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REFERENCE MANUAL for GPU

General Processing Unit designed for double precision floating-
point arithmetic after Wilkinson. The double precision orders
are processed by the DPU (Double Processing Unit).

Basic model is the CPUS811.
The instructions are extended and modified.

Modifications

The GPU will turn off the MONITORMODE and ESCAPEMODE.
The GPU tests that the instructions are taken from an area

limited by code_low and code_top given in the message to the
GPU.
No registers are dumped in case of errors.

The following instructions are illegal

illegal : di 29 data in illegal
illegal : do 1 data out illegal
illegal : gg 28 general get illegal
illegal : gp 47 general put illegal
illegal : jd 14 jump disable illegal
illegal : je 15 jump enable illegal
illegal : re 22 return from escape illegal
illegal : ri 12 return from interrupt illegal

The following instructions are changed

changed : jl 13  jump link changed
The following instructions are new
new : gpustop 0 new
new : gpusgrt 1 new
new : gpucmvs 29 vector sub (vector
mult constant) new
new : gpuadd 30 new
new : gpusub 31 new
new : gpucmva 47 vector add (vector
mult constant) new
new : gpumla 58 repetive mult add new
new : gpuarm 59 mult accumulator new
new : gpuinv 60 invert ’ new
new : gpustr | 61 store new
new : gpured 62 autoreduction new
new : gpuinit 63 new

The GPU can not be autoloaded.



The following procedures are changed or new

procedure get address;
escapemode is always false.

procedure getdwd;

begin
getdoublel;
getdouble?2;

end; '

procedure get instruction;

comment instructions must be found between code_low and code_top,

else is a jump made to codeviolation;
begin
if addr(23)=1 then addr := addr-1;
if code low <= addr + base < code_top then
begin
aq := addr + base;
goto ifetch;
end
else
goto code_violation;

ifetch: instruction := word(aq);
if buserror then goto test_bus;
pic := aq(1:23);
after ifetch:
fetchedq := true;

end;

procedure normalize and round;
comment only the unflow/overflow routine has been
if exp(0:11) <> signextended expq(1l2) then
begin :
if expq > O then
begin »
ex(22) := 1;
if floating point exception active then
goto floating point exceptionj;
end
else
dregw := 0.0; <* underflow .*>
end ;

procedure set busexception;

Does not exist.

changed



procedure exit to program;

Does not exist.

procedure next instruction;

begin
if interrupt flag then goto external interrupt;
if fetchedq then fetchedq := false else
begin

pic := pic + 2;
if code_low <= pic < code_top then
begin

instruction := word(pic);
if buserror then goto testbus;
end
else goto code_violation;
end;

:= instruction(0:5);
instruction(6:7);
instruction(8:9);
instruction(10:11);

signextended instruction(12:23);

O X7

aswitchq := after am con M;

goto case aswitchq of
( direct, indirect, relative, relative
amdirect, amindirect, amrelative, amrelative

goto case F of
( gpustop, gpusqrt, bl, hl, la, lo, 1x, wa,
ws, am, wm, al, illop, jl, illop, illop,
x1l, bs, ba, bz, rl, sp, illop, rs,

indirect,
indirect):

wd, rx, hs, xs, illop, gpucmvs, gpuadd, gpusub,

ci, ac, ns, nd, as, ad, ls, 1d,
sh, sl, se, sn, so, sz, sx, gpucmva,
fa, fs, fm, ks, fd, cf, dl1, ds,

aa, ss, gpumla, gpuarm, gpuinv, gpustr, gpured, gpuinit);

end;

procedure test interrupt;
comment interrupt during dpu working;

begin
work?2 := interrupt level;
if work2 = 0 then goto power up;

clear interrupt;

if work2 >= 8 then

begin
wait 77 microsec; <* dpu must be finished *>
opq := work2;
goto external interrupt;

end ;

end ;



procedure wait dpu;

comment to finish operation;

begin

WDPU:
if interrupt flag then test interrupt;
if dpu not ready then goto WDPU;

q := dpu status(22:23);
status := status + q;
if q <> 0 and floating point exception
goto floating point exception;
end;

procedure store opq;
comment opq is stored in word pointed by
begin
if lowlim <= addr + base < uplim then
begin
word(addr + base) := opq;
if buserror then goto operand error;
end
else
goto program exception;
end ;

procedure store dopq;

active then

addr inside writelimits;

comment store oplq con opq in words (addr-2) con addr;

begin
if lowlim <= addr + base < uplim then
begin

word(addr + base) := opq;

if bus_error then goto operand error;

if lowlim <= addr + base - 2 then
begin
word(addr + base - 2) := opq;

if buserror then goto operand error;

end
else
begin
addr := addr - 2;
if addr < 8 then reg(addr)
else goto program exception;
end;
end;
else
if 0 <=
begin
reg(addr) := opq;
addr := addr - 2;
reg(addr) := oplq;
end
else
goto program exception;
end;

addr < 8 then

:= oplgq



proced

commen

begin
opq
gpu

ure square root;
t diagonal element in cholesky reduction;

:= SP16 and 8.2000,0000; <* no clear, normalized store *)

initl;

<{* gpu init returns to next microinstruction when called

a
regw
gpu

s procedure *)>
i= 6
str; <* w2 con w3 := accumulator *>

<* gpu str returns to next micro when called as procedure *)>

work
work
<k e

4 := sign_extended(work4(12:23));
2 := sign_extended(w3(12:23)) - worké;
xp loss *>

work3 := SP17 + 22; <* nQ *>
addr := work3 - 2; <* b4 *>
get word; <* status base *>
work5 :=
addr = opq + wl + wl; <* status addr *>
oplg := 1; <* normal dia result *>
if regw > O then
begin
opq := opgq;
store dopgq;
addr := work3 - 4; <* b6 *>
get word;
if opq > work4 <* exp_lim > exp_loss *> then
begin
gpu sqrt;

{* gpu sqrt returns to next microinstruction
as procedure *)>
regw := SP16 and 8,.3000,0000; <* no clear *>

gpu initl;
<* gpu init return to next micro when called
oplq := w2;
opq = w3;
regw := RTC; <* addr_A = store addr *>
gpu invl;
<* gpu inv returns to next micro when called
end
else
begin

oplq := 3; <* diaresult 3 : zero by exp_loss
dia exception;

end;

end

else

begi
op

opq

n
1q if result = 0 then 4 else 3;

0; <* exp_loss *>

dia exception;

end;

work3 := SP17 - 4;
goto BFICI;

end;

when called

as procedure *)

as procedure *>

*>



procedure dpu error;

begin
status := status + q; <* q = exceptionbits *>
if floating point exception active then
goto floating point exception;

end;

procedure dia exception;

begin
addr := work5; <* status addr *>
store dopgq;
oplq := 0;
opq := 1 shift 11; <* 0.0 *>

addr := RTC; <* addr_A = store addr *>
store dopgq;
end;



Instruction excecution.
sl e s o sl sl sk ke sk sk sk 3k sk ok sk sk ok ok koK

aa: see (1).
ac: do
ad: do
al: do
am: do
as: do
cfs do
ci: do

di: <* illegal *> goto illop;
dl: see (1).
do: <* illegal *> goto illop;
ds: see (1).

ea: do
el: do
es: do
fa: do
fd: do
fm: do
fs: do

gg: <* illegal *> goto illop;
gp: <* illegal *> goto illop;

gpuadd:
comment "double floating point add to accumulator"
If addr = 0 then (the double floatingpoint dreg(w) con
(the double floatingpoint dreg(w) con dreg(w+addr)) is
the DPU accumulator AR by the sign given in MODUS (see
If MODUS(1) = O then positive sign else negative sign.
Numeric code : 30;
begin
work3 := 0O;
gpu_add2:
if addr = 0O then
begin
opq := 0;
oplq := O3
end
else
begin
addr := addr + regw;
getdwd;
opq(12:23) := work3(12:23);
end;
start dpull;
addr := regw;
add2:
getdw;
start dpu;
ex(22:23) := 0;
wait dpu;
goto next instruction;
end;

0.0) else
added to
gpuinit).



gpuarm:
comment '"set accumulator equal to
accumulator multiplied by floating point"

The floating point dreg(addr) is multiplied by the DPU accumulator
and the result is placed in the DPU accumulator.
Numeric code : 59;
begin
getdwd;
start dpuarm;
ex(22:23) := 0;
wait dpu;
got next instruction;
end;

gpucmva:

comment "constant mult vector add vector and store in last vector" .
The contant given by the effective address is multiplied by the
doubleword poointed by regpre an added to the doubleword pointed
by regw. The doubleword result is stored in the doubleword pointed
by regw. regpre and regw is increased by four. The register wO
gives the number of repetitions.

Numeric code : 47

begin
CAUSE := 0;
ILIM := 8.4000_4000; <* clear AR, blexp = -2048 *>
goto cmv;

end ;

gpucmvs:
comment "constant mult vector subtract from vector
and store in last vector"
The constant given by the effective address is multiplied by
the doubleword pointed by regpre and subtracted from the double- '
word pointed by regw. The doubleword result is stored in the
address given by regw. regpre and regw is increased by four.
The register wO gives the number of repetitions.

Numeric code : 31;
begin
CAUSE := 8.0000_7777; <* minus *)
ILIM = 8.6000_4000; <* clear AR, sub, bockexp = -2048 *>
cmv s
status(22:23) := 0;
wor k3 := 35
if wO > O then
begin
get dwd;
if oplq <> 0 and opq <> (1 shift 11) then
begin
SP16 := oplq;
SP17 := opq;



while wO > 0 do
begin

addr := reg pre;
get dwd;
if oplq <> 0 and opq <> (1 shift 11) then
begin
q := oplg;
oplq := ILIM;
gpu_initl;
<* gpu modusl will return in next microstep when
called as procedure *>
start dpusl;
addr := reg_w;
start dpu; <* whith c *>
<* (q,opq) * (SP16,SP17) *>

get dwd;

W3:

if interrupt flag then test_interrupt;

if dpu_not_ready then goto W3;

if dpu_status(22:23) <> O then dpu_error;

if oplq <> 0 and opq <> (1 shift 11) then
begin
start dpull; <* 0, CAUSE *>
addr := reg_w;
add2;
<{*¥ gpu add2 returns to next microstep when called
as procedure *>
end;

start dpustr; <* single *>

gpu inv3;

<* gpu inv3 returns to next microstep when called
as procedure *>

end <* multiplicand = 0.0 *>;

reg w = reg w + 4
reg _pre := reg pre + 4;
w0 = w0 - 1;

end w0 > N k>,



gpuinit:
comment '"store register in DPU register MODUS"

The word pointed by the effective address is loaded into the DPU
register MODUS. The first 12 bits is handled as modusbits and the
last 12 bits as block_exponent used in block_floatingmode.

bits " used in function

b(0) gpuinit 0O : none 1 ¢ AR := 0.0

b(1l) gpuadd ) add sub

b(1) gpumla ( 0 : add 1 : sub

b(1) gpusub ) sub add

b(2) gpuadd )

b(2) gpumla ( 0 : normalize AR 1 : not normalize AR

b(2) gpusub )

b(2) gpuinv J( O : normalized rounded result

b(2) gpustr * Y( 1 : blockfloated rounded result

*) w(2) = 1 has no effect in single store, i.e. normalized rounded
result :

blockfloated means that the mantissa is shifted to the right or to
the left until the mantissa is normalized or the exponent is equal
to the block_exponent.

Numeric code : 63;

begin
get_word;
gpuinitl:
oplq := opq(0:11) con (1 shift 7);
opq := opq(12:23);
start dpuinit;
W7:
if interruptflag then testinterrupt;
if dpu not ready then goto W7;
goto next instruction;

end;
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gpuinv:

comment "invert floatingpoint and store".

The floating point pointed by the effective address is inverted
and the result is stored in the doubleword pointed by register w.
Numeric code : 60;

begin
getdwd;
if -, mormalized then
begin
work5 := reg w;
work2 := sign_ext(opq(12:23));

opq(12:23) := 0;
normalize and round;
opq := reg w;

oplq := reg _pre;
if zero then
begin

q := 2

status(22:23) := 0;
dpu_error;
oplq := 0;
opq := 4096; <* 0.0 *>
goto z_str_2;
end;
end ;

begin
gpu_inv_1:
start dpuinv;
gpu_inv_2:
addr := regw;
gpu_inv_3:
ex(22:23) := 0;
W4
if interrupt flag then testinetrrupt;
if dpu not ready then goto W4;
oplq := dpuresultO
opq := dpuresultl
store dopq;
if dpu_ex(22:23) <> O then
begin
ex(22:23) := dpu_ex(22:23);
if floating point exception active then
goto floatingpointexception;
end;
end;
goto next instruction;
end ;



comment "repetitive mult and add to accumulator".

The two floating point numbers addressed by w and wpre is mul-
tiplied and added to the accumulator with the sign given in
modus(l). then the addresses are increased by 4. The repetition
count in w0 is then decreased and if notzero the procedure is
repeated.

NB : At return one addres is equal to the divisor_addr during
-- cholesky-reduction of a matrix.

Numeric code : 58;

if wO > O then
begin
gpu_mla_1:
ex(22:23) := 0;

while wO > 0 do

begin
addr := regw;
getdwd;
if oplq <> 0 and opq <> (1 shift 11) <* 0.0 *> then
begin
worké4 := oplq;
work5 := opgq;
addr = regpre;
getdwd;
if oplq <> 0 and opq <> (1 shift 11) <* 0.0 *> then
begin
Wl:
if interrupt flag then test_interrupt;
if dpu not ready then goto Wl;
if dpu_status(22:23) <> 0 then
dpu_error;
start dpusl;
reg_pre := reg pre + 4;
reg w = reg_w + 4
i/o_addr := 0;
start dpu; <* with worké4, work5 *>
go_to mla_cl;
end;
end;
regpre := regpre + 4;
regw 1= regw + 4
mla_cl:

wO := w0 - 1;
end wO > 0 loop;

wait dpu;
goto next instruction;
end ;



comment
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"cholesky-reduction of a datamatic block of columns in

blockfloating mode"

The instruction must use w3 as regw and wl as regx and the address
must point to address c5 in the working area

gpured

w3 xl1 c5.

wl need not be zero as it is subtracted from the address.

working area

b0
céh

c3

b7
n2
cl
cO

nll
b5
cS5
cb

nl3

b8

b6
b4

n0
bl

c2
b3
b2

Numeric code

1]

base of worklng area ; CAT_I1U + nlu_base

b0 + 2 AUTORED

b0 + 4 LR = last_reduced column

b0 + 6 (R_max + 1) Helmert block_red_limit.

b0 + 8 SZU = Saved Zeroes in Unreduced coulmb

b0 + 10 CAT_SZR + nlr_base, base of SAved Zeroes Reduced..

b0 + 12 CAT _I1R + nlr base, index of first nonzero element
in reduced column.

bO + 14 : 4 * (R_MAX + 1) = 2 * word(b7)

b0 + 16 tail_displacement.

b0 + 18 accu_mode -> addsign

b0 + 20 block_exp_r + nlr_base, base of catalog on exponents
of reduced columns to be subtracted from the expo-
nent of the element under reduction to make it a
block_floating number.

b0 + 22 block_exp_u , to be subtracted from the exponent
of the element under reduction,

b0 + 24 block_exp_u + nlu_base, base of catalog on exponents
of unreduced column to be e.t.c.

b0 + 26 exp_lim, max acceptable loss of binals.

b0 + 28 status + nlu_base, base of catalog of statusarea of
unreduced elements.

b0 + 30 U, index of unreduced column.

b0 + 32 cat_szu + nlu_base, base of catalog of saved zeroes
of unreduced columns

b0 + 34 FR, first index of reduced column in datamatic block

b0 + 36 LU, last index of unreduced column in datamatic block

b0 + 38 FU, first index of unreduced column in

62;



begin

q ¢t= addr - regx;

w0 := 03

reg x = 1;

reg pre := 2;

reg w = 33

if wl <> 1 then goto illop;
if w3 <> 3 then goto illop;
addr := q;

get word;
work4 := 8.1000,0000 and oplq; <*bl _fl bit *>

work5 := oplq(12:23, 0:11);
work3 := (8.2000,0000 and work5 <* sign_bit *>) or worké4;
oplgqg = 8.0000,7777 and oplq;
store opq;

oplq := 8.4000,0000 or work3;
workd := work4(12:23, 0:11);
SP16 = worké4 or oplg;

addr := addr - 12; <* b7 *>
SP17 = addr + 2;

get word;

opq = opq + opq;

work5 := addr - 2; <* c3 *>
addr = q - 4; <*¥ nll *>

store opq;
work4 := addr + 20; <* c2 *>
addr := workéd + 4; <*¥ b2 *>
get word;
addr := work4 - 4; <*¥ n0 *>
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NEXT COL:

store opq;

work3 := opq;

addr := work5 - 2; <* c4 *>

get word;

if opq <> 0O then

begin <* AUTORED *>
addr := work5; <* c3 *>
opq := work3; <* U *>
store opq;

end;

addr := work5 - 4; <* b0 *>
get word;
addr := opq + work3; <* addr I1lU *>

get word;
CAUSE := opq; <* IlU *>

addr := work4 - 2; <* bl *>

get word;

addr := opq + work3; <* addr SZU *>
get word;

work2 := opq + opq;

addr := work5 + 23 <* b7 *>
get word;

if work2 <= opq then

begin <* SZU*2 <= RMAX+1 *>

addr := SP17; <* N2 *>
opq := work2; <* SZU *>
store opq;

if (8.0000,7777 and SP16 <> 0 ) then
begin
work5 := addr:= work5 + 20; <* b8 *>
‘ get word;
addr := opq + work3; <* addr EXP_U *>
get word;
addr := work5 - 2; <* nl3 *)
store opq;
end;

addr := worké4; <* c2 *>
get word;
regx i= Op

q; <* FR *>
work3 := SP17;

<* n2 *>
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NEXT REDUCED:
get word;
if regx >= opgq - 1 then
begin <* R >= SZU - 1 *>
work5 := opq; <* SZU *>

addr := addr + 4; <* c0 *>

get word;

addr := opq + regx; <* addr I1R *>
get word;

regpre := opq; <* IIR *>

addr := work3 + 2; <* cl *)

get word;

addr := opq + regx; <* addr SZR *>

get word;

opq := opq + opq; <* 2 * SZR *> ‘

if opq < work5 then
opq := work5 <* SZR := SZU *)>;

work2 := opgq;

addr = work3 - 2; <* b7 *>
get word;

if work2 < opq then

begin <* SZR < (RMAX+1l) *>

work2 := work2 + work2; <* 2%SZR *>
regpre := regpre + work2; <* addr_B *>
work5 := regx + regx; <* 2 * R *)

RTC := CAUSE + work5; <* accu_addr_A *>
work4 := CAUSE + work2; <* addr_A *>

addr := addr + 8; <* nll *>
get word;
if work5 >= (RMAX+1)*4 then ‘
begin
work5 := workO; <* (RMAX+1)*4 *)
ILIM := 0; <* full_red := false *>
end
else
ILIM := -1; <* full_red := true *>

work5 := work5 - work2; <* MAX_R - SZR *>
if workS5 < O then work5 := 0O;
work5 := work5 shift (-2); <* repetition_count *)

opq := 8.7777,0000 and SP16; <* MODUS *>
gpuinitl; <* when called as a procedure gpuinit returns to
the next microprogramstep in stead of next instr *>

regw := worké4; <* addr_A *>
wO := work5; <* repetition_count *>
gpumlal; <* when called as a procedure gpumla returns to the

next microprogramstep in stead of next instruction *>
comment at return is w2 = wpre equal to divisor_addr; .
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reg w :=
wO := w2 - reg w; <* if DIA then 0 else <> 0 *>

work?2
addr

workd4d + 12; <* c6 *>

if (8.0000,7777 and SP16) <> O then
begin

get word;

addr := opq + regx; <* addr EXP_R *>

get word;

work3 := opq; <* EXP_R *>

addr := work2 + 2; <* nl3 *>

get word;

work3 := work3 + opq; <* EXP_R + EXP_U *>
end
else work3 := 0;

addr := work2 - 2; <* ¢5 *>
get word;
work4 := opq; <* add_sign *>
addr := addr - 2; <* b5 *>
get word;
work5 := opq; <* tail_disp *>
addr := RTC + opq; <* tail_addr_A *>
get dwd;
work2 := signextended(opq(12:23));
if work2 <= -2048 or work2 - work3 <= -2048 then
_ work2 := -2048
else
begin
work?2 := work2 - work3;
opq := opq(0:11) + workéd; <* tail, addsign *>
start dpull;
addr := RTC; <* head_addr_A *>
get dwd;
work4 := sign_extend(opq(12:23)) - work3; <* block exp *>
opq := opq(0:11) con work2(12:23);
gpuadd entrypoint gpuadd2;
<* gpuadd returns to next microstep when called as pro-
cedure in stead of going to next instruction *)
end;
regw := RTC; <* head_addr_A *>



if ILIM = 0 then
begin <* full red = false *>
opq := 0;
gpu_init_1;
addr := work5; <* tail_disp_A *>
gpu str double;
<*¥ gpu str returns to next microstep when
- called as procedure *)
end

else
<* full red = true *>

if w0 = O then squareroot
else
begin
addr := regpre; <* div_addr *>
gpu arm;
<* gpu arm returns to next microstep when
called as procedure *>
addr := 0O;
gpu str;
<{*¥ gpustr returns to next microstep when called
as procedure *)>
end;
work3 := SP17; <* n2 *)>

end SZR < (RMAX+1);
end R > SzZU - 1;
regx := regx + 2; <¥ R := R + 2 *>
addr := work3 - 4; <* c3 *>

get word;
if regx <= opg <* R <= LR *> then goto NEXT REDUCED;

work5 := addr;
workd := work3 + 26; <* c2 *>
end SZU <= (RMAX+1);

addr := work4 + 2; <* b3 *>

get word;

q := opq;

addr := work4 - 4; <* nQ *>

get word;

opq := opq + 2; <*¥ u = u 4+ 2 *>

if opq <= q <* U <= LU *> then goto NEXT COL;

goto next instruction;
end;
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gpusqrt:
comment "wpre,w := sqrt( dwd(addr) )."
The squareroot of the doubleword pointed by the effective
address is taken and the result is stored in wpre,w.
Numeric code: 1;

begin
procedure sqrt_exception;
begin
sqrt_exc
reg_pre := oplgq;
reg w = opgq

status := overflow;
if floating point exception active then goto

_ floating point exception;
end;
end;

get_dwd;
if -, norm then
begin
prepare for normalization;
normalize and round;
SQRT2:
opq = W3
oplq := w_pre;
if -, norm then goto sqrt_ud;
end;

SQRT1:

if neg then sqrt_exception;
work5 := opq;

worké4 := oplq;

if work5(23) = 1 then oplq := oplq // 2;
oplq = workO shift (-2);

addr = oplq; <* save radicand *>
regpre := oplq; <* radicand *>

<* linear appr. of sqrt(regpre con reg) as long *>
oplq := 1 949 686 + addr + addr;

CAUSE := oplq; <* iterand *>

wd entrypoint at wdbf after get word;

<* wd returns to next micro when called as procedure *>
<* regw := regpre // workO *>

reg w := (reg_w + CAUSE) // 2;
CAUSE :=
oplgq = w0; <* itterand *)



regpre := addr; <* radicand *)

wd entrypoint at wdbf after get word;

<* wd returns to next micro when called as procedure *>
<* regw := regpre // opq *>

reg w := reg w + CAUSE;

if overflow then reg w := reg w // 2;

oplgqg = reg_w;

regpre := worké;

regw := work5; <* real radicand *>

work?2 = (sign_extended(work5(12:23) + 1) shift (-1);
addr =

opq = work2(12:23); <* iterand *>

CAUSE = oplq;

fd entrypoint after getdouble?l;
<* fd return to next micro when called as a procedure *>
<* regpre con regw := regpre con regw / oplq con opq *>

oplq := CAUSE; .

opq := addr; <*¥ iterand *>

fa entrypoint after getdouble2;

<* fa return to next micro when called as procedure *>
{* regpre con regw := regpre con regw + oplq con opq *>

work2 := sign_extended(regw(12:23)) - 1;
reg w(12:23) := work2(12:23);

end;

gpustop:
comment "stop insruction".

the instruction stops the excecution of code and returns a

normal answer to the sender.

Numeric code: O3

begin
work4 := 0;
work5 := C_TOP - C_LOW + 23

send answer;

end;
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gpustr:

comment "store accumulator",
If addr = 0 then the accumulator is stored in addr regw (single
precision) possibly in blockfloating mode decided by MODUS(2)
see gpu init.
If addr <> O then the accumulator is stored in the addresses regw
and (regw+addr) in double floating point mode.
The accumulator is unchanged.

Numeric code: 61;
begin
if addr = 0 then
begin
gpu_str_single:
oplq := opq := 0;
goto gpu_inv_2;
end;
gpu_str_double:
oplq := 0;

opq := 1 shift 16; <* double round constant *)
start dpustr;

addr = addr + regw;

work5 := regw;

opq = 8.77770000; <* mask *>
work4 := 35;

q = 33

Wé6:

if interrupt flag then test interrupt;
if dpu not ready then goto W6;
work3 := dpuresultl;
q := dpustatus and q; <* exeptionbits *>
if q <> 0 then
begin
dpu_error;
goto z_str;
end;
oplq := dpuresultO;
if oplq < O then goto z_str;

start_dpu
opq := opq and work3; <* frac(24:35) *>
work3 := signextended(work3(12:23)) - 35; <* exp *>
if <* exp = *> work3 >= -2048 then
begin
opq := opq + work3(12:23); <* frac(24:25) con tail_exp *>
store dopgq;
addr := work5; <* addr_head *>
oplq := dpuresultO;
opq = dpuresultl;
store dopgq;
end

else
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<* else if exp < -2048 then *>
begin
z_str:
oplq := 0;
z_str_1:
opq := 1 shift 11; <* 0.0 *>
store dopq;
addr := work5; <* addr head *>
z_str_2:
store dopgq;
end; '
goto next instruction;
d;

usub:

comment "subtract double floating point from accumulator".

Nu
be

If addr = 0 then (the double floating point dwd(regw) con 0.0)
else (the double floating point dwd(regw) con dwd(regw+addr))
is subtracted from the DPU accumulator AR by the sign given

in MODUS (see gpu_init). If MODUS(O) = O then positive else
negative sign.

meric code: 31;

gin

work3 := 8.0000,7777;

goto gpu_add2:

end;

hl: see (1).

hs: do

jd: <* illegal *> goto illop;

je:r <* illegal *> goto illop;

jl:

comment "jump with link in register".

Nu
be

en

Transfers control to the instruction pointed by the effective
address. If the W-field is non-zero the link, i.e. the logical
addess of the next instruction is assign to the specified re-
gister. References outside codelow and codetop leads to program
exception!

meric code: 13;

gin

getinstruction;

if W <> 0 then regw := ic;
ic := addr;

if code_low <= ic + base < code_top then goto next instruction
else goto code_violation;

d;

\
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ks:
comment "key store"

used in codedebugging.
_ see GPU users manual : gpu_exec.
Numeric code: 51;
comment NO OP;
goto next instruction;

la: see (1).

1d: do
lo: do
1s: do
1x: do
nd: do
ns: ° do

re: <* illegal *)> goto illop;
ri: <* illegal *> goto illop;
rl: see (1).

rs: do
rx: do
se: do
sh: do
sl: do
sn: do
so: do
sp: do
ss: do
SX: do
sz do
wa: do
wd : do
wm do
WS $ do
x1: do
XS: do

zl: do



Interrupt service, message answer routine and exception routines.

POWER UP will reset the internal registers and clear all interrupts.

whereupon the gpu waits on interrupts in the idle loop.

In the IDLE LOOP the GPU will respond on interrupts :

power up level 1
input from tecnical panel level 2
single instruction level 3
external interrupts level 8 - 15
The gpu has devicenumber (interruptlevel - 7) * 4,
The address of controller table is
ct = core(8) + devicenumber * 8;
The format of controller table is :
ct + 0 : channel program address : ch
ct + 2 : standard status area address : st
ct + 4 : interrupt destination (host cpu devicenumber)
ct + 6 : interrupt level (host)
The format of channel program is
ch + O : operation
ch + 2 : message area base
ch + 4 : not used
ch + 6 : operation = stop
ch + 8 : not used
ch + 10: timer in 0.1 msec
The format of message is :
mess + O : next buffer
mess + 2 : previous buffer
mess + 4 : receiver or answer type
mess + 6 : sender
mess + 8 : (address_code shift 12) + operation shift 8
mess + 10 : first code (see below)
mess + 12 : last code
operation = 0 shift 8 : start gpu
operation = 1 shift 8 : stop gpu

first code is
last code is also called code_top.

also called code_low.

code excecution starts in word (first code + 4).
R R R T Rrrara s
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following parts of the processdescription is used :

pr_descr + 88 : status

pr_descr + 96 : cpa

pr_descr + 98 : base

pr_descr + 100 : lower write limit
pr_descr + 102 : upper write limit

status will at return contain :

st + O
st + 2
st + 4
st + 6
status
1 < 14
1 <15
1 <16
1 ¢ 17
1 <18
1 <19
1 ¢ 20
1 ¢ 21
1 < 22

ch + (if status ok then 12 else 0)
bytes count

chars count

status;

bits are
code address fault <* pic < code_low or code_high < pic
or code_low < 1lim or ulim < code_high *>
integer underflow *)
integer overflow ¥)
floating point underflow *%*)
floating point overflow *)
read/write address fault
bus error
time out
illegal instruction

*) controlled by the statusbits of the senders process.

e.g.

integer underflow is only active when the senders

process has set the status : integer exception active.

**) in case of floating point underflow the result is set
to floating point zero and no exception is set up.

N R R



external interrupt:
comment interruptlevel 8 - 15;
begin

opgq := ((opq - 8) shift 2 + 4) shift 3;
workl := word(8) + opq;

if buserror then goto system fault;
CT_ADDR := workl;

opq := word(workl);

if buserror then goto system fault;
q := word(q+2);

workd := 8.7777 7776;

if buserror then goto system fault;
work5 := word(opq) and 8.0000_7400;
if buserror then goto system fault;
if work5 = 0 then goto stop;

addr := q + 10;
IC := word(addr) and worké4;
if buserror then goto system fault;

pic := word(addr+2) and worké4; <* last_code *>
if buserror then goto system fault;

addr := word(addr-4); <* pr_descr *>

if buserror then goto system fault;

addr addr + 96;

cpa word(addr);

if buserror then goto system fault;

addr := addr + 2;

base := word(addr);

if buserror then goto system fault;

addr := addr + 2;

1lim := word(addr);

if buserror then goto system fault;

addr := addr + 2;

ulim := word(addr);

if buserror then goto system fault;

addr := addr - 14;

cpu_status :=

status := word(addr);

if buserror then goto system fault;

cpustatus := status := status and 8.0300_0000;
<* take integer and floating point exception active bits *>
pic := pic + base;

code_top := pic;

code_low := IC + base;

if code_top > ulim or code_low < 11im then goto code violation;
ic = ic + 4;

pic := pic + 4;

get instruction;

goto next instruction;

end;
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stop:

status := 8.1000_0000;
sendl:

work5 := pic - code_low;

send answer:

comment set the result and cause in message. set the result and
cause in status area and goto idle 1loop;

begin
comment set status and goto idle;
q := CT_ADDR;

opq := word(q);
if bus_error then system fault;
qQ = q + 2;
‘. addr := word(q) + 2; <* status addr + 2 *>

if buserror then goto system fault;

word(addr) := work5; <* bytes count *)>

if buserror then goto system fault;

work3 := work5;

word(addr+4) := work4; <* status *>

if buserror then goto system fault;

work3 := work3 // 2;

word(addr+2) := work3 + work5; <* chars count *)
if buserror then system fault;

word(addr-2) := opq + 12;

if buserror then system fault;

data_out := word(q+4);

if buserror then goto system fault;

data_in := word(q+2); <* CT + 4 : CPU_ADDR *>
if buserror then goto system fault;
word(data_in) := data_out; <* interrupt cpu *)
if buserror then goto system fault;

clear code_limits;

. goto idle loop;
end;
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floating point exception:
comment set result and cause;
begin
work4 := 8.0040_0000;
fl exc_1:
if overflow then worké4 := worké4 * 2;
goto sendl;
end;

integer exception:
begin
worké4 := 8.0010_0000;
goto fl exc_1;
end;

operand error:
comment buserror. set status;

begin
status := status and 8.77770010;
if busparity then status := status + 8.00000004;
if busnack then status := status + 8.00000001;

if bustimeout then status
work4 := 8.0400_0000;
goto sendl;

end;

status + 8.00000002;

program exception:
comment write limit violation;
begin
work4 := 8.0200_0000;
goto sendl;
end;

code violation:

begin
work4 := 8.0004_0000;
goto sendl;

end;

illop:
comment illegal operation. word(ic) is given in cause;
begin
work4 := 8.2000_0000;
if buserror then goto system fault;
goto sendl;
end;

system fault:
goto idle;
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Basic Hardware.

The FPU 801 unit from RC COMPUTER A/S is used as basic hardware.
Se 1, 2, 3.

Modifications.

Some few modifications has been made to facilitate the microprogram
of doublefloatingpoint precision.

I) Bit 35 of the microinstruction is used as an addressbit in connec-
tion with the usual bits 27:31 for addressing the 16 ALU-registers.
The addressing is done in 4 groups of each 4 registers. Bit 35 con
bit 29 give the groupnumber (0:3). Bit 30:31 give the index 0:3 of
RAMA register in the named group. Bit 27:28 give the index 0:3 of
RAMB register in the named group. Se table 1.

II) The functionfield has no decrementcontrol (originally bit 35).

III) The functionfield has a changed workingarea as follows
bit 35 work on aluQ (bit 0:4)
bit 46 work on alu 3-9 (bit 12:39)

Se table 2 and 3.

IV) Bit 40 of the sumregister in the 8 * 40 multiplier is not con-
nected to the carrybit of the RAM-shifter when moving the bits 0:39
to the sourcebus. The hardware is used to take the carry in long

shifts.
Table 1
REG Assembler Reference Register
no name bitno name used bits group
35 29 "

0 AO 0 O IFRH )_( IFR : intermedi- 0 39 A
1 Al 0 0 IFRT ) ( ate fraction O : 39 A
2 A2 0O O AFRH ) ( AFR : accumulator O : 39 A
3 A3 0 0 AFRT ) ( fraction 0 : 39 A
4 BO 0 1 IEX intermediate exponent 0 : 12 B
5 B1 0 1 AEX accumulator exponent 0 : 12 B
6 B2 0 1 MRE multiplicatorexponent 0 : 12 B
7 B3 0 1 DIA (= IEX - AEX mostly) 0 12 B
8 Cco 1 O MRF multiplicator fraction 0 : 35 C
9 C1 1 O H1 workregister 3 : 10 C
10 C2 1 0 H2 workregister 3 : 10 C
11 C3 1 O H3 workregister 3 10 C
12 DO 1 1 MODUS, B16 0:7, 8:15 D
13 D1 1 1 K72, exp.dif.control 0 : 12 D
14 D2 1 1 block exponent 0 : 12 D
15 D3 1 1 WRKMODUS 0 : 6 D ®
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Desciption of the microprogram and format of the registers.

The single precision floatingpoint numbers is the usual RC 8000
floatingpoint numbers.

The double precision floatingpoint number consists of two single
floatingpoint numbers, where the least significant number is
positive and unnormalized with an exponent equal the most sig-
nificand exponent minus thirtyfive.

Double floating = FHEAD + FTAIL,
where FHEAD and FTAIL is the usual floating point numbers,
where FTAILexp = FHEADexp - 35 and FTAILfrac >= O.

In the DPU the double precision floatingpoint numbers are stored in
IR and AR as given by example IR

IFR(0:70)
IEX(0:12)
IFRH(0:39)
IFRT(O0:30)

FHEAD(O:35) con FTAIL(1:35)
FHEADexp(0) con FHEADexp(0O:11)
IFR(0:39)

IFR(40:70)

NOTE : the two signs of the exponent.

-——— the leftpositioning and compact notation of fraction there
is 9 guardingciffersbits IFRT(31:39), which allows to add the
unnormalized product to the accumulator because normalising
of the product claims O - 2 leftshifts,

The MODUS register contain information used during the execution of
the microprogram

MODUS ! used in ! value
blt ! ! = O ! = ]_
0 ! init ! AR unchanged ! AR := 0
1 ! long load ! add ! sub
! mult add ! !
! long load ! !
2 ! shortload ! normalizing ! blockfloating
! str ! mode ! mode *
! inv ! 1

* blockfloating store only in singlestore.
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Blockfloating mode.
—————————————————— When MODUS(2) = 1 then id the dpu operating
in blockfloating mode, which is a kind of fixedpoint arithmetic.
All numbers have an exponent equal to the blockexponent (or greater)
and the fraction may not be normalized.
Examples: MODUS(2) 1, blockexponent = 1

———————— -1 is FR = 6000.0000, exp = 1, (octal)

-2 is FR = 4000.0000, exp = 1

-4 if FR = 4000.0000, exp = 2

-0.5 is FR = 7000.0000, exp = 1

+1 is FR = 2000.0000, exp = 1

+2 is FR = 2000.0000, exp = 2

+0.5 is FR = 1000.0000, exp = 1

+0.25 is FR = 0400.0000, exp = 1

In blockfloating mode there will be no normalizationshifts after an
addition and all the storing operations will store a number where

the exponent is equal or greater than the blockexponent and the "
fraction may be unnormalized.

DPU instructions

In the wait on next start operation the workmodus is loadet :
WRKMODUS(0:10) = MODUS(1:11)

-———- The modus and zeroexponent register is loaded. The MODUS
register too contail the constant 1B16.

If the clearbit is set then AFR is set zero and AEX is loaded
with the zeroexponent.

SHORT LOAD
—————————— The registers Y, MRF and MRE are loaded.
goto multiply.

MULTIPLY AR
——————————— AR is multiplied by the constant input and the
result is stored in AR.
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. LONG LOAD
————————— If the exponent of the tail is notzero then the sign
of wrkMODUS is changed i.e. WRKMODUS(O) := -, WRKMODUS(0), which
is the original MODUS-bit 1 the function is : add becommes sub, -
and sub becommes add. IFRT is shifted fourtimes into IFRH. Then
the headfraction is added to IFRH and IEX is loaded.

After this a jump is made to the alignment routine.
MULTIPLY and ADD/SUB
———————————————————— The input number is multiplied by MR and a

jump is made to the alignment routine. See fig. 1.

The multiplication is described below

H1 =
X(0:35) = IN(0:35);
IEX(0:12) = IN(36) con IN(36:47);
MULT =y * X(32:39); 1IEX := IEX + MRE;
‘ MULT =Y * X(24:31); SUM := MULT; MRE := IEX;

if IEX- over/underflow then goto mla_exception;

RTN:
SUM := MULT + SUM; MRE := MRE - AEX;
MULT =Y * X(16:23); H3 = 0 ext 3 con SUM(40:47);
SUM = MULT + SUM;
MULT =Y * X(8:15); H2 := 0 ext 3 con SUM(40:47);
SUM = MULT + SUM; ALU := H1 + Hl; <*test -1 frac¥*)
H1 = 0 ext 3 con SUM(40:47);
if zero then goto neg_mr;
MULT =Y * X(0:7); X = 1B16;
SUM = MULT + SUM; Y = H3 * 2;
IFRT = SUM(37:47); con O;
IFRH = SUM(1:39) con O;
MULT =Y * X(8:15); Y = H2 * 2;
MULT =Y * X(8:15); SUM := MULT; Y := H1 * 2,
MULT =Y * X(8:15); SUM := MULT + SUM;Y := IFRT * 2;
MULT =Y * X(8:15); SUM := MULT + SUM;DIA := MRE*2;
SUM = MULT + SUM;

o IFRT = SUM(3:39); comment SUM(34:39) == 0;
IFRH = IFRH(O:38) con SUM(2);

goto al1gnment

mla_exception

SUM = SUM + MULT; MRE := MRE - 2;
MULT =Y * X(32:39); ALU := MRE;
if neg then goto next; <* i.e. underflow *>
MULT := Y * X(24:31); SUM := MULT; MRE:= IEX;
goto (if -, norm then RTN else exception);
neg_mr
<* change add_sign of work modus and goto alignment *)
IFRH := MRF;
WRKMODUS(O) := -, WRKMODUS(0);
IFRT = 0;
DIA = (IEX - AEX) * 2;

goto alignment;
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INVERSION

————————— The input single precision floatingpint number is
inverted. The single precision result is output and store in MR;
the GPU has tested for zero and minus one.

AR is unchanged!

Following the description page 16 in (3) the function is

Y := MRF := IN(0:35);

IEX := IN(36) con IN(36:47); X := R(Y(0:11));
if Y ¢ 0 then
begin
Y := - MRF;
X = R(Y(0:11)); IFRT := 0;
if ALU(O) = 1 then
begin
IEX := IEX // 2;
IEX := -IEX;
goto test_ exp;
end;
end;
IFRT := 1BO;
MULT := Y * X(8:15); comment -0.5 > R = X >= -1 + 2%¥*(-11);
MULT := Y * X(0.7); SUM := MULT;
SUM = MULT + SUM;
IFRH := SUM(1:40); comment -0.5 <= Al < -0.5 + 2%*(-11);
Y := IFRT - IFRH; IFRH := -2 * IFRH;
MULT := Y * X(8: 15); IEX := IEX // 2;
MULT := Y * X(0:7); SUM := MULT; IEX := -IEX;
SUM := MULT + SUM; X = IFRH;
IFRH := SUM(l 40); comment O 5 < 2*B2 <= 142%*%(-11);
MULT := Y * X(32:39);
MULT := Y * X(24:31); SUM := MULT;
MULT := Y * X(16:23); SUM := MULT + SUM;
MULT := Y * X(8:15); SUM := MULT + SUM;
MULT := Y * X(0:7); SUM := MULT + SUM;
SUM = MULT + SUM; X := 2 * IFRH;
IFRH := SUM(1:40); comment 0.5-2%%(- 20) < A2 <= 0.5;
Y = IFRT - IFRH;
MULT := Y * X(32:39);
MULT := Y * X(24:31); SUM := MULT; IFRT := O3
MULT := Y * X(16:23); SUM := MULT + SUM; DIA = 0;
MULT := Y * X(8:15); SUM := MULT + SUM; DIA = 1B11;
MULT := Y * X(0:7); SUM := MULT + SUM; 1IEX = IEX + DIA;
SUM = MULT + SUM; DIA := DIA // 2;
IFRH := SUM(1:40); comment .125 < B3 < .25+2*%%(-12)+delta;
if MRF < 0 then IFRH := -IFRH; comment delta is smal;
test_exp:
normalize IFRH and adjust IEX accordingly;
round;
if expo_under/overflow then goto single _ou_flow;
MRF := Y out := IFRH;

expoout := 2 * MRE;
goto next;



STORE the accumulator

————————————————————— The accumulator AR is unchanged ! The
content of AR is moved to IR. IR is rounded and normalized.

If the input number is notzero a double floatingpoiresult is output
the number input is the roundkonstant 1B3l.

IF the input number is zero a single floatingpoint result is output
and stored in MR.

Alignment subroutine

N The routine is working on AR and IR.

The least significand number is shifted right until IEX = AEX. If
the exponentdifference is greater than 72 there will be no shifts,
but the least significand number is set to zero.

Dependend on the sign of WRKMODUS = MODUS(1) (see note under LONG
LOAD) the IR is added to or subtracted from AR.

AR is rounded and a jump is made to wait next opeartion.
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Excecution times.

SHORT LOAD : 0.64 us
INIT : 0.64 us by clear add 0.64 us
LONG LOAD : min 3.04 us (when addend << AR)

max 55.84 us
mean 11 us
or < 5.44 - 6.56 > + 0.32 * normshifts

or < 6.24 - 7.68 >
+ 0.16 * alignshifts + 0.32 * normshifts,

where 0 < alignshifts < 73 and O < normshifts < 81

MULTIPLY : 1.44 us + time(LONG LOAD)
min 4.48 us
max 57.28 us
mean 12.50 us

INVERSION : min 7.52 us
max 8.96 us
by negative divisor add (min 0.16 us max 0.96 us)

STORE DOUBLE : min 7.52 us
max 4.00 us
when unnormalized add 0.48 * prenormshifts us

STORE SINGLE : min 2.24 us
max 2.72 us
when unnormalized add 0.48 us * prenormshifts

Syncronizations,.

LONG LOAD : The input register is free 0.80 us after the tailload.
The microprogram wil start waiting the headpart after
1.60 us ( + 0.16 by signshift on MODUS ).

STORE DOUBLE : The output register is loaded by headpart when
0.48 us elapsed since the tailpart was loaded.
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Appendix 1.

Listing of GPU microprogram
Macrodefinitions
GPU microprograms

GPU address table
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Appendix 2.

Listing of DPU microprogram
Flow diagrams
DPU Macrodefinitions

DPU microprogram
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power up, system reset

next0 (0)

d1 := 37
reset

_next (1)

wrkMODUS :=
MODUS shift 1

start=1

MAP

LONG LOAD (17)

|

IFRT := frac shift 1
ALU := exp

wrkMODUS(0) :=
-,wrkMODUS(0)

IFRH :=
IFRHQ
IFRT :

IFRHQ shift 4

O O

start=1

IFRH := IFRH + Q
IEX := exp shift -1
reset

fa00 (216)

[ Q := IEX - AEX |

[D1A := Q shift 1]

zero

£a100 (237)

fa0 (220)

_strz (13)

AR MULT (37)

LH1 = Y 3= frac]

[IEX := exp shift -1]

Q := wrkMODUS shift 1
AFRH := 0

AFRHQ shiftright
wrkMODUS := Q

MRE := AEX

AEX := -2048 shift -1
AFRT := O

|

mal (163)

eovf (11)

ALU := IEX

E_out :
Y_out :

2048

i

(o]

next (1)

INIT (57)

{moDUS :=

fracl

[bl_exp := exp shift -1}

next0 (0)

v

ALUO=0

arz0 (61)

AFRT::

arz (62)

excep (6)

AFRT := O

0

AFRH := 0

AEX := -2048 shift -1

J

next (1)

deovf (33)

ALU := IEX

excep (6)
exc(22) := 1
E out := -2048
arz0 (61)

stzm1 (156






carry (336)

J

H2 := s8(40:47) shift 1
ALU := H1 + H2

IIFRH t= IFRH + 1|

=

[Q := IFRH shift 1]

v

negdr (71)

IEX := IEX -1
IFRH := IFRH shift 1

Q := IFRH

INVERSION (77)

|

Y := MRF := frac |

—

T negdi(65)
X := R(Y)
IEX := exp [Q := Y := -MRF]
I
LALL0=1 D> IFRT 120
0 (101 '
£40 { ) ALUO=0

[inv (101 - 116)]

invl (274)

[ inv (274 - 317)]

|
{inm, ALU := MRF]
1

[ inm, Q := IFRH shift 1|

snrm0 (322)

|

tblfl (327) IFRH‘:= 1BO

1
[IFRH := Q shift 1]

7

LIEX := 1EX -1]

—
i IFRH := Q]

IEX := IEX shift -1
IEX := - IEX

DIA := 1

wrkMODUS :=
wrkMODUS shift 2

71

wrkMODUS :=
wrkMODUS shift 2

tblf1 (330)

srnd (331)

IFRH := IFRH + 1B36
ovra

ALU := IEX

tblf0 (325)

shlf (51)

Y out :=
IFRH := IFRH + IFRH
IEX := IEX - 1

fdud (334)

shrt (53)

IFRH := IFRH shift -1
Y out := IFRH
IEX := IEX + 1

blstr (350)

shrt (53)

shlf (51)

reset

fdud (334)

fdud (334) °

eovf (11)

E out := IEX shift 1

ready







SHORT LOAD (157)

194

fa101 (225)

MRF := Y := frac
MRE := exp shift -1
[H1 := X := frac]|
[ IEX := exp shift -1]
mal (163)
multiply : IEX := IEX + MRE
(163-211) : DIA := IEX — AEX
fa0 (220)

[ALU t= Q + d1]

Q := IFRT

[ALC := DIA + 1]

P

IFRHQ shiftright
ALC := ALC + 1

@
102 (224)

fa

Q := AFRT

DIA
IA + 1

DIA :
ALC

11|
=N

AFRHQ shiftright
ALC :=

ALC + 1

[AFRT := AFRT shift -1}

£a105 (240)

1

IEX := O
IEXQ shiftright

=

[aFRT(0) := 0|

wrkMODUS :=
wrkMODUS

o

shift 1

fs (265)
sub:

AFRT := AFRT - Q
shift 1

&

[IEX := 1B11 shift -1 |

fs (265)
add:
APRT := AFRT + Q
shift 1

T

t= AFRH + IFRH
|

AFRH
ovra

|
AFRH := AFRH + IFRH + 1
ovra

fal12 (25

or AFRT|

fa116 (271

[ALU := AFRH

fa113 (251,

wrkMODUS :=
wrkMODUS

ALU := AEX

[[ALU := AFRE]

fa114 (257

next (1)

fa118 (255) a

ALU := AEX

AFRH := AFRH - IFRH - 1

arz (62)

ovra
1
AFRA := AFRH — IFRH
ovra
fa112 (250)

-
fa112 (250)






STORE AR (117)

IEX := AEX
DIA := 1B11 shift -1
ALU := AFRH or AFRT

[IFRT := frac|

NN

195

- stzmk (155)

zero

wrkMODUS :=
wrkMODUS shift 2

[IFRH := AFRH|

str1 (127)

IFRHQ shiftleft
ALU := IFRH

[IEX := IEX - 1]

str2 (132)

[Q := 0 con Q shift -1]

, srnd (331)

[IFRT := IFRT + Q shift 1]

IFRH := IFRH + 1
ovra

stezml

blstl (346)

strz (13)

(156)

[Y_out

1= —d1]

next (1)

drgt (342) y
v

IFRHQ shiftright
IEX := IEX + 1
reset

L str4 (141)?

dift (344) Y

IFRHQ shiftleft
IEX := IEX - 1

L, str4 (141)

fal14 (257)

Q

AFRHQ shiftleft
ALU := AFRH
I
[AEX := AEX - 1]
-,norm

fal115 (258)

fa117 (263)

drgt (342)

dift (344)

ALU := TFRH

ALU := IEX

)\

strd (141)

[expo

:= IEX + IEX|

deovf (3

norm

IFRHQ := IFRHQ shift -4
Q := 0 con Q shift -1

Y out := Q, ready

IFRH := IFRH shift 4

5

reset
Y out :- IFRH
ready

next (1)

fal1e (271)

T

Q := AFRT

AFRHQ shiftright
AEX := AEX + 1
reset

ALU := AEX

arz (62)
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blst1 (347)

IFRH := AFRH
IFRT := AFRT

bletr (350) '
y—
- ALU := IFRH
: I

blbg0 (372)

MRE := Q
ALU := IEX - MRE [TEX := IEX - 1]
norm
blbig (374)
[ALU := IEX - MRE]

blnrm (353)

IEX := IEX + 1
ALU := IEX - MRE

[APRHQ shiftright]|

blrn

IFRH := IFRH + 1B36
ovra

[IFRH := IFRH shift -4]

(IFRH + IFRH)
shift 1

IFRH :

1

d (356)

blrh (367)

(IFRH := IFRH shift 1 |

’

IFRH

[Tix
(IFRH + IFRH) reset

:= IEX + 1

shift 1

strz (13)

.

Y out := IFRH

strz (13)

[Y_out := IFRH|

str7 (366)

[E_out := TEX + IEX]

next (1)






[multiply (163-211)]

197

mal (163)
L — im := X4.Y : IEX := IEX + MRE |
[s :=m m := X3:Y!MRE := IEX |
noif///,
S := 8 + m! —_ {MRE := MRE - AEX
inm im := X2°Y iH3 := s(40:47) shift 1
' rtn (165)
8§ i=8 + m; —_ : -
inm im := X1-Y {H2 := 8(40:47) shift 1
S :=8 + m i — {ALU := H1 + H1
[ inm m := X1-Y iH1 := s(40:47) shift 1 |
negmr (212)
zero
inm im := X0+Y {X := MODUS Q := MRF
8 := 8 + m; —_ Y 3= H3 + H3 IFRH := Q
inm : —_ i IFRT := 8(36:47) shift 1 wrkMODUS(0) :=
inm H _ PAFRH := s(1:39) shift 1 -,wrkMODUS(0)
—_ im :='X2°Y :Y := H2 + H2 IFRT := 0
8 :=m tm o= X2¢Y 1Y := H1 + H1
S (=8 +m:im = X2°'Y :Y := IFRT + IFRT
8 (=8 +m:m := X2.Y | o
S 1= 8 + m: —_ : —_—
—_ : — :IFRT := s(1:39) shift 2 - fa00 (216)
S — {IFRT := IFRT shift 2
= — Q= WRE |
fa0 (220) /////
- ALUO=0
- —  iIFRH := IFRH + 1
- — {Q := MRE
l mexc (3)
fa0 (220) >
[s := s +m — {MRE := MRE - 2 ]
[ — im := X4-Y [ ALU := MRE
\\\g\LAV next (1)
ALUO=1 —&»
|s:=m im := X3-Y I MRE := IEX ]
rtn (165)

-,norm
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inv (101 - 115)

£d0 (1011J

- ! = TIFRT := 1BO
- 'm := X1.Y {H1 := 1BO shift -1
s :=m im := XO-Y :H1 := H1 shift -1
8 (=8 + m - tH1 := H1 shift -1
inm H - iH2 3= 8(40:47) shift 1
inm - i ALU :=]H1 + H2
[ inm : - 'IFRH := s(1:39) shift 1 ]
ALUO=1
- : Z TIFRH := IFRH + 1 ]
- 3 - ;Y':=IFRT-IFRH, IFRH := -IFRH shift 1
- 'm := X1°Y {IEX := IEX shift -1
8 :=m ‘m := XO°Y : IEX := -IEX
B := 8 + m ! - :X := -IFRH
inm : - 'H2 := s8(40:47) shift 1
inm : - PALU := H1 + H2?
invl (274) | inv (274 - 317)
inm : - {IFRH := s(1:39) shift 1 4]
ALQ;::\\\
. - "IFRH := IFRH + 1 |
- im o= X4°Y -
8 :=m ‘m = X3°Y ! -
8 (=8 +m 'm := X2.Y -
s t=8 +m:m := X1+Y ! -
8 := 8 +m:m := X0Y -
8 (=8 + m - X := IFRH
inm - iH2 := 8(40:47) shift 1
inm - +ALU := H1 + H2
|  inm g - [IFRH := 8(1:39) shift 1 |
ALUO=1
[ - : - ‘IFRH := IFRH + 1 |
L
| )
- : - 'Y := IFRT - IFRH
- ‘m := X4+Y : IFRT :=-0
s :=m ‘m iz X3°Y -
s := 8 +m 'm := X2°Y : DIA := O’
s := 8 +.m 'm 3= X1.Y : DIA := 1BO
s =8 +m .m ;= X0-Y: IEX := IEX + DIA
S := 8 +m . - i DIA := DIA shift -1
inm i - ‘IFRH := s(1:39) shift 1

fdy (320)
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