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This report describes the current status of benchmarks for the 1992 High-Level Synthesis Workshop and 
suggests guidelines for benchmark submission. The benchmark set currently has 9 designs, where each 
benchmark includes a VHDL description of the design, documentation of the design's functionality , as 
well as a set of test vectors and expected outputs for simulation. Documentation of the testing strategy 
the test vectors are also provided with each benchmark. Although the benchmarks are currently written 
in VHDL , we have attempted to organize the benchmarks in a language-independent format so that 
users can easily translate the benchmarks into their favorite HDL; the representative set of test vectors 
and expected outputs allow a user to ensure, with some level of confidence, that their HDL descriptions 
preserve the original behavior of the benchmarks. The current benchmark set contains designs that 
exercise different types of functionality (e.g., DSP, FSM-based, arithmetic, etc.) , as well as different 
types of HDL behavioral constructs (e.g., nested loops and nested conditionals). We conclude with a 
suggested set of guidelines for benchmark submission. 
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1 Introduction 

The benchmarking effort for High-Level Synthesis (HLS) began during the summer of 1987 when an 
informal benchmarking discussion was held at the 24th DAC. The urgent need for a set of benchmarks 
led to the HLSW 1988 Call for Participation stating: The objective of the workshop is to begin the 
development of a set of "high-level synthesis benchmarks" that can provide a means of comparing 
different synthesis systems and guide future work to include a complete range of digital circuits. This 
lead to the development of an informal set of benchmarks comprising different types of designs such as 
simple controllers , microprocessors, digital signal processing algorithms and other applications. These 
benchmarks were subsequently made available through the SIGDA benchmark repository maintained 
at mcnc.mcnc.org under the directories HLSynth89 and HLSynth91. 

The old benchmark set was not very robust and had several shortcomings. They lacked documen­
tation of design functionality, and more importantly, generally lacked typical simulation vectors that 
could be used to verify the "correctness" of the input HDL descriptions, as well as of the synthesized 
designs. 1 However, we have reached a point of maturity in HLS where several researchers use the 
benchmarks for comparative evaluation of their results . These comparisons are often confusing and 
sometimes incorrect, due to the inherent ambiguity in the older set of benchmarks. 

In this report, we attempt to rectify this situation by providing a set of sample benchmarks that 
include design documentation, typical design behaviors described as sample test vectors and expected 
outputs, and documentation of the testing strategy. The benchmarks are written using a common 
look-and-feel to maintain consistency across different designs. Although the benchmarks described 
here have been written in VHDL, we have attempted to organize them in a fairly HDL-independent 
format so as to facilitate greater usability through ease of translation to other HDLs. 

This report concludes with some suggested guidelines for benchmark submission. 

2 Overview of Benchmarks and Testing Strategy 

This section briefly describes the current set of benchmarks, 2 which consists of a set of nine designs 
as summarized in Table 1. These benchmarks vary in the level of design description (e.g., FSM, 
functional blocks, algorithms), the style of VHDL used as well as in the VHDL control features and 
data types exercised. Several benchmarks are derived from "familiar" designs used by HLS researchers 
in the past (e.g., Fifth-order wave elliptic filter and Diffeq). For each design, we have tried to provide 
documentation of the functionality and assumptions made in coding the VHDL description. The 
appendix of this report contains a listing of the VHDL behavioral descriptions. 

For each benchmark description, we also provide a brief description of the testing strategy used to 
obtain the set of test patterns for the benchmark, documentation of the test vectors, as well as the 
actual test patterns and the expected outputs. While these patterns are certainly not exhaustive , we 
have attempted to provide tests that exercise typical behaviors of the design, with the hope that it 
will facilitate ease of translation to other HDLs (and other VHDL modeling styles) that are used by 
individual synthesis tools. 

The test patterns for each benchmark can be viewed as "sanity-checks" that attempt to exercise 
typical behaviors of the benchmark without performing exhaustive testing. As a general testing 
strategy, we exercise each function of the benchmark, and try to stimulate these functions under 

1 A notable exception was the set of Hardware-C descriptions that included sample test vectors and expected outputs. 
2These benchmarks are available by anonymous ftp from mcnc.mcnc.orgunder pub/benchmark/HLSynth92 and from 

ics. uci.edu under pub/HLSynth92. 
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different combinations of inputs. For designs that are partitioned into components, we attempt to test 
each component in different modes with test vectors designed to detect "stuck-at-0" and "stuck-at-1 " 
faults at various points in the hardware. The paths are also tested for "stuck-at-0" and "stuck-at-
1" faults at any point on the path . In addition , we try to test some specified ports in both their 
complimentary forms (1 and 0) which is analogous to testing for "stuck-at" faults in the synthesized 
hardware. 

3 Traffic Light Controller 

Description 

This benchmark describes a traffic light controller that regulates traffic at the intersection of a 
highway and a sideroad. The model is written such that the highway has priority over the side road. 
It uses a short timeout and a long timeout along with the traffic data on the side road to determine 
the length of time the traffic lights are in a particular state. The detailed functioning is described in 
[MeCo80]. 

Assumptions 

The model assumes that some clocking signal is available to generate the timeout signals. 

Testing Strategy 

The tests consists of exercising paths to encompass all sequence of events. These tests ensure that 
all sequences of events behave in the predicted manner. 

4 Armstrong Counter 

Description 

The Armstrong counter counts up or down till a prespecified external limit is reached. It operates 
with the Clock and Strobe signals acting as triggers. 

The counting is done on the positive edge of clock. The decoding is performed on the positive edge 
of the strobe signal and the limit is loaded on a negative edge of Strobe signal. 

If the counter reaches the limit, further counting is disabled till a new limit is loaded or the counter 
is cleared. 

The benchmark was derived from the controlled counter description in [Arms89] 

Caveats 

The model does not support the behavior of the counter under these conditions: 

• While the counter is counting towards the limit, the counting direction is changed. This means 
the counting should stop since the value now has crossed the limit in the direction of count; 
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however, the model does not support this behavior. 

For example, let the counter's state be at 1 and counting-up, with the limit set at 7. If the 
count direction is now changed to downward count, the counter has already crossed the limit 7 
during count down, so it should stop counting. 

• While the counter is counting towards the limit, the limit is changed so that the counter now 
exceeds the limit. This means the counting should stop since the value now has crossed the 
limit in the direction of count; however, the model does not support this behavior. 

For example, let the counter 's state be at 7 and counting-up with the limit set at 14. If the 
limit is now changed to 5, the counter has already crossed the limit 5 during count down , so it 
should stop counting. 

Testing Strategy 

The testing strategy consists of running a clock process and a counter testing process. The types 
of tests include performing a complete count-up and count-down sequence and also testing whether 
the limit function works while performing the count-up and count-down. 

5 Differential Equations 

Description 

This benchmark provides the hardware description for a small fixed-point calculation loop. The 
algorithm tries to numerically solve the equation 

y" + 3xy' + 3y = 0 

Here, u is assumed to represent dy / dx or y' . dx is approximated as xl - x. Similarly, dy = yl - y 
and du = ul - u. The value 'a' provides the number of times the numerical loop is executed. ul, xl 
and yl represent the new values of u, x and y. Thus, xl = x + dx, yl = udx + y, ul = u - 3xudx -
3ydx. The behavior executes by loading the initial values of x, y, u, dx, and a. 

This benchmark was derived from [BrGa87]. 

Testing Strategy 

For this benchmark, the tests include checking the execution of the loop a desired number of times 
and checking for overflow on the outputs. We also check for correct operation under different conditions 
such as when the inputs are zeroes or negative numbers. 

6 Elliptic Filter 

Descriptions 

The elliptic filter belongs to the class of Infinite Impulse Response (IIR) filters, where the filter's 
response to an impulse input remains non-zero till infinite time in a theoretical sense. The particular 
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filter we deal with here is a low pass filter , meaning that it filters off frequencies higher than a certain 
limit, called the cut-off frequency. 

This filter design description is composed of a basic block of several arithmetic operations , and has 
long been a popular benchmark for comparing the results of scheduling. The benchmark derived from 
descriptions in [Ku WK85] and [ Orch90] . 

Testing Strategy 

The functional tes ting of the ellipt ic filter is usually done with a 'delta' function , the rough ap­
proximation of which in the digital domain is a vector that is '1' in the first instance , and is 'O' for all 
other states. The corresponding output has to be tested by substituting the vector in the z-transform 
of the state equation. 

The vectors were derived heuristically, according to standard practices used in such cases. We 
consider vectors that are all similar (say all O's and all 1 's ), vectors that have different combinations 
of even and odd numbers as current state vectors, and vectors that are powers of 2. 

7 Kalman Filter 

Description 

The purpose of the Kalman filter is to predict the state vector of a system from a set of observed 
quantities. The dimensionality of the state vector is larger than that of the measurements. The 
imbalance is remedied by using many successive data observations in the prediction process. 

The operation of the Kalman filter chip is as follows: First a set of coefficient matrices is downloaded 
into the chip. Once this is completed, the chip enters its control loop. Within this loop, four steps are 
repeated indefinitely. First , 13 measurements "y" are read into the chip. Second, the state vector "x" 
(of dimension 16) is es t imated. This involves multiplication by a 16x16 matrix , multiplication by a 
16x13 matrix, and numerical integration using the previous state estimate. Third , the control output 
vector "v" (of dimension 4) is computed from the state estimate. This involves multiplication by a 
4x16 matrix. Fourth, the control vector " v" is output from the chip. 

The Kalman filter model was derived from [Newt92]. 

Assumptions 

The Kalman filter requires negative numbers to control its feedback. The highest negative number 
is two to the fifteen. Also , coefficients below unity are required to ensure that feedback does not cause 
the numbers to blow up . Hence , all inputs numbers have been multiplied by 1024, that is pitched 10 
binary places above unity. 

Testing Strategy 

We start off the testing process by loading the constant matrices A, G and K. There exists 2 types 
of test sequences. Four different run of test vectors was followed by a run of four identical inputs. This 
is done to demonstrate the convergence of the state vector estimation process. We have also included 
some sanity check vectors. 
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Complete details of the testing strategy can be obtained in [Newt92]. 

8 Greatest Common Divisor 

Description 

The gcd model described in this example consists of two 8-bit input ports, one 8-bit output port , 
and a one-bit input port that enables the gcd model when the value is low. 

The gcd model can be enabled by setting rst='O'. The output ou will be evaluated as gcd(xi, yi) 
based on the input values of xi and yi . If rst= '1 ',then the output will be evaluated to be "00000000". 

This algorithm is derived from [BrBr]. 

Testing Strategy 

All possible paths in this benchmark are tested. The test types include checking when the input 
numbers are multiples , and when the numbers are not multiples of each other. The other sets of tests 
include the case when the input numbers are large. 

9 Am 2901 

Description 

Am2901 is a four-bit microprocessor slice (from Advanced Micro Devices Inc.) It can be described 
either using functional blocks or by its behavior. 

Its main functional blocks are as follows : 

• 16-word by four bit two port RAM, with an up/down shifter at the input. 

• A register ( called Q ) with an up/down shifter at the input 

• An ALU source selector which select two inputs out of, Port A of RAM, Port B of RAM, Q 
register output, External data input and Logical 0 

• A 4-bit ALU, capable of performing arithmetic and logical functions on the selected source 
words. 

• A destination selector which decides whether to load the ALU output ( with or without shifting) 
into the RAM, whether to load the ALU output ( with or without shifting) or the Q register 
contents (with shifting) into the Q register OR whether the ALU output or the Port A contents 
should be forwarded to the External data output. 

The behavior description of 2901 consists of a VHDL process that has three case statements cor­
responding to ALU operand selection, ALU function selection and ALU destination and data-output 
selection. 

In the model, data is first read into "A" and "B" from the RAM words addressed by Aadd and 
Badd. Then the ALU operands are selected. The ALU does computation on these operands. After 
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that, the destination selector decides whether and how to write the ALU results to the RAM and Q 

register. 

The complete details of the function of this design can be found in [AMDe82] . Further details of 
the model can be found in [Ghos92]. 

Testing Strategy 

There are two types of paths in this design. One path starts at some register (or external data 
input), goes through the ALU and ends at a register. The other path starts at a register, goes via the 
ALU and ends at a RAM. Each of these paths tests a different ALU source line. 

Further details of the test patterns can be found in [Ghos92]. 

10 Am 2910 

Description 

The Am2910 is a microprogram address sequencer intended for use in high-speed microprocessor 
applications [AMDe89] . 

The Am2910 has a four-input multiplexor that is used to select either the register/counter (R), 
direct data input (D), microprogram counter (uPC) or the top of stack (TOS) as the source of the 
next microinstruction address. 

The register/ counter performs the operations of load or decrement. The microprogram counter is 
used when incrementing needs to be performed, to execute sequential microinstructions . The third 
source for the multiplexor is the direct (D) input. This source is used for branching. The fourth source 
available at the multiplexor input is the top of the stack which is used to provide return address linkage 
when executing microsubroutines or loops. 

The device provides three-state Y outputs. These can be particularly useful in designs requiring 
automatic checkout of the processor. The microprogram sequencer outputs can be forced into high­
impedance state, and pre-programmed sequences of microinstructions can be executed via external 
access to the address lines. 

The detailed model is described in [Ghos92]. 

Testing Strategy 

In testing the Am2910 models, the overall strategy adopted is to test each "hardware" component 
(e.g. stack, register/ counter etc.) using sequences of test vectors. 

Because the components are not being tested in isolation, we need to set up input values at input 
ports of the chip and propagate them to the input of that component. Also, the output of a component 
has to be propagated to the output ports of the chip. 

Further details of the test patterns can be obtained in [Ghos92). 
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11 Intel 8251 

Description 

The Intel 8251 Universal Synchronous / Asynchronous Receiver/Transmitter (USART), designed for 
data communication with Intel's microprocessor families described in [Inte81]. It is used as a peripheral 
device and is programmed by the CPU to operate using many serial data transmission techniques. 

The USART accepts data characters from the CPU in parallel format and then converts them into 
a continuous serial data stream. It accepts serial data streams and converts them into parallel data 
characters for the CPU. The USART will signal the CPU whenever it can accept a new character for 
transmission or whenever it has received a character for the CPU. The CPU can read the status of 
the USART at any time. 

The complete functional definition of the 8251 is programmed by the system's software. A set of 
control words must be sent out by the CPU to initialize the 8251 to support the desired communication 
format. These words must immediately follow a reset (internal/external). 

The VHDL model consists of three major processes "main", "receiver" and "transmitter". The 
model describes how each of the above process handle the various mode words namely, Synchronous 
mode word, Asynchronous mode word Command word , and Status Word. 

It also describes the operation in the following modes, Asynchronous Mode (Transmission), Syn­
chronous Mode (Transmission), Asynchronous Mode (Receive) and the Synchronous Mode (Receive). 

Further details regarding the model can be obtained from [Ghos92]. 

Testing Strategy 

In testing the functionality of the 8251, we mainly concentrate on testing its main operational 
modes, Synchronous transmission, Asynchronous transmission Synchronous receive (External Syn­
chronization), Synchronous receive (Internal Synchronization) and Asynchronous receive . 

Further details regarding the test patterns can be obtained from [Ghos92]. 

12 Benchmark Guidelines 

In this section, we suggest some guidelines for the submission of new benchmarks. This is a first step 
towards introducing more rigor in the benchmarking process, and towards the creation of a robust set 
of benchmark examples for testing High-Level Synthesis tools and systems. 

12.1 "Well-Known" HDL Description 

The design must be described using a "well-known" HDL which has a publicly available LRM, and 
which has a publicly available simulator. Sample HDLs that fit this criterion include VHDL, Verilog 
and Hardware-C. 

The HDL description must be liberally commented to allow readability. 

12.2 Design Documentation, Assumptions, Simplifications 

The source of the design information should be specified (e.g., data sheet, initial design spec., etc.) . 
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A description of the design's functionality (using English, flowcharts, block diagrams , etc.) must 
accompany the HDL description. 

All assumptions and simplifications made in writing the HDL model must be clearly stated. 

12.3 Simulation Vectors 

A set of input and expected output functional test vectors must accompany the HDL description 
for simulating typical operational behaviors of the design. These test vectors are not designed to 
exhaustively test the design. Instead, they give some level of confidence in the behavioral HDL model, 
and allow translation and validation of the model into another HDL or description style. 

The test vectors must also be accompanied by a (English) description of what functionality is being 
tested. 

The input and expected output vectors should be described in a generic format that allows ease of 
use in different simulation environments. A brief description of the test vector format must accompany 
the test vector set. 

12.4 Simulator Details 

Each benchmark design must indicate the name, version, and availability (where appropriate) of the 
simulator used to test the design. 

12.5 Synthesis Outputs 

The outputs of synthesis tools must be simulated using the same simulator and test vectors used to 
check the behavior of the input description. 

13 Summary 

This report presented the status of, and briefly described the benchmark set developed for the Sixth 
International Workshop on High-Level Synthesis. Several researchers are in the process of contributing 
more benchmarks; these will be placed in the HLSW92 benchmark repositories both at MCNC and 
at U .C. Irvine, as soon as they are complete. We will periodically provide updates on the status of 
benchmarks through the High-Level Synthesis Workshop electronic mailing list. 

We are actively soliciting (new or old) benchmarks that follow the suggested guidelines, and ask 
that you help us create a more comprehensive set of benchmarks by providing design examples. 

In conclusion, it should be noted that this is still a preliminary effort in standardizing the bench­
marks for High-Level Synthesis. We have yet to resolve several difficult issues, including a standard 
mechanism for specifying timing and other constraints in the test data sets. We look forward to 
receiving feedback, comments, suggestions and criticisms. 
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Controlled Cou n ter Benchmark CU UT <• CNT; 

Source: ' Chi p i.ev e l Mode l 1n g w iLh V lll i t. • by J i m /\ rm :.; Lrong ! l ' :enL 1ce-H..i l 1 1qACJ ) 

Benchmark author: Joe Li e 

Copy r i ghL (cl b y Joe J,is JC;!AA 

Modified by Cha mpaka Ramachandran on Aug 2'l t h 1992 

Ver i ficaL i on Jnformi.i li on : 

Verified By whom? Date 

SynLilX ye!-> 
1-'unc Lionul \ L y yes 

ChiJmpi.ikiJ J.l:CJmuchund r un 7. 4 / A; q;:i 
Chiimpulc:;.i k;:, m.:i ch<:::1n drun 7. 4 /A/ q ;i 

U!->e wor'k.ll! 'l'_l ·" UNC'l'I ONS . .:ill; 

entity ARMS_ COUNTER i,".; 
port < 

Cl.K: i n llI 'r; 
STJ.1:11 i n b it; 
CON : in BIT_V ECT OR(l downt o Ul; 
DATA: in BI'r _ VECTOR(J downto UJ ; 
COUT: out BIT_ VECTOR.(3 downto U) ); 

e nd /\M:MS_COUN'!' l·:M; 

- - VSS: decign_s tyle behavioural 

Mrch i L ec L ure A M:MS_COUN'l 'EH Of /\HMS_COUN'l' l·:H i s 

z ign.:il ENIT , RENIT: BIT; 
s i gnu l 1-:N: ll l ' I ' ; 
signu l CONStG, 1. lM: lll'r_VEC'l'OJ.1:(3 down Lo 0) ; 

signal CNT BIT_VECT OR ( 3 down to 0); 

beg In 

Simu lator 

:l.YC.:/\ ll 
:t.YC/\ll 

------ ---- --- -- - '!'h e decoder - -- ----- - -- --- --- ------------------- -

DECODE : procezz (STRB, RENIT ) 

v o.ir i uble CONHl-:G: l l l ' l'_ Vl·:C.:'l'OH ( l downLo OJ · oo • ; 

begi n 

i f (S'J' l·W"' ' 1') <.i nd ( noL S'l'Hl\'S'l'/\111.J·:) Lhen 
CONREC : "' CON; 

CONHIO:G i s 
when · oo · C.:ONS I G · 000 1 . ; 
when · 01 . CONS I G · 0010 · ; 
when " 1 0 . CONS I C • 0 1 00 · ; ENIT 
when • 11 • : > CONS I C • 1000 . ; ENIT 
when oLhers •> 

e nd cuse ; 

e nd if; - - Rining edge o f STRB 

if ( fH:Nl 'I' "' 'l ' J i.lnd ( noL Ml.:Nl ' l'' S'l'AJll,Jo:) Lhen 
ENIT <= ' U '; 

e n d if; 

end procei:.n DECODE ; 

'l ' ; 

'l'; 

-------- ------- - 'J'h e lj m.iL louder------------- - - - ---- --- ------ ------- -

L OAD_LIMIT: proees& ( STRBJ 

beg I n 

if {CONS I C(l) ' l ') .rnd ( n0t STRB'STABLE) and (STRB 
LIM < = DATA; 

e nd if; 

end procezn L OAD_LIMIT; 

'l'he cou nLer 

: CTR: proccn r; <CONSIC(O), EN, C LK J 

vu r l i.ib l e CN'l' I·: 111 '1' := •o•; 

beg i n 

if (CONSJG(O) = ' 1' ) <l nd { noL CONSl G(O)'S'l'A IH .l ·:J L h en 
C N'J' < :: " 0000 • ; 

e nd if; 

if ( noL l·:N' S'l' /\ 111.1·: ) Lhen 
i f ( l•:N "' ' 1 ' ) L hen 

CNTE 'l ' ; 
el&e 

C.: N'l ' I•: : = '0' ; 
end if; 

e nd if; 

'O ' ) t h e n 

if (not CLK 'STABLE) and (CLK"' ' l' ) a nd (CNTE '1' ) the n 
i f (CONS I G ( ;>. ) • ' 1 ' ) L hen 

C N'J ' < = C N'J' + " 0001 " ; 
elni f (CONS ! G()) 'l ' l then 

CNT < = CNT - " OOU l " ; 
end if ; 

end i f ; 

e n d procezz CTR; 

- - - - - - - - - -- -- -- - T he eompilril Lor - - -- -- - - - - - - - - - - - - -- - - - --- -- - - - - -- - --

LIMIT_CHK: proccz s (CNT, ENITJ 

begin 

1! ( n ot ENIT'STABLE l then 
i f ( ENIT = '1 ' ) then 

l•:N < = '1 '; Hl•:Nl 'I' < = 'l' ; 
e l :-> e 

REN IT < • '0' ; 
e nd if; 

e nd i r; 

it ( EN"' 'l' ) and (CNT •LIM) then 
EN <= 'O'; 

e nd I f; 

e nd ARMS_COUNTER; 

12 
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Differential Equation Benchmark 

Sou r ce: /\d.:ipLed from ex<.1mple In puper 
" HAL: A Mul ti-Parad19m Appro..-ich to Aut. o mdt. Lc Data Pat.h Synt.hc :~ 1 :~ · 

by P. Paulin, J. Kni9ht and E. Girczy c 
?.3 rd 11/\C, .June 19A6, pp. /.63 - ?.70 

- - i Aenchmark author: Joe Li~ 

Copyrig h L (c) 19R9 by .Joe 1.i~ 

Modified by Champaka Ramach andran on Aug l'/th 1992 

Ver ification Information: 

Verified lly whom? 
-- ---- ----- -

sy n tax· ye~ Champaka 
FuncLion<.il i Ly ye:-; Ch.:imp;..ik-.i 

entity dit fcq ls 
po r L (Xi nporL: i n inLeger; 

Xoulpor L : o u L i nLege r; 
DXport: in int.cgcr ; 
Aport: i n integer ; 
Yinport: in integer; 
YouLporL: o uL inL ege r; 
UinporL: i n l nLeger; 
Uoutport: out i ntcc;icr J; 

end dif fcq; 

--VSS: design_:-;Lyle 1!1·:11/\VIOH./\f, 

architecture diffeq of diffcq ic 

beg i n 

Ramachdndran 
M-.im-.ich<.1ndr<..in 

IJ<.iL e 

l"lth 
17Lh 

Pl proccsi:: (Aport. DXport. Xinport. Yinport, Ul nport) 

variabl e x_v<..1r,y_vur,u_vur, <.1_v<..1r, dx_ vur: inLeger 
vc.iric.i ble xl, y l, 1..1 ,L/.,LJ , L4,L5,L6: inL eger ; 

1 begi n 

Aug 
Aug 

x _ vo;i r : = XinporL; u _ v<.i r : = /\porL; dx_ vur l >XporL; y _ vur 

while tx_ var < a _ var) loop 

L l u_v<.1r • dx_var ; 
t2 3 • x _ var; 
tJ J • y _ var; 
L4 L 1 • L/.; 
LS dx_ v<.ir • L3; 
L6 u_var L4; 

u_var :~ t.6 - t~; 

y1 u_vo.ir· • dx_vi.lr1 
y_vur y_var y1; 
x _var x_var • dx_var; 

e nd 1 oop; 

.. 
XouLpor L x_v<.1r; 
You LporL y _ vur; 
Uoutport u _ var; 

end proce:-;:..; Pl; 

diffeq; 

Simul;..iLor 
---- --------

92 ZYCAD 
9> /'.Yt:/\IJ 

Yinpo r L; u _ v<.1r 

I 

I 
I 
I 
I 

i3 



EllipLic-.il W..i\le FilLer llenchm..irk 

VHDL Benchmark aut.hor: D. Srcenivdr.:a nao 
Uni\lers iLy O f C.:..il i forni.:..i, Irvine, r.:.A q /"/1 7 
di:;r@bulboa . eng .u ci . edu, C7 14lA56-5Hlb 

Developed on 12 September, 1992 

VerlficaLion lnform.:JL lon: 

Verified By whom ? Dat e Simulator 

SynLax 
FuncL l onu l i Ly 

yes 
yes 

-- u s e sLd.sLd_logic . ..i ll; 
use wo r k. b i L_funcL i ons. all; 

c n t.ity ellipf is 

nsH 
llSH 

p orL ( i np i n 11 1·1·_ v 1·:C'l'OM( 15 down Lo O); 

o uLp : OUL lllT_ V t·:C'l'OM(l 5 downlo 0); 

sv2 , cvlJ, r.:vlU , cv26, cvJJ, r.:vJU, i::vJ9 
in BIT_VECTOR(l~ downt o U) ; 

0 9 /D/9?: 
09/17: / 9 ?: 

i:: v2_o, zvlJ_o, svlU_o, c v2b_o, r.:vJJ _o. ::;vJU_ o, :;vJ9 _ o 
ouL blL_vecLor(lS downLo 0) J; 

end ellipf; 

architecture cllipf of cllipf i& 

begin 

procczs (inp, cv 2, s vlJ, svlU, sv 26, cvJ J, s vJU, r.:vJ9 l 

'/.YC.:/\ll 
i'.YC.:/\ll 

consLanL ml, m?:, mJ, m4, m5, m6, m7, mA inLeger : z (l, 1,l,1, 1,1 ,1,1 ): 
variab le nl , n2, nJ, n1 , n!:>, n6 , n ·1 BIT_ VECTOIUl!:> downto OJ; 
variable n8, n9, nlO, nll, nl2 , nlJ BIT_ VECTOR(l!:> downto Ol 1 
v<Jriub1 e nl4, n15, n1 6, n 17, n1A, nlq : lll 'l'_V l·'.C'l'OH ( 15 downLo 0); 
vcir1able n20, n?:l, n 2?: , n?:J, n?:4, n25 : lll'l '_Vl•:C' l'OM(15 downLo 0); 

variable n/.6, n/.7, n/.B, n /.9 ll l 'l'_Vl·:C'l'OM(15 downLo 01; 
con z t.ant i : int.egcr : • ( l); 

beg i n 
whi e (\ = l ) t.00 1' 
nl inp . sv2; 
n2 i::vJJ . zvJ 9; 
n3 n1 8V1 J; 
n4 n3 . sv /.6 ; 
n> "' . n2; 
n6 n> 
n 7 n5 
n8 n3 . n6; 
n9 n7 . n ?:; 
nlO n3 . nU; 
nll nu . n!:> ; 
nl /. n> . n9; 
nl 3 nl 0 : 
nH nl2 : 
nl> nl . n13 ; 
n l 6 nl 4 . sv39; 
nl 7 n1 . n1 5; 
nlU nl> . nu; 

n .19 n9 . nl 6; 
n ?:O nl 6 . sv 39 ; 
n21 nl 'J : 
n22 nlU . r.:vlU; 
n?.J svJR . n 1 q; 
n/.4 n/.0 
n2' i np . n21 ; 
n26 n22 
n/.7 n/.3 
n/.fl n 2 6 . svlA; 
n /.q n ?:7 . svJA; 
-:; v2 o < = n2~ • nl!:>; 
cv lJ_o nl '/ ... n2U; 
svlR_ o n/.fl; 
sv~6_o n9 + nl 1; 
zvJU_o n29; 
i::v 33_o nl9 + n29; 
:-; vJ9_o nl 6 + n /.4; 
ouL p <= n /.4; 

end LOOP; 

1 end procc!a>.: 

endellipf; 

1 --conf iguration cllipcon of cllipf io 
for clllp_bch 
e nd for; 

j --end ell ipcon; 

.. 

·-'- ' 
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Kalman Filter Benchmark 

Sour-ce : /\dupled fr-o m Lhe puper-
" A Synthc.:; lt:; Proc c ns appl ied t.o t.hc K ... lman F .1. l t.cr BEn c hma rk " 
by C lcland. O .Ncwton, ORA Malvern . UK 
111.SW-9 '-

VH DL Benchmark aut.hor: Champa k a Ramachan<lran o n Aug lUth 1992 

Ver ificuL i on rnformuL i o n: 

Verified By whom? Date S i mulat or 
- --- -- -- ---- - - -- -- ------

Syntax yet; Champaka Rama c handran lUt. h Auo 92 ZYCAD 
l•'uncL i onu 1 i Ly y e :;; Ch umpuk.:J ~umuchu nd r-un lALh Au o ., '/. VC/\I ) 

U f.l C work. BIT_FUNCTIONS. all; 

enL i L y K/\J .M/\N l.s 
port ( Input_ Vector: in BIT_V ECTOR ( l~ down to IJ) ; 

Addr i n i n t egeI· ; 
Cex e c i n 11 1'1'; 
VecLor_ Lype i n n1T_ V l•:CTOk C'- downlo 11) ; 

Output_ V ectorO out B I T_V ECT O R c l':> down to O); 
Output_Vectorl out B IT_V ECTOR ( l':> downto Ol ; 
Output_Vccto r2 out BIT_VECTOR (l':> downto 0); 
Oulpul_Veclor ) l!J 'l '_ Vl·:C.:'!'Ok ( 1 5 downLO 0)); 

end K/\J ,M/\N ; 

- - VSS: d e zign_ztylc BEHAV I ORAL 

urch ileclure K/\ l .M/\.N of K/\. l.M/\.N is 

begin 

P l process ( /\ddr, C exec) 

type Memory is array (integer r ang e <>) of BIT_ VECTOR ( l!::i downto 0); 

v ar l.:ible /\, K : Memory P . 55 downlo 0); -- co nl'ILilnL 
vur i .:ible G Memory ( 63 downLo 0); 
variable Y Me mory (1 ':> downto 0); 

v ariable X Me mory ( l':> down to Ol ; 
v uriuble v Memory (3 downl o 0); 

v<.1 riuble i , j, index i n l eger ; 

-- Co n .sLunL 
I nput vector 

State v ector 
ouLpuL v ecLor 

variable t emp B IT_V ECTOR (l!:> d o wn t.o Ul ; 

begi n 

Load ing coefficien t array A, C a n d K itnd input. v ec tor Y 

cus e V ee Lor _Lype is 

Loi.id I\ miJLr l x wh i ch is 16xl6 und Is upper diagoniJ l 
when " 001 " => A ( Addr ) : = Inpu t_Vcctor; 

l.oud K mulr.ix which .is l6x13 , but. is padded wil h 0:.; Lo m<.ike i l 16x16 
when " 010 " ,.> K (/\dd r) :"' l npuL_VecLor; 

Load G matrix wh ich ir.; l'.l.Xlb 
when • 0 11• => G(/\ddrl := lnpul_ Veclor; 

Load Y matrix which ir.; lxlJ and 1.o the input vector and i z padded with Ot; 

LO muke iL l x l 6 
when • 1 00 • => 

when other::; 

t:.. nd c<.1s e; 

I -- lnili ul i;;. i ng :->L<.1L e VecLor x 

i f (C:ex ec = ' I ' ) Lhen 
i : = O; 
whi l e ( i < 16 ) loop 

v (/\ddr J 

x ( i l : = • 0000000000000000 . ; 
j : = i + , ; 

e~d loop; 
end if; 

if (C exec = ' 1 ' } Lhen 
i : = 13; 
while (i < 16 ) loop 

y ( i) : == • 0000000000000000 . ; 
i : :: i + 1; 

end loop; 
e nd if; 

-- CompuL I ng slule VecLor X 

i f (Cexec = ' l' J then 
i : :: 0; 
wh I l e ( i < l 6 l l oop 

j : "' O ; 
temp := " 000000000 0 000000 " ; 

wh i le ( j < 1 6 l 1 cop 
i ndex : "' I • 1 6 + j; 

I npu t_V e cLo r ; 

temp : = Alindcx) • X(j ) + K(index) • Y(j) • t e mp; 
j ,. j • l; 

end loop; 

X( l l := Lemp; 
i : = i ... 1; 

e nd loop; 
end i r; 

-- Computing output Vector v 

i r (Cexec = '1' ) Lhen 
i :• O; 
while (i < l'.l.l loop 

j ' • O; 
t emp := •ooOOOOOOOOOOOOOO"; 

whlJe (j < 16) loop 
index : = 1 • 16 + j ; 
temp : = C(index) • X(j) + t e mp ; 
j : = j • 1; 

end loop ; 

V(il : =temp Y(i+l); 

i : = i + 1; 
end loop; 

e nd if; 

-- OuLpul Veclor V 

i f tC e xcc = ' l ' l 
Output. _ Vec tor O 
Outpu l _ Vector I 
Uu LpuL _ V e clor7. 
Output_ Vcc torJ 

end i r; 

e nd p rocess Pl; 

end KALMAN ; 

15 

the n 
V( U ) 
v t 1 ) 
v ( 7.) 

v ( ) ) 



CCD fdctorlzdt i on Benchmdrk 

Source: '/\ lgo r i Lhmics by l lr...i s:~ urd t..1nd llrudley ' 

VHDL Benchmark auchor: Champaka n.c:tmach.:.nclran o n Sept 11 19 92 

Verif\cilL lon lnformuLion: 

Ver ified av whom? Date 

SynL<..1x 
Functiond.lit:y 

y es Chilmp<.1ku l-<ilm<.1chi1ndrun 11 Lh SepL 97 
yes Champaka Ramachandran 11th Sept q2 

u :-;e wor'k. II l'l'_l•'UNC'1' I ONS. iJ 1 1; 

entity CCD i ~~ 

port (X, Y 
Me.seL 
gcd_ouLpuL 

end CCD; 

in bit_vectot 1·1 rtownto OJ; 
in bi L; 
ouL b i L_v ecLo r l 7 down Lo ll)); 

<.1 rch i LecLur-e GCI> of GCll is 
begin 

procesu ( X, Y, Rezcc l 

v<.1ri<.1ble xvur-,yvc.ir 
vu r iable reselvur 
variable comparc_var 

beg i n 

xvar ::z X; 
yvar := Y; 
res eLvar HeseL; 

biL_vecLor {7 downL o 0) ; 
bi L; 
bic_ vector (1 downto OJ; 

1 f c xvar = • 00000000 • l then 
gcd_ output <= · 00000000 • ; 

end Ir; 

i f (yvur = " 00000000 " ) Lhen 
gcd_out:put <= " 00000000 " ; 

e nd if; 

- - T he GC ll filclori :t. ilL ion Lukes pliJCe only i f HeseL = 0 

Simulator 

Z YC/\ IJ 
ZYCAD 

if (rcl')etvar z '0') and (xvar / : " 00000000 " ) an d { yva.r / = " 00000000 " ) the n 

compL.lre_v<.ir := COMl'/\H l•:(xvu r , yviJr); 

If compare returnz 11 then input :; equal 
I r compure relurns 10 Lhen xvur > yviJr 
If comp<.ire reLurn.s 0 1 Lhen xvur < yvi..lr 

while (compare_ var / : · 11 · ) loop 

I -- 1.oop L .i 11 Lhe numbers ure equ<.il 

if (compare_v.ar z · 01 · ) then 
yvar : "' yvar xvar; 

else 
:= xvur - yvur· ; 

end if; 

compi..lre_v u r :• L:OMPAHE(xvur, 
end loop; 

gcd_ouLpuL xvur·; 

elr.:e 
gcd_ out:puc 

end \ r; 

end process; 

e nd CCD; 

• 00000000 . ; 

yvur ); 

•\ 
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AM2 901 Be nchma r k 

sou r-ce: f\MIJ d.:i La book 

VHDL Benchmark autho:r Indraneel Ch e c h 
Unlver-siLy O f Cc..1li for-ni..1, Ir-vi ne , C f\ 9;n1 7 

Developed o n Jan 1, 1992 

VerificwL ion I nformuL ion: 

Veri ! ied By whom :> Date 

Syntax 
l·'uncLion<.il \ Ly 

yee Champaka. llama c hanrh:dn Septl9, 92 
yes Ch <.1mpc..1k<.1 Hwmuch..indrun SepL 19, 9' 

U.!JC work TYPES.all; 
MV l .7 runcL ions 

Simula tot· 

ZYC A D 
'l. Yl..'.f\ll 

u.se work.MVl ,7 _ funcL ions . iJ l l; 
use wod~ . synLhes i s_Ly pes. iJ 11; dc..1L<.1 Lypes ( h i n Ls ror synLhesis) 

e nt ity a2901 ic 
por L ( 

i n MV l.7_vecLor ( A d o wn Lo Ol : 
Aadd , Badd in integer r ange O to l~; 

D : i n MYL'/ _ vector () down to OJ; 
Y : out MVL"l _vector() downto OJ : 
HAMO, kA MJ, QO, OJ \ nouL MV l .7; 
CJ.K in clock; 
CO in MVL'/; 
OEbar- i n MYL"/; 
C4, Gb<:ir-, !'bur, OVM, J•'), F30 OUL MVl.7 

) ; 

e nd a2901; 

c:i rchlt..ec lure u7.901 or u7.901 is 

b e gin 
pr-occc c 

v<.ir i <.ible A, II MVl.7 _ vecLor(J downLo 0); 
v.:iri<:1ble MAM Memor-y{15 downLo 0); 
variable Q MVL'/ _vcc tor (J downto 0); 
variable RE . S MVL'/ _v ector (J ciownto 0); 
v ur"luble F MV l .7_vecLor (3 downL o 0); 
vwr i <.ible dou L : MVl.7_ v ecL01" (3 d own LO 0): 
variable R_ext, S_cxt, rcr.:ult : MYL"/ _ vector ( 1 down to 0); 
variable temp_ p, temp_Q MVL'/_vector(J downto 0) ; 

beg .in 

wait until ((elk"' '0') .and ( not c lk' c table ) ); 

f\ : "' MAM(A<tdd); 
II:= MAM(H<..1dd); 

MAM OU'l'l'U'l'S ( AIJIHH:SSl-:11 /IV Awdd ANI> ll<.1dd I MH: 
MADE AVAl l .A l\l .J·: TO A l .U SOUl-lC I·'. S1·:1.i.;c·1·ow 

SELECT THE SOURCE OPERANDS F'OR ALU. SELECTED OPERANDS ARE " RE" AND •s •. 

I (7. downLo 0) i s 
when • ooo · 

when · 001 • 

when · 01 o · 

when " 011 " 

when "100 • 

when •1 0 1 • => 

when " 110 " 

when " 111 " 

when othcri; 
end caDc; 

RE : = A; 
'. (); 

RE : = A; 

S : = B; 

RE : = · oooo · , 
s : = Q; 

H1·: := · oono · , 
S : ::c B; 

Ml·: :: · oono · : 
S : = A; 

RE : = D; 
S : : A; 

MJ·; : = 0; 
s : : Q; 

HI·: : ::: ll; 
: = • 0000.; 

Sl·:l.l·:C'J' '1'111•: l"UNC'l' I ON l"OH A l ,U. 

TO FACILITATE COMPUTATION OF CARRY - OUT " C1", WE EXTEND THE CHOSEN 
ALU OPERANDS " RE" AND • s • (1 BIT OPERANDS) BY 1 BIT IN THE MSB POS ITION. 

'I'll US 'J'ltl·: l·:X'l'l•:NJ)l·:I I 01'10:1-l/\Nl>S "1-l_ l·:X'I' • /\Nil • S_ l·:XT " ( 5 111 ' I' 01' 1·:1-lANl lS) Al-l l·: 
FORMED AND ARE USED IN THE ALU OPERATION. THE EXTRA BIT IS SET T O '0' 
INITIALLY . THE ALU ' S EXTENDED OUTPUT ( ~ BITS LONC) IS "r-ccul t " . 

l N '1'111·: A l>IJ / SU l l'l'l-lAC'J' 0 1•1·:Hl\'l'IONS , '1'111·: Cl\H l-lY - INl'U'I' •co · (1 Jl l ' I') IS l·:X'l'f·:Nl l l·: IJ 
BY 1 BITS ( ALL '0' ) IN THE MORE SIGNIFICANT BITS TO MATCH ITS LENGTH TO 
THAT OF · n_cxt • AND · s _ cxt • . THEN, THESE THREE OPERANDS ARE ADDED . 

l\IJD / SUH'l 'HAC'I' Ol'l·:HA'l '10NS AHi-: IXJNI•: ON ;;i ' S COMl'l.EMEN'I' 0 1'1•: 1-lANllS . 

case I ( ':i down to J l is 
when · ooo • 

when "001 " 

when · 010 · 

when " 011 " 

when • 100· 

when · 101 · 

when " 110 " 

M_exL := •o· & Ml·: ; 
s_ex L : = • o • & s; 
renult : = R_ext + s_cxt • ( • oooo• & COJ: 

1-l_ext.. :• ·o• & noL ( Hl<J; 
s _ exL ::: ·o• & s: 
reDult : =- R_ cxt + s _ ex t + ( · oooo · & CO); 

M_ ext. : = ·o· & w1·: ; 
s_exL := ·o· & noL(S); 
re:::ult :: R_cxt + S_ ext + ( " UUOU" Ii. CO) ; 

R_ext := •o• & RE; 
s_exL :• ·o • & S; 
r-esult. :• M_exL or- S_exL; 

R_cxt := ·o· & RE: 
S_ex L : = '0 ' & S ; 
re.su l L :• w_ext. <.1nd s_exL; 

R_cxt : = ' 0' & RE; 
S_ex L : =- ' 0' & S; 
re.sull :s noL(H_ exL) <.ind s_exL; 

R_cxt : = •o• & RE: 
s_ext.. :• '0' & Si 
r-esul L 1-l_exL s _ exL; 

when • 111 • 

when other!"i 
end case; 

R_cxt : = · a · &- RE: 
s _ ext : "' ·a· /,. s: 
r e s ull :c: not.. ( M._exL xor s _exL l ; 

EV /\! ,UA'l'J.'. OT!!f-'.H /\LU OUTPUTS. 

F'ROM EXTENDED OUTPUT " result " ( ':i BITS), WE OBTAIN THE NORMAL ALU OUTPUT, 
'F'• ( 4 BITS) HY l.l·: /\V lNG OUT THE MSB ( WlllCll COH MESPONllS TO CAMRY - OUT 
" C4" ). 

TO F'AC ILITATE COMPUTATION OF' CARRY LOOKAHEA D TERMS • Pbar · AND ' Char·, WE 
COMPUTE INTERMEDIATE TERMS • temp_p · ANO " tcmp_g • 

C.: 4 <• resu]L ( 4 l : 
OVR <. = not ( R_ext ()) xor S_ ext(J)) and 

(R_ext ( J l xor rccult (JJJ 
: • re!-lu1L t3 down t.o 0) : 

Lemp_p :• k_exL t 3 downLo 0) or s _exL ( ) downLo OJ : 
tcmp_o : = R_cxt ( 3 downt.o 0 l and s _ cxt ( J down to O l : 
Pbar- not ( tcmp_p ( 0) and tcmp_p ( 1 l and tcmp_p ( 2 l and tcmp_p ( J) ) : 
Cb.:i r <z not ( temp_g ( ) ) or 

( Lemp_p (J) and L emp_g ( 21 ) or 
( temp_p ( 3 ) and tcmp_p ( 2 l and tcmp_g Cl l ) o r 
( temp_p(J ) and temp_ p ( 2) and tcmp_p(l ) and temp_ g !O J J 

); 

!") < • resul t ( 3) ; 
!"'JO <z not( re.sult(J) or resull(2) resu1L(1) OI" result. (0) J ; 

GF.NEM/\'l' I•: r NTr-:HMr-'.1111\TE OUTPUT "dout..• !\NO llTDTR EC'l'TON/\J, Sll Tl"'l'EM S 1CN/\ J.S . 

WRITE TO DESTINATION ( S ) WITH / WITHOUT SHIFTING. RAM DESTINATIONS ARE 
ADDRESSED BY • Badd • . 

cuse I( A downLo 6 1 1.s 
when · ooo · => 

when " 001 " 

when · 010 · => 

when • 0 11 " 

when • , oo · 

when · 101 • 

when • 11 o · 

when • 1 .11 • = > 

when others 

end case; 

dout : = F; 
0 :• I•"; 
oo <• • Z.'; 
03 <• 'z.'; 
RAMO 'Z' : 
fl.AM) • z . ; 

dout 
00 <z 

03 <"' 
MAMO 
AAMJ 

f; 
'Z'; 
"/,'; 

"/,'; 

·z·; 

douL A; 
l-l/\M(B<:1dd) :z I"; 
QO <= 'Z '; 
03 <= 'Z'; 
H./\MO ''/.'; 
H/\MJ ''/.'; 

dout.. I": 
MAM ( l!<..1dd l : = /"; 
oo <• ·z·: 

03 < = ''/.'; 
MAMO ''/.'; 
RAMJ 'Z': 

douL I-'; 

INTERMEDIATE OUTPUT 
WM1TI·: TO 1>1-:ST l Nl\'l' I ON 

RAM(Badd) := RAMJ & F(J downto 1 ); 
O := QJ & 0() down to ll; 
03 <= ''/,'; 
M/\MJ <= ''!.'; 
HAMO < = 1"(0) -- SllJF'l'l·:M SIGNJ\l,S 
QO < = Q(O ) 

dout : "' f"; 
RAM(Badd ) RAMJ &: F(3 downto 1): 
QO<•'Z'; 
03 <• ''!.'; 
1-l/\MJ ''/, '; 
RAMO F'(O l 

dout. : .. I"; 
H/\M(Biidd ) := F(7. down lo 0) & Rf\MO; 
Q :: Q(2 downto 01 t.. QO; 
QO < = 'Z': 
RAMO <• ''!.'; 
HAMJ <= t•t3 l 
QJ <= Q(J) 

dou t : = I": 
R.AM(Badd ) F(2 downto 0) &: RAMO; 
QO <= 'Z'; 
03 <'.• "/.'; 

MAMO 'Z. '; 

RAMJ <= F(J) 

GENERATE DATA OUTPUT • y • FROM INTERMEDIATE OUTPUT " dout• . 

If (01-:biir = '0') Lhen 
Y <,,. dou t ; 

el n c 
y <= " '/,'l.'l.Z. " : 

end if: 

e nd process; 

end .a7.90l; 

__ J 
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AMO 2Q 10 Benchmark 

Source: AMIJ duLu book 

VHDL Ben c hmark author Indrancel Cho::; h 
Un i versiLy o r C ..i li forni..;, I rv i ne, CA 'D 71 7 

Developed on Feb 19, 1992 

Veriric.:iL ion JnrormuLion: 

Verified By whom? Date 

Synt..ax 
FuncL i onul !Ly 

yes Champaka Ramachandt-.:1n Septl '/ , 92 
yes ChLJmpuku HumuchiJndrun Sepl 17, 9' 

work . type!::. all; 
use work. MVl .7 _func L ions , u 11; 
u s e work.synLhes i s _L y pe .!>: .ul 1; 

cnt i ty AM2 91 0 iz 

porL ( 

S i mul .s t ot 

ZYCAD 
Z YCA I J 

I i n MVL'/ _ V ECTO R ( J down to u l ; -- 2910 ini; truction 
CCEN BAR in MVL'/; condit.ion code e nabl e input. bit 

CC_ BAR 
Hl ,IJ_l \/\H 

Cl 
OEbar 

e lk 
IJ 
y 

PL_ BAR 
VECT_BAR 

M/\1'_11/\H 
l"UJ. l ,_11/\H 

); 

end AM 7.910; 

i n MVL"/; 
in MVl.7; 
I n MVl .7; 
i n MVL"/ ; 
in clock; 
In MV l,7 _ V l<CTOM ( 1 1 
OUL MVl,7_ V/•:C.:TOM ( 11 
out MVL'/; 
out MVL'/; 
OUL MVl,7; 
OUL MVl ,7 

.:irchiL e cLure /\M7.910 of /\M7.910 l s 
begin 

process 

down Lo 
down Lo 

condit. ion code input 
-- " reg \ :-;Ler lo<.i d 
-- c<.irry in 
-- tri - ::;ta.te driver 
-- clock 

0); d I recL i npuL s 
0 1 ; -- ouLpuL insLrucLion 

SL..,Ck ful 1 flag 

variable FAIL MVL"/; -- CC tai l flag 
variable SP INTEGER range O to ':I; nt.ack poi n ter 

bit 

word 

v<.iri ub l e S'J'/\CK : MJ•: MOHY_1 7._b iL (5 downLo 0); -- SLiJc k r ·egisLer rile 

begin 

vuri <.ib l e Ml·: MVl ,7_vecLor(11 downLo O l ; 
variable uPC MVL'/_vect.or( l l downto 0); 
variable Y_temp : MVL'/ _ vector( ll down to 0): 

w<.iiL unLil ( (el k = '0') und (noL cl'k'sL..,bleJ ); 

f all := cc_ bar and ( no t CCEN_bar J; 

i r (S I' = 5) Lhen 
FULL_ BAR ' 0' ; 

eloe 

Nl·:cc: 1·: SSAHV 1-'0H C:OM: l·il':C:'I' s I MU I ,/\'I' r ON 
SINCE THIS PROCESS IS NOT TRICERRED BY 
A RISING CLOCK EDCE 

l•'Ul ,l ,_ 11/\H <= '1'; 
end i r; 

I i::; 

when • 0000 • = > 

Y_t.emp : "' • 000000000000 •: 

i r (H I ,J)_ll/\H a: ' 0' l Lhen 
HI·: l l ; 

end i r: 

SP : = 0 ; 

ul>c := " 000000000000 " ; 
MAP_BAR < = ' l'; 
V ECT_ BAR <"' 'l' ; 
Pl,_ B/\H <= '0'; 

when · 0001 • 

i r Cl"AIJ. = ·o· i Lhen 

Y_Lemp : = IJ ; 

it (SP /= ':I) then 
SI' : • SP + l; 

end i r; 

STACKCSPl : = UPC ; 
else 

Y_ Lemp : = UPC; 
end if; 

If (Ml,IJ_ ll/\H = '0') Lhen 
HI·: :-= ll; 

e nd if: 

-- JI'. in.sLr·ucL ion 

-- CJS inztruction 

-- PUSH 

uPC :::s Y_ tcmp + ( " 00000000000 " & Cll; 

MAl'_ll/\M < = ' 1 '; 
VECT_ BAR < : 'l': 
PL_ BAR < = 'O'; 

when " 0010" => 
Y_tcmp : = D; 

i f {HJ,l)_ Jl/\M "" '0' l Lhen 
HI·: : • ll; 

end if; 

-- JM/\I' in s Lr·ucL ion 

uPC : = Y_tcmp + ( • 00000000000 • & C l l : 

M/\1'_11/\H < • '0'; 
V ECT_BAR <= 'l'; 
PL_ BAR < = '1' ; 

when • 0011 • •> 

if (FAIL = ' 1 ' l then 
Y_ Lemp ul'<.: ; 

else 
Y_ temp : • D; 

end if; 

If (H l ,IJ_ll/\M = ·o·) Lhen 

-- C..:J I ' i nsLrucLion 
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kl< : s [ I; 
end i ( ; 

ul'C : • Y _ Lemp 

MAP_BAR < s '1'; 
VECT _ BAfl < = 'l' ; 
Pl._11/\M < = ' 0'; 

( . 00000000000 . & c [ ) ; 

when " 0 100 " = > -- PUSH i nstruction 
Y_t.emp : "' uPC; 

i r I I" /\ r l. • ' 0 ' ) or ( Mt.ll_ll/\H "' ' 0 ' l Lhen 
RE : '"" D : 

end if; 

i f ( Sl ' / = 5 ) lhen 
SI ' : "' SP • 1; 

end it; 

S'l'/\CK ( SI') : =UPC; 

-- i'USll 

UPC : • V_ t.omp + ( ·00 0000 0 0000 · " CI); 

Ml\ P_ll/\H <:: '1'; 
V !·:C'l'_IV\M <• 'l'; 
PL_ BAR<= ' O'; 

when · 01 0 1· = > -- JSRP i n struction 

i r ( Fl\IL:: '1') Lhen 
Y_temp :•RE; 

else 
Y_Lemp :• D; 

end i r; 

1 t ( RLO_BAR .. • 0. ) then 
HJ.: : = ll; 

end Ir: 

if (SP / • ~) then 
SP:zSP+l: 

end i r: 
STACK(SP) : = uPC; 

-- PUSH 

ul'<.: :"' Y_Lemp + ( 0 00000000000 ° & Cl): 

MAP_BAR < = 'l'; 
VECT_BAR < = 'l'; 
PJ,_11/\ H <• 'O'; 

when · 0110· : > -- CJ V inzt..ruc t.. ion 

ir (l-'l\ 11.• 'l'l Lhen 
Y_Lemp UPC; 

else 
Y_tcmp : = D; 

end if; 

i ( (MJ ,IJ_ ll/\H • '0') Lhen 
RE : = O; 

end ii'.; 

u l'C : "' Y _Lemp + ( • 00000000000 • & C l ) : 

M/\ 1'_11/\H <: '1 '; 
V l•:C'l'_ll/\H <a: ' 0 ' ; 
PL_BAR < = ' l'; 

when · 01 11 • => -- JRP insLrucLlon 

if ( F'A IL = '1') then 
Y_temp RE; 

else 
Y_Lemp : = D; 

end i r: 

i t ( RLO_ BAR = '0' l then 
HI·: : = ll ; 

end i r; 

uPC :• Y_tcmp + ( " 00000000000 " & C l ); 

Mfl.1'_11/\H <: '1 '; 
VECT_BAR <= I l'; 
PL_ BAR <== 'O'; 

when · 1 000 · = > -- Hl"C'I' insL rucL.ion 

if c RE = • 000000000000 • l then 
Y_temp : = UPC; 

i r (S P /• 0) Lhen 
SP : = SP - 1; 

end it; 
else 

'{ _ temp : = S'f'ACK(SP); 

if (RLD_BAR 'l') then 
MIO: : • HI·: - " 000000000001 " ; 

end j r; 
end it; 

if ( RLD_ BAR 
Ml:: : • D; 

end 1 r ; 

'0 ' J then 

uPC : s Y_temp • ( " 00000000000 " & C I ); 

Ml\1'_11/\H <= ' 1 '; 
VECT_BAR < = 'l'; 
PL_ BAR < = 'O'; 

l'OI' 

when • l 001 • •> HPC'l ' lnsLrueLJon 

i f <RE I = • 000000000000 " ) then 
Y_temp : • O; 

i f (HI ,1)_11/\R ' 1 ' l Lhen 
RE : = RE - • 0000000 00001 " ; 

end if; 
else 

Y_ Lemp :• uPC; 
end if; 

If ( Wl.D_lt/\H = '0') Lhen 
HI< : s I>; 

end if; 

ul'<.: :• Y_Lemp + ( " 00000000000 " & C J); 

'• 



M/\P_ll/\M <::o 'l'; 
VECT_BAR < = ' l'; 

PL_BAR <= '0'; 

when " 1010 " : > 

if ( FAIL= 'O' l Lhen 
Y _ L e mp : = STAC K (SI'); 

if (SP / = OJ then 
SP : = SP - l; 

end i r ; 
else 

Y_ temp 
end if: 

uPC; 

i r ( J.l],J J_ll/\k = '0') Lh e n 
kl·: : = J); 

end i t : 

- - L'k' l'N i ns L rucL 1on 

- - pop 

uJIC : = Y_ Lemp + ( ' 00000000000 " & !...: I J ; 

MA P_ BAR <= 'l ' ; 
VECT_ BAR. < = 'l'; 
1•1._ 11/\k <"' • o·: 

wh e n " 1011 " => -- CJPP i n r.; t ruction 

it (fAIL = '0') then 
Y_ Lemp : ::: fl ; 

if (SP I = 0) then -- pop 
SP:=SP-1; 

end I r; 
e ] se 

Y_ temp uPC; 
end if: 

i r ( kl.11_ 11/\ M ::. 'O' l Lhen 
RE :::. D; 

e nd it: 

U PC : = Y_L emp + ( " 00000000000 " & C l ); 

MA P_BAR <= ' l '; 
VECT_BA R < = ' l'; 
l'J._111\ J.i < = '0'; 

wh en "1100 " = > 
Y_ temp : = UPC; 

1·1.J·: ll; 

-- LOCT 1nct r uction 

uPC : = V_temp + ( • OOUOOOOOOOO • & C l J : 

M/\1'_11/\M < : '1 '; 
VEC'l'_l l/\ k <= ' 1 '; 
P L_BA R <= '0' ; 

wh en " 1 1 0 1" :z> 

it (FAIL • ' O ' ) then 
V_tcmp : = uPC: 

ir (SP / : OJ Lh e n 
SP: : SP -1 ; 

e nd i r : 
else 

Y_ tcmp 
e nd it; 

ST ACK (SP); 

i f ( MJ,IJ_ llA M = ' O ') Lhen 
R. E : = D; 

e nd if; 

-- l,C>O \ ' i n sLrucLion 

-- p op 

ul'C : = Y_ L emp ... ( " 00000000000 " t. L'I); 

MA P_ BAR < = ' l' ; 
VECT_BAn < = 'l'; 
l'l ,_11/\ M < = '0'; 

wh e n " 1 1 10 " => -- CONT in~truction 
Y_ tcmp : • uPC; 

i r ( H!,IJ_l\/\H '0 ' l Lhen 
R. E : = 0; 

e n d if : 

u PC :• Y_ L emp + { " 00000000000 " (.. C.:I ) ; 

MA P_ BAR < = 'l'; 
V ECT_BAR < = ' l '; 
l>J,_ 11/\M < : 'O ' ; 

wh e n " 1111 " :::> -- TWB in.c t.ruc tion 

;r Ml·: - • 00000000 0 000 . Lhen 

it fai l = • 1 • t h e n 
y _L emp D; 

e ls e 
Y_ temp U PC ; 

end iL 

;r (S I' I = OJ Lh e n 
SI' : = S I' - l ; 

e n d if; 

i f ( FA IL = · o·) t hen 
Y_ temp : = U PC; 

Ir (S I' I = 0) Lhen 
SP : = S P - 1 ; 

e nd if; 
e l r.;e 

Y_Lemp := sL~ck (H p ) ; 
end i r ; 

if ( flLD_BAR = ' 1' ) t h e n 

-- p o p 

-- pop 

Ml•: : • Ml-: - • OOOOOOOOOOO l • ; 
e nd i r ; 

e nd if; 

i r ( H J. l l_ll/\ k ~ '0 ' l Lhen 
flE : = D; 

e n d i f ; 

ul 'C : z Y_Lemp + ( " 00000000000 • & C.:I).; 

MA P_ BAR < = 'l'; 
VECT_BA R <,. 'l'; 
l'\,_ 11/\M < .. ' O '; 

when other s 

end c..i~ e ; 

TR I -STATE DRIVER CONT ROL 

ir Of·:bur = ·o· Lh en 
Y <a Y_ Lemp; 

clcc 
v <• · zzzzzzzzzzzz · , 

end if; 

en d procei::s: 

end AM2910; 
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Intel l\2':1 1 Benchmark - - Complete de::: ign model 

Source: l nLe l l>ul<.i l\ook 

VHDL Benchmark author Indrancel Cho!;h 
Un ivers i Ly O f C..:uli f o rn i u, Irvi ne. Cl\ (17717 

Developed o n April ·1. 92 

Ver l ( icu l i on I nformuL ion : 

Veri fied By whom ? Dat e 

Syntax yc z Champaka Ra ma chandr·an Sept lU . 92 
l•' uncL i onu l l Ly yes Ch <.imp.:.ik.:.i Humuch.rndr<.1n Sepl lA. q;:i 

u:;c work . type:;; . all; 
use work . MVl,7_funcL ions .Jl l; 
use work. sy nlhes ts_lype!'>.<Jll; 

entity Intel_ 8 2':il is 
porl ( 

) ; 

end; 

C l.K 
RxC_BAR 
TxC_BAR 
RESET 
CS_J\f\H 
C_ IJ_ ll/\ H 
RO_ BAR 
WR_ BAR 
Hxl> 
Txl> 
o_o 
D_l 
I>_ ?. 
IJ_3 
0 _ 1 
D_o 
t>_6 
1)_7 
'l'xl<Ml ,.l 'Y 
TxROY 
SYNDET_BO 
Hx\.IDV 
JYl 'H- "/\ H 
RTS_BAR 
DS R_BAR 
C'l'S_BAH 

i n clock; 
in clock; 
in clock; 
in MVL./ : 
In MV l ,7; 
i n MV l ,7 ; 
in MVL'/ : 
i n MVL./ ; 
in MVJ,7; 
cul MVJ ,7 : 
inout MVL'/ 
inout MVL./ 
inouL MVl ,7 
i nouL MVJ.7 
inout MVL'/ 
i nout HVL·; 
lnouL MVl.7 
inouL MVl.7 
ouL MVl,7; 
out MVL'/; 
inout MVL'/; 
OUL MVl ,7; 
cul MVl.7; 
out MVL./; 
i n MVL./ ; 
i n MVJ,7 

<Jrchll ecL ure USAH'I' o f ln Lel_B?.5 1 is 

si gnul mode MVl.7 _ VEC'l'OM(7 downlo 0) 

zignal command MVL'/ _ V ECTOn.('1 downto 0) 

cignal SYNCl MVL'/ _ V ECTOR('/ downto 0) 

sl gno.il SYNC?. MVl,7 _ VEC' l'OM(7 downlo 0) 

sign<.11 SYNC_musl< MVl.7_Vl·:C'J'OM(7 downlo 0) 
r.;ignal Tx_buffer MVL'/ _ VECTOR( ./ downto 0) 
r.;i qnal Rx_ bufter MVL'/ _ VECTOR( '/ downto OJ 
Higniil ' l'x_ wr_whi le_cl:-; MVl.7; 
sig nul buud_clocl<,.; MVl.7 _v1.:c1·ow (7 downlo 0); 

Si muldtOI 

ZYCAD 
'/.YL.:/\11 else 

RTS_ !l/\R < = '1 '; 

command_var : = " 00000000 " ; 
command < = comm.:.ind _ vur; 

:::cacus_ v ar : = · 0000010 1 · ; 
GtatuG_ main < = Gtatu G_var ; 
Lrigger_sL CJLu s _ m..iin < :: noL ! Lr1gger_ .s Li.1 Lus_m<J1n l ; 

T x_wr _wh ile_ c t c . o·: 

Nole Lhe lype of con t:. r oJ wo rd Lh i.l l comes ne.xL 
<Mode wo rd ) 

nex c _ cpu_co n trol_word : -= · ou · ; 

i f noL reseL 

if (RD_BA R :: ·o·) t hen if read 
if (C_O_BAR :: • 1. J then if read statu s 

rei.ld Lhe v<.1Jue i.IL lhe DS M_ll/\M i npuL 

st atu i:; _ var := not {OS R_BAR J & z tatu.r; ( 6 down to U); 

-- Place slutus word on da Lu bus p i ns 
lJ_O .sLa Lu s_v<.ir(O); 
0_1 status_va r ( 1 ) ; 
0 _2 status_var ( 2 ): 
0_3 ztatus_ var ( 3); 
0_4 Sl i.lt:.us_ vi.lr ( 4 ); 
u_s sLalus_ va r ( 5) ; 
0_6 s tatus _ v ar ( 6 ); 
0 _ ·1 ztatus_var (./); 

if ( mode_v1.1r ( l downLo 0) = " 00 " ) th en - - Sync mode 

SYNOET_BO_main <• ' O'; -- reset SYNDET_BO on t; t.at us read 
l rigger _SYNDl<'l '_ lll>_mo.i in < ,. noL ( Lr i gge f' _ SVN1l1·:T_ ll!l_mi.I i n l ; 
sL ulus _ vu r := s LuLus (7J & '0' & sli.ILU.s ( S downLo Ol; 
.ctatus_main < = s tatu c _var; 
trigger_Gtatu ::: _main < == not (triggcr_$ta tu c _main ) ; 

end i r: 

else -- i f read Hx daLi.1 

if Ccommand_var ( 2 ) = ' l ' l then - - if RxENABLE 

l'l<Jce received di.IL..i chiJrucLer on dulu bu s p i n s 
o_o Rx._buffer (OJ; 
D_ l Rx_ buffcr (l); 
I>_ /. Mx_buffer (1.); 
D_3 Mx_buffer ( J); 
0 _ 1 Rx_ buffcr ( 1 ); 
D_5 Rx_buffer ( ~); 

ll_ 6 Hx_buffer (6); 
LJ_7 Hx_buffer(7); 

Rx.ROY _ma in < c 'U' ; - - Reset RxROY on data road 
trigger_RxROY_main < = not ( trigger_RxROY_main l; 
.Sl<lLUs_vur :: SL i.1lU S(7 down to,,, & '0' & Sti.ILUs (O); 
sLalus_mi.I in <• sluLus_ v<J r; 
trigger_ztatu.o_ma in < • not {trigger _statu s _ma i n ) : 

end i r; 

zignal ctop_clockz MVL'/ _ VECTOR( '/ downto U); end if; -- e nd it command / data I 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-+-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~__,_J 

r sign<Jl b r k_clock s MVl.7 _ Vl·:C' l'OM(10 downLo O) ; 
signo.il chiJ rH MVl.7_Vl•:C'l 'OM(3 down Lo OJ; 
c ignal SYNOET_BD_temp MVL'/ ; intermediate 
::;i gnal z tatun_main MVL'/ _ V ECTOR(./ downto 0); 

i:oitmal ( for writ.ing to i n o 
c ub-zignal ( main) 

si gni.11 S LiJLUs _Mx MVl.7 _ V l-:C'l 'OH( 7 downLo 0); 

si gn<Jl S liJlus _ 'l' X MVl .7_Vl·:C'l'OH(7 downlo 0); 
:::i gnal :::ta tuz MVL'/ _VECTOR( '/ downto OJ; 
cignal triggcr_ctatuc _ main MVL./ 'O'; 
s igni.11 lr- l gger_s LiJLus_'l 'x MV1.7 ·o·; 
sig ni.1 1 Lr igger_sLulus_Hx MVl.7 :c '0'; 
s i gni.11 SYNUl·:'l '_llD_Hx : MVI ,7; 

1 nignal SYNDET_8D_main MVL·1 ; 
zignal trigger_ SYNOET_ BD_main ; MVL'/ 'U •; 
sig niJl lrigger_SYNlllO:'l '_llll_Hx MVl .7 ' O'; 
s igniil Hx Hl lY_Hx MVl.7; 

! cigna l RxRDY_main MVL'/ ; 
r;ignal trigger_ RxRDY_ main MVL'/ ' 0 '; 
si gnc.il lrigger_ Hx\.lllV_ Hx : MVl .7 '0 ' ; 

begin 

mi.I i n proce:-is 

s ub-s i gnu 1 { Hx) 
sub-signiJl (Txl 

trigger - ~ignal (main ) 
lr i gger-signo.il ('l'xJ 
lri gger-signul (M.x) 
sub - signi.11 ( Hxl 
::; ub- zignal ( main ) 
trigger-signal (main) 
Lrigger-s i gnul ( Hx ) 
sub-signul (Hx) 
:::ub- z ignal (main ) 
triggcr-:::ignal (main) 
Lrigger - signul (Hx) 

Vi.lr i iJble mo de_var 
variable ztatus_var 
v ariable command_va r 
vurii.lb l e bi.lud_clock fi Vi.Ir 
Vii rli.lble st.op_clocks=:v <Jr 
va riable charo_var 

MVl.7 _ V l·:C'l'C>M (7 down lo 0); 
MVL'/ _ V ECTOR ('I downt o 0); 

MVL·1_ VECTOR I '/ downt:o 0); 
Mv 1.1 _ v 1·:c·1·0M{7 downLo 0); 
MVl .7_ V l•:C'l'OM(7 downlo 0); 
MVL·/ _ VECTOR(J downto OJ; 

l l ecwu s e s l gni.lls donl gel new v<J l ue.s lmmedl<.iLely on <.issignmenl, we need Lo 
use ViJriiJ bles ( mode_v<Jr, comm<Jnd_vi.lr, b i.l u d _ clocks_ vur , HLop_clocks_v.:.ir , 
statuz_var, chan:;_var) 
whic h arc the same az signal::; 
(mode, command. z top_clocks, ctop_clocks, z tatuz , chars) . 

This js needed bec<.1use lhe new vulues of Lhese signuls i.lre u Hed for 
further computation in1Jide the •main " proc er.;:::. 

v 1.1r l uble nexL_ cpu_conlrol _ word : MVf,7_Vl<C'l'OH(l downLo 0); 

Variable • next_cpu_ cont:r:ol_word " keep:; track of which control 
- - word i:;hould come next from t h e C PU (mode/SYNC-char /command) 

00 ,,. mode 

v <lrli.lble SYNC_ v ar 
vurluble Lemp 

begin 

01 : SYNC Cll/\H 
10 • SYNC CHAR 
11 .. command 

MVl.7_VEC' l'OM (7 downLo 0); 
MVl.7_ Vt·:C'l'OM(10 downLo 0); 

wo.iil unlil ( elk = '1 • l 1.1nd ( noL clk'sl<.ible ) ; 

if (CS_BAR • '0') then if chip i:;c lect 

If ( Ht·:s1·: 1· • 'l ' ) or ( commo.i nd_ vi.lr(6) • ' 1 ') Lhe n -- if re.se l texLerni.11/ 

l >' l'M_ll/\M <• '1 '; 

Initialize porti:; and global 
-- ~ig n i.l l s o n resel 
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elsif ( WM._111\M"' '0') Lhen -- i f wr i Le 

-- Triztate t he data bur.; pin ::; ( b i-directional ) 
-- so Lhal CPU can wrlle duL<J / conLro.1 word 

D_O 'Z'; 
O_l ' Z '; 
0 _ 2 ·z·: 
IJ_3 ''./.'; 
IJ_4 ''/. ' ; 
D_S ''./.'; 
D_ 6 'Z'; 
0 _ 7 'Z'; 

w<JIL for 0 n s; on.ly for simuJaLion (resoluL\on func t.io n) 

if (C_ O_BAR == 'l' J the n -- it write command / mode /sync - char 

cuse (n exL_ cpu_ conlro1 _ word) is 

when · uo · = > -- n ext_cpu_control_word mode 

-- Heud mode 
mode_v<.1 r (O) 
mode_ var ( l ) 
mode_ var { 2 ) 
mode_ v iJr (3) 
mode_v ur(4 ) 
mode_var(~ l 
mode_var(6 ) 
mode_ vur(7 ) 

word from 
: • D_ O; 

:z ~=;; 
IJ_ 3; 
11_ 4; 
o_~ , 

:• 0_6; 
1>_ 7; 

mode <,,. mode_ var ; 

duL<.i bus l i nes 

- - l"lnd Lhe number of b l l 8 per ch<.i.r<.1cLer 
churs_ var :• " 0.101 " + { " 00 " & mode_ vilr(3 downlo ?.) ) ; 

chars <• chars_ var; -- no . ot char bitz 

if I modc_ var(l downto 0) = " 00 " ) then -- sync mode 

- - Nole lhe Lype o( conlrol word t h.:.il come.s nexL 

if ( mode_var(6 l = 'l') then 
nexL_ c pu_conlrol_word • 1 J • ; 

el se 
next_cpu_control_word : = • 01 • ; 

end if; 

-- Ext Sync Mode 
commund word 

-- lnl Sy nc Mode 
SYNCl 

-- .In Synchronous mode , each di.ILi.1 / pariLy bjL 
-- i t; one clock cycle long , T h ere arc no stop bi 

ztop_ c l ock s < ,,. " 00000000 " ; 
.slop_clock s _var : • " 00000000"; 
b<.i.ud_ clocks <= · 0000 0001 · ; 
baud_clockp_var : = · 00000001 • ; 

e1se -- i r /\sync mode 

-- Note t he type of control word that comes next 

nexL_cp u_control_word := • 11 · ; -- command 

-- Find the number ot c l ock cycles per data/parity b 

case { mode_var(l downto 0)) is -- set buud rate c 1 ks 



when · no · 

when · 0 1 • 
bu u d_cloc k s _ v .:.i r : = • 0 0 0 0 000 1 · : 
b<.iud_c l oc k :~ < "' b..iud_c 1 o ck s _ v.J r; 

when • 10 · 
ba ud_ c l o ck :; _var- : = " UUU l U<HJO " ; 
b<.iud_clock:-1 <• b.t.1ud_clock .s _v<.1r; 

when • 11 • 
baud _clock:::_var- ::: ' 0 1000000 " ; 
b.a.ud_clockz <• baud_clockc _vdr; 

when oLhers 

e nd ca.!:>c: 

Find c.he number of ~:; c. o p bic. clock cyclc i::; 

cu.se { mode_vi.lr(7 downLo 6) ) is 
when • 00 • •> 

seL slop b i L e lk s 

when " 0 1 • •> 
.sLop_clock.s_vur ::: b-.iud_clocks_viJr; 
:; top_ clock.c < = :; top_clock.c_ va.r: 

when '1 0 ' ::: > 
s Lop_c l ock x _ v i.lr : • b.:iud_clock.s_v •.ir (7 downL o 01 • 

{ '0' " bi.lud_clocks_v u r{ 7 dow 
zc.op_ clockc < = ::;C. op_clockr.o_var; 

when ·11· ==> 
r.;top_ clockc _var :::: baud_clockc_var ( b downc.o 0 ) &: 

.sLop_clock.s <= sLop_clock.s_v<.ir; 
when oLhers 

end ca cc: 

C.:ilculo:iLe no. of c locks Lh<.iL HxlJ h.:; :• Lo be l ow for i.I llre<.ik Lo be deLecLed. 
(Two full character cequcnccc } 

<.:ounL number of sL1.1rl b i L clocks 
Lemp :• · ooo• & b.:.iud_clock .s _v1.1r; 

Counc. number of data bit clocko (full chat·actet ) 
while ( churs_var I = · oooo · ) loop 

Lemp :•Lemp• ( · ooo · & buud_clocks_vi.Jr ) : 
ch<.1rs_vur : • Chi.Jr .s _vi.Jr - " 0001 ' ; 

end loop; 

CounL n umber or puriLy biL clock s 
I f (mode_ vur(4 ) • '1' ) Lhen -- i f l'ur i Ly en.t.1b l e 

temp : "' temp • ( • 000 • ti. baud_ c lock:::_ va. c l : 
end it; 

Cou nL number or .sLop bil clocks 
temp ::: c.cmp • c · ooo · & :::top_ c lockz_vac): 

l>ouble Lh.is number ( Hxl > h;.i.s Lo be low Lhrough Lwo 
c ha r<.1cler .sequences l 

brk_clocks <= Lemp{q downLo 0) & 'O'; 

e nd it; end if ~ync mode 

when • 01 • -- nexL_cpu_conLr-ol_word SYNC-Cll/\M 1 

nead c.hc SYNCl charact:.cr from t:.hc d<1t:.a bu1~ line::; 
SYNC.:_vc.ir(O) :=- 1>_0; 
SVNC_vur(l) 1>_1; 
SYNC_ var ( 2 l 0_2: 

SYN<.:_var() ) 
SYNC_v;.ir(4 ) 
SYNC_ var (!:I) 
SYNC_ var- ( 6 J 
SYNC_v;.ir(7) 

ll_J; 
1)_4; 
o_~; 

D_ 6; 
1>_7; 

Noc.c c.he c.ypc of conc.r-ol word that come::: n ext 
if cmodc_var ('/) • 'O' J c.hcn -- if Double sYNc chat· 

nexL_cpu_conLrol_word • 10·; SYNc.:'2 
el .se 

nex L_cpu_con L rol _word 
end if; 

P l-.i ce SYNC] ch<.1r<.1cLer lnLo proper form<.1L 
(accor·d\ng Lo number of b i Ls per characLer). 

-- Comm<.1 nd 

Al z o create a template (SYNC_mackl to be uced in SYNC - char-acter 

cuse (mode_vi.lr (3 downLo 2)) i.s 
when • oo • 

-- chur. lenglh 

SYNCl <= • 000 " & SYNC_ var ( 1 down to U l ; 
SYNC_ma:::k < = " 00011111 " ; 

when " 01 • 
SYN<.:1 <: · oo · & SYNC_v-.ir(5 downLo 0 ) ; 
SYN<.:_mask < = ' 0 0 I 11 l 11 ' ; 

when • 10 · 
SYNCl <= ·o· l· SYNC_var(6 downc.o 0); 
SYN<.:_ma.sk < = • 01 l 11 11 1 • ; 

when ' 11 • 
SYNCl < = SYNC_var; 
SYNC_mazk < = " 11111111"; 

when oLhers 

end cazc; 

when • 1 o · => -- nexL_cpu_conlro l_word = SYNC-Cll/\H 7: 

Read the SYNC2 character 
SYNC_var(O) o_o; 
SYNC_vartl) :,. D_l; 
SYNC.:_var(:;>:) ::s. ll_2; 
SYNC_vur(3l 1>_3; 
SYNC_var(1l 0_'1; 
SYNC_var(!:l) O_~; 

SYNC_var(6) :"" 1>_6; 
SYNC_var(7) 1>_ 7; 

from the dac.a bun lines 

Note the type of control word that comcc n ext (comma nd ) 

ne xL_cpu_conLrol_word :• ' 11 " ; 

-- Place SYNC2 character i nt o proper format 
- - (according to number of bic.c per charactcrl. 

case (mode_var(3 downLo 2) l i~ 

when · uo · 
-- chur-. lengLh 

SYNC2 · ooo · & SYNC_var('1 downc.o OJ; 
when • 01 • 

SYNC::? · oo · & SYN(.:_var(5 downLo 0); 
when '10 ' 

SYNC2 • o• & SYNC_var ( 6 downto OJ; 
when • 11 • 

SYNC.:2 SYNC_var; 
when othcr.c; 

end c.:ise; 

when • 1 1 • • > - - nex L _ c pu_c onlrol_word '"' comm..i nd 

Read the comm<1nd word 
c o mmand_var (OJ 
c o mmo:i n d_v<.ir ( 1) 
c ommand_ var ( 2 ) 
c o mmand_ var ( J ) 

f rom c. he da t a bu ::: l 1ne::: 
[)_ 0; 

!J_\ ; 
0 _ 2; 
D_J; 

command_ var ( 4 ) : • D_4 ; 

command _ var ( 5) :"' U_5; 
comma nd_var ( 6 l :::i: D_6 ; 
command _ var ( "/) : "' 0_ ·1 ; 

comm<.ind < • command_v a r ; 

- - Note the c.ypc of control word that comc z 
- - ( anoc.hcr command if !:here is no reset ) 

nexL_cpu_conLrol_word : = ' 1 1 · ; 

sc.ac.us_var : = sc.ac.u:::;: 

Ir race I var i .s di s ,;.i bl ed, r e.set MxH:DY 
if ( command_varl2 l = ' 0 ' ) then -- Rx.ENABLE 

RxROY_ma ln <= ' O' ; 
Lr i gger_MxHOY_ma i n < = not. ( lr i gger_HxH DY_ma i n J ; 
.sL<.1L us_v,;.i r ::: sLatus ( 7 downt.o 2 ) & ' 0 ' & s l<.1Lus{ O) : 

e nd if: 

Rczcc. error tlagz (depending on comand wor-d l 
l f (comm.and_vurl4) • '1 'l t hen -- err-or reset 

SL<.1Lus _ v<.1r SL<.!LU:i_Vllr(7 downLo ti) & · o oo · & SLllLU S_Vi.lr (/ 
end i f; 

Update SL<.I LU S 
sLaLus_ma Jn <• staLus_vur; 
triggcr_statuc_main <= not ( c.r iggcr _ ztatuc _ ma in l ; 

-- Assert ouLput pins (d epend ing on command word ) 
H'l'S_ll/\R <• not(command_var(5l): 
DTR_BAR <• not(command_var{l)) 

when oLhers 

end case: 

cl:::c -- if wric.e data for T ra.nsm i zsion 

i f ( commund_v<.1rl O J = '1 ' ) Lhen -- i r TxEN/\BLI~ 

-- Load dac.a for tcansmission from dac.a bun linen. inc.a parall el b 
cc.ise (mod e_v<.1r(J downl o 2)) .Is chur . length 

when · oo • •> 
Tx_buftcr <"" ·oao· & 0 _ 1 & o _ J & 0_2 & 0 _ 1 & o _ o; 

when '01" => 
'l 'x_buffer < = · oo · & 1>_5 & ll_4 & ll_J & ll_ 2 & D_ l & JJ_ O: 

when · 10• ::> 
'l'x_buffer <= • o • & t>_6 & 1>_5 & 1>_4 & l>_J & D_ 2 & 1>_1 & ll_ O: 

when '1 1" :> 
Tx_buffor 0_·1 & 0_6 & D_~ & D_'1 & D_J & 0_2 & D_ l & D_ O; 

when others 

end cazc; 

-- MeseL 'l'xMDY sLaL us biL .t.1fLer loading do.iLu for transmission 

ctatui::;_var :2 ztat u c("/ downto 1) & 'O'; -- TxRDY 

sLaLu:-; _ma I n <= .sLaLu.s_vur; 
Lr igger_ sLu Lu s _ma in <= noL ( Lrigger_slaLu s _ m.:a l n l; 

-- Note whether data wa s written by CPU while CTS_BAR wa s low 

if (C'l'S_ll/\M ,., '0') Lhen 
Tx_wr_whilc_cts 'l': 

else 
'l'x_wr_wh1.le_cls <= 'O'; 

end Ir: 

end iC; 

'l 'x d.t.1L<..1 w<.1.s wri Lt.en while 
CTS_BAR was asscrc.cd 

end If; - - end I r command / daL<l 

clzc if neither r ead nor write 

end .I f; end if read/wrlt..e 

end if; end i! reset 

end l f; 

end process ma j n; 

Lrunsm j Lt.. er pr·ocess 

v<.1rl.:ible pariLy 
variable zcrial_Tx_bufC cr 
variable z torc_Tx_buftcr 
var\.:Jble clk_counl 
v ariable chur_b iL_ coun t 

begin 

end i f ch .ip selecL 

MV l.7; 
MVL"/_VECTOn( 7 downto 0); 
MVL·/ _ VECTORP downto OJ; -- parfc.y compuc.ation 
MV l .7_Vl•:C'l'OM(7 downto 0); 
MVl.?_VEC'l'OM(J downLo 0 ) ; 

i r Hl::SE'I'"' 'l') or ( comm;.ind(6J = '1' ) then -- Ir reseL 

TxD <= 'l'; 
TXEHPTY < = '1' ; 

- - Send marking signa l 

st.:Jtus_'l'x <• status(? downto 3) & ']' & status(l downto 0); 
trl gger_status _ 'J'x <z not (t rJgger_stutus_'l'x); 

wait unc.il ( TxC_BAR • • O' J and ( not TxC_BAR •stable l: 

else 

if (status(O) • 'O') then if Tx_bu!!cr is full 
( TxRDY status bit reset J 

If •rx is enabled o:and C'l'S_H/\H is low or diltil was wr1Lten wh1le CTS _ U/\M wus l 

if ( ( (CTS_BAR"" '0') and (command(O ) 

l.o<.id do:aL.-..i into serlul buffer 

zcrial_Tx_bu f fer : • Tx_bu! fer; 
sLo re_'l'x_bu f rer : • 'l'x_bu f fer ; 

'l') ) or ( Tx_wr_while_ct z = 

used for p.t.1riLy compul<.1Lion 

-- Rczet TxEMPTY and set TxROY status bic. 
I 

(we arc ooino to stare. transm I 

'l' xr:MP'l 'Y <• '0. ; 
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ir (comm<.ind P l "' 'l' l Lhen 
:::; tatu i; _Tx zt a t.u.c('/ down t. o ) ) (,, ' ll ' & i; tatu .c! l l c. 'l'; 

cl.cc 
:->LLJLus_ 'l'x < .. l'l L.Jlu:-; (7 downLo ) ) & " 011 1" ; 

end i r ; 

triggcr_.ctatu.c_Tx < = not (trigg cr_cc.atu::;_Tx); 
-- 'l ' Xl-(llY i.Jnd 'l'xl< Ml~ !'V :->LULU:-> b !Ls 

if (modc(l downto O) I = · oo · i then - - if a.cync mode ( .ctart l 

-- Sl·:NH S'l'l\M'I' HI'/' 

c l k _ c ount : ::: baud_c lock.c; 

Loop for counting number of clock eyelet; pe r bit ( <1cco rd ing to baud 

while ( clk _counL / :r. · nnooonno·i loop 
TxD <= '0'; 
wait unt il (TxC_BAn = 'O ' ) and (not TxC_ BA R':::;tablc); 
clk_counL clk_counl · 0000000 1 · ; 

end loop; 

end if; -- end if a cy n c mode ( ::; t.:i.1t. l 

SEND Cll/\M/\C'l 'l-:M 11 l'l'S 
char_bi t_count cha re; 

Loop for counting number of c ha ract.er b!tn 
wh i le ( chur_blL_counL I• · noon · > loop 

char_ bit_ count := chaI""_bit _ count - ' 000 1 ' ; 
clk_count : • baud_clockr.:; 

1.oop ror counLing number o r clock cycle:~ per b iL ( uccord i nQ Lo bOJud 

whil e { clk_ count. I = " 00000000 ' ) loop 
'!'xi>< = s erial_'/'x_buffer (O); 
wuiL unLil ('l ' xC_ ll/\M = '0') <.ind ( noL 'l'xC_ll/\M'::;L<.1bl e J; 
clk_count. : "" clk_count - • 00000001 · ; 

end loop; 

5er\;::il _ 'l'x_buffer := 'O' & serlu l_'l'x_buffer ( 7 down Lo 1 ); 

end loop; 

-- Sl<NJ> l'/\k l'l 'Y Hl'I' (I I-' /\ l'l' t. I C/\ 111 ,E ) 

if ( mode ( ".!)"' ' l' l then -- if pa.rity enabled 

C/\l.CUJ,J\'1 '10: l '/\ H. .l'J 'Y 111'1 ' 
puriLy .slore_'l'x_buffer(OJ xor- :->Lore_'l'x_buffer(l) 

ntore_Tx _buf fer<2l xor i~ tore_Tx_butfer(J ) 

t::tore_Tx_buffer <1l G toI""c_Tx_buttcr l~l xo1· 
sLo re_'l'x_bu f fer ( 6) xor :->Lore_ 'l'x_bu f fer ( 7 ) 

( noL mode ( SJ ); 

clk._count. : :: baud_clocks; - - SEND PARITY BIT 

1.oop ror counllng number or clock cycles per bll (according Lo buud 

-- 1.oop for cou n Ll nQ number o r clock cyc l e s per b i L { u ccof'd i ng L o b ..iud 

wh i le { clk_ c ount I = • r)QOOOUOU ' l Loop 
'l'xll < "' s er i .:.r.l_'l'x_buf fer (O) ; 
1o1...1iL unLi l ( 'l' x C_ l i/\k .. ' 0 ' ) .:.ind \ nOL T x C _liflk 's L.:ible J ; 
cl k_count : = clk_count - ' 000 0 00 0 1 " ; 

end loop; 

s eri.:Jl_'l 'x_burrer : = · o· & r~ e,. i al_'l'x_burrer ( 7 downLo 1 ); 

end loop; 

i f ( mode ( 4 ) • ' I ' ) L hen 

- - CA LCU LATE PARITY BIT 
pa.r ity 

cl k_counl 

zt.o r e_Tx_bu ff er (O J 
s Lore_'l'x_bu f fer ( ::! ) 
sLore 'l'x burrer(4) 
~t ore::::Tx::::buffer(6J xor 

<not mode(~)); 

: = buud_clocks; 

- - SEND PARITY BIT 

I r parit..y enabled 

zt.o re_Tx_ bu f fer ( l J 
s Lore_'l ' x _ bu f fer ( 3 1 
s Lore_'J'x_bu f fer ( 5 ) 

.st.ore_Tx_ buf fer ("/) xor 
-- even / odd parity 

-- l.oop for cou n Lin g number of clock cycles per bil {a ccord l ng 1 

whil e ( clk_ count. I = ' 00000000 ' J loop 
TxO <d parity; 
wait. until ( TxC_BAR • '0') and \ not TxC_BAR'.st.able J ; 
clk_counl '"" clk_counL · 00000001 · ; 

end loop; 

end if; 

i f ( model7 J ... '0'1 Lhen 

seriiil_'l'x_ bufrer :z SYNC:>.; 
slore_'J'x_buffer :><SYNC:>.; 
char_b!t_count. : .. char.s; 

-- end if paI""ity enabled 

-- if IJoubl e Syn c 
SEND SYNC2 c ha.I"" 

-- for p;::iriLy 

- - S!-'.Nll CH/\M/\C'l'i':M 111 'I'S 
-- Loop for count..lng number of character b.lts 

wh ile I char_bit. _ cou nt. 1. · oooo · J loop 

c hur_b l L _ counL : = ch.:.ir _b i L_coun L - · 0001 · ; 
c l k_counL : ::: b<.iud_c l ock.s; 

-- Loop for count i ng number of c lock cycle.c per bit ( according t.o baud 

while ( clk_counL I = " 00000000 " ) loop 
TxD <• .i:;er ial_Tx_buffor (O); 
wait until (TxC_BAR = 'O') and (no t TxC_BAR'st.ablc ) ; 
clk_counl := clk_counl - " 0000000 1 " ; 

end loop; 

serial_Tx_buffcr := · o• & s erial_Tx_ buffer( "/ downto 11; 

end loop; 

while ( c lk_ count I = · ooooouou · i loop if (modc(1) "' '1') then -- if parity enabled I 
TxD <= parity; 

:~~~c~:~~l ('l'~~k~~~u~L·~· ~O~~~Ot~~~:,' l ' xC.:_H/\M'HLLJble); C~~·~~~·~' l 'l;:.l'/\1-(~'L~r~~:::x_burfer (O) sLore_ 'l'x_ buffer(l) xor J 

~~~~~~c_n_d~l_o_o_p_;~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~"-to_r_c ___ T_x ___ b_u_r_rc_r~(2_l~~~"t_o_r_c ___ T_x ___ b_u_r_rc_r_(_J_l ~x-or_, , L.J 

end i r; -- end i r p<.irily enubled 

Data wa$ zcnt . Set TxEMPTY unlen1; .ci. new da.t.a. char ha. :; been writ.ten a.nd i:; 

if ( nol({((C' l'S_HAM::: '0') und (commund (O) = '1')) or· (' l' x_wr_while_cLs J 

a.nd !i::tatui~(O) "' ' U'J)J t hen 

'l'XIO:Ml''l'Y <:: '1'; 
:->L<.iLus_ 'l'x < = sLulu:-;(7 downLo 3) & '1' & s luLu:~ ( l downlo Ol ; 
Lr i gger_:~Lu lus_'l'x. < = noL(Lrigger_sL .:JLu:-;_'l'x); 

e nd if; 

i f ( mode (l downlo OJ / = · on · ) t..he n -- i r u s ync mode (s Lop ) 

- - SEND STOP BIT 
clk_counl ::.:: slop_cl ocks; 

Loop for counting number of clock cyc l er.; in ztop ::;top bit 

while ( clk_counL I = "00000000 " ) loop 
'l 'x D < = '1 '; 
w<.l\t un t._ll ('l'xC_ B/\H: = '0') und ( noL 'l'x:C.:_l\/\H:' sL;::ible); 
c lk_count : = clk_count. - · 00000001 · ; 

end loop; 

end Ir; -- end i r usync mode (slop) 

else if Tranr.:mitt.er not enabled or data wac written while CTS_BAR w I 

Txll<='l' ; --m<.1r\( 
TxEMPTY < z '1'; 

wuil unLjl ( 'l'xC_B/\H: :::o: ' O' l ~nd ( noL ' l'xC_H/\H:' sLLJ.bl e ) ; 

end if; -- end if Tx dir.;able and data written while it. di r; abled 

eli::e it Tx_buffer empty 

' l'xl•:Mi>' l'Y <= ' 1 '; 

if (command(J) = ' l' l then -- it ::;end break 

'l'xlJ <z '0'; 
wait unt.il ( TxC_BAR • 'U' l and ( not TxC_ BAR'stable ) ; 

e Js e if donL ·s end break 

if ( mode(l downto OJ ::: " OU " ) then ! f Sync mode 

if (CTS_BAR ::: '0') a. nd (command(U) = 'l') t.hcn if Tx enabled 

Sl·:Nll SYNC.:1 
ser ial_Tx_buffer :"" SYNCl; 
storc_Tx_buf fer : = SYNCl; 
c hu r_bit.._cou n l :• chun.;; 

- - SEND CHARACTER BITS 

-- for parity 

-- Loop for counting number of chclrac t cI"" bit::; 

wh i le ( ch;::i r _b; L_ counl I c • 0000 • ) 1 oop 

char_bit_count : "" char_bit_counc. - · uuu1"; 
cl\(_counl := buud_clocks; 

.sLore_'l 'x_bu f fer ( 4 ) slore_'l'x_bu f fer ( 5 ) 

s lore_'l' x _bufferl6 l xor sLore_ 'l 'x_bufrer (7) xor 
( not mode ( ~) ) ; -- even / odd parity 

cl k_counl b<.iud_c l ocks; 
'• 

- - SEND PARITY BIT 

Loop for counLing number or clock cycles pe r biL ( ac cord I ng I 
while ( clk_counl / ::: " 00000000 ' ) l oop 

TxD <= parity; 
wait until ( TxC_BAR = 'O' ) and ( noc. TxC_BAR' stable J; 
cJk_ counL clk_counL - · 00000001 "; 

end loop; 

end if; end if pari ty enabled 

end i r; end Ir Dou b l e Sync 

else if Tx disabled 

'l'xl> <= '1 •; 
wa 1 L unt 11 ( ' l 'xC_IJ/\H: 

Send murk .inQ sit;in;::il 
'0' l ilnd ( not 'l'xC_UAH.' st;::ible ); 

end if; 

else -- i r /\sync mode 

TxD <= 'l '; 
Wi.1 i L unL i , ( 'l'XC 1\1\H. 

-- Send marking .i:;i gnal 
'O' J i.lnd ( noL 'l'xC_BAM'sLuble ) ; 

end if; 

end I r ; 

end if; 

ond if; 

end process Lran.sm.itLer; 

receiver : process 

Vilr .table serja] _H:x_buffer 
variable s ync_6hift 
variable bt'"k._count 
vaI""iable clk_ count 
variable hc.il r_buud 
variable c h ar_b iL_counL 
variable zt atus_vaI"" 
vaI""iable got_sync 

variable got_ha l f _ sync 

vuri<.1ble p;::irily 

end if Sync mode 

end j f send break 

end if Tx_ buffer full 

end if re.set 

MVJ,7_Vl-:C'l'OH (7 down to 0); 
MVL'l _ V ECTOR( 'l downt.o 0); 

MVL7_VECTOR(l0 downto 0); 
MVL'/ _VECTOR ("! downto OJ; 
MVt .7_v ~:C'J'OM(7 downlo OJ: 
MVl .7 _ Vl·:C'l'OM(3 downlo 0); 
MVL'/ _ VECTOR( 'I downto 0 ) ; 
MVL'/; This variable i s used in enter hunt 

mode Lo check wheLher 
syn chron.iz;::iLion h;::is been achieved I 

MVL"l ; 

: MVl.7; 

(Used in Internal Sync detect Hode l 
This variable is u sed in Double 
Sync mode (oulside hunl mode ). ] ts 
a sserlion me;::ins thi.il SYNC1 h.:.is been 
received and SYNDET_BO should be 
asserted if SYNC2 is received next 
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beg i n 

i t ( RESET · l' ) or ( c o mmand ( b J • • l · ) then 

ln .iLial i z e porL.H, H i gn<J l fi und v<.Jr i .:..b l e s o n 1 e s eL 

SYNDET _ BD_ Rx < z ' 0' ; 
L rlgg er_SYNOl·:'l'_l\ll_Hx <::1 noL {Lrlgger_SYNl ! l<T_lll l_ kx ) ; 
1-1.xHllY _Hx <: '0' ; 
1.: rigger_ RxRDY_ Rx <== not ( tr igger_ RxRDY_ Rx l : 
got_halt _ sync : • ·o·; 

- - l t r c :; ct. 

wa l l un l i l ( HxC_ll/\k = 'l' ) <Jnd ( noL kxC_ll/\H' s L..ible ) ; 

clt,;c , 
I r ( command(7.) = ' 1 ' ) \..h en 

if (mode (l downto OJ = • 00 · 1 t hen 

-- SYNCllMONOUS MOIH•: 

i f ( command ( ./ I · 1 · ) then 

ir ( mode(6 ) • '1' ) Lhen 

i f n o t rezet 

i r kx l·.N/\ll J. t·: 

i f ::; yn c mocie 

i f ENTER HUNT MOOE 

i r exLern.u 1 s y n c mod e 

In External Synchroni z ation mode, t he USART t r l:::tate:~ l tG own SYND 

SYNOET _ BD_Rx <: 'Z' : 
w<.1 iL on SY N1> 1-:• 1•_ 111 J_Hx 1 o nly ror si mu l.:..Lion 

( resoluL i on run cLion J 
trigger _SYNDET_Bo_nx <: not. ( tr iggcr_ SYNDET _ BO_ Rx l ; 

USf\M'I' w<.iiLs (or._. ri s i n g edge on Lh e SYNl>l·:'l'_ HI> p i n ! com i ng exLe rn .;:il 

wa i t unt i l ( SYNDET_BD = 'l ' l a nd ( n ot SYNDET_ BD'.stablc J ; 

SYNl>l·:·r I\/) Hx < = • 1.; 
t r l gge;_sV'Nlll·~1·_111 1_Mx <• noL ( Lrigger_SYNln·:'l'_f ll )_ HxJ; 
f:itatuz Rx< = zta.tur..{ ' / ) C.. 'l' & :.tatuzt~ downto OJ; 
trigge~_;. tatu~_Rx < = not { triggcr_ ::;tatu:;_Rxl; 

/\fLer Synchron i,..<.aLfon I s <.ach i eved, char<.JcLer o..is s embly s L<.JrL s u L nex 

wait unt i l ( RxC_ BAR = 'l' l and (not. nxc _ BAn':;t.able l ; 

else -- i r inL e r n<.a l s ync mode 

In interna l r.:yn c hi:oniz.3.tion mo de, r e :;e t the • got_r.: ync • 
variable before enteri ng the loop, t.o ::: how that 
sy nchroni zJL l on h<.Js'nl yeL been <.JCh i eved 

got_r.:ync : = • o • ; 

-- l·:nle r " llUN'I ' 1.oop • Lo Jchieve synchr-oni z .uL i on 

wh 1 1 e (goL_ fiy nc = '0') loop 

-- L oad all zeron into the Rx buffer to avoid fal r.; c SYNC chara 

serl<.1l _ Hx_ bufrer : = · 00000 0 00 · ; 
svnc_ .i:: h ift : == •ooooouoo · ; 

l·:nLer loop Lo s h ifL in u b i L rrom "H x 11• pin ill ev'ery 
- - clock edge (i . e. check for SYNC1 JL ever·y biL boundJryJ 

wh i 1 e ( ( SYNC_muHk <.ind : ~ y nc_:~h ; r L J / "' SVNC 1 ) 1 oop 

r.:erial_Rx_buf fer RxD &: :Jet· ial_ l"lx_ buffer ( '/ ciown to l J ; 

-- l"ormul Lhe bi ls in Lhe receive burrer Lo f<.1ciliL<.JLe c ompur i so 

cacc (modc(J downto 2)) ic -- c ha r . length 
when · uo • = > 

sy nc_i-;hir L :"' · non · & i-;eri<.il_kx_burrert 7 downLo 3 1 ; 
when " 01 • = > 

s ync_ s11i fl • oo • & seriul_kx_burrer (7 downLo '-1; 
when · 10· : > 

sync_£;h!tt :: · o · &: scrial_Rx_buft cr( '/ downto 1 ) ; 
when • 11 • = > 

sync_ shi fL ser l ul_Hx_buffer(7 downLo OJ ; 
when other.'J s> 

e nd ca.!Jc; 

w.:i tl unLil (H x C_l\/\H 'l'J <.1nd ( n o L HxC_ll/\M.'sL<.ible ); 

end loop; 

SYNC1 musL huve been receiv ed i-; ince i l gol o uL of <.ibove loop 
- - piJriLy i s nol checked ror SYNC ch<.irs i n h unL mode 

it ( modc ( 1 ) : 'l' ) t h en -- if parity enabled 
wuil unLil (HxC_h/\M = ' 1 ') <.Jnd (noL MxC_ll/\M.'sL<.Jble); 

e nd i f; end i r piJriLy enabled 

if (mode( ·/) = 'l'l then -- if cingl e i:; y n c mode 

In S i ngle sync mode , gel.L i ng SYNC l Lh<.JL ~->ynchron iz uLio n 

got_.i:: ync : = ' 1 ' ; 

else -- i r double sync mode 

-- In Double 1:;ync mode, ai:;1:;cmble next character a nd 
-- compare it to SYNC2 t o check for r.;ynchronizat ion 

se rlul_M.x_ buf f er :• · 00000000 •; 
char_bit_count : "" chari:;; 

-- ASSl·:Ml\I ,/•: l'OSS 1111.t·: SYNC ?: C ll/\H/\C'l' l·:H 
-- l.oop ror counlino number or chi.ir·<.acLer biLs 

wh ile ( char_bit_coun t I == · oooo · J loop 
s er iill _ Hx_ buffer : .. M.xO & s er iu l_l-tx_buffer-(7 downLo 1); 
char_ b .tt_ counl : = ch.:ir_blL_ counl - ·000 1• ; 
wait until (RxC_ BAR = 'l') and (not RxC_BAR'ctablcl; 

end loop; 

- - Al' IGN f\SSl·:M\11.lm Cll/\1-t/\C'l'l•:H COHl-tl ·:c.: ·1 ·1.v l"OM. COMl>/\ I{ I SON w I 

ca&e (mode ( J down to 2 ) ) is - - c h ar. l ength 
wh en •oo · => 

s erial _ l-tx_ burrer ::r · ooo · & s e r i ul_kx_burfer(7 downL o Jl: 
when · 01 · 2> 

:;eri a l_Rx_buffer := •oo • &: 1~e rial_Rx_bu ffcr ( '/ downto 2); 
wh en • 10 • => 

Her i iJ l _ Hx_ bu ((er · o· & ser-i<.1l _ M. x _ buffer( 7 downLo 1 ); 

when • 11 • E> 
1:;eria l_Rx_buffer :• f,;C rial_Rx_butter ( '/ downto 0); 

when other& 
and c<.is e ; 
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-- p.;:ir 1L y i s n o L c hecked ror SYNC c hJr ~ i n h un L mo de 

i ! ( mod e f '1 J = · 1· 1 t h e n - - it par ity e n a b led 
wiJ iL u nL ll ( Hx C.: _ 11/\ H .. 'l' ) .. ind t noL kx~_llA~' .sL u bl e l; 

end if; -- end 1 f p.:ir iL y enu b led 

If SYNC2 i ;. I ·cce l vcd, s ynchronization ha ~:; been 
ach i eved and I L should gel ouL o f · 11uN'l' 1.00I' ' 
El.se it re-enLer s 'll UN'l' LOO I • " Jnd look s for S Yr~L· l 

it (zerial_Rx_buffer "' SYNC2 J then 
goL_sync : = • 1 •; 

-- 1t: got sy n c 

end if ; -- end i r goL s ync 

end 1 f ; end 1 f double r. yn c mo de 

end loop ; end wh I 1 e got _ sync 

Int.ernal Synchronization must have been ach ieved si nce i t 
got o ut of above loop < "HUNT LOOP " J. 

/\.s .s er L SYNIH<'l'_ HD Lo !-i hOw LhiJL Synchron iZiJL i on h.:i s b e en -.. c h i e" 

SYNDET _ BD_Rx <'"' ' l ' ; 
Lrigger_SYNDE'r_HD_Hx < : noL ( L r i goer_SYNllE'l'_l!I J_Hx ) ; 

if (command {Ol :: 'l' l then 
st a tu.i::_RX .i::t atus ('/) &: 'l' &: st atus ( ~ downto OJ; 

el!:;e 
sLaLu.s_l-tx <• sLa Lus (7) & '1' & slaLus (5 downlo J) & '1' & SLiJLu s 

end I f; 

tr iggcr _ s tatus_nx n ot. ( triggcr_status_ RX); 

end i r; end I r exL syn c mode 

e nd if; 

- - ASS l·:MHI ,J•: CH/\RACT l::H 

:;crial_ nx_buf!cr :s · 00000000 · ; 
ch<.a r _bi L_ counL : • cha rs; 

-- I.cop ror count Ing number of charact e r b l Ls 

end 1 f enter h unt. mode 

while { char_bit_ cou n t I = · oooo· J loop -- ASSEMBLE CHAR 
s cria l_Rx_ bu tter : = R.xD &: :;crial_Rx_buf fcr ("I downt.. o 1 ); 

ch<.1r_b i t_coun L : : ch<.ar _ biL_cou n L - " 0 0 0 1 " ; 
WiJiL u n L i1 ( HXC_ l!f\M"' ·1· 1 <.1nd ( noL 1-1.xC_Jl/\H'sL iJb le ) ; 

end loop : 

-- /\l ig n us!-iembled ch<.Jr-.:icLer correcLly 
c<.1se ( mode{ J downto ?: ) ) i.s -- char lengLh 

when · oo · •> 
serial_Rx_ buffer : a · ooo • & ccr ial_ Rx_ buf! cr( "/ downto J ) ; 

when • 01 • •> 
s eri<.1l _ M.x_buffer 

when ·1 0 · •> 
seria l Rx bu ffer 

when · 11 · = > 
ser i iJ l _Hx_bu r fe r 

when oLhers : > 

· oo · & serial_Hx_bu( f er(7 d own Lo ?:) ; 

·o· & scrl a l _ Rx_ b u ffer( '/ downto l l: 

s er i <.i l_Hx_buffe r ( 7 downLo OJ : 

end case; 

-- CHl•:C K l'/\M .l'l 'Y ( I F l·;N/\111,f•:l)) 
1 f (mode (4J = '1 ') Lhen - - i r purl.Ly enabled 

pariLy :s M.xD; 

parity .i:: eri a l _ Rx_ butfer ( OJ xor serial_nx _ buffer ( l l xor 
.i:: crial_Rx_butf er { 2 l serl al_Rx_buf fer{J ) xor 
s er I t.1 l_M.x_bu r fer ( 4) s er i LI l _H x_bu r fer ( 5 ) 
:.; er i u l _ Hx_ bu f fer ( 6) s er i .:i l _ H.x_bu ( rer ( 7) 

( not mode(~ )) xor parity; PARITY E 

-- SeL p.:irlLy error fl<Jg ( l r error is deLecLed) 
i ( ( comm<.Jnd ( OJ • 'l' l Lhen 

sL .:i L u s_l-tx 
else 

SLiJ L us(7 d o wnL o 4 ) & p.:iri Ly & .sluLuH (7. down to 0) ; 

statu s _Rx < = s tatu!:;('/ downto 1) & parity & 'l' & statu z ( l downto O 
end if; 

trigger_status_ Rx < :: not ( triggcr_status_ Rx J; 
wait until (RXC_BAR = 'l') and ( not RxC_ BAR' stabl c); 

end J r; - - end l r par i t.y enabled 

status _ var : a: statue; 

-- C lll~C K I P SYNC Cll/\H/\CTl·:H (5) 11/\VE UEEN DE:'J'l::C'r r:n ('l'llTS CllEC KTNG 
-- IS ONJ ,y DONI·: f\'I' • KNOWN" WOHi> BOUNDAHJESl 

if already got SYNCl in Double Sync Mode 

if ( goL_h<.a 1 f _ sy n c = '1 ') Lhen 

-- if thiiJ character if; SYNC2 

i r (ser i <J .l _ Hx_ burre r "" SYNC?:) Lhen 

-- Set SYNDET_BO to .i::ignify detection o f SYNC! and SYNC2 
SYNOl-:'l '_IUJ_Hx <z ' 1 ' ; 
trigger _SYNDl-:'1'_111>_1-tx < = nol (Lr.I gger _SYNl >Jo:'l'_ lm_ Hx I ; 

if (command(O) "' ' l'l then 
.!Jtatuc_var :.. tatus _ var( "/) & ' l ' &: ztatus _ var(:i downto OJ; 

else 
sLiJLUfi_vur :• s l.:itu8_ vur (7) & 'l' & sl<JLus_ viJr(S downLo J ) & 

'l' &: statue_ var ( 1 down to o); 

end if; 

e n d l r ; 

got_ half_ sync ::.: ·o·; 

e lse - - if (not receJv ed SYNCl) or (Single s ync mod e ) 

i f this character is SYNC! 

if (s e r1<.i1 _Hx_buffer = SYNC1 l Lhen 

i f ( mode(°/) • '0') then - - if double sync mode 

-- In Double Sync mode , d e t.ect lon o[ SYNCl Is no t s uffic ienL Lo 
-- s eL SYNOl·:'J'_BD . We need Lo ch e ck wh ether t he next c h aracLer I s 

go t _hal f_sync : "' '1' ; 

else -- Ir s ingle .sy nc mode 

In Si ngle Sync mode, SYNOET_ BD i s set if SYNCl is received 
SYNIJl•:'J'_ l\IJ_ Hx <"' 'l'; 
Lr I gger _SYNIJl·:'l'_llD_ Rx <:11: not (tr.I gger _SYN Dl•:'f'_UD_Rx) ; 



it ( comrnand (OI = 'l ' l then 
!.lt.at.ur.;_var c tat.u :; _ var (/) & 'l' 

el s e 
1-; LiJLU S v.:ir : = SL <..tL US v u r (7) {. '1. 
'l' &-atatu<._vdr ( l downt.o 0); 

end if; 

end i r; 
end if; 

& !.lt. dt.u:;_ var ( ':> downt.o fl) ; 

& s L<.a L u :-; _ vur(S downL o 31 & 

-- end i r double syn c mode 
- - e nd if WC get. SYNCl 

end I f; -- end i f .:.ilrezidy goL SYNCl (i n r1ouble Sync ) 

t.rc'*ncfer received character to pctrallel buffer 

Rx_buffcr c: c crial _ Rx_ buffcr; 

Check i f HxHllY w..i s ..il re<..1dy ::>el (I.e. previou:; churucLer 

if tctat u1::fll "" 'l'l then 

-- SeL Overrun l<rror flug i f previous chur<.1Cl e r w<.1 :~ unreud 
if (comm.:s nd {OJ = '1' ) t h e n 

!:: tatu:; _ v a.r !; tatuc _ v a.r < I downt o ~ l & • 1 · & :a .atu:;_ va r (J downto 
e lse 

S LiJLu :~_ViJ r s L..ilu s _ v..i r (7 downlo 5 ) & • 1 • t. :~ L.:.ilu :{ _v.:.ir (JJ £. 
'l' c.: i~t .:i tw; _ v ar ! l down to Ul; 

end if; 

else 
-- Sel HxHllY Lo Lel 1 C:l'U Lo re-.i d new ch<..1r.:.icLer 

RxRDY_Rx < : 'l'; 
Lr i gger_MxH.IJY_H.x <"' noL(Lrigge r_M xMDY_Mx); 
i f (commi.lnd (O) = 'l') Lhen 

c tatuz _var :::tatu ::: _ varn downto 21 & 'l' & .st dtui::_var (Ol; 
else 

SLiJLUs_var : : SL.:JLU:{_ V<Jr(7 downLO J ) & · 11· & .sL.:.iLus_vi.lr (O); 
end i f; 

end it; -- end if Rx buffer tull 

!-il<.1Lus_H.x < : :-;Lc.1Lu:;_v.:.ir; 
Lr l gger_sLuLus_Mx ..:::: noL ( Lr i gi;ier_:~Lalu:~_Mx ) ; 

el:::e - - i f a:::ync mode 
ASYNC: llMON<>U S MO\ll·: 

C h eck whether Rx D i:~ high. I f :; o, then it i s reddy to 
receive t.hc St.art Bit <lowl of t.he next c hc:1ra.ct.c1· 

i f (HXJ):: '1') Lh en 

Set. Break Detect ( SYNDET_BDJ low if RxD i::; high 

brk_counL :: · 00000000000 • ; 
SYND l ·~ l'_Hll_Mx <= '0' ; 
tr igger_SYNDET_BO_ Rx ..:"' not. ( tr iggct·_ SYNDET _ BD_ RxJ; 

i f ( comm<..1nd(O) = 'l 'l Lhen 
sLiJLus_H.x slulus(7) C. '0' £. !-ili.Jl u:~(5 downlo 0); 

cl:-::e 
r.;tatuc_Rx stat:.ua( "/) & ·o· & :::t.<'*tufJt':> <lownt:.o Jl & 'l' & 

SliJ LUS(l downLo 0); 

end Ir; 

Lr igger _ sLiJLus_Hx noL{Lr igger·_ :-;LiJLu:-;_Hx); 

WAIT FOR FALLINC EDGE ON RxD (START BIT } IN CASE A RESET tINT / EXT) OCCURS 

wuiL un L ll (( Hxl> = '0') <..1nd (nol Hxll'sL.:..ible )) or (l·ti-:S l·:T :z: '1') or (co 

if not rec et 

if ((H.l<Sl·:'I'= 'O'J i.lnd (commi.lnd (6) = ' O 'J ) Lhen 

S'l'AH.'l' 111 '1' 
To a ample Start Bi t:. at its mid -point. ( 16X or 61X baud rate 
o nly ) , wait for half t:. h e number of clock cyc le:; per bit 
( equ.'.Jl Lo vu r i.:.i.ble " h<..1lf_b<..1ud " ) 
Nole: V<.ari<..1ble "h-..lf_b.:.iud" i:; O for lX b.:.iud r<..1Le, so we 

introduce a a epa.t·at.e wait. for t:.he lX mode. ( *+'" ) 

hulf_buud :::: '0' & b.:.iud_clocks (7 downLo 1); 
clk_counl : :s: hul f _buud; 

-- Loop t.o wait for halt t:. h c number of clock cycles per bit 

while (clk_counl / ::: " 00000000 ") loop 
wall unLil (HxC_ l\f\H.,,. 'l') <.ind ( not. HxC_llf\H'sL.:.ible J; 
c lk_count. : = clk_count. - · 00000001 • ; 

end l oop; 

-- Sample S LurL llil c.iL I Ls m i d-po i nl (f•".:.il:-;e SLurL HiL IJeLecL i on 
-- If itc a real Start Bit 

i f (Mxl> = ·o·) Lhen 

-- For lX baud rate, we introduce a separate wait (d::: mentioned 

if (mode (l downLo 0) "' • 0 1° ) Lhen 
wiJ IL unt.il (HxC_B/\H a '1') i.ind ( noL MxC_hf\M':;l;.ible J; 

end if; 

-- Loop to wait:. for hal t the number of clock cyclez per bit. 

clk_cou nL :: hi.Jlf_buud; - - h<..1lf_b.:..iud Is 0 for l X mode 

while (clk_count /z " 00000000 " ) loop 
we.il l unL\1 (HxC_ll/\M "' ' 1' ) <.ind (noL HxC:_llAH':;Luble); 
cl k_counl : = cl k_counL - • 00000001 • ; 

end loop; -- END OF START BIT 

brk_counL : z brk_counL + ( · ooo · & b<.iud_clocks ); 

- - ASSEMBLE CHARACTER BITS 

scr ia.l_Rx_buf fer : "' • 00000000 • ; 
ch<.1r_biL_counL :• chur·s 1 

Loop for counting number of c h ardct.cr bit ::; 

while (chi.lr_blL_ counL / = " 0000") loop 

To c amplc a Character Bit at:. it!;; mid - point ( 16X or 61X baud 
ra t e only), wait for half t.he number of clock cyclco per bit. 
(equul Lo v<..1riuble "h<..1lr_b.:..iud " ) 
Nole : Vur-l.:.ible " h<..11 f_b.:.iud" is 0 for IX buud rul e, :~o we 

introduce a ::;eparat e wait:. for t.hc lX mode. ( " (d") 

cl'k_counL ::: h.:.il f_b.:.iud ; 

i 
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-- l.oop Lo w.:.i iL for G..i lf L he numbe r o f cloc k c ycles per b\L 

whil e ! cl k_count. I = " lHJUUUUUO " J l oop 
w•d L u nL ll ( HxC:_llAH" 'l' l und (noL Hx C_llA k ' sL.uble l ; 
clk_counL : :: clk _ counL - · 0000000 1 · ; 

end loop; 

-- For lX baud r<.aLe, we inLroduce u :; epuraLe w<.1 i L { <.is me 

if t mode ( l downt. o 0) .. " 01 " ) then 
wait until OlxC_BAR ::: 'l' ) and Cnot. RxC_BAR'ct. ablc ) ; 

end I f; 

-- Sample cha.ractcr bit at. it c nominal cent.er 

acr ia l _ Rx_ bu ff er RxD & ze rial_Rx_buffcr ( '/ downto l l ; 

if (H.xll z 'l' l Lhen 

Set Break Detect CSYNDET_ BDJ low if RxD ic high 

brk_counl : ::: · 00000 00000 0 · ; 
SYNDET _BD_Rx ..: : ' 0 • ; 
tr iggcr_SYNDET _ BD_ Rx < : not ( trigge r _SYNDET _ BO_ Rx I; 

I f ( command(O)::: 'l' ) Lhen 
ntat.us( ·11 &: · o · & statue(~ downt.o O) ; 

., 

ntatus_var 
cl~;c 

nt..:r.tus_ var .r;tatu::: ('!) & 'O' & ~;tat.ur.; ( ~ down to 3) & • 1 • & 

SLaLUS(l downLo 0); 
end I r; 

stat u s_Rx <= statu:;_var; 
Lri gger_sL <.iLus _Mx <• noL ( Lrigger_ 5L<Jlus_Mxl: 

el se 

- - If RxD is low, increase " brk_count • by the number of clock cy 

brk_count : :: brk_counL + ( "000 " & b.:iud_clocks ); 
end it; 

clk_counL :• half_bi.iud; -- NO'l't--: h.:.ilf _ b<.iud z 0 (or lX baud 

-- Loop to wall for hill r Lhe numbe r of clock cycl e s per b \ L 
while <clk_count / ::: · 00000000 · i loop 

wait until <Rxc_BAR :ic ' l' l and ! not RxC_BAR'ctablc ) ; 
clk_counL :::1: clk_counL - "00000001 " ; 

end 1 oop ; 

char_ bit_ count :::: char_bi t _ count. - " 0001 " ; 

end loop; 

-- ALI GN ASSEMBLED CHARACTER CORRECTLY 
Ci.Isa ( mode(J downlo 7:)) is -- c h.:.i r. lenglh 

when · oo · z> 
s er1<.al Hx buffer 

when "01 " "'> 
cer ial_Rx_buf fer 

· ooo · & s erJ<..1.l_Hx_ buffer17 downlo Jl; 

· oo · & scrial_Rx_ butfer( 7 downto 21; 
when " 10 • ::.:> 

:-.eri<.11 Hx buffer :z · o · £. serii.Jl_Hx_burfer(7 downlo 1); 

when " 11 " :> 
i:;cria l_Rx_buffcr serial_ Rx_ buffer ("/ downt:.o 0); 

when olhers 
end c<.ase; 

PAH l'l'Y l\ "l'J' 

if <modc C1 l "' ' l ') then -- if par ity enabled 

'l'o sumple <.i l ' arlly Hil <..1L i Ls m.id-poinL (16X or 64X baud 
rule only), wu i L for hul f Lhe number of clock cycles per blL 
(equal to variable " half_baud") Note: Variable "half_baud " i::: 
U for lX baud rate, r.;o we introduce a !:>Cp arate wait for the lX m 

clk_counL :: hul f_b.:.i.ud; 

-- L oop t.o wait for half t.he number of clock cycl e:; pe r bit 
while (clk_ coun t. /a • 00000000 • ) loop 

WiJiL unt.il ( HxC:_llAH: '1' ) .:ind ( no l MxC:_llAH'SLiJble ) ; 
cl 'k_counL : = cl 'k_counL - • 00000001 • ; 

end loop; 

-- l•'or lX bi.iud rule, we i nLroduce .:.i sepur<..1Le wiJiL (us menLlon 

if ( modc (l downto 0) "' " 01 " ) t hen 
wait until <RxC_ BAR"' 'l'l and (not. RxC_ BAR'st.ablc ); 

end If; 

-- Cll l•:CK l'f\HJ 'l'Y f\'1' Cl·:N'J'fH:; OJ•' PAHJ'l 'Y 111'1' 

parit.y : a RxD; 

if ( HxlJ = '1' ) Lhen 

Set Break Dct:.cct (SYNDET_80) low if RxD ii:: high 

brk_count : : " 000000000 00 " : 
SYNOET_BO_Rx <: '0'; 
trigger_SYNDET_BD_Rx <= not ( t.rigger_SYNDET_BD_Rx l; 

if (command (O) = ' l ') Lhen 
i:: tatus_var ztat.us( '/) &. •o• & :c:;tatus(~ downto 0); 

cloc 
Dtatus_ var : "" stat.u.s ('/) & 'O' & st.at us ( ~ down to J) & • l ' & 

end If; 

else 

-- 1 f HxU Is low, lncre<.1se "b rk_counL " by Lhe number of c lock cy 

brk_count. : = brk._count + ( ·ooo · & baud_clocksJ; 
end if; 

-- Verify Pa r1Ly 

parity :: scrial_Rx_buffer(O) xor f.:Crial_Rx_buffcr(l) 
ccrial_ Rx_buff er(2J xor zcrial_Rx _ buffcr(3) 
ser i <.1 l_H.x_bu r fer (4 J ser ial_Mx_buf (er( 5) 

seri.:.il _ Hx_buffer(6) xo r seri.:.il_Mx_buffer(7) xo r 
(not mode{~ ) l xor parity; PARITY ERROR 

-- SeL l'<JriLy t·: rror· flag i f erro r is det.ecLed 

if (command( Ol "' 'l'l then 
zt.atu.c;_ var :z f.: tat.uz_v ar1 ·1 downt.o 1) &: parit.y & st:. atus_var(2 do 
el:;e 
sL<.1L u s _ vLJr :z s t.uLu s_viJr(7 downLo 4) & p.:.ir i Ly & •1 • & sLuLus_ v 
end if; 

i f ( mode(l) '1 • l Lhen -- lf 16X or 64X baud 
sL<JLuN_Hx < = sL <.ilus_vu r; 



L r l 99e r_~ L..i Lus _k x < = noL ( Lr i gge r _sL .J Lu :~_kx ) ; 
e n d 1t ; 

cl k _ cou n L : :c h ... .tl f_b..1ud; -- h ..1 l f _ b u ud ::: 0 fof" 1)( b..1ud 

-- L o o p to wait f or ha.l f the n u mbe r o f c l oc k cycle::: pct bit 

wh i 1 e ( c 1 k_co u nL 1 ... • nonnnnnn · ) loop 
w<.1 i L u n Ll l ( kx C.:_ !V\H:: ' l ' ) .:ind <noL Hx <.:_llf\k' ~ L<..ab leJ; 
c l k _ count. := c l k _ c ou n t - · 0000 0 00 1 · ; 

end loop; 

end if ; -- e n d if p-.i ri L y e n ..1b led 

-- T r a n s f e r r eceived dat.d to p a rciil lc l buff e r 

Hx_buf f er < = :-> er l -.i l _ Hx_burrer ; 

-- Check i f Rx RDY w as al ready ::;ct ( i.e .. p rcv i o u 1; c h.:1ru ctc t 
-- u n rea d b y CPU) 

i f (~L ~Lu s(l) .. ' \' ) L he n - - i f k x bu f fe f" f ul l 

- - S e t Ov e rrun Er1·0 1 flaQ if pi·cviou ::; eha1actc1 wa n u nr e a d 

I r ( c o mmi..I nd ( O) "" ' 1 ' l L hen 
s ta t. us_ v ar n t. at un _ v ar ( "I down t o ~ J & ' l' & r;c a t.un_v a r () downc 
c l r.: c 
iJ tatu s _va r st atur.: _var ( '/ downt o ~) & ' l ' & <. t.at.u ::;_var ()) 

& ' 1' & S U .1 LUl-' _ V<.1r (1 downLo 0) ; 
e nd i r ; 

else 

-- Se L HxH l>Y LO Lel l C l'U LO r e .:.a d new Chi..l r i..l cl e r 

RxROY_Rx < = · 1·; 
Lr i gge r _ kxH DY _ k x < = n o l ( L r i g g er _ kx Hl>Y _Hx ) ; 

if ( c omma nd (O) '"' ' 1 ') th e n 
s tatu::; _ v ar :,. s t.at.u r.: _va r·( "/ downt. o 2 l & 'l' & :; t. at.\w_va i · !U) ; 

el He 
i; L<.iLu s _ v:..i r· :,. i; L i..1Lu i; _ v <.ir (7 dow n Lo J ) & ' 11 " & :~L o..Lu :~ _ v .:.ir (O) ; 

end i f ; 

e n d if; -- e n d if a lre ady Rx RDY 

SL <JL US kx < = Sli.IL US Vi.If" ; 
t r igg er_:::: t a t. u::; _ Rx c: n o t ( t r i ggcr_ r.:t a t u n _ R.x ) ; 

-- STOP ll l 'l' ( Sl 

w a i t until (RxC_ BA R = 'l' l a n d ( n ot nxc _ BAR' r.: tablc ) ; 

- - ch e ck for frumi n g e r r o r und breu k 

i r ( Mx l i ' 1 • ) L hen 

-- Set Break Det.ect ( SYNDET_ BDl l ow i f RxD i c high 

b r k_c o un L • oonoononooo • ; 
SYNDET _BD_ nx < ::: • 0 . ; 
t riggcr_ SYNOET _ BD_Rx < "" n ot l t r i g ger_SYNOET_ BD_ Rx ) ; 

I f (co mmiJnd ((J ) = '1' ) Lh en 
zt at. u z _Rx r.; t ac u ::;('/) t... '0' t... r.: t.a t u r.:( ':i rio w n to 0) ; 

el s e 
SL<.il us_ Mx c : Sl<JL U!~(7) & · o · & :-> L..i L u s( 5 d o wn LO 3) & ' 1' & SL 

e nd if; 

Lr l gge r _ .sLaLus_ Hx < : no L ( L ri g ge r _ :-> L<.iLu s _ Hx J ; 

e l s e 
fla9. - - I f nxD i i::; low. f.l ct. t r a mi n g 

i f (c o mmand (O) = ' 1 ' ) L hen 
s L<.i L us_ Hx < : s L.:.ilu s(7 down Lo 6 ) & " 1 ' r. s l .:.i L u :~( 4 downlo 0); 

c l i::;e 
st.a t ur;_Rx < = .c t.a t u::; ('/ d own t.o &J & ' l' & 

SLiJ L US I 4 down L o 3 ) & • l ' ' S LiJlUS ( 1 down Lo 0); 
e nd i f; 

tri gg c r_s t a tuz _ nx < = not (t r igg cr_1~ tatu :::: _Rx); 

- - ln c r e<.is e " brk_cou n L " b y Lhe n u mber o f c loc k cycles pe r b i L. 
brk_ count := b rk_ cou n t + ( " OOO " & r.; top_ c lock::;J ; 

e n d i f ; 

en d I f ; -- e nd i f i L s 

e nd if; end if not rez et. 

el:-;e i r n o L y e L r eiJdy Lo rece i ve s t. iJ rL biL 
( i. e. n x o i i:; l o w ) 

WiJ i l u nL i 1 ( HxC:_ l lf\H " l ' ) <.a n d ( n o L HxC_ ll/\H'.s L :..i bl e); 

if ( Il.xD = · o · J t h e n if ::: ti l l n ot ready t o r ·e c civc i:;tart bi t 

Hxll h~s been 1 o w f o r on e mo f""e c 1 o c k cycle . So i n c f"" emenL • b,-k 

b rk_ count. : = brk_c o unt • • 0000000000 1 • ; 

I f nxo ha ::; i:;t a yed l o w fo r t wo c oni:;ccutive c h aracter ::;equ c n cc l c n gth z . 
s eL l lre <.1 k lleLecL ( S YNlll•:" l '_lll J) 

i f ( brk_co unt >: b rk_ c l oc k c) the n 
SYN DET_ BO_ Rx < = ' 1 ' ; 
L r ..l 9 ge r _S Y NDJ-:' l '_ lll J_ kx <= noL l Lr i g ge r _SV Nl>l ·~ l '_ll lJ_M x ) ; 

i f ( c o mma nd (O l = ' l ' l t h e n 
::; t.atuz _ Rx z tatu z ('! ) & · 1 · & ::; ta t u r.;(~ downt. o O) ; 

el s e 
S LiJ L UH_Hx < .. S l iJLUS{7) & ., ' & !~ L OJ L U H (5 d own lo 3 ) ' ., • & S L <J L 

e nd i f ; 

t r i ggcr_ s tatui:;_R x < = no t (tr igger _ ::itatu s _nx) ; 
e n d i f ; -~ end i r b re<.ik d e L e cLed 

e n d if ; e nd i f a t.i l l not rea d y t o receive ::: t a rt bi t 

end i f ; - - e nd i f ,-e ;.idy Lo rec e i ve .s LOJrL b i L 

e n d i f ; e n d if i:;ync mode 

e l s e i f Hx di s .:.ibl e d 
-- Hes eL Hx HIJY i f r ecei v er I s d is <.1b l ed 

RxROY_Rx < : '0 ' ; 
t r iggc r _ RxROY_ Rx not I trigg er _R x RDY_Rx J ; 

w.:ilL unL il ( HxC:_ l\/\ k = 'l' ) <J nd ( nol k xC:_ltf\k 's L<.ib l e) ; 
I 

e n d if; end i f Rx ENABLE 

e nd i f ; end 1 f 

e nd p t oc c r:;s re c e iver; 

Lr l gger l ng 

beg i n 

s tatun 

block 

T he ::::ignal · sc a t.us • and t. hc p o rt :; " SYNDET _ BD. RxRDY " arc wr it.ten 
t o by mo re t h an one p r oc c zs .. So , we spl i t them up i nt o many 
• s ub - s igna ls • (on e for ea c h writin g - proccszJ .. 

When e ve r .:.in y p roc e ss wr \Les t.o iLs o wn · sub- si gnal • , we us.s i gn L h e 
n ew v a lue to the a c tu a l s ignal. Th is • wr i t i n g · i s mon itore d by the tr 

Whenever t. he si gnal h as L o b e r e ad, w e r ea d t he a c L u al s i gnal and n o t. 

st at.us_ ma in whe n ( not. t.riggcr_ st.a tu s _ main ·st.ab le) e lse 
st. a tus_ Rx when ( no t trigger_ st..a tuz _ Rx'st a blc ) elne 
s t.aL u s _ T x wh en ( n ol lr l g ge r _ sL <JLu s _ Tx 'sLabl e) el s e 
s t a t.us; 

SYNOET_ BD_ t emp <= SYNDET_ BD_main whe n (not t rigger _ SYNDET _ BD_ ma in ' s t. a b le I e l s e 
SYNDET_ SD_ Rx when ( n o t tr i gQe r _ SYNDET_BD_ Rx' s t.abl c ) e lr; e 
SY Nl>l·:'l'_ RD_ L emp ; 

SYNDET _ 8 0 < = SYNDET_ BD_ t. o mp ; 

HxHl>Y < : Hx HDY _ main whe n ( n ol t r igge r _ HxHDY _ m.:i i n' sL ab l e J e lse 
RxHDY_ Hx wh en ( not Lrl gger_HxH OY_ Hx ' s L a b l e ) e lse 
st. atus ( l ); - - RxROY 

e n d bl o ck L ri g g e r i ng; 
- - .... . .. . . .. . . .... * * . . . . ... * * ... . . .. . .... . . ... ..... . . .. .... .... ..... .. .. .. ....... .. 

TxRDY_ pin b lock 

beg I n 

- - T x RDY p i n i.c d epen d en t on CT S_ BA R a nd TxENABLE . in add i tion to the Tx 
- - S i n c e C'l"S_llf\H can ch.:.i nge <.il any Li me . we u s e a !i epur.:.it.e bl ock for L h i 

TxROY <= ( not CTS_ BAR ) a nd command (OJ and .c t a tut:; (OJ; 

end b l ock 'l 'x HI JY _p i n ; -- .. ..................................... ...... ...... .. .... .... . .. .. ...... .... ...... .. 
e n d US A RT; 
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