Phe Atlas B Adder (Full Paraliel Adder)

The B Adder is & parallel type adder amnd to illuastrate
the methed of operaticm it is omly mecessary te comsider the
action of the circuit om ome peir of imput digits (z and y)
and tho effect of tke “carry" or "mo carry" from the additien
of other digits in other circuits,

The informatioa on the x and y inpuis to the edder is im
the form of 24 address bits or the comtemte of o B register
again 24 bits, oach digit beoing at the imputs to the various
Adder Input Boards simulteneocusly.

The boards used to form the complete adder are as follows:=

Type 813 Adder Input Board
Type 812 Carry Board
Typs 814 Adder Output Board

Diagram & shows the logic of each board and the mamner
in which one set of boards {(a section of one met) is inter-
comnected,

The facilities offered by the adder are, addition (=+y):
subtrection {x-y) and reverse subtrection {y-x).

Five signels are teken from the Adder Imput Board and used
to contrel the operatiomn of the Carry Board and Addsr Output
Boards,

The parallel adder ia to¢ be presemted with the numbers to
be added, simultameously, adde each peir of digits as o
separate unit, aad produces a cerry, if mecessary, to be
available insteptly as en effect im the mext cirguit where
the next peir of digits are beimg aummed, The procesa is
ropeated for each pair of digits im the numbers being added.

In order to follew the opersation of the adder, it is
necessary tc kmow the voltage levels produced in the different

circuits,

They are as followa:



Outputs from the Adder Input Board:

g = +2,0V

TA (TBA)\ 9t B +3,0V

8 (TBB) to Carry Board 137 £ «ve potentiel
7¢ (TBC)

A (+e8) 1 45 aqder Gutput Board

/Y

Outputs from Cerry Board

(+8b~ 110 = =0,5V
)J

€ carry fros previous circuit 199 24+1,8V
117 240,33V

Ct* carry produced by curremnt additiom °0°
049

Adder Output Board

T 41,8V
= '!'00 SV

A current of OmA switched im the output gircuit represenis

a ‘0! level at the output S,

A curremt of lmiA switched in the output circuit represents

a "1? lovel at the oubtput S,

S 107 = +2,0V
137 2 0,8V

Phese ere atandard Atlas levels for '¢° and 17

Ogerntion

Reference should be made te Diegram 1.

Agsume both = and y to be "ip? amd that the mode of

eporation is addition.

The getes at the impaut will be strobed by ‘add' amd i?
followa (eimce the gates ere megative ‘emds’ followed by
negative iors') that the only gates producing am output

wvill be A4, E end F.

The outputs from this board (813) will De:

A 0 T8 =41 TC®O0
i

A 0

fi W

T
i

w



The first three control the carry circuite end the laiter
tvo the Adder Output Board.

The addition of x amd y where x = y = 1 mugt produce
8 zoro in the sum (2) output circmit end must also propogete
& carry imto the next circuit inatantly,

Carry Board

As steted asbove; TA; TB and TC control the action of the
carry circuiits, The effect of a negative voltage at the base
circnit pims io.e. pime 12, 13, 14 is to 'clamp’ the emitter
at tho potemtiael of the collector, It will Lo noticed thet
cach tremsistor TRE and TRT hes e diffevent ‘clamp’ potemtial
+1,8V and +0.3V respectively, these representing ‘cerry 07
and ‘carry 1° respectively. The clamp level of TR8 depeonds
upon the prosence of a cerry or not im the previous circuit
aand therefore it im possible to ellovw this carry imto the
circuit providimng TBA goes negative,

On diagram i1, these tramsisters are reprosemted by switches
which will be closed wvheom & negative voltage is applied from
the Adder Input Board,

The first section eof the first Carry Board is a special
circuit which aliows the different facilites,

On additiom ond subtraction (Norwnl .), TR1 emitter is
held &t +38 V which represents a '0°, both TRE2 amd TR3 are
held off thus, the first pair of digits for additiom cam
only be presented with & carry = 0.

On reverse subiractiom & aimiler proceess is cerried out,
but is this case TR3 is switched on and produces & coarry = 1
which is aveilable to the next circuit providing TA is negetive,

In the caso beimg considered thetofore, the previous
carry = 0 end TA = 0 (+8,0V)
™ = 1 (=ve poteatiasl)
C = ¢ (+3.0V)
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The action of theame levels op the carry circuit is to
switch om TR7, simce TB is applied to this circuit. The
remaining tramsiators remain off. This produces ¢ "1 level
on the C' lime which forme ithe carry to thc mext circuit eand

also after beimg epplied te an emitter follower becomes o
level comtrelling the Adder Output circuid,

There are six idemticel circuits por carry board.

Adder Dutgut

The inputs o this boerd are A Asnd C!. C' is eguivalent
to 1 is explaimed in the lest paragraph,

The & imput is used om addition and subiractiom. The
selection of these imputls is determined by tvwo strobes:-
st{x~y) for subtractionm end st{xz+y) for additiom and reverse
subbtraction,

The imput levels effectively control the awitching of twe
conatant curremt sources whickh are able teo nupﬁly either imA
or 9mA to the output circuits., The latter curremt is the totel
vhen "oth sources are availablo. The levelas represented by
inA and 9mA respectively, at the output, ere ¢ amd 1,

The transistor circuit iz showvn om Diagrem 3. The
tramsistors are represented by switches on the logiec diagram
(diegram 1),

In the example takem, A is equivalent to o 1 level and by
reference vo the switching bay om diagram &1, it will be meen
that BmA is avitiched inte the lefé bend circuit.

The carry C? from the previous carry circuit, is ‘0%, i.e
+1.8V amd the twe "awitches" will be im such e 'podition
that OmA is svitched to the 8 outlput eircuitry preducing a
rise in potemtial which is level chamged to the stsnderd
level for '0' at the output °'S°,

Thus, the circuits have preduced a “cairy’ %o the next
section end the resuli of addition is 0 vhere x=y=i at the
ianput.
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A trUth table can be dravn up; sssumimg the four possible
combinations of x and y end easseming either a 0 or 1 stele
for the previeus earry., Iz this way all possible resulis
say be tabulated.

Tables for addition, subtraction amd reverse subirsction
ave shown in diegrams 4, 5 and 8 respectively.

By inspection of these tables; certain comstanis can
be deduced,

Addition

The outputs TBA, TEB, TBC cam be represented Ly the
following:-

TBA elways gives the same result as non-equivelemt x with y
e.g, vhen X = y = 0 : TA = O
whes X » 1 and ¥y = 0 3 T4 » 1

Thus, TA con be said to be represented by (xZy). Similer
deductions cen be made for TB amd TC, except that TB produces
the same result as collating x omd y, 3.e. TB = (x&y), and

TC gives the some result as collating X ond ¥ i.e. TC = (x&y).

From thism it follows thet A being the out of phase version
of TA ia oquivalent to (x = y), i.e. when x = y then X = i

The imputs to the Adder Output cam be said to be (xFy)
and {z¥y) respectively, the former being used om additiom
vwhich meens thet whenover x = y the adder imput is 1, amd 0
in the other casses. The carry cem alsc be related to the
inputs.

From these idess & relationghip between the conditioms
of x and y and the carry ¢’ can be shown to hold.

These rolationsbips are as follows {(refer to diagram 4):=

When * &y =1 ¢ =0
& y=1 ct! = 1

x 7y ¢! = ¢



Subtraction

Different strobes are used on adder input and adder o
output boards, bui o truth table can be made up om the same
prianciples as for additioan,

Diegram 8§ ashows the truth table.
The relationships are:-

Whon x & y » 1 b = 0
X&ywt P! = 1
==y b'! = B

b’ heing the future borrow
B being the previous borrow,

leverse subtractieon

The strobes are the normal addition sbrobes, but in this
case the first cirenit of the Rirst carry board produces a
i level. Thus a 1 level controls the first Adder cutput
and is & constent level. c¢' remasins umder the contrel of
TAy, TB amd TC, Again a similer process os in addition and
subtraction will produce e truth teble which vill reveal
the folloving relatiomships Bpom imspection:-

When x &7y =1 b = g
T&ya=1 b = 0
X =y b' = B

Control Adder (Half Adder)

Refer to diagram 7,

The Control Half Adder consistas of three different types
of board, namelyi~

Type 811 Adder Input
Type 812 Carry Board
Type 814 Adder Outpud

The latter two operate in exactly the suame way as
seacribed for the B Adder circuit.

The firat section of the Cerry Board, in this case,
produces a level (+0.3V) equivalemt to "all 1%s", Therefore
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this is the comastant potential controllimg the two "switches"”
in the 1st Adder Output cireuit., The +0,3V level comtrol
"awitch™ im the cerry section is permamemtly held off, i.e.
only two imputs are reguired, They are TA and TC amd the
Adder Imput produces these waveferms. (TB is replaced by

the +0,3V described above), There is mo y input to this adder.

The digit im pesition AK3 (loast significent digit of
the address) controls the adder output board, The carry i
input to this circuit is perwmaenently 40,3V, The effect of
these comtrels is to produce a carry if AE is o & and no
carry if AK is 0, The sum digit will be 0 and i respectively,

A1l other circuits i.e, Carry Boards and Adder Outputs
then operate as described for the B adder,

A truth tgble is showa in diagram 9,
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ADDITION B _ADDER

(813) ADDER _INPUT BOARD (ouTruTs)
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Diagrem 4
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Rules for adder: ADDIFION

it s &ye=4
Tay =1

xRy

c' = 1
g? = @

e = C

(x=y)

i
i
o
0
1
i
0
o
1

CARRY BOARD (812) ADDER o/P (814)

Assume
¢

0
0
9
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i
1
i
1

Then
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Say = 1
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g&ye=1
T&y=1
x#y

®:
sky=1

w 2 O © = a e



SUBTRACTION:

B_ADDER

{818) ADDER 1/P BOARD (OUTPUTS)

o Q0 = owm OO
O S e D e O

Diagram 8,

(x=y)

TBA

L~ I - - -

&ay) (=a¥)

TBD TBC
0 0
1 0

0 1
0 0
0 0
1 0
0 1
0 0

Rulea for adder:

(£=y)
A

QD o e O O

subdtraction

x&y=1 b’ =0
; & y = 1 b? = &

E =y

B

s B

(=fy)
f

D e e QT s s D

CARRY BOARD (812)ADDER 0/P (814)

Assume

B

o o o O @ O

Thean
bn

o

1
0
0
i
1
2
i

Pifference

O D o D o s D

vhen

x5y
;&yzl
x&kyni
Xzy
X2y
;&ynl
x&ys=1
=y

b'=B
b'=1
b’=0
b'=B
bi=B
b'=1
bi=0
b'=B
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CONTROL HALF ADDER

AK I TaE TCH € C' 8

Original digit = 1

Anaver (S) e 0 equivalent to edding 1 to the origimel digit
Carry = 1

a2k XK TAaH TCH C C°

¢ i 0 1 , SRR 1

Original digit = 0
Ansver (8) =1 equivalent to addimg 1 to the odginel digit

Carry = 0

Diagrem ©




