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Ykiaypdenon tng Stdlegng

® Mn TTQOYQOUULATIEOUEVOL ETTEEEQYACTES

B YAomoinon ye EexwElatd xewplati eAéyyxov (controller) kot
xewlotn dedouévav (datapath)

B YAowro{non ye unyaveég TETTEQUOUEVMV KATAGTAGE®MY Ue
xewprotn Sedouévav (FSMD: Finite-State Machine with
Datapath)

m Efouoiwon tng cuuIteplpopds evig Un JToyQaUULaTiiduevou
eTeEeEYAGTR OTTO un cuvBEowo aAyolOukd LoviéAo

m [TAnpeg TToQddetyUa: ETTELEQYOGTAG VIO TOV VITOAOYIGUS TOU
uéytgtov koo daétn (GCD) §vo Jetikwv akepalwv
aQuwv
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H opydvwon evog Un-rtooyQouilatiiOUevoy eTTEEEQYUGTR

@

Mn TTROYQOUULOTICOUEVOL ETTEEEQYAGTES

® Mn JTQOYyQOUULATICOUEVOL ETTEEEQYAGTES elvan ekelval Tal B O xelQoTig eAéyyxov TaQdyel Gruato eAEyXou yio Tnv

KUKAQUOTO T oJtota €gouv gxediactel €161 OGTE val
witopovv va eTAVGOUV €va wévo TTeoRANnLa

H un wooyeauyaticdtnta opelAetonr GTov TOIT0
GYESLAGUOY TV UNYOVIGUL®OV EAEYXOV TV SLASIKAGLHOV
emegepyaciog dedouévmv Tov cuufalvouv GTov eTEEEQYAGTI

H Aoyikit eAéyyxou GTov eTte€eQyaotn eivol KAA®SLoUevn
(hardwired) kot yevikd dev pstopel va Tpostogtondel yetd
TNV vVAOTTOiNGN TOv £TEEEQYAGTA

"Evolg un JrpoyQoulatigoUevog eTTEEEQYAGTRS aTtoTeAelTaL
agtd To XeWLaTh eA€yxou (controller i control unit) kot To
xewplotn Sedouévwv (datapath)
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S5QOUOAGYNGN TV UNYOVIGUOV TTOU AAUBAVOUV XMOEO GTOV
xewlotn dedouévav

m X710 xelotn dedouévmv moayuatoroeiton n emegepyacia
debouévav ue ta agykd dedouéva vo Aaupdvovtal asd
KATTOL0 €EWTEQIKA Tty N asté GTotxela amodrikevong (T.y.
uvriiun ROM)

B O YelploTNG JeSOUEVMOV ETILGTEEPEL GTO YELQLOTN EAEYXOU
oripata katdoTaong (status signals) To osola katevdvvouv
T yetdfacn avauesa GTIC ECWTERIKES KATAGTAGELS TOU
XEWQLGTN EAEYYXOU

m O yepotig eAéyxov vlottoteiton cuxvd wg FSM
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H opydvwon evog un-rrooyQauiaTiiOUevou eTTEEEQYAGTN

@)

B [evikd oxynuotikd Sidypoyia evog wn TIROYQOULULATICOUEVOU
ETEEEQYAOTN

control inputs datapath inputs

control signals

S KEIPITTG
b el i dedopsvumv
(control unit) status signals (datapath)
k.
3
control outputs datapath outputs
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To mEOPAnUA TOU LEYLGTOU KOWOU dtonpétn Vo apliuwv

m Agyduaote ot ged(n,0) = ged(0,n) = ged(0,0) = 0

m To gntovuevo eivar n evgeon aplBuov m o otolog va etval o
UeyaAUTEQOS YETIKAC aKEQALOS O 0TTol0¢ drapel KoL TOUG
Vo aBpoic

B Xta agyolo EAAnvikd pabnyotikd avtiiQocnItevel To
TEOPANUO. EVEEGNS KOWNG ava@odg yio Ty uétpnon o
evbuypduunv TUNUdTwV

m To meoPAnua tov GCD emiAveton ue tov aAyoeBuo tov
EvukAeidn

unsigned int gcd(unsigned int a, unsigned int b) {
assert(a > 0 & b > 0);
if (a == b) return a;
if (a > b) return gcd(a-b, b);
if (b > a) return gcd(a, b-a);
}

E Xtov aAyopuo touv EukAeidn, n avadgoun uiogel va
agropevydel
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Mn TTROYQOUULATICOUEVOL ETTEEEQYAGTES UE OLRYLTEKTOVIKI
FSMD

m H agytektovikin FSMD (Finite-State Machine with Datapath
agtotelel €va {80 TTEQLYQOPNGS U TTEOYQOUULATICOUEV®DV
ETMEEEQYAGTOV GTNV 0TTol0, Ol KaTagTdoels Tov FSM to
omolo Aettovgyel S AOYIKA EAEYYOV EVOWUATMOVEL TOUG
UNYOvIGLOUS TOU YELQLOTN Sedouévav

m ‘Eva FSMD umopel va VAOTIOIAGEL TTAMQEMS T GUUITEQLPOQQ
evog emtegegyaotn oe emimedo RTL
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O aAy6pBpog Tou UEyleTou Kool Statpétn

m O alydeBuog vrtodoyieuov tov Méyigtouv Kowou Atongétn
8v0 VeTkdV axepalwv

-~
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(int gcd(int a, int b) result = x; )
{ }
int result; else
int x, y; {
result = 0;
X = aj; }
y = b; return (result);
}
if (x!=0 && y!=0)
{ int main(Q)
while (x != y) {
{ int result = gcd(196, 42);
if (x >= y) return (result);
X =X -Y, }
else
y=Yy - Xx;
}

TAdcoeg MeQrypapng YAtkov



AAyoiBuiko Stdypauuo ong yia tov aiyépibuo GCD

- X1=0 8& yi=0
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Aoy ®ELGUOS TOU SLoyEAUUOTOS QONG GE KATAGTAGELS

S0

s2 T ,%w* F ST

Y

result =0
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ApBuntikd Tropdderyua vitoAoyicpuoy tov GCD

m O wkedTepog aBuds arrd dvo apBuoic a,b agporpeliton
agtd Tov peyaAvteQo Ge Stadoyikd Prpata

m ‘Otav or §Yo agBuol yivouv {col, Tdte 1GOUVTAL Ue TOV
Méyiwoto Kowd Awarpétn toug

B Xe grepitttoon Tov n diadkacio @tdoer uéypl To onuelo
mov a =11 b =1 td1e 0L §Yo apBuol dev €xouv un
teTouuuévo GCD, Sniadn yeyaAitego Tov 1

m ITopddeyua (a = 196,b = 42)

Bhga | A B

1 196 | 42
2 154 | 42
3 112 42
4 70 42
5 28 42
6 28 14
7 14 14

m To amotéAecua elvan: ged(196,42) = 14
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Texvikég TTeQLYQOUPNG VOGS Un JTOYQOUULATICOUEVOU
emegepyastn GCD

® Mn cuvBéoun TTEQLyQOUp
m [IeQyQa@n NG GUUITEQLYOQRAS TOU EITEEEQYACTN GE
aAyoEBuLko eTtimedo
m Xopnon doudv vpndov emItédou dmwes doués emavdinypng
for ... loop ko while ... 1loop
B Xuyxvd xenooTolelTon og Tunuo evog testbench yia tnv
€E0UOLWON TNG GUUTTEQLPORAS TOU KUKAMUATOS KOl TRV
egaymyn e£68wv avapoeds (reference vectors)
m XuvOéown TreQLyQapn
® YAottoingn pe yewplotin eAéyyxou (tuTtov FSM) kan xepiatin
Sedouévav (datapath)
B YMAowroinon ue agyrtektoviki FSMD
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Mn cuvBéaun gregrypapn touv GCD

m 'Ectw A, B ou €lgodotl Sedouévav kar Y n €£o080¢ pe tnv tiun

tov GCD

m YAogtoinon Ge ula process

GCD: process
variable A,B,Y: integer range 0 to 65535;
begin

if (A /= 0 and B /= 0) then
while (B /= 0) loop
if (A >= B) then

A := A - B;
else
B := B - A;
end if;
end loop;
else
A = 0;
end if;
Y := A;

end process GCD;
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Awdypaupa katacstdcemv yio 1o FSM tou xelpuotit

eAEYYOV

not (start)

xi=0andy/=0 not (x /= 0 and

Xi=y
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To GuvoAikd kKUKAwUa Tov emtegepyactn GCD

a b
start
x_sel
v_sel
x_load
y_load
GCD .
clock y_su
controller
reset X_sub
omparator,
x_agt_y
//xJLy
X_eq_y
xy_ne_z
subtractor 0 subtractor
done l
r_sel Ll
mux
r_load outpreg
outp
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[Teprypapn tov FSM (1)

TA®coeg IeQryoapng YAkov

~
library IEEE;

use IEEE.std_logic_1164.all;

use IEEE.std_logic_unsigned.all;

entity gcd_controller is
port (
clock : in std_logic;
reset : in std_logic;
start : in std_logic;
xy_ne_zero : in std_logic;
x_gt_y : in std_logic;
x_1t_y : in std_logic;
x_eq_y : in std_logic;
x_load : out std_logic;
y_load : out std_logic;
r_load : out std_logic;
x_sel : out std_logic;
y_sel : out std_logic;
r_sel : out std_logic;
x_sub : out std_logic;
y_sub : out std_logic;
done : out std_logic
H
end gcd_controller;

=
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architecture fsm of gcd_controller is
type state_type is (s0,sl,s2,s3);
signal current_state, next_state:
state_type;
begin
processl: process (clock, reset)
begin
if (reset = ’'1’) then
current_state <= s0;
elsif (clock = ’'1’ and clock’EVENT) ¢
current_state <= next_state;
end if;
end process processl;
process2: process (current_state,
start, xy_ne_zero,
x_gty, x_lt_y, x_eq.y)
begin
x_load <= '0’;
y_load <= '0’;
r_load <= '0’;
x_sel <= '0’;
y_sel <= '0’;
r_sel <= '0’;
x_sub <= ’0’;
y_sub <= ’0’;
done <= '0’;
J
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hen



[Teprypapn tov FSM (2)

case current_state is
when s® =>
if (start = ’1’) then
x_load <= '17;
y_load <= '1’;
next_state <= sl;
else
next_state <= s0;
end if;
when sl =>
if (xy_ne_zero = ’1’) then
next_state <= s2;
else
r_load <= '17;
r_sel <= '1’;
next_state <= s3;
end if;
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when s2 =>

if (x_gt_y = ’1’) then
x_load <= '17;
x_sel <= '1’;
x_sub <= ’1’;
next_state <= s2;

elsif (x_1lt_y = ’'1’) then
y_load <= ’1’;
y_sel <= ’1’;

y_sub <= '1’;
next_state <= s2;
else

r_load <= '1’;
next_state <= s3;

end if;

when s3 =>
done <= ’'17;
next_state <= s0;
end case;
end process process2;
end fsm;

TA®ooeg IeQrypapng YAkov

[epagyknt TTEQLYQOPN TOV XELPLGTN dedousvmwv (2)

start
i
X sel XML
yzsel [
¥_load
lock GCD b u'rrnK'n}‘uupu n_,r. UTTOROR A | O
cloci y_su i :
reset controller X b gcd_gdartial_dpath ged_partial_|dpath
oy 1o @V TS omparator 20 avTfTuio
//XJL}
X_eqy
xy_ne_z4
subtractor 0 L@
done
r_sel oy -
= TmLX
r_load outpreg
outp
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[epagykn TeELyea@n Tov xelplatn dedouévwv (1)

B O TTOAUTIAEKTNG ETTLAOYNG Wag €1lgodov (a i b) tov
KUKAWUOTOC KOl TOU QITOTEAEGUATOC TG apalpeong
X=X—-YyNny=y—X, 0 KATAXWENTAS X (¥) KO O QLPAUQETNG
eL@aViTovTal wg VITOKVKA®UA GE dVo avtiTuTta GTO
KUKA®UO TOv Xelploti dedouévav tou GCD

m To vIwokUKAwUa aVTO UTToEEl Vo TteQLyQapel G EexwELGTA
entity (ged_partial dpath) yia tnv kaAvtepn douncn tng
TEQLYQAPNS TOV YELPLGTN Jedouévav

Nwdéraog Kappadias nkavv@physics.auth.gr nkavv@uop.gr TAdcoeg MeQrygapng YAtkoy

To virokVkAwuo ged partial dpath

B Iynuotikd Sidyauuo Tou Kooy VTTOKUKADWATOS Yio TG
e1gédovg a kou b

inl in2
sel
load
sub_en
o

outt
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ITepuypapn tov ged partial dpath To mokéto ged pkg

(. 7
library IEEE; else
use IEEE.std_logic_1164.all; inl_t <= res_t;
use IEEE.std_logic_unsigned.all; end if; library IEEE; sub_en : in std_logic;
end process; use IEEE.std_logic_1164.all; inl, in2 : in
entity gcd_partial_dpath is std_logic_vector (WIDTH-1 downto 0);
generic (WIDTH : integer); process (clock) PACKAGE gcd_pkg IS outl : out
port ( begin component gcd_controller std_logic_vector (WIDTH-1 downto 0)
clock: in std_logic; if (clock = ’1’ and clock’EVENT) thern port ( );
reset: in std_logic; if (reset = ’1’) then clock : in std_logic; end component;
sel: in std_logic; inl_r <= (others => ’'0’); reset : in std_logic; component gcd_datapath
load: in std_logic; else start : in std_logic; generic (WIDTH : integer);
sub_en: in std_logic; if (load = ’1’) then xy_ne_zero : in std_logic; port (
inl: in inl_r <= inl_t; x_gt_y : in std_logic; clock : in std_logic;
std_logic_vector (WIDTH-1 downto §); end if; x_1lt_y : in std_logic; reset : in std_logic;
in2: in end if; x_eq_y : in std_logic; a, b : in
std_logic_vector (WIDTH-1 downto §); end if; x_load, y_load : out std_logic; std_logic_vector (WIDTH-1 downto 0);
outl: out end process; r_load : out std_logic; x_load, y_load, r_load : in std_logic}
std_logic_vector (WIDTH-1 downto §) x_sel, y_sel, r_sel : out std_logic; x_sel, y_sel, r_sel : in std_logic;
); process (sub_en, inl_r, in2) x_sub, y_sub : out std_logic; x_sub, y_sub : in std_logic;
end gcd_partial_dpath; begin done : out std_logic xy_ne_zero : out std_logic;
if (sub_en = ’1’) then ); x_gt_y : out std_logic;
architecture rtl of gcd_partial_dpath is res_t <= inl_r - in2; end component; x_1lt_y : out std_logic;
signal inl_t, inl_r, res_t : else component gcd_partial_dpath x_eq_y : out std_logic;
std_logic_vector (WIDTH-1 downto O0) | res_t <= inl_r; generic (WIDTH : integer); outp : out
begin end if; port ( std_logic_vector (WIDTH-1 downto 0)
process (sel, inl, res_t) end process; clock : in std_logic; );
begin outl <= inl_r; reset : in std_logic; end component;
if (sel = ’0’) then end rtl; sel, load : in std_logic; END gcd_pkg;
inl_t <= inl; J - J - J
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[Teprypapn tov ged datapath (1) [Teprypapn tov ged datapath (2)

~
flibrary IEEE; outp R y_partie_ll_datapath: gcd_partial_dpath )
use IEEE.std_logic_1164.all; : out std_logic_vector (WIDTH-1 downto §) generic map (WIDTH => WIDTH) process (clock)
use IEEE.std_logic_unsigned.all; ); port map ( l.)egm
use WORK.gcd_pkg.all; end gcd_datapath; clock => clock, if (clock = ’1’ and clock’EVENT) then
reset => reset, if (reset = ’1’) then
entity gcd_datapath is architecture rtl of gcd_datapath is sel => y_sel, res <= (others => '0’);
generic (WIDTH : integer); signal x, y, res : load => y_load, else
port ( std_logic_vector (WIDTH-1 downto 0) ] sub_en => y_sub, if (r_load = '1’) then
clock : in std_logic; begin %nl => b, if (r_sel = ’0’) then
reset : in std_logic; x_partial_datapath: gcd_partial_dpath in2 => x, res <= X;
a : in generic map (WIDTH => WIDTH) outl =>y else
std_logic_vector (WIDTH-1 downto §); port map ( H res <= (others => '0’);
b : in clock => clock, reset => reset, enq if;
std_logic_vector (WIDTH-1 downto §); sel => x_sel, em_i if;
x_load : in std_logic; load => x_load, em_i if;
y_load : in std_logic; sub_en => x_sub, end if;
r_load : in std_logic; inl => a, in2 => vy, end process;
x_sel : in std_logic; outl => x
y_sel : in std_logic; );
r_sel : in std_logic; J x_gt_y <= '1’ when (x > y) else '0’;
x_sub : in std_logic; x_1lt_y <= ’1’ when (x < y) else ’0’;
y_sub : in std_logic; x_eq_y <= ’'1’ when (x = y) else ’'0’;
xy_ne_zero : out std_logic; xy_ne_zero <= ’'1’ when
x_gt_y : out std_logic; (x /=0 and y /= 0) else '0’;
x_1t_y : out std_logic;
x_eq_y : out std_logic; outp <= res;
. end rtl;
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[Tpocouoiwan tov emegepyactn GCD (xelpioTng

eAEYYOV)

Xpovikd didypouuo Tou xeplotin eAéyxou (ged _controller)

Signals Waves
Tine . . . . . . . . . 99500 ps . . . . . . . . ‘1‘355 li] BS | . . . ‘2553
clock
reset 1
start
s — . ‘ ‘ —
1ty 1 1 1 L1
iead 7 : — T : - 7 1 —
y_load | | 1 1 LI 1 [
r_load 1 1 1
=_sel [ 1 I 1 [ 1
y-sel 1 1 1 LI 1
by 7 T 7 1
y-sub 1 1 1 LI 1
done 1 1
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/7 A /2
ITpoGouolwan tov emegepyactn GCD (Siemapn tov
’ z.
GUVOMKOU KUKAMDUOTOG)
Xpovikd didypouua (Twés 6To dekadikd)
199 ns 299 ns 399 ns 499 n= 539 n= £39|ns 799 |ns 839 [ns 999 |ns hl]
=== ==
0 i K]
1 il n I 1 nn

199 ns 299 n= 399 n= 499 ns 599|ns

BS99 ns

799 |ns

859 |ns

999 |ns

1

"B EE

NwoAaos Kappadias nkavv@physics.auth.gr nkavv@uop.gr

TAdcoeg MeQryeapng YAtkov

[Tpocouoiwan tov emegepyactn GCD (xelpieTng
dedouévav)

Xpovikd didypouuo Tou xelploti dedopdévav (ged_datapath)

Signals
reset,
start

scy_ne_zero

Hsty

x 1ty
pal )
x_load
v_load
*_load
z_sel
v_sel
r_sel
=[7:0]
vl
res[7:0]
outp7:0]

T T T T T T T T 934 — T T T T T T T ‘1999 0 — T T T T |2999 !
[ 1 [ 1 [
1 1 1 L1
[ [ [
[ 1 [ 1 [
LT 1 T I LT 1 ]
[ 1 [ 1 [
[ 1
I S iy % g Al it i T
R i
Bl
| b
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[Teprypapn tng vAomoinong FSMD tovu emegepyactn

GCD (1)

( M
library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_unsigned.all;
entity gcd is
generic (
WIDTH : integer
);
port (
clock : in std_logic;
reset : in std_logic;
start : in std_logic;
a : in std_logic_vector (WIDTH-1 downto 0);
b : in std_logic_vector (WIDTH-1 downto 0);
outp : out std_logic_vector(WIDTH-1 downto 0);
done : out std_logic
);
end gcd;
architecture fsmd of gcd is
type state_type is (s0,sl,s2,s3);
signal state: state_type;
signal x, y, res : std_logic_vector (WIDTH-1 downto 0);
begin
J
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[Teprypapn tng vAomoinong FSMD tovu emegepyactin

GCD (2)

process (clock, reset)
begin
done <= ’'0’;

if (reset = ’1’) then
state <= s0;
X <= (others => ’0’);
y <= (others => '0’);
res <= (others => ’0’);
elsif (clock=’1’ and clock’EVENT) then
case state is
when s0 =>
if (start = ’'1’) then
X <= a;
y <= b;
state <= sl;
else
state <= s0;
end if;
when s1 =>
if (x /= 0 and y /= 0) then
state <= s2;
else
res <= (others => ’0’);
state <= s3;
end if;
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"EAeyyog opfng Aettovpylag ue testbench (1)

m Ta yapoaxktnlotikd tovu testbench yia tnv etoAnfevon tng
000ng cuuTteRLpPoEdg Tov emetepyactii GCD

B Anyn e1668wv amd agyxeio ue xonon uetafAntov

m Efouolmon tng ouuiteplpopds Tov emeEeQyactn Ge

aiyoQButkd egtimedo

m [TpogBnkn asapiBunti emiddcewv (performance counter) yio
TV AN Tou avaAUTIKOU TIROPIA EKTEAEGNG TOU
emegepyactn GCD yio S1opoQeTkES €LlGOS0UG

signal ncycles : integer;

PROFILING: process(clock, reset, done)

begin
if (reset = '1’ or done = ’'1’) then
ncycles <= 0;
elsif (clock = 1’ and clock’EVENT) then
ncycles <= ncycles + 1;
end if;

end process PROFILING;
-

NwoAaos Kappadias nkavv@physics.auth.gr nkavv@uop.gr TAdcoeg MeQryeapng YAtkov

[Teprypapn tng vAomoinong FSMD tovu

GCD (3)

ETEEEQYATTN

e
when s2 =>
if (x > y) then
X <= X - Y;
state <= s2;
elsif (x < y) then
y <=y -x;
state <= s2;
else
res <= Xx;
state <= s3;
end if;
when s3 =>
done <= ’1’;
state <= s0;
end case;
end if;
end process;
outp <= res;
end fsmd;
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"EAeyyog opBng Aettovgylag pe testbench (2)

m AAwon SIGNAL tUtov FILE yia Alyn €1668wv amd agyelo
KO EKTUTTOON SLOYVWGTIKAG £€£680V Ge apyelo

file TestDataFile: text open

read_mode is "gcd_test_data.txt";

file ResultsFile: text open write_mode is
"gcd_alg_test_results.txt";

m Ta Jtepieydueva Tov agyelov keweévou
"gcd_test_data.txt" (A, B, result)

21 49 7

25 30 5

19 27 1

40 40 40
250 190 10
5 250 5
111
000
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"EAeyyoc oBng Aettovgylog ue testbench (3)

AAyoiBuikn vAogtoinon kot €leyyoc 0Onig Asttovylog

r
GCD_EMUL: process

variable A_v,B_v,Y_v,Y Ref,temp: integer range 0O to 255
variable ncycles_v: integer;
variable TestData, BufLine: line;
variable Passed: std_logic := ’'1’;
begin
while not endfile(TestDataFile) loop

readline(TestDataFile, TestData);
read(TestData, A_v);
read(TestData, B_v);
read(TestData, temp);

a <= conv_std_logic_vector(A_v, WIDTH);
b <= conv_std_logic_vector(B_v, WIDTH);

if (A_v /= 0 and B_v /= 0) then
while (A_v /= B_v) loop
if (A_v >= B_v) then
A_v := A_v - B_v;
else
B_v := B_v - A_v;
end if;
end loop;
else
A_v := 0;
end if;
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"EAeyyog opOng Aettovgylag pe testbench (5)

m Extimoon StayveoeTtiking €€68ov 6to axelo
"gcd_alg_test_results.txt"

(GCD OK: Number of cycles=7
GCD OK: Number of cycles=8
GCD OK: Number of cycles=10
GCD OK: Number of cycles=3
GCD OK: Number of cycles=12
GCD OK: Number of cycles=52
GCD OK: Number of cycles=3
GCD OK: Number of cycles=2
GCD algorithm test has passed
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"EAeyyoc oOng Aettovgylog ue testbench (4)

AMy. vioToinon kal €Aeyyog 0N Asttovpylag (Guvexela)

r

Y_Ref := A_v;
wait until done = '1°;
Y_v := conv_integer(outp);

if (Y_v /= Y_Ref) then
Passed := '0’;
write(Bufline, string’("GCD Error: A="));
write(Bufline, A_v);
write(Bufline, string’(" B=")); write(Bufline, B_v);
write(Bufline, string’(" Y=")); write(Bufline, Y_v);
write(Bufline, string’(" Y_Ref=")); write(Bufline, Y_Ref);
writeline (ResultsFile, Bufline);
else
ncycles_v := ncycles;
write(Bufline, string’("GCD OK: Number of cycles="));
write(Bufline, ncycles_v);
writeline (ResultsFile, Bufline);
end if;
end loop;
if (Passed = ’'1’) then
write(Bufline, string’("GCD algorithm test has passed"));
writeline (ResultsFile, Bufline);
end if;
wait for CLK_PERIOD;
end process GCD_EMUL;
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