GEZEL Language Reference 1.4

Patrick Schaumont
UCLA Electrical Engineering Depar ment

1.0 Concepts

The GEZEL language models networks of cycle-true, finite-state-machine and datapath
(FSMD) modules. Interconnections between modules or library blocks are wires. GEZEL
makes synchronous (cycle-true) descriptions. All modules are attached to a single,
implicit clock.

A module is a combination of a controller and a datapath, or a library block. A datapath
has a number of input ports or output ports that connect to other modules. A datapath is
defined in terms of signal flow graphs, pieces of behavior that describe the operations in
that datapath during one clock cycle. Those operations take values from input ports or
datapath registers, and transform those using expressions into results that can be written to
output ports or data path registers. A controller is used to decide which datapath instruc-
tion should be executed during a particular clock cycle. Several controller types are avail-
able, going from a simple hardwired controller to a more elaborate finite state machine.

Library blocks are predefined blocks provided by the GEZEL environment. They are not
developed in the GEZEL language. They are used for specific tasks, such as hardware/
software codesign interfaces and memory modules.

2.0 Language Building blocks

Formatting. The GEZEL language is context-free and ignores whitespace. A comment
starts with a double slash (/) or a sharp-exclamation (#!) and runs to the end of the line.

Identifiers. Anidentifier is a sequence of characters (a-z, A-Z) or numbers or underscore.
The first character must not be a number.

Constants. A numeric constant can be in decimal, hexadecimal (e.g. OXFF) or binary for-
mat (e.g. 0b110101). String constants, used by some directives, contain a character
sequence between double quotes. Subsequent strings in double quotes are treated as a sin-
gle string.

Types. GEZEL variables and ports have a wordlength and a sign. The sign is unsigned
(ns) or two's complement signed (tc). A type specification is given by combining a sign
with a wordlength. For example, ns(10) is an unsigned, 10-bit type. tc(256) is a 256-bit
signed type.
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Keywords. Thewordsin Table 1 are keywords. None of them can be used as identifier.

TABLE 1. GEZEL Keywords

$bin $cycle $dec $display dp $dp
else $finish fsm hardwwired  $hex if
initial in ipblock ipparm iptype lookup
ns out reg sequencer sfg $sfg
sig state stimulus system tc then
use @ -> ) $trace

3.0 Datapaths

Example:

dp accun{ in a: tc(8) ) {
reg acc : ns (8);
sfg clear {

acc = O;
}
sfg add {
acc = (acc + a);
$di spl ay("acc=", acc);

}
}

This datapath defines a single input port, a, which accepts 8-bit signed signals. The datap-
ath contains an accumulator acc and two instructions, clear and add. Both of them contain
operations on the accumulator. The ‘add’ instruction aso contains a simulation directive:
adisplay statement. The datapath does not tell when the instructions are executed - it does
not fix the schedule of execution. It isthe task of a controller to define this schedule.

3.1 Port definition

The list of ports of a datapath is a list of input and output port definitions separated by
semicolons. A port has adirection (in or out) and a type. If the type and direction of sev-
eral portsisidentical, the identifiers of those ports can share the same type specification as
acomma-separated list.

Example:
dp thedp(in a, b, ¢ : ns(5); out d: ns(l); in e : tc(20))

a, b and c are input ports accepting 5-bit unsigned numbers.
d isan output port generating a 1-bit unsigned number.
eisan input port accepting a 20-bit signed number.
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3.2 Registers, Signalsand Lookup Tables

Registers and signals are used to create expressions inside of datapath instructions. A reg-
ister has two values. a current value (the value obtained when reading from the register)
and a next-value (the value assigned when writing into aregister). At each clock edge, the
next-value is copied into the current value. A signal has a single, immediate value and is
semantically identical to wiring. A signal must be defined in the same clock cycle asit is
consumed. A register will hold value until it is reassinged.

Example:

reg q : tc(32);
sig v, w: ns(l);

g isa32-bit signed register.
v and w are 1-bit unsigned signals.

GEZEL does not support arrays. GEZEL does support lookup tables, which are constant
arrays. The contents of alookup table is defined at the same position as signals and regis-
ters. A lookup table has a name and a type specification. The type specification indicates
the type of individual elements. A lookup table is accessed with the lookup operation.

Example:
| ookup T : ns(8) = {5, 4, 3, 2, 1};

T isalookup table with 8-bit, unsigned elements. 5 elements are defined. Location O holds
the value 5, location 1 holds the value 4, and so on.

3.3 Expressions

Expressions are collections of operations with registers, signals and |ookup tables. Expres-
sion results can have a precision that is different from their operands. There is a default
type combination rule: (a) The wordlength of the result is the maximum wordlength of the
operands and (b) if any of the operands is signed, the result will be signed. The operands,
in order of precedence going from low to high, are listed in Table 2. If the type of the
result is not indicated, it is created using the default rule.

TABLE 2. Operatorsin order of precedence (low to high)

a=exprl Assignment Operation.
The value of exprl is casted into the type of a.
a?b:c Selection Operator.
If aisnonzero, resultisb elsec.
The type of the result is the default combination of b and c.

alb Bitwise Inclusive OR.
a”b Bitwise Exclusive OR.
a&b Bitwise AND.
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TABLE 2. Operatorsin order of precedence (low to high)

a==b Logical comparison for equality.

al=b Logical comparison for inequality.

a<b Locgical comparison for smaller-then.

a>hb Logica comparison for bigger-then.

a<=b Logical comparison for smaller-or-equal-then.
a>=hb Logical comparison for bigger-or-equal-then.

The type of the result of all logical comparisonsis 1-bit unsigned
a<<b Left Arithmetic Shift.

The result has the sign of a and the wordlength wi(a) + (1 <<
wl(b)), with wl(a) = wordlength of aand wl(b) = wordlength of b

a>>h Right Arithmetic Shift.
a+b Addition.

a-b Subtraction.

a#b Bit concatenation.

Equivaent to (a<< wl(b)) | b, with wl(b) the wordlength of b).
The result wordlength iswl(a) + wl(b). The result sign is that of a.

a*b Multiplication.
The result wordlength iswl(a) + wl(b). The result sign follows the
default rule.

a%b M odul o-operation

(type_spec) a Cast ato type_spec. Type spec isastandard type specification, e.g.

ns(5) for a 5-bit unsigned number.
The type of the result is defined by type_spec.

-a Unary minus.

The result type has the type of a.
~a Bitwise NOT.

The result type has the type of a.

a[number] Bit selection (Result is a 1-bit unsigned number).
a[from_num:to_num] Bit vector selection (Result is (from_num - to_num + 1)-bit
unsigned, assuming from_num > to_num).
a( expr) L ookup operation in lookup table a.
Result is defined by the type of the lookup table elements.
(a) Grouping operator, used to modify precedence rules (e.g. a+
(b*c)).

3.4 Signal Flowgraph Definition

Signal flowgraphs are the instructions of a datapath. Each signal flowgraph (sfg) collectsa
number of expressions, separated by a semicolon. Each sfg represents 1 cycle of behavior.
All expressions in an sfg execute concurrently, but will follow the data precedences
between expressions and the semantics of registers and signals. Each sfg has a symbolic
name, by which this instruction can be referred. Any number of sfg can be active during a
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particular clock cycle. Thisis decided by the controller on top of the datapath. Therefore,
an sfg expresses behavior, not structure.

The operands of the expressions in an sfg must be either datapath inputs, datapath outpults,
registers defined within the datapath or signals defined within the datapath.

Example:

reg a : ns(4);
sig b : ns(4);
sfg myinstruction {
a b + 3;
b 2;
}

In the sfg myinstruction, the bottom expression (b=2) will be evaluated first because bisa
signal that is consumed by the first expression. The next-value of awill be 5.

4.0 Controllers

A controller specifies a schedule for the instructions in a dapapath. Each datapath must
have a single controller. GEZEL provides three types of controllers.

4.1 Hardwired Controller
A hardwired controller selects asingle instruction for perpetual execution.

Example:
hardwi red nycontrol | er (nmydat apat h) { doit; }
har dwi red myot hercontrol |l er(myot herdatapath) { doit; doit2; }

In the first example, the controller mycontroller is attached to the datapath mydatapath
and selects the sfg doit for execution at any clock cycle. In the second example, the con-
troller myothercontroller is attached to datapath myotherdatapath and selects the sfg doit
and doit for simultaneous execution at any clock cycle.

4.2 Sequencer Controller

A sequencer controller selects a sequence of single sfg to be executed in a sequences,
cyclic fashion.

Example:
sequencer nycontroll er(nydatapath) { doitl; doit2; doit2; }

The controller mycontroller is attached to the datapath mydatapath. At the first clock cycle
of the simulation, sfg doitl is executed. At the second and third clock cycle of the simula-
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tion, sfg doit2 is executed. At the fourth clock cycle of the smulation, doitl is executed
again, and so on.

Example:
sequencer mycontroller(nydatapath) { (doitl, doit2); doit2; }

The controller mycontroller is attached to the datapath mydatapath. At the first clock cycle
of the simulation, sfg doitl and sfg doit2 are simultaneously executed. At the second
cycle, sfg doit2 is executed. The third clock cycle looks again like the first one.

4.3 Finite State Machine Controller

A finite state machine controller (FSM) combines instruction sequencing and decision
making in a finite-state model. A FSM defines a finite number of states. At any moment,
the FSM isin one of the defined states. One of these states is the initial state, and repre-
sents the state in which the FSM starts execution. In between states, state transitions are
defined. State transitions take asingle clock cycle to complete. During state transition, one
or more sfg may be selected for execution. The first example shows an FSM with no deci-
sion making:

Example:

fsm mycontrol | er (nydat apat h) {
initial sO;
state sl1, s2;
state s3;
@0 (doitl) ->s2; /] state transition 1
@1 (doitl, doit2) -> s2; /| state transition 2
@2 (doit3) ->sl; /| state transition 3

}

The controller mycontroller is attached ot mydatapath. This fsm defines 4 states: S0, s1,
s2, S3. Theinitial stateis S0, while s, s2, s3 are normal states. The fsm defines three state
transitions, all of them are unconditional. The first state transition starts in state S0, the ini-
tial state, and moves to state s2. During this state transition, datapath instruction doit1 will
be executed. The second state transition startsin state s1 and moves to state s2. During this
state transition, instructions doitl and doit2 will be executed concurrently. The third state
transition is similar to the first. In the first clock cycle of smulation, state transition one
will execute. In the second clock cycle, state transition three will execute, while in the
third clock cycle, state transition two will execute.

Using registers from the datapath, conditional expressions can be formed. These condi-
tional expressions can be used to make conditional state transitions. The operands of these
conditional expressions must be datapath registers, and cannot be datapath signals or data-
path inputs or outputs.

Example:
fsm mycontrol | er (nydat apat h) {
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initial sO;
state sl;
@0 if (a &b) then (doitl) -> sl
el se (doit2) -> sli;
@1l if (a) then
if (b) then (doitl) -> sO
el se (doit2) -> sO
el se (doit2) -> sO0;

\%

}

The controller mycontroller is attached to mydatapath. The controller defines two states
and 5 state transitions, all of them conditional. The first state transition makes a bitwise
and of registers a and b of datapath mydatapath, and if the result is nonzero, sfg doitl is
executed. Otherwise, the second state transition is executed together with sfg doit2. The
next three state transition, starting out of state sl, tests the same condition but uses a con-
dition hierarchy. A conditional state transition must always be specified in pairs. It is an
error to write the if-part without the el se part.

5.0 Hierarchy and Module Instantiation

There are no module typesin GEZEL . There are no module declarations, only definitions.
GEZEL provides support for structural hierarchy (enclosing modules inside of other mod-
ules) and module instantiation (module copying from existing modules).

5.1 Hierarchy

Once a datapath is defined, it can be enclosed inside of another one with the ‘use’ state-
ment. Such insertion must be done at the same location where registers and signals are
defined. When a datapath is included, it must be connected using an actual port list.

Example:

dp innerdp(in a : ns(5); out b : ns(5)) {
...

}

dp outerdp(in c : ns(5); out d : ns(5)) {
reg v : ns(5);
use innerdp(c, Vv);
sfg doit {
d =v + 1;
}
}

The datapath outerdp encapsulates a datapath innerdp. The datapath innerdp is connected
to an input of the outerdp and aregister v. The connections to the innerdp ports are made
with positional matching: port a of innerdp is connected to port ¢ of outerdp, and port b of
innerdp is connected to register v of outerdp.
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5.2 Module Instantiation (cloning)

A module is fully defined when both a datapath and a controller for that datapath are
defined. A copy of such a module can be made with the cloning operation. The resulting
clone is functionally identical to the original, but has in an independent set of state vari-
ables.

Example:

dp andgate(in a22,b : ns(l); out g : ns(l)) {

}

sfg active {

g = a22 & b;

}

har dwi red handgat e(andgate) {active; }

dp andgate2 : andgate
dp andgate3 : andgate

The datapaths andgate2 and andgate3 are copies from datapath andgate. Both will have
also a hardwired controller, that will execute the datapath sfg active in each of datapath2
and datapath3.

6.0 Semantic Requirementsfor a Complete Module
Specification

A datapath with a port definition, register/signal definition and instruction definition and
schedule (controller) is considered complete if the following conditions are met. Complete
means that the specification leaves no ambiguity or unknown values.

During any clock cycle, all datapath outputs are defined. This means that datapath out-
puts must always appear at the lefthand-side of an assingment expression inside an sfg.

During any clock cycle, no combinatorial loop between signals can exist. This happens
when there is a circular dependence on signal values, i.e. signa ais used to define sig-
nal b, and signal b is used to define signa a. This implies that al signal values will
eventually only be dependent, during any clock cycle, on datapath inputs, datapath reg-
isters and constant values.

If an expression consumes the value of a signal during a particular clock cycle, then
that signal must also appear at the left-hand side of an assignment expression in the
same clock cycle.

Neither registers, nor signals or datapath outputs can be assigned more then once dur-
ing aclock cycle.

The GEZEL simulator will verify the completeness property at run-time.
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7.0 Directives

Datapath instructions can contain a number of simulation directives. A display directive
prints the value of avariable or amessage. A formatting directive can be included to con-
vert the variable to decimal, hexadecimal or binary format. There are directive variables
that provide the current cycle number of the smulation, and the names of the datapath and
sfg. Thefinish directive terminates the simulation. All these directives must be used inside
of an sfg, and are executed whenever that sfg executes. Directive variables can only be
used by the display directive.

Example:

$di spl ay(“The value of ais “, a);

$di spl ay($hex, a, “ “, b+ 1, “ “, $bin, c);
$di spl ay($cycle, “: executing sfg “, $sfg);
$fi ni sh;

Thefirst directive prints out the value of signal or register a. For registers, both the current
value aswell asthe next value are shown, separated by a slash. The second directive prints
aand b, incremented with one, in hexadecimal format, and c in binary format. The last for-
matting directive given remains valid over multiple display directives. The default format-
ting is decimal. The third directive prints the current cycle number of the simulation,
followed by the name of the sfg in which it is enclosed. The fourth directive shows afinish
directive that aborts the simulation.

The trace directive can be used when designing controllers at any position where an sfg
name would be introduced. The trace directive will cause the simulation to issue a mes-
sage when the controller executes the control step containing that directive.

Example:

@0 (sfgl, sfg2, $trace) -> sl; // use in state transition

A second application of the trace directive isto create stimuli traces of the values of regis-
tersor signals. A file is created where each clock cycle, the value of that register or signal
is recorded.

Example:

sig k : ns(20);
$trace(k, “kvalues.txt”); // record k in kval ues.txt

8.0 Topleve

GEZEL describes the toplevel of anetwork of modulesin a system block. A system block
interconnects modules and library blocks. A system block can also define stimulus blocks,
which alow to read testbench data from a file. Interconnections are made by positional
name matching. System Connections are either point-to-point or tree-type nets. Each con-
nection at system level can have only a single module output driving the value of that net.
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Example:

dp di(in a : ns(3); inb : ns(5) {
1. ..

}

dp d2(out a : ns(3)) {
...
}

system S {
stimulus(w, “wdata.txt”);
si(qg, W;
s2(q);

}

A system with two modules d1 and d2 is created. We assume the controllers are defined as
well. A system block interconnects a stimulus module and the two datapaths. Two system
nets are used, w and g. System net w connects to the stimulus module and the input b of
module d1. System net g connects to the input a of module d1 and the output a of module
d2. The stimulus module will obtain values for system net w out of a file wdata.txt. This
file contains alist of values, with one value per line. Each clock cycle, anew valueisread
out of thefile.

The user responsibilities for the system level are to ensure that connected module inputs
and outputs have compatible types, and that stimulus files have enough data for the length
of the simulation.

9.0 Library Blocks

A library block in GEZEL is a custom block, available in the GEZEL environment but not
written in the GEZEL language. Library blocks are defined at the moment the GEZEL
simulation is configured. The set of library blocks available therefore depends on the
GEZEL simulator instance. Library blocks are typically used for memory modules (RAM)
and hardware/software codesign interfaces. A library block is treated in the sameway as a
module. It has a set of input and output ports and can be connected in a system netlist.
Library blocks cannot be included hierarchically, and they cannot be cloned. Thisisalim-
itation of the GEZEL |language parser, not a conceptual limitation.

The purpose of the examples below is to illustrate only the syntax of the library blocks.
The semantics of library blocksis defined by the library block developer, and not a part of
the GEZEL language reference.

Example:

i pbl ock Min address : ns(5);
in w,rd : ns(l);
in idata : ns(8);
out odata : ns(8)) {

i ptype "rant;
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i pparm "si ze=32";
i pparm"w =8";
}

i pbl ock nodeB(in data : ns(32)) {
i ptype "arneillasink";
i ppar m " processor =processorB";
i ppar m "addr ess=0x80000010";

}

Thefirst library block isaRAM module with 32 locations of 8 bitswide. The port list of a
library block depends on the type of that library block. The names and order of the ports
are fixed by the type of that library block. The RAM block is part of the GEZEL core sys-
tem and available in all instances of GEZEL simulations. The iptype specification selects
the type of the library block. The ipparm specification allows to select parameters on the
library block. The number and nature of parameters depends on the type of the library
block. In this case, the size and wordlength of the RAM module are defined.

The second library block a memory-mapped hardware/software interface. The library
block is of type armzillasink, and is a data channel leading from software to hardware
(GEZEL). Two parameters are defined, the first one is a processor specification, the sec-
ond one the address in memory space where this hardware/software interface maps to.
Thislibrary block is specific to a particular instance of the GEZEL simulator in a cosimu-
lation environment, and is not generally available.
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