
United States Patent [191 3,737,867 [11] 

Cavin et al. [451 June 5, 1973 

[s41 DIGITAL COMPUTER WITH 3,111,648 ll/l963 Marsh et al ...................... ..340/|72.s 
ACCUMULATOR SIGN BIT INDEXING 

_ OTHER PUBLICATIONS 
[76] Inventors: Doyle K. Cavin, 945 Verona Drive, _ 

punerton; Robert B_ Trousdak, IBM 7094 Data Processing System Reference Manual, 
13722 Rushmore Lane, Santa Ana, 10/21/55, 170"“ N°~ A22-6703. Page 43 
both of Calif. P I 

, ‘ rimary Examiner-Pau J. Henon 
[22} F'led' Feb‘ 12’ 1971 Assistant Examiner-Mark Edward Nusbaum 
[2]] App], No; 114,902 Attorney-John A. Duffy and Bruce D. Jimerson 

Related U.S. Application Data [57] ABSTRACT 

[63] cc'mimlamn'in-pan 0f SCI‘, No. 790,735, Jan- 13. In lieu of a separate indexing register, the sign bit of 
‘969' abandoned" the accumulator may be made to function as a single 

bit index register to effectuate address modi?cation. 
[2?] ............................................. In a machine so organized the instructions have a 
[58} F‘: ‘M """ ‘ ' ‘ ' ‘ ' ‘ ‘ ' ' ' ' 235/{57 reserved bit position which gives the programmer the 
l e o are """"""""" " ' ' option of selecting modi?ed or unmodi?ed addressing. 

[56] References Cited Because oi: the versatility of this typeofunstructnon, 
only a few instructmns are required to m-lme program 

UNH‘ED STATES pATEN-[S a variety of normally iterate routines. 

2,968,027 1/1961 McDonnell et al................340/172.5 2 Claims, 9 Drawing Figures 

——‘__H 
".98/T/A0'TPWI70/V 

W0” 81”’ EEG/STD? 14 

arvr o JZWZ ‘ 
[AMMAND T0 MEMOP/ 
056005 1700263‘! 
LOG/C 066/575,? 

PFOGFAM 
COL/N727? 

.rEXftl/TE 
COMMAND 

J40 All 
My 

576W BIT/0 “Q 

m ,, 
"KAN! '’ 

400 I DU/W/Vé‘ I 
5 F64, :1 I 

400.5? 25 I 

l 
j I .1 . i . 

M/?/MfT/C ,7] ~ 1 1 
MW!‘ 3 l l 

9 0/7 MEMOF/ 
400147010 EUFFEP 066/5720? 22 
0F 6 0045 n 

“M :a 44:44am’ ADDRESS 
PEG/5T5? 2/ 

l 

,,r J 
8 FREE 

MfMO/F/ 2% (‘OPE MEMORY 
512-9 8/7‘ WGQDS/HW 













3,737,867 
1 

DIGITAL COMPUTER WITH ACCUMULATOR 
SIGN BIT INDEXING 

BACKGROUND OF THE INVENTION 

This application is a Continuation-in-Part of an ear 
lier filed copending application Ser. No. 790,735, now 
abandoned, filed Jan. 13, 1969. 
The utilization of special and general purpose digital 

computers for problem solving is well-known in the art. 
Typically, such decision making machines are designed 
to execute a variety of sequential instructions upon a 
quantity of input data and generate therefrom the de 
sired results whether they be mathematical answers, a 
series of operations for algorithm solutions, or merely 
the outputting of particularly speci?ed stored data. The 
actual number of available instructions which a given 
machine is capable of executing will of course depend 
upon the complexity of the machine. In a large general 
purpose computer, the instruction set may comprise 
hundreds of instructions, whereas a small special pur 
pose machine may only utilize a few basic instructions 
which can be combined in various ways to perform 
more complicated functions. One disadvantage of the 
small machine having a very limited set of instructions 
is that a number of basic instructions must be written 
in the program to perform even very simple arithmetic 
operations. Thus, in a simple machine having an in 
struction set consisting only of add, shift, and output, 
a multiplication operation would require the program 
met to separately command each of the repetitive addi 
tions with a consequent consumption of a great amount 
of man and machine time. On the other hand, the more 
sophisticated and lengthy the instruction set, the more 
complex the machine. What is actually desired is a ma 
chine organization which is responsive to an instruction 
set consisting of a few very powerful basic instructions 
which may be efficiently combined to enable simple in 
line programming of numerous standard routines which 
normally require complicated iterative program loops. 
In some of the larger machines this operation is accom 
plished by external address modi?cation via individu 
ally accessable auxilliary index registers. This same 
function may be conveniently accomplished in even 
relatively small computers in accordance with the 
teachings of the present invention wherein, in lieu of 
separate indexing registers the machine is structured to 
have the capability of being able to respond to and di 
rectly operate upon information contained in the stan 
dard computational registers. In particular, the sign bit 
of a standard accumulator may be utilized as a single 
bit index register to control alternate choice opera 
tions. 
Accordingly, it is an object of the present invention 

to provide a computer having an instruction set com 
prising a small number of very versatile instructions. 

It is another object of the invention to provide a com 
puting machine having an internal means for data and 
address modification which is not dependent upon sep 
arate indexing registers. 

It is a further object of the invention to provide a 
computer which utilizes the accumulator sign bit as an 
index register. 
Other objects and advantages of the present inven 

tion will become obvious from the detailed description 
of a preferred embodiment given hereinbelow. 
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SUMMARY OF THE INVENTION 

The accumulator sign-bit indexing computer de 
scribed herein comprises an arrangement for organiz 
ing a general purpose machine which will utilize the in 
formation provided by the sign of the accumulator con 
tents in a variety of alternate choice operations. In es 
sence the accumulator sign bit functions as a single bit 
index register to facilitate address modi?cation in ac 

0 cordance with the dictates of certain indexing instruc 
tions. Each such accumulator indexing instruction has 
reserved a designated bit position for the purpose of 
controlling which of two addresses will be accessed by 
the particular instruction. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a general purpose digital 
computer. 
FIG. 2 illustrates a typical instruction format. 
FIG. 3 is a flow chart for performing the digital plot 

ting of a straight line. 
FIG. 4 is a flow chart for multiplying two binary num 

bers together. 
FIG. 5 shows how a double length accumulator func 

tions in a multiplication routine. 
FIG. 6 shows the flow of the multiplication algorithm 

of four bit binary numbers to multiply three by six. 
FIG. 7a shows how the accumulator sign bit and least 

signi?cant bit may be utilized to effectuate a four way 
jump. 

FIG. 7b is a table of the four possible combinations 
of sign bit and least significant bit. 
FIG. 8 shows in block diagram form the requisite 

blocks and ?ow paths involved in carrying out a typical 
indexing operation. ‘ 

DETAILED DESCRIPTION OF A PARTICULAR 
EMBODIMENT 

FIG. 1 shows a block diagram of a typical general 
purpose computer having the standard elements com 
prising an input/output means I, a memory 2, arithme 
tic center 3, and control unit 4. For the purposes of the 
present invention, the memory 2 may be of any type 
such as a random access core, thin film, MOS or serial 
accessed drum, disk or delay line. The computer may 
be organized to have a ?xed or variable word size of 
any length (number of bits). The number system em 
ployed may be full binary with negative quantities ex 
pressed in one's or two's, complement notation, or a 
sign and magnitude form may be employed using bi 
nary coded decimal or any other system in which the 
sign of information representing a given data word is 
represented by a particular bit at a ?xed location in the 
word. The arithmetic center 3 comprises an accumula 
tor 5 which may consist of actual hardware (such as a 
set of flip ?ops or the like) or which may occupy some 
?xed or alterable location in the memory 2. The capac 
ity of the accumulator 5 may be ?xed or variable and 
may or may not be related to the word size of stored 
values in the memory 2. The logic means 8 in FIG. I is 
typically an “AND" gate. 
The instruction set de?ning the computational capa 

bility of the computer should include a standard "add" 
or “subtract" instruction so that the accumulator con 
tents may be modi?ed by the contents of selected 
stored values in the memory to produce a resultant 
quantity in the accumulator having a positive or nega 
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tive sign. In addition, the instruction set should include 
a standard “load" instruction whereby the contents of 
a particular address in the memory 2 may be placed in 
the accumulator 5; an output instruction whereby the 
contents ofa particular location in the memory 2 or ac 
cumulator 5 may be transferred to an output device 9, 
such as a magnetic tape, typewriter, electronic plotter, 
etc.; a conditional jump instruction whereby the sign of 
a particular memory address (or of the accumulator) is 
examined to determine the address of the next instruc 
tion; an accumulator shift instruction; an input instruc 
tion, a load accumulator instruction, and a store in 
struction. 
Although the application of the internal indexing and 

address modi?cation features of the present invention 
are described in detail with respect to a few of the 
above enumerated instructions, it will be understood 
that the instruction set may include numerous other in 
structions and that the basic concepts of the present in 
vention (to be described below) may also be combined 
therewith. 
Adverting to FIG. 2, a typical standard instruction 

comprises a command (bits l-N) specifying some basic 
operation, e.g., “ADD", "SUBTRACT", “STORE", 
“LOAD", “0UTPUT", "INPUT", etc., together with 
an operand address (bits N + l to X) which points to 
a specific location in the memory which contains the 
operand to be used in the instruction. Where iterative 
loops are to be programmed, it is convenient to be able 
to modify the address portion of the instruction. Thus, 
assume for example that it is desired to form the sum 
of a long column of numbers which are located in con 
secutive addresses of the computer memory from ad 
dress 030 to 077. IT is thus possible to use the same add 
instruction for successive additions provided that the 
address of the “ADD” instruction is modi?ed before 
each addition so as to add the contents of the next suc 
cessive address to the partial sum each time around. In 
prior art digital computing devices, address modifica 
tion is effectuated by an auxilliary means so that the op 
erand actually accessed by the instruction can be var 
ied as a function of the contents of the auxilliary means. 
Conventionally, the auxilliary means employed is an 
independent index register, the contents of which is 
normally modified by a special instruction which is in 
dependent of the instructions which change the accu 
mulator contents. Hence, in the above example, an 
index register may be loaded with the value of the first 
address and then incremented one count each time an 
addition is made to access consecutive memory ad 
dresses. 
An important feature of the present invention is the 

facility to directly modify an address without resorting 
to special indexing instructions and additional registers 
apart from the accumulator. In essence, the sign bit 10 
of the accumulator 5 functions as a single bit index reg 
ister. In addition, the computer is organized to be re 
sponsive to a set of instructions having a control bit I, 
for enabling the programmer to select unmodi?ed or 
modified (indexed) addressing. Thus, if indexed ad 
dressing is selected, the operand address is taken to be 
the direct value speci?ed in the instruction when the 
accumulator contains a positive number (sign bit posi 
tive) whereas if the sign bit is negative the operand ad 
dress is taken to be the direct value plus a known incre 
ment (typically +1 or +2) which may vary depending 
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4 
upon the speci?c instruction. This function is accom 
plished by the logic means 8 as shown in FIG. I. 

In order to illustrate the advantages of a digital com 
puter so organized, consider the following instruction 
set: 

LDA( Y),0 - Load accumulator with contents of loca 
tion Y 
LDA( Y),l - Load accumulator with the contents of 

location Y if the accumulator (A) is presently positive 
or with the contents of Y + I if A is presently negative. 
ADD( Y),0 - Add contents of location Y to contents 

of accumulator. 
ADD(Y),1 - Add contents of location Y if accumula 

tor is positive or contents of location Y + I in accumu 
lator is presently negative. 
0UT( Y),0 - Transfer the contents of location Y to an 

output device. 
OUT(y),l — Transfer the contents of location Y to an 

output device if accumulator is positive or contents of 
Y + I if accumulator is presently negative. 
DIJB( W) - Decrement the contents of the memory 

cell immediately following that in which this instruction 
is stored. If the cell contents does not under?ow, jump 
back N instructions (i.e., take next instruction from a 
location N memory cells prior to the location of the 
D118 instruction) 
With only these few selected instructions, a computer 

program may be written to perform, for example, a 
commonly used algorithm for approximating a straight 
line by incremental plotting. Thus, assume that the X 
and Y directional components of the line are given as 
having a ratio of A to B and that the line is to have a 
magnitude of “C" increments. If the plotting device is 
responsively coupled to the computer as an output de 
vice so as to execute incremental movements parallel 
to either the X or Y axis according to whether code X 
or code Y respectively is transmitted to the output, the 
line may be plotted according to the ?ow chart shown 
in FIG. 3. The complete program may be written simply 
as: 

OUT(X),I 
ADD(A),I 
DIJB(2) 

where the constant code X and code Y are stored in two 
successive locations so that the 0UT(X),I instruction 
will cause code X to be selected if the accumulator is 
positive or code Y to be selected if the accumulator is 
negative. Similarly, the constants A and B are stored in 
two successive locations so that either A is added to the 
accumulator or B is subtracted from the accumulator 
depending upon the accumulator sign with the 
ADD(A), l instruction. The count value C — l is stored 
in the location immediately following the DUB 
instruction so that it may be decremented once each 
recursion until underflow occurs. 
The three-step routine described above for perform 

ing the common straight line algorithm is typical of the 
program simplicity which result when the computing 
machine is adapted to utilize the sign of the accumula 
tor contents to facilitate address modi?cation. To fur 
ther illustrate the versatility of utilizing the special 
index in combination with the information provided by 
the accumulator sign bit to effectuate alternate choice 
operation, consider the flow chart shown in FIG. 4 for 
multiplying two binary numbers together. In this appli 
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cation the sign bit is employed as a value indicator for 
determining whether or not the multiplicand is added. 
Assume that the computer is arranged to have a double 
length accumulator, as shown in FIG. 5, so that initially 
the multiplier may be placed in the left most bits (upper 
half) and the lower half may be set to zero. The sign bit 
of the accumulator is used to determine whether or not 
the multiplicand is to be added to the partial sum after 
each left shift of the accumulator. in essence, each of 
the multiplier bits is successively examined as to sign 
and discarded by a left shift operationwhich also has 
the effect of left shifting the partial sum for proper ad 
dition of the multiplicand (or zero) depending upon the 
sign of the next multiplier digit. Thus, if the sign bit = 
1, addition of the multiplicand is performed, otherwise 
not. When a number of shifts equal to the number of 
bits of the multiplier has been performed, the multipli 
cation routine will be complete and the product will be 
contained in the double length accumulator. By adding 
three more instructions, namely: 
RSA - Right Shift Accumulator 
LSA - Left Shift Accumulator 

ADR(M),1 - Add contents of memory location (M) 
to right half of accumulator as indexed by sign of accu 
mulator, , 

a loop for implementing the algorithm using sign bit in 
dexing may be written as: 

ADR(M),l 
LSA 

DIJB(2) 
RSA wherein M contains the value zero, M + 1 

contains the multiplicand and DIJB( 2) is followed by 
the number of bits of the multiplier. In FIG. 6 an 
example is given showing the various states of the 
accumulator in executing the multiplicantion of two 

four-bit numbers according to the dictates of the above 
loop. The multiplicand is taken to be 3(0011) and the 
multiplier is taken to be 6(0110). initially, the upper 
half of the accumulator contains the multiplier (0] l0) 
and the lower half is coded with zeros. It will be seen 
that one right shift of the accumulator contents (step 
10) is required to properly position the product 18 

(00010010) in the accumulator following the last left 
shift (step 9). 

As a further example of the potency of sign bit index 
ing, consider the application of the concept to a condi 
tional jump instruction. in the standard jump instruc 
tion, the computer is instructed to take the next in 
struction in sequence or, alternatively, to take the next 
instruction from some part of the memory other than 
the usual sequence. The decision as to which course is 
to be followed will typically depend upon a comparison 
of stored values, e.g., 
Negative Jump — If accumulator is negative, take next 

instruction from address a. If accumulator is positive, 
continue in sequence. 

Positive Jump - lf accumulator is positive, take next 
instruction from address a. If accumulator is negative, 
continue in sequence. 
Zero Jump — If accumulator is zero, take next instruc 

tion from address or; otherwise continue in sequence. 
As evidenced by each of the above standard instruc 
tions, the programmer has a choice between two loca 
tions. With a sign bit indexing computer however, a 
four-way jump is available. Thus, assume that the jump 
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6 
instruction provides that a jump is to be made to a new 
location ,6, if the contents of the accumulator is odd. 
Accordingly, a jump instruction stored in location (a — 
1) will cause the next instruction (at) to be taken in se 
quence or, alternatively, the next instruction will be 
taken from cell ,8 depending upon the state of the least 
signi?cant bit of the accumulator as indicated in FIG. 
‘7a. Now, if accumulator sign bit indexing is employed, 
and if the low order bit is odd, the address B will be in 
dexed by one if the contents of the accumulator is neg 
ative, i.e., the next instruction will be taken from mems 
ory cell [3 or 3+1 depending upon the algebraic sign of 
the contents of the accumulator. if, however, the con 
tents of the accumulator is even, the next instruction 
will be taken from a or a+l depending upon the sign 
bit of the accumulator. The four possible combinations 
may therefore be summarized as shown in FIG. 7b. 
FIG. 8 shows a block diagram illustrating the various 

flow paths in a preferred arrangement for practicing 
the invention. The memory 2 is divided into eight 
pages. Each page corresponds to a word capacity of 
512 words. Each word in the memory is nine bits. A 
complete instruction word for the machine is 18 bits 
but only the first nine bits are stored in the nine bit in 
struction register 14. The last nine bits specify the ad 
dress of the operand — this information being stored in 
the next word in memory. The ?rst bit I, of the instruc 
tion register 14 indicates whether or not the address of 
the operand is to be indexed. The second bit is used to 
designate the page in the memory, i.e., the present page 
or page one of the memory. The third bit is used for in 
direct addressing. The remaining six bits of the instruc 
tion register specify the command (i.e., add, subtract, 
multiply, etc.). The indexing feature requires three cy 
cles (two fetch and one execute cycle) which may be 
described as follows: 
During the ?rst fetch cycle F, the memory address 

register is loaded (via line 33) with the address of the 
instruction to be executed. The instruction stored in 
this address is transferred to the memory buffer register 
22. These nine bits specify the command portion of the 
instruction and are transferred during F, to the instruc 
tion register 14 as indicated by the path 34. 
The contents of the memory address register 21, are 

also augmented by one at the end of the F, cycle via the 
adder 23. This operation is indicated by the paths 35 
and 36. At this time the memory address register will 
thus specify the address of the second portion of the in 
struction. 
During the F, cycle, the second part of the instruc 

tion (the operand address) is transferred to the mem 
ory buffer register 22 and then to the adder 23, as indi 
cated by path 37. This address is then incremented by 
one via adder 23, if the index bit I, of the instruction 
register 14 is true (i.e., indexing is commanded) and if 
the contents of the accumulator is negative (sign bit = 
1). Logic means 8 is typically an "AND" gate whose 
output is true only if A, and I, are both true. The result 
of this addition is transferred from the adder to the 
memory address register via path 36. 
During the execute cycle E, the operand speci?ed by 

the address stored in the memory address register 21 is 
transferred to the buffer register 22 and then to the 
arithmetic unit (as indicated by 39) for execution in ac 
cordance with the instruction command as decoded by 
the command decode logic (path 40). The program 
counter 24 is then augmented by two counts and the 
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next F1 cycle is commenced by storing the address of 
the ?rst portion of the next instruction in the memory 
address register 21. 
The indexing feature may be used to perform almost 

any type of alternate choice operation. Furthermore, 
the sign of the accumulator may be taken to represent 
the sign of a number (as in the ?rst example) or the 
value of a selected bit (as in the second and third exam 
ples). As previously mentioned, the indexing may be 
applied to numerous other instructions such as load, 
store, subtract, subtract outputs, inputs, etc. In com 
puters containing indirect addressing capability (i.e., 
where the instruction is used to specify not the address 
of the operand, but rather the location where the ad 
dress of the operand may be found), the indexing fea 
ture of the present invention may be employed to pro 
vide an alternative between different pointers of ad 
dresses of operands. In this application, the operands of 
interest may be stored anywhere in the memory and the 
instruction is used to effectuate the choice between two 
addresses which specify the actual operand locations. 
Although preferred embodiments of the present in 

vention have been shown and described herein, it is un 
derstood that the invention is not limited thereto, and 
that numerous changes and modifications may be made 
without departing from the spirit of the invention. 
We claim: 
I. A digital computer (comprising) having a control 

unit, a memory for storing instructions having a com 
mand ?eld and an operand address field, and an arith 
metic unit including an accumulator wherein the im 
provement comprises: 
(an accumulator having) a particular bit position in 

said accumualator for representing the sign of in 
formation contained in said accumulator; 

logic means for identifying the state of said sign bit; 
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8 
instruction register means within said control unit re 
sponsive to the transfer of an instruction from said 
memory for storing the instruction currently being 
executed; 

arithmetic means within said arithmetic unit respon 
sively connected to said logic means for modifying 
the operand address of the instruction which is 
stored in said instruction register means and is cur 
rently being executed, based upon whether the 
state of said sign bit of said accumulator is a binary 
one or a binary zero. 

2. In a digital computer (comprisingz) 
having‘a memory for storing instructions having a com 
mand ?eld and an operand address ?eld and having an 
arithmetic unit which includes an accumulator, the im 
provement which comprises: 

(and accumulators having) a particular bit position in 
said accumulator for representing the sign of infor 
mation contained in said accumulator; 

instruction register means for storing the instruction 
currently being executed; 

control means responsive to unmodified instructions 
for executing the instruction upon an operand 
speci?ed by the address of the instruction irrespec 
tive of the state of said sign bit; 

means for sensing the sign bit of said instruction reg 
ister; 

(control) arithmetic means responsively connected 
to said memory and responsively connected to said 
means for sensing the sign bit modi?ed instruc 
tions, for altering the address where the operand of 
the instruction being executed is stored based upon 
whether said sign bit is a binary one'or a binary 
zero. 
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