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tutorial outline

this tutorial deals with:

% architecture of a microprogrammed processor
microarchitecture description techniques
encoding of microinstruction fields
microprogram in the control store

datapaths of component modules

datapath of the microprogrammed processor

testbench datapa’rh and simulation

¥V VV VvV VY

lab experier\ce:

1. VHDL translation and clock tuning on an FPGA board

2. feasibility study of an extension of the microarchitecture for its functioning as
an embedded Coprocessor
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microprocessor architecture and descripﬁon techniques

let's consider the microarchitecture drawn in figure 6.7, endowed with a microprogram for
the GCD computation with Euclid's algorithm and with the small extension of an output
port for the computation result

the leftmost, unused bit in the microinstruction format shown in the same figure
will be used here to indicate validity of output data

the formal description of the microarchitecture of this dedicated processor exploits the

following techniques:

s C preprocessor directives, in parﬁcular the #define directive, to define the
encoding of microinstructions and of their fields

% Gezel description of the control unit, including the microprogram in the control

store, and of the da’rapa’rh as a collection of component modules: register file, ALV,
and shifter

o the top-level Gezel module interconnects the control unit and the other
component modules, and generates the I/0 (strobe) control signals

o the description includes a simple testbench that feeds the processor with a
sequence of input pairs and prints the collected results
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// wordlength in the datapath

#define WLEN

16

/* encoding for data output */

#define O_NIL
#define O_WR

0
1

encoding of microinstruction fields: output, SBUS, ALU

/*OT <-0*

/* OT <- SBUS */

/* encoding for SBUS multiplexer */
/* SBUS <- RO */
/* SBUS <- R1 */
/* SBUS <- R2 ¥/
/* SBUS <- R3 ¥/
/* SBUS <- R4 ¥/
/* SBUS <- R5 */
/* SBUS <- R6 */
/* SBUS <- R7 */
/* SBUS <- IN */

#define SBUS RO
#define SBUS R1
#define SBUS R2
#define SBUS R3
#define SBUS R4
#define SBUS R5
#define SBUS R6
#define SBUS R7
#define SBUS IN

0
1
2
3
4

5
6
7
8
R

#define SBUS X SBUS RO

/* don’t care */

/* encoding for ALU */
#define ALU ACC
#define ALU PASS
#define ALU ADD
#define ALU SUBA
#define ALU _SUBS
#define ALU AND
#define ALU OR
#define ALU NOT

/% ALU <- ACC */

/* ALU <- SBUS */

/* ALU <- ACC + SBUS */
/* ALU <- ACC - SBUS */
/* ALU <- SBUS - ACC */
/* ALU <- ACC and SBUS */
/* ALU <- ACC or SBUS */
/* ALU <- not SBUS */
#define ALU_INCS /*ALU <- ACC + 1 %/
#define ALU_INCA /*ALU <- SBUS - 1 ¥/
#define ALU CLR 10 /*ALU <- 0%

#define ALU SET 11 *ALU <- 1%/

#define ALU X ALU ACC /*don’t care */

© O U bk WN - O

Schaumont, Listing 6.2 - Micro-programmed controller in GEZEL (part 1)
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/* encoding for shifter */

#define
#define
#define
#define
#define
#define
#define
#define

Copyleft @ 2016-2017 Giuseppe Scollo

encoding of microinstruction fields: Shifter, Dest

SHFT SHL
SHFT SHR
SHFT ROL
SHFT ROR
SHFT SLA
SHFT SRA
SHFT NIL

NOoO s WN -

/* Shifter <- shiftleft(alu) */

/* Shifter <- shiftright(alu) */

/* Shifter <- rotateleft(alu) */

/* Shifter <- rotateright(alu) */

/* Shifter <- shiftleftarithmetical(alu) */
/* Shifter <- shiftrightarithmetical(alu) */
/* Shifter <- ALU */

SHFT X SHFT NIL /* don't care */

/* encoding for result destination */

#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define

DST RO
DST R1
DST R2
DST R3
DST R4
DST R5
DST R6
DST R7
DST ACC
DST NIL

NOoO s WN - O

8
15

DST X  DST NIL

/* RO <- Shifter */

/* R1 <- Shifter */

/* R2 <- Shifter */

/* R3 <- Shifter */

/* R4 <- Shifter */

/* R5 <- Shifter */

/* R6 <- Shifter */

/* R7 <- Shifter */

/* ACC <- Shifter */

/* not connected <- shifter */
/* don'’t care instruction */

Schaumont, Listing 6.2 - Micro-programmed controller in GEZEL (part 2)
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Next field and microinstruction encoding

/* encoding for jump field */

#define
#define
#define
#define
#define
#define
#define

NXT NXT 0
NXT JMP 1
NXT JC 2
NXT JNC 10
NXT JZ 4
NXT JNZ 12

NXT X NXT NXT

/* CSAR <- CSAR + 1 ¥/

/* CSAR <- Address */

/* CSAR <- (carry==1)? Address : CSAR + 1 */
/* CSAR <- (carry==0)? Address : CSAR + 1 */
/* CSAR <- (zero==1)? Address : CSAR + 1 */
/* CSAR <- (zero==0)? Address : CSAR + 1 */

/* encoding for the micro-instruction word */
#define MI(OUT, SBUS, ALU, SHFT, DEST, NXT, ADR) \

(OUT << 31) |\
(SBUS << 27) |\
(ALU << 23) |\
(SHFT << 20) |\
(DEST << 16) |\
(NXT << 12) ]\
(ADR)

Schaumont, Listing 6.2 - Micro-programmed controller in GEZEL (part )
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dp control(

lookup cstore : ns(32) = {
// 0 Lstart:
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microprogram and controller datapath (1)

out ctl ot
out ctl sbus
out ctl alu
out ctl shft
out ctl dest

in carry, zero

:ns(1);
:ns(1);
: ns(4);
: ns(4);
: ns(3);
:ns(4)) {

IN -> RO

MI(O NIL, SBUS IN, ALU PASS, SHFT NIL,DST RO, NXT NXT,0),

/11 IN -> ACC

MI(O_NIL, SBUS_IN, ALU_PASS, SHFT NIL,DST ACC,NXT NXT,0),
// 2 Lcheck: (RO - ACC) || JUMP IF Z Ldone

MI(O_NIL, SBUS RO, ALU_SUBS, SHFT NIL, DST NIL,NXT JZ,6),

/13 (RO -ACC) << 1 || JUMP_IF C LSmall
MI(O_NIL, SBUS RO, ALU SUBS, SHFT SHL, DST NIL,NXT JC,5),
/14 RO -ACC -> RO || JUMP Lcheck

MI(O_NIL, SBUS RO, ALU SUBS,SHFT NIL, DST RO, NXT JMPB?2),

// 5 Lsmall:

ACC - RO -> ACC | JUMP Lcheck

MI(O_NIL, SBUS_RO, ALU_SUBA, SHFT NIL,DST ACC,NXT JMP2),

// 6 Ldone:

RO -> OUT || JUMP Lstart

MI(O_WR, SBUS RO, ALU_X, SHFT X, DST X, NXT JMP0)

Schaumont, Listing 6.2 - Micro-programmed controller in GEZEL (part 4)
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controller datapath (2)

reg csar :ns(12);
sig mir : ns(32);
sig ctl nxt : ns(4);
sig csar nxt : ns(12);
sig ctl address :ns(12);
always {
mir = cstore(csar);
ctl ot = mir[31];
ctl sbus = mir[27:30];
ctl alu = mir[23:26];
ctl shft = mir[20:22];
ctl dest = mir[16:19];
ctl nxt = mir[12:15];
ctl address = mir[ 0:11];
csar nxt = csar + 1;
csar = (ctl nxt == NXT NXT) ? csar nxt
(ctl nxt == NXT JMP) ? ctl address
(ctl nxt == NXT JC) ? ((carry==1)
(ctl nxt == NXT JZ) ? ((zero==1)
(ctl nxt == NXT JNC) ? ((carry==0)
(ctl nxt == NXT JNZ) ? ((zero==0)
csar;
}

? ctl address :
? ctl address :
? ctl address :
? ctl address :

Schaumont, Listing 6.2 - Micro-programmed controller in GEZEL (part 5)

csar nxt) :
csar nxt) :
csar nxt) :
csar nxt) :
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register file datapa’rh

dp regfile ( in ctl dest :ns(4);
in ctl sbus :ns(4);
in data in :ns(WLEN);
out data out : ns(WLEN)) {
reg r0 : ns(WLEN);
reg rl : ns(WLEN);
reg r2 : ns(WLEN);
reg r3 : ns(WLEN);
reg r4 : ns(WLEN);
reg r5 : ns(WLEN);
reg r6 : ns(WLEN);
reg r7 : ns(WLEN);
always {
r0 = (ctl dest == DST RO) ? data_in : r0;
rl = (ctl dest == DST R1) ? data in : rl;
r2 = (ctl dest == DST R2) ? data in : r2;
r3 = (ctl dest == DST R3) ? data in : r3;
r4 = (ctl dest == DST R4) ? data in : r4;
r5 = (ctl dest == DST R5) ? data in : r5;
r6 = (ctl dest == DST R6) ? data in : r6;
r7 = (ctl dest == DST R7) ? data in : r7;
data out = (ctl sbus == SBUS RO) ? r0 :
(ctl sbus SBUS R1) ?rl:
(ctl sbus == SBUS R2) ?r2:
(ctl sbus == SBUS R3) ?r3:
(ctl sbus == SBUS R4)?r4:
(ctl sbus == SBUS R5) ?r5:
(ctl sbus == SBUS R6) ? 16 :
(ctl sbus == SBUS R7) ?r7:
10;

}
}
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ALY datapath

dp alu ( in ctl dest :ns(4);

in ctl alu :ns(4);
in sbus : ns(WLEN);
in shift : ns(WLEN);
out g : ns(WLEN);

reg acc : ns(WLEN);

always {

q= (ctl alu == ALU ACC) ? acc

(ctl alu == ALU PASS) ? sbus
(ctl alu == ALU ADD) ?acc + sbus
(ctl alu == ALU SUBA) ? acc - sbus
(ctl alu == ALU SUBS) ? sbus - acc
(ctl_alu == ALU AND) ? acc & sbus
(ctl alu == ALU OR) ? acc | sbus
(ctl alu == ALU NOT) ? ~ sbus
(ctl alu == ALU INCA) ?sbus +1
(ctl alu == ALU INCS) ?acc+1
(ctl alu == ALU CLR) ?0
(ctl alu == ALU SET) ?1

0;
acc = (ctl dest == DST ACC) ? shift : acc;
}
}

Schaumont, Listing 0.2 - Micro-programmed controller in GEZEL (part 7)
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Shifter datapath
dp shifter ( in ctl : ns(3);
out zero :ns(1);
out cy :ns(1);
in shft in : ns(WLEN);
out so : ns(WLEN)) {
always {

so = (ctl == SHFT NIL) ? shft in:

(ctl == SHFT SHL)
(ctl == SHFT SHR)
(ctl == SHFT ROL)
(ctl == SHFT ROR)
(ctl == SHFT SLA)
(ctl == SHFT SRA)
0;

zero = (shft out == 0);

cy = (ctl == SHFT NIL)
(ctl == SHFT SHL)
(ctl == SHFT SHR)
(ctl == SHFT ROL)
(ctl == SHFT ROR)
(ctl == SHFT SLA)
(ctl == SHFT SRA)
0;

? (ns(WLEN)) (shft in << 1) :
? (ns(WLEN)) (shft in >> 1) :
? (ns(WLEN)) (shft in # shft in[WLEN-1]) :
? (ns(WLEN)) (shft in[0] # (shft in >> 1)) :
? (ns(WLEN)) (shft in<<1):
? (ns(WLEN)) (((tc(WLEN)) shft in) >>1):

?0:

? shft in[WLEN-1] :
?20:

? shft in[WLEN-1] :
? shft in[0] :

? shft in[WLEN-1] :
?20:

Schaumont, Listing 6.2 - Micro—programmed controller in GEZEL (part 8)
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microprogrammed processor datapath

dphmm( in din :ns(WLEN); out din strb :mns(l);
out dout :ns(WLEN); out dout strb :mns(1)) {

(

(
sig carry, zero :ns(1);
sig ctl ot :ns(1);
sig ctl sbus ns(4);
sig ctl alu ns(4);
sig ctl shft : ns(3);
sig ctl acc :ns(1);
sig ctl dest : ns(4);
sig rf out, rf in : ns(WLEN)
sig sbus : ns(WLEN)
sig alu in : ns(WLEN)
sig alu out : ns(WLEN)
sig shft in : ns(WLEN);
sig shft out : ns(WLEN);

use control(carry, zero, ctl ot, ctl sbus, ctl alu, ctl shft, ctl dest);
use regfile(ctl dest, ctl sbus, rf in, rf out);

use alu(ctl dest, ctl alu, sbus, alu in, alu out);

use shifter(ctl shft, zero, carry, shft in, shft out);

always {
sbus = (ctl sbus == SBUS IN) ? din : rf out;
din strb = (ctl sbus == SBUS IN)?1:0;
dout = sbus;
dout_strb =(ctlot==0 WR)?1:0;
rf in = shft out;
alu_in = shft out;
shft in = alu out;
}
}
Schaumont, Listing 6.2 - Micro-programmed controller in GEZEL (part 4)
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a testbench datapath, simulation

dp hmmtest {

sig din : ns(WLEN);
sig din strb :ns(1);
sig dout : ns(WLEN);

sig dout strb :ns(1);
use hmm(din, din strb, dout, dout strb);

reg dcnt : ns(b);
lookup stim : ns(WLEN) = {14,32,87, 12, 23, 99, 32, 22};
always {

dent = (din strb) ? dent + 1 : dent;
din = stim(dcnt & 7);
$display($cycle, " 10 ", din strb, " ", dout strb, " ", $dec, din, " ", dout);

Schaumont, Listing 6.2 - Micro-programmed controller in GEZEL (part 10)

the testbench feeds the processor with a sequence of four pairs of numbers and, in the simulation of the first 100
cycles, displays all I/0 values on every cycle:

cpp -P tb hmm. fdl | fdlsim 100
where tb hmm.fdl is the name of the source file, available in the the reserved lab area, hmm folder

the folder also contains files sim hmm iofilter and iofilter.awk: the former gives a shell procedure which
uses the latter to limit the simulation output to cycles with active strobe signals
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lab experience

this experier\ce pro?osal consists of two distinct, independem‘ ports, a technical one and a design one:

1. translate to VHDL the descripﬁon presented in this tutorial, deprived of the testbench module, through the following
command line procedure, where cpp_hmm.fdl is the name of the source file:
cpp -P cpp hmm.fdl >hmm.fdl
fdlvhd hmm.fdl
N.B. the file cpp hmm.fdl is available in the reserved lab area, hmm folder

then launch Quartus 1%.1 (Web edition) and in this system create a new project, assign it the obtained VHDL files, then
compile and determine a clock period value that would warrant a positive value for the worst case slack

2. assume you wish to use a microprogrammed processor, for GCD compu’raﬁon with Euclid’s algorithm, as a COprocessor
in a system where input data are provided by another processor, which the computation result is sent to; these exchanges
take place through the data ports defined in the example considered in ths tutorial, however:

- data exchange must be ruled by handshake protocols similar to the one implemented in the lab experience of the
previOus tutorial; to this purpose the architecture may be extended with two additional ports, an input one and an
output one, for handshake signal exchange;
as a consequence, it is also necessary to modify the microinstruction encoding, the control microprogram and

- q Yy Yy 9 preg
perhaps some other module as well, in order to coordinate the handshake phases and the computation ones;

“ the encoding extension is simple for the additional input port, since the SBUS field is not fully utilized by the
vertical encoding seen in this tutorial, whereas for the additonal output port the problem seems less simple, for
the single bit of the OT field is hardly sufficient to discriminate different output ports and to signal validity of
output data at the same time

investigate the feasibility of solutions to this problem, exploiting the awiilability of more registers to keep track of the
information exchanged through the handshake ports
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