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Implementation of Typical Branch Predictors for High Performance
Microprocessors

Kenji Kise, Takahiro Katagiri, Hiroki Honda, and Toshitsugu Yuba
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Accurate branch prediction has come to play an important role for modern microprocessors. In
order to improve its prediction accuracy, many branch predictors have been investigated in the
past few decades. The aim of this project is to implement typical branch predictors to clarify
the behavior of branch predictors. We implement Bimodal, Gshare and Bimode branch predictor

in C++ from scratch. We evaluate typical branch predictors with the benchmark programs of
SPEC CINT95.
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#define BUF_SIZE 4096
#define B_TKN 1 /* Branch Taken  */
#define B_UNT O /* Branch Untaken */
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class BP{ /*** Branch Prediction **x*/
int size; /* Hardware budget in bit */
char name[BUF_SIZE];
uint64_t num_of_hit, num_of_mis;
public:
BP(); /* Constructor */
“BP(); /* Destructor x*/
void set_config(char*, int);
void bookkeep(int, int);
};

BP::BP(){num_of_hit = num_of_mis = 0;}

BP::"BPO){

printf ("===\n=== BP_Name: %s, ", name);

printf ("%9.2f KB\n", (float)size/8192.0);

printf("=== Sum HIT MISS HITrate: ");

printf("%01111d: %011114 ’%01111d4: ",
num_of_hit + num_of_mis,
num_of_hit, num_of_mis);

printf ("%06.2f\n",
(double)num_of_hit * 100.0 /
(double) (num_of_hit + num_of_mis));

}

void BP::set_config(char *n, int s){
size = s;
strncpy (name, n, BUF_SIZE);

}

void BP::bookkeep(int pred, int result){
if (pred==result) num_of_hit++;
else num_of _mis++;

}
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class TwoSC{ /** Two-bit Saturating Counter *x/
char cnt;
public:
void init(char);
void increment();
void decrement();
char load();
int predict();

};

void TwoSC::init(char init){ cnt = init; }
char TwoSC::load(){ return cnt;};

void TwoSC::increment(O{ if (cnt<3) cnt++; }

void TwoSC: :decrement(){ if(cnt>0) cnt--; }
int TwoSC: :predict(){

if(cnt>1) return B_TKN; else return B_UNT;
}
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class bimodal : public BP{
int n; /* n-bit */
int entry; /* PHT entry x/

TwoSC *pht;
public:
bimodal (int); /* Constructor */
void init(); /* Initialize */
void predict(uint64_t, int*);
void regist(uint64_t, int, int);

};

/* Pattern History Table */

bimodal: :bimodal(int n_bit){
n = n_bit;
entry = 1 << n_bit;
pht = new TwoSC[entry];
char buf [BUF_SIZE];
sprintf (buf, "bimodal(%2d)", n_bit);
set_config(buf, entryx*2);
init();
}

void bimodal::init(){
for(int i=0; i<entry; i++)
pht[i].init(2); /* Init by Weakly Takenx/
}

void bimodal::predict(uint64_t pc, int *pred){
int index = (pc>>2) % entry;
xpred = pht[index].predict();

}

void bimodal::regist(uint64_t pc, int r,
int pred){
int index = (pc>>2) % entry;

Program Branch History
Counter Register (BHR)
| | | |
n m
Pattern History Table (PHT)
XOR @ 21 entry
‘ " .
- Prediction

0 3: GshareOOOOODOOOO

if (r==B_TKN) pht[index].increment();
if (r==B_UNT) pht[index].decrement();
bookkeep(r, pred);

}
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class gshare : public BP{
int n,m; /* n-bit & m-bit */
int entry; /* PHT entry */
TwoSC *pht; /* Pattern History Table */
public:

gshare(int,int); /* Constructor */

void init(); /* Initialize x*/

void predict(uint64_t, uint64_t, int*);

void regist(uint64_t, uint64_t, int, int);
};

gshare: :gshare(int n_bit, int m_bit){
n = n_bit;
m = m_bit;
entry = 1 << n_bit;
if (m>n) {printf ("*** Error\n"); exit(1);}
pht = new TwoSC[entry];
char buf [BUF_SIZE];
sprintf (buf, "gshare(%2d,%2d)", n_bit, m_bit);
set_config(buf, entryx*2);
init(Q);
}

void gshare::init(){
for(int i=0; i<entry; i++)
pht[i].init(2); /* Init by Weakly Takenx/
3

void gshare: :predict(uint64_t pc, uint64_t bhr,
int *pred){
int index = ((pc>>2) ~ (bhr<<(n-m))) % entry;
xpred = pht[index].predict();
}

void gshare::regist(uint64_t pc, uint64_t bhr,
int r, int pred){
int index = ((pc>>2) ~ (bhr<<(n-m))) % entry;
if (r==B_TKN) pht[index].increment();
if (r==B_UNT) pht [index].decrement();
bookkeep(r, pred);
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lass bimode : public BP{

int n, m, s, n_entry, s_entry;

TwoSC *choice; /* choice predictor */
TwoSC *pht_t; /* Taken  PHT */
TwoSC *pht_u; /* Untaken PHT */
public:

bimode(int, int, int); /* Constructor */
void init(); /* Initialize =*/

void predict(uint64_t, uint64_t, int*);
void regist(uint64_t, uint64_t, int, int);

)

imode: :bimode(int n_bit, int m_bit, int s_bit){
n = n_bit;

m = m_bit;

s = s_bit;

n_entry = 1 << n_bit;

s_entry = 1 << s_bit;

choice= new TwoSC[s_entry];

pht_t = new TwoSC[n_entry];

pht_u = new TwoSC[n_entryl];

char buf [BUF_SIZE];

sprintf (buf, "bi-mode(%2d,%2d,%2d)", n,m,s);
set_config(buf, s_entry*2 + n_entry*4);
init();

0id bimode::init(){

for(int i=0; i<n_entry; i++){
pht_t[il.init(2); /* Weakly Taken  */
pht_uli]l.init(1); /* Weakly UnTaken */

}

for(int i=0; i<s_entry; i++)
choice[i] .init(2);/* Weakly Taken  */

0id bimode: :predict(uint64_t pc, uint64_t bhr,
int *pred){
int index_c = (pc>>2) % s_entry;
int index_p =((pc>>2) ~ (bhr<<(n-m))) % n_entry;

if (choice[index_c].predict())

xpred = pht_t[index_p].predict();
else

*xpred = pht_ul[index_p].predict();

oid bimode::regist(uint64_t pc, uint64_t bhr,
int r, int pred){
int index_c = (pc>>2) % s_entry;
int index_p =((pc>>2) ~ (bhr<<(n-m))) % n_entry;

if (choice[index_c].predict()){
if (r==B_TKN) pht_t[index_p].increment();
if (r==B_UNT) pht_t[index_p].decrement();
Yelse{
if (r==B_TKN) pht_ul[index_p].increment();

if (r==B_UNT) pht_ul[index_p].decrement() ;
}

/** Partial update of the choice PHT *x/
TwoSC *cnt = &choicel[index_c];
if (r==cnt->predict() || r!=pred){
if (r==B_TKN) cnt->increment();
if (r==B_UNT) cnt->decrement();
}
bookkeep(r, pred);
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144 int instruction::Execute(data_t *Tpc){
145 /**x Update Rcv **x/
146 if (BR || Op==0P_JSR){

147 Rcv=Npc;

148 }

149 else if ('LD){

150 ALU(ir, &Rav, &Rbv, &Rcv);
151 }

152

153 /**x Update Adr **x/

154 Adr.init(0);

155 if (LD || STH{

156 ALU(ir, &Imm, &Rbv, &Adr);
157 }

158

159 /**x Update Tpc **x/

160 *Tpc = Npc;

161 if (Op==0P_JSR) {

162 *Tpc = Rbv;

163 Tpc->st(Tpc->1d() & ~3ull);

164 }

165 if (BR){

166 BRU(ir, &Rav, &Rbv, &Npc, Tpc);

167 branch_predict (Npc.1d(), Tpc->1d());
168 }

169 return O;

170}
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void branch_predict(uint64_t npc, uint64_t tpc){
static uint64_t bhr=0; /* branch history reg */
uint64_t pc = npc - 4; /* PC of the inst */
int result = npc!=tpc; /* branch taken ? */

static class EvaBimodal eva_bimodal;
eva_bimodal.step(result, pc);

static class EvaGshare eva_gshare;
eva_gshare.step(result, pc, bhr);

static class EvaBimode eva_bimode;
eva_bimode.step(result, pc, bhr);

bhr = (bhr << 1) | result; /* Update BHR */
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class EvaBimodal{
int n;
bimodal **b;
public:
EvaBimodal() ;
~“EvaBimodal() ;
void step(int, uint64_t);
};

EvaBimodal: :EvaBimodal () {
n=9;
b = new bimodal*[n];
for(int i=0; i<n; i++)
b[i] = new bimodal(12+i);
}

EvaBimodal: : "EvaBimodal () {
for(int i=0; i<n; i++) delete b[il;

}

void EvaBimodal::step(int r, uint64_t pc){
int p; /* predicted value */
for(int i=0; i<n; i++){
b[i]->predict(pc, &p);
bl[i]->regist(pc, r, p);
}
}
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