








5. OPERATOR CONTROLS 

CONTROL PANEL 

The operator control panel contains the controls and indica­
tors necessary to display the current status of the computer, 
to change that status, and to make changes or insertions in­
to registers and memory. Certain maintenance functions are 
also provided on the control panel, as shown in Figure 6. 

POWER 

The POWER switch is a push-on/push-off indicating switch, 
which controls primary AC power to the system. When pow­
er is applied, the indicator is lighted. Protect violations 
are inhibited whi Ie power-on (or power-off) interrupts are 
waiting or active, to allow initial loading of the pro­
tect registers. 

PHASE 

The PHASE indi cators display the phases of instruction exe­
cutions, I/O operation, and control panel operations. 

The PHASE indicator identified with IIW II is lighted when­
ever the computer is in a IIwait li condition as the result of 
a WRITE DIRECT instruction wi th an effective address of 
X'OODO'. The PHASE indicator identified with III/Oil is 
I ighted whenever the computer is in the I/O mode of oper­
ation. The PHASE indicators identified with 11811 , 11411, 11211, 
and 11111 are primari Iy for use by maintenance personnel. 

PROTECT PROGR 

The PROTECT PROGR indicator displays the current state of 
the protected program (PP) bit, which is bit 8 of the program 
status doubleword. The PROTECT PROGR indicator is 
I ighted only if the protected program bi t is set to 1. If the 
memory protection option is not installed, the protected 
program bi t is always reset to O. 

INTERRUPT INHIBIT 

The INTERRUPT INHIBIT indicators display the current states 
of the interrupt inhibits. The INT indicator is lighted only 
if the internal interrupt (II) inhibit (bit 10 of the program 
status doubleword) is set to 1. The EXT indicator is lighted 
only if the external interrupt (EI) inhibit (bit 11 of the pro­
gram status doubleword) is set to 1. 

O'FLOW 

The 0' FLOW indicator displays the current state of bit 14 
of the program status doublewordi the indicator is lighted 
only if bit 14 of the program status doubleword is set to 1. 

CARRY 

The CARRY indicator displays the current state of bit 15 (C) 
of the program status doublewordi the indicator is lighted 
only if bit 15 of the program status doubleword is set to 1. 

r-----------------------------------------------------------------------------------------

Figure 6. SIGMA 2 Processor Control Panel 
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PARITY ERROR 

The two PARITY ERROR switches are both 2-position switches 
~hat are latching in both positions. When the right switch 
is in the IGNORE position, all memory parity errors are ig­
nored by the central processor. When the right switch is in 
the NORMAL position and the left switch is in the HALT 
posi tion, the central processor performs the following actions 
whenever a parity error is detected during the fetching of an 
instruction. a direct address (in the case of indirect address­
ing). 01' an operand: 

1. aborts execution of the current instruction 

2. enters a IIhalt li phase, with the program address (P) reg­
ister containing the address of the instruction which was 
in process, and the address of the location in which the 
error was found displayed. No other display can be se­
lected until the parity halt is cleared. 

3. turns the PARITY ERROR indicator on 

In order to proceed from a memory parity halt condition, the 
operator must move the COMPUTE switch from the RUN to 
the IDLE position and move the INITIALIZE switch to the 
RESET position, or move the right PARITY ERROR switch to 
the IGNORE position (in which case program execution will 
immediately be resumed). 

Note: Refer to the description of the INITIALIZE switch 
for the additional effects of the RESET position of 
the INITIALIZE switch. 

In either action, the memory parity halt condition is cleared 
and the MEMORY PARITY indicator is turned off. 

When the right PARITY ERROR switch is in the NORMAL 
position, the left switch is in the INTERRU PT position, and 
the memory parity error interrupt option is installed, the 
central processor performs the following actions whenever 
a memory pcrrity error is detected: 

1. aborts execution of the current instruction 

2. enters IIwaitll phase, with the program address (P) reg­
ister pointing to the aborted instruction 

3. triggers the memory parity interrupt level 

4. ignores any subsequent memory parity errors as long as 
the memory parity in'terrupt level is in the active state 

If the memory parity error interrupt option is not installed 
and a memory parity error is detected while the PARITY 
ERROR switches are in the INTERRUPT/NORMAL positions, 
the central processor performs the following actions when a 
memory parity error is detected: 

1. aborts execution of the current instruction 

2. enters IIwait li phase, with the program address{P) regis­
ter pointing to the aborted instruction. The wait phase 
is terminated by an interrupt becoming active, or by 
moving the COMPUTE switch to the IDLE position. 
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PROTECT 

The PROTECT switch controls the operation of the memory 
protection option. The protection system is operative 
only if the option is installed and the PROTECT switch 
is in the ON position (latching). If the PROTECT switch is 
in the OFF position (latching), the protection system is in­
operative. The PROTECT switch does not affect the opera­
tion of the computer in any way if the protection option is 
not installed. 

PROG ADD 

The PROG ADD (program address) switch has two latching 
positions: HOLD and NORMAL. When the switch is in the 
HOLD position, the central processor does not increment 
the contents of the program address (P) register when an in­
struction is executed. When the switch is in the NORMAL 
position, the central processor increments the contents of 
the P register by 1 as each instruction is executed. 

KEY-OPERATED SWITCH 

The key-operated, 3-position locking switch can be moved 
from one position to the other only when the appropriate key 
is inserted. When the switch is in the unlocked position, all 
other switches on the control panel are operative. However, 
when the switch is in either the PROTECT ON or the PRO­
TECT OFF position, the central processor ignores the physi­
cal positions of certain switches and, instead, operates as if 
the switches were in specific positions. The affected switches 
and the ir IIlocked li positions are: 

Switch Locked State 

PARITY ERROR INTERRU PT/NORMAL 

PROG ADD NORMAL 

COMPUTE RUN 

When the key-operated switch is in the PROTECT ON posi­
tion, the PROTECT switch is locked into the ON position; 
when the key-operated switch is in the PROTECT OFF posi­
tion, the PROTECT switch is locked into the OFF position. 

DISPLAY 

The DISPLAY indicators are used to display the contents of 
the register selected by the SELECT switch. 

DATA 

The DATA switches are 2-position switches that are latching 
in the 1 and 0 positions. These switches are used to alter 
the contents of the register selected by the SELECT switch, 
when used in conjunction with the ENTER position of the 
REGISTER switch. Also, the state of the DATA switches 
can be read into the accumulator (A register), under pro­
gram control, with a specific configuration of the READ 
DIRECT instruction. 



SELECT 

The SELECT switch is used to select the register to be dis­
played in the DISPLAY indicators. This switch is operative 
only when the key-operated switch is in the UNLOCKED 
position and the COMPUTE switch is in the IDLE position. 
The registers that can be displayed are: 

E Extended accumulator (general register 6) 

A Accumulator (general register 7) 

S Memory address register 

D Memory data register 

P Program address (general register 1) 

L Link address (general register 2) 

T Temporary storage (general register 3) 

X 1 Index 1 (general register 4) 

X2 Index 2 (general register 5) 

REGISTER 

The REGISTER switch is used to alter the contents of the reg­
ister selected by the SELECT switch. This switch is operative 
only if the key-operated switch is in the UNLOCKED posi­
tion and the COMPUTE switch is in the IDLE position. When 
the REGISTER switch is moved to the CLEAR position (non­
latching), the registerselected by the SELECT switch is cleared 
(reset to all O's). When the REGISTER switch is moved to 
the ENTER position (nonlatching), the central processor 
performs a logical inclusive OR between the state of the 
DATA switches and the contents of the selected register and 
loads the resul t into the selected register. The DISPLAY indi­
cators reflect the changed contents of the selected register. 

MEMORY 

The MEMORY switch is used to store the contents of the D 
register in core memory and to load the D register from a 
location in core memory. This switch is operative only when 
the key-operated switch is in the UNLOCKED position and 
the COMPUTE switch is in the IDLE position. When the 
MEMORY switch is placed in the STORE position (nonlatch­
ing), the current contents of the D register are stored in the 
memory location whose address is currently in the S register. 
When the switch is placed in the FETCH position, the con­
tents of the memory location (whose address is currently in 
the S register) are loaded into the D register, and the con­
tents of S are transferred to P. 

INTERRUPT IINCREMENT ADDRESS 

To the right of the MEMORY switch is a dual-function switch 
that has two nonlatching positions: INTERRUPT and INCRE­
MENT ADDRESS. When the switch is placed in the INTER­
RUPT position, the control panel interrupt level is triggered. 
If the interrupt level is armed (but not active) when it is 
triggered, it advances to the waiting state and cannot be 
triggered again until the level is cleared by the control pan­
el interrupt-servicing routine. The INTERRUPT function is 

always operative. The central processor performs the fol­
lowing operations each time the switch is placed in the 
INCREMENT ADDRESS position (nonlatching): 

1. increments the current contents of the S register by 1 
and loads the result back into the Sand P registers 

2. loads the contents of the memory location (whose ad­
dress is equal to the new value in the S register) into 
the D register 

The INCREMENT ADDRESS function is operative only when 
the key-operated switch is in the UNLOCKED position and 
the COMPUTE switch is in the IDLE position. 

INITIALIZE 

The INITIALIZE switch is used for initial central processor 
set-up, for subsequent reset operations, and for loading 
programs into core memory. This switch is operative only 
when the key-operated switch is in the UNLOCKED posi­
tion and the COMPUTE switch is in the IDLE position. When 
the switch is placed in the RESET position (nonlatching), the 
central processor enters an ini tial ized condition, whi ch is 
defined by the following: 

1. the PROTECT PROGR indicator, if operative, is turned 
on (set to 1) 

2. the INHIBITS, O· FLOW, CARRY, and PARITY ERROR 
indicators are all turned off (reset to 0) 

3. the S register is reset to 0 

4. all interrupt levels are reset to the disarmed, disabled 
state (except for the override group of interrupt levels, 
if any are installed, which are reset to inactive). 

5. all device controllers and all I/o status indicators are 
reset to the II ready ll condition 

The LOAD position of the INITIALIZE switch is used to load 
an initial program into core memory (see IIInitial Loading 
Procedure ll

). 

COMPUTE 

The COMPUTE switch controls instruction execution. The 
switch has two latching positions (RUN and IDLE) and a 
nonlatching position (STEP). When the switch is in the 
IDLE position, the central processor neither executes in­
structions nor performs any input/output operations; how­
ever, all other control panel switches are operative. When 
the COMPUTE switch is placed in the RUN position the cen­
tral processor starts executing instructions. The contents of 
the D register are taken as the first instruction to be 
executed. 

Subsequent instructions are accessed from core memory, un­
der control of the program address (P) register. When the 
COMPUTE switch is in the RU N position (or the key­
operated switch is in either the PROTECT ON or the PRO­
TECT OFF position), the following control panel switches 
are inoperative: SELECT, REGISTER, MEMORY, INCRE­
MENT ADDRESS function, INITIALIZE, and COMPUTE. 
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If the COMPUTE switch is in the RUN position when the 
central processor executes a WRITE DIRECT instruction with 
an effective address of XIOODO I, it enters a "wait" condition, 
in which case the P register contains the address of the next 
instruction in sequence. If an interrupt level advances to 
the active state whi Ie the central processor is in the "wait" 
condition, the condition is cleared, the interrupt-servicing 
routine is executed, and then instruction execution con­
tinues with the next instruction in sequence. The "wait" 
condition is also cleared when the COMPUTE switch is 
placed in the IDLE position (with the key-operated switch 
in the UNLOCKED position). 

The central processor performs the following operations each 
time the COMPUTE switch is moved from the IDLE to the 
STEP position: 

1. execute the instruction currently in the D register 

2. if the instruction in D was not a Branch instruction, 
increment the value in the P register by 1, so that it 
points to the instruction to be executed after the new 
instruction in the D register 

3. access the next instruction from the location whose 
address is now in the P register (or from the effective 
address of the instruction in the D register, if the in­
struction causes a branch) 

When the COMPUTE switch is moved to IDLE, P and S con­
tain the address of the next instruction to be executed, which 
is displayed in D. 

INITIAL LOADING PROCEDURE 

The operator may cause an initial loading operation to be 
performed by the CPU in order to set up a new program in 
the machine. Todoso, the operator performs the follow­
ing actions: 

1. Move the key-operated switch to UNLOCKED and the 
PROTECT switch to OFF. 

2. Move the COMPUTE switch to IDLE. This action stops 
the computer from further execution of instructions. 

3, Actuate the RESET position of the INITIALIZE switch. 
This action clears all internal CPU indicators, stops 
all peripheral devices, and causes devices such as mass 
memories or disc files to clear their starting address 
registers to zero. 

32 Initial Loading Procedure 

4. Actuate the LOAD position of the INITIALIZE switch. 
This action clears the accumulator, and the pr09ram 
address register. In addition, a load condition indica­
tor is set within the computer and an SIO instruction is 
set up in the D register. 

5. Select the A register with the SELECT switch, set DATA 
switches 8-15 to the number of the device from which 
the initial program is to be loaded, and then move the 
REGISTER switch to the ENTER position. 

6. Move the COMPUTE switch to RUN. This action causes 
the computer to execute the SIO instruction in the D 
register and then enter the "wait" condition. The P 
and S registers are cleared. This SIO uses bits 8-15 of 
the accumulator (general register A) as the device num­
ber, and then loads the I/o status information into the 
accumulator. No memory reference is made to Fetch 
an order from an I/o tablei instead, the central proces­
sor generates a read order(X I021} and an input/output 
control doubleword (IOCD) of the form XIOOOO 00801 

which specifies location 0 as a starting address and a 
byte count of X 1801 (128 bytes). 

7. Wait for the first record to be read from the selected 
input device. While the operator waits for the first 
record to be loaded, the following action takes place: 

The device selected by the device number in the 
accumulator has started and has received its first 
order, which is a Read order. The device then 
transmits the initial record, which is stored in core 
memory beginning at location 0 and continuing 
through location X13F' (a total of 64 words, if the 
first record on the selected device is that long). 
When the first record has been read, the device 
generates channel end and stops. No data chain­
ing occurs and the I/o interrupt level is not trig­
geredi however, the operational status byte is loaded 
into the even-numbered I/O channel register asso­
ciated with the device number and bit 0 of the odd­
numbered I/o channel register is set to 1 if a parity· 
error occurred during the input operation. When 
the operator observes the input device stop, he may 
then proceed to step 8. 

8. Move the COMPUTE switch to IDLE and then back to 
RUN for execution of the loaded program, beginning 
with location O. From this point on, the computer is 
under control of the program just loaded into memory. 



APPENDIX A. REFERENCE TABLES 

This appendix contains the following reference material: 

Title 

XDS Standard Symbols and Codes 33 

Standard 8-Bit Computer Codes (EBCDIC) 34 

XDS Standard 7 -Bit Communication Codes (USASCII) 34 

X DS Standard Symbol-Code Correspondences 

Hexadecimal Arithmetic 

Addition Table 
Multiplication Table 
Table of Powers of SixteenlO 
Table of Powers of Ten16 

Hexadecimal-Decimal Integer Conversion Table 

Hexadecimal-Decimal Fraction Conversion Table 

Table of Powers of Two 

Mathematical Constants 

XDS STANDARD SYMBOLS AND CODES 

35 

39 

39 
39 
40 
40 

41 

47 

51 

51 

The symbol and code standards described in this publication 
are appl icable to all XDS products, both hardware and soft­
ware. They may be expanded or al tered from time to time 
to meet changing requirements. 

The symbols listed here include two types: graphic symbols 
and control characters. Graphic symbols are displayable 
and printable; control characters are not. Hybrids are SP, 
the symbol for a blank space, and DEL, the delete code 
which is not considered a control command. 

Three types of code are shown: (1) the 8-bit XDS Standard 
Computer Code, i. e., the XDS Extended Binary-Coded­
Decimal Interchange Code (EBCDIC); (2) the 7-bit United 
States of America Standard Code for Information Inter­
change (USASCII); and (3) the XDS standard card code. 

XDS STANDARD CHARACTER SETS 

1. EBCDIC 

57-character set: uppercase letters, numerals, space, 
and & - / • < > ( ) + I $ * : ; , % 
#< @ I = 

63-character set: same as above pi us i ? 
II --, 

89-character set: same as 63-character set pi us lower­
case letters 

2. USASCII 

64-character set: upper case letters, numerals, space, 
and! $ % & I ( ) * + / \ 

= < > ? @ [J .... ' # 

95-character set: same as above pi us lowercase letters 
and {} : -- \ 

CONTROL CODES 

In addition to the standard character sets listed above, the 
XDS symbol repertoire includes 37 control codes and the 
hybrid code DEL (hybrid code SP is considered part of all 
character sets). These are I isted in the table titled XDS 
Standard Symbol-Code Correspondences. 

SPECIAL CODE PROPERTIES 

The following two properties of all XDS standard codes wi II 
be retained for future standard code extensions: 

1. All control codes, and onl y the control codes, have 
their two high-order bits equal to 1100 11 • DEL is not 
considered a control code. 

2. No two graphic EBCDIC codes have their seven low­
order bits equal. 

Appendix A 33 



XDS STANDARD 8-BIT COMPUTER CODES (EBCDIC) 

.----. _________ -t __ -r __ -r __ -r __ -r __ -r __ -r_M_o_strS~ig~n_ifTic~a~n~trD~ig~i~tsr_--~--r_--~--r_--~~ NOTES: 

Hexadecimal o 2 3 4 5 6 7 8 9 A B C D 
.---------+---+---+---+---+---+---+---+---+--------+-----1--~--~---4---~--~ The characters .... \ { } [] are USASCII 

characters that do not appear in any of the 
XDS EBCDIC-based character sets, though 
they are shown in the EBCDIC table. 

Binary 0000 0001 00100011 01000101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111 

o 0000 NUL DLE 

1111 SI US 

Decimal 
0 1 rows) (col's.)-

l Binary 
1 

xOOO xOOl 
,-~ 

0 0000 NUL DLE 
r---

1 0001 SOH DC1 
-

2 0010 STX DC2 
-

3 0011 ETX DC3 
--

4 0100 EaT DC4 
-

5 0101 ENQ NAK 
:~-
OJ 

6 0110 ACK SYN Ci .... -
c 
0 7 0111 BEL ETB 
~ 
'c 

8 1000 B5 CAN OJ 
Vi 

0 9 1001 HT EM 
Q) 

-' LF 
10 1010 SS 

NL -
11 1011 VT ESC 

12 1100 FF FS 

13 1101 CR GS 
-
14 1110 SO RS 

15 1111 51 US 
, . 
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ds SP & o 
--- --- -- r-------

A 
------- ---- ----1---

B K S 2 
----

T 3 

PE 
.H 

The characters i I --, appear in the XDS 
63- and 89-character EBCDIC sets but not 
in either of theXDSUSASCII-based sets, 
However, XDS software translates the char­
acters i I -. into USASCII choracters 
as follows: 

EBCDIC 

i 
I 

UASCII 

\ (6-0) 

i (7-12) 

- (7-14) 

The EBCDIC control codes in columns 0 
and 1 and their binary representation are 
exactly the same as those in the USASCII 
table, except for two interchang,es: LF/NL 
with NAK, and HT with ENQ. 

4 Characters enclosed in heavy lines are 
included only in theXDSstandard 63-
and 89-character EBCDIC sets. 

These characters are included only in the 
XDS standard 89-character EBCDIC set. 

XDS STANDARD 7-BIT COMMUNICATION CODES (USASCII) 
Most Significant Digits 

2 3 4 5 

xOl0 xOll xl00 x101 

SP 0 @ P 

I 5 1 A Q 

" 2 B R 

Ii 3 C 5 

$ 4 D T 

% 5 E U 

& 6 F V 

, 
7 G W 

( 8 H X 

) 9 I Y 

* : J Z 

+ ; K [ 5 

, < L \ 

- = M ] 5 

> N 
4~ 5 

4 
/ ? a -

1\ . 

6 7 
--t----

x110 xlII 

\ P 
1--

a q 
~ 

b r 

c s 
f----------

d t 

e u 

f v 
--I-----

g w 

h x 
---~-
i Y 

j z 

k { 

I I 
I 

m } 
4 

n -----
0 DEL 

, 

NOTES: 

Most significant bit, added for 8-bit format, is either 0 or an odd-parity bit for the 
remaining 7 bits. 

Columns 0-1 are control codes. 

Columns 2-5 correspand to theXDS64-character USASCII set. 
Columns 2-7 correspond to the XDS95-character USASCII set. 

On many current teletypes, the symbol 

is (5-14) 

is (5-15) 

is ESC or ALTMODE control (7-14) 

and none of the symbols appearing in columns 6-7 are provided. Except for the three 
symbol differences noted above, therefore. such teletypes provide all the charact.ers in 
the X DS64-character USASCII set. (TheXDS7015 Remote Keyboard Printer provides the 
64-character USASCII set also, but prints ..... as '" .) 

On theXDS7670 Remote Batch Terminal, the symbol 

is 

is 

is 

is 

I 
i 

(2-1) 

(5-11) 

(5-13) 

(5-14) 

and none of the symbols appearing in columns 6-7 are provided. Except for the four symbol 
differences noted obove, therefore, this terminal provides an the characters in theXDS64-
character USASCII set. 



XDS STANDARD SYMBOL-CODE CORRESPONDENCES 

EBCDIC t Symbol Card Code USASCn
tt Meaning Remarks 

---
00 NUL 12-0-9-8-1 0-0 null 00 through 23 and 2F are control codes. 
01 SOH 12-9-1 0-1 start of header 
02 STX 12-9-2 0-2 start of text 
03 ETX 12-9-3 0-3 end of text 
04 EOT 12-9-4 0-4 end of transmission 
05 HT 12-9-5 0-9 horizontal tab 
06 ACK 12-9-6 0-6 acknowledge (positive) 
07 BEL 12-9-7 0-7 bell 
08 BSorEOM 12-9-8 0-8 backspace or end of message EOM is used only on XDS Keyboard/ 
09 ENQ 12-9-8-1 0-5 enquiry Pri nters Mode Is 7012, 7020, 8091, 
OA NAK 12-9-8-2 1-5 negative acknowledge and 8092. 
OB VT 12-9-8-3 0-11 vertical tab 
OC FF 12-9-8-4 0-12 form feed 
OD CR 12-9-8-5 0-13 carriage return 
OE SO 12-9-8-6 0-14 shift out 
OF SI 12-9-8-7 0-15 shift in 

. -----~-- -------- ---

10 DLE 12-11-9-8-1 1-0 data I ink escape 
11 DCl 11-9-1 1-1 device control 1 
12 DC2 11-9-2 1-2 device control 2 
13 DC3 11-9-3 1.,.3 device control 3 
14 DC4 11-9-4 1-4 device control 4 
15 LF or NL 11-9-5 0-10 line feed or new line 
16 SYN 11-9-6 1-6 sync 
17 ETB 11-9-7 1-7 end of transmission block 
18 CAN 11-9-8 1-8 cancel 
19 EM 11-9-8-1 1-9 end of med i um 
lA SS 11-9-8-2 1-10 start of special sequence 
lB ESC 11-9-8-3 1-11 escape 
lC FS 11-9-8-4 1-12 fi Ie separator 
lD GS 11-9-8-5 1-13 group separator 
IE RS 11-9-8-6 1-14 record separator 
IF US 11-9-8-7 1-15 unit separator 

- --- ----- -- ---

20 ds 11-0-9-8-1 digit selector 20 through 23 are used with 
21 ss 0-9-1 significance start SIGMA 7 EDIT BYTE STRING 
22 fs 0-9-2 field separation (EBS) instruction - not input/ 
23 si 0-9-3 immediate significance start output control codes. 
24 0-9-4 24 through 2E are unassigned 
25 0-9-5 
26 0-9-6 
27 0-9-7 
28 0-9-8 
29 0-9-8-1 
2A 0-9-8-2 
2B 0-9-8-3 
2C 0-9-8-4 
2D 0-9-8-5 
2E 0-9-8-6 
2F PE 0-9-8-7 parity error If parity checking is requested. 

------

30 12-11-0-9-8-1 30 through 3F are unassigned. 
31 9-1 
32 9-2 
33 9-3 
34 9-4 
35 9-5 
36 9-6 
37 9-7 
38 9-8 
39 9-8-1 
3A 9-8-2 
3B 9-8-3 
3C 9-8-4 
3D 9-8-5 
3E 9-8-6 
3F 9-8-7 

tHexadecimal notation. 

ttDecimal notation (column-row). 
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XDS STANDARD SYMBOL-CODE CORRESPONDENCES (cont.) 

Symbol Card Code USASClI
tt 

Meanirg Remarks 
----.---4------------4---------------~----------4_----------------------------------~-------------------------------------,-

SP 

lor \ 

blank 
12-0-9-1 
12-0-9-2 
12-0-9-3 
12-0-9-4 
12-0-9-5 
12-0-9-6 
12-0-9-7 
12-0-9-8 
12-8-1 

2-0 blank 

12-8-2 6-0 cent or accent grove 
12-8-3 2-14 period 

< 12-8-4 3-12 less than 
40 ( 12-8-5 2-8 left parenthesis 

41 through 49 wi II not be assigned. 

Accent grave used for left single 
quote. On model 7670, \ not 
available, and 1= USASCII 5-11. 

4E + 12-8-6 2-11 plus 
4F I or : 12-8-7 7-12 vertical bar or broken bar On Model 7670,: not available, 

>-------f--------I-------- ___________ f--_____________________________ I---and I = ASASCII 2-1. ______ _ 

50 & 12 2 -6 ampersand 
51 12-11-9-1 
52 12-11-9-2 
53 12-11-9-3 
54 12-11-9-4 
55 12-11-9-5 
56 12-11-9-6 
57 12-11-9-7 
58 12-11-9-8 
59 11-8-1 
5A ! 11-8-2 
5B S 11-8-3 
5C * 11-8-4 
50 ) 11-8-5 
5E ; 11-8-6 
5F - or -, 11-8-7 

2-1 
2-4 
2-10 
2-9 
3-11 
7-14 

exclamation point 
dollars 
asterisk 
right parenthesis 
semicolon 
tilde or logical not 

51 through 59 wi II not be assigned. 

On Model 7670, ! is I. 

On Model 7670,- is not available, 
-------f---------+----------------------------------------________ +--_'='a'!..!n~d_...,_= USASCII 5-14. _____ _ 

60 - 11 
61 / 0-1 
62 11-0-9-2 
63 11-0-9-3 
64 11-0-9-4 
65 11-0-9-5 
66 11-0-9-6 
67 11-0-9-7 
68 11-0-9-8 
69 0-8-1 

2-13 
2-15 

minus, 
slosh 

dash, hyphen 

6A ...... 12-11 5-14 circumflex 
6B , 0-8-3 2-12 comma 
6C % 0-8-4 2 -5 percent 

62 through 69 wi II not be assigned. 

On Model 7670 ~ is"'. On Model 
7015 ...... is" (caret). 

60 _ 0-8-5 5-15 underline Underline is sometimes called "break 
6E > 0-8-6 3-14 greater than character"; may be printed along 

'-__ ~ ____ --'i-----f-~~-~ ____ I_----~!3- _f-__ ~u_:_~~on ma!:.~ _____________ +~tom of character line. ---
70 12-11-0 70 through 79 will not be assigned. 
71 12-11-0-9-1 
72 12-11-0-9-2 
73 12-11-0-9-3 
74 12-11-0-9-4 
75 12-11-0-9-5 
76 12-11-0-9-6 
77 12-11-0-9-7 
78 12-11-0-9-8 
79 8-1 
7A : 8-2 3-10 colon 
7B # 8-3 2-3 number 
7C ([ 8-4 4-0 at 
70 I 8-5 2-7 apostrophe (right single quote) 
7E -- 8-6 3-13 equals 

~, ________ --~ ___ --___ --~ ___ ----------~---2--2----~-q~u~o-t~at-io~n--m~a-rk------_________ ~ ________ . _______________ . ____ ,, __ 7F " 8-7 

tHexadecimal notation 

ttOecimal notation {column-row}. 
~,-----.------------~------~---------------------------------------------------------------------------------.. --
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XDS STANDARD SYMBOL-CODE CORRESPONDENCES (cont.) 
--

EBCDIC
t 

Symbol Card Code USASCII
tt 

Meaning Remarks 
-----

80 12-0-8-1 80 is unassigned. 
81 a 12-0-1 6-1 81-89, 91-99, A2-A9 comprise the 
82 b 12-0-2 6-2 lowercase alphabet. Available 
83 c 12-0-3 6-3 only in XDS standard 89- and 95-
84 d 12-0-4 6-4 character sets. 
85 e 12-0-5 6-5 
86 f 12-0-6 6-6 
87 g 12-0-7 6-7 
88 h 12-0-8 6-8 
89 i 12-0-9 6-9 
8A 12-0-8-2 8A through 90 are unassigned. 
88 12-0-8-3 
8C 12-0-8-4 
8D 12-0-8-5 
8E 12-0-8-6 
8F 12-0-8-7 

---- ---
90 12-11-8-1 
91 j 12-11-1 6-10 
92 k 12-11-2 6-11 
93 I 12-11-3 6-12 
94 m 12-11-4 6-13 
95 n 12-11-5 6-14 
96 0 12-11-6 6-15 
97 p 12-11-7 7-0 
98 q 12-11-8 7-1 
99 r 12-11-9 7-2 
9A 12-11-8-2 9A through Al are unassigned. 
9B 12-11-8-3 
9C 12-11-8-4 
9D 12-11-8-5 
9E 12-11-8-6 
9F 12-11-8-7 

-~~-~-- -------~ -._-

AO 11-0-8-1 
Al 11-0-1 
A2 s 11-0-2 7-3 
A3 t 11-0-3 7-4 
A4 u 11-0-4 7-5 
A5 v 11-0-5 7-6 
A6 w 11-0-6 7-7 
A7 x 11-0-7 7-8 
A8 y 11-0-8 7-9 
A9 z 11-0-9 7-10 
AA 11-0-8-2 AA through 80 are unassigned. 
A8 11-0-8-3 
AC 11-0-8-4 
AD 11-0-8-5 
AE 11-0-8-6 
AF 11-0-8-7 

.----- --

BO 12-11-0-8-1 
Bl \ 12-11-0-1 5-12 backslash 
B2 { 12-11-0-2 7-11 left brace 
B3 } 12-11-0-3 7-13 right brace 
B4 [ 12-11-0-4 5-11 left bracket On Model 7670, [ is i. 
B5 ] 12-11-0-5 5-13 right bracket On Model 7670, ] is !. 
B6 12-11-0-6 86 through BF are unassigned. 
B7 12-11-0-7 
B8 12-11-0-8 
B9 12-11-0-9 
BA 12-11-0-8-2 
BB 12-11-0-8-3 
BC 12-11-0-8-4 
BD 12-11-0-8-5 
BE 12-11-0-&-6 
BF 12-11-0-8-7 

.-~ 

tHexadecimal notation. 

ttDecimal notation (column-row). 
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r-.----
EBCDIC

t 
Symbol 

~. 

CO 
Cl A 
C2 B 
C3 C 
C4 D 
C5 E 
C6 F 
C7 G 
C8 H 
C9 I 
CA 
CB 
CC 
CD 
CE 
CF 

f-.------

DO 
Dl J 
D2 K 
D3 L 
D4 M 
D5 N 
D6 0 
D7 P 
D8 Q 

D9 R 
DA 
DB 
DC 
DD 
DE 
DF 

1--------- "._-----

EO 
El 
E2 S 
E3 T 
E4 U 
E5 V 
E6 W 
E7 X 
E8 Y 
E9 Z 
EA 
EB 
EC 
ED 
EE 
EF 

_._------ -

FO 0 
Fl 1 
F2 2 
F3 3 
F4 4 
F5 5 
F6 6 
F7 7 
F8 8 
F9 9 
FA 
FB 
FC 
FD 
FE 
FF DEL 

~. 

tHexadecimal notation. 

XDS STANDARD SYMBOL-CODE CORRESPONDENCES (cont.) 

Card Code 

12-0 
12-1 
12-2 
12-3 
12-4 
12-5 
12-6 
12-7 
12-8 
12-9 
12-0-9-8-2 
12-0-9-8-3 
12-0-9-8-4 
12-0-9-8-5 
12-0-9-8-6 
12-0-9-8-7 

11-0 
11-1 
11-2 
11-3 
11-4 
11-5 
11-6 
11-7 
11-8 
11-9 
12-11-9-8-2 
12-11-9-8-3 
12-11-9-8-4 
12-11-9-8-5 
12-11-9-8-6 
12-11 -9-8-7 

0-8-2 
11-0-9-1 
0-2 
0-3 
0-4 
0-5 
0-6 
0-7 
0-8 
0-9 
11-0-9-8-2 
11-0-9-8-3 
11-0-9-8-4 
11-0-9-8-5 
11-0-9-8-6 
11-0-9-8-7 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
12-11-0-9-8-2 
12-11-0-9-8-3 
12-11-0-9-8-4 
12-11-0-9-8-5 
12-11-0-9-8-6 
12-11-0-9-8-7 

USAS ClI
tt 

Meaning 

4-1 
4-2 
4-3 
4-4 
4-5 
4-6 
4-7 
4-8 
4-9 

4-10 
4-11 
4-12 
4-13 
4-14 
4-15 
5-0 
5-1 
5-2 

11-0 -9-1 

5-3 
5-4 
5-5 
5-6 
5-7 
5-8 
5-9 
5-10 

---

3-0 
3-1 
3-2 
3-3 
3-4 
3-5 
3-6 
3-7 
3-8 
3-9 

delete 

Remarks 

CO is unassigned. 
CI-C9, DI-D9, E2-E9 comprise the 

uppercase alphabet. 

CA through CF wi II not be assigned. 

DO is unassigned. 

DA through DF wi II not be assigned. 

---------------r----------------------
EO, E 1 are unassigned. 

EA through EF will not be assigned, 

FA through FE will not be assigned. 

Special - neither graphic nor con­
trol symbol. 

ttDecimal notation (column-row). 
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HEXADECIMAL ARITHMETIC 

ADDITION TABLE 

0 1 2 3 4 5 6 7 8 9 A B C D E F 
--

1 02 03 04 05 06 07 08 09 OA OB DC OD OE OF 10 

2 03 04 05 06 07 08 09 OA OB DC OD OE OF 10 11 

3 04 05 06 07 08 09 OA OB DC OD OE OF 10 11 12 
-- t-------~--- - ,,. -

4 05 06 07 08 09 OA OB DC OD OE OF 10 11 12 13 

5 06 07 08 09 OA OB DC OD OE OF 10 11 12 13 14 

6 07 08 09 OA OB DC OD OE OF 10 11 12 13 14 15 

7 08 09 OA OB DC OD OE OF 10 11 12 13 14 15 16 

8 09 OA OB DC OD OE OF 10 11 12 13 14 15 16 17 

9 OA OB OC OD OE OF 10 11 12 13 14 15 16 17 18 
-'----

A OB DC OD OE OF 10 11 12 13 14 15 16 17 18 19 

B OC OD OE OF 10 11 12 13 14 15 16 17 18 19 1A 

C OD OE OF 10 11 12 13 14 15 16 17 18 19 1A 1B 
~'~--

D OE OF 10 11 12 13 14 15 16 17 18 19 1A 1B 1C 

E OF 10 11 12 13 14 15 16 17 18 19 1A 1B 1C 1D 

F 10 11 12 13 14 15 16 17 18 19 1A 1B 1C 1D 1E 

MULTIPLICATION TABLE 

1 2 3 4 5 6 7 8 9 A B C D E F 

2 04 06 08 OA DC OE 10 12 14 16 18 1A 1C 1E 

3 06 09 OC OF 12 15 18 1B 1E 21 24 27 2A 2D 
-- ----,,-,~--- -

4 08 DC 10 14 18 1C 20 24 28 2C 30 34 38 3C 

5 OA OF 14 19 1E 23 28 2D 32 37 3C 41 46 4B 

6 OC 12 18 1E 24 2A 30 36 3C 42 48 4E 54 5A 
,------

7 OE 15 1C 23 2A 31 38 3F 46 4D 54 5B 62 69 

8 10 18 20 28 30 38 40 48 50 58 60 68 70 78 

9 12 1B 24 2D 36 3F 48 51 5A 63 6C 75 7E 87 
----, ,~-

A 14 1E 28 32 3C 46 50 5A 64 6E 78 82 8C 96 

B 16 21 2C 37 42 4D 58 63 6E 79 84 8F 9A A5 

C 18 24 30 3C 48 54 60 6C 78 84 90 9C A8 B4 
-'- .--

D 1A 27 34 41 4E 5B 68 75 82 8F 9C A9 B6 C3 

E 1C 2A 38 46 54 62 70 7E 8C 9A A8 B6 C4 D2 

F 1E 2D 3C 4B 5A 69 78 87 96 A5 B4 C3 D2 E1 
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TABLE OF POWERS OF SIXTEEN 
10 

16 

256 

4 096 

65 536 

1 048 576 

16 777 216 

268 435 456 

4 294 967 296 

68 719 476 736 

1 099 511 627 776 

17 592 186 044 416 

281 474 976 710 656 

4 503 599 627 370 496 

72 057 594 037 927 936 

1 152 921 504 606 846 976 

n 

o 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

0.10000 00000 00000 00000 x 10 

'D.62500 00000 00000 00000 x 10- 1 

0.39062 50000 00000 00000 x 10-2 

0.24414 06250 00000 00000 x 10-3 

0.15258 78906 25000 00000 x 10-4 

0.95367 43164 06250 00000 x 10-6 

0.59604 64477 53906 25000 x 10-7 

0.37252 90298 46191 40625 x 10-8 

0.23283 06436 53869 62891 x 10-9 

0.14551 91522 83668 51807 x 10- 10 

0.90949 47017 72928 23792 x 10- 12 

0.56843 41886 08080 14870 x 10- 13 

0.35527 13678 80050 09294 x 10- 14 

0.22204 46049 25031 30808 x 10- 15 

0.13877 78780 78144 56755 x 10- 16 

0.86736 173798840354721 x 10- 18 

TABLE OF POWERS OF TEN 
16 

3 

23 

163 

DEO 

8AC7 
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2 

17 

E8 

918 

5AF3 

8D7E 

86F2 

4578 

B6B3 

2304 

F 

98 

5F5 

3B9A 

540B 

4876 

D4A5 

4E72 

107A 

A4C6 

6FCl 

5D8A 

A764 

89E8 

A 

64 

3E8 

2710 

86AO 

4240 

9680 

E 100 

CAOO 

E400 

E800 

1000 

AOOO 

4000 

8000 

0000 

0000 

0000 

0000 

12 

o 1.0000 0000 0000 0000 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

0.1999 

0.2 8F 5 

0,4 189 

0.680B 

0.A7C5 

0.10C6 

0.1 A07 

0.2AF3 

0,4488 

0.6 OF 3 

O.AFE 8 

0.1 197 

0.1 C2 5 

0.2009 

9999 

C28F 

374B 

8BAC 

AC47 

F7 AD 

F29A 

1 DC4 

2FAO 

7F67 

FFOB 

9981 

C268 

370D 

0,480E BE7B 

0.734A CA5 F 

O.B 877 AA32 

0.1272 5DD1 

0.1083 C94F 

9999 

5C28 

C6A7 

710C 

1847 

B 5E D 

BCAF 

6118 

9B5A 

5EF6 

CB24 

2DEA 

4976 

4257 

9058 

6226 

36A4 

D243 

B6D2 

999A 

F5C3 x 

EF9E x 

B296 x 

8423 x 

8D37 x 

4858 x 

73BF x 

52C( x 

EAOF x 

AAFF x 

1 1 19 x 

81C2 x 

3604 x 

5660 x 

FOAE x 

B449 x 

ABA1 x 

AC35 x 

16- 1 

16-2 

16-3 

16-4 

16-4 

16-5 

16-6 

16-7 

16-8 

16-9 

16-9 

16- 10 

16 -11 

16- 12 

16- 13 

16- 14 

16- 14 

16- 15 

li'lIIIIIIIIIIIN~4 __ .'lkl _____ 11 •• , __ 11 _________ ----------------------" _."' _____ ••• 111.-" 



HEXADECIMAL-DECIMAL INTEGER CONVERSION TABLE 

The table below provides for direct conversions between hexa­
decimal integers in the range O-FFF and decimal integers in 
the range 0-4095. For conversion of larger integers, the 
table values may be added to the following figures: 

Hexadecima I 

01000 
02000 
03000 
04000 
05000 
06 000 
07000 
08000 
09000 
OA 000 
OB 000 
OC 000 
OD 000 
OE 000 
OF 000 
10000 
11 000 
12000 
13000 
14 000 
15000 
16000 
17000 
18000 
19000 
1A 000 
1B 000 
1C 000 
1D 000 
1E 000 
1F 000 

000 
010 
020 
030 

040 
050 
060 
070 

080 
090 
OAO 
OBO 

OCO 
ODO 
OEO 
OFO 

0 

0000 
0016 
0032 
0048 

0064 
0080 
0096 
0112 

0128 
0144 
0160 
0176 

0192 
0208 
0224 
0240 

Decimal 

4-096 
8 192 

12 288 
16384 
20480 
24576 
28672 
32768 
36864 
40960 
45056 
49 152 
53248 
57344 
61 440 
65536 
69632 
73728 
77824 
81 920 
86016 
90 112 
94208 
98304 

102400 
106 496 
110592 
114 688 
118784 
122 880 
126 976 

1 2 

0001 0002 
0017 0018 
0033 0034 
0049 0050 

0065 0066 
0081 0082 
0097 0098 
0113 0114 

0129 0130 
0145 0146 
0161 0162 
0177 0178 

0193 0194 
0209 0210 
0225 0226 
0241 0242 

Hexadecimal 

20000 
30000 
40000 
50000 
60000 
70000 
80000 
90000 
AO 000 
BO 000 

CO 000 
DO 000 
EO 000 
FO 000 

100000 
200000 
300000 
400000 
500000 
600000 
700000 
800000 
900000 

AOO 000 
BOO 000 

COO 000 
DOO 000 
EOO 000 
FOO 000 

1 000000 
2000000 

3 4 

0003 0004 
0019 0020 
0035 0036 
0051 0052 

0067 0068 
0083 0084 
0099 0100 
0115 0116 

0131 0132 
0147 0148 
0163 0164 
0179 0180 

0195 0196 
0211 0212 
0227 0228 
0243 0244 

Decimal 

131 072 
196608 
262 144 
327680 
393 216 
458752 
524288 
589824 
655 360 
720896 
786 432 
851 968 
917 504 
983040 

1 048576 
2 097 152 
3 145 728 
4 194304 
5 242 880 
6 291 456 
7 340 032 
8388608 
9437 184 

10485 760 
11 534336 
12582912 
13 631 488 
14680064 
15728640 
16 777 216 
33554432 

5 6 

0005 0006 
0021 0022 
0037 0038 
0053 0054 

0069 0070 
0085 0086 
0101 0102 
0117 0118 

0133 0134 
0149 0150 
0165 0166 
0181 0182 

0197 0198 
0213 0214 
0229 0230 
0245 0246 

7 

0007 
0023 
0039 
0055 

0071 
0087 
0103 
0119 

0135 
0151 
0167 
0183 

0'199 
0215 
0231 
0247 

Hexadecimal fractions may be converted to decimal fractions 
as follows: 

1. Express the hexadecimal fraction as an integer times 
16-n, where n is the number of significant hexadecimal 
places to the right of the hexadecimal point. 

O. CA9BF3 16 = CA9 BF316 x 16-6 

2. Find the decimal equivalent of the hexadecimal integer 

CA9 BF3
16 

= 13278 195
10 

3. Multiply the decimal equivalent by 16-n 

13 278 195 
x 596 046 448 x 10-16 

0.791 442 09610 

Decimal fractions may be converted to hexadecima I fractions 
by successively multiplying the decimal fraction by 16 10. 
After each multiplication, the integer portion is removea to 
form a hexadecimal fraction by bui Iding to the right of the 
hexadecimal point. However, since decimal arithmetic is 
used in this conversion, the integer portion of each product 
must be converted to hexadecimal numbers. 

Example: Convert 0.89510 to its hexadecimal equivalent 

0.895 

,------Q4) .3~~ 
----.lQ. 

,-----@.120 

/1/ Q).92~ II 16 
0.E51 E16 .. ·----@.720 

8 9 A B C 

0008 0009 0010 0011 0012 
0024 0025 0026 0027 0028 
0040 0041 0042 0043 0044 
0056 0057 0058 0059 0060 

0072 0073 0074 0075 0076 
0088 0089 0090 0091 0092 
0104 0105 0106 0107 0108 
0120 0121 0122 0123 0124 

0136 0137 0138 0139 0140 
0152 0153 0154 0155 0156 
0168 0169 0170 0171 0172 
0184 0185 0186 0187 0188 

0200 0201 0202 0203 0204 
0216 0217 0218 0219 0220 
0232 0233 0234 0235 0236 
0248 0249 0250 0251 0252 

D 

0013 
0029 
0045 
0061 

0077 
0093 
0109 
0125 

0141 
0157 
0173 
0189 

0205 
0221 
0237 
0253 

E F 

001 
003 

4 0015 
o 0031 

46 0047 
2 0063 

00 
006 

007 
009 

8 0079 
4 0095 
o 0111 
6 0127 

011 
012 

014 2 0143 
8 0159 
4 0175 
o 0191 

015 
017 
019 

020 6 0207 
2 0223 
8 0239 
4 0255 

022 
023 
025 
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HEXADECIMAL - DECIMAL INTEGER CONVERSION TABLE (cont.) 

0 1 2 3 4 5 6 7 8 9 A B C D E F 
,,-

100 0256 0257 0258 0259 0260 0261 0262 0263 0264 0265 0266 0267 0268 0269 0270 0271 
110 0272 0273 0274 0275 0276 0277 0278 0279 0280 0281 0282 0283 0284 0285 0286 0287 
120 0288 0289 0290 0291 0292 0293 0294 0295 0296 0297 0298 0299 0300 0301 0302 0303 
130 0304 0305 0306 0307 0308 0309 0310 0311 0312 0313 0314 0315 0316 0317 0318 0319 

140 0320 0321 0322 0323 0324 0325 0326 0327 0328 0329 0330 0331 0332 0333 0334 0:335 
150 0336 0337 0338 0339 0340 0341 0342 0343 0344 0345 0346 0347 0348 0349 0350 0351 
160 0352 0353 0354 0355 0356 0357 0358 0359 0360 0361 0362 0363 0364 0365 0366 0367 
170 0368 0369 0370 0371 0372 0373 0374 0375 0376 0377 0378 0379 0380 0381 0382 0383 

180 0384 0385 0386 0387 0388 0389 0390 0391 0392 0393 0394 0395 0396 0397 0398 0399 
190 0400 0401 0402 0403 0404 0405 0406 0407 0408 0409 0410 0411 0412 0413 0414 0415 
lAO 0416 0417 0418 0419 0420 0421 0422 0423 0424 0425 0426 0427 0428 0429 0430 0431 
1 BO 0432 0433 0434 0435 0436 0437 0438 0439 0440 0441 0442 0443 0444 0445 0446 0447 

lCO 0448 0449 0450 0451 0452 0453 0454 0455 0456 0457 0458 0459 0460 0461 0462 0463 
1DO 0464 0465 0466 0467 0468 0469 0470 0471 0472 0473 0474 0475 0476 0477 0478 0479 
1 EO 0480 0481 0482 0483 0484 0485 0486 0487 0488 0489 0490 0491 0492 0493 0494 0495 
IFO 0496 0497 0498 0499 0500 0501 0502 0503 0504 0505 0506 0507 0508 0509 0510 0511 

200 0512 0513 0514 0515 0516 0517 0518 0519 0520 0521 0522 0523 0524 0525 0526 0527 
210 0528 0529 0530 0531 0532 0533 0534 0535 0536 0537 0538 0539 0540 0541 0542 0543 
220 0544 0545 0546 0547 0548 0549 0550 0551 0552 0553 0554 0555 0556 0557 0558 0559 
230 0560 0561 0562 0563 0564 0565 0566 0567 0568 0569 0570 0571 0572 0573 0574 0575 

240 0576 0577 0578 0579 0580 0581 0582 0583 0584 0585 0586 0587 0588 0589 0590 0591 
250 0592 0593 0594 0595 0596 0597 0598 0599 0600 0601 0602 0603 0604 0605 0606 0607 
260 0608 0609 0610 0611 0612 0613 0614 0615 0616 0617 0618 0619 0620 0621 0622 0623 
270 0624 0625 0626 0627 0628 0629 0630 0631 0632 0633 0634 0635 0636 0637 0638 0639 

280 0640 0641 0642 0643 0644 0645 0646 0647 0648 0649 0650 0651 0652 0653 0654 0655 
290 0656 0657 0658 0659 0660 0661 0662 0663 0664 0665 0666 0667 0668 0669 0670 0671 
2AO 0672 0673 0674 0675 0676 0677 0678 0679 0680 0681 0682 0683 0684 0685 0686 0687 
2BO 0688 0689 0690 0691 0692 0693 0694 0695 0696 0697 0698 0699 0700 0701 0702 0703 

2CO 0704 0705 0706 0707 0708 0709 0710 0711 0712 0713 0714 0715 0716 0717 0718 0719 
2DO 0720 0721 0722 0723 0724 0725 0726 0727 0728 0729 0730 0731 0732 0733 0734 0735 
2EO 0736 0737 0738 0739 0740 0741 0742 0743 0744 0745 0746 0747 0748 0749 0750 0751 
2FO 0752 0753 0754 0755 0756 0757 0758 0759 0760 0761 0762 0763 0764 0765 0766 0767 

300 0768 0769 0770 0771 0772 0773 0774 0775 0776 0777 0778 0779 0780 0781 0782 0783 
310 0784 0785 0786 0787 0788 0789 0790 0791 0792 0793 0794 0795 0796 0797 0798 0799 
320 0800 0801 0802 0803 0804 0805 0806 0807 0808 0809 0810 0811 0812 0813 0814 0815 
330 0816 0817 0818 0819 0820 0821 0822 0823 0824 0825 0826 0827 0828 0829 0830 0831 

340 0832 0833 0834 0835 0836 0837 0838 0839 0840 0841 0842 0843 0844 0845 0846 0847 
350 0848 0849 0850 0851 0852 0853 0854 0855 0856 0857 0858 0859 0860 0861 0862 0863 
360 0864 0865 0866 0867 0868 0869 0870 0871 0872 0873 0874 0875 0876 0877 0878 0879 
370 0880 0881 0882 0883 0884 0885 0886 0887 0888 0889 0890 0891 0892 0893 0894 0895 

380 0896 0897 0898 0899 0900 0901 0902 0903 0904 0905 0906 0907 0908 0909 0910 0911 
390 0912 0913 0914 0915 0916 0917 0918 0919 0920 0921 0922 0923 0924 0925 0926 0927 
3AO 0928 0929 0930 0931 0932 0933 0934 0935 0936 0937 0938 0939 0940 0941 0942 0943 
3BO 0944 0945 0946 0947 0948 0949 0950 0951 0952 0953 0954 0955 0956 0957 0958 0959 

3eo 0960 0961 0962 0963 0964 0965 0966 0967 0968 0969 0970 0971 0972 0973 0974 0975 
3DO 0976 0977 0978 0979 0980 0981 0982 0983 0984 0985 0986 0987 0988 0989 0990 0991 
3EO 0992 0993 0994 0995 0996 0997 0998 0999 1000 1001 1002 1003 1004 1005 1006 1007 
3FO 1008 1009 1010 1011 1012 1013 1014 1015 1016 1017 1018 1019 1020 1021 1022 1023 

,,-
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HEXADECIMAL - DECIMAL INTEGER CONVERSION TABLE (cont.) 

0 1 2 3 4 5 6 7 8 9 A B C D E F 

400 1024 1025 1026 1027 1028 1029 1030 1031 1032 1033 1034 1035 1036 1037 1038 1039 
410 1040 1041 1042 1043 1044 1045 1046 1047 1048 1049 1050 1051 1052 1053 1054 1055 
420 1056 1057 1058 1059 1060 1061 1062 1063 1064 1065 1066 1067 1068 1069 1070 1071 
430 1072 1073 1074 1075 1076 1077 1078 1079 1080 1081 1082 1083 1084 1085 1086 1087 

440 1088 1089 1090 1091 1092 1093 1094 1095 1096 1097 1098 1099 1100 1101 1102 1103 
450 1104 1105 1106 1107 1108 1109 1110 1111 1112 1113 1114 1115 1116 1117 1118 1119 
460 1120 1121 1122 1123 1124 1125 1126 1127 1128 1129 1130 1131 1132 1133 1134 1135 
470 1136 1137 1138 1139 1140 1141 1142 1143 1144 1145 1146 1147 1148 1149 1150 1151 

480 1152 1153 1154 1155 1156 1157 1158 1159 1160 1161 1162 1163 1164 1165 1166 1167 
490 1168 1169 1170 1171 1172 1173 1174 1175 1176 1177 1178 1179 1180 1181 1182 1183 
4AO 1184 1185 1186 1187 1188 1189 1190 1191 1192 1193 1194 1195 1196 1197 1198 1199 
4BO 1200 1201 1202 1203 1204 1205 1206 1207 1208 1209 1210 1211 1212 1213 1214 1215 

4CO 1216 1217 1218 1219 1220 1221 1222 1223 1224 1225 1226 1227 1228 1229 1230 1231 
4DO 1232 1233 1234 1235 1236 1237 1238 1239 1240 1241 1242 1243 1244 1245 1246 1247 
4EO 1248 1249 1250 1251 1252 1253 1254 1255 1256 1257 1258 1259 1260 1261 1262 1263 
4FO 1264 1265 1266 1267 1268 1269 1270 1271 1272 1273 1274 1275 1276 1277 1278 1279 

500 1280 1281 1282 1283 1284 1285 1286 1287 1288 1289 1290 1291 1292 1293 1294 1295 
510 1296 1297 1298 1299 1300 1301 1302 1303 1304 1305 1306 1307 1308 1309 1310 1311 
520 1312 1313 1314 1315 1316 1317 1318 1319 1320 1321 1322 1323 1324 1325 1326 1327 
530 1328 1329 1330 1331 1332 1333 1334 1335 1336 1337 1338 1339 1340 1341 1342 1343 

540 1344 1345 1346 1347 1348 1349 1350 1351 1352 1353 1354 1355 1356 1357 1358 1359 
550 1360 1361 1362 1363 1364 1365 1366 1367 1368 1369 1370 1371 1372 1373 1374 1375 
560 1376 1377 1378 1379 1380 1381 1382 1383 1384 1385 1386 1387 1388 1389 1390 1391 
570 1392 1393 1394 1395 1396 1397 1398 1399 1400 1401 1402 1403 1404 1405 1406 1407 

580 1408 1409 1410 1411 1412 1413 1414 1415 1416 1417 1418 1419 1420 1421 1422 1423 
590 1424 1425 1426 1427 1428 1429 1430 1431 1432 1433 1434 1435 1436 1437 1438 1439 
5AO 1440 1441 1442 1443 1444 1445 1446 1447 1448 1449 1450 1451 1452 1453 1454 1455 
5BO 1456 1457 1458 1459 1460 1461 1462 1463 1464 1465 1466 1467 1468 1469 1470 1471 

5CO 1472 1473 1474 1475 1476 1477 1478 1479 1480 1481 1482 1483 1484 1485 1486 1487 
5DO 1488 1489 1490 1491 1492 1493 1494 1495 1496 1497 1498 1499 1500 1501 1502 1503 
5EO 1504 1505 1506 1507 1508 1509 1510 1511 1512 1513 1514 1515 1516 1517 1518 1519 
5FO 1520 1521 1522 1523 1524 1525 1526 1527 1528 1529 1530 1531 1532 1533 1534 1535 

600 1536 1537 1538 1539 1540 1541 1542 1543 1544 1545 1546 1547 1548 1549 1550 1551 
610 1552 1553 1554 1555 1556 1557 1558 1559 1560 1561 1562 1563 1564 1565 1566 1567 
620 1568 1569 1570 1571 1572 1573 1574 1575 1576 1577 1578 1579 1580 1581 1582 1583 
630 1584 1585 1586 1587 1588 1589 1590 1591 1592 1593 1594 1595 1596 1597 1598 1599 

640 1600 1601 1602 1603 1604 1605 1606 1607 1608 1609 1610 1611 1612 1613 1614 1615 
650 1616 1617 1618 1619 1620 1621 1622 1623 1624 1625 1626 1627 1628 1629 1630 1631 
660 1632 1633 1634 1635 1636 1637 1638 1639 1640 1641 1642 1643 1644 1645 1646 1647 
670 1648 1649 1650 1651 1652 1653 1654 1655 1656 1657 1658 1659 1660 1661 1662 1663 

680 1664 1665 1666 1667 1668 1669 1670 1671 1672 1673 1674 1675 1676 1677 1678 1679 
690 1680 1681 1682 1683 1684 1685 1686 1687 1688 1689 1690 1691 1692 1693 1694 1695 
6AO 1696 1697 1698 1699 1700 1701 1702 1703 1704 1705 1706 1707 1708 1709 1710 1711 
6BO 1712 1713 1714 1715 1716 1717 1718 1719 1720 1721 1722 1723 1724 1725 1726 1727 

6CO 1728 1729 1730 1731 1732 1733 1734 1735 1736 1737 1738 1739 1740 1741 1742 1743 
6DO 1744 1745 1746 1747 1748 1749 1750 1751 1752 1753 1754 1755 1756 1757 1758 1759 
6EO 1760 1761 1762 1763 1764 1765 1766 1767 1768 1769 1770 1771 1772 1773 1774 1775 
6FO 1776 1777 1778 1779 1780 1781 1782 1783 1784 1785 1786 1787 1788 1789 1790 1791 
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HEXADECIMAL - DECIMAL INTEGER CONVERSION TABLE (cont.) 

.-
0 1 2 3 4 5 6 7 8 9 A B C D E F 

--
700 1792 1793 1794 1795 1796 1797 1798 1799 1800 1801 1802 1803 1804 1805 1806 1807 
710 1808 1809 1810 1811 1812 1813 1814 1815 1816 1817 1818 1819 1820 1821 1822 1823 
720 1824 1825 1826 1827 1828 1829 1830 1831 1832 1833 1834 1835 1836 1837 1838 1839 
730 1840 1841 1842 1843 1844 1845 1846 1847 1848 1849 1850 1851 1852 1853 1854 1855 

740 1856 1857 1858 1859 1860 1861 1862 1863 1864 1865 1866 1867 1868 1869 1870 1871 
750 1872 1873 1874 1875 1876 1877 1878 1879 1880 1881 1882 1883 1884 1885 1886 1887 
760 1888 1889 1890 1891 1892 1893 1894 1895 1896 1897 1898 1899 1900 1901 1902 1903 
770 1904 1905 1906 1907 1908 1909 1910 1911 1912 1913 1914 1915 1916 1917 1918 1919 

780 1920 1921 1922 1923 1924 1925 1926 1927 1928 1929 1930 1931 1932 1933 1934 1935 
790 1936 1937 1938 1939 1940 1941 1942 1943 1944 1945 1946 1947 1948 1949 1950 1951 
7AO 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 
7BO 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 

7CO 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
7DO 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 
7EO 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 
7FO 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 

800 2048 2049 2050 2051 2052 2053 2054 2055 2056 2057 2058 2059 2060 2061 2062 2063 
810 2064 2065 2066 2067 2068 2069 2070 2071 2072 2073 2074 2075 2076 2077 2078 2079 
820 2080 2081 2082 2083 2084 2085 2086 2087 2088 2089 2090 2091 2092 2093 2094 2095 
830 2096 2097 2098 2099 2100 2101 2102 2103 2104 2105 2106 2107 2108 2109 2110 2111 

840 2112 2113 2114 2115 2116 2117 2118 2119 2120 2121 2122 2123 2124 2125 2126 2127 
850 2128 2129 2130 2131 2132 2133 2134 2135 2136 2137 2138 2139 2140 2141 2142 2143 
860 2144 2145 2146 2147 2148 2149 2150 2151 2152 2153 2154 2155 2156 2157 2158 2159 
870 2160 2161 2162 2163 2164 2165 2166 2167 2168 2169 2170 2171 2172 2173 2174 2175 

880 2176 2177 2178 2179 2180 2181 2182 2183 2184 2185 2186 2187 2188 2189 2190 2191 
890 2192 2193 2194 2195 2196 2197 2198 2199 2200 2201 2202 2203 2204 2205 2206 2207 
8AO 2208 2209 2210 2211 2212 2213 2214 2215 2216 2217 2218 2219 2220 2221 2222 2223 
8BO 2224 2225 2226 2227 2228 2229 2230 2231 2232 2233 2234 2235 2236 2237 2238 2239 

8CO 2240 2241 2242 2243 2244 2245 2246 2247 2248 2249 2250 2251 2252 2253 2254 2255 
8DO 2256 2257 2258 2259 2260 2261 2262 2263 2264 2265 2266 2267 2268 2269 2270 2271 
8EO 2272 2273 2274 2275 2276 2277 2278 2279 2280 2281 2282 2283 2284 2285 2286 2287 
8FO 2288 2289 2290 2291 2292 2293 2294 2295 2296 2297 2298 2299 2300 2301 2302 2303 

900 2304 2305 2306 2307 2308 2309 2310 2311 2312 2313 2314 2315 2316 2317 2318 2319 
910 2320 2321 2322 2323 2324 2325 2326 2327 2328 2329 2330 2331 2332 2333 2334 2335 
920 2336 2337 2338 2339 2340 2341 2342 2343 2344 2345 2346 2347 2348 2349 2350 2351 
930 2352 2353 2354 2355 2356 2357 2358 2359 2360 2361 2362 2363 2364 2365 2366 2367 

940 2368 2369 2370 2371 2372 2373 2374 2375 2376 2377 2378 2379 2380 2381 2382 2383 
950 2384 2385 2386 2387 2388 2389 2390 2391 2392 2393 2394 2395 2396 2397 2398 2399 
960 2400 2401 2402 2403 2404 2405 2406 2407 2408 2409 2410 2411 2412 2413 2414 2415 
970 2416 2417 2418 2419 2420 2421 2422 2423 2424 2425 2426 2427 2428 2429 2430 2431 

980 2432 2433 2434 2435 2436 2437 2438 2439 2440 2441 2442 2443 2444 2445 2446 2447 
990 2448 2449 2450 2451 2452 2453 2454 2455 2456 2457 2458 2459 2460 2461 2462 2463 
9AO 2464 2465 2466 2467 2468 2469 2470 2471 2472 2473 2474 2475 2476 2477 2478 2479 
980 2480 2481 2482 2483 2484 2485 2486 2487 2488 2489 2490 2491 2492 2493 2494 2495 

9CO 2496 2497 2498 2499 2500 2501 2502 2503 2504 2505 2506 2507 2508 2509 2510 2511 
9DO 2512 2513 2514 2515 2516 2517 2518 2519 2520 2521 2522 2523 2524 2525 2526 2527 
9EO 2528 2529 2530 2531 2534 2533 2534 2535 2536 2537 2538 2539 2540 2541 2542 2543 
9FO 2544 2545 2546 2547 2548 2549 2550 2551 2552 2553 2554 2555 2556 2557 2558 2559 

.-
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HEXADECIMAL - DECIMAL INTEGER CONVERSION TABLE (cont.) 

0 1 2 3 4 5 6 7 8 9 A B C 0 E F 

AOO 2560 2561 2562 2563 2564 2565 2566 2567 2568 2569 2570 2571 2572 2573 2574 2575 
AI0 2576 2577 2578 2579 2580 2581 2582 2583 2584 2585 2586 2587 2588 2589 2590 2591 
A20 2592 2593 2594 2595 2596 2597 2598 2599 2600 2601 2602 2603 2604 2605 2606 2607 
A30 2608 2609 2610 2611 2612 2613 2614 2615 2616 2617 2618 2619 2620 2621 2622 2623 

A40 2624 2625 2626 2627 2628 2629 2630 2631 2632 2633 2634 2635 2636 2637 2638 2639 
A50 2640 2641 2642 2643 2644 2645 2646 2647 2648 2649 2650 2651 2652 2653 2654 2655 
A60 2656 2657 2658 2659 2660 2661 2662 2663 2664 2665 2666 2667 2668 2669 2670 2671 
A70 2672 2673 2674 2675 2676 2677 2678 2679 2680 2681 2682 2683 2684 2685 2686 2687 

A80 2688 2689 2690 2691 2692 2693 2694 2695 2696 2697 2698 2699 2700 2701 2702 2703 
A90 2704 2705 2706 2707 2708 2709 2710 2711 2712 2713 2714 2715 2716 2717 2718 2719 
AAO 2720 2721 2722 2723 2724 2725 2726 2727 2728 2729 2730 2731 2732 2733 2734 2735 
ABO 2736 2737 2738 2739 2740 2741 2742 2743 2744 2745 2746 2747 2748 2749 2750 2751 

ACO 2752 2753 2754 2755 2756 2757 2758 2759 2760 2761 2762 2763 2764 2765 2766 2767 
ADO 2768 2769 2770 2771 2772 2773 2774 2775 2776 2777 2778 2779 2780 2781 2782 2783 
AEO 2784 2785 2786 2787 2788 2789 2790 2791 2792 2793 2794 2795 2796 2797 2798 2799 
AFO 2800 2801 2802 2803 2804 2805 2806 2807 2808 2809 2810 2811 2812 2813 2814 2815 

BOO 2816 2817 2818 2819 2820 2821 2822 2823 2824 2825 2826 2827 2828 2829 2830 2831 
BI0 2832 2833 2834 2835 2836 2837 2838 2839 2840 2841 2842 2843 2844 2845 2846 2847 
B20 2848 2849 2850 2851 2852 2853 2854 2855 2856 2857 2858 2859 2860 2861 2862 2863 
B30 2864 2865 2866 2867 2868 2869 2870 2871 2872 2873 2874 2875 2876 2877 2878 2879 

B40 2880 2881 2882 2883 2884 2885 2886 2887 2888 2889 2890 2891 2892 2893 2894 2895 
B50 2896 2897 2898 2899 2900 2901 2902 2903 2904 2905 2906 2907 2908 2909 2910 2911 
B60 2912 2913 2914 2915 2916 2917 2918 2919 2920 2921 2922 2923 2924 2925 2926 2927 
B70 2928 2929 2930 2931 2932 2933 2934 2935 2936 2937 2938 2939 2940 2941 2942 2943 

B80 2944 2945 2946 2947 2948 2949 2950 2951 2952 2953 2954 2955 2956 2957 2958 2959 
B90 2960 2961 2962 2963 2964 2965 2966 2967 2968 2969 2970 2971 2972 2973 2974 2975 
BAO 2976 2977 2978 2979 2980 2981 2982 2983 2984 2985 2986 2987 2988 2989 2990 2991 
BBO 2992 2993 2994 2995 2996 2997 2998 2999 3000 3001 3002 3003 3004 3005 3006 3007 

Beo 3008 3009 3010 3011 3012 3013 3014 3015 3016 3017 3018 3019 3020 3021 3022 3023 
BOO 3024 3025 3026 3027 3028 3029 3030 3031 3032 3033 3034 3035 3036 3037 3038 3039 
BEO 3040 3041 3042 3043 3044 3045 3046 3047 3048 3049 3050 3051 3052 3053 3054 3055 
BFO 3056 3057 3058 3059 3060 3061 3062 3063 3064 3065 3066 3067 3068 3069 3070 3071 

---
COO 3072 3073 3074 3075 3076 3077 3078 3079 3080 3081 3082 3083 3084 3085 3086 3087 
CI0 3088 3089 3090 3091 3092 3093 3094 3095 3096 3097 3098 3099 3100 3101 3102 3103 
C20 3104 3105 3106 3107 3108 3109 3110 3111 3112 3113 3114 3115 3116 3117 3118 3119 
C30 3120 3121 3122 3123 3124 3125 3126 3127 3128 3129 3130 3131 3132 3133 3134 3135 

C40 3136 3137 3138 3139 3140 3141 3142 3143 3144 3145 3146 3147 3148 3149 3150 3151 
C50 3152 3153 3154 3155 3156 3157 3158 3159 3160 3161 3162 3163 3164 3165 3166 3167 
C60 3168 3169 3170 3171 3172 3173 3174 3175 3176 3177 3178 3179 3180 3181 3182 3183 
C70 3184 3185 3186 3187 3188 3189 3190 3191 3192 3193 3194 3195 3196 3197 3198 3199 

C80 3200 3201 3202 3203 3204 3205 3206 3207 3208 3209 3210 3211 3212 3213 3214 3215 
C90 3216 3217 3218 3219 3220 3221 3222 3223 3224 3225 3226 3227 3228 3229 3230 3231 
CAO 3232 3233 3234 3235 3236 3237 3238 3239 3240 3241 3242 3243 3244 3245 3246 3247 
CBO 3248 3249 3250 3251 3252 3253 3254 3255 3256 3257 3258 3259 3260 3261 3262 3263 

CCO 3264 3265 3266 3267 3268 3269 3270 3271 3272 3273 3274 3275 3276 3277 3278 3279 
COO 3280 3281 3282 3283 3284 3285 3286 3287 3288 3289 3290 3291 3292 3293 3294 3295 
CEO 3296 3297 3298 3299 3300 3301 3302 3303 3304 3305 3306 3307 3303 3309 3310 3311 
CFO 3312 3313 3314 3315 3316 3317 3318 3319 3320 3321 3322 3323 3324 3325 3326 3327 

--
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.... " 

0 1 2 
-

000 3328 3329 3330 
010 3344 3345 3346 
020 3360 3361 3362 
030 3376 3377 3378 

040 3392 3393 3394 
050 3408 3409 3410 
060 3424 3425 3426 
070 3440 3441 3442 

080 3456 3457 3458 
090 3472 3473 3474 
DAO 3488 3489 3490 
DBO 3504 3505 3506 

DCO 3520 3521 3522 
000 3536 3537 3538 
DEO 3552 3553 3554 
DFO 3568 3569 3570 

EOO 3584 3585 3586 
E10 3600 3601 3602 
E20 3616 3617 3618 
E30 3632 3633 3634 

E40 3648 3649 3650 
E50 3664 3665 3666 
E60 3680 3681 3682 
E70 3696 3697 3698 

E80 3712 3713 3714 
E90 3728 3729 3730 
EAO 3744 3745 3746 
EBO 3760 3761 3762 

ECO 3776 3777 3778 
EDO 3792 3793 3794 
EEO 3808 3809 3810 
EFO 3824 3825 3826 

FOO 3840 3841 3842 
FlO 3856 3857 3858 
F20 3872 3873 3874 
F30 3888 3889 3890 

F40 3904 3905 3906 
F50 3920 3921 3922 
F60 3936 3937 3938 
F70 3952 3953 3954 

F80 3968 3969 3970 
F90 3984 3985 3986 
FAO 4000 4001 4002 
FBO 4016 4017 4018 

FCO 4032 4033 4034 
FDO 4048 4049 4050 
FEO 4064 4065 4066 
FFO 4080 4081 4082 

----
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HEXADECIMAL - DECIMAL INTEGER CONVERSION TABLE (cont.) 

3 4 5 6 7 8 9 A B C 

3331 3332 3333 3334 3335 3336 3337 3338 3339 3340 
3347 3348 3349 3350 3351 3352 3353 3354 3355 3356 
3363 3364 3365 3366 3367 3368 3369 3370 3371 3372 
3379 3380 3381 3382 3383 3384 3385 3386 3387 3388 

3395 3396 3397 3398 3399 3400 3401 3402 3403 3404 
3411 3412 3413 3414 3415 3416 3417 3418 3419 3420 
3427 3428 3429 3430 3431 3432 3433 3434 3435 3436 
3443 3444 3445 3446 3447 3448 3449 3450 3451 3452 

3459 3460 3461 3462 3463 3464 3465 3466 3467 3468 
3475 3476 3477 3478 3479 3480 3481 3482 3483 3484 
3491 3492 3493 3494 3495 3496 3497 3498 3499 3500 
3507 3508 3509 3510 3511 3512 3513 3514 3515 3516 

3523 3524 3525 3526 3527 3528 3529 3530 3531 3532 
3539 3540 3541 3542 3543 3544 3545 3546 3547 3548 
3555 3556 3557 3558 3559 3560 3561 3562 3563 3564 
3571 3572 3573 3574 3575 3576 3577 3578 3579 3580 

3587 3588 3589 3590 3591 3592 3593 3594 3595 3596 
3603 3604 3605 3606 3607 3608 3609 3610 3611 3612 
3619 3620 3621 3622 3623 3624 3625 3626 3627 3628 
3635 3636 3637 3638 3639 3640 3641 3642 3643 3644 

3651 3652 3653 3654 3655 3656 3657 3658 3659 3660 
3667 3668 3669 3670 3671 3672 3673 3674 3675 3676 
3683 3684 3685 3686 3687 3688 3689 3690 3691 3692 
3699 3700 3701 3702 3703 3704 3705 3706 3707 3708 

3715 3716 3717 3718 3719 3720 3721 3722 3723 3724 
3731 3732 3733 3734 3735 3736 3737 3738 3739 3740 
3747 3748 3749 3750 3751 3752 3753 3754 3755 3756 
3763 3764 3765 3766 3767 3768 3769 3770 3771 3772 

3779 3780 3781 3782 3783 3784 3785 3786 3787 3788 
3795 3796 3797 3798 3799 3800 3801 3802 3803 3804 
3811 3812 3813 3814 3815 3816 3817 3818 3819 3820 
3827 3828 3829 3830 3831 3832 3833 3834 3835 3836 

3843 3844 3845 3846 3847 3848 3849 3850 3851 3852 
3859 3860 3861 3862 3863 3864 3865 3866 3867 3868 
3875 3876 3877 3878 3879 3880 3881 3882 3883 3884 
3891 3892 3893 3894 3895 3896 3897 3898 3899 3900 

3907 3908 3909 3910 3911 3912 3913 3914 3915 3916 
3923 3924 3925 3926 3927 3928 3929 3930 3931 3932 
3939 3940 3941 3942 3943 3944 3945 3946 3947 3948 
3955 3956 3957 3958 3959 3960 3961 3962 3963 3964 

3971 3972 3973 3974 3975 3976 3977 3978 3979 3980 
3987 3988 3989 3990 3991 3992 3993 3994 3995 3996 
4003 4004 4005 4006 4007 4008 4009 4010 4011 4012 
4019 4020 4021 4022 4023 4024 4025 4026 4027 4028 

4035 4036 4037 4038 4039 4040 4041 4042 4043 4044 
4051 4052 4053 4054 4055 4056 4057 4058 4059 4060 
4067 4068 4069 4070 4071 4072 4073 4074 4075 4076 
4083 4084 4085 4086 4087 4088 4089 4090 4091 4092 

0 

3341 
3357 
3373 
3389 

3405 
3421 
3437 
3453 

3469 
3485 
3501 
3517 

3533 
3549 
3565 
3581 

3597 
3613 
3629 
3645 

3661 
3677 
3693 
3709 

3725 
3741 
3757 
3773 

3789 
3805 
3821 
3837 

3853 
3869 
3885 
3901 

3917 
3933 
3949 
3965 

3981 
3997 
4013 
4029 

4045 
4061 
4077 
4093 

3 
3 
3 
3 

3 
3 
3 
3 

3 
3 
3 
3 

3 
3 
3 

E F 

342 ~1343 
358 3359 
374 3375 
390 3391 

406 :l407 
422 3423 
438 :~439 

454 :3455 

470 3471 
486 3487 
502 3503 
518 :~519 

534 3535 
550 3551 
566 3567 
582 3583 3 

3 
3 
3 
3 

598 3599 
614 3615 
630 3631 
646 3647 

3 
3 
3 
3 

662 3663 
678 3679 
694 3695 
710 :3711 

3 
3 
3 
3 

3 
3 
3 
3 

3 
3 
3 
3 

726 :3727 
742 3743 
758 3759 
774 :3775 

790 :3791 
806 3807 
822 3823 
838 3839 

854 :3855 
870 3871 
886 3887 
902 3903 

3 918 3919 
934 3935 
950 3951 
966 3967 

3 
3 
3 

3 
3 
4 
4 

4 
4 
4 
4 

982 3983 
998 3999 
014 4015 
030 4031 

046 4047 
062 4063 
078 4079 
094 4095 



HEXADECIMAL·DECIMAL FRACTION CONVERSION TABLE 

Hexadecimal Decimal Hexadecimal Decimal Hexadecimal Decimal Hexadecimal Decimal 

.00 00 00 00 .00000 00000 .00 00 00 40 .00000 00149 .00 00 00 80 .00000 0029$ .00 00 00 CO .00000 00447 

.00 00 00 01 .00000 00002 .00 00 00 41 .00000 00151 ."00 00 00 81 .00000 00300 .OOOOOOCI · 00000 00449 

.00 00 00 02 .00000 00004 .00 00 00 42 .00000 00153 .00 00 00 82 .00000 00302 .00 00 00 C2 .00000 00451 

.00 00 00 03 · 00000 00006 .00 00 00 43 · 00000 00 155 .00 00 00 83 · 00000 00305 .00 00 00 C3 .00000 00454 

.00 00 00 04 .00000 00009 .00 00 00 44 .00000 00158 .00 00 00 84 .00000 00307 .00 00 00 C4 · 00000 00456 

.00 00 00 05 · 00000 000 1 1 .00 00 00 45 .00000 00160 .00 00 00 85 .00000 00309 .00 00 00 C5 .00000 00458 

.00 00 00 06 · 00000 000 13 .00 00 00 46 .00000 00162 .00 00 00 86 .00000 00311 .00 00 00 C6 · 00000 0046 1 

.00 00 00 07 .00000 00016 .00 00 00 47 · 00000 00 165 .00 00 00 87 .00000 00314 .00 00 00 C7 · 00000 00463 

.00 00 00 08 .00000 00018 .00 00 00 48 .00000 00167 .00 00 00 88 .00000 00316 .00 00 00 C8 .00000 00465 

.00 00 00 09 .00000 00020 .00 00 00 49 .00000 00169 .00 00 00 89 .00000 00318 .00 00 00 C9 .00000 00467 

.00 00 00 OA .00000 00023 .00 00 00 4A · 00000 00 172 .00 00 00 8A .00000 00321 .00 00 00 CA .00000 00470 

.00 00 00 OB .00000 00025 .00 00 00 4B .00000 00174 .00 00 00 8B .00000 00323 .00 00 00 CB .00000 00472 

.00 00 00 OC .00000 00027 .00 00 00 4C .00000 00176 .00 00 00 8C · 00000 00325 .00 00 00 CC .00000 00474 

.00 00 00 aD .00000 00030 .00 00 00 4D .00000 00179 .00 00 00 8D .00000 00328 .00 00 00 CD .00000 00477 

.00 00 00 OE .00000 00032 .00 00 00 4E .00000 00181 .00 00 00 8E .00000 00330 .00 00 00 CE .00000 00479 

.00 00 00 OF · 00000 00034 .00 00 00 4F .00000 00183 .00 00 00 8F .00000 00332 .00 00 00 CF · 00000 00481 

.00 00 00 10 .00000 00037 .00 00 00 50 .00000 00186 .00 00 00 90 .00000 00335 .00 00 00 DO · 00000 00484 

.00 00 00 11 .00000 00039 .00 00 00 51 · 00000 00 188 .00 00 00 91 .00000 00337 .00 00 00 Dl .00000 00486 

.00 00 00 12 .00000 00041 .00 00 00 52 · 00000 00 1 90 .00 00 00 92 · 00000 00339 .00 00 00 D2 · 00000 00488 

.00 00 00 13 .00000 00044 .00 00 00 53 .00000 00193 .00 00 00 93 .00000 00342 .00 00 00 D3 .00000 00491 

.00 00 00 14 · 00000 00046 .00 00 00 54 · 00000 00 195 .00 00 00 94 .00000 00344 .00 00 00 D4 .00000 00493 

.00 00 00 15 · 00000 00048 .00 00 00 55 · 00000 00 1 97 .00 00 00 95 .00000 00346 .00 00 00 D5 · 00000 00495 

.00 00 00 16 .00000 00051 .00 00 00 56 .00000 00200 .00 00 00 96 .00000 00349 .00 00 00 D6 · 00000 00498 

.00 00 00 17 .00000 00053 .00 00 00 57 .00000 00202 .00 00 00 97 .00000 00351 .00 00 00 D7 .00000 00500 

.00 00 00 18 .00000 00055 .00 00 00 58 · 00000 00 204 .00 00 00 98 .00000 00353 .00 00 00 D8 .00000 00502 

.00 00 00 19 · 00000 00058 .00 00 00 59 .00000 00207 .00 00 00 99 .00000 00356 .00 00 00 D9 .00000 00505 

.00 00 00 lA .00000 00060 .00 00 00 5A .00000 00209 .00 00 00 9A .00000 00358 .00 00 00 DA .00000 00507 

.00 00 00 1 B · 00000 00062 .00 00 00 5B .00000 00211 .00 00 00 9B .00000 00360 .00 00 00 DB .00000 00509 

.00 00 00 lC · 00000 00065 .00 00 00 5C .00000 00214 .00 00 00 9C .00000 00363 .00 00 00 DC · 00000 0051 2 

.00 00 00 1 D .00000 00067 .00 00 00 5D .00000 00216 .00 00 00 9D .00000 00365 .00 00 00 DD .00000 00514 

.00 00 00 1 E .00000 00069 .00 00 00 5E .00000 00218 .00 00 00 9E .00000 00367 .00 00 00 DE · 00000 00516 

.00 00 00 1 F .00000 00072 .00 00 00 5F .00000- 00221 .00 00 00 9F .00000 00370 .00 00 00 DF .00000 00519 

.00 00 00 20 .00000 00074 .00 00 00 60 .00000 00223 .00 00 00 AO · 00000 00372 .00 00 00 EO · 00000 00521 

.00 00 00 21 · 00000 00076 .00 00 00 61 .00000 00225 .00 00 00 Al .00000 00374 .00 00 00 El .00000 00523 

.00 00 00 22 .00000 00079 .00 00 00 62 .00000 00228 .00 00 00 A2 .00000 00377 .00 00 00 E2 · 00000 00526 

.00 00 00 23 · 00000 00081 .00 00 00 63 .00000 00230 .00 00 00 A3 .00000 00379 .00 00 00 E3 · 00000 00528 

.00 00 00 24 .00000 00083 .00 00 00 64 .00000 00232 .00 00 00 A4 .00000 00381 .00 00 00 E4 .00000 00530 

.00 00 00 25 · 00000 00086 .00 00 00 65 .00000 00235 .00 00 00 A5 · 00000 00384 .00 00 00 E5 .00000 00533 

.00 00 00 26 .00000 00088 .00 00 00 66 .00000 00237 .00 00 00 A6 .00000 00386 .00 00 00 E6 .00000 00535 

.00 00 00 27 .00000 00090 .00 00 00 67 .00000 00239 .00 00 00 A7 .00000 00388 .00 00 00 E7 .00000 00537 

.00 00 00 28 · 00000 00093 .00 00 00 68 .00000 00242 .00 00 00 A8 .00000 00391 .00 00 00 E8 · 00000 00540 

.00 00 00 29 .00000 00095 .00 00 00 69 .00000 00244 .00 00 00 A9 · 00000 00393 .00 00 00 E9 .00000 00542 

.00 00 00 2A .00000 00097 .00 00 00 6A .00000 00246 .00 00 00 AA .00000 00395 .00 00 00 EA · 00000 00544 

.00 00 00 2B · 00000 00 1 00 .00 00 00 6B .00000 00249 .00 00 00 AB .00000 00398 .00 00 00 EB .00000 00547 

.00 00 00 2C .00000 00102 .00 00 00 6C .00000 00251 .00 00 00 AC · 00000 00400 .00 00 00 EC .00000 00549 

.00 00 00 2D · 00000 00 104 .00 00 00 6D .00000 00253 .00 00 00 AD · 00000 00402 .00 00 00 ED .00000 00551 

.00 00 00 2E .00000 00107 .00 00 00 6E .00000 00256 .00 00 00 AE · 00000 00405 .00 00 00 EE · 00000 00554 

.00 00 00 2F .00000 00109 .00 00 00 6F .00000 00258 .00 00 00 AF .00000 00407 .00 00 00 EF · 00000 00556 

.00 00 00 30 .00000 00111 .00 00 00 70 .00000 00260 .00 00 00 BO .00000 00409 .00 00 00 Fa .00000 00558 

.00 00 00 31 .00000 00114 .00 00 00 71 .00000 00263 .00 00 00 Bl · 00000 0041 2 .00 00 00 Fl · 00000 00561 

.00 00 00 32 .00000 00116 .00 00 00 72 .00000 00265 .00 00 00 B2 · 00000 00414 .00 00 00 F2 .00000 00563 

.00 00 00 33 .00000 00118 .00 00 00 73 .00000 00267 .00 00 00 B3 · 00000 00416 .00 00 00 F3 · 00000 00565 

.00 00 00 34 .00000 00121 .00 00 00 74 .00000 00270 .00 00 00 B4 · 00000 0041 9 .00 00 00 F4 .00000 00568 

.00 00 00 35 .00000 00 123 .00 00 00 75 .00000 00272 .00 00 00 B5 .00000 00421 .00 00 00 F5 .00000 00570 

.00 00 00 36 · 00000 00 1 25 .00 00 00 76 .00000 00274 .00 00 00 B6 .00000 00423 .00 00 00 F6 .00000 00572 

.00 00 00 37 .00000 00128 .00 00 00 77 .00000 00277 .00 00 00 B7 .00000 00426 .00 00 00 F7 .00000 00575 

.00 00 00 38 .00000 00130 .00 00 00 78 .00000 00279 .00 00 00 B8 .00000 00428 .00 00 00 F8 .00000 00577 

.00 00 00 39 .00000 00132 .00 00 00 79 .00000 00281 .00 00 00 B9 · 00000 00430 .00 00 00 F9 .00000 00579 

.00 00 00 3A .00000 00135 .00 00 00 7A .00000 00284 .00 00 00 BA .00000 00433 .00 00 00 FA .00000 00582 

.00 00 00 3B .00000 00137 .00 00 00 7B .00000 00286 .00 00 00 BB · 00000 00435 .00 00 00 FB .00000 00584 

.00 00 00 3C .00000 00139 .00 00 00 7C · 00000 00 288 .00 00 00 BC .00000 00437 .00 00 00 FC .00000 00586 

.00 00 00 3D .00000 00142 .00 00 00 7D · 00000 00291 .00 00 00 BD · 00000 00440 .00 00 00 FD .00000 00589 

.00 00 00 3E · 00000 00 144 .00 00 00 7E .00000 00293 .00 00 00 BE .00000 00442 .00 00 00 FE .00000 00591 

.00 00 00 3F .00000 00146 .00 00 00 7F .00000 00295 .00 00 00 BF · 00000 00444 .00 00 00 FF · 00000 00593 
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imal 

00 
1 00 

.00 00 00 

.00 00 a 

.00 00 02 

.00 00 03 

.00 00 04 

.00 00 05 

.00 00 06 

.00 00 07 

.00 00 08 

.00 00 09 

.00 00 OA 

.00 00 OB 

.00 00 OC 

.00 00 a 

.00 00 OE 

.00 00 OF 

00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 

D 00 

1 
.00 00 10 
.00 00 1 
.00 00 12 
.00 00 13 
.00 00 14 
.00 00 15 
.00 00 16 
.00 00 17 
.000018 
.00 00 19 
.00 00 lA 
.00 00 1 B 
.00 00 lC 
.00 00 1 D 
.00 00 1 E 
.00 00 1 F 

.00 00 20 

.00 00 21 

.00 00 22 

.00 00 23 

.00 00 24 

.00 00 25 

.00 00 26 

.00 00 27 

. 00 00 28 

.00 00 29 

.00 00 2A 

.00 00 2B 

.00 00 2C 

.00 00 20 

.00 00 2E 

.00 00 2F 

.00 00 30 

.00 00 31 

.00 00 32 

.000033 

.00 00 34 

.00 00 35 

.00 00 36 

.00 00 37 

.00 00 38 

.00 00 39 

.00 00 3A 

.00 00 3B 

.00 00 3C 

.00 00 3D 

.00 00 3E 

.00 00 3F 

00 
00 

00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 

00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 

00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 

Decimal 

· 00000 00000 
.00000 00596 
.00000 01192 
.00000 01788 
.00000 02384 
.00000 02980 
.00000 03576 
.00000 04172 
.00000 04768 
.00000 05364 
.00000 05960 
.00000 06556 
.00000 07152 
.00000 07748 
.00000 08344 
.00000 08940 

.00000 09536 

.00000 10132 

.00000 10728 

.00000 11324 
· 00000 11920 
.00000 12516 
.00000 13113 
.00000 13709 
· 00000 14305 
.00000 14901 
.00000 15497 
.00000 16093 
.00000 16689 
.00000 17285 
.00000 17881 
.00000 18477 

.00000 19073 

.00000 19669 

.00000 20265 

.00000 20861 

.00000 21457 

.00000 22053 

.00000 22649 

.00000 23245 

.00000 23841 

.00000 24437 

.00000 25033 

.00000 25629 

.00000 26226 

.00000 26822 

.00000 27418 

.00000 28014 

· 00000 2861 a 
.00000 29206 
.00000 29802 
.00000 30398 
.00000 30994 
.00000 31590 
.00000 32186 
.00000 32782 
.00000 33378 
.00000 33974 
.00000 34570 
· 00000 35166 
.00000 35762 
.00000 36358 
.00000 36954 
.00000 37550 
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HEXADECIMAL - DECIMAL FRACTION CONVERSION TABLE (cont.) 

Hexadecimal Decimal Hexadecimal Decimal Hexadecimal Decimal 

.00 00 40 00 · 00000 38146 .00 00 80 00 .00000 76293 .00 00 CO 00 .00001 14440 

.00 00 41 00 .00000 38743 .00 00 81 00 .00000 76889 .00 00 cIao .00001 15036 

.00 00 42 00 .00000 39339 .00 00 82 00 · 00000 77486 .00 00 C2 00 .00001 15633 

.00 00 43 00 .00000 39935 .00 00 83 00 .00000 78082 .00 00 C3 00 .00001 16229 

.00 00 44 00 .00000 40531 .00 00 84 00 .00000 78678 .00 00 C4 00 .00001 16825 

.00 00 45 00 .00000 41127 .00 00 85 00 .00000 79274 .00 00 C5 00 .00001 17421 

.00 00 46 00 .00000 41723 .00 00 86 00 .00000 79870 .00 00 C6 00 .00001 18017 

.00 00 47 00 .00000 42319 .00 00 87 00 · 00000 80466 .00 00 C7 00 .00001 18613 

.00 00 48 00 .00000 42915 .00 00 88 00 .00000 81062 .00 00 C8 00 .00001 19209 

.00 00 49 00 · 00000 43511 .00 00 89 00 .00000 81658 .00 00 C9 00 .00001 19805 

.00 00 4A 00 .00000 44107 .00 00 8A 00 .00000 82254 .00 00 CA 00 · 0000 1 2040 1 

.00 00 4B 00 .00000 44703 .00 00 8B 00 .00000 82850 .00 00 CB 00 .00001 20997 

.00 00 4C 00 .00000 45299 .00 00 8C 00 .00000 83446 .00 00 CC 00 .00001 21593 

.00 00 40 00 .00000 45895 .00 00 80 00 .00000 84042 .00 00 CD 00 .00001 22189 

.00 00 4E 00 .00000 46491 .00 00 8E 00 .00000 84638 .00 00 CE 00 .00001 22785 

.00 00 4F 00 .00000 47087 .00 00 8F 00 .00000 85234 .00 00 CF 00 .00001 23381 

.00 00 50 00 .00000 47683 .00 00 90 00 .00000 85830 .00 00 DO 00 .00001 23977 

.00 00 51 00 .00000 48279 .00 00 91 00 .00000 86426 .00 00 01 00 .00001 24573 

.00 00 52 00 .00000 48875 .00 00 92 00 .00000 87022 .00 00 02 00 .00001 25169 

.00 00 53 00 .00000 49471 .00 00 93 00 .00000 87618 .00 00 03 00 .00001 25765 

.00 00 54 00 .00000 50067 .00 00 94 00 .00000 88214 .00 00 04 00 · 00001 26361 

.00 00 55 00 .00000 50663 .00 00 95 00 .00000 88810 .00 00 05 00 .00001 26957 

.00 00 56 00 .00000 51259 .00 00 96 00 .00000 89406 .00 00 06 00 .00001 27553 

.00 00 57 00 · 00000 51856 .00 00 97 00 .00000 90003 .00 00 07 00 .00001 28149 

.00 00 58 00 .00000 52452 .00 00 98 00 .00000 90599 .00 00 08 00 .00001 28746 

.00 00 59 00 .00000 53048 .00 00 99 00 .00000 91195 .00 00 09 00 .00001 29342 

.00 00 5A 00 .00000 53644 .00 00 9A 00 .00000 91791 .00 00 OA 00 .00001 29938 

.00 00 5B 00 .00000 54240 .00 00 9B 00 .00000 92387 .00 00 DB 00 .00001 30534 

.00 00 5C 00 · 00000 54836 .00 00 9C 00 .00000 92983 .00 00 DC 00 .00001 31130 

.00 00 50 00 .00000 55432 .00 00 90 00 .00000 93579 .00 00 DO 00 .00001 31726 

.00 00 5E 00 .00000 56028 .00 00 9E 00 .00000 94175 .00 00 DE 00 .00001 32322 

.00 00 5F 00 .00000 56624 .00 00 9F 00 .00000 94771 .00 00 OF 00 .00001 32918 

.00 00 60 00 .00000 57220 .00 00 AO 00 · 00000 95367 .00 00 EO 00 .00001 33514 

.00 00 61 00 .00000 57816 .00 00 Al 00 .00000 95963 .OOOOEI 00 .00001 341) a 

.00 00 62 00 .00000 58412 .00 00 A2 00 · 00000 96559 .00 00 E2 00 .00001 34706 

.00 00 63 00 .00000 59008 .00 00 A3 00 .00000 97155 .00 00 E3 00 .00001 35302 

.00 00 64 00 .00000 59604 .00 00 A4 00 .00000 97751 .00 00 E4 00 .00001 35898 

.00 00 65 00 .00000 60200 .00 00 A5 00 .00000 98347 .00 00 E5 00 .00001 36494 

.00 00 66 00 .00000 60796 .00 00 A6 00 .00000 98943 .00 00 E6 00 .00001 37090 

.00 00 67 00 .00000 61392 .00 00 A7 00 .00000 99539 .00 00 E7 00 · 0000 1 37686 

.00 00 68 00 .00000 61988 .00 00 A8 00 .00001 00135 .00 00 E8 00 .00001 38282 . 

.00 00 69 00 .00000 62584 .00 00 A9 00 .00001 00731 .00 00 E9 00 .00001 38878 

.00 00 6A 00 .00000 63180 .00 00 AA 00 .00001 01327 .00 00 EA 00 .00001 39474 

.00 00 6B 00 .00000 63776 .00 00 AB 00 .00001 01923 .00 00 EB 00 .00001 40070 

.00 00 6C 00 .00000 64373 .00 00 AC 00 .00001 02519 .00 00 EC 00 .00001 40666 

.00 00 60 00 .00000 64969 .00 00 AD 00 .00001 03116 .00 00 ED 00 .00001 41263 

.00 00 6E 00 .00000 65565 .00 00 AE 00 .00001 03712 .00 00 EE 00 .00001 41859 

.00 00 6F 00 .00000 66161 .00 00 AF 00 .00001 04308 .00 00 EF 00 .00001 42455 

.00 00 70 00 .00000 66757 .00 00 BO 00 .00001 04904 .00 00 Fa 00 .00001 43051 

.00 00 71 00 .00000 67353 .OOOOBI 00 .00001 05500 .00 00 F1 00 .00001 43647 

.00 00 72 00 .00000 67949 .00 00 B2 00 .00001 06096 .00 00 F2 00 .00001 44243 

.00 00 73 00 · 00000 68545 .00 00 B3 00 .00001 06692 .00 00 F3 00 .00001 44839 

.00 00 74 00 .00000 69141 .00 00 B4 00 .00001 07288 .00 00 F4 00 .00001 45435 

.00 00 75 00 .00000 69737 .00 00 B5 00 .00001 07884 .00 00 F5 00 .00001 46031 

.00 00 76 00 .00000 70333 .00 00 B6 00 · 00001 08480 .00 00 F6 00 .00001 46627 

.00 00 77 00 .00000 70929 .00 00 B7 00 .. 00001 09076 .00 00 F7 00 .00001 47223 

.00 00 78 00 .00000 71525 .00 00 B8 00 .0000 1 09672 .00 00 F8 00 .00001 47819 

.00 00 79 00 .00000 72121 .00 00 B9 00 .00001 10268 .00 00 F9 00 .00001 48415 

.00 00 7A 00 .00000 72717 .00 00 BA 00 · 0000 1 10864 .00 00 FA 00 .00001 49011 

.00 00 7B 00 .00000 73313 .00 00 BB 00 .00001 11460 .00 00 FB 00 .00001 49607 

.00 00 7C 00 .00000 73909 .00 00 BC 00 .00001 12056 .00 00 FC 00 .00001 50203 

.00 00 70 00 .00000 74505 .00 00 BO 00 .00001 12652 .00 00 FO 00 .00001 50799 

.00 00 7E 00 .00000 75101 .00 00 BE 00 .00001 13248 .00 00 FE 00 .00001 51395 

.00 00 7F 00 .00000 75697 .00 00 BF 00 .. 00001 13844 .00 00 FF 00 .00001 51991 



HEXADECIMAL - DECIMAL FRACTION CONVERSION TABLE (cont.) 

Hexadecimal Decimal Hexadecimal Decimal Hexadecimal Decimal Hexadecimal Decimal 

.0000 0000 .00000 00000 .0040 0000 .00097 65625 .0080 0000 .00195 31250 .00 CO 0000 .00292 96875 

.0001 0000 .00001 52587 .0041 0000 .00099 18212 .0081 0000 .00196 83837 .00·Cl 0000 .00294 49462 

.0002 0000 .0000305175 .0042 0000 .00100 70800 .0082 0000 .00198 36425 .00 C2 0000 .00296 02050 

.0003 0000 .00004 57763 .0043 0000 .00102 23388 .0083 0000 .0019989013 .00 C3 0000 .00297 54638 

.0004 0000 .00006 10351 .0044 0000 .00103 75976 .0084 0000 .00201 41601 .00 C4 0000 .00299 07226 

.0005 0000 .00007 62939 .0045 0000 .001 05 28564 .0085 0000 .00202 94189 .00 C5 0000 .0030059814 

.0006 0000 .00009 15527 .0046 0000 .0010681152 .0086 0000 .00204 46777 .00 C6 0000 .00302 12402 

.0007 0000 .0001068115 .0047 0000 .00108 33740 .0087 0000 .00205 99365 .00 C7 0000 .00303 64990 

.0008 0000 .00012 20703 .0048 0000 .0010986328 .0088 0000 .00207 51953 .00 C8 0000 .00305 17578 

.0009 0000 .00013 73291 .0049 0000 .00111 38916 .0089 0000 .00209 04541 .00 C9 0000 .00306 70166 

.OOOA 0000 .00015 25878 .004A 0000 .0011291503 .008A 0000 .0021057128 .00 CA 00 00 .00308 22753 

.OOOB 0000 .00016 78466 .004B 0000 .0011444091 .008B 0000 .00212 09716 .00 CB 0000 .00309 75341 

.OOOC 0000 .0001831054 .004C 0000 .00115 96679 .008C 0000 .00213 62304 .00 CC 0000 .00311 27929 

.00 OD 0000 .0001983642 .004D 0000 .0011749267 .008D 0000 .00215 14892 .00 CD 00 00 .0031280517 

.OOOE 0000 .00021 36230 .004E 0000 .0011901855 .008E 0000 .0021667480 .00 CE 0000 .0031433105 

.00 OF 0000 .00022 88818 .004F 0000 .0012054443 .008F 0000 .00218 20068 .00 CF 0000 .00315 85693 

.00 10 0000 .0002441406 .0050 0000 .0012207031 .0090 0000 .0021972656 .00 DO 0000 .00317 38281 

.00 11 0000 .00025 93994 .0051 0000 .00123 59619 .00'91 0000 .00221 25244 .00 Dl 0000 .00318 90869 

.00 12 0000 .00027 46582 .0052 0000 .00125 12207 .0092 0000 .0022277832 .00 D2 0000 .00320 43457 

.00 13 0000 .00028 99169 .0053 0000 .00126 64794 .0093 0000 .00224 30419 .00 D3 0000 .00321 96044 

.0014 0000 .00030 51757 .0054 0000 .00128 17382 .0094 0000 .00225 83007 .00 D4 0000 .00323 48632 

.00 15 0000 .00032 04345 .0055 0000 .0012969970 .0095 0000 .00227 35595 .00 D5 0000 .00325 01220 

.00 16 0000 .00033 56933 .0056 0000 .00131 22558 .0096 0000 .00228 88183 .00 D6 0000 .00326 53808 

.00 17 0000 .00035 09521 .0057 0000 .00132 75146 .0097 0000 .0023040771 .00 D7 0000 .00328 06396 

.00 18 0000 .00036 62109 .0058 0000 .00134 27734 .0098 0000 .00231 93359 .00 D8 0000 .00329 58984 

.00 19 0000 .00038 14697 .0059 0000 .00135 80322 .00 99 0000 .00233 45947 .00 D9 0000 .00331 11572 

.00 lA 0000 .0003967285 .005A 0000 .0013732910 .009A 0000 .00234 98535 .00 DA 00 00 .00332 64160 

.00 lB 0000 .00041 19873 .005B 0000 .00138 85498 .009B 0000 .00236 51123 .00 DB 0000 .00334 16748 

.00 lC 0000 .00042 72460 .005C 0000 .0014038085 .009C 0000 .0023803710 .00 DC 0000 .00335 69335 

.00 1 D 0000 .00044 25048 .005D 0000 .00141 90673 .00 9D 0000 .00239 56298 .00 DD 00 00 .00337 21923 

.00 1 E 0000 .00045 77636 .005E 0000 .0014343261 .009E 0000 .00241 08886 .00 DE 0000 .00338 74511 

.00 1 F 0000 .00047 30224 .005F 0000 .00144 95849 .009F 0000 .0024261474 .00 DF 0000 .00340 27099 

.0020 0000 .0004882812 .0060 0000 .00146 48437 .00 AO 0000 .00244 14062 .00 EO 0000 .00341 79687 

.0021 0000 .00050 35400 .0061 0000 .0014801025 .00 Al 0000 .00245 66650 .00 El 0000 .00343 32275 

.0022 0000 .00051 87988 .0062 0000 .0014953613 .00 A2 0000 .00247 19238 .00 E2 0000 .00344 84863 

.0023 0000 .0005340576 .0063 0000 .00151 06201 .00 A3 0000 .0024871826 .00 E3 0000 .00346 37451 

.0024 0000 .00054 93164 .0064 0000 .00152 58789 .00 A4 0000 .00250 24414 .00 E4 0000 .00347 90039 

.0025 0000 .0005645751 .0065 0000 .00154 11376 .00 A5 0000 .00251 77001 .00 E5 0000 .00349 42626 

.0026 0000 .00057 98339 .0066 0000 .0015563964 .00 A6 0000 .00253 29589 .00 E6 0000 .00350 95214 

.0027 0000 .00059 50927 .0067 0000 .00157 16552 .00 A7 0000 .0025482177 .00 E7 0000 .00352 47802 

.00 28 00 00 .00061 03515 .0068 0000 .0015869140 .00 A8 0000 .00256 34765 .00 E8 0000 .00354 00390 

.00 29 0000 .0006256103 .0069 0000 .0016021728 .00 A9 0000 .00257 87353 .00 E9 0000 .00355 52978 

.002A 0000 .00064 08691 .006A 0000 .0016174316 .00 AA 00 00 .00259 39941 .00 EA 0000 .00357 05566 

.002B 0000 .00065 61279 .006B 0000 .00163 26904 .00 AB 0000 .00260 92529 .00 EB 0000 .0035858154 

.002C 0000 .00067 13867 .006C 0000 .0016479492 .00 AC 0000 .00262 45117 .00 EC 0000 .00360 10742 

.00 2D 0000 .0006866455 .006D 0000 .00166 32080 .00 AD 00 00 .00263 97705 .00 ED 0000 .00361 63330 

.002E 0000 .00070 19042 .006E 0000 .00167 84667 .00 AE 0000 .00265 50292 .00 EE 0000 .00363 15917 

.002F 0000 .00071 71630 .006F 0000 .0016937255 .00 AF 0000 .00267 02880 .00 EF 0000 .00364 68505 

.0030 0000 .00073 24218 .0070 0000 .0017089843 .00 BO 0000 .00268 55468 .00 FO 0000 .00366 21 093 

.0031 0000 .0007476806 .0071 0000 .00172 42431 .00 Bl 0000 .0027008056 .00 Fl 0000 .0036773681 

.0032 0000 .00076 29394 .0072 0000 .0017395019 .00 B2 0000 .00271 60644 .00 F2 0000 .00369 26269 

.0033 0000 .00077 81982 .0073 0000 .0017547607 .00 B3 0000 .00273 13232 .00 F3 0000 .00370 78857 

.0034 0000 .00079 34570 .0074 0000 .00177 00195 .00 B4 0000 .0027465820 .00 F4 0000 .00372 31445 

.0035 0000 .0008087158 .0075 0000 .0017852783 .00 B5 0000 .00276 18408 .00 F5 0000 .00373 84033 

.0036 0000 .00082 39746 .0076 0000 .0018005371 .00 B6 0000 .00277 70996 .00 F6 0000 .00375 36621 

.0037 0000 .00083 92333 .0077 0000 .00181 57958 .00 B7 0000 .00279 23583 .00 F7 0000 .00376 89208 

.0038 0000 .00085 44921 .0078 0000 .00183 10546 .00 B8 0000 .0028076171 .00 F8 0000 .00378 41796 

.0039 0000 .00086 97509 .0079 0000 .0018463134 .00 B9 0000 .00282 28759 .00 F9 0000 .0037994384 

.003A 0000 .0008850097 .007A 0000 .00186 15722 .00 BA 0000 .00283 81347 .00 FA 0000 .00381 46972 

.003B 0000 .0009002685 .007B 0000 .0018768310 .00 BB 0000 .00285 33935 .00 FB 0000 .00382 99560 

.003C 0000 .00091 55273 .007C 0000 .0018920898 .00 BC 0000 .00286 86523 .00 FC 0000 .0038452148 

.00 3D 0000 .00093 07861 .007D 0000 .0019073486 .00 BD 0000 .00288 39111 .00 FD 0000 .00386 04736 

.003E 0000 .00094 60449 .007E 0000 .00192 26074 .00 BE 0000 .00289 91699 .00 FE 0000 .00387 57324 

.003F 0000 .00096 13037 .007F 0000 .00193 78662 .00 BF 0000 .00291 44287 .00 FF 0000 .0038909912 
~ 
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HEXADECIMAL - DECIMAL FRACTION CONVERSION TABLE (cont.) 

Hexadecimal Decimal Hexadecimal Decimal Hexadecimal Decimal Hexadecimal Decimal 

.00 000000 .00000 00000 .40 000000 .25000 00000 .80 000000 .50000 00000 .CO 000000 .75000 00000 

.01 000000 .00390 62500 .41 000000 .25390 62500 .81 000000 .50390 62500 .Cl 000000 .75390 62500 

.02 000000 .00781 25000 .42 000000 .25781 25000 .82 000000 .50781 25000 .C2 000000 .75781 25000 

.03 000000 .01171 87500 .43 000000 .26171 87500 .83 000000 .51171 87500 .C3 00 00 00 .7617187500 

.04 000000 .0156250000 .44 000000 .2656250000 .84 00 00 00 .5156250000 .C4 000000 .7656250000 

.05 000000 .01953 12500 .45 000000 .26953 12500 .85 000000 .51953 12500 .C5 000000 .76953 12500 

.06 000000 .02343 75000 .46 000000 .2734375000 .86 000000 .52343 75000 .C6 000000 .77343 75000 

.07 000000 .02734 37500 .47 000000 .27734 37500 .87 000000 .52734 37500 .C7 00 00 00 .77734 37500 

.08 000000 .03125 00000 .48 000000 .28125 00000 .88 000000 .53125 00000 .C8 000000 .7812500000 

.09 000000 .0351562500 .49 000000 .28515 62500 .89 000000 .53515 62500 .C9 000000 .78515 62500 

.OA 000000 .03906 25000 .4A 000000 .28906 25000 .8A 000000 .53906 25000 .CA 00 00 00 .78906 25000 

.OB 000000 .04296 87500 .46 000000 .29296 87500 .8B 000000 .54296 87500 .CB 000000 .79296 87500 

.OC 000000 .04687 50000 .4C 000000 .29687 50000 .8C 000000 .54687 50000 .CC 000000 .79687 50000 

.00 000000 .05078 12500 .40 000000 .30078 12500 .80 000000 .55078 12500 .CO 00 00 00 .80078 12500 

.OE 00 00 00 .05468 75000 .4E 000000 .30468 75000 .8E 00 00 00 .5546875000 .CE 000000 .80468 75000 

.OF 000000 .05859 37500 .4F 000000 .30859 37500 .8F 000000 .55859 37500 .CF 000000 .80859 37500 

.10 0000 00 .06250 00000 .50 000000 .3125000000 .90 000000 .56250 00000 .00 000000 .8125000000 

.11 00 00 00 .0664062500 .51 000000 .31640 62500 .91 000000 .5664062500 .01 000000 .81640 62500 

.12 0000 00 .07031 25000 .52 000000 .32031 25000 .92 000000 .57031 25000 .02 00 00 00 .82031 25000 

.13 000000 .07421 87500 .53 000000 .32421 87500 .93 000000 .57421 87500 .03 000000 .82421 87500 

.14 0000 00 .07812 50000 .54 000000 .3281250000 .94 00 00 00 .57812 50000 .04 000000 .8281250000 

.15 0000 00 .08203 12500 .55 000000 .33203 12500 .95 000000 .58203 12500 .05 000000 .83203 12500 

.16 000000 .08593 75000 .56 000000 .33593 75000 .96 000000 .58593 75000 .06 000000 .83593 75000 

.17 000000 .08984 37500 .57 000000 .33984 37500 .97 000000 .58984 37500 .07 000000 .83984 37500 

.18 000000 .09375 00000 .58 000000 .34375 00000 .98 000000 .59375 00000 .08 000000 .84375 00000 

.19 000000 .09765 62500 .59 000000 .34765 62500 .99 000000 .5976562500 .09 000000 .84765 62500 

.1A 000000 · 10 156 25000 .5A 000000 .35156 25000 .9A 000000 .60156 25000 .OA 00 00 00 .85156 25000 

.1 B 000000 .10546 87500 .5B 000000 .35546 87500 .9B 000000 .60546 87500 .OB 000000 .85546 87500 

.1C 000000 · 10937 50000 .5C 000000 .35937 50000 .9C 000000 .60937 50000 .OC 00 0000 .85937 50000 

.10 000000 .11328 12500 .50 000000 .36328 12500 .90 000000 .61328 12500 .00000000 .86328 12500 

.1 E 000000 .1171875000 .5E 000000 .3671875000 .9E 000000 .61718 75000 .OE 000000 .8671875000 

.1 F 000000 .1210937500 .5F 000000 .3710937500 .9F 000000 .62109 37500 .OF 000000 .87109 37500 

.20 000000 · 12500 00000 .60 000000 .37500 00000 .AO 000000 .62500 00000 .EO 000000 .87500 00000 

.21 000000 .12890 62500 .61 000000 .37890 62500 .Al 000000 .62890 62500 .El 000000 .87890 62500 

.22 000000 .13281 25000 .62 000000 .38281 25000 .A2 000000 .63281 25000 .E2 000000 .88281 25000 

.23 000000 .13671 87500 .63 000000 .38671 87500 .A3 000000 .63671 87500 .E3 000000 .88671 87500 

.24 000000 .14062 50000 .64 000000 .39062 50000 .A4 000000 .6406250000 .E4 000000 .89062 50000 

.25 000000 · 14453 1 2500 .65 000000 .39453 12500 .A5 000000 .64453 12500 .E5 000000 .89453 12500 

.26 000000 .1484375000 .66 000000 .39843 75000 .A6 00 00 00 .64843 75000 .E6 000000 .89843 75000 

.27 000000 .1523437500 .67 000000 .40234 37500 .A7 000000 .65234 37500 .E7 000000 .9023437500 

.28 000000 .15625 00000 .68 000000 .40625 00000 .A8 000000 . 65625 00000 .E8 000000 .90625 00000 . 

.29 000000 .16015 62500 .69 000000 .41015 62500 .A9 000000 .66015 62500 .E9 000000 .9101562500 

.2A 000000 · 16406 25000 .6A 000000 .41406 2500()' .AA 00 00 00 .66406 25000 .EA 000000 .91406 25000 

.26 000000 .16796 87500 .66 000000 .4179687500 .A6 000000 .66796 87500 .EB 000000 .91796 87500 

.2C 000000 .17187 50000 .6C 000000 .4218750000 .AC 000000 .67187 50000 .EC 000000 .92187 50000 

.20 000000 .17578 12500 .60 000000 .42578 12500 .AO 00 00 00 .67578 12500 .EO 000000 .92578 1 2500 

.2E 000000 .17968 75000 .6E 000000 .42968 75000 .AE 000000 .67968 75000 .EE 000000 .92968 75000 

.2F 000000 .18359 37500 .6F 000000 .43359 37500 .AF 000000 .68359 37500 .EF 000000 .93359 37500 

.30 000000 .1875000000 .70 000000 .43750 00000 .BO 000000 .68750 00000 .FO 000000 .93750 00000 

.31 000000 .1914062500 .71 000000 .44140 62500 .B1 000000 .69140 62500 .FI 000000 .94140 62500 

.32 000000 · 1 9531 25000 .72 000000 .44531 25000 .62 000000 .69531 25000 .F2 000000 .94531 25000 

.33 000000 .19921 87500 .73 000000 .44921 87500 .63 000000 .69921 87500 .F3 000000 .94921 87500 

.34 000000 .2031 2 50000 .74 000000 .4531 2 50000 .B4 000000 .70312 50000 .F4 000000 .9531250000 

.35 000000 .20703 12500 .75 000000 .45703 12500 .B5 000000 .70703 12500 .F5 000000 .95703 12500 

.36 000000 .21093 75000 .76 000000 .46093 75000 .B6 000000 .7109375000 .F6 000000 .96093 75000 

.37 000000 .21484 37500 .77 000000 .46484 37500 .67 000000 .7148437500 .F7 000000 .96484 37500 

.38 000000 .21875 00000 .78 000000 .46875 00000 .B8 000000 .71875 00000 .F8 000000 .96875 00000 

.39 000000 .22265 62500 .79 000000 .47265 62500 .B9 000000 .72265 62500 .F9 000000 .97265 62500 

.3A 000000 .22656 25000 .7A 00 00 00 .47656 25000 .BA 000000 .72656 25000 .FA 000000 .97656 25000 

.36 000000 .23046 87500 .78 000000 .48046 87500 .BB 000000 .73046 87500 .FB 000000 .98046 87500 

.3C 000000 .23437 50000 .7C 000000 .48437 50000 .BC 000000 .73437 50000 .FC 000000 .98437 50000 

.30 000000 .23828 1 2500 .70 000000 .48828 12500 .BO 000000 .73828 12500 .FO 000000 .98828 12500 

.3E 000000 .2421875000 .7E 000000 .49218 75000 .BE 000000 .7421875000 .FE 000000 .9921875000 

.3F 000000 .2460937500 .7F 000000 .49609 37500 .BF 000000 .74609 37500 .FF 000000 .99609 37500 ,-
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TABLE OF POWERS OF TWO MATHEMATICAL CONSTANTS 

2
n n 2-n 
----

I a 1.0 
2 1 0.5 
4 2 0.25 
8 3 0.125 

16 4 0.062 5 
32 5 0.031 25 
64 6 0.015 625 

128 7 0.007 812 5 

256 8 0.003 906 25 
512 9 0.001 953 125 

1 024 10 0.000 976 562 5 
2 048 11 0.000 488 281 25 

4 096 12 0.000 244 140 625 
8 192 13 0.000 122 070 312 5 

16 384 14 0.000 061 035 156 25 
32 768 15 0.000 030 517 578 125 

65 536 16 0.000 015 258 789 062 5 
131 072 17 0.000 007 629 394 531 25 
262 144 18 0.000 003 814 697 265 625 
524 288 19 0.000 001 907 348 632 812 5 

1 048 576 20 0.000 000 953 674 316 406 25 
2 097 152 21 0.000 000 476 837 158 203 125 
4 194 304 22 0.000 000 238 418 579 101 562 5 
8 388 608 23 0.000 000 119 209 289 550 781 25 

16 777 216 24 0.000 000 059 604 644 775 390 625 
33 554 432 25 0.000 000 029 802 322 387 695 312 5 
67 108 864 26 0.000 000 014 901 161 193 847 656 25 

134 217 728 27 0.000 000 007 450 580 596 923 828 125 

268 435 456 28 0.000 000 003 725 290 298 461 914 062 5 
536 870 912 29 0.000 000 001 862 645 149 230 957 031 25 

1 073 741 824 30 0.000 000 000 931 322 574 615 478 515 625 

Constant 

rr 
rr-l 

~ 

In rr 

e 
...,.1 

e 

~ 

10910 e 

1092 e 

Y 

InY 

02 
In 2 

10910 2 

~ 
In 10 

2 147 483 648 31 0.000 000 000 465 661 287 307 739 257 812 5 

4 294 967 296 32 0.000 000 000 232 830 643 653 869 628 906 25 
8 589 934 592 33 0.000 000 000 116 415 321 826 934 814 453 125 

17 179 869 184 34 0.000 000 000 058 207 660 913 467 407 226 562 5 
34 359 738 368 35 0.000 000 000 029 103 830 456 733 703 613 281 25 

68 719 476 736 36 0.000 000 000 014 551 915 228 366 851 806 640 625 

Decimal Value 

3.14159 26535 89793 

0.31830 98861 83790 

1.77245 38509 05516 

1.14472 98858 49400 

2.71828 18284 59045 

0.36787 94411 71442 

1.64872 12707 00128 

0.43429 44819 03252 

1.44269 50408 88963 

0.57721 56649 01533 

-0.54953 93129 81645 

1.41421 35623 73095 

0.69314 71805 59945 

0.30102 99956 63981 

3.16227 76601 68379 

2.30258 40929 94046 

137 438 953 472 37 0.000 000 000 007 275 957 614 183 425 903 320 312 5 
274 877 906 944 38 0.000 000 000 003 637 978 807 091 712 951 660 156 25 
549 755 813 888 39 0.000 000 000 001 818 989 403 545 856 475 830 078 125 

1 099 511 627 776 
2 199 023 255 552 
4 398 046 511 104 
8 796 093 022 208 

17 592 186 044 416 
35 184 372 088 832 
70 368 744 177 664 

140 737 488 355 328 

281 474 976 710 656 

40 
41 
42 
43 

44 
45 
46 
47 

48 

0.000 000 000 000 909 494 701 772 928 237 915 039 062 5 
0.000 000 000 000 454 747 350 886 464 118 957 519 531 25 
0.000 000 000 000 227 373 675 443 232 059 478 759 765 625 
0.000 000 000 000 113 686 837 721 616 029 739 379 882 812 5 

0.000 000 000 000 056 843 418 860 808 014 869 689 941 406 25 
0.000 000 000 000 028 421 709430 404 007 434 844 970 703 125 
0.000 000 000 000 014 210 854 715 202 003 717 422 485 351 562 5 
0.000 000 000 000 007 105 427 357 601 001 858 711 242 675 781 25 

0.000 000 000 000 003 552 713 678 800 500 929 355 621 337 890 625 

Hexadecimal Value 

3.243F 6A89 

0.517C Cl B7 

1.C5BF 891C 

1.250D 048F 

2.B7El 5163 

0.5E2D 58D9 

l.A612 98E2 

0.6F2D EC55 

1.7154 7653 

0.93C4 67E4 

-0.8CAE 9BCl 

1.6A09 E668 

O.Bl72 17F8 

0.4D10 4D42 

3.298B 075C 

2.4D76 3777 
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APPENDIX B. INSTRUCTION EXECUTION CYCLE 

A symbolic diagram of the SIGMA 2 instruction execution 
cycle is shown in Figure 7. Thediagramillustratesthemajor 
operations involved during execution of instructions by the 
SIGMA 2 computer, including the effects of the COMPUTE 
switch, normal interrupt processing, effective address cal­
culation/ and protection system controls. The diagram does 
not in all cases precisely depict actual computer operations 
and sequences; however, insofar as the programmer is con­
cerned, the diagram is a valid representation of the instruc­
ti on exec uti on process. 

The symbolic notation used in the diagram is consistent with 
that used in other portions of this reference manual. The 
symbolic terms are defined as follows: 

C 

Definition 

Carry indicator (bit 15 of the program status dou­
bleword) 

D The register that holds an instruction whi Ie it is 
bei ng decoded 

(D)0-3 The operation code of an instruction 

(D}4 Relative address bit 

(D)5 Indirect address bit 

(D)6 Index bit (for post-indexing) 

(D)7 For relative addressing, this bit is the sign of the 
displacement value; otherwise, it is used to invoke 
pre - i nd ex i ng. 

(D)8-15 Displacement value 

EI External interrupt inhibit (bit 11 of the program 
status doubleword) 

H The register used to hold the memory address of an 
instruction while the instruction is being decoded 
and executed 

(H) The memory address of the instruction 

II Internal interrupt inhibit (bit 10 of the program 
status doubleword) 

o 

P 

(P) 

PP 

s 

(5) 

«5» 

SE 

Overflow indicator (bit 14 of the program status 
doubleword) 

Program address register (general register 1) 

The memory address in the program address register 

Protected program indicator (bit 8 of the program 
status doubleword) 

The register used to hold the address of a core mem­
ory location that is to be accessed 

The memory address in the memory address register 

The contents of the memory location whose address 
is in the memory address register 

Sign extension - the sign of the displacement value 
is extended 7 bit positions to the left 
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~ Definition 

WFF The "wait" flip-flop, which is set to 1 by a specific 
configurati on of the WRITE· DIRECT i nstructi on, or 
by a memory parity error when the PARITY ERROR 
switches are in the INTERRUPT/NORMAL positions; 
the flip-flop is reset to a by an interrupt level be­
coming active, or by the COMPUTE switch being 
moved to the IDLE position 

X 1 Index 1 (general register 4) 

X2 Index 2 (general register 5) 

At the top of the diagram, reference point "A ", assume that 
the COMPUTE switch is in the IDLE position, the Hand P 
registers both contain the address of the next instruction to 
be executed, the D register contains the next instruction, 
and the wait fl ip-flop is reset to O. 

If the COMPUTE switch is moved to RUN, the computer 
proceeds to first increment the P register and then de­
code the instruction in the D register. Since this is the 
first instruction to be executed in RUN, no interrllpt 
condition occurs at this time. 

If the instruction references memory (i .e., is not a copy 
register-to-register instruction), the computer performs rela­
tive addressing, pre-indexing, indirect addressing, and post­
indexing, as specified by the R, I, X, and S bits of the 
instruction. In the case of the conditional branch instruc­
tions, relative addressing only is performed. 

The protection system invokes restrictions upon programs op­
erating in unprotected memory. If the protection system is 
operative, the protection bit for the instruction's memory 
address is examined. Then, if the bit is not set to 11 the 
instruction is not executed if it is a READ DIRECT or WRITE 
DIRECT instruction or if it is a STORE A or INCREMENT 
MEMORY instruction that is attempting to alter protected 
memory. Also, the instruction is not executed if it has been 
accessed as the result of a branch from unprotected t'o pro­
tected memory. In the event of a protection violation, the 
computer triggers the protection violation interrupt level. 

If the instruction is MULTIPLY or DIVIDE, and the mul tipl y/ 
divide option is not implemented in the computer, the com­
puter triggers the appropriate exception interrupt level. 

After the instruction is executed, the computer determines 
whether an interrupt or wait condition is present. If all of 
the conditions are satisfied for acknowledging an interrupt 
condition, the computer stores the current program status 
doubleword in memory and fetches the next instruction from 
the following location. If a wait condition exists (Le., as 
the result of WD X 'DO'), the computer waits unti I an inter­
rupt condition is present or unti I the COMPUTE switch is 
placed in IDLE. If no interrupt or wait condition is present, 
the computer stores the address of the next instruction 
(taken from P) in the H register, and fetches the next in­
struction to be executed, stores it in D, and then returns 
to reference point "A ". 



yes 

yes 

Set highest-priority interrupt 

.. ------I~~e~;~~~~~b7:!i~~,t~":~~~ 

yes 

Figure 7. SIGMA 2 Instruction Execution Diagram 

state. 

Address of interrupt level-S 

«5S))-S, PP-{S)a 

1I-{S)10 i EI-{S)11 

O-{S)14 i C-{S)15 

(P)-{S) + Ii (S) + 2-P, S, H 

l-PPi O-WFF 
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APPENDIX C. MEMORY ADDRESSING 

This appendix describes the manner in whichSIGMA2 mem­
ory addresses can be assigned at installation time so that 
continuous addressing is possible, with no "gaps" between 
location zero and the highest addressable location in the 
system. 

A minimum SIGMA 2 memory system consists of one integral 
memory module consisting of 4K 16-bit words (K = 1024). 
This basic memory system can be expanded by: 

1. Attaching one to three integral SIGMA 24K memory 
increments for a maximum storage capacity of 16K. 

2. Attaching up to three SIGMA 2 external memory banks 
of 16K each for a maximum storage capacity of 64K. 
Four externa I banks may be attached if integral mem­
ory is el iminated; with either configuration, 64K is 
the maximum capcity. 

3. Attaching external SIGMA 5/7 memory banks for maxi­
mum storage capacity of 316K, 64K of which are di­
rectly accessible to the SIGMA 2 at any given time. 

It is possible to combine integral memory increments with 
SIGMA 2 and SIGMA 5/7 external memory banks in the same 
memory system; the total memory cannot exceed 316K. 

The External Memory Adapter Model 1 is used to attach 
SIGMA 2 memory banks; the Model 2 adapter is used for 
SIGMA 5/7 banks. 

EXTERNAL MEMORY ADAPTER MODEL 1 

The Modell adapter is used to attach SIGMA 2 external 
memory banks to a SI GMA 2 CPU. Each memory bank may 
consist of one 4K, 16-bit word memory module and from 
one to three memory increments of 4K words each. Thus, 
one memory bank may contain 4K, 8K, 12K, or 16K words 
of storage. As manyas four such memory banks may be con­
nected to a SIGMA 2 to provide a total memory capacity 
of 64K words. If this is done, one bank may be connected 
integrally to the SIGMA 2 and each of the other banks con­
nected to the SIGMA 2 via the Modell; i. e., one adapter 
per additional bank. Alternatively all four banks may be 
connected to the SIGMA 2 as external memory. 

EXTERNAL MEMORY ADAPTER MODEL 2 

The Model 2 adapter is used to attach SIGMA 5/7 memory 
banks to a SIGMA 2. Each SIGMA 5/7 memory bank may 
consist of one 4K, 32-bit word memory module and from 
one to three memory increments of 4K words each. As 
many as eight banks may be connected to a SIGMA 2, via 
a single Model 2 adapter, to provide a total memory ca­
pacityof316K 16-bit words {60K of SIGMA 2 memory and 
128K 32-bi t words of SI GMA 5/7 memory. Any random 4K 
block of SIGMA 2 memory must be reserved for reading in 
2K (32-bit word) of the SIGMA 5/7 memory; hence the 
I imitation to 60K in SIGMA 2 memory). The maximum ad­
dressable number of SIGMA 2 words is 64K. This can 
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include words read into the SIGMA 2 memory from the 
SI GMA 5/7 memory. 

Besides expanding basic SIGMA 2 memory capacit:;" exter­
nal memory banks permit attachment of additional memory 
ports which allow another device or another SIGMA 2 CPU 
to access a memory bank and do so asynchronously. A mem­
ory port is an access path to the memory cells in a given 
bank. Each external memory bank that is to be accessed 
from outside the system must have an additional port. Using 
the Model 2 adapter, up to five additional ports may be 
added to each bank; using the Modell, one additional port 
per bank is available. 

CONTINUOUS ADDRESSING 
All the memory cells in one memory bank share a common 
access port (or ports) and a common set of read/write circuits. 

Each bank of SI GMA 2 memory contains two sets of toggle 
switches. One set defines the starting address (first loca­
tion) of the memory bank with respect to the entire memory 
system. The second set of toggle switches defines the range, 
or number of locations implemented, for the memory bank 
(i.e., 4K, 8K, 12, or 16K). If the bank is an external 
unit with additional ports, the bank wi II have an additional 
set of toggle switches to define the starting addlress of 
each port. 

A collection of ports on various memory banks thClt are 
cabled together is ca lied a memory bus. If the starting ad­
dress of a port is designated as SA and the range as R, the 
memory bank recognizes memory addresses SA to SA+R-l, 
on the bus associated with the port. On any memory bus, 
no address may be recognized by more than a single port, 
or the system wi II not operate properly. There is one other 
rule for setting addresses and ranges at installation time: 

The SA for each port on a memory bank must be an in­
tegral multiple of the range of the bank, except for a 
12K range. For this range, the SA must be a multiple 
of 16K. The SA for a memory bank port must be one 
of the following: 

Range Permissible Starting Address 

4K 0, 4K, 8K, 12K, 16K, ••• 

8K 0, 8K, 16K, 24K, 32K, .•• 

12K 0, 16K, 32K, 48K, 64K, 

16K 0, 16K, 32K, 48K, 64K, 

Integral memory attached directly to the SIGMA 2 has an 
impl ied, unalterable starting address of O. 

Si nce XDS software does not handle discontinuous addresses, 
it is imperative to avoid memory configurations that do not 
permit memory addresses to be presented as a continuous 
spectrum from the programmer's point of view. 



APPENDIX D. WATCHDOG TIMER 

The optional Watchdog Timer (Model 8072) performs three 
functions: 

1. System hangup monitoring. 

2. Monitoring of power within the Watchdog Timer chassis. 

3. Direct Input/Output (DIO) monitori ng. 

A typical use of the Watchdog Timer would be in a process 
control system, detecting and signal ing malfunctions due 
either to program hangups or system fai lure to respond to a 
DIO signal. The system must include the optional DIO fea­
ture to implement the Watchdog Timer. In addition, if a 
CPU signal is desired for DIO response fai lure (no function 
strobe acknowledge), an optional priority interrupt must be 
installed. 

To detect a system hangup, the Watchdog Timer monitors 
program continuation signals (see Reset Timer instruction) 
within predetermined time constraints. Failure to detect a 
continuation signal within the specified time causes a relay 
in the Watchdog Timer chassis to close and a system hangup 
signal to be produced. As an example, this relay may be 
connected to an audible alarm, so that an operator may take 
corrective action. The timing interval is selected by manual 
switch settings. These activate the Watchdog Timer to ex­
pect a Write Direct (WD) instruction within either 8 ms, 
128 ms, or 1.024 seconds, according to the switch settings. 
The Watchdog Timer recognizes three WD instructions: 

o Displacement 
o o I 0 

o 34 78 11 12 15 

Disable 

o 34 78 1112 15 

Reset Timer 

I-----~---+-I_R -L1_I-.l13=-X--,-I_S-II---0-=--D i spl Ieme~- _] 
o 3 4 78 11 12 15 

An Enable WD starts the Timer and must be followed by 
Reset Timer WDs within the selected time intervals to avoid 
the system hangup signal. The Disable WD disables and 
resets the Ti mer. 

Power monitoring is accomplished through a hardware relay 
in the Watchdog Timer. The relay drops out in case of 
power failure. This relay, too, may be connected to an 
alarm or it may be wired in conjunction with the timing 
feature to provide a fail-safe capability. 

DIO monitoring prevents excessive and indefinite delays in 
CPU operations due to delayed function strobe acknowledge 
(FSA) signals generated by the controlled device. If the 
Watchdog Timerfai Is to detect an FSA within approximately 
64 microseconds of the function strobe, it generates an FSA 
enabl ing the CPU to continue operations. The DIO instruc­
tion associated with the missing FSA is aborted. 

The Timer signal may be used to initiate an optional priority 
interrupt. This interrupt wi" occur after the system has 
completed the instruction following the aborted DIO 
instruction. 
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A 
Active interrupt level, 11 
Arithmetic and control unit, 5-7 
Armed interrupt level, 10 

B 
Base address, 2, 7 
Bus, 51 

c 
Central processing unit, 5-7 
Clocks, real-time, 2,8 
Conditional branch instructions, 16 
Control panel, 29-32 

interrupt level, 9, 10, 31 
Copy instruction, 17 
C ore memory, 2, 4 
Counter equals zero interrupt levels, 9, 10 
Counter interrupt levels, 8, 9 

o 
Data chaining, 2, 22, 23, 25 
Da ta forma t" 4 
Dedicated memory locations, 10 
Device, input/output, 

condition, 26 
i nterru pts, 25 
number, 22 
order, 23, 24 

Disarmed interrupt level, 10 

E 
Effective address, 7, 8 
Enabled interrupt level, 11 

G 
General characteristics, 2, 3 

H 
Hexadecimal arithmetic, 39,40 
Hexadecimal-decimal conversion, 41-50 

Index, 52 
registers, 2,5,6,7,8,14,17,18,21 

Input/output 
byte-oriented, 22-26 
channels, 1, 22 
control doublewords, 22, 23 
data chaining, 2, 22, 23, 25 
direct-to-memory, 22, 27 
external direct, 22, 27 
instructions, 24, 25 
interrupt level, 9, 10, 22, 25 
status information, 26, 27 
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INDEX 

Input/output {cont.} 
tables, 24, 25 

Instruction{s} 
conditional branch, 16, 17 
copy, 17, 19 
direct control, 20, 21 
execution cycle, 52,53 
format, 7 
input/output, 25, 26 
I ist, front cover 
memory reference, 14-16 
timing, 8 

Interrupt system, 1, 2, 8-13 
control, 11, 12,20,21 
counter group, 8, 9 
input/output group, 9, 10 
integral groups, 9, 10 
override group, 9, 10 
priority sequence, 12 

L 

routine entry and exit, 12, 14, 21 
Watchdog Ti mer, 55 

Loading procedure, 30 

M 
Memory, 

bank, 54 
core, 4 
dedicated locations, 10 

Memory reference instructions, 14-16 

p 
Pari ty errors, 2, 9, 10 
Peripheral equipment, 2,3 
Port, 54 
Power fail-safe, 2,9,10 
Privi leged instructions 13 20 21 
Program status double~ord: 3 '5 12 
Protection system, 2, 13 " 
Protection vi olation, 10, 13 

R 
Real-time clocks, 2,8 
Registers, 

s 

general-purpose, 2,5,18,20,21 
input/output, 3,5,20-28 
protection system, 5, 13, 21 

Sequence, interrupt priority, 12 
States, interrupt level, 10 
Status information, input/output, 26 

w 
Waiting interrupt level, 10 
Watchdog Ti mer, 55 



XDS SIGMA 2 OPERATION CODES 

Operation code Mnemonic Instruction name Page 

0000 RIXS D WD Write Direct 21 

0001 RIXS D RD Read Direct 20 

0010 RIXS D S Shift 15 

0011 RIXS D MUL Multiply (optional) 15 

0100 - RIXS D B Branch 15 

0101 RIXS D DIV Divide (optional) 15 

0110 OOOS D BNO Branch if No Overflow 17 

0110 001S D BNC Branch if No Carry 17 

0110 0.1 OS D BAZ Branch if Accumulator Zero 16 

0110 011S D BIX Branch on Incrementing Index 17 

0110 100S D BXNO Branch on Incrementing Index and No Overflow 17 

0110 101S D BXNC Branch on Incrementing Index and No Carry 17 

0110 11 OS D BEN Branch if Extended Accumulator Negative '17 

0110 -111 S D BAN Branch if Accumulator Negative 16 

0111 0000 0 RAND Register AND 18 

0111 0001 0 RANDI Register AN D and Increment 19 

0111 0010 0 RANDC Register AND and Carry 19 

0111 0100 0 ROR Register OR 18 

0111 0100 RCPY Register Copy 18 

0111 0101 0 RORI Register OR and Increment 19 

0111 0101 RCPYI Register Copy and Increment 18 

0111 0110 0 RORC Register OR and Carry 19 

0111 0110 1 RCPYC Register Copy and Carry 19 

0111 1000 0 REOR Register Exclusive OR 18 

0111 1001 0 REORI Register Exclusive OR and Increment l' 
0111 1010 0 REORC Register Exclusive OR and Carry 19 

0111 1100 0 RADD Regi stei Add 18 

0111 1101 0 RADDI Register Add and Increment 19 

0111 1110 0 RADDC Register Add ana Carry 19 

1000 RIXS D LDA Load Accumulator 14 

1001 RIXS D AND Logical AND 15 

1010 RIXS D ADD Add 14 

1011 RIXS D SUB Subtract 15 

1100 RIXS D LDX Load Index 14 

1101 RIXS D CP Compare 16 

1110 RIXS D STA Store Accumulator 14 

1111 RIXS D 1M Increment Memory 15 


