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nodul e top;
wre clk, Reset;

/1 Added by Smart for nmenory subsystem

ire [0:127] | _Cache_Data_To_Mem D_Cache_Data_To_Mem
re [0:31] D _Addr, |_Ext_Addr, D Ext_Addr;

re [0:31] D Cache_Data_l n_New,

re [0:31] D Cache_Data_Qut;

R

re [0:1] Ext _Interrupt;

re [0:31] 1OData_In, 10 Data_Qut;

re I Ali gnFaul t True, DAlignFaul t True;
re Hal t _Final ;

11
wire [0:31] PG n, PC, BranchPCout, BranchPC, LRCQut,
| FID Ri nput, NPC, Instruction, Cache_Data_ln_New,

wire [0:63] |FIDCTRL, |FIDCTRLtenp;
wire [0:127] Cache_Data_ln;
wire [0:2] pcchoi ce;

/1 HOUSER 4/ 14/ 97

wire [0:31] PredTarget, UA, UTarget, b_haz_PC,

/1 1D

wire [0:31] IFIDR IFIDPC |FIDNPC, RA QUT, RB_QUT, RT_QOUT;
wire [0:4] RA, RB, RT;

wire [0:63] ronml_out, ron2_out, tenp3;

wire [0:4] EXTADDR;

wire [0:63] | DEXCTRL, |DEXCTRLI n;

wire [0:31] |FIDPredTarget;

Il EX

wire [0:31] IDEXIR |DEXNPC, |DEXPC, |DEXRA, |DEXRB, |DEXRT,
| DEXRTt enp, | DEXD, SignExt, |DEXSPR

wire [0:31] ALURA ALURB, ALUQut, PCOp, NewPC, Qut:

wire [0:31] EXMEM R, EXVEMPC, EXMEMOUT, EXNEMNPC,

MenDat aQut, EXMEMRT, EXMEMRTtenp, CTROUT, EXMEMSPR;

wire [0:63] EXMEMCTRL, EXMEMCTRLI n;

wire [0:3] ALUOp;

wire [0:1] tenmp_Sel A, Sel A

wre Sel B, LoadHaz, trap_EX_Inval;

wire [0:4] EXVR1, EXVR2;

wire [0:2] ASel ect, BSel ect;

wire [0:7] | DEXHAZ, | DEXMEMHAZ;

wire [0:31] |DEXPredTarget, SRRO, SRR1, MSR, NewPCtenp;

wire [0:3] | DEXSTOHAZ;

/1 MEM

wire [0:31] MEMABIR, MEMWBOUT, WBData, CR,
MEMABSPR, XEROUT, MEM WRDATA1l, MEM VRDATAZ2;

wire [0:63] MEMABCTRL, MEMABCTRLI n;

wire [0:21] unused;

wire [0:1] Sel SPR;

wire [0:4] MEMARL, MEMARZ;

wire [0:4] | F_Exc, EX_Exc, M Exc;

wre | D_Exc;

wire [0:1] 10 Int;

wire [0:31] trap_Handl er_Addr, trap_PC Val;

wire [0:3] EXMEMSTCOHAZ;

/1 B

wire [0:4] WRL, VRZ2;

top.v

wire [0:31] WRDATAL, WRDATA2;

/1 Control signals

wre WB_Load, Logical, Load, Link, WREl, tenp_WRE2, cin, MeniToReg,
byte, MemW, MenmW _inv, Direct, Unsigned, Shift, Store, Branch, MEMW

RE1,

rd,

Set CTR, Set SO, Set OV, SetCA, ShiftRight, UseCA SetCR Sel CR
ALUSel , nmsel, PCCond, SetLR, MISPR, EXMFSPR, MFSPR, tenp_Set SO

tenp_Set OV, tenp_Set CR, UseOE, UseRC, highbit_RA
hi ghbit _RB, _Hol dI FID, _Hol dl DEX, _Hol dEXMEM _Hol dVEMAB,

| FI DBubbl e

| DEXBubbl e, EXMEMBubbl e, MEMABBuUbbl e, not _nenloadHazard, nenlLoadHaza

| DLogi cal, tenp_halt, MEMWSPR, illegal _instruction_trap;

initial
begi n
$recordfile("test.sst"); // signalscan stuff
$recordvars;
end

initial
begi n
$readnenb( " SRA. ROM', al u. mnaskgen. ROM nen) ;
$readnenb( " ROWR", ROWVR. nen;
end // initial begin
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nor5 pcnor (maybe_freeze, nmenLoadHazard, not_I|_Cache_Hit, D_Cache_Req,
tenp_halt, trap_InsertBubble);

or3%$ freezer(FreezePC, branch_hazard, trap_SetPC, naybe_freeze);

reg32e$ pc (clk, PCin, PC, , Reset, 1'bl, FreezePC);

adder 32 pcplus4 (PC, 32'd4, 1'b0, , NPC);

/1 test if it's a branch
/1 HOUSER 4/ 14/ 97
I Renpved comments around branch identification code

/1 bcl/bcal bel / bel a

conp_6 c9(bc, Instruction[0:5], 6 b010000);

/lbcr & rti

conp_6 cl10l F(bcr1lF, Instruction[0:5], 6 b010011);
conp_10 ber_conpl F(ber 2l F, Instruction[21:30], 10’ d16);
conp_10 rti_conp(rti2, Instruction[21:30], 10’ d17);
and2$ bcr_andl F(berl F, berllF, bcr2lF);

and2$ rti_and(rti, bcrllF, rti2);

or2$%$ branch_tenp_or ( branch_tenp, bcrlF, bc );

and2$ br2(branch, branch_tenp, |_Cache_Hit);
invl$ br3(not_branch, branch);

/1 halt decode
conp_6 halt_conpare(is_halt, Instruction[0:5], 6 h3F);
and3$ hal t_and(tenp_halt, is_halt, |I_Cache_Ht, not_branch_hazard);

/1 HOUSER 4/ 16/ 97
Il Make bcr_ok = bcr && | _Cache_Hit
/1 and2$ bcr_ok_and ( bcr_ok, bcr, |_Cache_Hit );
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/* HOUSER 4/ 15/ 97 COMMENTED OQUT
/1l old PC stuff
mux2_32 bc_or_link_pc(BranchPCout, EXVMEMPC, LRQut, Link);
mux2_32 branchpc(PC n, NPC, BranchPCout, TakeBranch);
*/

/1 HOUSER: Added 4/14/97 -- branch predi ctor
BranchPredi ct or Mod brpredict( _Holdl FID, clk, Reset, 1'bl , PC 24:31],
UA[ 24: 31],
UTaken, UTarget, UE, PredTaken, PredTarget );

/1 Added 4/ 14/97 By Houser
/1 Choosi ng the new PC val ue.
11 NEED TO ADD RTI

Il HOUSER 4/ 16/ 97

11 Modified to select branch pred. target if

/1 branch AND PredTaken

and2$ choose_bp_and ( choose_bp, branch, PredTaken );

mux2_32 b_haz_mux ( b_haz_PC, |DEXNPC, NewPC, TakeBranch );

Choose_PC Mdd cpc ( trap_SetPC, 1'b0, rti, branch_hazard, choose_bp,
trap_Handl er _Addr, LRQut, SRRO, b_haz_PC, PredTarget,
NPC, PCin );

[ rRFEFE KKK KA KKK IR KKK KKK KKK KKK KA KKK IR K KKKk Ak ok kh k% [ [

/1 /1
Il Smart’s Creation 11
/1 /1

[ rFRF KRk kkkkkkkkkk Kk ok kkkkkkkhkkkkhkkhkkhkkkkkkkkk k% [ [

/1 Instruction cache

cachet| bseg | _Cache ( PC, |_Ext_Addr,
32' h0, Cache_Data_ln,
Instruction, , 1'bl, , 1'bO,
| _Ext_Valid, |I_Cache_Hit,

, , 1'bl, MSR[17],
| ProtectViol, |PageFault, |AlignFault,
1'b0, , | _Gant, Ext_Reset, clk );

/| Data cache
cachet| bseg D Cache ( EXMEMOUT, D Ext_Addr,
EXMEMRT, Cache_Data_ln,
MenDat aCut, D _Cache_Dat a_To_Mem
MemW, Ext _WE, EXMEMCTRL[29],
D Ext _Valid, D Cache Ht,
10 Data_In, 10 Data_CQut, LoadOrStore, MSR 17],
DPr ot ect Vi ol , DPageFaul t _tenp, DAlignFault,
Halt, Halt_Final, D Grant, Ext_Reset, clk );

/1 External nenory and bus
EXTERNAL2 External ( |_Ext_Addr, D _Ext_Addr,
128’ h0, D Cache_Data_To_Mem
{Cache_Dat a_Il n[96: 127], Cache_Data_Il n[ 64: 95],
Cache_Dat a_I n[ 32: 63], Cache_Data_In[0:31]},
Ext _WE, |_Cache_Ht, D Cache_Hit,
| _Cache_Req, D_Cache_Req,
| _Ext_Valid, D_Ext_Valid,

top.v

| _Gant, D Gant,

IO Data_ln, 10 Data_Qut,

1' b0, clk, Ext_Reset, Halt_Final,
Ext _Interrupt, 2'b00 );

/| Determ ne when the caches request the nenory bus

invl$ IHt_Inv (not_I|_Cache_Ht, |I_Cache_Hit);

invl$ DHit_Inv (not_D_Cache_Hit, D Cache_Hit);

or2$ MEM Load_or_Store ( LoadOrStore, EXMEMCTRL[O0], EXMEMCTRL[34] );
and2$ D Cache_Request_a ( D _Cache_Req_t, LoadOrStore, not_D_Cache_Hit );
or2% D_Cache_Request_o ( D Cache_Req, D _Cache_Req_t, Halt );

invli$ Not_D Req ( not_D Cache_Req, D Cache_Req );

assign | _Cache_Req = not_| _Cache_Hit;

// Determine if the data cache’'s page fault is real
and2$ D Cache_Page_Fault ( DPageFault, DPageFault_tenp, LoadOrStore );

invl$ Reset_Inv ( Reset, Ext_Reset );

[] ******| F/ | D Regi ster******
/1 assign _Hol dl FID = not _nenLoadHazard && ~branch_hazard;

/1 Holds the witing of the IF/ID registers if the data

/1 cache is waiting for the nenory bus

/1 && ~branch_hazard

//assign _Hol dl FID = not _nenLoadHazard && not_D Cache_Req && ~Halt;

and3$ _Hol dI FID_and ( _Hol dl FI D, not_nenlLoadHazard, not_D Cache_Req, not_Halt );

/1

/1 HOUSER: 4/ 14/ 97

11 Need to change this:

/1 not _| _Cache_Hit || branch_hazard || trap_insert_noop
/1

/1 OLD -- assign | FI DBubbl e = not_Cache_Hit;

or5 if_id_bubble_or ( |FIDBubble, tenp_halt, not_|_Cache_Hit,

branch_hazard, trap_IF_Inval, trap_|l nsertBubble );

mux2_32 if_i d_bubble(l FID Ri nput, Instruction, 32'dO, |FIDBubble); // inserts bub

bl e noop

reg32e$ if_id_ir(clk, IFIDR nput, IFIDIR, , Reset, 1'bl, _HoldlIFID);
reg32e$ if_id_pc(clk, PC, IFIDPC, , Reset, 1'bl, _HoldlIFID);

reg32e$ if_id_npc(clk, NPC, IFIDNPC, , Reset, 1'bl, _HoldlIFID);

regl halt_reg(clk, tenp_halt, IFIDHalt, Reset, _HoldlIFID);

/1 HOUSER 4/ 14/ 97

/1 New regi sters for branch predictor

dffh if_id_PredTaken ( clk, PredTaken, |FIDPredTaken, , Reset, 1'bl, _HoldlFID
reg32e$ if_id_PredPC ( clk, PredTarget, |FIDPredTarget, , Reset, 1'bl, _HoldlFID

regl valid_fetch(clk, |I_Cache_Hit, Valid_Fetch, Reset, _HoldlFID);

[ KrrKkkkkkkkkkkkkkkkkkkkk | D STAGEF ¥ **k*kkkkkkhkkkkkkkkkkk kK k%

assign RA = | FIDIR[ 11: 15] ;
assign RB = | FIDI R 16: 20] ;
assign RT = | FIDI R 6: 10] ;

invl$ clk_inverter(not_clk, clk);
gprregfile gpr(not_clk, RA RB, RT, WRL, WR2, RA OUT, RB_QUT, RT_QUT,
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WRDATAL, WRDATA2, WRE1l, WRE2, Reset);
si gnext 16_32 si gnextend(Si gnExt, |FI D R 16:31]);

/1 gets signals fromROMfiles

OpcodeDecoder opdecode(! FI DI R 0:5], ronml_out);

extdecoder22_5 ething(lFI D R 21: 30], EXTADDR);

ronb4b32w$ ROW2( EXTADDR, 1'bl, ron2_out);

assign tenp3 = {ronl_out[1:63], 1'b0};

mux2_64 ronmmux (| FI DCTRLt enp, {roml_out[1:63], 1’ b0},
ron2_out[0:63], ronl_out[0]);

/1 allows initialized IR registers

conp_6 nop(tenp_noop, IFIDIR0:5], 6 d0);

or 2% noop_or (NoOp, tenp_noop, |FIDHalt);

/1l inserts Halt into control word

mux2_64 noopnux (| FI DCTRL, | FIDCTRLtenp[0:63], {62'd0, 1'bl, IFIDHalt}, NoOp);

/1 MEM hazar ds

invl$ i9(not_Load, |DEXCTRL[O]);

invl$ i 10(not_Logical, |FIDCTRL[32]);

assign | DLogi cal = | FIDCTRL[ 23] ;

invl$ i11(not_Sel B, | FIDCTRL[4]);

/1 RA conflicts

conp_5 cll(nmenRTequal sRA, EXWRL, |FID R[11:15]);

and3$ ac7(menRTRAHazard, EXWREL,
conp_5 c12(nmenRAequal sRA, EXWR2,
and3$ ac8(nenRARAHazard, EXWRE2,
/1 RB conflicts

conp_5 c13(nmenRTequal sRB, EXWR1,
and3$ ac9(nenRTRBHazard, EXWREL,

menRTequal sRA, not _Logical);
| FIDIR 11:15]);
nenRAequal sRA, not _Logical);

| FI DI R[ 16: 20]);
nenRTequal sRB, not_Sel B);

conp_5 cl4(nmenRAequal sRB, EXWR2, |FIDI R 16:20]);

and3$ aclO(menRARBHazard, EXWRE2, nenRAequal sRB, not_Sel B);
/1 RS conflicts

conp_5 c15(menRTequal sRS, EXWR1, |FID R 6:10]);

and3$ acll(menRTRSHazard, EXWRE1l, nenRTequal sRS, |DLogical);
conp_5 cl1l6(nmenRAequal sRS, EXWR2, |FID R[6:10]);

and3$ acl2(nmenRARSHazard, EXWRE2, nenRAequal sRS, |DLogical);

/1 Must bubble on a Load

or4$%$ 010(haz2, menRTRSHazard, menRARSHazard, menRTRAHazard, nenRTRBHazard);
and2$ a9(nenLoadHazard, haz2, |DEXCTRL[O]);

invl$ | oadi nv(not _nmenlLoadHazard, nenloadHazard);

/1 Store hazards

and3$ store_haz_andl( menRTRTSt or eHazard, nenRTequal SRS, EXWRE1, |FIDCTRL[34]);
and3$ store_haz_and2( menRTRASt or eHazar d, nmenRAequal sRS, EXWRE2, | FIDCTRL[34]);
/1 VB Hazards

/1 RA load conflicts

conp_5 cl7(wbRTequal sRA, MEMARL, | FIDI R[11:15]);

and3$ acl13(wbRTRAHazard, MEMAREL, wbRTequal sRA, not_Logical);

conp_5 c18(wbRAequal sRA, MEMAR2, |FIDI R[11:15]);

and3$ acl4(wbRARAHazard, MEMARE2, wbRAequal sRA, not_Logical);

/1 RB load conflicts

conp_5 cl1l9(wbRTequal sRB, MEMARL, |FI DI R[16:20]);

and3$ acl5(wbRTRBHazard, MEMAREL, wbRTequal sRB, not_Sel B);

conp_5 c20(wbhRAequal sRB, MEMAR2, | FIDI R 16:20]);

and3$ acl6(wbRARBHazard, MEMARE2, wbRAequal sRB, not_Sel B);

/1 RS load conflicts

conp_5 c21(wbRTequal sRS, MEMARL, |FIDI R 6:10]);

and3$ acl7(wbRTRSHazard, MEMAREL, wbRTequal sRS, |DLogical);

conp_5 c22(wbRAequal sRS, MEMAR2, | FIDI R[6:10]);

and3$ acl8(wbRARSHazard, MEMARE2, wbRAequal sRS, |DLogical);

/1 Store hazards

and3$ store_haz_and3(wbRTRTSt or eHazard, wbRTequal SRS, MEMAREL, | FIDCTRL[34]);

top.v

and3$ st ore_haz_and4(whRTRASt or eHazard, wbRAequal sRS, MEMARE2, | FIDCTRL[34]);
/1 1 LLEGAL | NSTRUCTI ON EXCEPTI ON

invl$ not_valid(illegal _instruction_trap, |FIDCTRL[62]);

// ******lDIEX Regl Ster******
/1 assign _Hol dl DEX = 1’ b1;

/1 Holds the witing of the IDDEX registers if the data
/1 cache is waiting for the nenmory bus
assi gn _Hol dl DEX = not_D Cache_Req;

/1

/1 HOUSER: 4/ 14/ 97

I Need to change this:

/1 menLoadHazard || branch_hazard || trap_insert_noop
/1

I OLD -- assign | DEXBubbl e = nenLoadHazar d;

or 3% i d_ex_bubbl e_or ( |DEXBubble, menlLoadHazard, branch_hazard, trap_I D |Inval

mux2_64 id_ex_bubbl e2(| DEXCTRLI n, tenp_hal t},
/'l inserts bubble to control

reg64e_pipe id_ex_ctrl(clk, IDEXCTRLin, |DEXCTRL, , Reset, 1'bl, _Hol dl DEX);

reg32e$ id_ex_pc(clk, IFIDPC, |IDEXPC, , Reset, 1'bl, _Hol dl DEX);

reg32e$ id_ex_npc(clk, IFIDNPC, |IDEXNPC, , Reset, 1'bl, _Hol dl DEX);

reg32e$ id_ex_ir(clk, IDEXIR, , Reset, 1'bl, _Hol dl DEX);

reg32e$ id_ex_RA(clk, RA , I DEXRA, , Reset, 1'bl, _Hol dl DEX);

reg32e$ id_ex_RB(clk, RB_ , IDEXRB, , Reset, 1'bl, _Hol dl DEX);

reg32e$ id_ex_RT(clk, _ , | DEXRTtenp, , Reset, 1'bl, _Hol dl DEX);

reg32e$ id_ex_D(clk, SignExt, |IDEXD, , Reset, 1'bl, _Hol dl DEX);

reg8e id_ex_EXHaz(cl k, {menRTRBHazard, nenRARBHazard,
menRTRSHazar d, nenRARSHazar d,
menRTRAHazar d, nenRARAHazar d,
menLoadHazard, 1' b0}, |DEXHAZ, ,

reg8e id_ex_MEMHaz(cl k, {wbRTRBHazard, wbRARBHazard,
WoRTRSHazar d, wbRARSHazar d,
WoRTRAHazar d, wbRARAHazar d,
2" b0}, | DEXMEMHAZ, , Reset, 1'bl, _Hol dl DEX);

regde id_ex_StoHaz(clk, {nmenRTRTStoreHazard, nenRTRASt oreHazard,

WORTRTSt or eHazar d, WoRTRASt or eHazar d},
| DEXSTOHAZ, , Reset, 1'bl, _Hol dl DEX);

I FIDCTRL, {62’d0, 1'bl, | DEXBubbl e)

Reset, 1'bl, _Hol dl DEX);

11 HOUSER 4/ 14/ 97

11 New regi sters for branch predictor

dffh i d_ex_PredTaken ( clk, |FIDPredTaken,
I DEX );

reg32e$ id_ex_PredPC ( clk,
DEX );

/1 dffh
I dl DEX ) ;

| DEXPr edTaken, , Reset, 1'bl, _Hold

| FI DPredTarget, | DEXPredTarget, , Reset, 1'bl, _Holdl

id_ex_lsBranch ( clk, IFID sBranch, |DEXIsBranch, , Reset, 1'bl, _Ho

[ ] FRrEEK KKk KKk kkkkkkkkkkkEYX QTAGEF** k¥ kkkhkkkkkkkkkkkkk kK Kk k

/1 hard coded | ogic

assign Load = | DEXCTRL[ 0] ;

assign Direct = | DEXCTRL[1];

assign tenp_Sel Al 0: 1] = | DEXCTRL[ 2: 3] ;
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assi gn
assign
assi gn
assi gn
assign
assi gn
assi gn
assign
assi gn
assign
assign

Sel B = | DEXCTRL[ 4] ;
ALUOP[ 0: 3] = | DEXCTRL[ 5: 8] ;
ALUSel = | DEXCTRL[ 9] ;
msel = | DEXCTRL[ 10] ;
UseCE = | DEXCTRL[ 11] ;
tenp_Set SO = | DEXCTRL[ 13] ;
tenp_Set OV = | DEXCTRL[ 14] ;
Set CA = | DEXCTRL[ 15] ;
UseCA = | DEXCTRL[ 16] ;
cin = | DEXCTRL[ 17] ;
ShiftRi ght = | DEXCTRL[ 18] ;
assi gn UseRC = | DEXCTRL[ 12] ;
assign Unsigned = | DEXCTRL[ 19] ;
11 assign SetLR = | DEXCTRL[ 20] ;
assign tenp_Set CR = | DEXCTRL[ 21] ;
assign Sel CR = | DEXCTRL[ 22] ;
assign Link = | DEXCTRL[ 23] ;
assi gn PCCond = | DEXCTRL[ 24] ;
assign MISPR = | DEXCTRL[ 25] ;
assign Branch = | DEXCTRL[ 35];
or2% branch_or (Branch, |DEXCTRL[35], bcr);
assi gn EXMFSPR = | DEXCTRL[ 28] ;

assign EXWR1 = | DEXI R 6: 10] ;

assign EXWR2 = | DEXI R[ 11: 15] ;

/1 check if RA==0 and it’s a load or store, if
conp_5 cO(zerol, |DEXIR 11:15], 5’ d0);

or2$ usezero(UseZero, Load, Store);

and2$ z3(Sel Zero, zerol, UseZero);

mux2_2 z4(Sel A, tenp_Sel A, {1 b0, 1" bl}, Sel Zero);

/1 Mux Select A w hazards
ASel ect or asel (| DEXMEVHAZ, | DEXHAZ,
mux8_32 nuxa(ALU_RA, | DEXRA, 32’ ho,

' ASel ect[0], ASelect[1], ASelect[2]);
/1 Mux Select B w hazards

BSel ector bsel (| DEXVEVHAZ, | DEXHAZ,
mux8_32 muxb(ALU_RB, | DEXRB, | DEXD,

BSel ect[0], BSelect[1],

MEM_W\RDATAL,
BSel ect[2]);

/1 selects carry for extended instructions
nux2$ carrysel (carry, cin, XEROUT[2], UseCA);
/1 gets rid of high bits for a cnpl
nux2$ cnpl sel 1( hi ghbit_RA, ALU_RA[ O],
nux2$ cnpl sel 2( hi ghbit_RB, ALU RB[O0],

/1 the REAL thing baby
Super ALU al u(I DEXIR, {highbit_RA, ALU RA[1:31]},
| DEXRT, ALUOp, nsel, carry, ALUSel,

/] determ nes branch attributes
Branch_Logi ¢ bl (Branch, |DEXI R 6:10],

nux1l_32 n7(BCBit, CR
invl$ i 77(not_BCBit,

I DEXI R[ 11: 15] ) ;
BCBit);

/] determ ne BranchTaken
and3$ taken_al ( take_tenpl, OnFal se,
and3$ taken_a2 ( take_temp2, OnTrue,

not _BCBit,
BCBi t,

Sel A, ASel ect);
| DEXRT, MEM WRDATAL,

Sel B, BSel ect);

1' b0, Unsigned);
1' b0, Unsigned);

DecCTR, ZeroCTR, OnFal se,

Branch );

top.v

so, use O

MEM VRDATA2, WRDATAL, WRDATA

MEM WRDATA2, WRDATAL, WRDATAZ,,,

{hi ghbit_RB, ALU RB[1:31]},
ShiftRight, Qut, cout, ovf);

OnTrue, UseCTR);

Branch );

or2$ taken_ol ( TakeBranch, take_tenpl, take_tenp2 );

conp_6 c10(bcrl1, IDEXIR 0:5], 6 b010011);

conp_10 bcr_conp(bcr2, |DEXI R 21:30], 10’ d16);

and2$ bcr_and(bcr, berl, bcr2);

or2% 0l(SetCTR, DecCTR, LoadCTR);

/1 branch adder

or2% dir(direct_branch, IDEXIR 30], Direct);

mux2_32 pcrel ative(PCOp, | DEXPC, 32'h0, direct_branch);

adder 32 pcadd(PCOp, {IDEXD[0:29], 2" b00}, 1'b0, , NewPCtenp);

and2$ LR SET_AND ( SetLR, Branch, IDEXIR[31] );

mux2_32 NewPCMux ( NewPC, NewPCtenp, LRQut, bcr );

//***********SPRk**********

/1l selects load an SPR

SPR _Logi c spr(IDEXI R 11:15], MISPR, MFSPR, LoadLR, LoadCTR, LoadXER, FronlLR

FronCTR, FronXER);

encoder4_2 el({FronLR, FronCTR, FronmXER, 1' b0}, Sel SPR);

nmux3_32 sprsel ect (| DEXSPR, LRQut, CTROUT, XEROUT, Sel SPR[0], Sel SPR[1]);

/1 checks if it should be checking this

and2$ aO(tenp_Set SO2, UseCE, tenp_SetSO);

and2$ a00(tenp_Set OV2, UseCE, tenp_SetOV);

/1 checks CE bit before setting all of XER

and2$ al(SetSO, tenp_SetSO2, |DEXIR[21]);

and2$ a2(Set OV, tenp_Set Ov2, |DEXIR[21]);

/1 XER register

XER Regi ster xer(clk, Reset, ovf, cout, |DEXRT, SetSO SetOV, SetCA, LoadXER, XER
Qaun) ;

/1 CTR register

CTR_Regi ster ctr(clk, Reset, IDEXIR 6:10], |DEXRT, CTROUT, SetCTR, {LoadCTR, DecC
TR

/'l LR register

LR Register Ir(clk, Reset, |IDEXNPC, |DEXRTtenp, LRCQut, SetlLR, LoadlLR);

/'l should also check if it should be checking this

and2$ a6(tenp_Set CR2, tenp_SetCR, UseRO);

/1 checks Rc bit before setting CR register

and2$ a3(SetCR, tenp_Set CR2, |DEXIR[31]);

/'l CR register

CR _Regi ster cr(clk,
Sel CR,

Reset, | DEXRA[O], |DEXRB[0], Qut, ovf, SetCR

| DEXI R[ 6: 8], Unsigned, CR);

XERQUT] 2],

/1 control for wite enables
assi gn EXWREL = | DEXCTRL[ 30] ;
assign tenp_WRE2 = | DEXCTRL[ 31] ;
assign WB_Load = | DEXCTRL[ 0] ;
assi gn MFSPR = | DEXCTRL[ 28] ;
assign Logi cal = | DEXCTRL[ 32];
assign Shift = | DEXCTRL[ 33] ;
assign Store = | DEXCTRL[ 34] ;

/1 logic to determine when to wite RA
/1 ==0

conp_5 cl(zero, EXWWR2, 5'd0);

invli$ iwbO(not_zero,
/1 RA==RT

conp_5 c2(match_RT, EXWR1, EXWR2);

and2$ awb4(tenp_match_RT, match_RT, WB_Load);
invl$ iwbl(not_natch_RT, tenp_match_RT);

zero);
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/] store -> RA

and3$ awbO(ok_store, Store, tenmp_WRE2, not_zero);

/1 nfspr -> RA

and2$ awb3(ok_nfspr, M-SPR, tenp_WRE2);

/1 shift -> RA

and2$ awbl(ok_shift, Shift, tenp_WRE2);

/1 load -> RA

and4$ awb2(ok_| oad, WB_Load, tenp_WRE2, not_zero, not_match_RT);

or 4% owb1l(tenpw e2, ok_store, ok_shift, ok_load, ok_nfspr);

or2$ owb2( EXW\RE2, tenpw e2, Logical);

/* /1 HOUSER 4/ 14/ 97

/1 Moved branch stuff from MEM stage to here

mux1l 32 nv(BCBit, CR, |DEXIR[11:15]);

invl$ i 77(not _BCBit, BCBit);

invli$ i88(not_IR6, IDEXIR6]);

invl$ i 999(not _IR7, IDEXIR7]);

and3$ a4(Fal seBr, not_IR6, not_|R7, IDEXIR[8]);

nmux2$ nB(BCok, BCBit, not_BCBit, FalseBr);

/1 HOUSER 4/14/97 CHANGED TO MAKE SURE | NSTRUCTI ON | S A BRANCH

/1 and2$ a5( TakeBranch, PCCond, BCok);

and3$ a5(TakeBranch, PCCond, BCok, Branch);

*

/

/1 HOUSER 4/ 14/ 97:

11 If branch is taken, conpare target address to predicted target address

/1l Al so, check to see if we predicted whether the branch was taken correctl
y

/1 Conpare TakeBranch to prediction

Il b_hazard = NAND ( COWPARE ( TakeBranch, |DEXPredTaken ),

11 COWPARE ( NewPC, | DEXPredTarget ) );

conp_32 branch_pc_conpare ( address_correct, NewPC, | DEXPredTarget );

invl$ branch_pc_invl ( address_correct_bar, address_correct );

conp_1 branch_t aken_conpare ( taken_correct, TakeBranch, |DEXPredTaken );

invl$ branch_taken_inv ( taken_correct_bar, taken_correct );

and2$ branch_hazard_detect1l ( tenp_branch_hazard, address_correct_bar,
nch );

or 2% branch_hazard_detect2 ( tenp_branch_hazard2, tenp_branch_hazard,

taken_correct _bar );

and2$ branch_hazard_detect3 ( branch_hazard, tenp_branch_hazard2, Branch );

invl$ invert_branch_haz (not_branch_hazard, branch_hazard);

/1 HOUSER 4/ 14/ 97

11 Update the branch predictor if the instruction is a branch

assi gn UA = | DEXPC;

assi gn UE = Branch;

assi gn UTaken = TakeBranch;

assi gn UTarget = NewPC,

// ******EX/NEM Register******

/1 assign _Hol dEXMEM = 1’ b1;

/1 Holds the witing of the EXX MEMregisters if the data

TakeBr a

top.v

/1 cache is waiting for the nenory bus
assi gn _Hol dEXMEM = not _D Cache_Req;

11

/1 HOUSER: 4/ 14/ 97

11

assi gn EXMEMBubbl e = trap_EX_Inval;

mix3_32 store_haz_ex(| DEXRT, |DEXRTtenp, WRDATAL, WRDATA2, |DEXSTOHAZ[2], |DEXSTO
HAZ[ 3] )

mux2_64 ex_nem bubbl e( EXVEMCTRLI n, | DEXCTRL, {36’ d0, | DEXCTRL[36], 27’ d0}, EXMEMB
ubble); // inserts bubble to control

reg64e_pi pe ex_nmemctrl (cl k, EXMEMCTRLIi n, EXMEMCTRL, , Reset, 1'bl, _Hol dEXMEM) ;

reg32e$ ex_mem pc(clk, NewPC, EXMEMPC, , Reset, 1'bl, _Hol dEXMEM;

reg32e$ ex_mem npc(clk, |DEXPC, EXMEMNPC, , Reset, 1'bl, _Hol dEXMVEM;

reg32e$ ex_nmemir(clk, IDEXIR, EXMEM R, , Reset, 1'bl, _Hol dEXMEM ;

reg32e$ ex_memout (clk, Qut, EXMEMOUT, , Reset, 1'bl, _Hol dEXMEM;

reg32e$ ex_mem RT(cl k, | DEXRT, EXMEMRTtenp, , Reset, 1'bl, _Hol dEXMEM;

reg32e$ ex_nmem SPR(cl k, | DEXSPR, EXMEMSPR, , Reset, 1'bl, _Hol dEXMEM);

regl ex_mem VWRE2(cl k, EXWRE2, MEMARE2, Reset, _Hol dMEM/AB);

regde ex_mem StoHaz(cl k, | DEXSTOHAZ, EXMEMSTOHAZ, , Reset, 1'bl, _Hol dEXMVEM ;

[ ] FEREEE KKKk kKK kKK kKKK kA K NEM STAGEF* ¥ ¥ * ¥k kkkkkk kkkkkkkk Xk k% %

/1 hard coded | oad | ogic

assign MenW _inv = EXMEMCTRL[ 26] ;
invl$ idcache0 ( MenW, MenmWW_inv );
assi gn byte = EXMEMCTRL[ 29] ;

assi gn MEMARL = EXMEM R 6: 10] ;

assi gn MEMAR2 = EXMEM R 11: 15];

assi gn MEMARE1 = EXMEMCTRL[ 30] ;

/* HOUSER 4/ 14/ 97
Mved to EX stage

/'l execute branch logic - redone by houser
/1 noved to EX stage?

nmux1_32 n7(BCBit, CR EXVEM R[11:15]);

invl$ i 77(not _BCBit, BCBit);

invl$ i88(not_IR6, EXMEM R[6]);

invl$ i999(not _IR7, EXMEM R 7]);

and3$ a4(Fal seBr, not_IR6, not_IR7, EXMEM R 8]);
mux2$ nB(BCok, BCBit, not_BCBit, FalseBr);

and2$ a5( TakeBranch, PCCond, BCok);

*/

mix3_32 store_haz( EXVEMRT, EXMEMRTt enp, WRDATAL, WRDATA2, EXMEMSTOHAZ[ 0], EXNENST
oHAZ[ 1]);

/1 same as the wb nux, but for data forwarding - doesn’t have wbdata
mux2_32 nensel ect (MEM WRDATAL, EXMEMOUT, EXMEMSPR, EXMEMCTRL[ 28]);
assi gn MEM WRDATA2 = EXMEMOUT;

/1 HOUSER 4/ 17/ 97
/1 Trap and Interrupt handl er

/1 1AlignFault = !byte & ( Addr[30] || Addr[31] )

assign | F_Exc[0] = |PageFault;
assign | F_Exc[1] = |PageFault;
assign | F_Exc[2] = IProtectViol;
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assign | F_Exc[ 3] 1’ bO;
assign | F_Exc[ 4] I Al'i gnFaul t Tr ue;
and2$ | AlignFault_a ( IAlignFaultTrue, IAlignFault, |_Cache_Ht );

assign I D Exc = illegal _instruction_trap;

/1 DAlignFault = !byte & ( Addr[30] || Addr[31] )

assign M Exc[0] = DPageFault;
assign M Exc[1] = DPageFault;
assign MExc[2] = DProtectViol;
assign MExc[3] = 1'bO;

assi gn M Excl[ 4] DAl i gnFaul t Tr ue;
and2$ DAl i gnFault _a ( DAlignFaul t True, DAlignFault, LoadOrStore );

assign 1O Int[0]
assign 10 Int[1]

Ext _Interrupt[0];
Ext _Interrupt[1];

trap_interrupt _M trapMd ( clk, Reset,
1'd1, PC, |FIDPC, EXMEMPC, |F_Exc, |D Exc,
M Exc, 10.Int,
trap_SaveState, trap_IF_Inval, trap_ID_Inval,
trap_EX_Inval, trap_M.Inval,
trap_l nsertBubble, trap_SetPC, trap_PC Val,
trap_Handl er _Addr );

/1 Set SRRO and SRRl if interrupt

reg32e$ SRRO_reg ( clk, trap_PC Val, SRRO, , Reset, 1'bl, trap_SaveState );
reg32e$ MSRreg ( clk, SRRL, MSR , 1'bl, Reset, rti );

reg32e$ SRR1_reg ( clk, MSR, SRR1, , 1'bl, Reset, trap_SaveState );

// ******’\EMV\B Register******

assi gn _Hol dMEMAB = not _D_Cache_Req;

/1 assi gn MEMABBubbl e = 1’ bO;

/1 assi gn MEMABBubbl e = not_D Cache_Hit &% EXMEMCTRL[0] && trap_M I nval;

and3$ MEMABBubbl e_and ( MEMABBubbl e, not_D Cache_Ht, EXMEMCTRL[O], trap_MInval );

mux2_64 mem wb_bubbl e( MEMABCTRLI n, EXMEMCTRL,

{36’ d0, EXMEMCTRL[36], 27’ d0}, MEMABBuUbble); // inserts bubble to cont

rol
reg64e_pi pe memwo_ctrl (cl k, MEMABCTRLi n, MEMABCTRL, , Reset, 1'bl, _Hol dMEMAB);
reg32e$ memwb_ir(clk, EXMEM R, MEMMBIR, , Reset, 1'bl, _Hol dMEMAB);
/1 1 oaded data
reg32e$ memwb_data(cl k, MenDataCut, WBData, , Reset, 1'bl, _Hol dMEMAB);
/1 alu data
reg32e$ memwb_out (cl k, EXMEMOUT, MEMABOUT, , Reset, 1'bl, _Hol dMEMAB);
/1 special register
reg32e$ mem wb_SPR(cl k, EXVEMSPR, MEMABSPR, , Reset, 1'bl, _Hol dVEMAB);
/1 uses precal cul ated WRE2
regl memwb_WRE2(cl k, MEMARE2, WRE2, Reset, _Hol dMEMAB);

[ | FEEEF KKK KKK I KA KKK KKK KK \NB STAGEF ¥ * ¥k kkkkkkhkhkkk Xk k Kk kK k%

assi gn MeniToReg = MEMABCTRL[ 27] ;
assi gn MEMVFSPR = MEMABCTRL][ 28] ;
assi gn WRE1 = MEMABCTRL[ 30] ;

assi gn WR1 MEMABI R] 6: 10] ;

assi gn WR2 MEMABI R 11: 15] ;
assign Halt = MEMABCTRL[ 63] ;

invli$ Halt_inv ( not_Halt, Halt );

nux4_32 wbsel ect (WRDATAL, WBData, /*INL*/ , MEMABOUT, MEMABSPR , MeniToReg, MEMVFSPR);

assi gn WRDATA2 = MEMABQOUT;

endrmodul e // top
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/1 256 byte, 2-way set associative, 4-word bl ock cache
nodul e cache256b2a4w( addr _in, addr_out, data_in, data_nmem.in,

data_out, data_memout, wite_en, nmemwe,
wite_size, valid_in_t, valid_out,
io_datain, io_dataout, cache_active,
flush, halt, grant, reset, clk );

input [0:31] addr_in, data_in, io_datain;

input [0:127] data_nem.n;

i nput wite_en, wite_size, valid_in_t, cache_active,

flush, grant, reset, clk;

output [0:31] addr_out, data_out, io_dataout;

output [0:127] data_nem out;

out put memwe, valid_out, halt;

wire [0:31] addr _out _tenp, tagO_out, tagl_out,

conpO_oper and, conpl_operand;

wire [0:127] data0_out, datal_out, data_in_tenp, data_nmem out_tenp;

wire [0:1] wite_size_tenp;

wire [0:31] data_out _t;

wire [0:2] i ndex, index_tenp;

wire [0:3] of fset, offset_tenp;

/1l Cache flush wires

wire [0:7] flush_count;

wire [0:31] flush_addr, flush_tag;

wire [0:2] fl ush_i ndex;

wire [0:3] flush_of fset;

wire flush_set, flush_we, flush_valid_in, flush_valid_in_tenp;

/1 32-bit addresses, 1l-word data in and data out

/1 valid bit: 0 if cache data not valid

/1 1 if cache data valid

/1 dirty bit: 0 if cache line clean

11 1 if cache line nodified on wite
/1 LRU bit: 0 if npbst-recently used

/1 1 if least-recently used (replace first)
/'l wite_size:

/1 not used: 00 - wite quadword

Il not used: 01 - wite doubl eword

11 0 - wite word

/1 1- wite byte

/1 wite_en: active |ow

11 nmem we: active high

/1 Need to use clk signal

Il only one clock cycle
LILEEEEEErririririn

11

/1 Flush logic

11

/1 Counter for index and set
nand2$ flush_en_nand ( flush_en_pre,
or2$ flush_en_clr_and ( flush_en_clr,

invi$ flush_en_clr_inv ( flush_we_inv,
buffer$ flush_en_clr_b0 ( flush_we_del ayO0,
buffer$ flush_en_clr_bl ( flush_we_del ayl,
buffer$ flush_en_clr_b2 ( flush_we_del ay2,
buffer$ flush_en_clr_b3 ( flush_we_del ay,

df f$ flush_en_dff ( clk_inv, 1’ b0,
or4$ flush_en_or ( flush_en_tenp,

flush_we,
flush_we_inv,

flush_en_hol d, ,
flush_valid_in,

to tinme how long the WE's are active

flush_valid_in);
flush_we_delay );

flush_we );

flush_we );

flush_we_del ay0 );

flush_we_del ayl );
flush_we_del ay2 );

flush_en_clr,
flush_en_hol d,

flush_en_pre );

cache.v

flush_tag_invalid, flush_tag_not_dirty );

and2$ flush_en_andl ( flush_en, flush_en_tenp, flush );
syn_cntr8% flush_counter ( clk, 1'bl, 8 b0, flush_en, 1'bil,
reset, 1'bl, , flush_count);

assign halt = flush_count[3];

assign flush_index = flush_count[4:6];
assign flush_offset = 4’ b0;

assign flush_set = flush_count[7];

/1 Figure out the address to wite to
mux2_32 flush_tag_mux ( flush_tag, tagO_out,
assign flush_addr = { flush_tag[0:24], flush_index,

tagl_out, flush_set );
flush_of fset };

/1 Select the address and data

mux2_32 flush_addr_nux ( addr_out, addr_out_tenp, flush_addr, flush );
/1 Menory wite enable
mux2$ flush_tag_valid_mux ( flush_tag_valid, tagO_valid_out,
tagl_valid_out, flush_set );
flush_tag_invalid, flush_tag_valid);
flush_tag_dirty, tagO_dirty_out,
tagl_dirty_out, flush_set );
flush_tag_ dirty_inv ( flush_tag_not_dirty, flush_tag_dirty );

flush_we_and ( flush_we_dff_in, flush_tag_valid,

invi$
nmx2$

flush_tag_valid_inv (
flush_tag_dirty_nux (

invi$
and2$

invl$ flush_we_clr_inv ( flush_we_clr_tenp, valid_in_t );

and2$ flush_we_clr_and ( flush_we_clr, flush_we_clr_tenp, reset_inv );
df f$ flush_we_dff ( clk_inv, flush_we_dff_in, flush_we0, , flush_we_clr,
buffer$ flush_we_b0 ( flush_wel, flush_we0 );

buffer$ flush_we_bl ( flush_we2, flush_wel );

buffer$ flush_we_b2 ( flush_we3, flush_we2 );

buffer$ flush_we_b3 ( flush_we4, flush_we3 );

buffer$ flush_we_b4 ( flush_we5, flush_we4 );

buffer$ flush_we_b5 ( flush_we, flush_we5 );

/1 Select the correct inputs when a flush is requested
mux2_3 index_sel ect_nux ( index, index_tenp, flush_index, flush );
or2$ of fset_select_or ( flush_or_witeback, flush, nemwe_addr );

mux2_4 offset_select_mux ( offset, offset_tenp, flush_offset,
mx2$ mem we_sel ect_nux ( nemwe, memwe_tenp, flush_we, flush );
/1 Get the valid_in signal

and2$ flush_valid_in_and ( flush_valid_in, valid_in_t, flush );
/1

/1

TEELELEEEEEr it

TEELELEEEEEr it

/1

/1 110 1logic

/1

/1 Redirect the valid_in signal if 1/0

and3$ activate_cache ( valid_in, valid_in_t, cache_active, grant );
/1 Redirect the valid_out signal if I/O

invli$ io_or_data ( io, cache_active );
and2$ io_valid_a ( io_valid, io, valid_in);
mux2$ io_valid_out ( valid_out, valid_out_t,

io_valid, io);

flush_tag_dirty );

flush_or_witeback
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/1 Redirect the inconming data word /1 Cache control logic
/1 denmux2_32 io_data_in_d ( data_in, data_in_t, io_datain, io); | ogi cbl ock control ( wite_en, wite_size, set, conpO_out, conpl_out,
assign io_datain = data_in; val i d_out _tenp,
lru_out, tagO_dirty_out, tagl_dirty_out, dirty_out,
/1 Redirect the outgoing data word valid_in, reset, clk,
mux2_32 io_data_out_m ( data_out, data_out_t, io_dataout, io ); readhit, readniss, witehit, witemss,
tag0_we, tagO_valid_in, tagO_valid_we,
/] Redirect nenory wite enable tag0_dirty_in, tag0_dirty_we,
invl$ io_nemwe_i ( wite_en_inv, wite_en ); tagl_we, tagl_valid_in, tagl_valid_we,
mx2$ io_memwe ( memwe_tenp, nemwe_t, wite_en_inv, io); tagl_dirty_in, tagl_dirty_we,
dat a0_we, datal_we,
/1 lru_in, lru_we,
/1 memwe_t, nmemwe_addr,
TEEErrrrrrrrrrrrrrng wite_size_tenp, cache_active );
/'l Determine if the data is coming fromthe CPU or nenory /] Determine the address to external nenory
assign data_in_tenp = data_nmem.n; mux4_32 addr_out_nmux ( addr_out_tenp,
{ addr_in[0:24], index, 4'h0 },
{ addr_in[0:24], index, 4" hO },
assign index_tenp = addr_in[25: 27]; { tag0_out[0:24], index, 4" h0 },
assign offset_tenp = addr_in[28:31]; { tagl_out[0:24], index, 4'h0 },
mem we_addr, set );
/1 Tag and LRU bits endnodul e // cache256b2adw
tagbl ock tag0 ( index, addr_in[0:24], tagO_out, tagO_we,
tagO_valid_in, tagO_valid_out, tagO_valid_we,
tag0_dirty_in, tagO_dirty_out, tagO_dirty_we, nodul e conpbl ock( conp, valid, tag_valid, tag, addr, reset, clk );
tag0_we_stable, reset, clk ); i nput valid, tag_valid;
tagbl ock tagl ( index, addr_in[0:24], tagl_out, tagl_we, input [0:31] tag, addr;
tagl_valid_in, tagl_valid_out, tagl_valid_we, i nput reset, clk;
tagl_dirty_in, tagl_dirty_out, tagl_dirty_we, out put conp;
tagl_we_stable, reset, clk );
bitblock Iru_bits ( index, lru_in, lru_out, |ru_we, /'l Invert reset
reset, clk_inv ); invli$ iO_reset ( reset_inv, reset );
/1 Conpare tag bits w th address
/] Data bits conp_26 cO_conp ( conp_tenp, { 1'bl, addr[0:24] }, {tag_valid, tag[0:24] } );
dat abl ock dataO ( index, offset, data_in, data_in_tenp, dataO_out,
dataO_we, wite_size_tenp, reset, clk ); /1 Latch the result to ensure stable output
dat abl ock datal ( index, offset, data_in, data_in_tenp, datal_out, latch$ 10_conp ( conp_tenp, clk, conp, , reset_inv, 1'bl);
datal_we, wite_size tenp, reset, clk );
endnodul e // conpbl ock
/1 Tag conparisons
conpbl ock conpareO ( conpO_out, valid_in, tagO_valid_out, tagO_out, nodul e tagbl ock( index, tag_in, tag_out, tag_we,
addr_in, reset, clk ); valid_in, valid_out, valid_we,
conpbl ock conparel ( conpl_out, valid_in, tagl_valid_out, tagl_out, dirty_in, dirty_out, dirty_we,
addr _in, reset, clk ); tag_we_stable, reset, clk );
input [0:2] i ndex;
or2$ valid_data ( valid_out_tenp, conpO_out, conpl_out ); input [0:24] tag_in;
invi$ i0_clk ( clk_inv, clk ); i nput valid_in, dirty_in;
invi$ il _reset ( reset_inv, reset ); i nput tag_we, valid_we, dirty_we;
dff$ dff0_stabilize ( clk_inv, valid_out_tenp, valid_out_t, , i nput reset, clk;
reset_inv, 1'bl); out put [0:31] tag_out;
out put tag_we_stable, valid_out, dirty_out;
/1 Select the set to read data from /1l Invert reset
mux2$ data_out_sel _nux ( data_nmemout_sel, set, flush_set, flush ); /1invl$ i0_reset ( reset_inv, reset );
mux2_128 data_out_nmux ( { data_nmemout[96:127], data_nem out[64: 95],
data_nmem out [ 32: 63], data_nmemout[O0:31] }, /1 28-bits per cache line = 4 + 8*3 = 4*8
dat a0_out, datal_out, data_nemout_sel ); bitblock valid_bits ( index, valid_in, valid_out, valid_we, reset, clk );
assign data_out_t = data_memout[96:127]; bitblock dirty_bits ( index, dirty_in, dirty out, dirty_we, reset, clk );
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18:29:44 Cachev

/] Stabilize wite enables for the RAM s index[ 0], index[1], index[2] );
/1l @osedge, clk 1 --> force to 1 ->1onclr, O on pre

/| @egedge, clk 0 --> latch d -> 1 on clr, 1 on pre endnodul e // bitblock

invl$ i0_stabilize ( clk_inv, clk );
invl$ i1 _stabilize ( clk_inv2, clk_inv );

buffer$ bO_stabilize ( clk_bufl, clk_inv2); nmodul e dat abl ock( index, offset, in_word, in, out, we, wite_size, reset, clk );
buffer$ bl_stabilize ( clk_buf2, clk_bufl ); input [0:2] i ndex;
buffer$ b2_stabilize ( clk_buf3, clk_buf2); input [0:3] of f set;
buffer$ b3_stabilize ( clk_buf4, clk_buf3); input [0:31] i n_word;
buffer$ b4_stabilize ( clk_buf_final, clk_buf4 ); input [0:127] in;
or2% o0_stabilize ( clk_pre, clk_inv, clk_buf2); i nput we, reset, clk;
input [0:1] wite_size;
xor2$ x0_stabilize ( tag_we_nask, clk, clk_buf_final ); out put [0:127] out;

invl$ i2_stabilize ( tag_we_mask_inv, tag_we_nask );
wire [0:127] mux_in, ramin, ramin_0, ramin_1;
dff$ dffO_stabilize ( clk_inv, tag_we, tag_we_stable_tenp, tag_we_stable_inv, wire [0:15] of f1, off2, off3;

1' b1, clk_pre ); wire [0:15] we_tenp, we_stable, we_stable_tenp,
we_byte, wbt, we_word, we_qword;
or3% ol_stabilize ( tag_we_stable, tag_we_stable_tenp, tag_we_mask_inv, clk );

/1 Wite enable |ogic

/1 Rans ext1_ 16 wgword ( we_gword, we );
ramléb8ws tag0 ( index, tag_in[0:15], 1'bO, invi$ i0 ( we_inv, we );
tag_we_stable, tag_we_stable, tag_out[0:15] ); demuxi nvd_4 wword ( {4{we_inv}}, we_word[O0:3], we_word[4:7],
ramléb8w$ tagl ( index, {tag_in[16:24], 7’ b0}, 1" b0, we_word[ 8:11], we_word[12:15], offset[0], offset[1] );
tag_we_stable, tag_we_stable, tag_out[16:31] ); decoder4_16 wbyte ( offset, , wbt );
assign we_byte = { wbt[3], wbt[2], wbt[1], wbt[O],
endnmodul e // tagbl ock wht[7], wbt[6], wbt[5], wbt[4],

wbt[11], wbt[10], wbt[9], wbt[8],
wbt[15], wbt[14], wbt[13], wbt[12] };

nodul e bitblock( index, in, out, we, reset, clk ); and2$ a0_writemask ( mask_sel _0, we_inv, wite_size[0] );
input [0:2] index; or2$ o0_witemask ( mask_sel _1, we, wite_size[1] );
i nput in, we, reset, clk; nux4_16$ wite_mask ( we_tenp, we_qword, 16 hffff, we_word, we_byte,
out put out ; mask_sel _1, mask_sel _0 );
wire [0:7] Iru_debug, bitblock_debug; and3$ a0 ( wite_size_1, wite_size[l], wite_size[0], we_inv );

/1l Invert reset
invl$ i0_reset ( reset_inv0, reset ); /!l Wite in logic - put the word or byte in the right place

invlg il reset ( reset_invl, reset ); denmux4_32 demux_word ( in_word[0:31], ram.in_0[0:31], ram.in_0[32:63],

ram.in_O[ 64:95], ram.in_0[96:127], offset[0], offset[1] );
/1 Invert clock

invl$ i0_clock ( clk_inv0, clk ); denmux16_8 denux_byte ( in_word[24:31],

invl$ il clock ( clk_invl, clk ); ram.in_1[24:31], ram.in_1[16:23], ram.in_1[8:15], ram.in_1
[o:71,

/1 Buffer input ram.in_1[56:63], ram.in_1[48:55], ram.in_1[40:47], ram.in_

buffer$ bO_in ( in0, in); 1[32:39],

buffer$ bl_in ( inl, in); ram.in_1[88:95], ram.in_1[80:87], ram.in_1[72:79], ram.in_
1[64: 71],

denux8 dO ( we, we0, wel, we2, we3, we4, we5, we6, we7, ram.in_1[120:127], ram.in_1[112:119], ram.in_1[104:111], r

index[0], index[1], index[2] ); am.in_1[96:103],
of fset[0], offset[1], offset[2], offset[3] );

/'l Registers

dffh df0 ( clk_invO, inO, outO, , reset_inv0, 1'bl, we0 ); mux3_128 ultra_mux ( ramin, in, ramin_0, ramin_1,

dffh df1 ( clk_inv0, inO, outl, , reset_inv0, 1'bl, wel ); wite_size_1, wite_size[0] );

dffh df2 ( clk_inv0, inO, out2, , reset_inv0, 1'bl, we2 );

dffh df3 ( clk_inv0, inO, out3, , reset_inv0, 1'bl, we3 );

dffh df4 ( clk_invl, inl, out4, , reset_invl, 1'bl, we4 ); // Stabilize wite enables for the RAM s

dffh df5 ( clk_invl, inl, out5, , reset_invl, 1'bl, we5 ); /1l @osedge, clk 1 --> force to 1 ->1onclr, O on pre

dffh df6 ( clk_invl, inl, out6, , reset_invl, 1'bl, we6 ); /| @egedge, clk 0 --> latch d -> 1 on clr, 1 on pre

dffh df7 ( clk_invl, inl, out7, , reset_invl, 1'bl, we7 ); invl$ i0_stabilize ( clk_inv, clk );

invl$ i1l _stabilize ( clk_inv2, clk_inv );

assign bitbl ock_debug = { outO, outl, out2, out3, out4, out5, out6, out7 }; buffer$ bO_stabilize ( clk_bufl, clk_inv2);
buffer$ bl_stabilize ( clk_buf2, clk_bufl);
mux8 nD ( out, outO, outl, out2, out3, out4, out5, out6, out7?, buffer$ b2_stabilize ( clk_buf3, clk_buf2);
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buffer$ b3_stabilize ( clk_buf4, clk_buf3);
buffer$ b4_stabilize ( clk_buf5, clk_buf4);

buffer$ b5_stabilize ( clk_buf_final, clk_buf5);

or2$ o0_stabilize ( clk_pre, clk_inv, clk_buf2);

xor 2% x0_stabilize ( we_mask, clk, clk_buf_final );

invl$ i2_stabilize ( we_mask_inv, we_nask );

df f 16$ dffO_stabilize ( clk_inv, we_tenp, we_stable_tenp, , 1'bl, clk_pre );
or3% ol_stabilize ( we_stable[0], we_stable_tenp[0], we_mask_inv, clk );
or3% o02_stabilize ( we_stable[1], we_stable_tenp[1], we_mask_inv, clk );
or3$ o3_stabilize ( we_stable[2], we_stable_tenp[2], we_nask_inv, clk );
or3% o4_stabilize ( we_stable[3], we_stable_tenp[3], we_mask_inv, clk );
or3% o5_stabilize ( we_stable[4], we_stable_tenp[4], we_mask_inv, clk );
or3% 06_stabilize ( we_stable[5], we_stable_tenp[5], we_mask_inv, clk );
or3% o7_stabilize ( we_stable[6], we_stable_tenp[6], we_mask_inv, clk );
or3% o8_stabilize ( we_stable[7], we_stable_tenp[7], we_mask_inv, clk );
or3% 09 _stabilize ( we_stable[8], we_stable_tenp[8], we_mask_inv, clk );
or3% 010_stabilize ( we_stable[9], we_stable_tenp[9], we_mask_inv, clk );
or3% oll_stabilize ( we_stable[10], we_stable_tenp[10], we_mask_inv, clk );
or3$ 0l2_stabilize ( we_stable[11], we_stable_tenp[11], we_mask_inv, clk );
or3% 0l13_stabilize ( we_stable[12], we_stable_tenp[12], we_mask_inv, clk );
or3% o0l4_stabilize ( we_stable[13], we_stable_tenp[13], we_mask_inv, clk );
or3$ o0l5_stabilize ( we_stable[14], we_stable_tenp[14], we_mask_inv, clk );
or3% 0l16_stabilize ( we_stable[15], we_stable_tenp[15], we_mask_inv, clk );
/'l Rans

ramBb8wé r0 ( index, ramin[0:7], 1' b0, we_stable[0], mux_in[0:7] );
ranBb8w$ rl1 ( index, ram.in[8:15], 1'b0, we_stable[1], nux_in[8:15] );
ramBb8wé r2 ( index, ram.in[16:23], 1 b0, we_stable[2], nux_in[16:23] );
ranmBb8wé r3 ( index, ram.in[24:31], 1'b0, we_stable[3], nux_in[24:31] );
ranmBb8wé r4 ( index, ram.in[32:39], 1' b0, we_stable[4], nux_in[32:39] );
ranmBb8wé r5 ( index, ram.in[40:47], 1" b0, we_stable[5], nux_in[40:47] );
ranBb8w$ r6 ( index, ram.in[48:55], 1'b0, we_stable[6], nmux_in[48:55] );
ramBb8wé r7 ( index, ram.in[56:63], 1 b0, we_stable[7], nux_in[56:63] );
ranBb8wé r8 ( index, ram.in[64:71], 1 b0, we_stable[8], nux_in[64:71] );
ramBb8wé r9 ( index, ram.in[72:79], 1 b0, we_stable[9], nux_in[72:79] );
ramBb8w$ r10 ( index, ram.in[80:87], 1' b0, we_stable[10], nux_in[80:87] );
ranBb8w$ r1l ( index, ram.in[88:95], 1'b0, we_stable[11], nux_in[88:95] );
ranBb8w$ r12 ( index, ram.in[96:103], 1'b0, we_stable[12], nux_in[96:103] );
ranBb8wé r13 ( index, ram.in[104:111], 1’ b0, we_stable[13], mux_in[104:111] );
ranBb8wé r14 ( index, ram.in[112:119], 1'bO, we_stable[14], nux_in[112:119] );
ramBb8w$ r15 ( index, ram.in[120:127], 1'bO, we_stable[15], nux_in[120:127] );
/1 Read out logic - byte or word

adder 16$ addl ( {12’ b0, offset}, 16’hl, 1'b0, , offl );

adder 16$ add2 ( {12’ b0, offset}, 16’h2, 1'b0, , off2 );

adder 16$ add3 ( {12' b0, offset}, 16'h3, 1'b0, , off3 );

mux16_8 ml ( out[0:7], nmux_in[0:7], mux_in[8:15], nux_in[16:23],

mux_i n[ 24: 31], nmux_i n[ 32: 39],

mux_i n[ 56: 63], mux_in[64:71],

mux_i n[ 88: 95], nux_i n[ 96: 103],
nux_i n[ 112: 119],
of fset[0], offset[1],
mux16_8 n2 ( out[8:15], mux_in[0:7],
mux_i n[ 24: 31] ,
mux_i n[ 56: 63] ,
nmux_i n[ 88: 95] ,

mux_i n[ 32: 39],
mux_i n[ 64: 71] ,
mux_i n[ 96: 103] ,

nmux_i n[ 8: 15] ,

nmux_i n[ 40: 47], nmux_i n[ 48: 55],
mux_in[72: 79], mux_i n[80:87],
mux_i n[ 104: 111],

mux_i n[ 120: 127],
of fset[2],

offset[3] );

nux_i n[ 16: 23],

mux_i n[ 40: 47], mux_i n[ 48: 55] ,

mux_i n[ 72: 79], nmux_i n[ 80: 87],
mux_i n[ 104: 111],
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mux_i n[ 112: 119], mux_i n[ 120: 127],

of f1[12], of f1[13], off1[14], off1[15] );
mux16_8 nB ( out[16:23], nux_in[0:7], nux_in[8:15],

nmux_i n[ 24: 31], nmux_i n[32:39], nux_in[40:47],

mux_i n[ 56: 63], mux_in[64:71], mux_in[72:79],

mux_i n[ 88: 95], nmux_in[96: 103], nux_in[104: 111],

mux_i n[ 112: 119], nux_i n[ 120: 127],

of f2[12], off2[13], off2[14], off2[15] );
mux16_8 md ( out[24:31], nux_in[0:7], nux_in[8:15],

mux_i n[ 24: 31], mux_i n[32:39],
mux_i n[ 56: 63], nux_i n[ 64: 71],
nmux_i n[ 88: 95], nux_i n[ 96: 103],

mux_in[112: 119], nmux_i n[ 120: 127],

mux_i n[ 40: 47],
mux_i n[ 72: 79],

of f3[12], off3[13], off3[14], off3[15] );
assign out[32:127] = nux_in[32:127];
endnodul e // dat abl ock
nodul e | ogi cbl ock( we, size, set, conpO, conpl, hit, Iru,
dirtyo, dirtyl, dirty, valid, reset, clk,
readhit, readmss, witehit, witem ss,
tag0_we,

tagO_valid_in,
tag0_dirty_in,
tagl_we,
tagl_valid_in, tagl_valid_we,
tagl_dirty_in, tagl_dirty_we,
dat a0_we, datal_we,

lru_in, lru_we,

memwe, nmemwe_addr,
write_size, cache_active );

tag0_valid_we,
tag0_dirty_we,

i nput we, size, conpO, conpl, hit, Iru,

dirtyO, dirtyl, valid, cache_active, reset,
out put set, readhit, readmss, witehit, witemss;
out put tag0_we,

tag0_valid_in,
tag0_dirty_in,
tagl_we,
tagl_valid_in, tagl_valid_we,
tagl_dirty_in, tagl_dirty_we,
dat a0_we, datal_we,
lru_in, lru_we,
memwe, nmem we_addr,
wite_size;

tag0_valid_we,
tag0_dirty_we,

dirty;
out put [0:1]

wire [0:31] RomQut;

/1 Inverted signals

/1 NOTE: sone may not be needed, mininize |ater

invlg i0_we ( we_inv, we );

invli$ i1_conmpO ( conpO_inv, compO );
invl$ i2_compl ( conpl_inv, conpl );
invl$ i3_hit ( hit_inv, hit );

invi$ i4_lru ( lru_inv, lru);

invi$ i5_dirty0o ( dirtyO_inv, dirty0 );
invl$ i6_dirtyl ( dirtyl_inv, dirtyl );
invi$ i7_clkinv ( clk_inv, clk );

invli$ i8_resetO ( reset_inv0, reset );
invl$ i9_resetl ( reset_invl, reset );
invli$ i9_reset2 ( reset_inv2, reset );

mux_i n[ 16: 23],
mux_i n[ 48: 55] ,
mux_i n[ 80: 87],

mux_i n[ 16: 23],

mux_i n[ 48: 55] ,
mux_i n[ 80: 87],
mux_i n[ 104: 111],
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invl$ i10_reset3 ( reset_inv3, reset );
invi$ il11_valid ( valid_inv, valid);

/1 1Is the cache line dirty or clean?
nmux2$ dirty_or_clean ( dirty, dirty0, dirtyl, set_in);
and2$ a0_memwe ( memwe_addr, dirty, hit_inv );

/1 Which set is being read fromor witten to
mux2$ which_set ( set_in, lru, conpl, hit );
dff$ do_set ( clk_inv, set_in, set, , reset_inv0, 1'bl);

/! Read/ Wite, Hit/Mss
/1 For debuggi ng purposes only...renove |ater

and2$ a0 ( readhit, we, hit ); /'l Read hit
and2$ al ( readnmiss, we, hit_inv ); /! Read m ss
and2$ a2 ( witehit, we_inv, hit ); /1 Wite hit

and2$ a3 ( witenmiss, we_inv, hit_inv ); // Wite niss

// Determine wite size

/1 00 - quadword, 10 - word, 11 - byte

// Only a word or byte if a wite hit, otherw se gqword
mux2$ nD_witesize ( wite_size[0], 1'b0, 1'bl, witehit );
mux2$ nl_witesize ( wite_size[1l], 1'b0, size, witehit );

/] Determine if the cache line is dirty and needs to be
/1 witten out when repl aced
and2$ a0_writeoutblock ( wite_out, hit_inv, dirty );

/1 Control |ogic ROM

ronB82b32w$ ROM IF ( {we_a, set_a, hit_a, dirty_a, valid_a},
1'bl, RomQut );

initial $readnenb(" CACHE. CONTROL", ROM.IF.rem);

/1 Rename output from ROM and handl e reset signal
assign tag0_we = Rom Qut[O0];
/lassign tagO_valid_in = Rom Qut[1];
//assign tagO_valid_we = RomQut[2];
//assign tag0_dirty_in = Rom Qut[3];
//assign tag0_dirty_we = Rom Qut[4];
assign tagl_we = Rom Qut[5];
//lassign tagl_valid_in = Rom Qut[6];
/lassign tagl_valid_we = RomQut[7];
/lassign tagl_dirty_in = Rom Qut[8];
/lassign tagl_dirty_we = Rom Qut[9];

assi gn data0_we = Rom Qut[10];
assign datal_we = Rom Qut[11];
/lassign lru_in = Rom Qut[12];
/lassign lru_we = Rom Qut[13];
//assign nemwe = Rom Cut[14];

/1 On reset=0, reset the valid, Iru and dirty bits

mux2$ nD ( tagO_valid_in, 1'b0, RomQut[1], reset_inv0 );

mux2$ ml ( tagO_valid_we, 1'bl, RomQut[2], reset_inv0 );

mux2$ n2 ( tagO_dirty_in, 1'b0, Rom Qut[3], reset_inv0 );

mux2$ nB ( tagO_dirty_we, 1'bl, Rom Qut[4], reset_inv0 );
m

mx2$ ( tagl_valid_in, 1'b0, Rom Qut[6], reset_invl );

cache.v

mux2$ nb ( tagl_valid_we, 1'bl, RomQut[7], reset_invl );
mux2$ nb ( tagl_dirty_in, 1'b0, Rom Qut[8], reset_invl );
mux2$ nv ( tagl_dirty_we, 1'bl, Rom Qut[9], reset_invl );
nmux2$ nB lru_in, 1'b0, RomQut[12], reset_inv2 );

mx2$ md ( lru_we, 1'bl, RomQut[13], reset_inv2 );

mux2$ nl0 ( memwe0O, 1' b0, Rom Qut[14], reset_inv2 );
and2$ al_nmemwe ( memwe_tenp, nmemwe0, nmemwe_addr );
nand2$ nl_nmemwe ( we_clr0, valid_a, memwe );

and2$ a2_nmemwe ( we_clr, we_clr0O, reset_inv2 );

dff$ dff0_stable_memwe ( clk_inv, memwe_tenp, nmemwel,

memwe_i nv,

we_clr,

dff$ dff1_stable_memwe ( clk_inv, 1'b0, valid_xx, , reset_inv2, we_clr0 );

buffer$ bO_memwe ( nemwe2, memwel );
buffer$ bl_memwe ( memwe3, nemwe2 );
buffer$ b2_memwe ( memwe4, memwe3 );
buffer$ b3_memwe ( nemwe5, nmemwe4 );
buffer$ b4_memwe ( memwe6, nmemwe5 );
buffer$ b5_memwe ( memwe, nmemwe6 );

and2$ a0_active ( force_miss, reset_inv3, cache_active );

mux2$ nll ( we_a, 1'bl, we, force_nmiss );

nux2$ nl2 ( set_a, 1'b0, set_in, force_mss );
mux2$ ml3 ( hit_a, 1'b0, hit, force_mss );

mux2$ nl4 ( dirty_a, 1'b0, dirty, force_mss );
nux2$ nml5 ( valid_a, 1'b0, valid_yy, force_niss );
or2$ orxy ( valid_yy, valid, valid_xx );

endnodul e // | ogicbl ock

1' bl
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nodul e EXTERNAL2 (addr0, addrl, data_inO, data_inl, data_out,
wite_en, hitO, hitl, reqO, reql,
validO, validl, grantO, grantl,
i o_datain, io_dataout,
bl ock_read, clk, reset, halt,
interrupt, wite_size);

input [0:31] addr0, addrl, io_datain;

i nput wite_en, halt, block_read, hitO, hitl, req0, reql
input [0:127] data_in0O, data_inl;
out put val idO, validl, grantO, grantl, clk, reset;

output [0:127] data_out;
output [0:31] io_dataout;
out put [0:1] interrupt;
input [0:1] wite_size;

wire [0:31] addr;
wire [0:127] data_in;

EXTERNAL External ( addr, data_in, data_out, we_nem valid, block
clk, reset, halt, interrupt, wite_size, io_d
i o_dataout );

/1 Select the address and data words
mux2_32 nD_addr ( addr, addrO, addrl, grantl );
mux2_128 nD_data ( data_in, data_in0O, data_inl, grantl );

/1 Select the valid lines
and3$ a0O_valid ( validO, valid, grantl_delay_inv, req0 );
and3$ al_valid ( validl, valid, grantl_delay, reql );

/1 Select the nenory wite enable

and2$ a0_we ( we_nenD, wite_en, grantl );
buffer$ bOo_we ( we_nenl, we_nmenD );
buffer$ bl_we ( we_nen2, we_nendl );
buffer$ b2_we ( we_nem we_nen? );

/1 Bus arbitration

/1 Request, grant logic -- cache 1 has priority over cache 0
/1 Cache 0: Instruction cache, requests bus on a cache niss

/1 Cache 1: Data cache, requests bus on a cache miss, but only
11 when it is a load or store

invli$ iO_reset ( reset_inv, reset );

dffh dO_grant ( clk, dO_in, grantO, grantO_inv, reset_inv, 1" bl,
dffh di_grant ( clk, dl_in, grantl, grantl_inv, reset_inv, 1’ bl,
buffer$ b0O_grant ( grantl_dO, grantl );

buffer$ bl_grant ( grantl_dl, grantl_dO );

buffer$ b2_grant ( grantl_d2, grantl_dl );

buffer$ b3_grant ( grantl_delay, grantl_d2 );

invli$ b4_grant ( grantl_delay_inv, grantl_d2 );

invli$ i0_req ( reqO_inv, req0 );

invi$ il req ( reql_inv, reql );

and2$ a0_req ( x0, grantO, grantl_inv );

or2$ o0_req ( tO, reql_inv, x0 );

or3% ol_req ( t1, reqO_inv, grantO_inv, grantl );
and2$ al_req ( dO_in, req0, t0 );

and2$ a2_req ( dl_in, reql, t1);

’

_read,

at ai n,

1'bl);
bl );

external2.v

endnodul e // EXTERNAL2

/1 Cache rolled up with a set of segnent registers and a TLB
nodul e cachetl| bseg( addr_in, addr_out, data_in, data_nmem.n,
data_out, data_memout, wite_en, memwe,
wite_size, valid_in, valid_out,
io_datain, io_dataout, cache_active_in, nsri7,
exception_protection_violation,
exception_page_fault,
exception_unal i gned_fault,
flush, halt, grant, reset, clk );
input [0:31] addr_in, data_in, io_datain;
input [0:127] data_nem.n;
i nput wite_en, wite_size, cache_active_in, valid_in, nsrl7;
i nput flush, grant, reset, clk;
output [0:31] addr_out, data_out, io_dataout;
output [0:127] data_nem out;
out put halt, memwe, valid_out;
out put exception_protection_violation,
exception_page_fault,
exception_unal i gned_fault;

wire [0:23] segment _i d;

wire [0:39] virtual _addr;
wire [0:19] phys_page_nunber;
wire [0:31] phys_addr;

/'l Segnment registers

segnent regs4 SEGVENTREGS ( addr_in[0:3], segnent_id,
exception_protection_violation,
merl17, reset, clk );

/1 TLB

assign virtual _addr = { segnent_id, addr_in[4:19] };

tIb5 TLB ( virtual _addr, phys_page_nunber, wite_en,
exception_page_fault, reset, clk );

/1 Cache or 1/0

/| Deactivate the cache if an I/O address or external signal

/1 deactivates it

nand2$ data_or_io ( cache_activeO, phys_page_nunber[0], phys_page_nunber[1] );
and2$ di sabl e_cache ( cache_active, cache_activeO, cache_active_in );

assi gn phys_addr = { phys_page_nunber, addr_in[20:31] };

cache256b2ad4w CACHE ( phys_addr, addr_out, data_in, data_nmem.in,
data_out, data_nemout, wite_en, nmemwe,
wite_size, valid_in, valid_out,
io_datain, io_dataout, cache_active,
flush, halt, grant, reset, clk );

/1 Set alignnment fault

or2%$ unaligned_addr_or ( unaligned_addr, phys_addr[30], phys_addr[31] );

invi$ wite_size_i ( wite_size_inv, wite_size );

and2$ alignment_a ( exception_unaligned_fault, wite_size_inv, unaligned_addr );

endnmodul e // cachetl bseg
/1 5-entry translation | ookaside buffer

nodul e t1b5( addr_in, addr_out, dirty_we, page_fault, reset, clk );
input [0:39] addr_in;
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i nput dirty_we, reset, clk;
out put [0:19] addr_out;
out put page_fault;
wire [0:4] dirty_tenp;
wire [0:2] dirty_sel;
wire [0:39] tag0, tagl, tag2, tag3, tag4,
tag0O_out, tagl_out, tag2_out, tag3_out, tag4_out;
wire [0:19] addr0, addrl1, addr2, addr3, addr4,
addr0_out, addrl_out, addr2_out, addr3_out, addr4_out;
/1 Invert reset signal
invli$ i0_reset ( reset_inv0, reset );
invi$ il _reset ( reset_invl, reset );
invlig i2_dirty ( dirty_we_inv, dirty_we );
/1 Valid bits
dffh valido ( clk, 1'b1, vO, , 1'bl, reset_inv0O, 1'b0 );
dffh validl ( clk, 1'b1, vi, , 1'bl, reset_inv0, 1'b0 );
dffh valid2 ( clk, 1'bl, v2, , 1'bl, reset_inv0, 1'b0 );
dffh valid3 ( clk, 1'b1, v3, , 1'bl, reset_inv0, 1'b0 );
dffh valid4 ( clk, 1'bl, v4, , 1'bl, reset_inv0, 1'b0 );
/1 Dirty bits
pencoder 8_3v$ encoder ( 1'b0, { 3'b000, c4, c3, c2, c1, c0 }, dirty_sel,
denux8 dO_dirty ( 1'bl, dirty_tenp[O], dirty_tenp[1], dirty_tenp[2],

dirty temp[3], dirty_temp[4], , , ,
dirty_sel[0], dirty_sel[1], dirty_sel[2] );

dffh dirty0 ( clk, dirty_tenp[0], dO, , reset_invl, 1'bl, dirty_we_inv );
dffh dirtyl ( clk, dirty_tenp[1], d1, , reset_invl, 1'bl, dirty_we_inv );
dffh dirty2 ( clk, dirty_tenp[2], d2, , reset_invl, 1'bl, dirty_we_inv );
dffh dirty3 ( clk, dirty_tenp[3], d3, , reset_invl, 1'bl, dirty_we_inv );
dffh dirtyd ( clk, dirty_tenp[4], d4, , reset_invl, 1'bl, dirty_we_inv );
/*

* TLB: tag data

* 000. ..00000 000...011 // page O(virtual) -> page 3(physical)

* 000...00001 000...000 // page 1(virtual) -> page O(physical)

* 000...00110 000...010 // page 6(virtual) -> page 2(physical)

* 000...0ffff 000...001 // For interrupts and exeptions

* 000...00010 110...000 // For 1/0O

*/
/1 Tags
assign tag0 = 40’ b00O00000000000000000000000000000000000000;
assign tagl = 40' b00O00000000000000000000000000000000000001;
assign tag2 = 40’ b0000000000000000000000000000000000000110;
assign tag3 = 40’ b0000000000000000000000001111111111111111;
assign tag4 = 40' b00O00000000000000000000000000000000000010;

/1 Addresses

assi gn addr0 = 20’ b00000000000000000011;

assign addrl = 20’ b00000000000000000000;

assign addr2 = 20' b00000000000000000010;

assi gn addr3 = 20’ b00000000000000000001;

assign addr4 = 20’ b11000000000000000000;

/1 Tag registers

reg40e tagreg0 ( clk, tag0, tagO_out, , 1'bl, 1'bl, reset );

)
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reg40e tagregl ( clk, tagl, tagl_out, , 1'bl, 1'bl, reset );
reg40e tagreg2 ( clk, tag2, tag2_out, , 1'bl, 1'bl, reset );
reg40e tagreg3 ( clk, tag3, tag3_out, , 1'bl, 1'bl, reset );
reg40e tagreg4 ( clk, tag4, tagd4 out, , 1'bl, 1'bl, reset );
/1 Address registers
reg20e addrreg0 ( clk, addrO, addrO_out, , 1'bl, 1'bl, reset );
reg20e addrregl ( clk, addrl, addrl_out, , 1'bl, 1'bl, reset );
reg20e addrreg2 ( clk, addr2, addr2_out, , 1'bl, 1'bl, reset );
reg20e addrreg3 ( clk, addr3, addr3_out, , 1'bl, 1'bl, reset );
reg20e addrreg4 ( clk, addr4, addr4_out, , 1'bl, 1'bl, reset );
/| Conparators
conp_40 conpare0 ( c0, tag0_out, addr_in );
conp_40 conparel ( cl, tagl_out, addr_in );
conp_40 conpare2 ( c2, tag2_out, addr_in );
conp_40 conpare3 ( ¢3, tag3_out, addr_in );
conp_40 conpare4 ( c4, tag4_out, addr_in );
nor4$ n0 ( tenpO, cO, cl1, c2, c3);
invli$ i0 ( tenpl, c4);
and2$ tlb_nmiss ( page_fault, tenpO, tenpl );
/1 Determ ne output
mux5_20 out_nux ( addr_out, addrO_out, addrl_out,
addr 2_out, addr3_out, addr4_out,
dirty_sel[0], dirty_sel[1], dirty_sel[2] );
endrmodul e // tlb5
/Il 4 segnent registers
nodul e segnentregs4( addr_in, addr_out, protection_violation, nsrl7, reset,
input [0:3] addr _i n;
i nput mer 17, reset, clk;
out put [0:23] addr_out;
out put protection_violation;
wire [0:23] sr0, srl, sr2, sr3,
srO_in, srl_in, sr2_in, sr3_in;
wire [0:7] j unk;
/1 Invert reset signal
invl$ iO_reset ( reset_inv, reset );
[/ Protection bits
dffh protectO ( clk, 1'bl, pO, , 1'bl, reset_inv, 1'b0 );
dffh protectl ( clk, 1'bl, pl, , 1'bl, reset_inv, 1'b0 );
dffh protect2 ( clk, 1'bl, p2, , 1'bl, reset_inv, 1'b0 );
dffh protect3 ( clk, 1'bl, p3, , 1'bl, reset_inv, 1'b0 );
nux4$ protection_mux ( p_tenp, pO, pl, p2, p3, addr_in[3], addr_in[2] );
invl$ protection_inv ( p_inv, p_tenp );
and2$ protection_viol ( protection_violation, p_inv, nsrl7 );

/1 Segments

assign sr0_in
assign srl_in
assign sr2_in
assign sr3_in

24’ b000000000000000000000000;
24’ b000000000000000000000000;
24’ b000000000000000000000000;
24’ b000000000000000000000000;

clk ):
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[/ Segment registers

reg24e segreg0 ( clk, sr0O_in,
reg24e segregl ( clk, sril_in,
reg24e segreg2 ( clk, sr2_in,
reg24e segreg3 ( clk, sr3_in,

/1 Determ ne output

mux4_32 out_mux ( {junk, addr_out},

{8 h0, sro0},
addr _in[ 2],

endnmodul e // segnentregs4

sr0, , 1'bl,
srl, , 1'b1,
sr2, , 1'bi,
sr3, , 1'bl,
{8 ho, sri},
addr_in[3] );

1' b1, reset
1’ b1, reset
1' b1, reset
1' b1, reset

{8 h0, sr2},

—_————

{8’ ho,

sr3},

external2.v
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nmodul e Choose_PC Mod ( int_s, BCR s, RTl_s, resBranch_s, predBranch_s,
int_a, LR a, SRRO_a, resBranch_a, predBranch_a,
PC 4 a, PC_ Qut );

input int_s, BCR.s, RTlI_s, resBranch_s, predBranch_s;
input [0:31] int_a, LR a, SRRO_a, resBranch_a, predBranch_a, PC 4_a;
out put [0:31] PC_Qut;

/*
* Priority:
* - Gve priority to signals generated furthest down the pip
e.
* - Signals that are generated in sane stage cannot occur si
mul t
* - PC 4 is the lowest priority.
*
* Ther ef ore:
* 1) Int_a
* 2) resBranch_a,
* 3) LR_a, SRRO_a, predBranch_a
* 4) PC 4
*/
Il Invert select wires
invli$ int_s_INV ( int_s_BAR int_s );
invl$ resBranch_s_I NV ( resBranch_s_BAR resBranch_s );
/1 Int_a_Chosen = Int_s
invli$ int_INV ( int_a_NotChosen, int_s );
/1 resBranch_a_Chosen = resBranch_s && ! Int_s;
nand2$ resBranch_NAND ( resBranch_A_Not Chosen, resBranch_s, int_s_BAR);
/1 LR_a_Chosen = BCR_s && ! resBranch_s && ! Int_s
nand3$ LR_NAND ( LR a_Not Chosen, BCR_ s, resBranch_s_BAR, int_s_BAR);
/1 SRRO_a_Chosen = RTI_s && ! resBranch_s && ! Int_s
nand3$ SRRO_AND ( SRRO_a_Not Chosen, RTI_s, resBranch_s_BAR, int_s_BAR);
/1 predBranch_a_Chosen = predBranch_s &% ! resBranch_s & ! Int_s
nand3$ predBranch_AND ( predBranch_a_Not Chosen, predBranch_s,
resBranch_s_BAR, int_s_BAR);
/1l PC_4_a_Chosen = ! ( int_s || resBranch_s || BCR.s || RTI_s || predBranch_s )
or5 PC_4_NOR ( PC_4_a_Not Chosen, int_s, resBranch_s,

BCR s, RTI_s, predBranch_s );

// Tristates to drive PC_Qut bus

/1 Int_a
tristate32L t1 ( int_a_NotChosen, int_a, PC Qut );

/1 resBranch_a
tristate32L t2 ( resBranch_A Not Chosen, resBranch_a, PC Qut );

/'l LR a
tristate32L t3 ( LR_a_NotChosen, LR a, PC Qut );

/1 SRRO_a
tristate32L t4 ( SRRO_a_Not Chosen, SRRO_a, PC CQut );

/1 predBranch_a

tristate32L t5 ( predBranch_a_Not Chosen, predBranch_a, PC Qut );

Il PC 4 a
tristate32L t6 ( PC_4_a_Not Chosen, PC 4_a, PC Qut );

endnodul e
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input CLK, CLR PRE, VE
input [0:1] D;
output [0:1] Q @BAR

dffh dffhl (CLK, D{0], QO],
dffh dffh2 (CLK, D{1], Q1],

CLR, PRE, VE);
CLR, PRE, VE);

/*
* 2-Bit branch prediction unit
*
* created bhy: Matt Houser 3/ 28/ 97
* | ast nodified by: Matt Houser 3/ 29/ 97
*
* Log:
* 3/ 28/ 97 Created Mdul e
*
*
* Descri ption:
*
* This file contains the key nodul es that nmake up the
* 2-bit branch prediction unit for the M3 processor.
*
*

nodul e BranchPredictorMd ( _hold, clk, clr, pre, QA UA UTaken,
UTarget, inUE, QutTaken, CQutTarget );

nput _hol d;
nput cl k;
nput clr, pre;

nput [0:7] QA
nput [0:7] UA

nput UTéiken;
nput [0:31] UTarget;
nput i nUE;

out put Qut Taken;

out put [0:31] CutTarget;

wire [0:1] QCount ;

/1 O ock
/1l Cear and pre
/1 Look-up address (PCin IF stage)
/'l Update address (PC in stage where we resol ve branch)
/1 Was branch taken? (0 = no, 1 = yes)
/1 Target address of updating instruction
/1l 1Is an instruction actual ly updating

/1 Prediction (0 = not taken, 1 = taken)
// Guess target addr in case this really is a branch

11 Update enabled if instruction in EX stage is
/1 a branch, and if pipeline is not stalled

and2$ UE_and ( UE, inUE,

_hold );

[ RAF KRk kR ko k kK kK kK khh kK Kk kA k kK Kk kK hk kK kK kkkk Kk hkk kK Kk kK Kk k

Count i ng

KKK KKK KK I Ak kKKK kKKK AR K I kA Kk kA kk ok hkkkkhkkkk Kk Kk k ok * [

/1 CountStore holds the counts for the addresses
csMod CS ( clk, QA UA, UE, UTaken, QCount, clr, pre );
assign Qut Taken = QCount[O0];

[RHE KKK KKK kA Kk ok kK Kk kK k kK k kK kk kA Kk ok ok k kK k ok ok kK kk ok k%%

Targets

KA KKK KKK KKK KKK IR A K A KKK KKK KKK KKK F R KKK KKK KKK KK XK * A K [

/| TargetStore holds the branch targets
t sMbd TS ( clk, QA UA UTarget, CQutTarget, clr, pre, UE);

endnodul e

nodul e reg2 (CLK, D, Q Q@BAR CLR PRE, VE);

endrmodul e // reg2

nmodul e csMod (cl k, QA, UA, UE, Taken, QCount, clr, pre );

input clk, UE, clr, pre, Taken;
input [0:7] QA UA

out put [0:1] QCount;

wire [0:1] UCount, Data;

regfile2_32 store ( clk, clr, pre, QAl3:7], UA3:7], UA3:7],
Count );

updat eMod up ( UCount, Taken, Data );

endnodul e

nodul e updateMbd ( Count, Taken, Qut );

input [0:1] Count;
i nput Taken;
output [0:1] Qut;

invli$ in1( CountH BAR, Count[O] );
invl$ in2( CountL_BAR, Count[1] );
invl$ in3( Taken_BAR, Taken );

and2$ al ( alout, Count[0], Taken ),

a2 ( a2out, Count[1], Taken );
and3$ a3 ( a3out, Count[0], Count[1], Taken_BAR );
or3%$ ol ( Qut[0], alout, a2out, a3out );

and2$ a4 ( adout, CountL_BAR, Taken ),

( about, Count[O0], Taken );

and3$ a6 ( a6out, Count[O], CountL_BAR, Taken_BAR );
(

or3% o2 Qut[1], adout, abSout, a6out );

endnodul e

nodul e tsMod ( clk, QA UA UTarget, CQutTarget, clr, pre, UE);

input clk, clr, pre;
input [0:31] UTarget;
input [0:7] QA UA

i nput UE;

out put [0:31] CutTarget;

UE, Data, QCount,

regfile32.32 r1 ( clk, clr, pre, QA3:7], UA3:7], UE, UTarget, QutTarget );

I reg32e$ r1 ( clk, UTarget, QutTarget, , clr, pre, UE);

endnodul e

u
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Trap and Interrupt Mdul e

Witten By: Matt Houser
Created: 4/9/97

The trap and interrupt handler receives trap signals fromthe
datapath, and interrupt signals fromthe External nodule.

It allows for precise traps by flushing the pipeline before
servicing the trap.

The nodul e doesn’t actually reset the PC or SRRO and SRR regs.
Instead, it sends signals telling conponents in the datapath
to do that.

LI M TATI ONS:
At this point, the address for the handler routines is
the sane. In reality, this wouldn't work. However,
for the purposes of this class (and their test cases),
it will suffice. | hope to have tinme to "do the right thing".

Al so, | amassunming that there will be no interrupts
while we are servicing a trap or interrupt.
This was OK' ed in class on April 9, 1997 by Prof. Davidson

I NPUT:

clk, clr, pre The usual

| F_Exc 5 wires signifying exceptions thrown in IF.
0 TLB mi ss
1 Page fault
2 Protection violation
3 Address translation erro
4 Ali gnnent exception

| D_Exc Wre signifying illegal instructionin ID

M _Exc 5 wires signifying exceptions thrown in IF.
0 TLB ni ss
1 Page fault
2 Protection violation
3 Address translation erro
4 Ali gnnent exception

10 Int 2 wires for the 10O device interrupts

QUTPUT:

SaveSt at e Tells datapath to set SRRO and SRR1

I F_I nval Invalidate the IF instruction

I D_I nval Invalidate the ID instruction

EX_I nval Invalidate the EX instruction

M I nval Invalidate the Minstruction

I nsert Bubbl e Inserts a bubble in pipe

Set PC Tells PC to | oad handl er address

trap_interrupt.v

B . I R R

/

Handl er _Addr Address of exception/interrupt handl er routine
What happens when an exception signal is raised?

1) Check CAUSED bits of later pipeline stages than the one
in which the signal was raised.

If they all are 0 (no exceptions waiting to be handl ed):
a) Set CAUSED bit for that stage to 1.
b) Cear CAUSED bits to the left (earlier stages).
c) Set that instruction and all to the left invalid.

Interrupt requests are treated simlarly. Wien an interrupt signal
goes high, the follow ng happens:

Check to see if we are waiting to service a trap. If not,
treat just like a trap in |F stage.

nmodul e trap_interrupt_M ( clk, clr, pre, IF_PC, IDPC, MPC |F _Exc, |ID Exc, M Exc,

10Int,

nval ;

SaveState, |F_Inval, ID Inval, EX Inval, Mlnval,
I nsert Bubbl e, SetPC, savedPC, Handl er_Addr );

i nput clk, clr, pre;
input [0:31] IF_PC, IDPC, MPC,

i nput [0: 4] I F_Exc, M Exc;

i nput | D_Exc;

i nput [0:1] 10 Int;

out put SaveState, |F_Inval, ID Inval, EX_Inval, MI
out put I nsert Bubbl e, Set PC,

out put [0:31] Handl er _Addr, savedPC;

wire 1D Sig;

wire M Throw, M Throw Bar, |F_Throw, |D Throw,
W re nuxs0, nuxsl;
wire [0:31] PC_nux_out;

I Det ermi ne whi ch stages of the pipeline have set exception
/1 signals during this clock cycle.
or5 IF.Sig O ( IF_Sig, |F_Exc[0], IF_Exc[1], |F_Exc[2],

I F_Exc[3], IF_Exc[4] ) ;

nor 5 IF_Sig_NOR ( IF_Sig_Bar, IF_Exc[0], |F_Exc[1], |F_Exc[2],
| F_Exc[3], IF_Exc[4] ) ;

assign 1D Sig = ID Exc;
invli$ ID_Sig_INV ( ID_Sig Bar, ID_Sig);
or5 M SI G OR ( MSig, MExc[0], MExc[1], M Exc[?2],

M Exc[3], MExc[4] );

nor5 M_SI G_NOR ( MSig_Bar, MExc[0], MExc[1], M Exc[?2],

M Exc[3], MExc[4] );

or 2% 10 SIGCR ( 10Sig, 10Int[0], 10Int[1] );
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11 Deci de which stage actually gets thrown assign EX_Inval = M Throw,
11 M Throw = M Si g 11 M.Inval = M Throw
assign M Throw = M Si g; assign M.Inval = M Throw,
assign M Throw Bar = M Sig_Bar;
I Save PC that will set SRRO
11 ID_Throw = ID_Sig & ! M Sig assign muxsl = M Throw,
and2$ | D_Thr ow_AND ( ID_Throw, 1D Sig, MSig_ Bar ); assign muxs0 = | D_Throw,
mux3_32 pc_mux ( PC_mux_out, IF_PC, 1D PC, MPC, nmnuxsl, mnmuxs0 );
11 IF_Throw = IF_Sig & !1D Sig & M Sig or 3% any_throw.or ( any_throw, |IF_Throw, |ID Throw, M Throw );
and3$ | F_Thr ow_AND ( IF_Throw, IF_Sig, ID_Sig Bar, MSig_Bar ); reg32e$ savePCreg ( clk, PC_nmux_out, savedPC, , clr, 1'bl, any_throw);
/1 1O Throw = 10 Sig & !'IF_Sig & !'ID Sig & !'M Sig /1 Wien to insert a bubble
and4$ I O_Thr ow_AND ( 10 Throw, 10 Sig, IF_Sig Bar, ID_Sig Bar, MSig_Bar ); I A bubble is inserted when there is an instruction in the pip
e that caused
11 an exception or interrupt, or when an exception in IF or ID
I Pipe of 1-bit registers to tell in which stage of the datapath was just thrown
11 the exception causing interrupt is |ocated. or5 Bubbl e_Or ( InsertBubble, |ID Caused, EX Caused, |F_Thr
/1 ow, ID_Throw, IO Throw );
I W1l set the stage AFTER the signal is received from because the
11 register won't get witten to until the positive edge of the next
/1 cycle. /1 Set Handl er address -- for now, it's always OFFFF000
assi gn Handl er_Addr = 32’ hOFFFF0O0O0;
/1 Det ermi ne new val ues for CAUSED registers endnodul e
11 I D_Caused_Set = IF_Throw || 1O _Throw
or2$ | D_Caused_Set _O ( I D Caused_Set, IF_Throw, 10 Throw );
11 EX Caused_Set = ( 1D Caused || ID Throw ) && ! M Throw
or2$ EX Caused_Set _O ( EX Caused_Set_O_CQut, |D Caused, |ID Throw) ;
and2$ EX_Caused_Set _And ( EX_Caused_Set, M Throw Bar, EX Caused_Set_Or_Qut );
11 M Caused_Set = EX Caused && ! M Throw
and2$ M Caused_Set _And ( M Caused_Set, EX Caused, M Throw Bar );
I Decl are the actual registers
df fh | D_CAUSED_Reg ( clk, 1D Caused_Set, |D Caused, |D Caused_Bar,
clr, pre, 1'bl),
EX_CAUSED_Reg ( clk, EX Caused_Set, EX Caused, EX Caused_Bar,
clr, pre, 1'bl),
M _CAUSED_Reg ( clk, M Caused_Set, M Caused, M Caused_Bar,
clr, pre, 1'bl);
/1 Set SaveState output wre: SaveState = M Caused || M.Throw,
or2$ SaveState_O ( SaveState, M Caused, M Throw );
11 SetPC i s the same
assign SetPC = SaveState;
I When we receive an signal for an interrupt or trap, set all instructions
11 in that stage and before to NOOP' s
I IF_Inval = IF_Throw || ID_Throw || MThrow || 1O _Throw
or4$ I F_lnval _Or ( IF_lnval, 1F_Throw, ID Throw, M Throw, 1O Throw) ;
/1 ID_Inval = ID Throw || M.Throw
or2$ ID_Inval _O ( ID_Inval, ID_Throw, MThrow);
/1 EX_Inval = M Throw
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nmodul e MaskGener at or (N, MASK, FLI PPED); or2$ 04(CTRL[ 25], bc, bcr);
input [0:5] N; assign CTRL[26] = 1'dO;
out put [0:31] MASK; or 3% o5(CTRL[ 27], st, stu, stbu);
output [0:31] FLI PPED; or3$ 06(CTRL[28], CTRL[27], CTRL[13], CTRL[25]);
assign CTRL[29] = 1'dO;
ron82b32w$ ROM N[ 1: 5], 1'bl, MASK); assign CTRL[30] = |bzu;
or2$ o7(CTRL[31], CTRL[1], CTRL[13]);
assign FLI PPED = { MASK[ 31], MASK[30], MASK[29], MASK[28], MASK[27], MASK[26], MASK] 25 or4$%$ o8(CTRL[32], lu, |bzu, stu, stbu);
1, MASK[ 24], assign CTRL[33] = 1'dO;
MASK[ 23], MASK[ 22], MASK[21], MASK[20], MASK[19], MASK[ 18], MASK[17 assign CTRL[34] = 1’doO;
1, MASK[ 16], assign CTRL[35] = CTRL[27];
MASK[ 15], MASK[ 14], MNASK[ 13], MASK[12], MASK[11], MASK[10], MNASK[ 9] assign CTRL[36] = bc;
, MASK[ 8], assign CTRL[37:62] = 26’ dO;
MASK[ 7], MASK[ 6], MASK[5], MASK[4], MASK[3], MASK[2], MASK[1], MASK /1 valid bit
[0]}; or1l ol10(CTRL[63], |, lu, |bzu, st, stu, stbu, ai, airec, bc, bcr, halt);

endnodul e // MaskGener at or
endnodul e // OpcodeDecoder
/1 Decodes the 6 bit opcodes and outputs the control

/1 1f bit Ois set then it needs to use the extended opcode ROMfile

nodul e OpcodeDecoder (OPCODE, CTRL); nodul e ASel ect or (MEMHAZ, EXHAZ, Sel A, ASel ect);
input [0:5] OPCODE; input [0:7] MEMHAZ, EXHAZ;
output [0:63] CTRL; input [0:1] SelA
output [0:2] ASelect;
/11
conp_6 c1(l, OPCODE, 6’ b100000); wire [0:9] val ue;
/11u assign value = {EXHAZ[ 2], EXHAZ[ 3], EXHAZ[4], EXHAZ[ 5],
conp_6 c2(lu, OPCODE, 6 b100001); MEVHAZ[ 2], MEMHAZ[ 3], MEMHAZ[ 4], MEMHAZ[ 5], Sel A};
/11 bzu
conp_6 c3(|bzu, OPCODE, 6 b100011); /* value =nenRTRSHazard, nmenRARSHazard, nenRTRAHazard, nmenRARAHazard,
/st WoRTRSHazard, WbRARSHazard, wWbRTRAHazard, wbRARAHazard */
conp_6 c4(st, OPCODE, 6’ b100100);
//stu conp_10 cl(tenpl, value, 10’ b0000000001);
conp_6 c5(stu, OPCODE, 6’ b100101); conp_10 c2(tenp2, value, 10’ bO000000010);
/1 stbu conp_10 c3(tenp3, value, 10’ b1000000010);
conp_6 c6(stbu, OPCODE, 6 b100111); conp_10 c4(tenp4, value, 10’ b0100000010);
/1 ai conp_10 c5(tenp5, value, 10’ b0010000000);
conp_6 c7(ai, OPCODE, 6’ b001100); conp_10 c6(tenp6, value, 10’ b0001000000);
/1ai. conp_10 c7(tenp7, value, 10 b0000100010);
conp_6 c8(airec, OPCODE, 6’ b001101); conp_10 c8(tenp8, value, 10’ b0000010010);
/I bc/ becal bel / bel a conp_10 c9(tenp9, value, 10’ b0000001000);
conp_6 c9(bc, OPCODE, 6’ b010000); conp_10 c10(tenpl0, val ue, 10’ b0000000100);
/1 bcr
conp_6 c¢10(bcr, OPCODE, 6’ b010011); or4$ ol(tenporl, tenp4, tenp6, tenp7, tenp8);
//type 31 or3% 02(ASel ect[0], tenporl, tenp9, tenplO);
conp_6 cll(type3l, OPCODE, 6’ b011111);
/1 halt or4$ o3(tenpor2, tenp2, tenp3, tenp5, tenp8);
conp_6 cl2(halt, OPCODE, 6'b111111); or2$ o4(ASel ect[1], tenpor2, tenplO);
assi gn CTRL[ 0] = type31; or4$ o5(tenpor3, tenpl, tenp3, tenp5, tenp7);
or3% ol1(CTRL[1], I, lu, |bzu); or2$ o6(ASel ect[2], tenpor3, tenp9);
assign CTRL[2] = bcr; endrmodul e // ASel ect or
assign CTRL[3:4] = 2'd0;

nor2$ 02(CTRL[5], bc, bcr);

assign CTRL[ 6] = CTRL[5]; nmodul e BSel ect or (MEVHAZ, EXHAZ, Sel B, BSel ect);
assign CTRL[7:8] = 2'dO; input [0:7] MEMHAZ, EXHAZ;

assign CTRL[9] = CTRL[5]; i nput Sel B;

assign CTRL[10] = 1’ dO; output [0:2] BSelect;

assign CTRL[11] = CTRL[5];

assign CTRL[12] = 1'dO; wire [0:4] val ue;

or2% o3(CTRL[13], ai, airec); assign value = {Sel B, EXHAZ[ 0], EXHAZ[1], MEMHAZ[O], MEMHAZ[1]};
assign CTRL[14:15] = 2'dO;

assign CTRL[16] = CTRL[13]; conp_5 cl(tenpl, value , 5 b00000);

assign CTRL[17:21] = 5’ dO; conp_5 c2(tenp2, value , 5 bl0000);

assign CTRL[22] = airec; conp_5 c3(tenp3, value , 5 b01000);

assign CTRL[23:24] = 2'd0; conp_5 c4(tenp4, value , 5 b00100);




97/04/23

18:29:45 components.v

conp_5 c5(tenp5, value , 5 b00010);
conp_5 c6(tenp6, value , 5 b00001);

or2$ o0l(BSel ect[0], tenp5, tenp6);

or2% o2(BSelect[1], tenp3, tenp4);

or3% o3(BSelect[2], tenp2, tenp4, tenp6);
endnodul e // BSel ect or

/1 tested
/'l checked buffers
nodul e XER_Regi ster(clk, Reset, ovf, cout, RT, SetSO SetOV, SetCA, LoadXER, XERQUT);
i nput clk, Reset, ovf, cout, LoadXER;
i nput Set SO, Set OV, Set CA;
input [0:31] RT;
out put [0:31] XEROUT;

wire [0:31] tenp_in, tenp;

/1 SetSO - sets SO bit
I/l SetOV - sets OV bit
/] SetCA - sets CA bit

or2%$ ol(tenp_ovf, ovf, XERQUT[O]); // summarizes overflow

nux4$ nil(tenmp_in[0], XEROUT[O0], tenp_ovf, RT[O], /* IN3 */, SetSO LoadXER);
mux4$ n2(tenp_in[1], XEROUT[1], ovf, RT[1], /* IN3 */, SetOQV, LoadXER);
nux4$ nB(tenp_in[2], XEROUT[2], cout, RT[2], /* IN3 */, SetCA, LoadXER);
nux2_32 mi(tenp, {3 b0, XEROUT[3:31]}, {3 b0, RT[3:31]}, LoadXER);
assign tenp_in[3:31] = tenp[3:31];
or4$ o02(Set XER, Set SO, Set OV, SetCA, LoadXER);
reg32e$ xer(clk, tenp_in, XEROUT, , Reset, 1'bl, SetXER);

endnodul e // xer

/1l tested

/'l checked buffers

nodul e LR Regi ster(clk, Reset, NPC, RT, LRQut, tenp_SetlLR, LoadlLR);
i nput clk, Reset, tenp_SetlLR LoadlLR;
input [0:31] NPC, RT;
out put [0:31] LRQut;

wire [0:31] tenp_in;

/1 LoadLR - selects input fromRT

mux2_32 mi(tenp_in, NPC, RT, LoadlLR);

/1 loads or sets LR

or2% ol(SetLR, tenp_SetLR LoadlLR);

/1 actual register

reg32e$ LR(clk, tenp_in, LROQut, , Reset, 1'bl, SetLR);
endnodul e // LR Register

/'l checked buffers
nmodul e SPR_Logi ¢(SPR, MISPR, MFSPR, LoadlLR, LoadCTR, LoadXER, FronlLR, FronCTR, FronXER);
input [0:4] SPR;

i nput MISPR, MFSPR;

out put LoadLR, LoadCTR, LoadXER, FronlLR, FronXER, FronCTR;
/'l XER

conp_5 cl(tenpl, SPR, 5’ dl);

/1 LR

conp_5 c2(tenp2, SPR 5'd8);

/1 CIR

conp_5 c3(tenmp3, SPR, 5'd9);

/1 actual control signals

and2$ al(LoadXER, MISPR, tenpl);
and2$ a2(LoadLR, MISPR, tenp2);
and2$ a3(LoadCTR, MISPR, tenp3);

/'l actual control signals
and2$ a4(FronXER, MFSPR, tenpl);
and2$ a5(FronlLR, M-SPR, tenp2);
and2$ a6( FronCTR, MFSPR, tenp3);
endrmodul e // SPR_Logi c

/1 tested, works beautifully

nodul e Branch_Logi ¢c(Branch, BO, DecCTR, ZeroCTR, OnFal se, OnTrue,
out put DecCTR, ZeroCTR, OnFal se, OnTrue, UseCTR;
input [0:4] BO
i nput Br anch;

/1 dec, ctr!=0 && false
conp_4 cl(tenpl, BJ 0:3], 4'd0);

/1 dec, ctr=0 && fal se
conp_4 c2(tenmp2, BJ 0:3], 4'dl);

/1 false

invli$ i 1(not_BC0, BJ0]);

invli$ i2(not_BOl, BJ1]);

and3$ al(tenp3, not_BCO, not_BOl, BJ 2]);

/! dec, ctr!=0 && true
conp_4 c3(tenp4, B 0:3], 4'd4);

/! dec, ctr=0 && true
conp_4 c4(tenmp5, BJ 0:3], 4'd5);

/1l true
and3$ a2(tenmp6, not_BCO, B 1], BJ 2]);

/'l dec, ctr!=0

invl$ i3(not_BX2, BJ2]);

invli$ i4(not_BG3, BJ3]);

and3$ a3(tenp7, BJ 0], not_BO2, not_B®B);

/1 dec, ctr=0
and3$ a4(tenp8, BJ 0], not_B®2, BJ3]);

/1 al ways
and2$ a5(tenmp9, BJ 0], B 2]);

/|l **** actual control signals *****

/1 decrenent signal

or3% ol(tenp_decl, tenpl, tenp2, tenpd);

or3% o2(tenp_dec2, tenp5, tenp7, tenp8);

or2% o3(tenp_DecCTR, tenp_decl, tenp_dec2);

/1 this determines if the CTRis witten so it nust be a branch
and2$ a6(DecCTR, tenp_DecCTR, Branch);

/1 ctr=0 signal
or 3% 04(ZeroCTR, tenp2, tenp5, tenp8);

/1 UseCTR si gnal
nor3$ nl(UseCTR, tenp3, tenp6, tenp9);

/1 on false signal
or4$ o5(OnFal se, tenpl, tenp2, tenp3, tenp9);

UseCTR) ;
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/1 on true signal
or4% o8(nTrue, tenp4, tenp5, tenp6, tenp9);

endnodul e // Branch_Logic

/'l tested, works perfect
/'l checked buffers
nodul e CTR_Regi ster(clk, Set, BO, RT, CQut, tenp_SetCIR Sel CTR);
i nput clk, Set, tenp_SetCTR
input [0:1] Sel CTR;
input [0:4] BG,
input [0:31] RT;
output [0:31] Qut;
wire [0:31] tenp_out, tenp_in, dec_out;
/1 BOfield is the options from opcode
/1 Sel CTR function
/1 00 not hing
/1 01 decrenent
/1 10 | oad from RT

/1 decrenments nunber

adder 32 add(Qut, 32' hFFFFFFFE, 1' b1, , dec_out);
or2% o0l(SetCTR, tenp_SetCTR, Sel CTR[0]);

invl$ i1(not_Sel CTRO, Sel CTR[0]);

and2$ al(real _Sel CTR1, not_Sel CTRO, Sel CTR[1]);

/1 selects CIR source
mux4_32 ml(tenp_in, CQut, dec_out, RT, /* IN3 */, Sel CTR[0], real _Sel CTR1);

/1 actual register
reg32e$ CTR(clk, tenp_in, Qut, , Set, 1'bl, SetCIR);

endnodul e // CTR _Regi ster

/'l tested, works cool
nodul e CR_Regi ster(clk, Set, highRA highRB, ALUOUT, CA, SO SetCR SelCR CRfield,

gned, CR);
input [0:31] ALUQUT;
i nput clk, Set, SetCR SelCR, CA, SO Unsigned, highRA highRB;
input [0:2] CRfield;

output [0:31] CR

wire [0:3] crin0, crinl, crin2, crin3, crin4, crin5, crin6, crin7,
wire [0:2] CRSel ;

wire [0:3] CRDat a;

wre LT;

/1 SetCR - selects if CRis set
/1 SelCR - selects if IR has CR field or not

/1l generate 4 fields

invl$ i3(not_hi ghRA, hi ghRA);
invl$ i4 (not_hi ghRB, highRB);
invl$ i5(not_Unsigned, Unsigned);

I/ EQUAL

nor32 ni(tenp_EQ ALUQUT); // result is O then they are the sane
and4$ a4(okl, tenp_EQ highRA, highRB, Unsigned);

and4$ a5(ok2, tenp_EQ not_hi ghRA, not_hi ghRB, Unsigned);

and2$ a6(ok3, tenp_EQ not_Unsigned);

components.v

or3% 03(EQ ok1l, ok2, ok3);

/1 LT

and3$ a3(unsigned_|l tcase, Unsigned, not_hi ghRA, hi ghRB);
and2$ a7(signed_| tcase, not_Unsigned, ALUCUT[O]);

or2% ol1(LT, unsigned_|tcase, signed_ltcase); // get negative

/1 GT

and3$ a2(unsigned_gtcase, Unsigned, highRA not_hi ghRB);
nor2$ n2(tenmp_GI, LT, EQ; // not LT or EQ so nust be GT!
and2$ a8(si gned_gtcase, not_Unsigned, tenp_GI);

or2% 02(GT, unsigned_gtcase, signed_gtcase);

assign CRbData = {LT, GI, EQ SO ;

/1 invli$ i2(not_EQ EQ;

11 and2$ al(Gr2, CA, not_EQ; // not gt or equal so nust be

/'l what were these for???

/1 invli$ i1(not_CA CA);

11 mux2_4 n2(CRData, {LT, GI, EQ SO, {not_CA GI2, EQ SC, Unsigned);

mux2_3 ml(CRSel, 3" b0, CRfield, SelCR);

/1l select field to wite
denmux8 d1(SetCR, cr0, crl, cr2, cr3, cr4, cr5, cr6, cr7, CRSel[0], CRSel[1], CRSe
Ir21);

/Il save every other old field

mux2_4 f0(crin0, CR0:3], CRData, cr0);
mux2_4 fl(crinl, CR4:7], CRData, crl);
mux2_4 f2(crin2, CR8:11], CRData, cr2);
mux2_4 f3(crin3, CR[12:15], CRData, cr3);
mux2_4 f4(crin4, CR[16:19], CRData, cr4);
mux2_4 f5(crin5, CR[20:23], CRData, cr5);
mux2_4 f6(crin6, CR[24:27], CRData, cr6);
mux2_4 f7(crin7, CR28:31], CRData, cr7);

/1 actual register
reg32e$ crreg(clk, {crin0, crinl, crin2, crin3, crin4, crin5 crin6, crin7},
CR, ,Set, 1'bl, SetCR);
endnodul e // Condition_Register

/'l checked buffers
nodul e Super ALU(I R, tenp_ALU RA, ALU RB, ALU RT, ALUOp,
msel, cin, ALUSel, ShiftRight, Qut, cout, ovf);
input [0:31] IR tenmp_ALURA, ALURB, ALU RT;

i nput nmsel, cin, ShiftR ght, ALUSel;
input [0:3] ALUOp;
out put cout, ovf;

out put [0:31] CQut;

wire [0:31]
ut,

ShiftQut, ALUCut, tenp_ShiftQut, ALU RA, MASK, SLShiftQut, SRShiftO
SRAShi ft Qut, Real ShiftQut, FLIPPED _MASK, not_FLI PPED_MASK, not_MASK
SRAMask, tenp_ShiftQut2, real MASK, inv_SRAMask, CACut;

conp_6 cil(tenpl, IR 0:5], 6 b011111);

conp_9 c2(tenmp2, IR22:30], 9'd8);

and2$ al(subtract, tenpl, tenp2);

inv32en inverter(ALU RA, tenp_ALU RA, subtract);

al u32 al u(ALU_RA, ALU RB, cin, nsel, ALUOp, tenp_cout, ALUQut, ovf);



97/04/23
18:29:45

barrel _shift b1(ALU RT, ALU RB[27:31], ShiftRight, tenp_ShiftQut);
MaskGener at or maskgen(ALU_RB[ 26: 31], MASK, FLI PPED_MASK) ;

/l is it an sra?
conp_10 c4(tenp3, IR 21:30], 10’ b1100011000);
and2$ a2(sra, tenpl, tenp3);

/1 masked output for sl

inv32 invi(not_FLI PPED MASK, FLIPPED MASK);

and32 a3(SLsShiftQut, tenp_ShiftQut, not_FLI PPED_MASK);
/1 masked output for sr

inv32 inv(not_MASK, MASK);

and32 a4(SRshiftQut, tenp_ShiftQut,
/1 masked output for sra

and32 a5(real MASK, MASK, {32{ALU RT[O0]}});
or 32 03(SRAShi ftQut, SRShiftQut, real MASK);

not _MASK) ;

/] determine if it was sl or sr or sra (this has the nask)
nux4_32 nD(tenp_ShiftQut2, SLShiftQut, SRShiftQut, /* not
SRAShi ft Qut, sra, ShiftRight);

used */

/1 decides if the output was shifted >32 (uses a mask of 0's)
mux2_32 mi(ShiftQut, tenp_ShiftQut2, 32'b0, ALU RB[26]);

/1 it's an sra and >32 (uses a mask of sign bits)
and2$ a6(sra_and_rb, sra, ALU RB[26]);

/1 makes a mask of 32 sign bits

nux2_32 n2(SRAMask, 32'd0, 32’ hFFFFFFFF, ALU_RT[O]);

/| picks the sra masked value or the other one

mux2_32 nB(Real ShiftQut, ShiftQut, SRAMask, sra_and_rb);

/1 generates CA for sra

inv32 inv_mask(inv_SRAMask, MASK); // inverted mask

and32 ca_gen_and32( CAQut, Real ShiftQut, inv_SRAMask); // ANDed with result

or32_nothitw se ca_gen(shift_CA CAQut); // ORed together
and2$ ca_and(tenp_CA, shift_CA, ALURT[O]); // ANDed with bit
/1 selects this for shifts (witten only for sra)

mux2$ nb(cout, tenp_cout, tenp_CA, ALUSel);

0 of RS

/1 uses shifter output or alu output for the fantastic SuperALU effect

mux2_32 md(Qut, ALUQut, Real ShiftQut, ALUSel);
endrmodul e // super ALU
/'l checked buffers
modul e gprregfile(CLK, RE_1, RE 2, RE_3, WR 1, WR 2, OUT1, QUT2, OUT3, WRDATAL
WRDATA2, WRE1, WRE2, Reset);
input CLK, Reset;
i nput WREL, WRE2;
input [0:4] RE_1, RE_2, RE_3
wire [0:4] RE11, RE21, RE31;
wire [0:4] RE12, RE22, RE32
input [0:4] W 1, WR 2
wire [0:4] WR11, WR21;
wire [0:4] WR12, WR22;
output [0:31] OUT1, QUT2, QUT3;
input [0:31] WRDATAL, WRDATA2;
wire [0:31] ouri_o, OUT1_1, QUT1_2, OQUT1_3, QUT1_4, QUT1_5, QUT1_6, OUT1_
wire [0:31] QUT2_0, QUT2_1, OQUT2_2, OUT2_3, OUT2_4, OUT2_5, OUT2_6, OUT2_
wire [0:31] QUT3_0, OQUT3_1, QUT3_2, QUT3_3, QUT3_4, QUT3_5, QUT3_6, OUT3_

,

components.v
/1 selects the correct wite registers
denux8 dO(WRE1l, enl0, enll, enl2, enl3, enl4, enl5, enl6, enl7,
WR 1[0], WR 1[1], WR 1[2]);

/1 disables WRE2 if WR1==WR2

/1 xor2$ x1(sigl, WRL[0], WR2[O0]);

/1 xor2$ x2(sig2, WRL[1], WRZ[1]);

11 xor2$ x3(sig3, WRL[2], WR2[2]);

/1 xor2$ x4(sig4, WRL[3], WR2[3]);

Il xor2$ x5(sig5, WRL[4], WR2[4]);

/1 or2$ ol(sig6, sigl, sig2);

/1 or3$ 02(sig7, sig3, sig4, sigh);

Il or2$ o3(different, sig6, sig7);

/1 and2$ al(real _WRE2, different, WRE2);

buffer$ bO(RE11[ 3], RE 1[3]);

buffer$ bl(RE11[4], RE_1[4]);

buffer$ b2(RE12[ 3], RE_1[3]);

buffer$ b3(RE12[4], RE_1[4]);

buffer$ b4(RE21[ 3], RE_2[3]);

buffer$ b5(RE21[4], RE_2[4]);

buffer$ b6(RE22[3], RE_2[3]);

buffer$ b7(RE22[4], RE_2[4]);

buffer$ b8(RE31[3], RE_3[3]);

buffer$ b9(RE31[4], RE_3[4]);

buffer$ bl0(RE32[3], RE_3[3]);

buffer$ b11(RE32[4], RE 3[4]);

buffer$ b12(WR11[3], WR 1[3]);

buffer$ b13(WRL1[ 4], WR 1[4])

buffer$ b14(WR12[3], WR 1[3]);

buffer$ b15(WRL2[4], WR 1[4]);

buffer$ bl16(WR21[ 3], WR 2[3]);

buffer$ bl7(WR21[ 4], WR 2[4]);

buffer$ bl8(WR22[ 3], WR 2[3]);

buffer$ b19(WR22[4], WR 2[4]);

denux8 d1(WRE2, en20, en2l, en22, en23, en24, en25, en26, en27,

WR 2[0], WR 2[1], WR 2[2]);

/1 make thirty two registers here

regfiled 32 rO(CLK, RE11[3:4], RE21[3:4], RE31[3:4], WRL1[3:4], WR21[3:4],
QUT1_0, OUT2_0, OUT3_0, WRDATAL, WRDATA2, enl0, en20, Reset);

regfiled 32 r1(CLK, RE11[3:4], RE21[3:4], RE31[3:4], WRL1[3:4], WR21[3:4],
QuUT1_1, OUT2_1, QUT3_1, WRDATAl, WRDATA2, enll, en2l, Reset);

regfiled 32 r2(CLK, RE11[3:4], RE21[3:4], RE31[3:4], WRL1[3:4], WR21[3:4],
QUT1_2, QUT2_2, QUT3_2, WRDATAl, WRDATA2, enl2, en22, Reset);

regfiled 32 r3(CLK, RE11[3:4], RE21[3:4], RE31[3:4], WRL1[3:4], WR21[3:4],
QUT1_3, QUT2_3, QUT3_3, WRDATAL, WRDATA2, enl3, en23, Reset);

regfiled 32 r4(CLK, RE12[3:4], RE22[3:4], RE32[3:4], WRI2[3:4], WR22[3:4],
QUT1_4, OUT2_4, QUT3_4, WRDATAl, WRDATA2, enl4, en24, Reset);

regfile4 32 r5(CLK, RE12[3:4], RE22[3:4], RE32[3:4], WRI2[3:4], WR22[3:4],
QUT1_5, QUT2_5, QUT3_5, WRDATAl, WRDATA2, enl5, en25, Reset);

regfiled 32 r6(CLK, RE12[3:4], RE22[3:4], RE32[3:4], WRI2[3:4], WR22[3:4],
QUT1_6, OUT2_6, OUT3_6, WRDATAL, WRDATA2, enl6, en26, Reset);

regfiled 32 r7(CLK, RE12[3:4], RE22[3:4], RE32[3:4], WRI2[3:4], WR22[3:4],
QuUTl_7, OQUT2_7, QUT3_7, WRDATAl, WRDATA2, enl7, en27, Reset);

/1 output 1 nux

nux8_32 d2(OUT1, OUT1_0, OUT1 1, OUT1_ 2, OUT1_ 3, OUT1 4, OUT1_5,

QUT1_ 6, QUT1 7, RE_1[0], RE 1[1], RE_1[2]);
/1 output 2 mux
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nmux8_32 d3(0UT2, QUT2_0, QUT2_1, QUT2_2, OUT2_3, QUT2_4, QUT2_5,
QuT2_6, QUT2_7, RE_2[0], RE_2[1], RE_2[2]);

/1 output 3 nux
nux8_32 d4(0UT3, OUT3_0, QUT3_1, QUT3_2, QUT3_3, OQUT3_4, QUT3_5,
QUT3_6, QUT3_7, RE_ 3[0], RE 3[1], RE 3[2]);

endnodul e // regfile

/'l tested, used in the real

/'l checked buffers

nmodul e regfiled4_32(CLK, RE1l, RE2, RE3, WRl, WR2, OUT1, OUT2, OUT3, WRDATAL,
WRDATA2, WRE1l, WRE2, Reset);

register file

i nput CLK, Reset;

input [0:31] WRDATAL, WRDATA2;
input [0:1] RE1, RE2, RE3;
input [0:1] WR1, WR2;

i nput WRE1, WRE2;

output [0:31] QUT1, QUT2, QUT3;

wire [0:31] OT0, OT1, OT2, OT3;

wire [0:31] I'NO, IN1, IN2, IN3;

wire [0:31] INO_1, INL_1, IN2_1, IN3_1;

wire [0:31] INO_2, INL 2, IN2_2, IN3_2;

/1 denmux for WRITE 1

demux4 32 d1(WRDATAL, INO_1, INL_1, IN2_1, IN3_1, WRI[O], WRL[1]);
/1 denmux for WRITE 2

demux4_32 d2(WRDATA2, INO_2, IN1_2, IN2_2, IN3_2, WR[O], WR2[1]);
/1 does the wite enables

demux4 d3(WRE1l, enl0, enll, enl2, enl3, WR1[O0], WR1[1]);

demux4 d4(WRE2, en20, en2l, en22, en23, WR2[0], WR2[1]);

or2% ol(en0, enl0, en20);

or2$ o2(enl, enll, en2l);

or2%$ o3(en2, enl2, en22);

or 2% o4(en3, enl3, en23);

/1 prevents nore than one wite driving the wite data bus
invli$ i1(not_WREl, WREL);
invl$ i2(not_WRE2, WRE2);

tristate32L tsO(not_WRE1l, INO_1, INO);
tristate32L tsi(not_WRE2, INO_2, INO);
tristate32L ts2(not_WRE1l, IN1_1, IN1);
tristate32L ts3(not_WRE2, IN1_2, INIL);
tristate32L ts4(not_WRE1l, IN2_1, IN2);
tristate32L ts5(not_WRE2, IN2_2, IN2);
tristate32L ts6(not_WRE1l, IN3_1, IN3);
tristate32L ts7(not_WRE2, IN3_2, IN3);
/1l four 32-bit registers

11 latch32 10(1" b1, INO, enO, 1'bl, OT0);

11 latch32 11(1' b1, INl, enl, 1'bl, Orl);

11 latch32 12(1' b1, IN2, en2, 1'bl, Or2);

11 latch32 13(1' b1, IN3, en3, 1'bl, OT3);
reg32e$ rO(CLK, INO, OT0, , Reset, 1'bl, en0);
reg32e$ r1(CLK, IN1, Or1, , Reset, 1'bl, enl);
reg32e$ r2(CLK, IN2, OT2, , Reset, 1'bl, en2);
reg32e$ r3(CLK, IN3, Or3, , Reset, 1'bl, en3);
/1 mux for RE1l
mux4_32 mi(OUT1, OT0, OT1, Or2, OT3, RE1[0], RE1[1]);

/1 mux for RE2

components.v

mux4_32 m2(0UT2, OT0, Or1,

/1 mux for RE3
nux4_32 n8(0QUT3, Oro, Ori,
endnodul e // regfil e4_32

/*
/1 soon to be replaced

al ways @addr1 or addr?2)

begi n

#2 datal = nen{addr1[0:29]];

data2 = nenfaddr2[0:29]];

if (w == 1'"bl)

men]f w addr[0: 29]] = wrdata;
end // always @ (addr)

endnodul e // nenory

*/

or2, Or3, RE2[0],

or2, Or3, RE3[0],

addr 2, data2, w addr,
wraddr, wrdata;

nmodul e nmenory(addr1, datal,
input [0:31] addr1, addr2,
input wr;

output [0:31] datal, data2;
reg [0:31] meni 0: 4096] ;
reg [0:31] datal, data2;

RE2[1]);

RE3[1]);

wr dat a,

wr);
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nmodul e conp_1(QUT, I N1, |N2);

out put OUT;

input N1, IN2;

nor2$ x0 (tenp_QOUTO,

and2$ a0 (a_QUTO, INL, I

or2$ o0 (QUT,

endnodul e

nmodul e conp_32(QUT, N1, IN2);

out put QUT;
input [0:31] IN1,

xor2$ x0 (tenp_OUTO, INL[O],
xor2$ x1 (tenp_OUT1, INI1[1],
xor2$ x2 (tenp_OUT2, IN1[2],
xor2$ x3 (tenp_OUT3, INIL[3],
xor2$ x4 (tenp_OUT4, |IN1[4],
xor2$ x5 (tenp_OUT5, |IN1[5],
xor2$ x6 (tenp_OUT6, |NIL[6],
xor2$ x7 (tenmp_OUT7, IN1[7],
xor2%$ x8 (tenp_OUT8, IN1[8],
xor2$ x9 (tenp_OUT9, INIL[9],

xor2$ x10 (tenp_QUT10,
xor2$ x11 (tenp_OUT11,
xor2$ x12 (tenp_OUT12,
xor2$ x13 (tenp_OUT13,
xor2$ x14 (tenp_OUT14,
xor2$ x15 (tenp_QUT15,
xor2$ x16 (tenp_OUT16,
xor2$ x17 (tenp_OUT17,
xor2$ x18 (tenp_QOUT18,
xor2$ x19 (tenp_QOUT19,
xor 2% x20 (tenp_OUT20,
xor2$ x21 (tenp_OUT21,
xor2$ x22 (tenp_QUT22,
xor2$ x23 (tenp_OUT23,
xor2$ x24 (tenp_QOUT24,
xor2$ x25 (tenp_QOUT25,
xor2$ x26 (tenp_OUT26,
xor2$ x27 (tenp_OUT27,
xor2$ x28 (tenp_OUT28,
xor 2% x29 (tenp_0OUT29,
xor2$ x30 (tenp_QUT30,
xor2$ x31 (tenp_OUT31,

nor4$ n0 (n_QOUTO,
nor4$ nl (n_OUT1,
nor4$ n2 (n_OUT2,
nor4$ n3 (n_QOUT3,
nor4$ n4 (n_OUT4,
nor4$ n5 (n_QUT5,
nor4$ né (n_OUTS,
nor4$ n7 (n_OUT7,

and4$ a0 (a_OUTO,
and4$ al (a_OUT1,

INL, IN2);

N2) ;

tenp_QUTO, a_QOUTO);

I N2;
I'N2[ 0] ) ;
IN2[1]);
IN2[2]);
IN2[3]);
IN2[ 4] );
I'N2[ 5]) ;
I'N2[ 6] ) ;
IN2[7]);
I'N2[ 8] ) ;
I'N2[9]);
I'N1[10], IN2[10]);
I'NI[11], IN2[11]);
INI[12], IN2[12]);
IN1[13], IN2[13]);
INL[ 14], IN2[14]);
I N1[ 15], IN2[15]);
IN1[16], IN2[16]);
INI[17], IN2[17]);
I N1[ 18], IN2[18]);
INI[19], IN2[19]);
I'N1[20], IN2[20]);
IN1[21], IN2[21]);
IN1[22], IN2[22]);
IN1[ 23], IN2[23]);
INL[24], IN2[24]);
I'N1[ 25], IN2[25]);
IN1[ 26], IN2[26]);
INL[27], IN2[27]);
IN1[ 28], IN2[28]);
INI[29], IN2[29]);
I N1[ 30], I N2[30]);
IN1[31], IN2[31]);
tenp_QUTO, tenp_OUT1, tenp_OUT2, tenp_OUT3);
tenp_QUT4, tenp_QUT5, tenp_OUT6, tenp_OUT7);
tenp_QUT8, tenp_QOUTY9, tenp_OUT10, tenp_OUT1l1);
tenp_QUT12, tenp_OUT13, tenp_OUT14, tenp_OUT15);
tenp_OUT16, tenp_OUT17, tenp_OUT18, tenp_OUT19);
tenp_QUT20, tenp_QOUT21, tenp_QOUT22, tenp_O0OUT23);
tenp_QOUT24, tenp_OUT25, tenp_OUT26, tenp_OUT27);
tenp_OUT28, tenp_OUT29, tenp_OUT30, tenp_OUT31);
n_QOUTO0, n_QOUT1, n_QUT2, n_QUT3);
n_QUT4, n_QUT5, n_QUT6, n_QUT7);

comp_32.v

endnodul e // conp_32

and2$ a3 (QUT, a_QUTO0, a_OUT1);
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/'l buffers checked
nodul e i nv16( out, in); or 3% ol ( olQut, in0O, inl, in2);
input [0:15] in; or2$ 02 ( o2Qut, in3, ind);
out put [0:15] out; or2$ 03 ( out, olQut, o2Qut );
endnodul e // or5
invi$ i0 ( out[0], in[O] );
invl$ il ( out[1], in[1] );
invi$ i2 (out[2], in[2] ); /'l buffers checked
invl$ i3 ( out[3], in[3] ); nmodul e or6(QUT, in0O, inl, in2, in3, in4, in5);
invl$ i4 ( out[4], in[4] ); input in0, inl, in2, in3, in4, in5;
invi$ i5 ( out[5], in[5] ); out put OUT;
invi$ i6 ( out[6], in[6] );
invl$ i7 ( out[7], in[7] ); or3$ ol(tenpl, inO, inl, in2);
invi$ i8 ( out[8], in[8] ); or3$ o2(tenp2, in3, in4, in5);
invi$ i9 ( out[9], in[9] ); or2%$ o4(QUT, tenpl, tenp2);
invl$ i10 ( out[10], in[10] );
invi$ i11 ( out[11], in[11] ); endnodul e // or6
invi$ i12 ( out[12], in[12] );
invl$ i13 ( out[13], in[13] );
invi$ i14 ( out[14], in[14] ); /'l buffers checked
invl$ i15 ( out[15], in[15] ); nmodul e or10(QUT, in0O, inl, in2, in3, in4, in5, in6, in7, in8, in9);
endrmodul e // inv16 input in0O, inl, in2, in3, in4, in5 in6, in7, in8, in9;
out put OUT;
/'l buffers checked or3$ ol(tenpl, inO, inl, in2);
nodul e i nv32en(QUT, IN, EN); or3$ o2(tenp2, in3, in4, in5);
input [0:31] IN; or4$ o3(tenmp3, in6, in7, in8, in9);
i nput EN, or3%$ 04(QUT, tenpl, tenp2, tenp3);
out put [0:31] QOUT;
endrmodul e // or10
wire [0:31] tenp_out;
/'l buffers checked
invl6 i1(tenp_out[0:15], INO0:15]); nmodul e or11(QUT, in0O, inl, in2, in3, in4, in5, in6, in7, in8, in9, inl0);
invl6 i2(tenp_out[16:31], IN 16:31]); input inO, inl, in2, in3, in4, in5 in6, in7, in8, in9, inlo0;
mux2_32 ml(QUT, IN, tenp_out, EN); out put OUT;
endrmodul e // inv32
or3% ol(tenpl, inO, inl, in2);
/'l buffers checked or4$ o2(tenp2, in3, in4, in5, in6);
modul e i nv32(QUT, IN); or4$ o3(tenmp3, in7, in8, in9, inl0);
input [0:31] IN; or3%$ 04(QUT, tenpl, tenp2, tenp3);

out put [0:31] QOUT;
endrmodul e // orll
invl6 i 1(OUT[0:15], INO:15]);
invlé i 2(QUT[16:31], IN16:31]);
endrmodul e // inv32 /1 buffers checked
nodul e mux2_2(Y, INO, INl, S0);
output [0:1] Y;
NO

,
’

/* input [0:1] | I N1,
/1 buffers checked i nput S0;
nmodul e or9(QUT, in0O, inl, in2, in3, in4, in5 in6, in7, in8);
input in0O, inl, in2, in3, in4, in5 in6, in7, in8; mux2$ nO(Y[ 0], INO[O], INL[O], SO);
out put OUT; mux2$ ml(Y[1], INO[1], IN1[1], SO);

endrmodul e // mux2_2
or3%$ ol(tenpl, in0O, inl, in2);
or3% o2(tenp2, in3, in4, in5);

or3%$ o3(tenp3, in6, in7, in8); /'l buffers checked
or3$ 04(QUT, tenpl, tenp2, tenp3); modul e mux2_3(Y, INO, INl, SO0);
output [0:2] Y;
endnodul e // or9 input [0:2] I NO, I N1;
*/ i nput S0;
mux2$ nO(Y[ 0], INO[O], INL[O], SO);
nmodul e or5 ( out, inO, inl, in2, in3, ind); mux2$ nl(Y[1], INO[1], INL[1], SO);
input inO, inl, in2, in3, in4; mux2$ n2(Y[ 2], INO[2], INL1[2], SO);

out put out; endnodul e // mux2_3
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/1 buffers checked

nmodul e mux2_4(Y, INO, INL, SO0);
output [0:3] Y;
input [0:3] I NO, | N1,
i nput SO;

mux2$ mO(Y[0], INO[O], IN1[O], SO);

mux2$ nil(Y[ 1], INO[1], IN1[1], SO);

mux2$ n2(Y[2], INO[2], INL[2], SO);

mux2$ mB(Y[3], INO[3], IN1[3], S0);
endnodul e // mux2_4

/*
/1 buffers checked
nmodul e mux2_5(Y, INO, INl, SO);
output [0:4] Y,
input [0:4] I'NO, | Ni;
i nput S0;

mux2$ nO(Y[ O], INO[O], INL[O], SO);
mux2$ (Y[ 1], INO[1], IN1[1], SO);
mux2$ n2(Y[2], INO[2], INL1[2], SO);
mux2$ nB(Y[3], INO[3], INL[3], SO);
mux2$ md(Y[4], INO[4], INL[4], SO);
endnodul e // mux2_5

*/

/'l buffers checked
modul e mux1_32(Y, IN, S);

out put Y;

input [0:31] IN

input [0:4] S;

mux4$ mi(t1, I1N[O], (1], IN2], |
nux4$ nB(t3, IN8],
mux4$ ma(t4, I1N[12],
buffer$ bl(s4, S[4]);
buffer$ b2(s3, S[3]);

[9], IN[10],

mix4$ mb(t5, IN[16], IN[17], IN18], IN[19], s4, s3);
mix4$ mé(t6, IN[20], IN[21], IN22], IN[23], s4, s3);
mix4$ n7(t7, IN[24], IN[25], IN[26], IN[27], s4, s3);
mix4$ mB(t8, IN[28], IN[29], IN30], IN[31], s4, s3);

nux4$ nB(t9, t1, t2, t3, t4, S[2], 91]);
nux4$ nlO(t10, t5, t6, t7, t8, S[2], S[1]);
mix2$ mii(yY, t9, t10, S[0]);

endnodul e // mux1_32

/'l buffers checked

nodul e nux2_32(Y, INO, INl, S0);
output [0:31] Y;
input [0:31] [INO, IN1;
i nput S0;

mux2_16$% nux1(Y[0:15], INO[O:15], INL[O:15], SO);
nux2_16$ nmux2(Y[16:31], INO[16:31], IN1[16:31], S0);
endrmodul e // mux2_32

/'l buffers checked
nmodul e mux2_64(Y, INO, INL, SO0);
output [0:63] YVY;

I'N I'N N[ 3], S[4], S[3]);
mux4$ n2(t2, IN[4], INI5], IN6], IN7], S[4], S[3]);

I'N I'N IN[11], S[4], S[3]);

IN[13], IN14], IN15], S[4], S[3]);

customlib.v

input [0:63] [INO, INI;
i nput S0;
mux2_32 mux1(Y[0:31], INO[O:31], IN1[O:31], S0);

mux2_32 mux2(Y[ 32: 63], |NO[32:63], INL[32:63], SO);

endnmodul e // mux2_64

/'l buffers checked
modul e mux2_128(Y, INO, IN1l, SO0);
output [0:127] Y;
input [0:127] 1IN0, IN1;
i nput S0;
mux2_64 nux1(Y[0:63], INO[O:63], IN1[O0:63], SO);
mux2_64 nux2(Y[64:127], | NO[64:127], |IN1[64:127],
endrmodul e // nmux2_128

/'l buffers checked

nodul e nux3_32(Y, INO, INL, IN2, S1, SO);
output [0:31] Y;
input [0:31] [INO, IN1, INZ2;
i nput SO0, S1;

mix3_16$ nux1(Y[0:15], INO[O:15], IN1[0:15], IN2[0:15],
mix3_16$ mux2(Y[16:31], INO[16:31], INI[16:31], IN2[16:31],

endnmodul e // mux3_32

/'l buffers checked

modul e mux3_64(Y, INO, INL, IN2, S1, SO);
output [0:63] Y;
input [0:63] INO, IN1, IN2;
i nput S0, S1;

mux3_32 nmux1(Y[0:31], INO[0:31], INL[0:31], IN2[0:31], S1, SO);

S0);

mix3_32 mux2(Y[32:63], |NO[32:63], INL[32:63], |N2[32:63], Si,

endrmodul e // nmux3_64

/'l buffers checked

nodul e nux3_128(Y, INO, IN1, IN2, S1, S0O);
output [0:127] Y;
input [0:127] [INO, INL, IN2;
i nput S0, Si;

mux3_64 mux1(Y[0:63], INO[0:63], INL[O:63], IN2[0:63], S, SO);

nux3_64 nmux2(Y[64:127], | NO[64:127], IN1[64:127],
endrmodul e // nmux3_128

/1 buffers checked

nmodul e mux4_32(Y, INO, INL, IN2, IN3, S1, S0);
output [0:31] Y;
input [0:31] [INO, IN1, IN2, IN3;
i nput SO0, S1;

invi$ i2(not_S1, S1);

invi$ i 3(not_S0O, S0);

nand2$ a4(sel _RO, not_S1, not_S0);
nand2$ a5(sel _R1, not_S1, S0);
nand2$ a6(sel _R2, S1, not_S0);
nand2$ a7(sel _R3, Sl1, S0);

tristate32L t4(sel _RO, INO, Y);
tristate32L t5(sel _Rl, INL, Y);
tristate32L t6(sel _R2, IN2, Y);

I N2[ 64: 127]

S0, S1);
S0, S1);

S0);

S1,

S0) ;
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tristate32L t7(sel _R3, IN3, Y);
endnmodul e // mux4_32

/*

nodul e nux4_64(Y, INO, INL, IN2, IN3, S1, S0);
output [0:63] Y;

input [0:63] INO, INL, IN2, INB;

i nput S0, S1;

mux4_32 nO(Y[0:31], INO[O0:31], INL[0:31], IN2[0:31], IN3[0:31], S1, SO);
nux4_32 mil(Y[32:63], INO[32:63], INL[32:63], IN2[32:63], IN3[32:63], Sl1, S0);
endnodul e // mux4_64
*

/

/'l buffers checked

modul e mux5_20(Y, INO, INL, IN2, IN3, IN4, SO, S1, S2);
output [0:19] Y;
input [0:19] INO, INL, IN2, IN3, IN4;
i nput SO0, S1, S2;

invl$ i0(not_SO, S0);

invl$ i1(not_S1, S1);

invl$ i2(not_S2, S2);

nand3$ aO(sel _RO, not_SO, not_S1, not_S2);

nand3$ al(sel _Rl, not_SO, not_Sl1, S2);

nand3$ a2(sel _R2, not_SO, S1, not_S2);

nand3$ a3(sel _R3, not_S0, Sl1, S2);

nand3$ a4(sel _R4, SO, not_S1, not_S2);

tristate20L tO(sel _RO, | ;

tristate20L t1(sel _R1, |

tristate20L t2(sel _R2, |

tristate20L t3(sel _R3, |

tristate20L t4(sel _R4, |
endnodul e // mux5_20

/'l buffers checked

nodul e mux8_32(Y, INO, INL, IN2, IN3, IN4, IN5, IN6, IN7, SO, S1, S2);
input [0:31] INO, IN1, IN2, IN3, IN4, IN5, IN6, IN7;
i nput S2, S1, SO;
out put [0:31] Y;

invl$ i41(not_S0O, S0);
invl$ i51(not_S1, S1);
invli$ i61(not_S2, S2);
nand3$ all(sel _RO, not_S0, not_S1, not_S2);
nand3$ a2l(sel _R1, not_S0, not_Sl1, S2);
nand3$ a31(sel _R2, not_S0O, S1, not_S2);
nand3$ a4l(sel _R3, not_S0, S1, S2);

nand3$ a51(sel _R4, SO, not_S1, not_S2);
nand3$ a6l(sel _R5, SO0, not_S1, S2);

nand3$ a7l(sel _R6, SO, S1, not_S2);

nand3$ a81(sel _R7, SO, S1,
tristate32L t11(sel _RO, |
tristate32L t21(sel _R1,
tristate32L t31(sel _R2,
tristate32L t41(sel _R3,
tristate32L t51(sel _R4,
tristate32L t61(sel _R5,
tristate32L t71(sel _R6,
tristate32L t81(sel _R7,

%)
>

SIS

ZFFRFREB

endrmodul e // mux8_32

customlib.v

nmodul e mux16_8(Y, INO, IN1, IN2, IN3, IN4, IN5, IN6, IN7,
IN8, I'N9, IN1O, IN11, IN12, |N13, |N14, |N15,
S0, S1, S2, S3);
input [0:7] INO, IN1L, IN2, IN3, IN4, IN5, IN6, IN7,
I'N8, IN9, IN1O, IN11, IN12, IN13, |N14, |N15;
i nput S3, S2, S1, SO;
output [0:7] Y;

invl$ i41(not_S0O, S0);
invl$ i51(not_S1, S1);
invli$ i61(not_S2, S2);
invl$ i 71(not_S3, S3);

nand4$ a0l(sel _RO, not_S0, not_S1, not_S2, not_S3)

nand4$ all(sel _Rl, not_S0O, not_S1, not_S2, S3);
nand4$ a2il(sel _R2, not_S0O, not_S1, S2, not_S3);
nand4$ a31(sel _R3, not_S0, not_S1, S2, S3);
nand4$ a4l(sel _R4, not_SO, S1, not_S2, not_S3);
nand4$ a51(sel _R5, not_SO0, S1, not_S2, S3) ;
nand4$ a6l(sel _R6, not_SO, S1, S2, not_S3);
nand4$ a71(sel _R7, not_SO, S1, S2, S3);
nand4$ a81(sel _R8, SO0, not_S1, not_S2, not_S3);
nand4$ a9l(sel _R9, SO, not_S1, not_S2, S3);
nand4$ aal(sel _Ra, S0, not_S1, S2, not_S3);
nand4$ abl(sel _Rb, S0, not_S1, S2, S3) ;
nand4$ acl(sel _Rc, S0, S1, not_S2, not_S3);
nand4$ adl(sel _Rd, S0, S1, not_S2, S3);
nand4$ ael(sel _Re, S0, S1, S2, not_S3);
nand4$ af 1(sel _Rf, S0, S1, S2, S3);

tristate8L$ t01(sel _RO, |
tristate8L$ t11(sel _R1, |
tristate8L$ t21(sel _R2, |
tristate8L$ t31(sel _R3, |
tristate8L$ t41(sel _R4, |
tristate8L$ t51(sel _R5, |
tristate8L$ t61(sel _R6, |
tristate8L$ t71(sel _R7, |
|
|
|
|
|
|
|

tristate8L$ t81(sel _R8,
tristate8L$ t91(sel _R9,

G&EL5GFGFES
IISIISISISISISS

NpPO- -

tristate8L$ tal(sel _Ra, INLO, VY);
tristate8L$ tbl(sel _Rb, INL1, VY);
tristate8L$ tcl(sel _Rc, IN12, Y);
tristate8L$ tdi(sel _Rd, INL3, VY);
tristate8L$ tel(sel _Re, INl4, Y);
tristate8L$ tfl(sel _Rf, IN15, Y);

endnmodul e // nux16_8

/1l tested, works well

nodul e decoder4_16 ( SEL, Y, YBAR);
input [0:3] SEL;
output [0:15] Y, YBAR

wire [0:15] Y_tenp, YBAR tenp;

decoder3_8% dO ( SEL[1:3], Y_tenp[0:7], YBAR tenp[O0:7] );
decoder3_8% d1 ( SEL[1:3], Y_tenp[8:15], YBAR tenp[8:15] );
mux2_8% md ( {Y[15],Y[14],Y[13],Y[12],Y[11],Y[10], Y[ 9], Y[ 8]},
8'h0, Y_tenp[O0:7], SEL[O] );
mux2_8% ml ( {Y[7],VY[6],Y[5],Y[4],VY[3],Y[2],Y[1],Y[O]},
Y tenp[8:15], 8 hO, SEL[O] );
mux2_8% n2 ( {YBAR[ 15], YBAR[ 14], YBAR[ 13], YBAR 12] , YBAR[ 11] ,
YBAR[ 10], YBAR[ 9], YBAR[ 8] }, 8 hff, YBAR tenp[O0:7],

SEL[ 0] );
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mix2_8$ n8 ( {YBAR[ 7], YBAR[ 6], YBAR] 5], YBAR[ 4] , YBAR] 3],

YBAR] 2], YBAR] 1], YBAR[ 0]}, YBAR tenp[8:15], 8 hff,

endnodul e // decoder4_16

/1 1-bit, 8-way nultiplexor
Il tested, works well

SEL[ 0] );

nmodul e mux8( Y, INO, INl, IN2, IN3, IN4, IN5, [IN6, IN7, SO, S1, S2);

input INO, IN1L, IN2, IN3, IN4, IN5, IN6, IN7;
input S2, S1, SO;
out put Y;

invl$ i41(not_SO, SO);

invl$ i51(not_S1, S1);

invl$ i61(not_S2, S2);

nand3$ all(sel _RO, not_S0, not_S1, not_S2);

nand3$ a2l(sel _Rl, not_SO, not_Sl1, S2);

nand3$ a31(sel _R2, not_S0, S1, not_S2);

nand3$ a4l(sel _R3, not_SO, S1, S2);

nand3$ a51(sel _R4, SO, not_S1, not_S2);

nand3$ a6l(sel _R5, SO, not_S1, S2);

nand3$ a7l(sel _R6, SO, S1, not_S2);

nand3$ a8l(sel _R7, S0, S1, S2);

tristatelL$ t11(sel _RO, INO, ;

tristatelL$ t21(sel _R1, |

tristateL$ t31(sel _R2, |

tristatel$ t41(sel _R3, |

tristatelL$ t51(sel _R4, |
|
|
|

tristateL$ t61(sel _R5,
tristateL$ t71(sel _R6,
tristatelL$ t81(sel _R7,

SIS

endnodul e // mux8

nodul e demux4(in, out0, outl, out2, out3, sO0, sl);
output outO, outl, out2, out3;
input in, sO, si;

invl$ i1(not_s0O, s0);

invli$ i2(not_sl1, s1);

and3$ nl(outO0, in, not_s0, not_sl);

and3$ n2(outl, in, not_s0, sl);

and3$ n3(out2, in, sO, not_s1);

and3$ n4(out3, in, s0, sl);
endnodul e // mux8

/*

nmodul e denux4_4(in, outO, outl, out2, out3, sO, sl);
out put [0:3] out0, outl, out2, out3;

input [0:3] in;

input sO, si;

denmux4 dO ( in[0], outO[0], outl[O0], out2[0], out3[0], sO, s1);
denux4 d1 ( in[1], outO[1], outl[1], out2[1], out3[1], sO, sl1);
denmux4 d2 ( in[2], outO[2], outl[2], out2[2], out3[2], sO, sl1);
denmux4 d3 ( in[3], outO[3], outl[3], out2[3], out3[3], sO, sl1);
endnodul e // denux4_4

*/

nodul e dermuxi nv4(in, outO, outl, out2, out3, sO, sl);
out put outO, outl, out2, out3;
input in, s0, si;
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invl$ i1(not_s0, sO0);

invl$ i2(not_sl1, si);

nand3$ nl(outO, in, not_s0, not_sl);

nand3$ n2(outl, in, not_s0, si);

nand3$ n3(out2, in, sO, not_sl);

nand3$ n4(out3, in, sO, sl);
endnodul e // denuxi nv4

nmodul e demuxi nv4_4(in, out0, outl, out2, out3, sO, sl);
output [0:3] outO, outl, out2, out3;
input [0:3] in;
i nput s0, s1;

denmuxinv4d dO ( in[0], outO[0], outl[O0], out2[0], out3[0], sO,

demuxinv4d d1 ( in[1], outO[1], outl[1], out2[1], out3[1], sO,

denuxinv4 d2 ( in[2], outO[2], outl[2], out2[2], out3[2], sO,

denmuxinv4d d3 ( in[3], outO[3], outl[3], out2[3], out3[3], sO,
endnodul e // denuxi nv4_4

/*
modul e denmux2_32(I N, QUTO, QUT1, S0);
input [0:31] 1IN
out put [0:31] QUTO, QUT1;
i nput SO;
wire [0:31] TEMPQUT;

invl$ inO(not_S0O, S0);
tristate32L tsO( SO, IN, QUTO);
tristate32L tsl(not_SO, IN, QUT1);
endnodul e // nmux2_32

*/

y ’

nodul e dermux4_32(1 N, OQUTO, QUT1, QUT2, QUT3, S1, S0);
input [0:31] 1IN
output [0:31] QUTO, QUT1, QUT2, QUT3;
i nput SO, S1;
wire [0:31] TEMPQUT;

invi$ inO(not_S1, S1);

invl$ inl(not_SO, SO);

nand2$ anO(sel _WRO, not_S1, not_S0);
nand2$ anl(sel _WR1, not_S1, S0);
nand2$ an2(sel _WR2, S1, not_S0);
nand2$ an3(sel _WR3, S1, S0);
tristate32L tsO(sel _WRO, IN, QUTO);

tristate32L tsi(sel _WR1, IN, QUT1);
tristate32L ts2(sel _WR2, IN, QUT2);
tristate32L ts3(sel _WR3, IN, QUT3);

endnmodul e // mux4_32

/1 16-way, 8-bit derux
/1 fully tested, works well

sl);
sl);
sl );
sl);

nodul e denux16_8(I N, OUTO, OUT1, QUT2, QUT3, QUT4, QUT5, QUT6, QUT7,
aurg, QUr9, QUT10, QUT11, OUT12, QUT13, QUT14, OUT1S5,

S0, S1, S2, S3);

input [0:7] 1IN,

i nput S3, S2, S1, SO;

output [0:7] QUTO, QUT1, QUT2, QUT3, QUT4, QUT5, QUT6, QUT7,

Qurg, Qur9, QUT10, QUT11, OUT12, QUT13, QUT14, QUT1S;

invl$ i41(not_SO, S0);
invl$ i51(not_S1, S1);
invl$ i61(not_S2, S2);
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invl$ i 71(not_S3, S3); output [0:31] Q
nand4$ a0l(sel _RO, not_S0, not_S1, not_S2, not_S3); latch16$ 1 0(CLR, D[0:15], EN, PRE, 0:15]);
nand4$ all(sel _R1, not_SO, not_S1, not_S2, S3); latch16$ [ 1(CLR, D[ 16:31], EN, PRE, (16:31]);
nand4$ a2l(sel _R2, not_S0, not_S1, S2, not_S3); endnodul e // latch32
nand4$ a31(sel _R3, not_S0, not_S1, S2, S3); */
nand4$ a4l(sel _R4, not_SO, S1, not_S2, not_S3);
nand4$ a51(sel _R5, not_SO, S1, not_S2, S3); nodul e reg4e(CLK, D, Q @BAR CLR PRE, EN);
nand4$ a6l(sel _R6, not_SO, S1, S2, not_S3); i nput CLK, CLR, PRE, EN;
nand4$ a71(sel _R7, not_SO, S1, S2, S3); input [0:3] D
nand4$ a81(sel _R8, SO, not_S1, not_S2, not_S3); wire [0:3] Din;
nand4$ a91(sel _R9, SO, not_S1, not_S2, S3); output [0:3] Q QBAR
nand4$ aal(sel _Ra, S0, not_S1, S2, not_S3);
nand4$ abl(sel _Rb, S0, not_S1, S2, S3); mx2_4 ml(Din, Q D, EN);
nand4$ acl(sel _Rc, S0, S1, not_S2, not_S3); df f$ dO(CLK, Din[0], dO], QBAR[O], CLR PRE);
nand4$ adil(sel _Rd, S0, S1, not_S2, S3); dff$ di(CLK, Din[1], Q1], QBAR 1], CLR PRE);
nand4$ ael(sel _Re, SO, S1, S2, not_S3); df f$ d2(CLK, Din[2], 2], QBAR[2], CLR PRE);
nand4$ af 1(sel _Rf, S0, S1, S2, S3); dff$ d3(CLK, Din[3], 3], BAR 3], CLR PRE);
endrmodul e // regde
tristate8L$ t01(sel _RO, IN, QUTO)
tristate8L$ t11(sel _R1, IN, OUT1);
tristate8L$ t21(sel _R2, IN, QUT2); nodul e reg8e(CLK, D, Q QBAR, CLR, PRE, EN);
tristate8L$ t31(sel _R3, IN, QUT3) i nput CLK, CLR PRE, EN
tristate8L$ t41(sel _R4, IN, OUT4); input [0:7] D
tristate8L$ t51(sel _R5, IN, QUTS); wire [0:7] Din;
tristate8L$ t61(sel _R6, IN, QOUT6) output [0:7] Q BAR
tristate8L$ t71(sel _R7, IN, OUT7);
tristate8L$ t81(sel _R8, IN, QUT8); mx2_8% ml(Din, Q D, EN);
tristate8L$ t91(sel _R9, IN, QUT9) df f$ dO(CLK, Din[0], O], QBAR[O], CLR PRE);
tristate8L$ tal(sel _Ra, IN, QUT10); df f$ di(CLK, Din[1], 1], QBAR[ 1], CLR PRE);
tristate8L$ tbi(sel _Rb, IN, OUT11); dff$ d2(CLK, Din[2], 2], QBAR[2], CLR PRE);
tristate8L$ tcl(sel _Rc, IN, QUT12) df f$ d3(CLK, Din[3], 3], QBAR3], CLR PRE);
tristate8L$ tdl(sel _Rd, IN, QUT13); df f$ d4(CLK, Din[4], 4], BAR4], CLR PRE);
tristate8L$ tel(sel _Re, IN, OUT14); dff$ d5(CLK, Din[5], 5], @BAR 5], CLR PRE);
tristate8L$ tfl(sel _Rf, IN, QUT15); df f$ d6(CLK, Din[6], J6], QBAR[6], CLR PRE);
dff$ d7(CLK, Din[7], 7], QBAR 7], CLR PRE);
endnmodul e // denmux16_8 endnmodul e // reg8e
nmodul e tristate20L(enbar, in, out); nodul e reg20e(CLK, D, Q @BAR CLR PRE, EN);
i nput enbar ; i nput CLK, CLR PRE, EN
input [0:19] in; input [0:19] D
output [0:19] out; wire [0:19] Di n;

output [0:19] Q @BAR
tristatel6L$ tO(enbar, in[0:15], out[O0:15]);

tristateL$ t1(enbar, in[16], out[16]); reg8e r0 (CLK, D[0:7], JO0:7], QBAR0:7], CLR PRE, EN);
tristatelL$ t2(enbar, in[17], out[17]); reg8e r1 (CLK, D[8:15], d8:15], BAR[8:15], CLR, PRE, EN);
tristateL$ t3(enbar, in[18], out[18]); regde r2 (CLK, D[16:19], 16:19], BAR 16:19], CLR, PRE, EN);
tristatelL$ t4(enbar, in[19], out[19]); endnmodul e // reg20e

endnodul e // tristate20L

nodul e reg24e(CLK, D, Q @BAR CLR PRE, EN);

nodul e tristate32L(enbar, in, out); i nput CLK, CLR PRE, EN
i nput enbar ; input [0:23] D
input [0:31] in; wire [0:23] Di n;
out put [0:31] out; output [0:23] Q @BAR
tristatel6lL$ tO(enbar, in[0:15], out[O0:15]); reg8e r0 (CLK, D[0:7], JO0:7], QBAR0:7], CLR PRE, EN);
tristatel6lL$ t1(enbar, in[16:31], out[16:31]); reg8e r1 (CLK, D[8:15], 8:15], QBAR[8:15], CLR, PRE, EN);
endrmodul e // tristate32L reg8e r2 (CLK, D[16:23], 16:23], BAR 16:23], CLR, PRE, EN);
endnodul e // reg24e
/*
modul e latch32(CLR, D, EN, PRE, Q;
i nput CLR, EN, PRE; nodul e reg40e(CLK, D, Q QBAR, CLR PRE, EN);

input [0:31] D; i nput CLK, CLR PRE, EN
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input [0:39] D
wire [0:39] Din;
output [0:39] Q @BAR

reg20e r0 (CLK, Df0:19],
reg20e r1 (CLK, DO 20:39],
endnmodul e // reg40e

Q0:19], QBAR0:19], CLR PRE, EN);
Q20:39], QBAR[20:39], CLR PRE, EN);

// initializes to a valid control bubble
nodul e reg64e_pi pe(CLK, D, Q Q@BAR CLR PRE, EN);
input CLK, EN, CLR, PRE;
input [0:63] D
output [0:63] Q
output [0:63] BAR
wire not _used;

reg64e$ r1(CLK, {D[0:61], {qo0:61],
bl, EN);

/1 sets the PRE instead of the CLR to set the valid bit

1'b0, D[63]},

dffh r2(CLK, D[62], 62], /*QBAR*/, 1'bl, CLR EN);
endnmodul e // reg64e_pi pe
nodul e demux8(in, outO, outl, out2, out3, out4, out5, out6, out7,
output outO, outl, out2, out3, out4, out5, out6, out7, sO, si,
input in;
invl$ i1(not_s0, s0);
invl$ i2(not_sl1, si);
invl$ i3(not_s2, s2);
and4$ nl(outO, in, not_s0, not_sl1, not_s2);
and4$ n2(outl, in, not_sO, not_sl, s2);
and4$ n3(out2, in, not_s0, sl1, not_s2);
and4$ n4(out3, in, not_s0, sl1, s2);
and4$ n5(out4, in, sO, not_sl1, not_s2);
and4$ n6(out5, in, sO, not_sl, s2);
and4$ n7(out6, in, s0, sl1, not_s2);
and4$ n8(out?7, in, sO, si1, s2);
endnodul e // mux8
nodul e ext1_16(out, in);
out put [0:15] out;
input in;
buffer$ bO(in0, in);
buffer$ bl(inl, in);
buffer$ b2(in2, in);
assign out = {{5{in0}}, {5{in1}}, {5{in2}}, in};
endrmodul e // ext1_16
nmodul e signext16_32(out, in);
out put [0:31] out;
input [0:15] in;
buffer$ bO(in0, in[0]);
buffer$ bi(inl, in[0]);
buffer$ b2(in2, in[0]);
assign out[0:15] = {{5{in0}}, {5{inl}}, {5{in2}}, in[O]};

assign out[16:31] = in;
endrmodul e // signext16_32

not _used, 63]},

s0,
s2;

/* QBARY/

s1,

s2);
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CLR,

nodul e adder32(a, b, cin, cout, out);
input [0:31] a, b;
i nput cin;
out put cout ;
out put [0:31] out;
wre t enp;
adder 16$ al(a[0:15], b[0:15], tenp, cout, out[O0:15]);
adder 16$ a2(a[ 16:31], b[16:31], cin, tenp, out[16:31]);
endnodul e // adder 32
nmodul e alu32(a, b, cin, m s, cout, out, ovf);
input [0:31] a, b;
i nput cin, m
input [0:3] S;
out put cout;
out put [0:31] out;
out put ovf;
al ulé$ a2(a[16:31], b[16:31], cin, m s, tenp, out[16:31]);
al ulévgp$ al(a[0:15], b[O0:15], tenmp, m s, cout, out[O0:15], ovf, g,
endnodul e // al u32
nodul e nor5 ( out, inO, inl, in2, in3, ind);
input inO, inl, in2, in3, in4;
out put out;
or 3% ol ( olQut, in0O, inl, in2);
or2%$ 02 ( o2Qut, in3, ind);
nor2$ nl ( out, olQut, o2Qut );
endnodul e
nmodul e nor32(QUT, IN);
input [0:31] IN,
out put QuT;
or4$ ni(ol, IN[O], IN[1], IN[2], IN3]);
or4$ n2(o2, IN[4], IN5], INL6], INT7]);
or4$ n3(o3, IN[8], IN[9], INL10], IN[11]);
or4$ n4(o4, IN[12], IN[13], IN[14], IN15]);
or4$ n5(o5, IN[16], IN[17], IN 18], IN19])
or4$ n6(o6, IN[20], IN[21], IN[22], IN23]);
or4$ n7(o7, IN[24], IN[25], IN[26], IN[27]);
or4$ n8(o8, IN28], IN29], IN30], IN[31])
or4$ n9(outl, ol, 02, 03, o04);
or4$ nl0(out2, o5, 06, 07, 08);
nor2$ nl1(QUT, outl, out2);
endrmodul e // nor32
nodul e nor22(QUJT, IN);
input [0:21] IN
out put QUT;
or4$ ni(ol, IN[O], IN[1], IN[2], IN3]);
or4$ n2(o2, IN[4], IN5], IN6], IN7]);
or4$ n3(o3, IN8], IN9], IN10], IN11]);
or4$ n4(o4, IN[12], IN[13], IN[14], IN15]);
or4$ n5(o5, IN[16], IN[17], IN[18], IN19]);
or4$ n9(outl, ol, o2, 03, o04);
or3% nl0(out2, o5, IN[20], IN21]);

nor2$ nl11(QUT, outl,
endnodul e // nor22

out 2);

p);
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and2$ o6( QUT[ 5], INL[5], IN2[5]);
and2$ o7(QUT[ 6], INL[6], IN2[6]);
nmodul e or32_notbitw se(OUT, IN); and2$ o8(QUT[ 7], INL[7], IN2[7]);
input [0:31] IN, and2$ o9(QUT[8], INL[8], IN2[8]);
out put QuT; and2$ ol0(QUT[ 9], IN1[9], IN2[9]);
and2$ 011(OUT[10], IN1[10], IN2[10]);
or4$ ni(ol, IN[O], IN[1], IN[2], IN3]); and2$ 012(OUT[11], IN1[11], IN2[11]);
or4$ n2(o2, IN[4], IN5], INL6], INT7]); and2$ ol3(OQUT[12], IN1[12], IN2[12]);
or4$ n3(o3, IN[8], IN[9], INL10], IN[11]); and2$ 014(OUT[13], IN1[13], IN2[13]);
or4$ n4(o4, IN[12], IN[13], IN[14], IN15]); and2$ ol15(OUT[14], |IN1[14], |IN2[14])
or4$ n5(o5, IN16], INL17], IN[18], IN19]); and2$ ol6(CQUT[ 15], IN1[15], IN2[15])
or4$ n6(o6, IN[20], IN[21], IN[22], IN23]); and2$ ol17(OUT[16], IN1[16], |N2[16])
or4$ n7(o7, IN[24], IN[25], IN[26], IN[27]); and2$ 018(OQUT[17], IN1[17], IN2[17])
or4$ n8(o8, IN 28], IN29], IN30], IN[31]); and2$ 0l19(CQUT[ 18], IN1[18], IN2[18])
or4$%$ n9(outl, ol, 02, 03, o04); and2$ 020(QUT[19], IN1[19], IN2[19])
or4$ nl0(out2, o5, 06, 07, 08); and2$ 021(QUT[20], I N1[20], IN2[20]);
or2%$ nl11(QUT, outl, out2); and2$ 022( QUT[ 21], IN1[21], IN2[21]);
endrmodul e // or32_nothitw se and2$ 023(0QUT[22], IN1[22], IN2[22]);
and2$ 024(0OUT[ 23], IN1[23], IN2[23]);
nodul e or32(QUT, INL, IN2); and2$ 025(QUT[ 24], | N1[24], IN2[24]);
input [0:31] IN1, IN2; and2$ 026(OUT[25], |IN1[25], |IN2[25])
out put [0:31] QuT; and2$ 027(QUT[26], IN1[26], |N2[26])
or2% ol(QUT[0], INL[O], IN2[O]); and2$ 028(QUT[ 27], IN1[27], IN2[27])
or2$ o2(QUT[1], INI[1], IN2[1]); and2$ 029(0UT[ 28], |IN1[28], IN2[28])
or2%$ o3(QUT[2], INL[2], IN2[2]); and2$ 030(QUT[29], IN1[29], IN2[29]);
or2% o4(QUT[3], INL[3], IN2[3]); and2$ 031(CQUT[30], IN1[30], IN2[30]);
or2$ o5(0QUT[4], INL[4], IN2[4]); and2$ 032(0OUT[31], IN1[31], IN2[31]);
or2$ o6(QUT[5], IN1[5], IN2[5]); endnmodul e // and32
or2% o7(QUT[ 6], INL[6], IN2[6]);
or2$ o8(QUT[7], INL[7], IN2[7]); /*
or2$% o9(QUT[ 8], INL[8], IN2[8]); nmodul e decoder1_2(QUT1, QUT2, |IN1, S0);
or2% ol0(QUT[9], INL[9], IN2[9]); input INL, SO;
or2$%$ ol11(OQUT[10], IN1[10], IN2[10]); out put QUT1, QUT2;
or2$ 012(QUT[11], INI[11], IN2[11]);
or2$%$ o0l13(QUT[12], IN1[12], IN2[12]); invli$ i 1(not_SO, S0);
or2$ 014(0QUT[13], IN1[13], IN2[13]) and2$ al(OUT1, IN1, not_SO0);
or2$ ol15(QUT[14], IN1[14], IN2[14]) and2$ a2(0UT2, IN1, SO);
or2$%$ 016(QUT[15], IN1[15], IN2[15]) endnodul e // decoder1_2
or2$ 017(QUT[16], IN1[16], IN2[16]) */
or2$ 018(QUT[17], IN1[17], IN2[17])
or2%$ 019(QUT[ 18], IN1[18], IN2[18]) nodul e and9(OUT, INO, INL, IN2, IN3, IN4, IN5, IN6, IN7, IN8);
or2$ 020(0QUT[19], IN1[19], IN2[19]) input INO, INL, IN2, IN3, IN4, IN5, IN6, IN7, INB;
or2$ 021(QUT[20], IN1[20], IN2[20]); out put QuT;
or2$%$ 022(QUT[21], IN1[21], IN2[21]);
or2$ 023(QUT[22], IN1[22], IN2[22]); and3$ al(tl1, 1IN0, INL, IN2);
or2$ 024(QUT[ 23], INL[23], IN2[23]); and3$ a2(t2, IN3, IN4, IN5);
or2%$ 025(QUT[ 24], IN1[24], IN2[24]); and3$ a3(t3, IN6, IN7, IN8);
or2$ 026(QUT[25], IN1[25], IN2[25])
or2$ 027(QUT[26], IN1[26], IN2[26]) and3$ a4(OuUT, t1, t2, t3);
or2%$ 028(QUT[27], INL[27], IN2[27]) endnodul e // and9
or2$ 029(0OUT[ 28], IN1[28], IN2[28])
or2$ 030(OUT[29], IN1[29], IN2[29]);
or2$%$ 031(QUT[30], IN1[30], IN2[30]); nodul e and10(OUT, 1IN0, INL, IN2, IN3, IN4, IN5, [IN6, IN7, IN8,
or2$ 032(QUT[31], INI[31], IN2[31]); input INO, INL, IN2, IN3, IN4, IN5, IN6, IN7, INB, IN9;
endnmodul e // or32 out put QuT;
and3$ al(t1, 1IN0, INL, IN2)
nmodul e and32(QUT, N1, |IN2); and3$ a2(t2, IN3, IN4, |N5)
input [0:31] IN1, IN2; and4$ a3(t3, IN6, IN7, IN8, IN9)
out put [0:31] QuT;
and2$ ol1(QUT[0], IN1[O], IN2[O]) and3$ a4(QUT, t1, t2, t3);
and2$ o2(QUT[ 1], IN1[1], IN2[1]); endnodul e // and10
and2$ o3(0UT[2], IN1[2], IN2[2]);
and2$ 04(QUT[3], IN1[3], IN2[3]); nodul e encoder4_2(IN, QUT);
and2$ o5(QUT[ 4], INL[4], IN2[4]) input [0:3] IN
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output [0:1] OQUT;

and9 a6(mn6, not_inl, not_in2, not_in3, not_in4,
invi$ i 1(not_INO, INO]); 8, not_in9);
invl$ i2(not_INL, IN1]); and10 a7(mn7, not_inO, IN 1], IN2], not_in3, IN
invli$ i3(not_IN2, IN2]); 8, not_in9);
invi$ i4(not_IN3, IN3]); and10 a8(mn8, not_in0, IN1], IN2], IN3], not_i

8, not_in9);

and4$ al(tenp4, not_INO, not_INl, not_IN2, IN3]); and10 a9(mn9, not_inO, IN1], IN2], not_in3, not
and4$ a2(tenp3, not_INO, not_INL, IN[2], not_IN3); in8, not_in9);
and4$ a3(tenp2, not_INO, IN 1], not_IN2, not_IN3); and10 al0(mi nl0, not_inO, IN1], IN 2], not_in3, n
and4$ a4(tenpl, IN[O], not_INl, not_IN2, not_IN3); t_in8, not_in9);

and10 all(m nll, not_in0O, not_inl, not_in2, not_in
or2$ ol1(QUT[0], tenpl, tenp3); , not_in8, not_in9);
or2$% o2(QUT[1], tenp2, tenpd); and10 al2(minl2, not_inO, not_inl, not_in2, not_in

endnmodul e // encoder4_2 n7, not_in8, not_in9);
and10 al3(mi nl3, not_inO, not_inl, not_in2, not_in
nodul e regl(CLK, D, Q CLR EN); _in7, not_in8, not_in9);

input CLK, D, CLR EN and10 al4(m nl4, not_in0O, not_inl, not_in2, not_in
output Q ot_in7, not_in8, not_in9);
mux2$ nl(Din, Q D, EN); // enable selects input or old val ue

dff$ do(CLK, Din, Q ,
endnodul e // regl

CLR, 1'bl);

/*
nmodul e regl6e(CLK, Din, Q BAR CLR PRE en);
i nput CLK, CLR PRE, en;
input [0:15] Di n;
output [0:15] Q QBAR

reg8e regl(CLK, Din[0:7],
reg8e reg2(CLK, Din[8:15],
endnodul e // regl6e

*
/

qo0:7], BAR0:7], CLR, PRE, en);
Q 8:15], BAR 8:15], CLR, PRE, en);

nodul e ext decoder22_5(I N, QUT);

input [0:9] IN

out put [0:4] QUT;

invi$ i1(not_inO, INO]);
invl$ i2(not_inl, IN1]);
invli$ i3(not_in2, IN2]);
invli$ i4(not_in3, IN3]);
invl$ i5(not_in4, IN4]);
invl$ i6(not_in5 [IN5]);
invl$ i 7(not_in6, IN6]);
invl$ i8(not_in7, IN7]);
invli$ i9(not_in8, IN8]);
invl$ i10(not_in9, IN9]);
nor 22 none(noneset, {mnl, mn2, mn3, mn4, mn5 nmn6, mn7, mMn8 mn9, nmnl0, mn

11, minl2,
m nl3, minl4, mnl5, ninl6, mnl7, nminl8, mnl9, nin20, mn2l, nin22});

and10 al(minl, IN[O], IN[1], IN[2], IN[3], IN[4], IN[5], IN[6], IN[7], IN[8], IN9]);
and10 a2(mn2, not_inO, IN[1], IN2], IN3], not_in4, IN5], not_in6, not_in7, INS8],
IN9]);

and10 a3(mn3, not_in0O, IN 1], not_in2, IN 3], not_ind4, INS5], not_in6, not_in7, IN8
1, IN[9]);

and10 a4(mn4, INO], IN1], not_in2, not_in3, not_in4, INS5], IN6], not_in7, not_in
8, not_in9);

and10 a5(min5, INO], not_inl, not_in2, not_in3, not_in4, IN5], IN 6], not_in7, not_|
in8, not_in9);

or6 01(QUT[0], minl, mn2, nmn3, mn4, mn5 noneset);

or10 o2(QUT[1], mn6, mn7, mn8, mn9, mnl0, mn

t);

and9 al5(m nl5, not_inl, IN 2], not_in3, not_in4,

not _i n9);

and9 al6(m nl6, not_inl, not_in2, not_in3, not_in4
1, not_in9);

and10 al7(mi nl7, not_inO, not_inl, IN2], IN3], I
[8], IN9]);

and10 al8(mi n18, not_in0O, not_inl, IN 2], not_in3,
IN[8], IN9]);

or10 o3(QUT[2], m nl4, minl5, mnl, mnl6, mnl7,
set);

and10 al9(mi nl19, not_in0O, not_inl, not_in2, IN3],
IN[8], IN9]);

and10 a20(mi n20, not_inO, not_inl, IN 2], not_in3,
» IN8], IN9]);

orll o4(QUT[3], minl6, minl5, minl9, mn20, mn2,

noneset) ;

and10 a21(mi n21, not_in0O, not_inl, not_in2, not_in
» IN[8], IN9]);

and10 a22(mi n22, not_inO, not_inl, not_in2, not_in
71, IN[8], IN9]);

orll o5(QUT[4], minl4, mnl6, min21, mn20, mn3,

, honeset);
endnodul e // decoder22_5_behave

/1 1-bit edge-triggered D flip-flop with wite-enable

nodul e dffh (CLK, D, Q QBAR CLR PRE, VE);
input CLK, CLR PRE, VE;
input D
output Q BAR
wire wo;
mx2$ nd0 (W0, Q D, WE);
dff$ do (CLK, w0, Q BAR CLR PRE);

not_in5, IN6], not_in7, not_in

4], IN[5], IN[6], IN[7], not_in

n4, IN5], IN6], IN7], not_in

_in4, IN5], IN6], IN[7], not_

ot_ind4, IN5], IN6], IN7], no

3, not_ind, IN5], IN[6], IN7]

3, not_in4, IN5], IN6], not_i

3, IN[4], not_in5, not_in6, not

3, not_in4, not_in5, not_in6, n

11, mnl2, mnl3, mnl4, nonese

not_in5, IN6], not_in7, IN8],
, not_in5, IN6], not_in7, INS8
N[4], IN[5], not_in6, IN7], IN
IN4], IN5], not_in6, INT7],
mn8, mnl2, mnl3, ninl8, none
IN[4], IN[5], not_in6, INT7],
not_in4, IN5], not_in6, IN7]

mn3, mn7, mn9, mnl3, mnl2,

3, IN[4], IN[5], not_in6, IN7]
3, not_in4, IN5], not_in6, IN
mn9, mnl7, min4, nminll, minl2
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endrmodul e // dffh

/1 4-bit conparator

nodul e conmp_4(QUT, IN1, IN2);
out put QuT;
input [0:3] INL, IN2;

xor 2% nO(tenp_OUTO, INL[O], IN2
xor2$ ni(tenp_OUTL, INL[1], IN2
xor2%$ n2(tenp_OUT2, INL[2], IN2
xor2%$ n3(tenp_OUT3, INL[3], IN2

[0]);
[1]):
[2]);
[3]);

nor4$ n5(QUT, tenp_QUTO, tenp_OUT1, tenp_QUT2,

endnodul e // conp_4

/1 5-bit conparator

nmodul e conp_5(OUT, N1, IN2);
out put QUT;
input [0:4] INL, IN2;

xor2$ nO(tenp_OUTO, INL[O], IN2[0])
xor2$ ni(tenp_OUT1, IN1[1], IN2[1])
xor2$ n2(tenp_OUT2, IN1[2], IN2[2]);
xor2$ n3(tenp_OUT3, INL[3], IN2[3])
xor2$ n4(tenp_OUT4, IN1[4], IN2[4])

or4$ n5(tenp_QUT5, tenp_OUTO, tenp_OUT1,

nor 2$ n6( OUT, tenp_OUT4, tenp_QOUTS);
endnmodul e // conp_5

/1 6-bit conparator

nmodul e conp_6(OQUT, IN1, IN2);
out put QuT;
input [0:5] INL, IN2;

xor 2% nO(tenp_OUTO, IN1[O], IN2[0])
xor2$ ni(tenp_OUT1, IN1[1], IN2[1])
xor2$ n2(tenp_OUT2, INL[2], IN2[2])
xor2$ n3(tenp_OUT3, IN1[3], IN2[3]);
xor2%$ n4(tenp_OUT4, IN1[4], IN2[4])
xor2$ n5(tenp_OUTS, INL[5], IN2[5])

or4$%$ n6(tenp_OUT6, tenp_OUTO, tenp_OUT1,

tenp_QOUT2,

tenp_OUT2,

nor3$ n7(QUT, tenp_QUT4, tenp_OUT5, tenp_QOUT6);

endnodul e // conp_5

/1 9-bit conparator

modul e conp_9(OUT, N1, IN2);
out put QUT;
input [0:8] IN1, IN2;
conp_5 cl(tenpl, INL[O:4], IN2[0:4]);
conp_4 c2(tenp2, IN1[5:8], IN2[5:8]);
and2$ ol(QUT, tenpl, tenp2);

endnmodul e // conp_9

/1 10-bit conparator

nodul e conmp_10( QUT, I N1, IN2);
out put QOUT;
input [0:9] [N, IN2;

tenp_QUT3);

tenp_QUT3);

tenp_QUT3);

customlib.v

conp_5 c1(tenpl, INL1[O0:4], IN2[0:4]);
conp_5 c2(tenmp2, INL[5:9], IN2[5:9]);
and2$ ol(QUT, tenpl, tenp2);

endrmodul e // conp_10

/1 26-bit conparator

nodul e conmp_26( QUT, I N1, IN2);
out put QOUT;
input [0:25] IN1, IN2;

xor2$ x16 (tenp_OUT16, |NI1[16],
xor2$ x17 (tenp_OUT17, IN1[17],
xor2%$ x18 (tenp_OUT18, | NI1[18],
xor2$ x19 (tenp_OUT19, |INI1[19],
xor 2% x20 (tenp_OUT20, | N1[20],
xor2$ x21 (tenp_OUT21, INI1[21],
xor2$ x22 (tenp_QUT22, INI[22], :
xor2$ x23 (tenp_OUT23, [IN1[23], IN2[23]);
xor2%$ x24 (tenp_OUT24, |N1[24], IN2[24]);
xor2$ x25 (tenp_OUT25, INL[25], IN2[25]);

xor2$ x0 (tenp_OUTO, IN1[O], IN2[O]);
xor2$ x1 (tenp_OUT1, INL[1], IN2[1]);
xor2$ x2 (tenmp_OUT2, INL[2], IN2[2]);
xor2%$ x3 (tenp_OUT3, INL[3], IN2[3]);
xor2$ x4 (tenp_OUT4, INL[4], IN2[4]);
xor2$ x5 (tenmp_OUT5, INL[5], IN2[5]);
xor2$ x6 (tenp_OUT6, INL[6], IN2[6]);
xor2$ x7 (tenp_OUT7, INL[7], IN2[7]);
xor2$ x8 (tenp_OUT8, INL[8], IN2[8]);
xor2% x9 (tenmp_OUT9, INL[9], IN2[9]);
xor2$ x10 (tenp_OUT10, INL[10], IN2[10]);
xor2$ x11 (tenp_OUT11, [IN1[11], IN2[11]);
xor2$ x12 (tenp_OUT12, [IN1[12], IN2[12]);
xor2$ x13 (tenp_OUT13, INL[13], IN2[13]);
xor2$ x14 (tenp_OUT14, |N1[14], |N2[14]);
xor2$ x15 (tenp_OUT15, [IN1[15], |N2[15]);

1 N2 ;

I N2

I N2

1 N2

I N2

I N2

1 N2

NNNRE R
NP N®
—— ———— —

nor4$ n0 (n_OUTO, tenp_OUTO, tenp_OUT1, tenp_OUT2, tenp_OUT3);
nor4$ nl (n_OUT1, tenp_OUT4, tenp_OUT5, tenp_QUT6, tenp_OUT7);
nor4$ n2 (n_OUT2, tenp_QUT8, tenp_OUT9, tenp_OUT10, tenp_OUT11);
nor4$ n3 (n_OUT3, tenp_OUT12, tenp_OUT13, tenp_OUT14, tenp_OUT15);
nor4$ n4 (n_OUT4, tenp_QUT16, tenp_OUT17, tenp_OUT18, tenp_QUT19);
nor4$ n5 (n_QOUT5, tenp_QOUT20, tenp_OUT21, tenp_OUT22, tenp_OUT23);
nor2$ n6 (n_OUT6, tenp_OUT24, tenp_OUT25);

and4$ a0 (a_OUTO, n_OUTO, n_QUT1, n_QOUT2, n_QUT3);
and3$ al (a_OUT1, n_OUT4, n_OUT5, n_QOUT6);

and2$ a3 (QUT, a_QUTO, a_OUT1);
endnmodul e // conp_26

nmodul e conp_40(QUT, N1, IN2);
out put QuT,
input [0:39] IN1, IN2;

conp_10 ci(tenpl, IN1[0:9], IN2[0:9]);

conp_10 c2(tenp2, |N1[10:19], IN2[10:19]);

conp_10 c3(tenp3, [N1[20:29], IN2[20:29]);

conp_10 c4(tenp4, |N1[30:39], IN2[30:39]);

and4$ ol(QOUT, tenpl, tenp2, tenmp3, tenpd);
endrmodul e // conp_40
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nodul e decoder32 ( in_s, out_bar );
input [0:4] in_s;
out put [0:31] out_bar;
wire [0:4] not_s, s, inv_s;
/1 Get inverse signals for select lines
invi$ i0(inv_s[0], s[0]);
invi$ i1(inv_s[1], s[1]);
invl$ i2(inv_s[2], s[2]);
invli$ i3(inv_s[3], s[3]);
invi$ i4(inv_s[4], s[4]);
/1 Buffer for fan-out
buffer$ bnsO ( not_s[0], inv_s[0] ),
bnsl ( not_s[1], inv_s[1] ),
bns2 ( not_s[2], inv_s[2] ),
bns3 ( not_s[3], inv_s[3] ),
bns4 ( not_s[4], inv_s[4] ),
bsO0O ( s[O], in_s[O] ),
bsl ( s[1], in_s[1] ),
bs2 ( s[2], in_s[2] ),
bs3 ( s[3], in_s[3] ),
bs4 ( s[4], in_s[4] );
nand5 a0 ( out_bar[0], not_s[0], not_s[1], not_s[2], not_s[3], not_s[4] ),
al ( out_bar[1], not_s[O0], not_s[1], not_s[2], not_s[3], s[4] ),
a2 ( out_bar[2], not_s[O0], not_s[1], not_s[2], s[3], not_s[4] ),
a3 ( out_bar[3], not_s[0], not_s[1], not_s[2], s[3], s[4] ),
a4 ( out_bar[4], not_s[O0], not_s[1], s[2], not_s[3], not_s[4] ),
a5 ( out_bar[5], not_s[O0], not_s[1], s[2], not_s[3], s[4] ),
a6 ( out_bar[6], not_s[0], not_s[1], s[2], s[3], not_s[4] ),
a7 ( out_bar[7], not_s[O], not_s[1], s[2], s[3], s[4] ),
a8 ( out_bar[8], not_s[O0], s[1], not_s[2], not_s[3], not_s[4] ),
a9 ( out_bar[9], not_s[0], s[1], not_s[2], not_s[3], s[4] ),
al0 ( out_bar[10], not_s[O], s[1], not_s[2], s[3], not_s[4] ),
all ( out_bar[11], not_s[O0], s[1], not_s[2], s[3], s[4] ),
al2 ( out_bar[12], not_s[0], s[1], s[2], not_s[3], not_s[4] ),
al3 ( out_bar[13], not_s[O0], s[1], s[2], not_s[3], s[4] ),
ald ( out_bar[14], not_s[O0], s[1], s[2], s[3], not_s[4] ),
al5 ( out_bar[15], not_s[O0], s[1], s[2], s[3], s[4] ),
al6é ( out_bar[16], s[O], not_s[1], not_s[2], not_s[3], not_s[4] ),
al7 ( out_bar[17], s[O], not_s[1], not_s[2], not_s[3], s[4] ),
al8 ( out_bar[18], s[0], not_s[1], not_s[2], s[3], not_s[4] ),
al9 ( out_bar[19], s[O], not_s[1], not_s[2], s[3], s[4] ),
a20 ( out_bar[20], s[O], not_s[1], s[2], not_s[3], not_s[4] ),
a2l ( out_bar[21], s[O], not_s[1], s[2], not_s[3], s[4] ),
a22 ( out_bar[22], s[O], not_s[1], s[2], s[3], not_s[4] ),
a23 ( out_bar[23], s[0], not_s[1], s[2], s[3], s[4] ),
a24 ( out_bar[24], s[0], s[1], not_s[2], not_s[3], not_s[4] ),
a25 ( out_bar[25], s[O], s[1], not_s[2], not_s[3], s[4] ),
a26 ( out_bar[26], s[O], s[1], not_s[2], s[3], not_s[4] ),
a27 ( out_bar[27], s[O], s[1], not_s[2], s[3], s[4] ),
a28 ( out_bar[28], s[O], s[1], s[2], not_s[3], not_s[4] ),
a29 ( out_bar[29], s[O], s[1], s[2], not_s[3], s[4] ),
a30 ( out_bar[30], s[O], s[1], s[2], s[3], not_s[4] ),
a3l ( out_bar[31], s[O], s[1], s[2], s[3], s[4] );
endnodul e
nmodul e nand5 ( out, inO, inl, in2, in3, ind);
input inO, inl, in2, in3, in4;
out put out;
and3$ a0 (aOout, in0O, inl, in2);
and2$ al (alout, in3, ind);

customlib.v
nand2$ a2 (out, aOout, alout);
endnodul e // nand5
nodul e tristate2L ( en_bar, in, out );
i nput en_bar;
input [0:1] in;
output [0:1] out;
tristatelL$ t0 ( en_bar, in[0], out[0] );
tristatelL$ tl ( en_bar, in[1], out[1] );
endnodul e // tristate2lL
nmodul e decoder32e ( in_s, in_en, out );
input [0:4] in_s;
input in_en;
out put [0:31] out;
wire [0:4] not_s, s, inv_s;
/1 Get inverse signals for select lines
invi$ i0(inv_s[0], s[0]);
invi$ i1(inv_s[1], s[1]);
invl$ i2(inv_s[2], s[2]);
00000 invi$ i3(inv_s[3], s[3]);
00001 invi$ i4(inv_s[4], s[4]);
00010
00011 /1 Buffer for fan-out
00100 buffer$ bnsO ( not_s[0], inv_s[0] ),
00101 bnsl ( not_s[1], inv_s[1] ),
00110 bns2 ( not_s[2], inv_s[2] ),
00111 bns3 ( not_s[3], inv_s[3] ),
01000 bns4 ( not_s[4], inv_s[4] ),
01001 bsO ( s[0], in_s[0] ),
01010 bsl ( s[1], in_s[1] ),
01011 bs2 ( s[2], in_s[2] ),
01100 bs3 ( s[3], in_s[3] ),
01101 bs4 ( s[4], in_s[4] ),
01110 ben ( en, in_en);
01111
10000 and6 a0 ( out[O0], not_s[O0], not_s[1], not_s[2], not_s[3], not_s[4], en ),
10001 al ( out[1], not_s[0], not_s[1], not_s[2], not_s[3], s[4], en),
10010 a2 ( out[2], not_s[0], not_s[1], not_s[2], s[3], not_s[4], en ),
10011 a3 ( out[3], not_s[0], not_s[1], not_s[2], s[3], s[4], en),
10100 a4 ( out[4], not_s[0], not_s[1], s[2], not_s[3], not_s[4], en),
10101 a5 ( out[5], not_s[0], not_s[1], s[2], not_s[3], s[4], en),
10110 a6 ( out[6], not_s[O], not_s[1], s[2], s[3], not_s[4], en ),
10111 a7 ( out[7], not_s[O], not_s[1], s[2], s[3], s[4], en),
11000 a8 ( out[8], not_s[0], s[1], not_s[2], not_s[3], not_s[4], en ),
11001 a9 ( out[9], not_s[O], s[1], not_s[2], not_s[3], s[4], en),
11010 al0 ( out[10], not_s[O], s[1], not_s[2], s[3], not_s[4], en),
11011 all ( out[11], not_s[O], s[1], not_s[2], s[3], s[4], en ),
11100 al2 ( out[12], not_s[O], s[1], s[2], not_s[3], not_s[4], en )
11101 al3 ( out[13], not_s[O0], s[1], s[2], not_s[3], s[4], en),
11110 al4 ( out[14], not_s[O0], s[1], s[2], s[3], not_s[4], en ),
11111 al5 ( out[15], not_s[O], s[1], s[2], s[3], s[4], en),
al6é ( out[16], s[0], not_s[1], not_s[2], not_s[3], not_s[4], en)
al7 ( out[17], s[O], not_s[1], not_s[2], not_s[3], s[4], en),
al8 ( out[18], s[O], not_s[1], not_s[2], s[3], not_s[4], en ),
al9 ( out[19], s[O], not_s[1], not_s[2], s[3], s[4], en),
a20 ( out[20], s[O], not_s[1], s[2], not_s[3], not_s[4], en ),
a2l ( out[21], s[O], not_s[1], s[2], not_s[3], s[4], en),
a22 ( out[22], s[O], not_s[1], s[2], s[3], not_s[4], en),
a23 ( out[23], s[O], not_s[1], s[2], s[3], s[4], en),

00000
00001
00010
00011
00100
00101
00110
00111
01000
01001
01010
01011
01100
01101
01110
01111
10000
10001
10010
10011
10100
10101
10110
10111
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a24 ( out[24], s[O0], s[1], not_s[2], not_s[3], not_s[4], en),
a25 ( out[25], s[O], s[1], not_s[2], not_s[3], s[4], en ),
a26 ( out[26], s[O], s[1], not_s[2], s[3], not_s[4], en ),
a27 ( out[27], s[0], s[1], not_s[2], s[3], s[4], en),
a28 ( out[28], s[O], s[1], s[2], not_s[3], not_s[4], en ),
a29 ( out[29], s[O], s[1], s[2], not_s[3], s[4], en),
a30 ( out[30], s[O], s[1], s[2], s[3], not_s[4], en),
a3l ( out[31], s[0], s[1], s[2], s[3], s[4], en);
endnodul e
nmodul e regfile2_32 ( clk, clr, pre, Rl, R2, W W, Data, Qutl, Qut2 );
i nput clk, clr, pre;
i nput [0: 4] Rl, R2, W
i nput Ve,
i nput [0:1] Dat a;
output [0:1] Qutl, Qut2;
wire [0:1] Q@ Q, @ @B A & & Q,
@B, @, Q0, 1, 2, A3, 4, QA5,
Q6, QL7, Q18, Q9, 0, @1, @2, @3,
@4, @5, @6, 7, @8, X9, B0, BIL;
wre [0:31] Rl_select_bar, R2_select_bar, Wselect;

// Decoder to determne which register gets to drive Rl bus
decoder 32 dR1 ( R1, Rl_select_bar );

/1 Decoder to determ ne which register
decoder 32 dR2 ( R2, R2_select_bar );

gets to drive R2 bus

/1 Decoder to determne which register is W
decoder32e dw ( W W, Wselect );

/Il 32 2-bit registers

reg2 rO ( clk, Data, Q, , clr, pre, Wselect[O0] ),
rl ( clk, Data, QL, , clr, pre, Wselect[1] ),
r2 ( clk, Data, @, , clr, pre, Wselect[2] ),
r3 ( clk, Data, @, , clr, pre, Wselect[3] ),
r4 ( clk, Data, 4, , clr, pre, Wselect[4] ),
r5 ( clk, Data, @, , clr, pre, Wselect[5] ),
ré6 ( clk, Data, @, , clr, pre, Wselect[6] ),
r7 ( clk, Data, Q7, , clr, pre, Wselect[7] ),
r8 ( clk, Data, @8, , clr, pre, Wselect[8] ),
r9 ( clk, Data, @, , clr, pre, Wselect[9] ),
rl0 ( clk, Data, QLO, , clr, pre, Wselect[10] ),
r1l1 ( clk, Data, QL1, , clr, pre, Wselect[11] ),
rl2 ( clk, Data, Ql2, , clr, pre, Wselect[12] ),
rl3 ( clk, Data, QL3, , clr, pre, Wselect[13] ),
ri4 ( clk, Data, Ql4, , clr, pre, Wselect[14] ),
rl5 ( clk, Data, Ql5, , clr, pre, Wselect[15] ),
rl6 ( clk, Data, Ql6, , clr, pre, Wselect[16] ),
rl7 ( clk, Data, QL7, , clr, pre, Wselect[17] ),
rl8 ( clk, Data, Ql8, , clr, pre, Wselect[18] ),
r1l9 ( clk, Data, Ql9, , clr, pre, Wselect[19] ),
r20 ( clk, Data, @O, , clr, pre, Wselect[20] ),
r21 ( clk, Data, @1, , clr, pre, Wselect[21] ),
r22 ( clk, Data, @2, , clr, pre, Wselect[22] ),
r23 ( clk, Data, @3, , clr, pre, Wselect[23] ),
r24 ( clk, Data, @4, , clr, pre, Wselect[24] ),
r25 ( clk, Data, @5, , clr, pre, Wselect[25] ),
r26 ( clk, Data, @6, , clr, pre, Wselect[26] ),
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R1_sel ect _bar[ 14],
R1_sel ect _bar[15],
R1_sel ect _bar[16],
R1_sel ect _bar[17],
R1_sel ect _bar[ 18],
R1_sel ect _bar[19],
R1_sel ect _bar[ 20],
R1_sel ect _bar[21],
R1_sel ect _bar[22],
R1_sel ect _bar[ 23],
R1_sel ect _bar [ 24],
R1_sel ect _bar[25],
R1_sel ect _bar[ 26],
R1_sel ect _bar[27],
R1_sel ect _bar[ 28],
R1_sel ect _bar[29],
R1_sel ect _bar[30],
R1_sel ect _bar[31],
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tR2_24 ( R2_select_bar[24], 4, Qut2 ), r31 ( clk, Data, @1, , clr, pre, Wselect[31] );
tR2_25 ( R2_select_bar[25], @5, Qut2 ),
tR2_26 ( R2_select_bar[26], @6, Qut2 ), /1 Tristates to drive the Qut bus
tR2_27 ( R2_select_bar[27], @7, Qut2 ), tristate32L tR O ( R_select_bar[0], Q, CQut ),
tR2_28 ( R2_select_bar[28], @8, Qut2 ), tR1 ( Rselect_bar[1], Q, CQut ),
tR2_29 ( R2_select_bar[29], @9, Qut2 ), tR 2 ( Rselect_bar[2], @, Qut ),
tR2_30 ( R2_select_bar[30], @0, Qut2 ), tR 3 ( Rselect_bar[3], @B, Qut ),
tR2_31 ( R2_select_bar[31], @1, Qut2 ); tR 4 ( Rselect_bar[4], &4, CQut ),
endnodul e tR5 ( Rselect_bar[5], @, Qut ),
tR 6 ( Rselect_bar[6], Q, Qut ),
tR 7 ( Rselect_bar[7], Q7, Qut ),
nmodul e regfile32_32 ( clk, clr, pre, R W W, Data, Qut ); tR 8 ( Rselect_bar[8], @B, Qut ),
tR9 ( Rselect_bar[9], @, Qut ),
i nput clk, clr, pre; tR 10 ( R_select_bar[10], QL0, Qut ),
i nput [0: 4] R W tR 11 ( R select_bar[11], Ql1, CQut ),
i nput V; tR 12 ( R select_bar[12], Ql2, CQut ),
i nput [0:31] Data; tR 13 ( R select_bar[13], QL3, Qut ),
tR 14 ( R _select_bar[14], Ql4, CQut ),
output [0:31] Qut; tR 15 ( R_select_bar[15], Ql5, Qut ),
tR 16 ( R select_bar[16], Ql6, Qut ),
wre [0:31] QO, Ql, @@, B, 4, &, &b, Q, tR 17 ( R_select_bar[17], QL7, CQut ),
@B, @, QI0, QI1, Q12, Q13, Ql4, Qi5, tR 18 ( R select_bar[18], Q18, Qut ),
Qle, Q7, Q18, Q19, 0, 1, @2, @3, tR 19 ( R.select_bar[19], Q19, Qut ),
@4, @5, @6, @7, @8, 9, B0, BI; tR 20 ( R select_bar[20], @O0, Qut ),
tR 21 ( R select_bar[21], @1, Qut ),
wire [0:31] R_select_bar, Wselect; tR 22 ( R.select_bar[22], @2, Qut ),
tR 23 ( R select_bar[23], @3, Qut ),
/1 Decoder to determ ne which register gets to drive R bus tR 24 ( R select_bar[24], @4, Qut ),
decoder32 dR ( R R_select_bar ); tR 25 ( R select_bar[25], @5, Qut ),
tR 26 ( R _select_bar[26], 26, CQut ),
/1 Decoder to determ ne which register is W tR 27 ( R_select_bar[27], @7, Qut ),
decoder32e dW ( W W, Wselect ); tR 28 ( R select_bar[28], @8, Qut ),
tR 29 ( R select_bar[29], 9, CQut ),
/1 32 2-bit registers tR 30 ( R_select_bar[30], @0, Qut ),
reg32e$ r0 ( clk, Data, Q, , clr, pre, Wselect[0] ), tR 31 ( R.select_bar[31], @1, Qut );
rl ( clk, Data, QL, , clr, pre, Wselect[1] ),
r2 ( clk, Data, @, , clr, pre, Wselect[2] ),
r3 ( clk, Data, @B, , clr, pre, Wselect[3] ), endnodul e
r4 ( clk, Data, 4, , clr, pre, Wselect[4] ),
r5 ( clk, Data, @, , clr, pre, Wselect[5] ),
ré ( clk, Data, @6, , clr, pre, Wselect[6] ), nodul e and6é ( out, inO, inl, in2, in3, in4, in5);
r7 ( clk, Data, Q7, , clr, pre, Wselect[7] ), input inO, inl, in2, in3, in4, in5;
r8 ( clk, Data, @B, , clr, pre, Wselect[8] ), out put out;
r9 ( clk, Data, @, , clr, pre, Wselect[9] ),

r10 ( clk, Data, QLO, , clr, pre, Wselect[10] ), and3$ a0 (aOout, in0, inl, in2);
rll ( clk, Data, QL1, , clr, pre, Wselect[11] ), and3$ al (alout, in3, in4, in5);
r12 ( clk, Data, Q2, , clr, pre, Wselect[12] ), and2$ a2 (out, aOout, alout);
r13 ( clk, Data, Ql3, , clr, pre, Wselect[13] ),

rl4 ( clk, Data, Ql4, , clr, pre, Wselect[14] ), endnodul e

rl5 ( clk, Data, Ql5, , clr, pre, Wselect[15] ),

rl6 ( clk, Data, Ql6, , clr, pre, Wselect[16] ),

rl7 ( clk, Data, QL7, , clr, pre, Wselect[17] ),

rl8 ( clk, Data, Q18, , clr, pre, Wselect[18] ),

r19 ( clk, Data, Ql9, , clr, pre, Wselect[19] ),

r20 ( clk, Data, @O, , clr, pre, Wselect[20] ),

r21 ( clk, Data, @1, , clr, pre, Wselect[21] ),

r22 ( clk, Data, @2, , clr, pre, Wselect[22] ),

r23 ( clk, Data, @3, , clr, pre, Wselect[23] ),

r24 ( clk, Data, @4, , clr, pre, Wselect[24] ),

r25 ( clk, Data, @5, , clr, pre, Wselect[25] ),

r26 ( clk, Data, @6, , clr, pre, Wselect[26] ),

r27 ( clk, Data, @7, , clr, pre, Wselect[27] ),

r28 ( clk, Data, @8, , clr, pre, Wselect[28] ),

r29 ( clk, Data, @9, , clr, pre, Wselect[29] ),

r30 ( clk, Data, @O0, , clr, pre, Wselect[30] ),




