BE OARW
$8#% $2%. 2001.6

VHDLZ o| &%t mo] =9l SICY Al=d0|A
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E dAelde VHDLE ol 83t gt wal & 2he 168 ES glo]Zelll SICe] F4-& 7168 F&dA 7&st
o FEA, AEE 7idel Adue dEEbE(10-12]8 olgsle] 7AE SICE AlgdeolMeln E2hs ERlsin
2+ sct.

WH, FastaA sk SICAM dsiE o] AES WA dAstn, FHAR, TAE Hyol 3] e

ol A& F4sleie ol WHES FHstaRl she AlzElol YHIHLE sk Al%‘s&?é% FEeIch AuAz,
SIC AlolZe] HHole <&, A 9 #7)9] 3AE AT she 16Y|EY Fo|Zel]l SICY| ArFS Tk
AN A 2elS VHDL% 01%6}04 2EHE 7IEstn PEAC ARRigeE FEE SICH BREeE TAE A
HUE g A dE S Bl dEistman Algdeldata 13le] TR #elsigdt

1681E9] solZel]] SICE AlEdol4ds] el & AFelA A 52
g 71ed wy dA SRR opel MAZL goldltke AHE A4 REE Y, Al*“*“Ei?':l HEoz AR
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2.1 mol=afel S|Cel X9t 75

Aol AolZES @ 22 F9 WY Aelohs dolxakl TeAe WHel tER ook Wi solzeeles
AGBIgIEh, ol StelZelR) ST Sl A Aol A Aol 2] Aol 2L AAA o 32 ol A
2sigich, o714 solzelel Helg slef 1A Alo| 23} e Aol 23t 2] Aol 2 & HAA Bhe 38 o] Zejql
Z2AME SYsIT ol 7148 1 EeAAe] PE oMES 93 EIAS J&sn

always @(posedge clock) begin : phasel ioop
if (reset) begin
fetched=0:
executed=0:
if (lqueue full && !mem access)
-)do fetched:
if (queue full || mem access)
-) do execute:
if (result ready)
-) do write results:

end
end
2.2 Hix| EfAF
gsize: HEEL dA4Hoz Agslr] Ya 2ol HH S tr|AlA B HHEF IR_queueld) HH N4E A4
8l1L, etpr< IR queued] W FZHE fptr2 1 queue«1 AAA e S AP mem access FE1E

Loaduh Store o] Solew Alo]2g walws 54 Bazio] xAlold, feiched Zeh1i= sX|Ale] o] 435
e A& ANPT.

2.3 4 El~3
HE Queue® FH Yol WS gEskd ddfislks eBlamgs ALUC dFEe 219 U #xAE7 HeE
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3, Held A2 Output HARAAE 7€t e gHe 1-Alo]Z Et A=y 2-AlojE2 35 E Load
HEe Aaders A Alo|FoA HHE ojm, 48 Al g A "o}

A8 Bl23E mem accessZE 27 1Y wWe o AlE9 Load®¥%E 350, wlRe] Ao oA 43
b2 ZYag 022 31 H¥ QueueEHE IRE BHE ¥3, WRel2 ¥E QueueR BHE ALt 53
2lo}-& w3o| Branchol At HaltH# Y Wl Flush queue ElAZC 98] QueuedAE Hlgt},

2.4 N Ej23
Ay A 52 2] dAle AR 2H wresults} wirdlelolA] AEE Adshe F4E sk Al|ERA, result
o W8o] BAE 1 iro] wirZ BAMECh 283 thg Alo|2ollA wresult7} SRR EAMET o9 7lel 1
525 71%3h= copy results$} write_result Ef2=3o|t)

task write_result;
task copy_results: begin

O OPCODE) — ADD) && if ('WOPCODE)="ADD) &&
(‘OPCODECHLT)) begin (‘'WOPCODEC'HLT)) begin
setcondcode(result): if (WDSTTYPE=='REGTYPE):

RFILE("WDST]} =wresult:
else MEM("WDST]} =wresult;

wresult=result:

wir=ir:
result ready=1. result_ready=0:
end - end
end end
dtask end
endtas endtask

Result®] ZA#Z Result29] BARe WA A3 €}A39] Negative Y Alo] &% ResultE ®3sk] »7]
2579 e Alo]|E¢] Positive HalfEQH A AH gld2 1AE& BAlslhe Z3la) glo|xalele] #7] Ale]| &S A)A
glod R 2E o AH ALUS IS 2e F /9] #3L AXA "ot

2.5 Phase-29| Aof
glo]Zzejel Al §7] dARM &Y Alo]Z9| Positive HalfolX $2818, Negative HalfdlMe gjole 43
o] Branch® "W PCE W78l 1 Bl®d o|39] AN2e ZAoEZRE 35 HEIT. dA Negative Halfol
A& IRMResult7t 212} wirh wresultell BARE 2, HE Foll g ]9 43 =z IUE](fptr, eptr)7} WAET.
set_pointer®t Phase-29] A28 45 7143 A 2E Branch¥# & S w& do]x2}el <:2] Brancho]
Heo| w2 f3Ysjolof &) wjiol] Negative Halfeld ®WEFe vlZch Z2ju 7] Al APDA 7}
halt_found Z25 HEZ o thg Alo]E9 positive halfollA] oA} v AnE A#gct.
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oA PSRe Z2AM £3 ¥ 27A= Zefag HES: SHIE gA|AE0H,

3.2 HHO M4
wE grAEE 7} vES it Folzl 21 T ot FHe FRv wHe] AdgAld 2pHE A5y &
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Zpzke] HE e HlolM HoF ulel o] gulEe] oxz=2 dgsigich 2z WHoiMe Fazse exyse F
43-& 84} Op-Code, 18|11 Oprand1® Operand22 °|FoR| =& ¢t

¥ 1. Hole| 27 3=

Clk Processor Instruction Binary Code Mnemonic
Load 000010 LD
[pc ] | PSR ] Store 000011 STR
M I Add 000100 ADD
ri ALU Multiply 000101 MUL
o Complement 000110 CMP
T Shift 000111 SHF
y [« . ; Rotate 001000 ROT
Register FlleJ No~operation 000000 NOP
Halt 001001 HLT
Ol 1. SiCe 28 clojoiad Branch 000001 BRA

V. SiICel 743 Jl=

4.1 S2WA ®e| FunctionZt Taske| 7|&
o] B& glolg wWHIe £ ir(6)e SRCTYPES ZARsld 42 84]& ZAFen getsred] ¥ Function
getsrc®t HIR7IA| 2 glol L wWeiS ir(7)e] DSTTYPES ZHAlsk] 2229 H4S dgsl] getdstol]l ¥&
qze 4 Fgstazt & g olde] Bt & psre] W42 M EAAHF shedl ol psr& E’M]E’\l?l
¥ Bt23E clearcondcodeolt}. ©] Bl e 2ARCEE 71995he psre) 570 HIEE 02 MEAA Fo.
vl Function checkcond® ##83 o= 1719 2t AHUIEE M EsK: 22 23 setcondcodeo]tt. o
Floll e 3 Re] HEsa o] AAE resdl] BAE D, resE ZuM AHHIE ZU2E HAE-ZHESH] doh
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olZe}l Aol Faske  Wad AA2EY AHASE oA $rioz Hdde e, AnE Aels] Al
Yo¢ BYY=ST Hojalo} o,

4.3 SXHAl &9 Function®} Taskel 7|2
SN 3o Eaa2se HA Alo]Ea BE B Uid A Alo|Z3 AIFE JAA Fe XA T
g Alzelo] 528 of 87EE FAUR ZlEstn glon, 1 9o AAE BAlste 233ke $aSo] rledd
H3 gaz3e T2 FReEV) AN ke fiRe] WY WE-E W IR Queuelfptr)d ¥ B4 39, @
He] BHE HAAG b A el2AZ Aoj& YAFY o7]A fptrd 79 olE Jehle mieeelelt),
A8 BGA3E eptro] AAISke IR Queued WE-S irZ YolEcim, o} ire] HHe 217 Ba3acd oe 257

so] Hao e FAL FYFEE A E &7A ¥ F, mem_accessE HAFSIA 0'0]H eptro] AAlsE

function(0:WIDTH-1) getsrc:
input(0:WIDTH-1) in:
begin
if ('SRCTYPE==="REGTYPE) begin

function(0: WIDTH-1)
input(0:WIDTH-1)
begin

getdst:
in:

if (DSTTYPE==="REGTYPE) begin
getdst=RFILE('DST):

getsrc=RFILE('SRC): end '
else begin
end $diplay (“Error : Immediate data can’t be
end dsestination”):
end function end
end

end function

IR_Queue®] ®%H & ir2 ¥t

Branch®#-& 20 3=E ZAlsle] '1o]H ¢lol& WH9| DSTE pe& #7733l perl XA dX2 27) B3
13, B8-S 483 3o Branch_takend '1I'Z HEZIC}

Load®® ol W8t et~3E 'SRCE 'DST7F AAske #lAl 28 sielel] YA 2 "SRC7F AAlske w=e] wixle]
WS 'DST7F AlAlske BRI 28 #hel] Yeth, 1 theol mem_accessE 022 HHMEAA Fr}

Store®#Holl g efx2AE WAl 'DST7F AAshe vlzel WAldl ‘SRCE A43AY 'SRC7F A|Ashe dlxlA
Elo] W&-& 'DST7} AAjsks WiAlo] At o] F2ke] 48 Foll= mem access® 022 ZAEAA Fo}

AddB9] E}ATE getsrc BRAARYH ir9] 248 srcl2 2, getdstZHH ird] BHAE sre22 T4 serl
7 src2& Hald AHE resultell Wt ©] resulte] A o 2HI=E MEFI}

Multiplay3 %<9 E23s gole WY irFollAl elxa getsrcdt gestdstZHE 242 sret dstS sreld
src22 ¥al JRAE F3HA resultol] ¥ 2AI=E HEZHT}

Complement®# 2] E}23E getsreoll 23l ird] sreZ srcl 22 A$3l3, 1 srcle) ANE 19 B4E sl
ZAHE resultell Yt}

Shiftd# el elA3%E gestsreZFE ird £4F srcldll, getdstZ2HE ir®] BARE src2el ¥, sre29) igkgt
F $502 ANZESAY FZo2 AZESY resultd] ATE Wier) 2 ohge 2328 AES

Rotate™ 9] Bl23E getsrc2YE] srcl9] 208 HIES] B3E HAlH 92 ZHO|ES ¢t} o714
ZH|E 532 [ME9 ZHo|E F&E& src29l {E WHEAIA Zelo]E9 38 At A resultol] 2
2 ¥ xP3=E AEFT

Halt®# e Bl23+= HA halt_found=12 AE8] F1 Z2age] F82 A7}

A#AA ehade A3 vaIeM A 2uE dihe dxay gRxged Adels 538 sdn S
BBAE wir(0:518 HAlsld vxe] Ee dAlzed Astn, 1 §24E & Folle result ready® 022 24
BN e g3 433
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Flush queue Bt23s Aol F2 v|5+ F328 fptr, eptr, gsize® &F 022 9= $38 3t} 1
2|2 branch taken® 022 MESZITH pee o]u] Branch®#H ol s HE o] e Aeielr).

copy_result B}A23ZE »7] BtAH o] Ad] resultd WS EAl T 5233 dxe HHe irg wirZ A4
e 223g Fdgein, RIS AAEK result® wresultZ, ir& wirZ2 Afshe B2 g 2 gheol
result ready® 12 AEZC} set_pointer BB23E 79| Fulld Empty AE1E FAISRe 3709] eptrd} fptrel
SFEE AESIL T gsize® SAAIIE T2 §h

disprim El23e #lAxEe) dxele] W8-& BAdhs 53T FYshs 2o=2A U9 adrl# adr2E 9
£ rmE AAIY adrlel AAeRs HA2HY WRele] WeS EASlnE adrlS Z7HAZIch Apply reset B
235 F2 A2ElY Fgau 20 JIREE g Eske §3E s

task write_result: task flush_queue:
begin begin
if (('WOPCODE)="ADD) && fotr=0:
('WOPCODE('HLT)) begin pLr=Le
IfC WDSTTYPE=="REGTYPE) eptr=0:
RFILE{'EDST] =wresult: gsize=0:
else MEM('WDST) =wresult. branch._taken=0:
result_ready=0: end
end endtask
end
end task

4.4 NAH =7|88n M¥chHH E5
TAT A28l 270 1AW A7 7143 B3y Functiond MEMe| ZEaleo} dhed], o] 25
F2to] $readmembol o8] 8=, a2l apply reset EIAAE E&3] AlAHS 5% | MEAIA FA €
ZHEY Al2ele) B2 Folzl Z2o| Wl Fr|so] Aslng A FHE dFo] 278N Fofo}f Fct,

task copy_result: task set_pointer:
egin begin
if ((COPCODE)="ADD) && case, ({fetched. executed})
('OPCODE('HLT)) begin g,ggg;.b _
setcondcode(result) : - oegn o
wresult =result: q51ze_-qs1ze - .
wir =ir; eptr=(eptr+1) % QDEPTH:
. -1 en
enéesultgeady—l‘ 2'b10: begin
endtask gsize=qsize+1.

fptr=(fptr+1) % QDEPTH:
d

en
2'bl1: begin
eptr=(eptr+1) % QDEPTH:
fptr={(fptr+1) % QDEPTH:
end

endcase
endtask |

weA] Positive 38 Z7]d 1’2 A# %o} phasel loopE, Negative F8-2 ‘0'(~clock)2Z phase?_loop

2 Efsol a7ske 522 $714A £9h. phasel loop (Positive clock)E do_fetchZ A& &AH +3stAY
do_execute2 7F Fa8llstAY do_write_resultZ AolE &7 33},

phase2_loop(Negedge clock)E B} copy  result® 38, 273=E HEAA FA =Ho, g3 DST
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2 pcE AgAL peE st Z7F1A ©ot. 9] 8143 flush_queued FH8IAY EA3 set_pointerE 53
gtk 3 Al28le] £218 X8k halt_foundS 028 A ES 2L B}
ojr|ake 2 34t fa)aiol she B2to 25 Fetch, Execute®t Writed] 3719] o|HlEd] oja) AMois]e 3-¢A gt

initial begin: setup_and_prog_load
DEBUG_OFF;
waves:

always @(posedge clock) begin: phasel_loop
if (Ireset) begin
fetched=0: execute=0:
$readmemb ("SIC.prog”’, MEM); if (Iqueue_full && !'mem_access) — do_fetch:
apply_reset: if (gsize || mem_access) — do_execute:
end 5f (result_ready) — do_write:
en

end

olzakloltt. makd 7 BAle] Fie
o e} 242t 32slo] Sasle A,
A2 7147 BEY £ Aojzgd 15

Zlesid g3t 2. o] eSS

¢ 43 AAS FEHYL

Posedge €32} Phasel_loopoll* &4

. 72Y solZall TNl 4L

Aol M) A8 AIEHEE sl 1 FAE IIF=E Ut

always @(negedge clock) begin: phase2_loop
if (!reset) begin
if  (Imem_ access &&
copy_results:
if (branch_taken) pc="DST:
else if (!mem_access) pc=pc+1:
if (branch_taken || halt_found) flush_queue
else set_pointer:
if (halt found) begin
$stop:
halt_found=0;
end

end
end

Ibranch_taken)

Fetch stage

always @(do_fetch) begin: fetch_block
fetch:

end

Execute stage

always @(do_execute)

execute_block

execute:

begin:

end

Write stage

always @(do_write_results) begin
write_results:

end

V. SiCel AlZajolH

olgfe] BlAE WEE Zzadsk dH flof el ¥ dY

2Ho HPsle #F ddsHE 8235 U 29ES
Bl 2|3t 397 o]zl FA® ERIsm th.
prog

init

sto 3. 30

lod 30, 1

sto 50, 31

lod 31, 2

add 1, 2

o
THeg AgdoldHn

z2ad 7heEe A w2t g7
slen], neju 2 Z2adske
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sto 2, 32
hit
pe — 4’100 ( 8] copy_results, set_pointers
(1) fetch — ir (- h'OF00301E, pC — d'104
execute no, (9) fetch — ir {- h'10001002,
write_results no execute lod — rfile(2) ¢~ h'00000032,
[ 2) copy_results, set_pointers write_results — result (- h"000000000
pc — 4’101 (10) copy results, set_pointers
[ 3) fetch — ir (- h'0901E001, — d'105
execute sto — ram(30) ¢- h"00000003, (11) fetch — ir (- h"0D002020,
write_results no exccute add, ,
[ 4) copy Tesults, sct_pointers write_results — result (- h’000000000
— d'102 (12) copy_results, set_pointers
( 5] fetch — ir (- h'OF03201F, pc — d’'106 ,
{13) fetch — ir (- h’24000000,
execute lod — rfile(1) ¢~ h’00000003, exccute sto — ram(32) <- h'00000032,
write_results — result (- h’000000000 write_results — result (- h’000000035
[ 6] copy “results, set_pointers (14] copy_results, set_pointers
~ 4103 pe ST
(n fetch — ir {- h'0901F002, (15]) fetch — ir (- h’00000000,
execute sto — ram(31) (- h’00000032, execute hit, ,
write_results — result {- h’000000000 write_results — result - h’000000035
(16} copy_results, set_pointers

VLZ E

£ Apoae go]izeRr] SIC ZeAM] A2ElE VHDLE o83l 7153 &AM rgdtn 242 A&
oldstn #RleATt 1 TeAME TEE u 2E FA4E Function® B}ATHE PEsN F A|A”dA %3]
of AL & UEE Nt FEE Z2AME ABHelHE] Halx ZIAMA FalEe PHAE vjsAz
TFHetn, TEHE BEE AAE AFAAL] Bl HAE HHE Al O AlaRle] FAE AlEH 0
o} zelm RS ER1E o go|Zeljl FAEAY FAAAE A FY SAEE HAISIY .

olA7tx] L&A Alxwle] AlBeEolde] WHEL UukHe HDLE o83l AlAvle EXsla $3& rEshe
HA e dtE Hssgont, I AlA"E AT o YYHE AR BHE 27 2Ef o7 qsing FA
of F2Hg A%t AlBdolA ABUAE AWl oy, AL 3—2‘°10P7]E 01343(1‘4 e B dPolMs Ala
e-g 7l1astn FEske B dutEQl HDLE #3A Fallshe A 59§ WHos A2ig whdd, Algdold
317] 8l YPske HAE WEE 715delr 7l 1a‘eﬂ°]”"l7l—i“1 AlzHle] F2tel g 243 Ay
HAA st N 4 EE de AL /RIEE Al HEAAE 5ol rasld wEdE Za sy
gatoan FEd A ggolde P 5 Y=E st
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