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TECHNICAL UPDATES AND ERRATA: 

ECS- 3 Timing Error: 

The information on instruction execution time given in section 20f the man­
ual is off by a factor of 2 systematically. The times listed are exactly one half 
of the correct values. The following table shows the necessary conversions for 
each pos sible instruction time: 

3 state instructions take 12 microseconds @500 Khz. 
5 state instructions take 20 microseconds @500 Khz D 
7 state instructions take 28. microseconds @500 Khz. 
8 state instructions take 32 microseconds @500 Khz. 
9 state instructions take 36 microseconds @500 Khz. 

11 state instructions take 44 microseconds @500 Khz. 
In order to provide an explicitly noted correct value for the instruction timings 
of all 8008 instructions and a quick reference listing of all operation codes 
(functional duplications omitted) this article's outside back cover is printed with 
an alphabetical (by mnemonic) listing of all instructions except the INx and OUTxx 
codes. The listing includes mnemonic designation, operation code, the number 
of bytes required, the number of execution states, and the time iIi microseconds 
required for execution. The inside back cover completes the listing providing 
notation of all the I/O operation codes with space for comments regarding your 
own system's use of the codes. 

ECS-3 Clock Design Improvement: 

Page 11 of this article contains a revised version of the ECS-3 drawing #4, 
clock generation logic. The improvement in design is the use of a 74192 counter 
in place of the 7490 used in the original version. This change obtains completely 
synchronous (within gate propagation delay tolerances) operation. With the prev­
ious design, it was pos sible - given random starting conditions - to lock up the 
clock into an erroneous counting /waveform state due to glitches in the 7442' s 
output while the 7490' s state change propagates as synchronously. The sever -
ity of the problem depends upon the particular 7490 and 7442 IC's used due 
to variations in propagation delays with individual circuits. By replacing the 
assynchronous counter with the synchronous 74192 and using the "borrow" out­
.put to toggle the flipflop the problem is eliminated. . Other aspects of the clock 
design are unchanged with this improvement (see the diagram enclosed. ) 

ECS- 3 Bus Control Logic Correction: 

The bus control logic of the ECS-3 
design, drawing 3, 'was found to be in 
error during the checkout of ECS-S . 
The state in which the CPU has been 
interrupted and normal bus c ontrol 

s hould be overridden by the interrupt 
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condition incorrectly allowed a bus enable during the interrupt "jatn" cycle. 
This probletn did not tnanifest itself until the bus loading had been expanded 
with the ECS- 5 hardware and it was found that the CPU would occasionally 
lock in an erroneous state (for instance, during the course of an overnight 
memory test program. run.) The logic in the upper right hand corner of 
drawing 3 on page 28 should be changed as shown in the inset on the prev­
ious page. of this article. The new logic added is a functional "ANDII of 
the normal CPU bus enable signal with the interrupt override signal, the 
MSTR-ENAB signal. A single 7408 gate section could be used here, but the 
NAND form is shown to take advantage of spare 7400 sections. 

ECS- 3 RST Instruction Omis sion: 

The principles of operation section of ECS-3 omitted reference to the single 
byte call instruction, RSTn- (for "restart. 'I) The following information is an 
additional section which would be inserted in ECS-3 on page 55. 

2.2.4.3.2 . RESTART INSTRUCTION (RSTn) 
The RSTn instruction is used to call a subroutine addressed at locations 

0,8,16,24,32,40,48 or 56 depending upon the value of "n" (0,1,2,3,4,5,6 or 7 
respectively.) Its operation is identical to a CAL instruction - the current 
program counter is pushed into the stack and execution continues at the 
target address picked by the code. It takes only one byte however. 

Mnetnonic: "RSTn" (1 byte) 
th 

where: "n" picks the n 8 -byte subroutine starting at location O. 

Operation Code: " On5 " 
where: "n" is the subroutine addres s code 0 to 7 from the following 

table: 
Code Address Code Address 

0 0000 4 0020 
1 0008 5 0028 

2 0010 6 0030 
3 0018 7 0038 

Binary Format: "00 nnn 101" 
where: lin" indicates bits of the subroutine addr ess code. 

Timing: 
5 states, 1 cycle (20 ps @500Khz) 

Condition Flags: Unaffected. 

NOTE: See comment below r e error on page 3 of ECS- 3 in the statetnent 
of the po ss ible branch targets of an RST instruction. 
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Mise ellaneous ECS- 3 Errata: 

1. The Greek' symbol. "<p" used to represent the dock phases was omitted in 
textual references ,to¢l and ¢ 2' This error is extensive in pages 4.to H of 
the theoretical discussion of operation, and is also found on pages 10 and 21 of 
the ECS-3 manual. A similar error occurs once on page 5 wher e the symbols 
" CX O" and "~/' should have been noted in the last paragraph. 

2. On page 3, the correct decimal addre sses for the RST instruction ar,e Qi 8 , 
16,24,32,40, 48 and 56 corresponding to the RSTO through RST7 c odes. 

3 . On page 6, section 1. 3 .1.3, "TIT" should read " TlA". 

4. On page 6, section 1. 3.1. 4~ " - 911 volts" should read " _9 volts. " 

5. On page 14, CT3 should be added to the output of I/O socket #1 for use in 
the I/O controller, as noted in ECS -5. 

6. On page 36, second paragraph, "is defined the" should read "is defined by 
the." In the fourth paragraph, same page " state s add their" should read "states 
and their . " 

7. On page 37, table 4: The PCW and PCC cycle codes were switched by the 
typist. PCW's code should read "11" and PCC's cycle code is " 01". 

8. On page 38, section 2. 1. 6, "CPyll should read "CPU. " 

9. On page 40 at the top, "Arthitecture " should read "Architecture. " 

10. On page 43, first paragraph, "confied" should read "confined." On the 
same page at the bottom, item 3, "The In" should read "The INx". 

11. On page 45, table 6, mnemonic XRexplanation should read "Exclusive 
OR (XOR). " 

12. Page 46, the Carry Flags heading, first line following should read "True 
implies operand greater than accumulator. " 

13. On page 53, a general comment: The dis c us s ion of the stack mechanism 
should have included mention of the maximum size available for calling nested 
levels of subroutines. The stack mechanism of the 8008 is 7 levels deep (ie: 
7 program counte.r states can be saved) thus a maximum of 7 CAL or RST in.,. 
structions (or conditional variants which are executed) can be performed in 
a series without any intervening RET instructions without losing information. 

NOTE: This completes the er rata and technical update information on ECS- 3 
as of the time of publication of this article . In future article s, as additional 
corrections are identified, information will be published in a similar format. 
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ECS-5 Manual Reset/Power On Logic: 

The logic of ECS-5 drawing 
3 (page 10) fails to allow for the 
state of the interrupt flip flop 
register bits at start up (see the 
discussion on page 4.) This can 
be corrected by using spare sec ­
tions of the ICls numbered 17 & 
18, using the logic shown at the 
right. 

The NAND (7420) followed by 
inversion (7402) logic shown here 
acts as a negative-logic "or II of 
the CPU generated reset and the 
manual/power on resets which 
clear the Interrupt Flag Register 
in the logic shown. 

Without this change, the start­
up state of the flipflops leaves the 
interrupt one shot fired - with out 
the corresponding CPU response 
needed to turn off the IFR bit in 
question. One cannot output an 
"INO" with the interrupt enable 
code if there is no software be-
cause power was just turned on. 
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With the change to the wiring shown, the late-rising power on/manual clear sig ­
nal will also clear the IFR - and if a software deadlock should later ensue, the 
manual version of the function will enable you to restart operations. 

ECS-5 Keyboard Debounce Timing: 

The values of resistors Rl to R9 in ECS-5 ' s drawing 2, page 9, should be changed 
to 1000 ohms instead of the lOOK shown. The capacitor values should be increased, 
from I to 10 mfd for Cl to C8 will achieve the desired debounce time constant with 
the smaller resistance values. 

ECS-5 Device Select Numbering: 

The buffering inverters labelled l4f and l5a and 15b in ECS-5 drawing #1 were 
inserted without considering the effect on pinouts in the diagram. To achieve a 
logical mapping of device code to select line invert the order of 
pin numbering for each group of 8 7442-generated bus enable or select signals. 
Thus pin I of IC 7 should be thought of as "7" not "0", and pin 9 should be thought 
of as "0" not 7 - with corresponding changes throughout. The reason for inserting 
the inverters in the published version is to normalize loading of the address lines -
without inverters, there would be 5 TTL loads on those three lines in this subsection 
of the system, with only I load each on the other high-order addres s lines . 
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THE " C A T ER PI L LER" - AN APPllCATION PROGRAM : 

The following program was written to demonstrate an extended pr ec ision shift 
operation using the "rotate" instructions - which shows the result dynamically on 
the 16-bits of the binary display devices described by ECS-5. The result of 
this program is a moving pattern of lights in the displayo The program is a simple 
one which first defines the initial data in registers D and E, then enters a loop which 
includes the shift operation, output of the result, and a time delay •.• 

0000 
0001 
0002 
0003 
0004 

0005 
0006 
0007 
0008 
0009 
OOOA 
OOOE 
OOOC 
OOOD 
OOOE 
OOOF 

0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
0019 
OOlA 
OOlE 
OOlC 
OOlD 
OOlE 
OOlF 
0020 

I 
I 
D 
I 
D 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
D 

I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
D 
D 
I 
D 
D 

250 
036 
FF 
046 
C3 

304 
022 
340 
303 
022 
330 
lb3 
304 
lbl 
026 
CO 

307 
307 
307 
307 
307 
307 
307 
307 
307 
307 
021 
110 
10 
00 
104 
05 
00 

START: 
XRA Clear initial carry. 
LDI Define the first WJ rd. 
"11111111" - all lights out. 
LEI The caterpiller is a set 
"11 000011 " of four lion" lights. 

WALKLOOP : 
LAE 
RAL 
LEA 
LAD 
RAL 
LDA 
OUT31 
LAE 
OUT30 
LCI 
19210 

DELAY: 
LAM 
LAM 
LAM 
LAM 
LAM 
LAM 
LAM 
LAM 
LAM 
LAM 
DCC 

Fetch right byte 
Rotate left into carry, sa ve 

and save the bits. 
Fetch left byte. 
Rotate it left too, 

and save it. 
Write the left lamps. 
Get the right value. 
Write the right lamps. 
Define delay time constant . 
A typica l value. 

Use 
several 
longish 
delay 
instructions 
to 
stretch ( s t re t c h) 

out 
the 
loop. 

Decrement the counte r . 
and keep l ooping 

Until 
JFZ 
L(DELAY) 
H(DELAY) 
JMP 
L(WALKLOOP) 
H(WALK="OOP) 

all 
do ne 
Hith 

realtime Hait. 

Once the program has been loaded using the bootstrap mode of the CPU its oper ­
ation is begun by pres sing any key on the keyboard to generate an interrupt which 

starts operation" The "on" bits will then march like a caterpiller through the dis ­

play. Adjust the speed by changing the value of location OOOF. 
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READERS' REAC TIONS: 

In the last issue an offer w as rrlade to extend the subscription of the first indiv­
idual to write concerning a proposal to rrlake software available in ROM [orrrl to 
subscribers. The winner' - the only individual with a Noverrlber 28 1974 postmark 
received - was Jarrles Fry of Toledo Ohio, whose subscription is now extended by 
one issue. The essence of his comment on the subject is this: standardize an au­
dio tape data format and epxress prograrrls using that forrrlat with cassettes for 
handling c onvenience. 

Georg e Fisher of Staten Island N D Y D sent along a copy of an article recently 
published in .. PCC" ( Peoples COrrlputer Company; Box 310, Menlo Park Ca. 94025 ) 
concerning horne-oriented rrlicrocorrlputer systems. The essence of the article's 
rrles sage is the desirability of cheap swappable ROM modules as the software cus ­
tomization medium for mass produced cOrrlputers. 

Marshall Horwitz, of La Mirada California sent along the following COrrlrrlents: 
"I feel the price of $50 to $100 is way out of line. Have you ever given any 
thought to writing a cOrrlpiler program for ECS-3? " To the price comment, I can 
only reply that ROM's cost a fair amount in srrlall quantities at present, with the 
Intel PROM's (eg: 1702) storing 256 bytes for approximately $70 in srrlall quantities 
for example (unprograrrlrrled.) I think that if the re-prograrn.m.ability feature is 
sacrificed (as would be possible in a production prograrrl product for hOrrle cOrrlputer 
builders) the fusible link type ROM's could be offered sOrrlewhat less expensively. 
The price of programming - whether with your own code or standards - would be 
an added arrlount to the basic hardware cost. As to cOrrlpilers, the 8008 CPU has 
been around for some tirrle now, with Intel itself pushing "PL/M" for large users. 
An obvious starting point for c Orrlpilers is a sirrlple interpretive language design. 
No hOrrlebuilt rrlicrocorrlputer constructed on a rrlinirrlal budget will be able to 
handle rrluch rrlore . . There is rrluch instructional value re prograrrlrrling of the 
machine in a compiler project, and I arrl thinking now of devoting several issue s in 
1975 to such an interpretive cOrrlpiler software system. 

Donald Senzig of Union Grove, Wj s.. points out that a firrrl called "SCELBI 
Computer Consulting Inc. II offers an ROM product whose price and description 
suggest the Intel 1702. I have seen a copy of their brochure and note that they 
do offer an 8008 kit product as well~ which rrlay be of interest to subs c ribers. 

Gary Ko Berkheiser of Bristol, Pa. sent along a thoughtful letter of consider ­
able length, essentially endorsing the ROM idea as a useful one. He expressed 
considerable interest in the logical candidates for use of ROM's - the systems 
software needed to run the computer. Given a reasonable design for a tape inter ­
face, keyboard, etc. it is only necessary to program certain low level utility 
subroutines once - feeding i t general and specifi c parameters whenever a pro­
gram must do such I/O. Thes e routines are used over and over, and their in-

clusion as ROM's will be useful. Mr. Berkheiser c ontinues with several addi­

tional cOInrrlents, including the following: 
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" Your documentation of the Keyboard Echo and Binary Calculator 
programs is done qui te well. " ltmade them both much easier to read 
and a lot more enjoyable. But why jump from Hexadecimal to Octal and 
back again. I'in conversant in both,counting systems but there may be 
some subscribers who are not and could become confused. Why not pick 
one system and stick with it. Hex seeInS to lend itself quite well as two 
digits represent eight bits of data instead of two and a half digits for 
octal •.•. " ' 

Mr. Berkheiser has raised a point which has been somewhat of a bone of conten­
tion between myself and my brother Peter for some time - since I began looking 
around for a means of expressing programs for the 8008 architecture and came 
up with the system used to date. Peter's argument is to use octal for everything, 
claiming with some truth that octal is an easier system to calculate mentally. 
AFTER ALL - the octal addition/subtraction tables (I doubt many people regularly 
multiply or divide in hex or octal! ) are subsets of the usual decimal tables every 
civilized person learns to use early in life. But fora m ,achine wih the 8008 ,archi­
tecture, this runs directly into a major problem: the quantum of data is not divis­
ible into three bit groups. The result, if 8- bit quantities which respect the H/ L 
address division are used, is a crazy rlpseudo octal" which counts up the low order 
three digits to 377, then carries over to 1000. The problems of converting mentally 
the pure octal output of a modified PDP-8 assembler for the Intel caused my asso­
ciate Chris Bancroft to coin the word "Intelese" for this form of notation and to 
write an HP-65 program (which barely fit like a chinese puzzle into 100 keystrokes) 
to do the conversion for him in his work on intel-controlled industrial equipment. 
To contrast the notation systems for addresses, here is what happens as the pro­
gram location goes from page 0 to page 1 in three systems: 

Intelese Octal (pure) ' Hex 
000000 00000 0000 

000376 
000377 
001000 

00376 
00377 
00400 

OOFE 
OOFF 
0100 

Note the impact of page boundary (after octal 377, hex FF) on the adressing sequence 
expressed in 8 -bit Intelese quanta - the page boundary shows, at the price of losing 
a natural octal sequence. In octal, the page boundary is in the middle of a digit, so 
manually programming 8-bit words is difficult. But in hex, both the natural arith­
metic sequence and a page bound significance between digits are achieved. 
It has never ceased to amaze me why manufacturers of machines with 8-bit (or 16) 
bit data quanta insist upon using octal. This is the case for instance in both the 
Data General NOVA and the Intel products. For some perverse reason many manu­
facturers insist on octal - maybe they are just trying to be "different" from IBM, 
which invented the use of hexadecimal notation in computing applications with the 
360 series of machi~es. I am interested in providing readers with a method of 
"on paper" program expression which best fits the interests of convenient program­
ming. If I take Mr. Berkheiser' s suggestion (to use hex ex~lusively) the impact 

will be as follows: 
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1. All data expres sions will be consistent with program operation 
code representations - at the price of eliminating the relation whi ch 
which odal digits have to the internal format of 8008 instructions. 

2. Anew set of operation codes must be' generated and used, ex­
pr ess ing the -same information as two hex digits instead of three 
numbers (two true octal, one high order quartal digit.) This elim ­
inates certain mnemonic tricks useful for remembering instructions 
- for instance remembering the "3ds" (d is destination, s is source) 
form of the load instruction is easy and can be based on a mental 
algorithm rather than rote memorization needed with the hex form. 

3. A problem disappear s (which has not been mentioned previously 
in these pages) in the design of the IMP (Interactive Manipulator 
Program) now in progress. The interactive sequence required b e­
comes much simpler if effectively only one base is used - there is 
no need to distinguish between liD" and "I" formats in entereing 
or manipulating memory data with the program. 

ECS-6 

If you are interested in adding your views to this forum, on the program rep­
resentation topic or other items of concern, drop me a line. I will not promise 
to include every comment made, but a selected few will appear in subsequent 
issues. To summarize the program representation question, the following 
courses are possible ... 

1. All octal notation,consistent with machine op code structure, 
but awkward with 8-bit byte machines such as the 8008. 
2. The notation which has been used in thes e articles to date, hex 
for addres ses and data, numerical (effectjv~ly octal) strings for 
op codes which reflect the internal divisions of instruction bytes. 
3. Pure hexadecimal as described above. 

If you have comments, the deadline for inclusion in the next issue (due January 
31 in the mail) is January 10 (plus or minus several days. ) 

A NOTE CONCERNING MEMOR Y BOARDS: 

The price of the IK memory array design, ECS-8, in PC board form will 
be $19. 00 fully drilled and $14.00 undrilled plus postage. I have several boards 
on order at the time this article goes to press, and expect to contract production 
of additional boards according to demand. Advance orders can now be accepted 
_ the boards use eight 2602 chips, two bus interface 8T09's, two 7404' s, one 74154 
and one 7400 - with two socket positions for data and address interfacing via DIP 
headerp lugs. If you order in advance I will ship the boards as soon as manu­
factured (once my small supply is gone) - with minimal documentation. The article 
to be published in early february will provide the detailed information. 



M '. P. Publishing CO n -19- ECS-6 

OP CODE REFERENCE TABLES: 

On this page are listed the 32 possible input and output op codes for the 8008 
computer, in an "instruction" format of three digit s , as described in ECS-3. All 
these instructions take 24 microseconds (OUTxx) or 32 microseconds, (INx) at a 
500 Khz clock rate. 

On the last page (outside cover, page 20) is a complete listing of all the non 
output/input instructions with mnemonic, op code, numoer of bytes of 
:memory required, nUIllber of CPU states, and time in microseconds with a 5QOKhz 

clock. 

Mnem. Code Description* Mnem. Code Description 

INO 101 Interrupt control OUT20 141 

INl 103 Keyboard OUT21 143 
------------------------------------

IN2 105 Tape data in/out OUT22 145 

IN3 107 Tape control in/out, OUT23 147 
---------------------------------~--

IN4 111 OUT24 151 

113 OUT25 153 
: . . ---------------------------------- ---------~--------------------------

IN6 115 OUT26 155 

IN7 117 OUT27 157 

OUT10 121 OUT30 161 Right binary display 

OUTll 123 OUT31 163 Left binary d i splay 

OUT12 125 OUT32 165 

OUT13 127 OUT33 167 
---------------------------------- -------------------------~~---------
OUT14 131 OUT34 171 

OUTi5 133 OUT35 173 

OUT16 135 OUT 36' 175 

OUT17 137 OUT 37 177 
----------------- ----------------- ~---------------------------------~-

-::-The description co lumn contains information on the current assignments 
mentioned in the course of this series. If you make your own hardware , 
this sheet can be used as a central reference point by filling in your 
own definitions as notes in the description column. Future articles 
will add further definitions oriented to ECS series software and hard-
ware designs . 
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M OP L S T M Op L S .T M Op L S T M Op L S T 

ACA 210 1 5 20 JFC 100 3 9/11 36/41+ LHA 350 1 5 20 nr.c 002 1 5 20 
~ 

ACB 211 1 5 20 JFP 130 3 9/11 36 41+ 1HB 351 1 5 20 RRC 012 1 5 20 ACC 212 1 5 20 JFS 120 3 9/11 36/44 LHC 352 1 .5 20 RSTO 005 1 5 20 ACD 213 1 5 20 JFZ 110 3 9/11 36/41~ LHD 353 1 .5 20 RS'l' 1 015 1 5 20 ~ ACE 21/~ 1 5 20 ,rnp 104-::- 3 11 M LHE 3516 1 g 20 HST2 025 1 5 20 ACll 215 1 5 20 J'l'C 1110 3 9/11 36/44 LHl 05 2 32 RS'!' 3 035 ] 5 20 1:1 ACl 0]4- 2 8 32 JTP 170 3 9/11 36/44 LHI, 3S6 1 5 20 RS'l'4 045 1 5 20 
~ AC]' 2] t, 1 5 20 J'l'S 160 3 9/11 36/44 LHM 357 1 8 32 RST5 05;; 1 .5 20 r:f' ACM 217 1 8 32 JTZ 150 3 9/1.1 36/44 HST6 065 1 .5 20 -..... LLA 360 1 .5 20 RST7 075 1 5 20 00 ADA 200 1 5 20 LAB 301 1 5 20 L1,8 36] 1 5 20 RTC 043 1 3/5 12/20 ::r' ADB 201 1 5 20 LAC 302 1 .5 20 LLC 3.62 1 5 20 RTP 073 1 3/5 12/20 ..... 
~ ADC 202 1 .5 20 LAD 303 1 5 20 LLD 363 1 5 20 RTS 063 1 3~ 12/20 (JQ ADD 203 1 5 20 LAE 304 1 5 20 ,LLE 364 1 5 20 RTZ 053 1 3 5 12/20 ADI!: 204 1 5 20 LAH 305 1 .5 20 LLH 365 1 .5 20 () ADH 205 1 .5 20 LAl 006 2 8 32 LLI 066 2 8 32 SBA 230 1 .5 20 0 AD! OO~ 2 8 32 LAL 306 1 5 20 LLM 367 1 8 32 SBB 231 1 5 20 . 

ADt 20 1 .5 20 LAM 30"( 1 8 32 SBC 232 1 .5 20 ADM 20"r 1 8 32 LMA 370 1 7 28 SBD 233 1 5 20 LBA 3]0 1 .5 20 LMB 371 1 7 28 SBE 234 1 5 20 CAL;:- 106 3 11 41+ LBC 312 1 5 20 LMC 372 1 7 28 SBII 235 1 5 20 cr~c 102 3 9/11 36/4h LBD 31.3 1 .5 20 LMD 373 1 7 28 SBI 03~ 2 8 32 C~'P 132 3 9/11 36/114 loBE 314 1 5 20 LME 37!~ 1 7 28 SBL 230 1 5 20 CFS 122 3 9/11 36/44 LBH 315 1 5 20 LMH . 375 1 7 28 SBM 237 1 8 32 CP7. 112 3 9/11 36/44 LBI 016 2 8 32 1MI 076 2 9 36 CPA 270 1 5 20 LBL 316 1 § 20 LML 376 1 7 28 SUA 220 1 5 20 CPR 271 1 5 20 LBM 317 1 32 SUB 221 1 5 20 CPC 272 1 5 20 NDA 240 1 .5 20 SUC 222 1 .5 20 CPD 273 1 5 20 LCA 320 1 5 20 NDB 241 1 5 20 SUD 223 1 5 20 CPE 2-r4 1 5 20 LCB 321 1 .5 20 NDC 242 1 5 20 SUE 224 1 .5 20 CPH 275 1 5 20 LCD 323 1 5 20 NDD 243 1 .5 20 SUH 225 1 .5 20 CPI Olt 2 8 32 LCE 324 1 5 20 NDE 244 1 .5 20 Sl)'I 021t 2 8 32 CPL 27 1 5 20 LCH 325 1 5 20 NDH 245 1 '5 20 SUL 22 1 5 20 CPM 277 1 8 32 LCI 026 2 8 32 NDI ~Jt1t 2 8 32 SUM! 227 1 8 32 CTC 142 3 9/11 36/44 LCL 326 1 5 20 NDL 1 5 20 CTP 172 3 9/11 36/44 LCM 327 1 8 32 NDM 247 1 8 32 XRA 250 1 5 20 I CTS 162 3 9/11 36/44 XRB 251 1 5 20 N 
0 CTZ 152 3 9/11 36/44 LDA 330 1 5 20 NOP* 300 1 5 20 XRC 252 1 5 20 I LDB 331 1 5 20 XRD 253 1 5 20 DCB 011 1 5 20 LDC 332 1 5 20 ORA 260 1 5 20 XRE 254 1 5 20 DCC 021 1 5 20 LDE 334 1 .5 20 ORB 261 1 5 20 XRH 255 1 5 20 DCD 031 1 5 20 LDH 335 ' 1 5 20 ORC 262 1 5 20 XRI 05~ :t 5 20 DCE 041 1 5 20 LDI 036 2 8 32 ORD 263 1 .5 20 XRL 25 1 5 20 DCR 051 1 .5 20 LDL 336 1 5 20 ORE 264 1 .5 20 XRM 257 1 5 20 DCL 061 1 .5 20 1DM 337 1 8 32 ORH 265 1 5 20 

ORI 06~ 1 .5 20 lILT 000 1 x x LEA 340 1 .5 20 ORt 26 1 .5 20 001 1 x x LEB 341 1 5 20 ORM 267 1 8 32 l}Instr~ctions marked vrith aster-377 1 x x LEC 342 1 .5 20 isk are typical or several aI-LED 343 1 5 20 Output - see separate list •• • ternate op c;odes, same runctio-n. INn 010 1 5 20 LEH 345 1 5 20 
INC 020 1 .5 20 LEI 046 2 8 32 RAL 022 1 5 20 Arithmetic/Logical Mnemonics: IND 030 1 5 20 LEL 346 1 g 20 RAR 032 1 5 20 AC = add with carry input lNE 040 1 5 20 LEM 347 l 32 RET-:, 007 1 5 20 AD = add,no carry inp~t INII 050 1 5 20 RFC 003 1 3~ 12/20 38 = subtract, borrow input INL 060 1 5 20 Alternatives ror condttional RFP 033 1 12/20 SU = subtract, no borrow input 

instructions: short time if RFS 023 1 ~~ 12/20 ND = logical product(AiID) Input - ~ee separate list ••• false branch, long time if RFZ 013 1 3 5 12/20 OR = 10cical sum (OR) 
true branch. XR = exclusive or (XOR) 

CP '" compare 
tr:I 
() 
CJl 
I Key: IIMII-mnemonic "OP" • op code II L" - length "S" - states IITII - time @500Khz (us) '0', 
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