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Figure 6-22 
The PROM Programmer 
(Courtesy of Advanced 
Microcomputer Systems, Inc., 
Ft. Lauderdale, Florida ) 

PROM PROGRAMMING THE CONTROL SYSTEM 

terns using the SIOO bus. Once the card is inserted into an expansion 
slot, the supplied cabling is connected to the selected external PROM­
programming box. The EPROM programmer selected for use was 
installed in an IBM XT. The PROM-programmer hardware came with 
the essential core of soft ware and with a PROM programming manua l. 
Thi s elementary body of software can be readily incorporated into a 
user-friendly firmware-development environment, which we shall 
describe shortl y. 

An example of a UV erasing device is illustrated in Figure 6-23 . 
This particular one is produced by UYP, Inc., San G abriel. California. 
It contains a sliding drawer into which EPROM's are placed. The 
drawer is closed, the erasing action is initiated, and in less than 15 
minutes the erased EPROM's are available for reprogramming. A note 
of caution : These erasers have built-in safety features. Never try to 
defea t them, under any circumstances. Staring into the ultraviolet can 
damage your eyes. 

This presents an overview of the basic equipment required to 
establi sh our own PROM-programming environment. As noted, many 
personal computer enthusiasts already possess such equipment. A visit 
or two to a personal-computer club or user's group is often the best 
way to obtain specific assistance with your pa rticular machine. Knowl­
edgeable people at a personal-computer store may be able to assist 
you, too. The advertisements in the serious computer enthusiasts' mag­
azines, such as Dr. Dobb 's J ournal, and in the more technical maga­
zines devoted to the various personal computers are an excellent 
source of information on systems and soft ware development, as well as 
on hardware configu ra tion. 



The Control Srstem 

Figure 6-23 
The PROM UV Eraser 
(Counesr UVP. Inc .. San 
Gahriel. Cali{ MemoraseCR, is 
<I registered trademark o/ 
UVP. Inc.1 
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The IBM XT personal computer permits instant operation and 
provides the facilities for the maintenance of a large data base of pro­
grams. utilities. and instructional aids in the · PROM programming 
environment. These are available for student use on the XT's 10-
megabyte hard disk . Users can keep their personal work on their own 
floppy disks. while taking advantage of the software PROM-program­
ming environment available to them on the hard disk . Figure 6-24 
shows the laboratory setup in the Computer Science Department's lab­
oratory at the California State Polytechnic University, Pomona. This 
illustration shows a student team at work, with the attached EPROM 
programmer and a UV erasing device at their disposal. Let us now 
examine the type of development environment that will provide a user­
friendly PROM-programming environment. This will be presented in 
as general a way as possible, since the users of software often wish to 
have it programmed in a different language from the one used by the 
creator; furthermore. the operating systems often are incompatible. 

First, let us introduce a demonstration program for STUPIDD. 
This establishes the nature of the macros in one of the sets of macros 
required to run this program. The simple program selected is presented 
in Table 6-3. in Assembly-language format. 

Table 6-3 
Demonstration Program 0 (PROGO) 

Line Label Op Code Operands 

START MVI R0,03H 
2 LOOP OUT RO 
3 DCBZ RO,REPT 
4 BRU LOOP 
5 REPT OUT RO 
6 BRU START 
7 END START 

In this program we first move a hexadecimal value, arbitrarily chosen as 
3, into RO. Next, the contents of RO are output to the LED Hexadecimal 
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Figure 6-24 
PROM Programming Session 
in Progress 
(Photograph courtesy 
o( the author.) 

PROM PROGRAMMING THE CONTROL SYSTEM 

display. Line 3 means that we decrement RO and then, if the contents of 
RO are zero after the decrementation, we branch to symbolic location 
REPT. This test will fail more often than it will succeed. If it fails, the 
program loops back to symbolic location LOOP and outputs the new 
(decremented) value, then proceeds on in the loop. At symbolic location 
REPT (bne 5), we output the value of RO, i.e., zero, to the display and 
then, on line 6, branch right back to start the process all over again. 
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Thus, the machine has been put into tight inner and outer loops 
for continuous operation and observance of clock-by-clock execution 
of the instructions and program we develop for it. In this process, the 
need to create some new instructions for the machine has arisen. A 
conditional OP code (DCBZ), outputs to the dfsplay, and branch 
instructions are used. The object is to invent all of these as we proceed, 
while describing a development environment that includes PROM pro­
gramming (or PROM burning, in the vernacular). It may seem strange 
at first that a desired body of software has given rise to the require­
ments of an instruction set. While this body of software is not signifi­
cant in the larger scheme of things, the priorities make good sense. 
Software goals should guide instruction-set as well as hardware-design 
activities. 

Since a single set of macros includes more than the above 
instructions, we specify Macro Set 0 in Table 6-4. 

Table 6-4 
Macros Selected for Macro Set 0 

Macro Op Code CSTR Address 
(Hex) 

IF OH 
/NM adr 000 JOH 
MVI RO, val 001 20H 
BRU adr OJO JOH 
OUT RO 011 40H 

DCBZ adr JOO 50H 
LDRO adr JO] 60H 
STRO adr 110 70H 
ADD adr 111 BOH 

x JXXX 90H 

We have rounded out the macros of Macro Set 0 to include loading 
and storing RO, addition, input to memory (INM) from the switches, 
and the indexed-addressing macro (X). The microcoding details of 
each are presented shortly. First, let us look at the microcoded form 
sheet of Demonstration Program 0 (PROGO), in Figure 6-25. 

Figure 6-25 displays the pertinent symbolic entries for the dem­
onstration program to be invoked when we download PROGO. (The 
ALU field contains the actual binary values.) As previously noted, line 
0 initializes the PC at the value l and is not a part of the program that 
will be demonstrated. The actual program steps start on line 1, with 
the MVI instruction. The succeeding ALU-field entries contain OP 
codes, addresses, or values in accordance with the purposes of the pro­
gram. Some points are worth comment. Line A is the last line of the 
actual program. Here, the NEXT address field contains a 0 entry, 
which causes the download procedure to loop back to line zero at this 
point, so that we do not have to laboriously count the number of times 
we press the clock button during download (assuming we press it more 
than 11 times). All entries below line A are don't-cares. 

Also observe that the ALU field of line A contains the value 
0001. This value is the branch address of the BRU instruction on the 
line above. This guarantees that the program will repeatedly loop back 
to symbolic location ST ART and run continuously, to make it easy to 
observe the details of its operation. On line 7 of the form, the CF flag is 
invoked in the BC field, to enable the second half of the macro space to 



CSTR ADDRESS: 270H ASSIGNED OP-CODE: -

0 MACRO: PROGO 1 ADR. 0 J_ 0 DBUS · z NEXT BRCH ~ 
LlJ CPDL DESCRIPTION: ADDRESS CTRL 

SOURCE 
~ DOWN-LOAD .PROO 0 

a: FIELD ..J 
..J u 

0 PC< l, LFL (/NIT. PC) l L L x 

l MVI RO; U (OP-CODE) 2 L L x 

2 VALUE (OF H) 3 L L x 

3 OUT RO 4 L L x 

4 DCBZ RO, ADR (OP-CODE) 5 L L x 

5 ADR(OBH) 6 L L x 

6 BRU ADR (OP-CODE) 7 L L x 

7 ADR(03H) 8 CF L x 

8 OUT RO (OP-CODE) 9 CF L x 

9 BRU ADR (OP-CODE) A CF L x 

A ADR (0/H) 0 L L x 

B x x x x 

c x x x x 

D x x x x 

E x x x x 

F x x x x 

CPDL NOTATIONS CSTR2 

Figure 6-25 
Microprogram Symbolic Coding Form: Demonstration Program 0 (PROG 0) 
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HEX MACRO 
STARTING MNEMONIC MACRO DESCRIPTION 
ADDRESS 

00 IF INSTRUCTION FETCH 
10 INPM M[OA]<:(SWJ 

Q 20 MVI RO<:M[OA] 
tij 30 BRU PC<:(OA) 
Cf.I 40 OUT DISP<:(SWJ 
~ 50 DCBZ RO<:RO mi 1, IF RO•O THEN PC:<(OA) 
u 60 LDRO RO<:M{OA} 
< 70 STRO M{OA}<:(RO) 
~ 80 ADD RO<:M{OA} pl (RO) 

90 x INDEXED ADDRESS MODIFICATION 

AO 
- BO 
!:;j co 
Cf.I DO 

~ EO 
u FO 
< 100 
~ llO 

120 I INDIRECT ADDRESS MODIFICATION 

130 
140 
150 
160 

~ -

PROGO LOOPING PROG USING DCBZ 

NOTE: HIGH ORDER HEX DIGITS ARE BA FROM MROM. 

Figure 6-26 
Macro Assignment Map: 
Macro Set 0 and PROGO 

be used. Corresponding to this, line A contains an L in this field, to 
cause the program to return to line 1 (of the first half of the macro 
space) during operation. Finally, the flags were loaded on line 0, to set 
the CF high for the uses just described. On all other relevant lines, 
memory (M) is to be loaded during the download process. This takes 
the program in CSTR's ALU field and installs it into memory for sub­
sequent operation. 

Figure 6-26 summarizes much of the preceding by presenting the 
CSTR starting-address assignments for all the macros of Macro Set 0 
(MACSO), as well as for that of download PROGO. It will be helpful 
when we wish to determine the values to be burned into MROM and to 
identify the locations in CSTR where the macros are to be placed. 
Figures 6-27 through 6-36 present the complete electrical coding forms 
for each macro of Macro Set 0. For ease of interpretation, entries on 
these forms are in terms of the truth-value terms of 1 and 0. Active-high 
logic conventions are specified for their translation into the electrical 
levels of Hand L. Industrial PROM programming often provides these 
options, wherein the user specifies whether the truth values of the coding 
sheets are to apply to active-high or active-low programming of a 
PROM. These assignment and coding sheets shall now be analyzed to 
determine the actual contents of the locations of MROM, CSTR2, 
CSTRI, and CSTRO required for successful operation of STUPIDD. 
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The next step is to establish the contents of MROM. Keep in 
mind that we are dealing with only one macro set (MACSO) and one 
download program (PROGO) at this time. The system can hold four 
sets of macros and eight downloadable programs based on the use of 
one of the macro sets. The 2716 EPROM's will contain all high values 
after erasure. Don't-care entries on the coding forms and all unused 
locations will remain high after the programming of the PROM's. 
Table 6-5 presents the locations of MROM that are to be programmed 
for our current purposes, together with their contents. Hexadecimal 
values are used for naming locations and their contents. The use of 
Hex notation is customary practice. 

Table 6-5 
MROM Mappings for PROGO, Macro Set 0 

Hexadecimal Address Hexadecimal Value Remarks 
OH-7F 27 BA of PROGO 

80H-77F FF *Not Used 
780 01 BA of INM 
781 02 BA of MVI 
782 03 BA of BRU 
783 04 BA of OUT 
784 05 BA of DCBC 
785 06 BA ofLDRO 
786 07 BA of STRO 
787 08 BA of ADD 

788-78F 09 BA of Index Adr. 
790-78F 00 BA of IF 
7A0-7FF FF *Not Used 

*Some of the unused locations may be used for other macro and program-set 

mappings in MROM. See Figure 6-5. 

With reference to Figure 6-5, which contains the use map of MROM, 
note that the first 128 locations of MROM are to contain the BA of 
PROGO. Accordingly, the Hex value 27H is specified in Table 6-5 for 
these locations. This program's contents actually start at location 
270H in CSTR. The first hexadecimal digit of this program specifica­
tion and of all the macros defines the maximum space in CSTR that 
each may occupy. Therefore all block addresses consist of all the 
higher order Hex digits to the left of this first one. 

The BA's of the macro sets reside in upper MROM locations. 
(See Figure 6-5.) MACSO BA's start at location 780H. The locations 
and nature of their contents have been. defined in accordance with the 
use map of Figure 6-2. This usage makes space to include only eight 
OP codes in the instruction set. If the user desires more instructions 
and is willing to sacrifice operand-address modification in the process, 
then, as suggested in Figure 6-5, the number of macros in a set may be 
expanded to sixteen. The observant reader will notice that MACSO 
must be modified to use the indexed-addressing mode. Why is this so? 
A good first user project is to alter MACSO so that the index macro 
can also be incorporated into a demonstration program. All macro sets 
need use only one IF macro in CSTR. The BA of the IF macro speci­
fied in MROM locations 7AOH .. 7BFH of MACSO is therefore OOH, 
and it will be the same for all sets. 



The Control System 291 

Table 6-6 
Hexadecimal Contents of CSTR for Macro Set 0 and Download 
Program 0 

Hexadecimal Contents of CSTR . 
Hex Address CSTR2 CSTRJ CSTRO Remarks 

000 27 EB 67 IF 
001 44 80 FF 
002 05 7F 7B 

003--00F FF FF FF * 
010 27 EB 67 INM 
011 44 80 FF 
012 06 FF 78 

013-0IF FF FF FF * 
020 27 EB 67 MVI 
021 44 80 FF 
022 05 FF 9B 

023-02F FF FF FF * 
030 27 EB 6F BRU 
031 05 FF FB 

032-03F FF FF FF * 
040 27 EB 17 OUT 
041 04 FF 7A 

042-04F FF FF FF .. 
050 27 EB 67 DCBZ 
051 44 80 FF 
052 67 EB 17 
053 9C BF 90 
054 07 FF 7B 

055-05B FF FF FF .. 
05C 05 FF FB 

05D-05F FF FF FF .. 
060 27 EB 67 LDRO 
061 44 80 FF 
062 65 FF 6F 
063 05 FF 9B 

Once we have decided where to place control-system values into 
CSTR, it is time to examine their contents. The contents of CSTR are 
presented in Table 6-6. The entries were taken from the individual cod­
ing forms of Figures 6-27 through 6-36, translated from the original 
binary into hexadecimal values. Each CSTR location used by a macro 
is divided into three fields: CSTR2, CSTRI, and CSTRO. These are 
straightforward conversions of the fields of the coding sheets from 
which they were taken. Of greater significance now is the columnar 
organization of the values for CSTR2, CSTR I, and CSTRO. Each col­
umn contains the information to be programmed into the correspond­
ing PROM. This means that we have reordered the information of the 
macro-coding sheets to obtain the string of Hex values to be burned 
into each EPROM in CSTR. 

The software support provided with the AMS prom programmer 
takes a file of the proper form, already residing in memory, and uses it 
to program the PROM: Each column of Table 6-6 may be used to cre­
ate separate files for the EPROM's of CSTR. The process may then be 
run on the IBM PC or XT to program these PROM's. Let us say that 



292 PROM PROGRAMMING THE CONTROL SYSTEM 

Table 6-6 (cont.} 

Hexadecimal Contents of CSTR 

Hex Address CSTR2 CSTRJ CST RO Remarks 
064-06F FF FF FF • 

070 27 EB 67 STRO 
071 44 80 FF 
072 65 FF 6F 
073 87 EB 17 
074 04 FF 78 

075-07F FF FF FF • 
080 27 EB 67 ADD 
081 44 80 FF 
082 65 FF 6F 
083 85 A7 15 
084 04 FF 9B 

085-08F FF FF FF • 
090 27 EB 67 INDEX 
091 44 80 FF 
092 61 A7 2F 

093-26F FF FF FF • 
270 23 80 FD PROGi 
271 43 C7 IC 
272 63 FF IC 
273 83 CF JC 
274 A3 D3 IC 
275 C3 E3 IC 

Loops Using 276 E3 CB IC 
277 OB CF IC DCBZ 

278 2B CF IC 
279 4B CB IC 
27A 03 C7 IC 

27B-27F FF FF FF • 
*Note: The asterisk denotes locations and ranges of locations that are not used. 
An erased PROM location will remain high (FF) if not programmed. 

this has been done and that PROGO is to be demonstrate,d. After pro­
gramming, the PROM's are reinserted into their respective sockets in 
STUPIDD. The display select may be set to display the contents of the 
OUT register, to check gross overall program performance. The pro­
gram is downloaded and run. The user may encounter a few surprises 
in the demonstration phase of PROGO-or any other demonstration 
program. The first value displayed in OUT has nothing to do with the 
program. It is the random value that happens to be present in the OUT 
register after downloading. The number of clock pulses to be manually 
administered is the next surprise. The operation actually consumes 
more pulses than one would expect, since we must cycle through the IF 
phase again each time the EX phase of an instruction is completed. We 
must understand and track every step of the total system's operation if 
it is to be adequately explained to an observer. 

The students shown in Figure 6-24 are currently developing a 
more sophisticated approach, to improve the PROM-programming· 
environment. This consists of a user-friendly menu-driven microcode 
Assembler based on the computer-aided application of the easy-to-use 
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symbolic coding forms. Such a project is an excellent exercise for the 
more software-oriented reader who wants to apply software expertise 
in working close to the hardware. 

This approach establishes the environment in which a user may 
select, from the initial menu, the cho.ice of programming the entire 
control store in one sitting. After this menu option is selected, the sym­
bolic coding sheet form of a macro is displayed on the screen. The user 
may now enter the easy-to-use symbolic form into the fields of each 
line of microcode. When the macro is complete and edited to the user's 
satisfaction, the user assigns a CSTR address to it, before going on to 
another macro or terminating the session. The final task that can take 
place under user control is automatically translating this macro into 
the Hex programming form and placing the Hex values into their 
respective string files, at their proper locations. for the future program­
ming of the EPROM's of CSTR. If a complete string file for a PROM 
has already been created, the user may now choose to program it, by 
menu selection. This choice simply invokes the software that came 
with the PROM programmer in the first place. 

At this point we are in total control of the processor system: We 
can conveniently create its instruction sets and incorporate them into 
demonstration programs. We now realize that we can be better than 
this or any other processor we may encounter in the future, for we have 
touched the soul of our own machine . 

• 



CSTR ADDRESS: OH ASSIGNED OP-CODE: -

MACRO: IF NEXT BRCH Q DBUS 
0 ADDRESS CTRL 0 SOURCE LU z CPDL DESCRIPTION: 

~ FIELD E-
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Figure 6-27 Microprogram Electrical Level Coding Form: IF Macro 
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CSTR ADDRESS: JOH ASSIGNED OP CODE: 0 

MACRO: INM NEXT BRCH 0 DBUS 
ci ADDRESS CTRL 0 SOURCE UJ z CPDL DESCRIPTION: ~ FIELD !-
UJ < z M{OA}<:IN 0 :2: !- 0 
:3 N - 0 u u .J - &! tll 

:2: z z z = = ~ UJ 
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Figure 6-28 Microprosuam Electrical Level Codin2 Form: INM Macro 
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CSTR ADDRESS: 20H ASSIGNED OP-CODE: 0001 

MACRO: MVI NEXT BRCH 0 DBUS ALU FIELD 
ci ADDRESS CTRL 0 SOURCE UJ z RO<: M{PC pl I,} 

~ FIELD f- ALU FUNC. 
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CSTR ADDRESS: 30H ASSIGNED OP-CODE: OOIO 

MACRO: BRU NEXT BRCH 0 DBUS 
0 ADDRESS CTRL 0 SOURCE uJ z ~ FIELD E-
UJ CPDL DESCRIPTION: < z N - 0 0 :E 0 ti Cl 
:l PC<: M{PC pl 1} z z z (..I (..I ..J uJ uJ ~ a:l a:l (..I 
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Figure 6-30 Micropro2ram Symbolic Codin2 Form: BRU Macro 
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CSTR ADDRESS: 40H ASSIGNED OP-CODE: 0011 

MACRO: OUT . NEXT BRCH 0 DBUS ALU FIELD 
ci ADDRESS CTRL 0 SOURCE u.J z 2 FIELD f- ALU FUNC. 
u.J <I'. 
z CPDL DESCRIPTION N - 0 0 2 f- Cl v v ~ Cll ...-. N i]S ...J OUT<: RO z z z a:l a:l 
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Figure 6-31 Microprogram Electrical-Level C=-od=i=l!,..2--"F-=o=r=m""": -=O'-U=--=-T-=M"-=a=c::..:ro"---------------
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CSTR ADDRESS: 50H ASSIGNED OP-CODE: 0100 

ci MACRO: DCBZ NEXT BRCH 0 DBUS 
ADDRESS CTRL 0 SOURCE UJ z CPDL DESCRIPTION; ~ FIELD r-

UJ RO<: RO mi 1, LFL, < z a: t;; If RO = 0 Then PC.<: OA, 0 0 
..J N - 0 u u ..J @ 0 
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Figure 6-32 Micropr~ Electrical-Level Codine Form: DCBZ Macro 
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CSTR ADDRESS: 60H ASSIGNED OP-CODE: 0101 

MACRO: LDRO NEXT BRC'H Q DBUS 
0 ADDRESS C'TRL 0 SOURCE u.J z ~ FIELD E-
u.l 

CPDL DESCRIPTION: 
< 

~ 0 ::E E- Q N - 0 u u 0 Vl 
RO <:M{OA} z z z ...J u.J u.J ::E ...J cc cc u 

0 T, MAR<: PC 0 0 l 0 0 I l I I I 

I PC<: Tpl l 0 l 0 0 0 l 0 0 l 0 

•. 2 MAR<: M{MAR} 0 I I 0 0 . I 0 I I I 

3 RO<: M{MAR}, >:IF 0 0 0 0 0 I 0 I I I 
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Fieure 6-33 Microprogf1lm Electrical-Level Coding Form: LDRO Macro 
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CSTR ADDRESS: 70 ASSIGNED OP-CODE: OJ IO 

MACRO: STRO NEXT BRCH 0 DBUS ALU FIELD ci ADDRESS CTRL 0 SOURCE UJ z ~ FIELD !- ALU FUNC. 
UJ CPDL DESCRIPTION: < z M{OA} <:RO N - 0 0 ~ !- 0 v u 53 V'l ..., N en 0 
...J z z z ...J UJ ~ V'l V'l V'l 

a:i a:i v 

0 T, MAR<: PC 0 0 I 0 0 I I I I I I 0 I 0 

I PC<: T pl I 0 I 0 0 0 I 0 0 I 0 0 0 0 0 

2 MAR<: M{MAR} 0 I I 0 0 I 0 I I I I I I I 

3 T <:RO I 0 0 0 0 I I I I I I 0 I 0 

4 M{MAR} <: T, >:IF 0 0 0 0 0 I 0 0 I I I I I I 
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Figure 6-34 Microprogram Electrical-Level Codin2 Form: STRO Macro 
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CSTR ADDRESS: 80H ASSIGNED OP-CODE: 0111 

MACRO: ADD NEXT BRCH 0 DBUS 
0 ADDRESS CTRL 0 SOURCE UJ :z ::E FIELD E-
UJ 

CPDL DESCRIPTION: < :z 0 ::E ~ 0 N - 0 u u tn :J RO pl M{OA} :z z z a:l l:Q 
..J UJ ::E u 

0 T, MAR<: PC 0 0 I 0 0 I 1 I I I 

I PC<: T pl I 0 I 0 0 0 I 0 0 I 0 

2 MAR<: M{MAR} 0 I I 0 0 I 0 I I l 

3 T <:RO pl M{MAR}, LFL I 0 0 0 0 l 0 I I 0 

4 RO<: T, >:IF 0 0 0 0 0 I 0 0 I I 
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CPDL NOTATIONS CSTR2 

Figure 6-35. Microprogram Electrical-Level Coding Form: ADD Macro 
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CSTR ADDRESS: 90H ASSIGNED OP-CODE: IXXX 

MACRO: INDEX ADR. NEXT BRCH 0 DBUS 
0 ADDRESS CTRL 0 SOURCE u.J z :::;:; FIELD E-
u.J < z CPDL DESCRIPTION: 0 :::;:; E- 0 N - 0 u u 0 {I) 

...J EA<: M{OA} pl RI z z z ...J u.J u.J ~ CQ CQ u 
--0 MAR, T <:PC 0 0 I 0 0 I I I I I 

I PC<: T pl I 0 I 0 0 0 I 0 0 I 0 

2 MAR<: M{MAR} pl RI, CLM 0 I I 0 0 0 0 I I 0 
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CPDL NOTATIONS CSTR2 

Figure 6-36 Mkr~program Electrical-Level Coding: Index ADR Macro 

ALU FIELD 

ALU FUNC. cs 
0 

<'l N r/i ?}l {I) {I) 
{I) {I) u u 

I 0 I 0 I I 

0 0 0 0 0 0 

I 0 0 I I I 

CSTRI 

SINK CONTROL FIELD 

R ARRAY LOAD ENABLES 

~ ~ r/i 0 ~ @) {I) r-
~ ~ :::;:; ...J ...J 

~ ...J 
...J -

0 I I 0 0 I I 

I I I I 1 I I 

0 0 I 0 I I I 

CSTRO 

0 
...J 

I 

I 

I 

;;l 
" 
~ 
~ 
~ 
""' ~ 

w 
0 
w 



304 

BIBLIOGRAPHY 

PROBLEMS 

PROBLEMS 

Build an Am2900 Microcomputer. Vol. I-IX. Sunnyvale, Califor­
nia: Advanced Micro Devices, Inc., 1978. 

Dietmeyer, Donald L. Logic Design of Digital Systems. Boston: 
Allyn and Bacon, 1978. 

Husson, Samir S. Microprogramming Principles and Practices. 
Englewood Cliffs, New Jersey: Prentice-Hall, 1970. 

Microprogram Design with the 2900 Family. Sunnyvale, Califor­
nia: Advanced Micro Devices, Inc., 1978. 

Wilkes, M.V. "The Best Way to Design an Automatic Calculat­
ing Machine." Manchester University Computer Inaugural Con­
ference, July 1951. 

Wilkes, M.V., and Stringer, J.B. "Microprogramming and the 
Design of the Control Circuits in an Electronic Digital Com­
puter." Proc. Cambridge Phil. Soc., Pt. 2, Vol. 49, pp. 230--38, 
April 1953. 

Yaohan Chu. Computer Organization and Microprogramming. 
Englewood Cliffs, New Jersey: Prentice-Hall, 1972. 

Note: First microcode the following problems on the appropriate cod­
ing form, then demonstrate their operation on the construction project. 

1. Use the electrical-level (H or L) coding form for this problem. 
Microcode the instruction CALL, OA. For this instruction, use 
R2 as the system stack pointer (SP). The CPDL description of 
the results is as follows: 

SP<: SP mi I 

M{SP} <: PC 

PC<: M{OA} 

Hint: Carefully consider the order in which one must adjust the 
PC and SP in STUPIDD's architecture. Recall that the PC must 
point to the next OP upon execution of a return. 

2. Use the symboiic coding form fur the following problem. This is 
an address-modification type of algorithm. The MOD bit on 
STUPIDD is to be used for indexing with automatic preincre­
mentation of the index register, R2. That is, R2 is to be incre­
mented before the effective address is formed. Name this macro 
+ X. As described in the text, fall-through shall be in relation to 
the ADD macro. 

3. Develop the microcode for the instruction rotate left through 
carry (RLC), using the electrical-level (H or L) coding form. The 
instruction operates as follows: 

CF<: R0[3] 

RO[i] <: RO[i mi I], i=3,2,l 
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R9[0] <:CF 

4. Use the symbolic coding form for this problem. Develop the 
microcode for the instruction ReTurn from Subroutine (RTS). 
Register R2 is to be used as a stack pointer (SP). The instruction 
operates as follows: 

PC<: M{SP} 

SP<: SP pl I 

5. Use the symbolic coding form for this problem. Develop the 
microcode for the instruction PUSH RO. Register R2 is to serve 
as the stack pointer (SP). The instruction operates as follows: 

SP<: SP mi I 

M{SP} <:RO 

6. Use the symbolic coding form for this problem. Develop the 
microcode for the instruction branch if memory equal to RO 
(BMEQ, RO). This is a three-word instruction. The first memory 
word is' the OP code, BMEQ RO. The next memory word speci­
fies the address of the operand (OAI) that is to be compared with 
the contents of RO. The third memory word of the instruction, 
which we can call OA2, contains the branch address to be used if 
M{OAI} = RO. Just be careful to be sure that the PC is pointing 
to one of the two possible next OP codes when the IF major state 
is reached. 

7. Write the symbolic microcode for STUPIDD for the instruction 
that POPs data from the stack. Use RO as the implied register 
through which all stack data communications occur. 

8. Create a macro, using the symbolic coding form, that compares 
the contents of RO with the contents of memory specified in ·the 
OA I field. IF (M{OAJ} ;::::: RO), then jump to the location speci­
fied in OA2, else fetch the next instruction in sequence. 

9. Write the symbolic microcode for the instruction that increments 
RO and branches to the operand address if a carry has occurred. 
Call it INBC. 

10. Explain why the contents of STUPIDD's instruction register 
have no effect on the instruction fetch during the IF phase of 
operation. 

11. Develop a macro for clearing the carry flag (CF) and the sign flag 
(SF). Do the same for the setting of these flags. Discuss differ­
ences between the activity levels of these flags and the macro's 
effects on the algorithms. Given STUPIDD's architecture, is it 
possible to affect one flag and not the other? Discuss, comment­
ing on desirable changes in architecture. 

12. If the MAR, the T, and the IR registers were to be loaded only 
one at a time, instead of in parallel, as the microcoding forms 
now permit, how could you reduce the size of STUPIDD's con­
trol word by one bit? Do not use any integrated circuits that are 
not used in the existing design. 

13. Develop new methods for performing both conditional and 
unconditional branches between the upper and lower halves of 
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the macro-block space. Consider all four types of cases for each 
type of branch. 

14. This problem is a thought-provoking challenge. Unsigned multi­
plication may be performed by successive addition. The results 
occupy two registers R 1 and R2. Assume that the multiplier has 
already been placed in RO. The multiplier is decremented and 
tested for the nonzero condition. If it is not zero, then the multi­
plicand is added to the accumulator registers. The location of the 
multiplicand is specified in the OA field of the instruction word. 
The initial contents of RI and R2 are unknown. Microcode this 
algorithm, using the symbolic coding sheet. Hint: First solve 

· Problem 13. 

15. What would you do to prevent unimplemented OP codes from 
affecting normal, useful operation of a processor system? 

16. Create a macro for the indirect addressing of operands. Call it I. 
First draw the memory map of the chain of pointers, starting 
with the OA field of the instruction. Define what is contained in 
the locations that are pointed to. Submit your memory map with 
the solution. Remember that the PC also is a pointer into mem­
ory. Assume that the instruction we fall through to after the EA 
calculation is the ADD macro, shown in Figure 5-13. 

17. Create a macro for the branch relative (BRR) instruction. This is 
a two-word instruction, where the first word is the OP field and 
the second is the signed relative displacement to the location we 
are to branch to. That is, forward as well as backward branches 
can occur-within the range of +7 locations from the current 
location. The PDP- I I and other computers perform relative 
branches. Their hardware and assembly-language manuals pro­
vide good reference material on the operation of this type of 
instruction. 

18. Develop an algorithm for unsigned integer division. The numera­
tor is to be an eight-bit quantity already residing in two registers 
of the array R. The denominator's location in primary memory is 
specified by the OA field of the instruction word. Specify how 
you plan to handle the quotient and the remainder, define the 
algorithm, and give all other assumptions you plan to use. 

19. Create a macro, on the electrical-level coding format, for input­
ting data from STUPIDD's input switches, that uses a hand­
shake. That is, the MSB of the in switches is to be used as an 
indication that data is ready when this line is high. The other 
three switches are data. The algorithm is to loop until data is 
ready. When the data is ready, it is to be placed into the T regis­
ter with the MSB changed to a low (the ready signal is stripped 
out). 

20. Use the symbolic coding form for this problem. Write the macro 
for the instruction that decrements R l and jumps to the address 
specified in the OA field of the instruction if the results are nega­
tive. Call this one DJRl. 



READY REFERENCE OF KEY TOPICS 

Activity levels, 40 
of ALU carry flags, 94 

Addition 
ADD macro, selection of, 231 

Fall-through to (indexed addressing), 281 
methods, 229 
symbolic microcode, 232; figure, 233 

Algorithms (macros), 218 
ALU Worksheet, 96; figure, 97 
Architecture, I, 33 

assembling an. 77 
bus organization, 6 
comparisons, 10 I 
and the cycle of computation, 10 
dual-sized registers in, 84 
Harvard machines, 4; figure, 11 
organizing. 84 
performance comparisons of, 100 
Von Neumann machine. 4;figure, 12 

Arithmetic/Logic Unit (ALU) 
interface, 88 
operations and flags, 87; data sheet, 91 
relative magnitudes, 94 
two's complement problems, 97 
wire-wrap list, 193 

Array characteristics, 78; figure, 80 
ASRC and IN DIP SW wire-wrap list; figure, 198 

B DISBUF wire-wrap list, 198 
Bidirectional transceiver, 55 

data sheet, 56 
schematic, 58 

BJT transistor, 37, 44; figure, 38 
Block addresses, 244, 252 
Branch control, 243, 269 
Buses, 34 

control, 35; figure 
drivers, bidirectional, 55 
hardware, calculations, and data catalogs, 48 
organization, 6 
transceiver schematic, 58 

Calls, 81; figure, 83 
CAR (U36) 

CSTR IC details, 266 
wire-wrap list, 211 

Cartesian product, 125 
Channelized organization figure, 18 
Characteristic equation (CE), 140 
CLM, 244 
CLR MOD, 270 
Clock 

characteristics and system-clock periods, 106; data 
sheets, 107 

parameters ( t11, tR), 112 
phases, 106; figure, 110, 111 

single-phase, 108 
two-phase, 109 

Computer implementation technologies, 5 
Control store (CSTR) and control system, 241 

CSTRI and CSTRO DIPSW wire-wrap lists, 203, 204 
CSTR IC's (U33-35), 265; wire-wrap list, 209, 210 
device details and memory maps. 249 
macro assignment form, 254 
parts list, 207; block diagram 
wire-wrap lists, 208 

CPDL 
descriptions of add instructions table, 229 
symbols table, 214 

CPU (STUPIDD V) 
block diagram, 157 
construction project and checkout, 182; figure 
system summary, 173 
parts list, 192; wire-wrap lists, 193 

CSL wire-wrap list, 194 
Cycle of computation, 14 

Data bus source feed figure, 53 
Data paths, 34 

microoperations, 219; figure, 222 
Data sheets 

ALU (74LS181), 91 
bidirectional bus drivers (8T28), 56 
clock circuits, 107 
decoders (74LSl38 and 74LSI39), 50 
hex display (TIL3 l 1 ), 176 
J-K flip-flops, 138 
static RAM (2114A), 179 
tri-state line drivers (74LS241), 62 
UV-erasable PROM (2716), 260 

DBUF wire-wrap list, 197 
DECO and DEC! 

DBUS source and clock-enable controls (US), 172 
wire-wrap list, 196 

Demultiplexing, 59; figure, 64, 65 
large system example, 66 

Diode, 37; figure, 38 
Direct memory access (OMA), 18 
Display 

data sheets, 176 
selection, 171 
wire-wrap list, 201 

Distributed stacks, 84 
Distributed stack operation, 86 
OLD and macro-set control wire-wrap list, 208 
DLD CTRL (U38) 

CSTR IC details, 259 
wire-wrap list, 212 
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Downloading operations, 250, 257; figure, 250 
procedures table, 258 

Dual-register-sized processors, 84 
Dynamic memory fundamentals, 69 

Electrical-level microcoding forms, 214;figure, 215 
Enabling, 45, 78, 249 
EPROM. 241 
EX major state. 14; figure. 11 

microcoding. 228 
Excitation table derivation, 142 
Extended display logic (U13 through UIS), 171 

F and ADJl DISBUFS wire-wrap list. 199 
Fan-out. 49 
Flags 

activity level in CSTR. 277 
generation. 89 
register (U6). 166; wire-wrap list, 195 
selection in CSTR, 243 

FL DISBUF wire-wrap list. 199 
Flip-flops (FF's). 137; data sheets. 138 
FO current drive parameters, 54 
4.7 K-ohm 15-resistor pack (CPU) wire-wrap lists. 205. 

206 
4.7 K-ohm 15-resistor DIP pack (control) wire-wrap 

list. 212 

Gates, 34 

Harvard machines. 4; figure, 11 
Hex display 

data sheets. 176 
wire-wrap list. 201 

IC's. common, in a systems context. 155 
IF major state, 14; figure. J 7 

algorithm. 219; figure, 220. 221 
flip-flop in CSTR, 248, 259 
macro in CSTR. 266; figure, 268 
symbolic code. 223; figure, 227 
wire-wrap list. 208 

INBUF wire-wrap list. 197 
Input interface (IN) (U IO. U 12). 169 
Instruction register (IR) (U7). 168 

IR DISBUF wire-wrap list. 199 
IR-register wire-wrap list. 195 

Instruction set specification problems, 230 
Instruction-word formats, 22; figure 
Integrated circuits figure, 7 
Interface signals for control and coordination of IC's, 

160 
Interrupts. 81; figure, 83 

J-K flip-flop. 137 

Large system MPX and DMPX example, 66 
Latch 

READY REFERENCE OF KEY TOPICS 

SC, 137 
transparent, 79, 115. 160; figures, 115, 161 

Logic gate characteristics, 36; figure, 31 

Macro. 13 
creating new, 235 
program selection in CSTR, 252; table, 287 

Major states, 14 
Mealy machine, 125; figure 
Memory 

addressable units, 22 
cell types, 67; figure, 68 
static, fundamentals, 67 

Memory address register (MAR) (US). 166 
wire-wrap list, 194 

Memory system (M) (U9), 170 
wire-wrap list, 196 

Micro, 13 
Microcoding 

control system, 266 
electrical-level form, 214; figure, 215 
EX major state, 228 
symbolic form, 223; figure, 225 
system operation, 234 

Microprocessor slice block diagram, 158 
Microprogramming, 5 

control system, 266 
control word, 213 
examples, 270 
in state-machine theory, 121 
Wilkes concept, 12 

MOD 
flip-fl.op in CSTR, 245, 259 
wire-wrap list, 208 

Moore model, 126; figure, 128, 131 
MOS transistor, 39; figure, 38 
MOS logic characterizations, 42 
MROM 

IC's in CSTR, 259 
memory map, 252 
priority coded operation, 246 
space allocation, for macro, 245; figure, 247 
wire-wrap list, 209 

Multiplexing, 46, 59; figure, 64, 65 
CSTR IC details, 266 
large system example, 66 
logic, 60 
selection in CSTR, 244 
wire-wrap list, 211 

MVM instruction format.figure, 235, 237 

NAND gate, 37; figure, 40 
wire-wrap lists, 202 

Next-state prediction, 243 
Nonvolatile (ROM) fundamentals, 71 

Open-collector gate, 61; figure, 64 
Operand address modification, 280 
Output register (OUT) (Ull), 169; wire-wrap list, 197 



Ready Reference of Key Topics 

Parts lists 
control, 207 
CPU, 192 

Pipeline operations, 243 
Power supply. See V cc· 
Present-state identification, 242 
Priority encoding, in MROM, 246 
Processor systems, 8, 17, 156 
Processor interface signal categorization, 157 

fabrication technologies, 25; figure, 26 
features and architecture, 33 

Program counter (PC), 228 
OLD initialization, 257 

PROM programming the control system, 283; data 
sheets, 260 

Register array 
features, 77; figure, 79 
STUPIDD V (Ul), 160 

select control, 163 
microprogram control, 217 
wire-wrap list, 192 

Register and logic usage, specialized, 159 
Remote communication, 129 
Resistor, 37; figure, 38 

A !so see MOS transistor. 
Returns, 81; figure, 83 
ROM, 12 

Semiconductor technology, 6 
Sequential machine (SM), 121, 144 
Set-up time (t8 ), 112 
74LS138 and 74LS139 data sheets, 50 
74181 interface, 90 
Socket orientation and layout, 184 
SP DISBUF wire-wrap list, 198 
State-machine aspects of microprogramming, 121 
Stack characteristics, 80; figure, 81 
State, 122 

major states, 14 
State diagram, 129; figure, 128 
State-sequencing register, 123 
State table, 127, 136 

in CSTR, 242 

Static memory, 67 
Switch, BCD, wire-wrap list, 200 
Symbolic microprogramming, 213 

CPDL, 213, 229 
form, 223; figure, 225 

Synchronous operation, need for, 123 
Synchronization SM problems, 129 
System flags, generation of, 89 
System checkout, 187 
System control word, 213 

Tables, useful, 189 
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Temporary register (R) (U4), 165; wire-wrap list, 194 
TIL31 l hex display, 172; data sheets, 176 
Time-division multiplexing (TOM), 20, 46 
Totem pole, 40, 46 
Transistor 

binary junction (BJT), 37, 44; figure, 38 
metal oxide semiconductor (MOS), 39, 42; figure, 38 

Tri-state 
characterizations, 44; figure, 45 
enabling, 45, 49 
line drivers data sheets, 52, 62 
quad bus transceiver data sheet, 56 

Trouble-shooting guide, 187 
TTL, 37; figure, 40 
2114A Static RAM data sheets, 179 
Two's complement arithmetic, 97 

Useful tables, 189 
User/executive modes, 87 

V cc. 175; figure, 174 
VLSI figure, 7 
Von Neumann machine, 4; figure, 12 

Wilkes's microprogrammed architecture, 12 
Wire-wrapping 

lists 
control, 207 
CPU, 192 

procedure, 185 
Write/read control, 163 
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