











CODING FOR THE COMPUTER

c4 TP tl A place k in A

C5 TJ t3 c7 is k <372

C6 RA v3 t4 add 7219 to (v3)

c7 RS v3 tl subtract k from (v3)
C10 - - - next instruction

tl 0 k, (zero initially)
t2 0 normalized product
t3 45 constant, 37j0

t4 110 constant,'7210

vl - - - Xm

v2 - - -— Ym

v3 -- - - r + s initially,

The product formed by the first instruction is
(vi) * (v9) =%xp " ym =X * ¥ * orts,
The remaining instructions form the product
(to) =x "y 2(v3)f
where (v3)f is
r+s -k if k<37
r+ s + 72-k if k2 37.
An overall relationship would be expressed as follows:
~x-y = (v1)-(v9) 2-(v3)j = (to) - 2-(V3)f.
It should be noted that the 21 leftmost stages of tl must initially contain

zero since the Scale Factor instruction writes only into the lower order 15
stages of tl.

If a routine is coded such that only the mantissas of scaled numbers are
stored in the computer and operated upon by the program, the routine is said
to be coded in fixed point. In this case the programmer must himself keep an
account of the characteristics associated with each mantissa at every step of
the computation. The programmer must also be aware of the size of the man-~
tissas and scale them down when there is danger of exceeding the capacity of
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a computer word. On the other hand, if the mantissas are carried in normalized
form, the result of every arithmetic operation must be normalized.

The programmer must be exceedingly careful in the record which he keeps of
the characteristics. A mistake may result in his having to rescale the prob-
lem from that point on, This accounting is generally listed on the coding
sheets. The characteristic is recorded beside each instruction which changes
the scaling of a mantissa. Great care must also be exercised in judging the
magnitude of the mantissas, If unanticipated overflow occurs, the problem may
have to be rescaled.

It is evident that the fixed point coding of a problem can be complex;
consequently it is sometimes preferable to store in the computer the charac-
teristies as well as the mantissas and use subroutines which, before each arith-
metic operation, effect the scaling of the mantissas on the basis of their asso-
ciated characteristics. The result of each arithmetic operation is then stored
as a mantissa with associated characteristic. This manner of coding is known
as floating point coding. Various schemes may be used for the storage of the
mantissa and characteristic of a floating point number. If the mantissa and
characteristic are stored at separate locations, the floating point number is
said to be "unpacked"; if the mantissa and characteristic are stored together
at one location, the number is said to be in "packed" form. A common floating
point packed form for the Univac Scientific allows 28 bits for the mantissa and
eight bits for the characteristic. ©Generally the mantissa is normalized although
this is not necessary., Should one wish to retain an indication of the number of
significant bits in the results, the mantissas may be carried unnormalized.

As an example of one floating point packed form which has been used on the
Univac Scientific, consider the following representation of the number s by the
components s; and so of 28 bits and eight bits, respectively.

If s #0 1>|s;p 1/2, 256> so + 1282 0
If s=0 s} =s9 +128=0

The number $ is represented in the computer by s, - 235 and'sz + 128, the
machine forms of its mantissa and characteristic, Note that the mantissa is

normalized. When the characteristic is represented in this way, as s2 + 128,
it is said to be a "biased" characteristic. (The characteristic might also

be represented by eight bits as a "signed" characteristic, 128 2 sp 2 -128.)
The packed representation of the number s is positioned at a location as
follows:

28 bits 8 bits
normalized biased
mantissa characteristic

The choice of a representation for floating point numbers is influenced by
many considerations which may vary from installation to installation,

Elaborate systems of subroutines have been developed to perform arithmetic
operations with floating point numbers. The price which the programmer pays
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for relief from the complexities of fixed point scaling is increased execution
time for the arithmetic operations. For instance, with a floating point system
which uses a packed representation, the execution times for the operations of
addition, multiplication, and division may be on the order of 60 times that of
the corresponding machine operations. Floating point operations with unpacked
operands are considerably faster. - Here the multiples of the increase in time
over the computer operations are approximately 20, 3, and 3 for addition, multi-
plication, and division, respectively. In general, floating point coding is
used to reduce the elapsed time between receipt of a problem and the production
of answers. Floating point notation is particularly useful in problems in
which the numbers involved vary widely and where only crude predictions can be
made of the amount of variation.

d. MULTIPLE PRECISION, - In addition to scaling in order to modify the
range of numbers which may be represented in the computer, it is possible to
extend the range by representing numbers in a double precision, triple pre-
cision or, in general, n-precision form. In this case two, three, or n com-
puter words are used for the storage of a single number. For example, two
locations are reserved in storage to represent a double precision number. The
representation may be (Ar) and(Ap) when the number is in the Accumulator. The
addition of two numbers so represented is easy and fast using the Split in-
structions, In the case of multiplication or division, an end correction must
be provided for each word whose sign bit is "1". Another method is to select
a positive constant k and represent a double precision number N as

N=q--k+r

with a side condition on r to require unicity. Both g and r are single pre-
cision numbers. For. example, let k = 234 yith 0< r<234, With this repre-
sentation addition is slower but multiplication and division are markedly
easier.

Similar schemes may be used for n-precision computing. Again, a number of
considerations enter in the choice of a representation of multiple precision
numbers.

e. CHOICE OF NUMBER NOTATION. - In choosing the number representation
to be used in solving a given problem on the computer, the accuracy which is
required is first considered. If a large number of significant bits is de-
manded, a multiple precision representation may be required. Secondly, the
choice between a fixed point and a floating point notation is made on the basis
of running time on the computer versus programming time., Floating point rou-
tines are frequently used to simplify the coding of "one shot" programs (the
program is to be used once) where the emphasis is on elapsed time from problem
formulation to solution. Generally if a program is to be run repeatedly, it
is coded in fixed point in order to minimize the running time.

4, NOTES ON THE INSTRUCTIONS IN THE UNIVAC SCIENTIFIC REPERTOIRE,
In the following paragraphs, pecularities, tricks, and pitfalls which con-
front a programmer are discussed. In almost all cases the unusual circumstances

which must be noted are due to particular features of the computer logic.
Certain of these features create problems which are not immediately obvious.
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a. OPERATIONS INVOLVING THE ACCUMULATOR.

(1) NEGATIVE ZERO. - Since the basic arithmetic operation of the
Univac Scientific is subtraction anc the "1's" complement number system is used,
negative zero (72 "ones"™ in the Accumulator) cannot be generated by any series
of arithmetic operations. Consider the operations performed by the .instructions
below:

Cl RA el e2 form sum

c2 RS A e3 form differencq
él 7 77777 77776 -1 in decimal
e2 00 00000 00001 +1 in decimal
e3d 77 77777 77777 -0 in decimal,

Using, for exemplary purposes, single length registers of four bits and an
Accumulator of eight bits, the operations can be shown as follows:

Contents of
Accumulator Operations

0000 0000 clear A
0000 0001  "add D(el)" by subtracting D(el)’

1111 1111 Operations of
1  end around borrow RA at Cl
1111 1110

1111 1110 "add D(e2)" by subtracting D(e2)'
0000 0000 result of executing (Cl)

0000 0000  transmit (AR) to X, then clear (A)
1111 1111  "add D(X)" by subtracting D(X)'

0000 0001 3 Operations of
. 1 end around borrow RS at C2.
0000 0000

1111 1111  subtract D (e3)

0000 0001

1 end around borrow
0000 0000 result after executing (C2) =~

Continuing the above example, negative zero may be formed in the Accumulator
using one of the "logical" instructions:

c3 ss e3 0 form - (230 -1) in A
c4 cC A el form negative zero in A

i.e.,
0000 0000 result after executing (C2)
0000 1111  form (A) - S(e3) Operations of
1111 0001 - SS at C3

1 end around borrow
1111 0000 result of executing (C3)
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1111 0000 transmit (AR) to X, then clear (AR)

1111 0000 form logical sum of (X) and (AR) Operations of
1111 1111  form logical sum of (AR) and (e3) CC at C4 .
1111 1111  result after executing (C4)

Negative zero can be generated in the Accumulator by other series of instruc-
tions concluded by the Controlled Complement instruction (CCuv). Note that
in the above example the content of e3 (n9§ma11y considered a negative zero,
mod 236-1) was considered as 236-1 (mod 24-1). Such is the case when any of
the "split" or "logical™ instructions are used.

If the above routine is continued with the execution of the following in-
struction, note that the content of the Accumulator (all "ones") must be con-
sidered as zero.

C5 LA A k shift (A) left k places
i.e.,
1111 1111 result after executing (C4)
1111 1111 do not clear (A), but clear (X)
1111 1111 "and D(X)" to A by subtracting D(X)' from A | Operations of
0000 0000 (A) is now all zeros LA at C5
0000 0000 shift (A) left k places
0000 0000 result after executing (C5)

Thus, if the content of the Accumulator is all "one's™, its content must
be considered to be all zeros except in the following cases.

If either an Equality Jump or Threshold Jump instruction is executed with
the content of the Accumulator all one's, the result of testing (A) is as
follows.

If (u) is 296-1 (negative zero),

EJuv shows an equality, takes (v) as NI
TJuv results in a positive (A), continues present sequence

If (u) is all zeros (positive zero),

EJuv does not show an equality, continues sequence
TJuv results in a negative (A), takes (v) as NI

In none of these cases will the content of A be restored to negative zero.
The Accumulator will be set to all zeros after the execution of any of these
instructions.

If a Zero Jump (ZJuv) is executed when the content of the Accumulator is all

one's, (A) tests as not being equal to zero, but as the result of executing the
ZJ the Accumulator is set to all zeros.
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(2) SINGLE OR DOUBLE LENGTH EXTENSIONS. - A common error involving
transmissions to the Accumulator and a subsequent testing of its contents is
illustrated by the following example:

Cl SP el 0 enter variable in A

c2 EJ e2 - compare (A) and (e2)

C3 - - -

el 40 00000 00000 variable (here shown as a constant)
el 40 00000 00000 a constant,

After (Cl) is executed, (A) is 00 00000 00000 40 00000 00000, The
EJ at C2 tests to determine if (A) and D (e2) are equal which is not true in
this case since D(e2) = 77 77777 77777 40 00000 00000. A correct method of

testing for the equality of these two values, (el) and (e2), ‘could be coded
as follows:

cl TP el
c2 EJ e2 -
c3 - -- -

By using the Transmit Positive instruction, the double length extension of (el)
is formed in the Accumulator.

(3) COMMON PITFALLS. - Many instructions make use of the Accumulator
without explicitly referencing it as one of the execution addresses.

It should be remembered that the initial contents of the Accumulator may
be destroyed when executing certain of these instructions which use the
Accumulator., In certain cases this may lead to erroneous results when the
Accumulator is used as the u or v address of the instruction, A study of the
section Sequential Listing of Instructions will indicate the peculiarities
arising from such situations, The volume entitled Content of Registers
presents in tabular form the results of such peculiarities.

Similar peculiarities result from addressing the Q Register as u or v of
an instruction.

b. SHIFT INSTRUCTIONS. - All shifts performed are left end-around shifts,
When a shift is performed the left-most portion of the number shifted in the
Accumulator (or Q register) becomes the right-most portion of the number. It
should be remembered that a left shift of "k" places is equivalent to a
modular multiplication by 2%, Depending upon the significance attached to the
sign-bit, the modular value of the shifted number will be in the range of the
signed numbers possible to represent in the register or in the range of the
system of binary numbers directly represented in the register. If a signifi-
cant "1" (or "O" if the number has a negative representation) is shifted into
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the sign-bit position of the register, the "sign" of the shifted number must
be regarded as opposite in sign to the initial number unless the shifted
number is referenced for later use by one of the Split instructions.
The mathematical statement expfessing a left shift of (u) by k is
(u)-2k - [(u)'2k‘“q 2m + (u)-2k-m

where the brackets mean the greatest integer contained in the register and

m
m

72 for the Accumulator where k< 72
36 for the Q Register where k< 36.

An equivalent right shift can be obtained from a left shift by observing
that a right shift of k places = m-k left shifts,

When the v address portions of the Left Shift in A, LAuk, and Left Shift in
Q, LQuk, instructions contain ones in other than positions vg...vp, transmission
back to the u address of the shifted quantity contained in A or Q can be stopped,
The peculiarities resulting from such a condition are discussed in the section
Sequential Listing of Instructions.

This property of these shift instructions is useful whenever it is desired
to leave the original content of u undisturbed. For example, consider the
instruction LA 01000 32002,

The operations resulting from this instruction are:

Clear A

D (01000)— A

(A) is shifted two places to the left

The shifted result is not transmitted to 01000 but left in A.

An operation possible for some u addressed RAS locations is:

Transmit (positive) to A and Q the content of u after (u)
has been shifted k places to the left; e.qg.,

LQ 01100 32005 or also LA 00100 31005
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The following operations result from these instructions:

(00100)—> @
Q) or (A)

D (Q)—> A or

(001.00) —> A

is shifted 5 places to the left

A short summary showing the results of coding the 54uk and S5uk instruc-
tions for transmissions to A or Q of u (= RAS) shifted is given below.

u address

00000-00777
01000-01777
02000-07777

00000-01777
02000-07777

00000-07777

If the u address is an MD address

address; e.qg.,

resulting in

v address

30---
30---
30---

31---
)

32---

LA

Clear

Shifted (RAS) transmitted
(Fault, illegal address)
to Q

to A

to Q
to A

to A

when using this property of the Shift
instructions (A) or (Q) is returned to the drum but not to the original

41234

A

32011

D(41234)—> A

(A) is shifted 9 places to the left

(Ag) —> 73234,

c. "ROUND OFF" AND "SCALE DOWN" OPERATIONS. - During the course of many
arithmetic operations it becomes necessary to change the scaling of a number,
A simple method of scaling a number cown would be to perform a left shift of
k places equivalent to the desired right shift, For example, the instructions
below multiply two numbers, (u) and (v), and scale the resulting product down

five places.

MP

LA

TP

A

v

00103

A
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The left shift instruction LA A 00103 (where k = 103g = 67y = 72-3) per-
forms an end-around left shift of the product 67 places. This is equivalent
to an end-around right shift of five places. This shifting operation is equiv-
alent to a division by 29 if the Transmit Positive instruction is included and
if it is assumed that the multiplication of (u) and (v) did not generate more
than 40 significant bits. The instruction TP A A performs the operation of
clearing the least significant bits which appear in (A;) after the shift
operation, If these least significant bits were left in (A;) and further
arithmetic operations were performed on the shifted product, they would no
longer be considered as least significant bits but as the most significant
bits of the contents of the Accumulator. In fact, the bits that were shifted
into (Ap) could also effect the sign of the Accumulator in any further arith-
metic operations.

In the above example the product was shifted down without any considera-
tion to the arithmetic error (truncation or round-off error) that the process
may generate. Usually, before a "shift down" operation is performed in arith-
metic problems, a "round-off" step is first programmed. In the above example
the maximum error generated would be plus or minus one in the least signifi-
cant place. The following method will minimize the round-off error to be in
the range of plus or minus one-half in the least significant place. For sim-
plicity let us assume that (u) and (v) are positive; then, to round-off and
scale down, the instructions could be coded as

Cl1 MP u v form product (u) ° (v)
Cc2 SA dl 00103 round-off and scale down
C3 TP A A eliminate unwanted bits
dl 20 binary 10000.

In this example the product was scaled down five places after it was
"rounded off"™ at the sixth place. The constant added would increase the num-
ber to be shifted down by one if the fifth bit of the number has "1". The
general rule_ for rounding-off and scaling down by k places is to add 2k-1 (or
subtract 2K-1 if the number to be rounded is negative) before the scaling
operation occurs,

In "scale up" operations (multiplication by 2k), round-off operations are
not necessary, but care must be taken not to scale a number up beyond 71 bits
if the number is in the Accumulator, and 35 bits if the number is in the Q
register.

d. ACCUMULATIVE OVERFLOW. - The possibility of an overflow beyond the
stage A7y of the Accumulator during repeated executions of a Multiply Add
instruction is automatically checked by the computer, but often it is desir-
able to know if an overflow occurs into Ass and beyond during repeated execu-
tions of Multiply Add or Add and Transmit operations. An overflow into Ags
can be determined by executing the Equality Jump instruction with its u ad-
dress referencing the Accumulator; e.g., EJ A v. The equality of D(Agp) and
(A) is tested by this instruction; if there has been an overflow into A3s,
D(Ap) # (A). For example, if (A); = 0000 1011, D(Ag) = 1111 1011, indicating
an overflow to or beyond Ags.
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e, DIVIDE OVERFLOW., - The Divide instruction (DVuv) divides the 72-bit
integer in the Addumulator by the 36-bit integer at address u, placing the
quotient in the Q register and at address v, and leaving in A a positive re-
mainder, Therefore, care must be exercised to insure that the quotient does
not exceed 36 bits in length (35 bits plus a sign bit)., If the quotient should
exceed 36 bits, the computer will stop, giving a divide overflow indication on
the control panel. The divide operation, as performed in the Univac Scientific,
is defined as

(A); = (Q) - (u) + R where 0< R<|u.l

It should be remembered that in the above definition, (Q), R, (u), and (A) are
all integers.

Also to be noted is the following condition taken into account by the
Divide instruction. Consider the definition for all divide cases when (A) is
negative and when R, the remainder, is not zero. In order that R be positive,
the magnitude of the quotient, (Q), must be equal to the magnitude of the "true
quotient" plus one., The true quotient is the quotient as derived from the ex-
pression

|| = @« w+r

To obtain the true rounded quotient after a division, for all cases of the
Divide instruction, the following expression may be used:

(A) + 1/2 |(u)| = () + (uw) + R,

and, assuming dl contains the dividend

Cl ™ u A form |(u)l in A

c2 LA A 107 form 1/2 ku)l in A

c3 RA A dl form (d1) + 1/2 | (w)| inA
Cc4 DV u q form rounded division,

It should be noted that the instruction at C2 puts an unwanted bit into A7y,
but by using the Replace Add instruction, which, as addressed, only uses 3%—
bits of (A) to perform the addition, the bit in the A7y position is cleared
out.

Since the Divide instruction produces as its result an integer quotient
and remainder, the loss of significant bits may be troublesome in "fixed" or
"floating point" operations if a scaling operation is not performed before a
division. To illustrate how to perform this scaling operation, assume that
the division b/c is desired where
1< |b] 172
1< |e|] 1/2

and

and assume that b and ¢ are scaled up in the registers el and e2 as

(el) = b + 239
and (e2) = ¢ » 235
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or b = by - 2739
c = cm ‘o 2-35

where by and ¢y are the machine copies (integers) of the external true frac-
tional numbers. The instructions would be coded as follows:

fl LA el 20043 Scale b up 35 places and
leave the result in A.
£2 DV e2 Q Divide by ¢ and put the

result in Q.
The Q register now contains the quotient scaled up 35 places; i.e.,
235 |qm|2 234 where qp = (Q)
or 1> |qfz 1/2.

In the above example it was tacitly assumed that the magnitude of b was greater
than the magnitude of c¢. If this were not the case, the result of executing
(f2) would cause a divide overflow since
236, lmﬂz 239,

f. REPEAT INSTRUCTION. - Because of the complexity of the Repeat in-
struction, the details of the repeat operation are restated below.

(1) FORMAT OF REPEAT INSTRUCTION. - The Repeat instruction has the
form RPjnw, The normal values of j are O through 3 and determine the advance
of the execution addresses of the repeated instruction as follows.

if j=0, neither the u nor v address portion of the repeated
instruction is advanced.

if j=1, the v address of the repeated instruction is ad-
vanced by one after each execution.

if j=2, the u address of the repeated instruction is ad-
vanced by one after each execution,

if j=3, both the u and v addresses of the repeated instruc-
tion are advanced by one after each execution,

The advance of the addresses occurs only in the Program Control Register
(PCR) where the repeated instruction is held during the repeat operations.
Therefore, the original form of the repeated instruction in storage is
unaltered.

The value n determines the number of times the repeated instruction is to
be executed. This value can vary through the range O through 4095 (decimal).

If n is zero, the repeat operations are terminated without execution of the
"repeated" instruction.
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The "repeat termination address", w, replaces the v address portion of
fixed address Fy; (00000 or 40001) during the execution of the RP instruction,
(Normally, F; contains an MJjv instruction with a j of 0.) This feature pro-
vides the means of "jumping out" of the repeated operations after n executions
of the repeated instruction,

(2) REPEATED NON-JUMP INSTRUCTION. - The repeated instruction is
held in the Program Control Registers (PCR) and is executed n times. After
the nth execution, a jump to F; occurs. Because this instruction is usually
an MJjv with a j of zero and a v of w, it produces a jump to the address orig-
inally specified by w of the RP instruction.

(3) REPEATED JUMP INSTRUCTION. ~ If the repeated instruction is a
Threshold Jump (TJ) or Equality Jump (EJ), the jump to w may not occur. The
repeated instruction is held in PCR and is executed not more than n times. If
n executions occur with no jump condition being fulfilled, the normal termina-
tion, consisting of a jump to Fj, followed by a jump to w, occurs. However,
if any execution of the repeated instruction fulfills a jump condition, the
value j, n-r is stored in the v_portion of Q wWhere j = j of RP instruction;
and n-r = n of RP instruction minus r, the number of executions performed),
and a jump is made to the address specified by v of the TJ or EJ instruction,

Similar circumstances are created by the Index Jump and Manually Selective
Jump instructions with the exception that no indication of the number of exe-
cutions is given by a storage in Q.

Other instructions (Interpret, Return Jump, Q Jump, Sign Jump, Zero Jump,
Manually Selective Stop, and Program Stop) produce a jump or stop on the first
execution, and thus behave as if no RP instruction preceded them.

(4) EXAMPLES USING THE REPEAT INSTRUCTION. - In many problems which
are programmed for computer execution, it is important that the most efficient
use of operating time and storage capacity be made. The Repeat instruction,
an unusual logical feature of the Univac Scientific makes it possible to
realize a sizeable reduction in the time spent referring to storage for in-
structions and in the storage space devoted to holding instructions. By
using the RP instruction, long sequences of operations can be governed by only
two or three instructional references to storage. This is evidenced by the
following examples.
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Consider the accumulation of products, such as,

S = ajby + agho + ... + apbhy = igi ajb;

The Multiply Add instruction (MAuv) causes the product of the numbers located
in storage with the addresses u and v to be added to the number already in the
Accumulator, leaving the total result in the 72-bit Accumulator. If the MA
instruction is repeated as shown below, the scalar product of two n-vectors

is generated.

dl RS A A Clear Accumulator to zero

d2 RP 3,n d4 Form sum of products

d3 NA up v S = (ul) (v1) + (u2) (v2) + ... + (un)(vn)
d4 - -_— - Next instruction

ul ay )

> Vector a

un a

n
P
1
vl b]_
. . ~ Vector b
vn b
. n )

Note the instruction at dl which clears the Accumulator to insure that its
initial content is zero.

Care should be taken that the contents of F1 are not inadvertently altered
during a block transfer of n words to Rapid Access Storage. This pitfall is
illustrated by the following example:

RP 30400 w
TP 50000 07600

The sequence of events which occurs during the execution of these instructions
is as follows:

(a) Replace the lower order 15 bits of (Fj) with the address w

(b) Proceed to transmit the contents of
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50000 to 076C0
50001 to 076C1

. ®

.

50177 to 07777
50200 to 00000

.
» .

50377 to 00177

(¢) Extract the next instruction to be executed from address Fj.
Note that the contents of the address 00000, (Fl), have been replaced by the

contents of address 50200 during the repeated transmissive operations. Be-
cause of this, the desired jump to wo no longer exists at this address.

The following example illustrates further the care that must be exercised
when using the Repeat instruction.

00100 RP 30200 00303
00101 TP 45000 00200

The operations performed by this pair of instructions are:

(a) Replace the lower order 15 bits of (F;) with the address
00303

(b) Proceed to transmit the contents of

45000 to 00200
45001 to 00201

45102 to 00302
45103 to 00303

45177 to 00377

(¢) Extract the next instruction to be executed from address Fy.
Note that in this example the original contents of 00303 have
been replaced by the contents of address 45103. Therefore,
the next instruction tc be executed after the jump to 00303
is the instruction which was originally stored at 45103.

(5) The initial operations of the RP instruction replace the lowest
order 15 bits of (Fy), the contents of the address 00000 (or 40001), with the

address w of the RPjnw instruction, The terminating operations of the repeat
sequence extract the next instruction to be executed from the address F;

PX 40

56



CODING FOR THE COMPUTER

(unless the repeated instruction called for a jump to v). The instruction con-
tained in Fy is normally a jump instruction (usually an MJjv) referencing its

v address; the address w written in by the RP. However, if the instruction
contained in F; is not a jump instruction, or if it is a conditional jump

(1J, MJ, TJ or EJ) where the jump condition is not fulfilled, the next in-
struction to be executed after the execution of the instruction at Fj is

taken from one of the following addresses:

If j was O, NI from address 40000
If j was 1, NI from address 70000
If j was 2, NI from address 60000
If j was 3, NI from address 50000 .

These are the addresses that are left in the Program Address Counter (PAK)
after the RP instruction, because of the use of PAK as the counter for the num-
ber of executions to be performed on the repeated instruction.

(7) PRINT AND PUNCH INSTRUCTION, PR-v AND PUjv. - Because of the oper-
ands of the Print and Punch instructions requiring only a six bit storage space,
these instructions can be coded so that a savings of storage space is effected.
The v address of PUjv or PR-v may reference any instruction whose v address
references the Accumulator or Q Register, or whose v address portion is not
used in the instruction, e.g., AMjn-, BMjn-, or PS--, For example, note the
following instructions: '

01001 PR 00000 01050 Print the number "1"

01050 MNP 00010 31052

Note that only one character is printed or punched with each output refer-
ence. In order to print or punch out in octal a 36 bit word, twelve Print or
Punch instructions would be needed.

To illustrate the use of these instructions, consider the following routine
which prints out on the typewriter one word in octal.

Cl PR 0 el0 Print carriage return
c2 LQ dl 3 Shift word to be printed 3 places
to the left

c3 QT d2 A Mask out 3 bits §r one octal digit.
C4 AT d3 Cc5 Compute print instruction which is NI.
(05) PR 0 ei Print one octal digit.
(03] 1J d4 c2 Test for end, if not finished go to C2
c7 PS - - End.
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dl

d2
d3

d4

e0
el
e2
el
e4d
ed
eb
e7

el0

XX

00

PR

00

00
00
00
00
00
00
00
00

00

CODING

XXXXX

00000

00000

00000
00000
00000
00000
00000
00000
00000
00000

00000

FOR THE

X3XXX
00007
el

00013

00037
00052
00074
00070
00064
00062
00066
00072

00045
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Mask
Dummy command
Counter, n-1 = 1lyp

0)
(D
(2
Flexowriter codes for
(3) the digits O through 7.
(4)
(3)
(6)

(7

Flexowriter code for
carriage return.
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NUMBER SYSTEMS

1. GENERAL

Any positive integer N can be expressed in the form

N = Apr® + Ay e+ ooo + aprl + apr0

where O0<Aj<r and r is any integer greater than 1. The integer r is called
the base or radix of the number system, The only radix values that need to
be considered for programming for the UNIVAC SCIENTIFIC are 10, 8 and 2. The
number systems with these radices are called decimal, octal, and binary sys-
tems, respectively.

An integer N expressed as a number in the usual decimal notation implies
that the number is a refinement of a polynomial in powers of 10 with co-
efficients which satisfy the relation 0<A;<10, For example, N = 308 implies
the polynomial N = 3.102 + 0-10! + 8-100, Accordingly, an integer N = 1011
in the binary system with 0£Aj<2 may be expressed as the polynomial

N =1-23 +0-22 + 1-21 + 1-20 (= 11 decimal); and an integer N = 126 in the
octal system with 0SAj< 8 may be expressed as the polynomial
N =182 + 2.8 +6-80 (= 86 decimal).

Because electronic and magnetic circuits consist primarily of bi-stable
elements, the computer uses the binary representation in all internal manipu-
lations of numbers. As will be seen later, there is a very simple relation-
ship between the binary and octal representations of a number. Since conver-
sion between these two systems is almost immediate and since the octal notation
is shorter, programs are encoded with octal notation representing binary num-

bers. It is desirable for people who prepare programs for the computer to be
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familiar with methods of converting numbers from decimal to binary to octal
form and vice versa. When the base of a number is not apparent from the con-

text, it will be specified by a subscript as shown in the following example:

34, = 42g = 100010y
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2., CHANGE OF BASE

Since the manual conversion of numbers from one system to another involves
the arithmetic operations of addition and multiplication, it is necessary to
know the sums and products of certain pairs of integers expressed in the octal
and binary systems. In doing arithmetic operations by hand, the ability to
remember the sums and products of pairs of decimal digits is utilized, although
these sums and products are tabulated in decimal addition and multiplication
tables. Similar tables presented below are necessary for arithmetic operations

with octal and binary digits.

OCTAL ADDITION TABLE OCTAL MULTIPLICATION TABLE

o 1 2 3 4 5 6 7 o 1 2 3 4 5 6 7
ojo 1 2 3 4 5 6 7 oo o o0 o0 O o o0 o
1f{1r 2 3 4 5 6 7 10 ifo 1 2 3 4 5 6 7
212 3 4 S5 6 7 10 11 210 2 4 6 10 12 14 16
313 4 5 6 7 10 11 12 310 3 6 11 14 17 22 25

4 5 6 7 10 11 12 13 410 4 10 14 20 24 30 34
5(5 6 7 10 11 12 13 14 5(0 5 12 17 24 31 36 43
6|16 7 10 11 12 13 14 15 60 6 14 22 30 36 44 52
717 10 11 12 13 14 15 16 7T{0 7 16 25 34 43 32 61

The addition table and the multiplication table for binary numbers are

shown below

BINARY ADDITION TABLE BINARY MULTIPLICATION TABLE
0 1
010 1 0
1 1 10 1
PX 41



NUMBER SYSTEMS

a. CONVERSION OF INTEGERS. - The simplest way of changing a binary or
octal integer to its decimal equivalent is to expand it to, and evaluate the
sum of the terms of, the polynomial expression given on a previous page. The
conversion from decimal to octal or binary presents more of a problem. Two
methods are given which can be used for these conversions. The first of these
is as follows:

(1) Given two integers N and D, the latter being positive, it can be
shown that there exist unique integers Q and R such that N = QD + R where
O0<R<D. This is, of course, true regardless of the choice of base used in
expressing N. Hence, if Njp and Ng are the decimal and octal expressions for
the same integer and if Djp and Dg are the decimal and octal expressions for
another (positive) integer, we can compare the two equations

N10 = Q10'Dyp * B0, 0SRj<Djo
Ng = Qg-Dg * Rg. 0=<Rg<Dg

and conclude that Qo = Qg and Ryjg = Rg. This fact is used in the process of
converting an integer from base 10 to base 8 in the following way: The decimal

expressions for an integer N expressed as Njp and Ng are

N1o = dylon + dp_q107-1 + «-+ + 4710 + dg, 0<dj <10

Ng e8™ + em_‘18m'1 t o +ey8 +ep, 0%€;<8

Il

Dividing the polynomials by decimal 8 gives the same remainder in either case,

but from the second expression, it is obvious that this remainder is egp while

the quotient is em8m'1 + em~18m'2 eee + e28 + el' Dividing this quotient by 8

gives the new quotient emBm"2 + - e38 + eg and the new remainder e;. Con-
tinuing division results in the successive remainders ep, €], €y, """, e, which

are the digits of Ng in reverse order. In a numerical case, the successive

PX 41



NUMBER SYSTEMS

divisions of Njp by decimal 8 yield remainders which are actually the decimal
equivalents of the digits ep, ey, ..., ep.
To illustrate this method, the number expressed as 1492 in decimal notation

is changed to its octal equivalent as follows:

Decimal Expression Octal Equivalent
8 )1492, Remainder 4 4
8)186, Remainder 2 2
8)23, Remainder 7 7
8) 2, Remainder 2 2
0

Thus 1492, = 2724g

Conversion of an integer N from base 8 to base 10 can be carried out in a
similar fashion by dividing Ng by 12g (= 10j0) to yield the octal equivalents
of the digits of Njg.

The conversion of an integer N from base 10 to base 2 or from base 2 to
base 10 can be discussed according to the method outlined above with Njg and

No represented as follows:

Njo = d 10" + ... +d10 + dg, 0<d; <10

No = b2k + ... + 32 + by, 0<py<2

Njo would be divided by 2 to yield the decimal equivalents of the digits of
N2, and No would be divided by 1010 (= 1010) to yield the binary equivalents
of the digits of Njq.

(2) The method that follows has the advantage that it yields the de-
sired digits in normal order, but it has the disadvantage that it requires a

knowledge of the values of powers of one base in terms of another. This method
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requires the procedure below:
Given a number Ny to express as Ny = agb® + ap_1b% 1 + ... + ajpl + apb0, the
coefficients ay ... ag, ©<aj<b, may be found as follows:
1. Determine the highest poWer n such that b“+1;>Nr. Then, let Ny = Nj.
Divide N, by b™, yielding the quotient a, and the remainder
Np.1 = ag_1p™ 1 + ... + agbO0.

2. ‘Repeat the divisions of Nj (i = n, n-1, ..., 0) by bl until the last

division yields the quotient ag.
3. A quotient (or coefficient) aj may be zero and must be represented in
its proper order in the final result,
As an example of this method the number expressed decimally as 137 is changed
to its octal equivalent as follows:

_ n
Nyp =apb” +a

L h e+ a0 = Ny

r=10, b =8, N, =N, = 137, n = 2 (83>137)

n
137 = 2.64 + 9 ag =2, Ny =9
9=1-8+1 a; =1, Ng =1
1=1.1+0 ag = 1

The coefficients derived above are the digits of Ng; thus Ny = 137 = Ng = 211.
(3) Although it would be possible to use the above methods in convert-
ing an integer from base 8 to base 2 and vice versa, it is easier to convert by
inspection, This can be done because of simple relationship, discussed sub-
sequently, between Ng and N9, dependent upon the fact that 23 = g,
The equivalent polynomials for an integer N expressed as Ng and No are
Ng = e 8™ + ep18™ 1 + .., + 282 + 18l + ep80, 0gej<8

Ny = b2k + b j2K-1 + .+ bp22 + b2l + py2% o0spj<2
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The expression for No may be factored as follows:
No = ... + (bgp922 + bgps12h + b3p)23M + . + (by22 + by2l + b()20
with the integral rangem =0, 1, 2, ..., p/3, k2p2k-2
The value of p which is a multiple of three is chosen. It is seen by comparing
termwise the expressions for Np factored and N8 that a common component exists,
(23)m = 81. Hence, the coefficients of each term are equal since the polynomial
expressions themselves are equal. Thus the digits of Ng, given its binary

equivalent, are as follows:

ey = (bg-22 + b -2l + pg)
— 2 1

e) = (b5.22 + by.2! + by)

ey = (b8°22 + b7-21 + bg)

ep = (bpyp22 + b

1
m 12 bp)

p+

Note that the condition 0<ej<8 is satisfied by the above relationship.

The simple procedure of the conversion from Ny to Ng, according to the pre-
ceding method, is shown by the following example:

Given No = 1101001111, the digits of its equivalent in octal notation, Ng,
are derived by evaluating each group of three binary digits, beginning at the
right. Thus, No above yields Ng = 1517. (The binary number may be expanded
by assuming zeros‘at the left.)

To convert a number from octal to binary notation, each octal digit is
replaced by its binary equivalent.

b. CONVERSION OF FRACTIONS. - Fractions in the binary and octal number

systems are represented in a fashion similar to fractions in the decimal system.
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For example, the number N, represented by the mixed decimal number 5.78125, is

equal to the fraction-ézgééﬁ. The number N in binary notation, represented by
1
the mixed number 101.11001, is equal to the binary fraction TeillO0L  To re-

present a fraction, base r, whose denominator is equal to arP with O0<a<r, as
a number with a radical point, place the radical point p places to the left of
the right-most digit of the numerator.

Numbers represented by the fractions of one system may be translated to
their representations in other systems by applying the methods described pre-
viously to both the integral numerator and denominator. For example, the
fraction in the binary notation above may be converted to decimal notation as
follows:

97 + 95+ 04 + 23 4+ 20 185 _ 578125
29 32

A fraction in the binary system may be changed to its octal notation by the
grouping method described previously. Applying this method to the same frac-

tion, base 2, yields the fractions,base 8.~2%% = Zlﬁl = 5.62. This octal

number may be expressed as the fraction-%%%—which is equal to the decimal

2
58" £6:8+2 - 5 78125,
8

fraction

Fractions, expressed with a radical point, of one number system may be
translated to numbers of another system by the method described subsequently.
If the fraction is a mixed number, the integral portion is converted by one of
the methods for integral conversion previously explained. The fractional con-
version may be explained by establishing the polynomial expressions for a
number F expressed as a fraction in two systems. The expansions of Fjg and

Fg will be used for exemplary purposes. The expressions for a fraction F are

as follows:
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Flo = d_j1071 + d_51072 + ... + d;_p101-n + d_ 107", 0<d;<10

Fg e_18'1 +e 982+ .., +ep_ B8l +e 8 0<e;<8

Multiplication by 8 of the polynomials above, yields the expressions
Fg x 8 =e_180 + e o081 + ... +e gl-m

and Fjg x 8 = d_j10°1.8 + d_91072.8 + ... +d_,107".8

The multiplication of Fg x 8 results in a mixed number with e_180 as the
integral portion; therefore, the number to the left of the decimal point of
Fjp x 8 must be the decimal equivalent of e_j. This number may be a zero or
an integer depending on the value of the first decimal digits d_j of Fjq,

To find the decimal digit equivalent to the second octal digit e_o, multiply
by 8 the fractional portion of Fjg x 8. This multiplication will result in a
number whose portion to the left of the decimal point is equivalent to the
integral portion, e_280, of 8 times the fractional portion of F8 x 8. Thus,
successive multiplications by 8 of the fractional portions of Fjp yield the
decimal equivalents of the octal digits e_;, e_o, ..., e_n As an example, to
convert the fraction 5.78125, base 10, to its octal equivalent the procedure

would be as follows:

Decimal expression Octal equivalent
5.78125 5
.78125 x 8 = 6.25 6
.25 x 8 2.00 2

Thus 5.78125( = 5.628.

Similar conversions are made with other number systems by using the appro-
priate number as the multiplier, Note that a terminating fraction of one base

need not lead to a terminating fraction of another base. For example,

0-10;, = . 0631463146314 ...g.
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3. REPRESENTATION OF SIGNED NUMBERS

The modulus of a number system is the discrete number of quantities which
can be represented by the system, The modulus of a number system to be repre-
sented by the elements of a computer is fixed by the design of the machine.
This discussion will consider only the representation of a binary system by
k parallel stages of bi-stable elements. Each stage represents a digit of N2.
The state of each stage (indicating a O or 1) represents a coefficient of a
term of the polynomial

_ . okl 1 0 ,
Ny = by 1270 + ... +bj2" + b2Y, 0<bj<2,

For exemplary purposes the value k == 4 stages will be used. Thus, if a
computer had four bi-stable elements the modulus of the binary system which
could be represented by the machine would be 24 = 16, with the range of binary
numbers from 0000 to 1111, It is desirable that this range of binary numbers
from O to 2K-1 represents both positive and negative values since it is not pos-
sible machine-wise to indicate negative numbers by a minus sign designation.
Therefore, the binary digit represented by the stage 2k—1 is reserved to indi-
cate the sign of a number, and negative numbers are represented machine-wise by
a complement form. The simplest way to represent a negative number in such a
manner in a computer with bi-stable elements is to use the one's complement of
its absolute value. This entails subtracting each binary digit of the number
from the quantity one or subtracting the binary representation of the absolute
value of a negative number of a system of signed numbers, modulus 2k, from the
binary representation of 2k”1. Thus, the process of forming the one's comple-
ment representation of the negativs number -3, with k = 4, would be as follows:

1111
minus 0011 binary represeatation of |—3‘

1100 machine representation of -3 .
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Note that forming the one's complement representation of a negative number
can be accomplished machine-wise, if the absolute value is represented by k
stages, by merely reversing the state of a bi-stable element: each representa-
tion of one is replaced by a zero representation and vice versa.

In a one's complement binary system the range of values of signed numbers

k-1 to 2% 1.1 with the left-most

that can be represented by k stages is 1-2
stage indicating the sign of the number represented. The table below shows
the correspondence of signed numbers to their representation in one's comple-

ment system with k = 4,

Signed Decimal Signed Binary One's Complement
Number Number Binary Number
7 +111 0111
6 +110 0110
5 +101 0101
4 +100 0100
3 +011 0011
2 +010 0010
1 +001 0001
0 +000 0000
-0 -000 1111
-1 -001 1110
-2 -010 1101
-3 -011 1100
-4 -100 1011
-5 -101 : 1010
-6 -110 1001
-7 -111 1000
PX 41
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Note that the moduli of the preceding systems of signed numbers, as shown
represented by a one's complement binary system, is reduced from 24 to 24—1 if
the two zeros represented are considered a unique value, It is desirable in
computer operations to have only one representation of zero, 00...00 or 11...1L.
In actual arithmetic operations by the Univac Scientific the occurrence of only
one of these representations of zero is possible, This reduces the modulus of
a one's complement system represented by k stages of 2k-1. The fundamental
arithmetic operation of the computer determines which of these two states will
represent zero, The basic arithmetic operation of subtraction as performed in
the UNIVAC SCIENTIFIC results in a zero representation, derived from any inter-
nal arithmetic operation, to be the simultaneous zero state of each stage.
(Addition is performed by a subtractive process by subtracting the one's com-
plement of the addend from the augend to form the difference, which will, in
this case, be the sum.)

Thus the representation of a zero occurring when a number is subtracted
from itself or when the absolute value of a negative number is added (by a
subtractive process) to its negative value will be a series of zeros if these
operations are performed by a subtractive process. The following examples

illustrate this process with a four-stage one's complement binary number re-

presentation.
0001 1 1110 -1
minus 0001 minus 1 minus 1110  plus | -1
0000 0 0000 0

Remember that the computer does not interpret numbers represented binarily

as having signed values. Arithmetic operations deal with a system of numbers

PX 41
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assuming an arrangement of:

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

A subtraction in binary, such as 0010 minus 0100, is interpreted as subtract-
ing four times the quantity of one from 0010. By referring to the above system
and counting backward modularly, the value of 1110 is derived. However, this
is not the one's complement representation of the desired value of minus two.

An additional quantity of one must be subtracted to yield the desired value
1101.

. This additional quantity of one must be subtracted whenever the subtraction
operation "counts through" the negative representation of zero, 1111. With a
binary system representing a number system modulus 2k-1, this correction for
the transition point is embodied as a borrow propagated from the left-most
stage, 2k-1 The correction is made by applying the borrow to the right-most
stage. Machinewise, the borrow propagated from the left-most stage is actually
applied to the right-mest stage and is known as an end-around or circular bor-

row. Using the notation of the one's complement system, modulus 24-1, the sub-

traction of a value of four from a value of two proceeds as follows:

0010 2
minus 0100 minus +4
1110
borrow 1
1101 -2 .
PX 41
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The subtraction was enabled by applying the borrow, propagated from the 23

stage, to the 2O stage.

Another example is provided by the simple process of forming the sum of

zero and one by a subtractive process. Thus, using the same notation

0000 0
minus 1110 minus -1
0010
borrow 1
0001 +1
In this case the end-around borrow is continued past the right-most stage until

it can be made. It may continue only as far as the stage where the conditions

first necessitated the borrow.
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268
536
073
147
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TABLE OF POWERS OF TWO

25
625
812

906
953
976
488

244
122
061
030

015
007
003
001

000
000
000
000

000
000
000
000

000
000
000
000

000
000
000
000

000
000
000
000

25

125
562
281

140
070
035
517

258
629
814
907

953
476
238
119

059
029
014
007

003
001
000
000

000
000
000
000

000
000
000
000

25

625

312
156
578

789
394
697
348

674
837
418
209

604
802
901
450

725
862
931
465

232
116
058
029

014
007
003
001
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125

062
531
265
632

316
158
579
289

644
322
161
580

290
645
322
661

830
415
207
103

551
275
637
818

42

25
625
812

406
203
101
550

775
387
193
596

298
149
574
287

643
321
660
830

915
957
978
989

25

125
562
781

390
695
847
923

461
230
615
307

653
826
913
456

228
614
807
403

25

625
312

656

828

914
957
478
739

869
934
467
733

366
183
091
545

25
125

062
031
515
257

628
814
407
703

851
425
712
856

25
625
812

906
453
226
613

806
903
951
475

5

25

125
562 5
281 25

640 625

320 312 5
660 156 25
830 078 125
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00

TENS

01

TENS

W N

>N

O O N4 oo

O @

~ o U W

12
24
36
50
62
74
106
120
132

144
156
170
202
214
226

240

252
264
276

13
25
37
51
63
75
107
121

133

145
157
171
203
215

227

241
253
265
277

DECIMAL TO OCTAL‘CONVERSION TABLE

14
26
40
52
64
76
110
122
134

146
160
172
204
216
230

242

254
266
300

(0-4096)
UNITS
3 4
3 4
15 16
27 30
41 42
53 54
65 66
7T 100
111 112
123 124
135 136
147 150
161 162
173 114
205 206
21T 220
231 232
243 244
255 236
267 270
301 302
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17

31

43
95
67
101
113
125
137

151
163
175
207
221
233
245
257
271
303

20
32
44
56
70
102
114
126
140

152
164
176
210
222
234
246
260

272

304

21
33
45
57
71
103
115
127

141

153
165
177
211
223
235
247
261
273

305

0 Through 199

10
22
34
46
60
72
104
116
130
142

154
166
200
212
224
236
250
262
274
306

11
23
35
47
61
73
105
117
131

143

155
167
201
213
225
237
251
263
275

307



DECIMAL TO OCTAL CONVERSION TABLE (cont.)
(0-4096)
200 Through 399

UNITS
0 1 2 3 4 5 6 7 8 9

02 0 310 311 312 313 314 315 316 317 320 321

1 322 323 324 325 32 327 330 331 332 333

2 334 335 336 337 340 341 342 343 344 345

3 346 347 350 351 352 353 354 355 356 357

4 360 361 362 363 364 365 366 367 370 371
TENS

5 372 373 374 375 376 377 400 401 402 403

6 404 405 406 407 410 411 412 413 414 415

7 416 417 420 421 422 423 424 425 426 427
8 430 431 432 433 434 435 436 437 440 441
9

442 443 444 445 446 447 450 451 452 453

03 0 454 455 456 457 460 461 462 463 464 465
1 466 46T 470 471 472 4T3 474 475 4T6 477
2 500 501 502 503 504 505 506 507 510 511
3 512 513 514 515 516 517 520 521 522 523
4 524 525 52 527 530 531 532 533 534 535
T o 5% 537 50 541 542 S43 544 545 56 547 -
6 550 551 552 553 554 555 556 557 560 561
7 562 563 564 565 566 567 570 571 572 573
8 574 575 576 51T 600 601 602 603 604 605

9 606 607 610 611 612 613 614 615 616 617
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TENS

05

TENS

<~ o U s

No RN «eo)

v e N o o

620

632 -

644
656
670
702
714
726
740
752

764

776

1010
1022
1034
1046
1060
1072
1104

1116

DECIMAL TO OCTAL CONVERSION TABLE (cont.)
(0-4096)

400 Through 599

UNITS

621 622 623 624 625 626 627 630 631
633 634 635 636 637 640 641 642 643

645 646 64T 650 651 652 653 654 655

65T 660 661 662 663 664 665 666 66T

671 672 673 674 675 676 677 700 701

703 704 705 706 707 710 711 712 713

715 716 71T 720 721 722 723 724 125

27 730 731 732 733 734 735 736 737
741 742 743 744 745 746 747 750 751
753 754 755 756 757 760 761 762 763

765 766 767 770 771 772 773 774 175

7 1000 1001 1002 1003 1004 1005 1006 1007
1011 1012 1013 1014 1015 1016 1017 1020 1021
1023 1024 1025 1026 1027 1030 1031 1032 1033
1035 1036 1037 1040 1041 1042 1043 1044 1045
1047 1000 1051 1052 1053 1054 1055 1056 1057
1061 1062 1063 1064 1065 1066 1067 1070 1071
1073 1074 1075 1076 1077 1100 1101 1102 1103
1105 1106 1107 1110 1111 1112 1113 1114 1115
1117 1120 1121 1122 1123 1124 1125 1126 1127
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TENS

o7

TENS

o o N o

1130
1142
1154
1166
1200
1212
1224
1236
1250

1262

1274
1306
1320
1332
1344
1356
1370
1402
1414

1426

DECIMAL TO OCTAL CONVERSION TABLE (cont.)

1131
1143
1155
1167
1201
1213
1225
1237
1251

1263

1275
1307
1321
1333
1345
1357
1371
1403
1415

1427

1132
1144
1156
1170
1202
1214
1226
1240
1252
1264

1276
1310
1322
1334
1346
1360
1372
1404
1416

1430

(0-4096)
UNITS

3 4

1153 1134
1145 1146
1157 1160
1171 1172
1203 1204
1215 1216
1227 1230
1241 1242
1253 1254
1265 1266
1277 1300
1311 1312
1323 1324
133 1336
1347 1350
1361 1362
1373 1374
1405 1406
1417 1420
1431 1432

PX 43

1135
1147
1161
1173
1205
1217
1231
1243
1255
1267

1301
1313
1325
1337
1351
1363
1375
1407
1421
1433

1136
1150
1162
1174
1206
1220
1232
1244
1256
1270

1302
1314
1326
1340
1352
1364
1376
1410
1422

1434

600 Through 799

1137
1151
1163
1175
1207
1221
1233
1245
1257

1271

1303
1315
1327
1341
1353
1365
1377
1411
1423

1435

1140
1152
1164
1176
1210
1222
1234
1246

1260
1272

1304
1316
1330
1342
1354
1366
1400
1412
1424
1436

1141
1153
1165
1177
1211
1223
1235
1247
1261

1273

1305
1317
1331
1343
1355
1367
1401
1413
1425

1437



08

TENS

09

TENS

~N O~ N

@e)

x® N o O,

1440
1452
1464
1476
1510
1522
1534
1546
1560
1572

1604
1616
1630
1642
1654
1666
1700
1712
1724

1736

DECIMAL TO OCTAL CONVERSION TABLE (cont, )

(0-4096)
800 Through 999
UNITS
1 2 3 4 ) 6 7 8 9

1441 1442 1443 1444 1445 1446 1447 1450 1451
1453 1454 1455 1456 1457 1460 1461 1462 1463
1465 1466 1467 1470 1471 1472 1473 1474 1475
1477 1300 1501 1502 1503 1504 1505 1506 1507
1511 1512 1513 1514 1515 1516 1517 1520 1521
1523 1524 1525 1526 1527 1530 1531 1532 1533
1535 1536 1537 1540 1541 1542 1543 1544 1545
1547 1550 1551 1552 1553 1554 1555 1556 1557
1561 1562 1563 1564 1565 1566 1567 1570 1571

1573 1574 1575 1576 1577 1600 1601 1602 1603

1605 1606 1607 ‘1610 1611 1612 1613 1614 1615
1617 1620 1621 1622 1623 1624 1625 1626 1627
1631 1632 1633 1634 1635 1636 1637 1640 1641
1643 1644 ‘1645 1646 1647 1650 1651 1652 1653
1655 1656 1657 1660 1661 1662 1663 1664 1665
1667 1670 1671 1672 1673 1674 1675 1676 1677
1701 1702 1703 1704 1705 1706 1707 1710 1711
1713 1714 1715 1716 1717 1720 1721 1722 1723
1725 1726 1727 1730 1731 1732 1733 1734 1735

1737 1740 1741 1742 1743 1744 1745 1746 1447

PX 43



10

TENS

11

TENS

~N o U;

e}

1750
1762
1774
2006
2020
2032
2044
2056
2070

2102

2114
2126
2140
2152
2164
2176
2210
2222
2234

2246

DECIMAL TO OCTAL CONVERSION TABLE (cont.)
(0-4096)

1000 Through 1199

1751 1752 1753 1754 1755 1756 1757 1760 1761
1763 1764 1765 1766 1767 1770 1771 1772 1733
1775 1776 1777 2000 2001 2002 2003 2004 2005
2007 2010 2011 2012 2013 2014 2015 2016 2017
2021 2022 2023 2024 2025 2026 2027 2030 2031
2033 2034 2035 2036 2037 2040 2041 2042 2043
2045 2046 2047 2050 2051 2052 2053 2054 2055
2057 2060 2061 2062 2063 2064 2065 2066 2067
2071 2072 2073 2074 2075 2076 2077 2100 2101

2103 2104 2105 2106 2107 2110 2111 2112 2113

2115 2116 2117 2120 2121 2122 2123 2124 2125
2127 2130 2131 2132 2133 2134 2135 2136 2137
2141 2142 2143 2144 2145 2146 2147 2150 2151
2153 2154 2155 2156 2157 2160 2161 2162 2163
2165 2166 2167 2170 2171 2172 2173 2174 2175
2177 2200 2201 2202 2203 2204 2205 2206 2207
2211 2212 2213 2214 2215 2216 2217 2220 2221
2223 2224 2225 2226 2227 2230 2231 2232 2233
2235 2236 2237 2240 2241 2242 2243 2244 2245

2247 2250 2251 2252 2253 2254 2255 2256 2257

PX 43



DECIMAL TO OCTAL CONVERSION TABLE (cont.)

(0-4096)
UNITS 1200 Through 1399
0 1 2 3 4 5 6 7 8 9

12 0 2260 2261 2262 2263 2264 2265 2266 2267 2270 2271
1 2272 2273 2274 2275 2276 2277 2300 2301 2302 2303
2 2304 2305 2306 2307 2310 2311 2312 2313 2314 2315
3 2316 2317 2320 2321 2322 2323 2324 2325 2326 2327
4 2330 2331 2332 2333 2334 2335 2336 2337 2340 2341
e ) 2342 2343 2344 2345 2346 2347 2350 2351 2352 2353
6 2354 2355 2356 2357 2360 2361 2362 2363 2364 2365
7 2366 2367 2370 2371 2372 2373 2374 2375 2376 2377
8 2400 2401 2402 2403 2404 2405 2406 2407 2410 2411

9 2412 2413 2414 2415 2416 2417 2420 - 2421 2422 2423

13 0 2424 2425 2426 2427 2430 2431 2432 2433 2434 2435
1 2436 2437 2440 2441 2442 2443 2444 2445 2446 2447
2 2450 2451 2452 2453 2454 2455 2456 2457 2460 2461
3 2462 2463 2464 2465 2466 2467 2470 2471 2472 2473
- 4 2474 2475 2476 2477 2500 2501 2502 2503 2504 2505
= 5 2506 2507 2510 2511 2512 2513 2514 2515 2416 2517
6 2520 2521 2522 2523 2524 2525 2526 2527 2530 2531
1 2532 2533 2534 2535 2536 2637 2540 2541 2542 2543
8 2544 2545 2546 2547 2550 2551 2552 2553 2554 2555

9 2556 2557 2560 2561 2562 2563 2564 2565 2566 2567

PX 43



14

TENS

15

TENS

2570
2602
2614
2626
2640
2652
2664
2676
2710

2722

2734
2746
2760
2772
3004
3016
3030
3042
3054

3066

DECIMAL TO OCTAL CONVERSION TABLE (cont.)

2571
2603
2615
2627
2641
2653
2665
2677
2711

2723

2735
2747
2761
2773
3005
3017
3031
3043
3055
3067

no

2572
2604
2616
2630
2642
2654
2666
2700
2712

2724

2736
2750
2762
2774
3006
3020
3032
3044
3056

3070

(0-4096)
UNITS
3 4
2573 2574
2605 2606
2617 2620
2631 2632
2643 2644
2655 2656
2667 2670
2701 2702
2713 2714
2725 2726
2737 2740
2751 2752
2763 2764
2775 2776
2007 3010
3021 3022
3033 3034
3045 3046
3057 3060
3071 3072
PX 43

5

2575
2607
2621
2633
2645
2657
2671
2703
2715
2727

2741
2753
2765
2777
3011
3023
3035
3047
3061
3073

6

2576
2610
2622
2634
2646
2660
2672
2704
2716

2730

2742
2754
2766
3000
3012
3024
3036
3050
3062

3074

7

2577
2611
2623
2635
2647
2661
2673
2705
2717

2731

2743
2755
2767
3001
3013
3025
3037
3051
3063

3075

8

2600
2612
2624
2636

2650

2662
2674
2706

2720

2732

2744
2756
2770
3002
3014
3026
3040
3052
3064

3076

1400 Through 1599

9

2601
2613
2525
2637
2651
2663
2675
2707
2721

2733

2745
2757
2771
3003
3015
3027

3041

3053
3065
3077



16

TENS

17

TENS

~N o O»

@

9

3100
3112
3124
3136
3150
3162
3174
3206
3220
3232

3244
3256
3270
3302
3314
3326
3340
3352
3364

3376

DECIMAL TO OCTAL CONVERSION TABLE (cont.

(0-40906)

3101 3102 3103 3104 3105 3106
3113 3114 3115 3116 3117 3120
3125 3126 3127 3130 3131 3132
3137 3140 3141 3142 3143 3144
3151 3152 3153 3154 3155 3156
3163 3164 3165 3166 3167 3170
3175 3176 3177 3200 3201 3202
3207 3210 3211 3212 3213 3214
3221 3222 3223 3224 3225 3226
3233 3234 3235 3236 3237 3240

3245 3246 3247 3250 3251 3252
3257 3260 3261 3262 3263 3264
3271 3272 3273 3274 3275 3276
3303 3304 3305 3306 3307 3310
3315 3316 3317 3320 3321 3322
3327 3330 3331 3332 3333 3334
3341 3342 3343 3344 3345 3346
3353 3354 3355 3356 3357 3360
3365 3366 3367 3370 3371 3372

3377 3400 3401 3402 3403 3404

PX 43

1600 Through 1799

3107
3121
3133
3145
3157
3171
3203
3215
3227
3241

3253
3265
3277
3111
3323
3335
3347
3361
3373

3405

3110
3122
3134
3146
3160
3172
3204
3216
3230

3242

3254
3266
3300
3312
3324
3336
3350
3362
3374

3406

3111
3123
3135
3147
3161
3173
3205
3217
3231

3243

3255
3267
3301
3313
3325
3337
3351
3363
3375

3407



18

TENS

19

TENS

3410
3422
3434
3446
3460
3472
3504
3516
3530

3542

3554
3566
3600
3612
3624
3636
3650
3662
3674

3706

DECIMAL TO OCTAL CONVERSION TABLE (cont.)

(0-4096)
1800 Through 1999
UNITS
1 2 3 4 5 6 7 8 9

3411 3412 3413 3414 3415 3416 3417 3420 342

3423 3424 3425 3426 3427 3430 3431 3432 3433
3435 3436 3437 3440 3441 3442 3443 3444 3445
3447 3450 3451 3452 3453 3454 3455 3456 3457
3461 3462 3463 3464 3465 3466 3467 3470 3471
3473 3474 3475 3476 3477 3500 3501 3502 3503
3505 3506 3507 34510 3511 3512 3513 3514 3515
3517 3520 3521 3522 3523 3524 3525 3526 3527
3531 3532 3533 3534 3535 3536 3537 3540 3541

3543 3544 3545 3546 3547 3550 3551 3552 3553

3555 3556 3557 3560 3561 3662 3563 3564 3565
3567 3570 3571 3572 3573 3574 3585 3576 3577
3601 3602 3603 3604 3605 3606 3607 3610 3611
3613 3614 3615 3616 3617 3620 3621 3622 3623
3625 3626 3627 3630 3631 3632 3633 3634 3635
3637 3640 3641 3642 3643 3644 3645 3646 3647
3651 3652 3653 3654 3655 3656 3657 3660 3661
3663 3664 3065 3666 3667 3670 3671 3672 3673
3675 3676 3677 3700 3701 3702 3703 3704 3705

3707 3710 3711 3712 3713 3714 3715 3716 3717

PX 43
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DECIMAL TO OCTAL CONVERSION TABLE (cont.)

(0-4096)
2000 Through 2199
UNITS
0 1 2 3 4 S 6 7 8 9

20 0 3720 3721 3722 3723 3724 3725 7326 3727 3730 3731
1 3732 3733 3734 3735 3736 3737 3740 3741 3742 3743
2 3744 3745 3746 3747 3750 3751 3752 3753 3754 3755
3 3756 3757 3760 3761 3762 3763 3764 3765 3766 3767
4 3770 3771 3772 3773 | 3774 3775 3776 3777 4000 4001
e 5 4002 4003 4004 4005 4006 4007 4010 4011 4012 4013
6 4014 4015 4016 4017 4020 4021 4022 4023 4024 4025
7 4026 4027 4030 4031 4032 4033 4034 4035 4036 4037
8 4040 4041 4042 4043 4044 4045 4046 4047 4050 4051

9 4052 4053 4054 4035 4056 4057 4060 4061 4062 4063

21 0 4064 4065 4066 4067 4070 4071 4072 4073 4074 4075
1 4076 4077 4100 4101 4102 4103 4104 4105 4106 4107
2 4110 4111 4112 4113 4114 4115 4116 4117 4120 4121
3 4122 4123 4124 4125 4126 4127 4130 4131 4132 4133
4 4134 4135 4136 4137 4140 4141 4142 4143 4144 4145
RS 5 4146 4147 4150 4131 4152 4133 4154 4155 4156 4157
6 4160 4161 4162 4163 4164 4165 4166 4167 4170 4171
7 4172 4173 4174 4175 4176 4177 4200 4201 4202 4203
8 4204 4205 4206 4207 4210 4211 4212 4213 4214 4215

9 4216 4217 4220  422] 4222 4223 4224 4225 4226 4227

PX 43

11



22

TENS

23

TENS

(<X )]

-

4230
4242
4254
4266
4300
4312
4324
4336
4350
4362

4374
4406
4420
4432
4444
4456
4470
4502
4514

4526

DECIMAL TO OCTAL. CONVERSION TABLE (cont,)
(0-4096)

4231
4243
4255
4267
4301
4313
4325
4337
4351
4363

4375
4407
4421
4433
4445
4457
4471
4503
4515
4527

4232
4244
4256
4270
4302
4314
4326
4340
4352
4364

4376
4410
4422
4434
4446
4460
4472
4504
4516

4530

UNITS

3

4233
4245
4257
427
4303
4315
4327
4341
4353
4365

4377
4411
4423
4435
4441
4461
4473

4505

4

4234
4246
4260
4272
4304
4316
4330
4342
4354
4366

4400
4412
4424
4436
4450
4462
4474
4506
4520
4532

PX 43

12

4235
4247
4261
4273
4305
4317
4331
4343
4355
4367

4401
4413
4425
4437
4451
4463
4475
4507
4521
4533

4236
4250
4262
4274
4306
4320
4332
4344
4356
4370

4402
4414
4426
4440
4452
4464
4476
4510
4522

4534

2200 Through 2399

4237
4251
4263
4275
4307
4321
4333
4345
4357
4371

4403
4415
4427
4441
4433
4465
4477
4511
4523
4535

8

4240
4252
4264
4276
4310
4322
4334
4346
4360
4372

4404
4416
4430
4442
4454
4466
4500
4512
4524
4536

9

4241
4253
4265
4277
4311
4323
4335
4347
4361
4373

4405
4417
4431
4443
44355
4467
4501
4513
4525

4537



24

TENS

25

TENS

~N O

o @

4540
4552
4564
4576
4610
4622
4634
4646
4660
4672

4704
4716
4730
4742
4754
4766
5000
5012
5024

5036

DECIMAL TO OCTAL CONVERSION TABLE (cont.)

4541
4553
4565
4577
4611
4623
4635
4647
4661
4673

4705
4717
4731
4743
4755
4767
5001
5013
5025

5037

4542
4554
4566
4600
4612
4624
4636
4650
4662
4674

4706
4720
4732
4744
4756
4770
5002
5014
5026

5040

4543
4555
4567
4601
4613
4625
4637
4651
4663
4675

4707
4721
4733
4745
4757
4771
5003
5015
5027

2041

(0-4096)

UNITS

4544
4556
4570
4602
4614
4626
4646
4652
4664
4676

4710
4722
4734
4746
4760
4772
5004
5016
5030

5042

PX 43

13

4545
4557
4571
4603
4615
4627
4641
4653
4665
4677

4711

4723

4735

4747
4761
4773
5005
5017
5031

5043

4546
4560
4572
4604
4616
4630
4642
4654
4666

4700

4712
4724
4736
4750
4762
4774
5006
5020
5032

5044

2400 Through 2599

4547
4561
4573
4605
4617
4631
4643
4655
4667

4701

4713
4725
4737
4751
4763
4775
5007
5021
5033

5045

4550
4562
4574
4606
4620
4632
4644
4656
4670

4702

4714
4726
4740
4752
4764
4776
5610
5022
5034

5046

4551
4563
4575
4607
4621
4633
4645
4657
4671

4703

4715
4727
4741
4753
4765
4777
5011
5023
5035

5047



DECIMAL TO OCTAL CONVERSION TABLE (cont.)

(0-4096)
2600 Through 2799
UNITS
0 1 2 3 4 5 6 7 8 9

26 0 5050 5051 5052 5053 5054 5055 5056 5057 5060 5061
1 9062 5063 5064 5065 5066 5067 5070 5071 5072 5073
2 5074 5075 5076 5077 5100 5101 5102 5103 5104 5105
3 5106 5107 5110 5111 5112 5113 5114 5115 5116 5117
4 5120 5121 3122 5123 5124 5125 5126 5127 5130 5131
S 5 5132 5133 5134 5135 5136 5137 5140 5141 5142 5143
6 5144 5145 5146 5147 5150 5151 5152 5153 5154 5155
7 5156 5157 5160 5161 5162 5163 5164 5165 5166 5167
8 5170 5171 5172 5173 5174 5175 5176 5177 5200 5201

9 5202 5203 5204 5205 5206 5207 5210 5211 5212 5213

27 0 95214 5215 5216 5217 5220 5221 5222 5223 5224 5225
1 5226 5227 5230 5231 3232 5233 5234 5235 5236 5237
2 5240 5241 5242 5243 5244 5245 5246 5247 5250 5251
3 5252 5253 5254 52535 5256 5257 5260 5261 5262 5263
4 5264 5265 5266 5267 5270 5271 5272 5273 5274 5275

e 5 5276 5277 5300 5301 5302 5303 5304 5305 5306 5307
6 2310 5311 5312 5313 5314 5315 5316 5317 5320 5321
7 5322 5323 5324 5325 5326 5327 5330 5331 5332 5333
8 5334 5335 5336 5337 5340 5341 5342 5343 5344 5345
9 5346 5347 5350 5351 5352 5353 5354 5355 5356 5357

PX 43

14



28

TENS

29

TENS

O O N o O

5360
5372
5404
5416
5430
5442
5454
5466
5500

5512

5524
5536
5550
5562
5574
5606
5620
5632
5644
5656

DECIMAL TO OCTAL CONVERSION TABLE (cont.)

5361
5373
5405
5417
5431
5443
5455
5467

5501

5513

5525
5537
5551
5563
5575
5607
5621
5633
5645
5657

2

5362
5374
5406
5420
5432
5444
5456
5470
5502

5514

5526
5540
5552
5564
5576
5610
5622

- 5634

5646
5660

(0-4096)
UNITS

3 4

5363 5364
5375 5376
5407 5410
5421 5422
5433 5434
5445 5446
5457 5460
5471 5472
5503 5504
3515 5516
5527 5530
5541 5542
5553 5554
5565 5566
5577 5600
5611 5612
5623 5624
5635 5636
5647 5650
5661 5662

PX 43

15

5
5365

5377

5411
5423
5435
5447
5461
5473
5505
5517

5531
5543
5555
5567
5601
5613
5625
5637
5651
5663

6

5366
5400
5412
5424
5436
5450
5462
5474

- 5506

5520

5532
5544
5556
5570
5602
5614
5626
5640
5652
5664

2800 Through 2999

7

5367
5401
5413
95425
5437
5451
5463
5475
5507

5521

5533
5545
5557
5571
5603
5615
5627
5641
5653
5665

8

5370
5402
5414
5426
5440
5452
5464
5476
5510

5522

5534

5546
5560
5572
5604
5616
5630
5642
5654
5666

9

5371
5403
5415
5427
5441
5453
5465
5477
5511

5523

5335
5547
5561
5573
5605
5617
5631
5643
5655
5667



30

TENS

31

TENS

5670
5702
5714
5726
5740
5752
5764
5776
6010

6022

6034
6046
6060
6072
6104
6116
6130
6142
6154
6166

DECIMAL TO OCTAL CONVERSION TABLE (cont,)

5671
5703
9715
ST27
5741
5753
5765
5777
6011

6023

6035
6047
6061
6073
6105
6117
6131
6143
6155
6167

5672
5704
5716
5730
5742
5754
5766
6000
6012

6024

6036
6050
6062
6074
6106
6120
6132
6144
6156

6170

(0-4096)

UNITS
3 4
5673 5674
5705 5706
5717 5720
5731 5732
5743 5744
5755 5756
5767 5770
6001. 6002
6013 6014
6025 6026
6037 6040
605 6052
6063 6064
6075 6076
6107 6110
6121 6122
6133 6134
6145 6146
6157 6160
6171 6172

pPX 43

16

5675
5707
5721
5733
5745
5757
5771
6003
6015

6027

6041
6053
6065
6077
6111
6123
6135
6147
6161
6173

5676
5710
5722
5734
5746
5760
S772
6004
6016
6030

6042
6054
6066
6100
6112
6124
6136
6150
6162

6174

3000 Through 3199

5677
5711
5723
5735
5747
5761
5773
6005
6017
6031

6043
6055
6067
6101
6113
6125
6137
6151
6163
6175

8

5700
5712
5724
5736
5750
5762
5774
6006
6020
6032

6044

6056
6070
6102
6114
6126
6140
6152
6164
6176

9

5701
5713
5725
5737
5751
5763
5775
6007
6021

6033

6045
6057
6071
6103
6115
6127
6141
6153
6165
6177



32

TENS

33

TENS

6200
6212
6224
6236
6250
6262
6274
6306
6320

6332

6344
6356
6370
6402
6414
6426
6440
6452
6464
6476

DECIMAL TO OCTAL CONVERSION TABLE (cont.)

(0-4096)
3200 Through 3399
UNITS
1 2 3 4 5 6 7 8 9

6201 6202 6203 6204 6205 6206 6207 6210 6211
6213 6214 6215 6216 6217 6220 6221 6222 6223
6225 6226 6227 6230 6231 6232 6233 6234 6235
6237 6240 6241 6242 6243 6244 6245 6246 6247
6251 6252 6253 6254 6255 6256 6257 6260 6261
6263 6264 6265 6266 6267 6270 6271 6272 6273
6275 6276 6277 6300 6301 6302 6303 6304 6305
6307 6310 6311 6312 6313 6314 6315 6316 6317
6321 6322 6323 6324 6325 6326 6327 6330 6331

6333 6334 6335 6336 6337 6340 6341 6342 6343

6345 6346 6347 6350 6351 6352 6353 6354 6355
6357 6360 6361 6362 6363 6364 6365 6366 6367
6371 6372 6373 6374 6375 6376 6377 6400 6401
6403 6404 6405 6406 6407 6410 6411 6412 6413
6415 6416 6417 6420 6421 6422 6423 6424 6425
6427 6430 6431 6432 6433 6434 6435 6436 6437
6441 6442 6443 6444 6445 6446 6447 6450 6451
6453 6454 6455 6456 6457 6460 6461 6462 6463
6465 6466 6467 6470 6471 6472 6473 6474 6475

6477 6500 6501 6502 6503 6504 6505 6506 6507

PX 43
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34

TENS

35

TENS

@ N o

6510
6522
6534
6546
6560
6572
6604
6616
6630
6642

6654
6666
6700
6712
6724
6736
6750
6762
6774

7006

DECIMAL TO OCTAL CONVERSION TABLE (cont.)

(0--4096)

3400 Through 3599

UNITS
1 2 3 4 5 6 7 8 9
6511 6512 6513 6514 6515 6516 6517 6520 6521
6523 6524 6525 6526 6527 6530 6531 6532 6533
6535 6536 6537 6540 6541 6542 6543 6544 6545
6547 6350 6551 6552 6533 6554 6555 6556 6557
6561 6562 6563 6564 6565 6566 6567 6570 6571
6573 6574 6575 6576 6377 6600 6601 6602 6603
6605 6606 6607 6610 6611 6612 6613 6614 6615
6617 6620 662 6622 6623 6624 6625 6626 6627
6631 6632 6633 6634 6635 6636 6637 6640 6641
6643 6644 6645 6646 6647 6650 6651 6652 6633

6655 6656 66507 6660 6661 6662 6663 6664 6665
6667 6670  667. 6672 6673 6674 6675 6676 6677
6701 6702 6703 6704 6705 6706 6707 6710 6711
6713 6714 6715 6716 6717 6720 6721 6722 6723
6725 6726 6727 6730 6731 6732 6733 6734 6735
6737 6740 674]. 6742 6743 6744 6745 6746 6747
6751 6752 6753 6754 6755 6756 6757 6760 6761
6763 6764 6765 6766 6767 6770 6771 6772 6773
6775 6776 6777 7000 7001 7002 7003 7004 7005

7007 7010 7011 7012 7013 7014 7015 7016  T7O17

PX 43
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36

TENS

37

TENS

(o234 |

-J

7020
7032
7044
7056
7070
7102
7114
7126
7140

7152

7164
7176
7210
7222
7234
7246
7260
7272
7304
7316

7021
7033
7045
7057
7071
7103
7115
7127
7141

7153

7165
7177
7211
7223
7235
7247
7261
7273
7305
7317

DECIMAL TO OCTAL CONVERSION TABLE (cont.)

7022
7034
7046
7060
7072
7104
7116
7130
7142
7154

7166
7200
7212
7224
7236
7250
7262
7274
7306
7320

7023
7035
7047
7061
7073
7105
7117
7131
7143
7155

7167
7201
7213
7225
7237
7251
7263
7275
7307

7321

(0-4096)

UNITS

7024
7036
7050
7062
7074
7106
7120
7132
7144

7156

7170
7202
1214
7226
7240
7252
7264
7276
7310
7322

- PX 43
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7025
7037
7051
7063
7075
7107
7121
7133
7145

7157

7171
7203
7215
7227
7241
7253
7265
7277
7311
7323

7026
7040
7052
7064
7076
7110
7122
7134
7146

7160

7172
7204
7216
7230
7242
7254
7266
7300
7312
7324

3600

7027
7041
7053
7065
7077
7111
7123
7135
7147

7161

7173
7205
7217
7231
7243
7255
7267
7301
7313
7325

Through 3799

7030
7042
7054
7066
7100

7112

7124

7136
7150

7162

7174
7206
7220
7232
7244
7256
7270
7302
7314
7326

7031
7043
7055
7067
7101
7113
7125
7137
7151

7163

7175
7207
7221
7233
7245
7257
7271
7303
7315
7327



38

TENS

39

TENS

7330
7342
7354
7366
7400
7412
7424
7436
7450

7462

7474
7506
7520
7532
7544
7556
7570
7602
7614

7626

7331
7343
7355
7367
7401
7413
7425
7437
7451

7463

7475
7507
7521
7533
7545
7557
7571
7603
7615
7627

DECIMAL TO OCTAL CONVERSION TABLE (cont.)

7332
7344
7356
7370
7402
7414
7426
7440
7452

7464

7476
7510
7522
7534
7546
7560
7572
7604
7616
7630

7333
7345
7357
7371
7403
7415
7427
744
7453

7465

7477
7511
7523
7535
7547
756..
7573
7605
7617
763:.

(0-4096)

UNITS

7334
7346
7360
7372
7404
7416
7430
7442
7454

7466

7500
7512
7524
7536
7550
7562
7574
7606
7620
7632

PX 43
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5

7335
7347
7361
7373
7405
7417
7431
7443
7455

7467

7501
7513
7525
7537
7551
7563
7575
7607
7621
7633

7336
7350
7362
7374
7406
7420
7432
7444
7456

7470

7502
7514
7526
7540
7552
7564
7576
7610
7622
7634

3800 Through 3999

7
7337
7351
7363
7375
7407
7421
7433
7445
7457

7471

7503
7515
7527
7541
7553
7565
7577
7611
7623
7635

8

7340
7352
7364
7376
7410
7422
7434
7446
7460

7472

7504
7516
7530
7542
7554
7566
7600
7612
7624
7636

9

7341
7353
7365
7377
7411
7423
7435
7447
7461

7473

7505
7517
7531
7543
7555
7567
7601
7613
7625
7637



DECIMAL TO OCTAL CONVERSION TABLE (concl.)

(0-4096 )
4000 Through 4096
UNITS |
0 1 2 3 4 5 6 7 8 9

40 0 7640 7641 7642 7643 T644 7645 T646  T64T  T650 1651
1 7652 7653 7654 7655 T656  T65T  T660  T66l  T662 - T663

2 7664  T665 T666  T66T  T6TO  T6Tl  T6T2  T6T3 7674 7675

3 7676 7677 7700 7701 7702 7703 7704 7705 7706 1707

4 7710 7711 7712 7713 7714 7715 7716 7717 7720 7721

e S 7722 7723 7724 TT25 7726 72T 7730 7731 V132 7733
6 7734 7735 T736 7737 7740 7741 7742 7743 7744 7745

T 7746 7747 7750 7751 7752 TUS3 1754  TU55  T156  TIS7

8 7760 7761 7762  TT63  T764  TT65  T766° TT6T V770 7771

9 T2 TTT3 174 TITS 0 7776 7777 10000
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