNCTIONAL DESCRIPTION 

2.1 FLOWCHART CONCEPT 

The flowcharts are a visual aid to understanding the firmware as well as a precise method 
of docum~~ntation. It is a pieture showing each microword and the sequence in which 
they ore ~'xecuted. With the aid of consistent abbreviations and interconnection, the 
reader can grasp the overall pattern of oper,..tion as well as the detailed operation of 
each microword. 

2.2 FLOWCHART STRUCTURE 

Each microword of· the available 1023 that is used by the CPU appears as a box some
wher,e in the flowcharts. One c:nd only one box is present for each microword. Unused 
mic 1rowords do not r-ppear since they are meaning less end are never executed. 

Each box is identified by a control store address end a mnemonic. The address appears 
above thei box on the right-haid side and is a hexidecim'al representation of the address 
applied t<> the control store to 'produce the microword which is then loaded into the control 
store buHer and executed. The address is in the range 000 to 3FF. The second identifier 
fs:th:e» mnemonic located above the box ood to the left. This mnemonic is assigned to the 
microword for easy identification and allows functicn nl grouping of microwords without 
regard to address .. Each word has a unique mnemonic.an-d address and rppeors only once 
in the flowchart. 

~=data machines 
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The boxes are interconnected by lines showing the possible routes that can be taken 
through microland o Each microword describes the addressing and, together with various 
conditions, determines the next microword in sequence. Where a connection goes off 
the page, a balloon is supplied with the mnemonic of the destination micro (Jr one of 
the destinc1tions if a field select goes off the pageJ. Bel.ow, the ball.oon is the page number 
where the destination is found. On the destination page, an igentical baloon is shown 
near the tc>p to define the entry point and connects to th~ next micro in sequence. 
Balloons entering cs page show page numbers of a II sourc-es tho t use the_ page connect 
balloon. 

There are 1~hree spE~cial connections that deviate from the balloons as follows: 

1) · Oe 1c.oding an ·instruction : 

2) · inte.rrupts 

3) Subroutines 

When an instruction decode is performed, the connector goes to a box with "TO NEXT 
INSTRUCTION II in it. Depending on the next instruction in the Instruction Buffer (IB) I 
the sequencing· wil I go to one of various microwords. This word is determined by looking 
up the mne~monic in Appendix A which references a page number. That fXJQe will have 
another box.with "FROM DECODE" in it with thannstruction referenced nearby .. 
This is the entry pe>int for the next microword. 

When any interruph are allowed by the CPU, a diamond will appear below the microword 
with "INTl:RRUPr' designating the sideward path. If an i.nterrupt is pending, take this 
path. A balloon will take you to a decision tree describ'.ing which interrupts are allowed 
and where the next micro is found. This is the or1ly case where a balloon does not contain 
a microword rnnem1::>nic. In this case, it contains INT and a binary representation of the 
interrupt-01 llow bi ts of the control word. 

When a subroutine is called by a microword, another ·box is shown with pointed 
sides. This box indicates a subroutine and the flow sequence after the subroutine returns. 
Inside the box is "SUBR 11 followed by the mnemonic of the first microword of the subroutine 
(i.e., the next microword to be executed}. Outside the box is the page number con to in ing 
the :·stdrting·:· : : .: pc::>int of the subroutine. On that page you wi 11 find an identica I box 
showing the entry point of the subroutine. When a return is invoked, another box with 

· poinl'ed sides will <lppear with "RETURN 11 in it. This ca uses a return to the microword 
following t·he last ca 11. 

Another structural device is the conditional branch diamond. Whenever, a conditional 
branch opc:ode appears at a micro, one of two p:lths may be taken. If the condition is met, 
the path tc• the sid«:! of the diamond is taken. This rooy be to the right, or left for convenience 
of drawing. However, if the condition specified is not met, flow is out the bottom and 
leads to the here-plus-c:>ne address . 
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. ~ast structural device described here is the important field select. Here a multi-way 
branch is specified as a result of a field select operation. Each of the possible destinations 

,_, is labeled by the hexidecimal representation of the field value. Thus if a two bi'r. field of 
the Instruction Register {IR) is specified, there will normally be four destinations: 0, 1, 2, 
or 3 depending on the value in the Instruction Register. Sometimes fewer destinations are 
shown beccJUse it is impossible to be at a certain microword with that p:Jrticular field value 
without a processor ma I function. In that case, analysis of the control word is necessary to 
determine the next• location. Finally, if a balloon is required at a field select, the 
mnemonic is chosen to be of the smallest address even thopgh another microword may be 
the cactual destination. 

2.3 MICROWORD DESCRIPTIONS 

The description of each microword is contained in the corresponding box of the flowcharts. 
The box is divided into two halves. The left half corresponds to the left half of the micro
word; likewise, the right ha If corresponds to the right ha If of the microword. Functions 
of the feft half include selection of the next microword, 16 bit literal value, or specialized 
control functions while the right ha If specifies memory requests and data loop operations. 
Table 2. 3 summarizes the two halves. · 

TABLE 2.3 - CONTROL WORD' HALVES 

Left Ha If Right Half 

- Selection of next microword - Memory requests 

- Litera I values - Data loop operations 

- Specialized control funcHons 

The form::ti·s of the various microword types are specifically defined. The position of each 
item must 1appear in the box not only as defined but in the proper location. This consistency 
is maintained for ElOSe in learning and understanding. The fol lowing sections present the 
various form::tts of the microwords. 

2.3. l Right Half 

The form:r1· of the right half is shown in Figure 2.3.1. An optional memory request is always 
the flrst item. The memory request definitions are as follows: 

llF ln1s~ruction Fetch - .~quests a memory fetch with data directed to the 
Instruction Buffe_r (IB) and Mem~ry D~ta reg_is.ter (MD). The address is 
the 15 LSB's of the A~U 6utput. Tnis causes a wait if memory is not 
available •. ~wait inhibits the pi·ocessor clock and the waiting microword 
remains in the control buffer until the wait condition is met. 

· .. 'Wl"..,_ ____ , ________ '"T"" _____ ..,..... ________________________ -1 
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FIGURE 2.3. 1 - RIGHT HALF 

- . 

MNEMONIC ----- EXAMl 
~ADDRESS 

OF4 ~ 

OPCODE_ 

CONDITIONAL· 
EQUATION 

Ol?CODE. 

IF 
MEMORY REQUEST 

FUNCTION 

DESTINATION 

FIGURE 2.3.2 - CONDITIONAL BRANCH 

EXAM2 OF5 

CB 

/'----"-PATH IF EQUATION MET 

PATH IF EQUATION NOT MET 

FIGURE 2.3.3 - BRANCH 

EXAMS :o65 

BR 
.. ~-... \ 
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OS 

OSRB 

OSLB 

(bf,ank) 

NOP 

Operand Fetch - Requests a memory fetch with cbta directed to 
the Memory Data register. The address is the.15 LSB's of the 
ALU output. This causes a wait if memory is not ova ilable. 

Operand Store - Requests a memory store using the address 
specified by the 15 LSB 's of the AU) output. Data is a ful I 
word put into the Store Data Register {SOR) in the fol lowing 
micro. This causes a wait if memory is no~·available·. 

Operand Store Right Byte - Requests a memory store using the 
address specified by the 15 LSB 's of the A LU output. Data is 
the 8 LSB's of the word put into the SOR in the followfog micro. 
This causes a wait if memory is not available. 

Operand Store Left Byte - Requests a memory store using the 
address specified by the 15 LSB's of the ALU output. Data is 
the 8 MSB's of the word put into the SOR in the following micro. 
This causes a wait if memory is not available. 

No memory request is made. 

No Operation - Used if the entire right half is unused and 
causes nothing to happen. 

In the secc>nd positfon of the right ha If is an optional function designator. The function 
definitions are as fol lows: 

RO·-R7 

Wll-W7 

p . 

Q 

Lili 

MD 

4 

Register - References register~ 0 through 7 of the register file. 

Working Register - References working registers 0 through 7 
of the register file. 

Program Counter -A working register used by the(400)CPU 
as a pseudo Program Counter. It indirectly keeps track of the rea I 
Program Counter. ; 

Q Register -An intermediate holding and shift register. 

Litera I - A constant value specified by the entire left ha If of 
the microword. 

Memory Data - Contents of the Memory Data register. If the 
register is 'empty', this microword wil I cause a wait until the 
MD has been 'ful It for at least one clock period. An MD 
reference wil I cause MD to become 'empty' • 

..... .,, 
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IB 

IR 

BC 

10 

Instruction Buffer - Contents of the Instruction Buffer. If the 
register i·s 'empty', this· microword will cause a 'M:l it until the 
IB has been 'ful I' for at least one clock period. An IB reference 
will cause IB to become 'empty'. 

Instruction Register - Contents of tbe Instruction Register. 

Boot and Console - A sixteen bit word whose 4 MSB's are the 
Boot PROM contents currently addressed by the IR and whose 
8 LSB's are'the: current conso(e character from the UART. The 
remainder of the word ·is zeroes. 

Input Output - Input data from the 10 bus. 

Preceding the function may be a shift modifier that operates on the result of the function. 
These are defined as follows: 

SHR ARITH 

ROT RIG.HT 

SHR LOG 

SHL LOG 

ROT LFT 

SHR MUL 

SHL DIV 

Shift Right Arithmetic - The value of the function that fol lows 
is sh.ifted right Y'ith sign extension. 

Rotate Right - The value of the function that follows is rotated 
right. ' 

Shift-Right Logical - The value of the function that follows is 
shifted right with a zero· shifted into the MSB~ _ . - • 

Shift Left Logica I - The va lu~ of the function that follows is 
shifted left without regard to a sign bit. . 

Rotate Left -. The value of the function that fol lows is rotated 
left. 

Shift Right Multiply - Special multiply iteration. 

Shift Left Divide - Spedal divide iteration. 

lfa~ functic:>n is provided, a destination phrase must. fol low. It con'sists of a right arrow 
fol lowed by a dest'ina ti on described below: 

Q As defined above 

RO·-R7 As: defined above 

w1:-w7 As defined above 

p As defined above 

96A0039-000B 



IR 

CON 

10 

MPM 

MPD 

As defined above 

Console.- The 8 LSB's of the ALU output are directed to the 
console UART. 

Input Output - Data is output to th~ 10 bus. 

Memory Protect fv\ask ··ALU data bits 6and 7are directed to 
the MP Mask .. 

Memory Protect Data -~ QBOO is entered into the MP RAM. 

SOR Store Data. Register - Data to be stored by the memory store 
request made in the previous microword. 

ALU Arithmetic and Logic Unit - Actoolly a default destination 
when none of the above are selected. 

2.3.2 Conditional Branch 

The format of the Conditional Branch microword is shown in Figure 2.3.2. CB must appear 
at the top (Js its opcode. A conditiona I equation always follows with one of the fol lowing 
definitions:: 

Fl thru F3 

MPTST 

TW:l 

TPIN 

TOUT 

TRAP 

IUR 

·SER 

PFUT 

Flags - The state of one of the four CPU flags. 

·Memory Protect Test - Speciql condition peculiar to the Memory 
Protect feature. : 

Two Word Instruction ... lndi~ates the length of the most recent 
. instruction. 

Trap In - Indicates a pending trap-in 10 request. 

Trap 0.ut - Indicates a pending trap-out 10 request. 

Trap - Indicates either a pending trap-in or a trap-out 10 request. 

Interrupt Request - lndl.icates a pending 10 interrupt. 

Sense Request - The sense line on the 10 bus. 

Power Fail Up Test - Indicates power is coming up rather than 
going down . 

._,, 
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EAU TC 

MPRA 

oss 

osz 

osc 

OVFL 

SCEM.1 

T620F 

NC1TST 

TXRDY 

Extended Arithmetic Unit Test Condition - An extern::J I condition 
from the EAU interface. 

Memory Protect Request (A) - Indicates a pending memory protect 
interrupt. 

Operation Status Sign - The sign the the ALU function in the 
previous microword. 

" 
Opera ti on Status: Zero :-- The A LU function was zero for the 
previous microword. 

Operation Status Carry - The carry of the A LU function in the 
previous microword. 

Overflow - The overflow status bit. 

Shift Counter Equals Minus One - The counter portion of the 
IR is a 11 ones. . 

Test 620F - The specicrl test fonction for conditional instructions. 

Indirect Test - Bit 15 of the A LU input is low or SCEM 1 is true. 
Used for terminating indirect loops. 

Transmitter Ready - Console UART is ready to accept another 
character. 

TYDR Teletype Data Ready - Console UART has received a character 
of data. 

STABL Start ABL- The 'LOAD'· switch on the panel has been activated. 

DllN 15 Data Input (15) - The MSB of the data to the A LU. 

OEOO Q Buffer (00) Bar - The LSB of the Q register generated by the 
previous microword. 

2.3.3 Branch 

The form:Jt· of the Branch microword is shown in Figure 2. 3. 3. BR must appear at the top as 
its opcode. Nothing else appears in the left ha If ... 

.. . . ' 
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2.3.4 Page Branch 

The forrn:Jt of the -Page Branch microword is shown in Figure 2.3.4. PBR must appear at the 
top as its cipcode. An optional CA LL rn:JY appear below if a subroutine ca 11 is performed. 

2.3.5 Lih:tra I -·--
The format of the Literal microword is shown in Figure 2.3.5. LIT must appear at the top 
as its opcode. A four place hexidecim:il value foUows indicating the literal value. 

2.3.6 Field Select 

The format of the Field Select microword is shown in Figure 2. 3.6. FS must appear at the 
top as its c'pcode. A fie_ld designation follows consisting of from one to four bit posiHons. 

The forroot of the Flag microword is shown in Figure 2.3.7. FLG must appear at the top as 
its opcode.. A transfer follows indicating the flag operation. Optiono I specio I control 
funci'ions nny follc>w as defined below. 

2.3.8 Control 

The format of the Control microword is shown in Figure 2~3.8. CNTL appears at the top 
as the opcc::>de. Following is one or more miscellaneous control designations from the list 
below. 

DECODE 

RETURN 

SET llF 

RTC DISABLE 

RTC ENABLE 

MP DISABLE 

If there a re no a II owed interrupts, the next mi era is determined 
by the instruction in the IB. This next micro is determined by 
the decoder logic. If the IB is 'empty', this causes a 'NO it 
until IB is full. Execution of the decode will cause IB to go 
'empty~. 

This causes the next microword to be addressed by the Subroutine 
Return register (SR). This is used to return from a subroutine 
initiated by a PBR CA LL. 

Set Interrupt Instruction Flag - Control interrupts during on 
interrupt instruction .. 

Disables the Real Time Clock interrupt. 

Enables the Rea I Time Clock interrupt. 

Disables Memory Protect logic. 
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CALL 
(OPTIONAL) 

OPCODE 

-

FIGURE 2. 3.4 - PAGE BRANCH 

EXAM4 2EC 
PBR 

CALL 

FIGURE 2. 3.5 •• LITERAL 

EXAM3 IA9. 

ltT 

OlFA 

FIGURE 2.3.6 - FIELD SELECT 

OPCODE. EXAM6 32) 

FIELD 

FS 

10-9 

AU ._..ws 

-------,-----------w----------,.-------------------........................... -ar---t 
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-.~- _,J 

OPCODE 

SPECIAL. 
CONTROL 

FIGURE 2. 3.7 - FLAG 

EXAM7 

INTP 

FIGURE 2.3.8 - CONTROL 

29.1 

EXAMS 302 
OPCODE 

CNTL 

{

. DECODE 

CONTRO~ SETllF 

OPERATIONS 

. FIGURE 2. 3. 9 - IN PUT OUTPUT 

EXAM9 
O'CODE 

10 

--------+- WC = 1 WAIT 

10 F~NCTION 
(<?PTI ONAL) 

FRY 

078 

------,-------------~-------...-----------------------------------~ 
~ varian data machines 
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2.3.9 

... -
MP ENABLE 

MEM ERR 
DISABLE 

MEM ERR 
ENABLE 

INIT CON 

RESET OTA ROY 

SE"r STEP 

RESET STEP 

RESET ASL 

MCLR ENft1BLE 

M<:LR DISABLE 

RESET 
OVERFLOW 

Enables Memory Protect logic~ 

Disables ~emory Error logic. 

Eoobles Memory Error logic. 

Initializes.the console UART.,.. 

Resets the data ready condition of the console UART. 

Sets the step interrupt flip-flop which creates a step interrupt 
request. 

Resets the step interrupt flip-fl op. 

Resets the ASL request activated by the panel. 

Eooble the master clear logic. 

Disabl~s the rooster clear logic. 

Resets the status overflow. 

Input Output t . 

The format of the Input Output microword is shown in Figure 2. 3. 9. 10 appears at the top 
as the opcc,de. Following is always a 'NOit condition from the list below. 

WC =O 

WC= 1 

WC=2 

No wait specified. 

Wait for IACKl+; allows time for data resolution on the 10 bus. 

Wait for IOC1+; allows time for interrupt synchronization on the 
10 bus. 

Foltowing the wait condition may be specie I 10 functions I isted below. 

DRY Data Ready·- · Issues a dam ready onto the 10 bus. 

FRY Function Ready - Issues a functi.on ready signa I onto the 10 bus .. 

""-....., __________ , _________________________ ...,.. ____________________ _, ...... __ ._ ______ ..----1 
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RINTF 

2.4 

. Set Interrupt Flag - Stops the .interrupt clock and issues an 
IUAX to the 10 bus. 

Reset Interrupt Flag - Starts the interrupt clock and removes 
IUAX from the 10 bus. 

MICRO ASSEMBLY LISTING 

The output' listing of the micro-assembler (XMIDAS) is pr9vided in Appendix B. This 
output VICJS; general·ed a long with the (-400') firmware and is supplied for reference. 

2.5 FUTURE CHANGES AND UPDATES 

The :(-400 )flowchcuts are hungry for any fix or update no matter how small. Please forward 
even the smallest flaw to the Computer Development department and you will be acknowl
edged and praised. 

The p:1ge designatc::>rs near the balloons are on important part.. of the flows. They should be 
consistent and kept up-to-date. Other ite~s to watch are listed below. 

1. 

2. 

3. 

4. 

5. 

Flowcharts must be consistent. 

Paper is 'C'1 size vertical vellum with borders and title block. 

Bo:<es art! no less than 2 11 wide and 3/4" high • 

Bo:<es will be in two halves, left half control, right holf chta loop. 

Th•! conditional branch format requires a condition equation.'. · .. 
Thi! condition is to the left of the equa Is sign. The value of the M field fs
to the right. If the equation is satisfied, the yes (Y) branch is taken always 
out the side. The no(N) for Here Plus One is always out the bottom. 

6. Labels can have up to· six letters or numbers; address is hexidecimol. 

7. Connector balloonscilwayshave label of destination. Off page connections 
· arE' shown near the balloon with .s:!..~ pages and labels. 

8. Input balloons are nearest top of page while outputs are nearest bottom. 

9. ME~rging of two lines are angled to indicate direction of flow. 

10. Side notes 1re used to describe incoming conditions and important values 
auirrently at the ALU output, etc. 

96A0039-·000B 
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- ' 

11. Mnemonics, symbols, and operations must .be standardized and consistent. 

12. 

13. 

Parentheses are not used for "the contents of". (e.g. R 1 means "the contents 
of RL" 

ThE' control side of the box begins with the format designation. The data 
~ocp side begins with memory starts (if any) and then the ALU function. 

14. Connectors may be drawn into the s·ide of boxes if space requires· it. 

15. PaHe references must reflect ..9J.!. sources and destinations. 
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APPENDIX A 
FROG FLOWCHARTS 

~,, 

Table of Contents: 

-Stcindard States 3.0 

Sing le Word Addressing 4~0 

Divide Routine 7.0 

Multiply Routine 8 .. 0 

Extended and I mmed ia tes 9.0 

Shifts and Rotates ·16'.0 

Re!gister Transfer/Modification 21.0 

Co1ndi tionc1I Jumps 23.0 

Jump and lv\a rks/Executes 24~0 

Indexed Jump (UMP) 26.0 

Jump and Set Return (JSR) 27.() 

BH· Test (BT) 28.0 
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