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Abstract— There have been tremendous advancements in the 

processor architectures and tools used to manufacture and 

reconfigure them. The problem of utilization wall, dark silicon, 

hardware reconfiguration with code change has been the inspiring 

factors for advancement in this field. All of these have been major 

factors now a days for all type of microprocessor based electronic 

projects and products which requires extensive and real time and 

mobile computational power.  Beside this efforts have been made to 

reduce the communication overhead in major sections of code by 

designing specialized hardware and to reduce the fetch decode 

cycle by large extent. It has been proved in recent researches that 

reducing these two types of communication delays and by tackling 

the problem of dark silicon will improve power efficiency by 7x to 

1000x. 
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I. INTRODUCTION 

 

A. Dark Silicon 

 

The portion of silicon chip that can-not be utilized due to 

some reason is called dark silicon.  Dark silicon can appear for 

different reasons e.g. if a chip is not programmed properly or 

lack of energy to switch transistors. The existence of dark 

silicon due to power constraints has been the factor studied 

and resolved in this thesis. In addition to this specialized 

conservative has been presented which has tried to eliminate 

the problem of ‘Dark Silicon’ [ 1-5]. 

 

B. Utilization Wall  

 

The concept of utilization states that with ea 1ch n1ew proces1s 

gen1eration the n1umber of tr1ansistor that can be swi1tched on 

f1ull frequ1ency drops expo1nentially due to po1wer cons1traints. 

Due to this a large portion of chip area is not utilized. So a 

narrow wall is created that separates the used and unused 

portion of the silicon chip, this separation wall or boundary is 

called utilization wall.  According to Moore’s law the number 

of transistor grows exponentially with each passing year.  This 

law has been true from the past many decades but due to 

power constraints people are not able to operate this transistor 

count at full frequency which results in under utilization. This 

problem of under utilization has been tackled in this thesis 

work.  

 

In 1965 Gordon E. Moore, presented a law, this law is the 

observation that over the history of computing hardware, the  

 

number of transistors on integrated circuits doubles 

approximately every two years. But since the breakdown of 

Dinnard theory [7] this law no longer holds for latest ultra 

scale integrated circuits. Dennard’s scaling rules observe that 

voltage and current should be proportional to the linear 

dimensions of a transistor, implying that power consumption 

(the product of voltage and current) will be proportional to the 

area of a transistor. This property implies that shrunk 

MOSFETs, CMOS will consume less power, and formed the 

basis of Moore's Law. But this scaling theory had failed and 

led to multi-core architectural designs for processors. It 

happened because the power resources remained same and are 

not able to switch the chip at full frequency. It has been 

observed that Altho 1ugh a fix1ed-si1ze ch1ip’s com1puting 

capa1bilities conti1nue to incr1ease expo1nentially at 2.8x p 1er 

pro1cess generati1on owin1g to bo 1th increases in maximum 

transistor count (2.x) and improved transistor frequencies 

(1.4x), the und 1erlying ene1rgy eff1iciency of t1he tra1nsistors is 

o1nly im1proving at a rat1e of a1out 1.4x. B1ecause th1ey mus1t 

adh1ere to exp1loit th1ese impro1ved cap1abilities to th1e e1xtent 

th1ey a1re ma1tched by an1 equi1valent improvem1ent in en1ergy 

effic1iency. The sh1ort-f1all of 2x p1er gen1eration is the ca1use of 

the util1ization wa 1ll, and le 1ads to the expone1ntially wor1sening 

pr1oblem of da1rk si1licon [6-14]. 

II.  BEHAVIOR AND ADVANCED TOOLS  

 

A. C-core Mimics Software Code 

 

C-cores actually mimics the software code that is synthesized 

on it. During synthesis all of the instruction given in the 

program are hardwired in c-cores with all associated operands. 

E.g Consi1der the foll1owing for lo1op: 

 

                                     f1or ( i=10; i<=110; i++) 

                                         { a1=a+i; 

                                         } 

Figure 1 1 presents an abstract hardware synthesis of the for 

loop. The variable (i) used in the loop has taken the shape of a 

fixed register of four bits, and will be initialized with 0, the 

http://en.wikipedia.org/wiki/History_of_computing_hardware
http://en.wikipedia.org/wiki/Transistor
http://en.wikipedia.org/wiki/Integrated_circuit
http://nick-black.com/dankwiki/index.php/Moore%27s_Law
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comparison in the for loop has been replaced by a fixed logic 

comparator, addition had been implemented by the adder 

circuit, the parenthesis are implied by the arrow among the for 

loop components. One more register names (a) will be created 

to hold the value of variable (a). The number of bits taken by 

the (a) register will be determined by the initial value of (a) 

and plus execution of for loop [ 15].  

 

 
Fig. 1 Synthesis of for loop in c-core. 

 

B.  Execution Model  

 

Autom1ated to1ols are us1ed to profi1le w1ork l1oad. At d1esign 

ti1me, aut1omated to1ol clus1ters c-co1res o1n the b1asis of pro1filing 

of typi1cal smartp1hone wo1rk-lo1ads, examini1ng bot1h c1ontrol 

f1low 1and dat1a movem1ent betw1een co1de reg1ions. I1t plac1es 

r1elated c-c1ores 1on the sa1me or ne1arby ti1les, an1d i1n so1me cas1es, 

repl1icates th1em. A1t run1time, a1n ap1plication st1arts o1n o1ne o1f 

the g1eneral pu1rpose C1PUs, an1d w1henever th1e C1PU ent1ers a 

h1ot-co1de r1egion, tra1nsfers ex1ecution t1o the ap1propriate c-co1re. 

Executio1n m1oves fro1m 1tile to ti1le o1n the b1asis of t1he 

applic1ations th1at are c1urrently act1ive an1d the c-co1res th1ey u1se. 

C1oherent cac1hes l1et d1ata be au1tomatically p1ulled to whe1re it’s 

n1eeded, b1ut da1ta associa1ted w1ith a giv1en c-c1ore wil1l g1enerally 

st1ay in th1at c-c1ore’s L1 c1ache. 

 

C. Synthesis of Android stack on a Core  

 

Andr1oid is a1n op1en-sour1ce mo1bile soft1ware st1ack deve1loped 

by Goog1le that fea 1tures a Lin1ux ke 1rnel, a s1et of ap1plication 

libra1ries, a1nd a vir1tual ma1chine ca1lled Da1lvik. U 1ser 

applic1ations, su1ch as tho1se availa1ble in the a1pplication st1ore, 

r1un on t 1op of the D1alvik virt1ual ma1chine [16].  It ha1s b1een 

fou1nd th1at Andr1oid i1s w1ell-s1uited f1or c-cor1es for seve1ral 

reas1ons. Fir1st, alt1hough m1any appli1cations a1re avai 1lable f1or 

dow1nload, Androi1d ha1s a c1ore se1t of com1monly use1d 

ap1plications, su1ch a1s a W1eb br1owser, a1n e-m1ail c 1lient, an1d 

me1dia play1ers. Typ1ically, h1ot co1de is conc1entrated i1n the 

appl1ication lib1raries, t1he Dal1vik virt1ual ma1chine, 1and a f1ew 

loca1tions 1in the ke1rnel. Becaus1e th1e ho1t co1de is w1ell 

conce1ntrated, targe1ting all th1ese compon1ents w1ith c-co1res le1ts 

u1ser attai1n hig1h cove1rage o1ver the so1urce 1base a 1nd a 

signifi1cant im1pact o1n overal1l e1nergy usa1ge. Alth1ough c-core1s 

suppo1rt pat1ching, whic1h red1uces the impa1ct of po1st-si1licon 

s1ource b1ase modi1fication, u1sers a1re al1so aid1ed by 

sma1rtphones’ sho1rt repl1acement c1ycle (typ1ically eve1ry 2 to 3 

ye1ars), whi 1ch let1s smar1tphone ch1ip desi1gners dep1loy n1ew c-

cor1es to tar1get n1ew app1lications. Th1e c-cor1es inter1face le1ts 

An1droid ph1one des1igners rem1ove c-c1ores fro1m th1eir desi1gns 

w1ithout impac1ting co1de com1patibility [17-18].   

 

D.  Patching Support  

 

T 1o rem1ain use1ful as n1ew version1s of 1the a1ny plat1form eme1rge, 

the propos1ed archit1ectures c-c1ores mu1st ada1pt acc1ordingly. 

To supp1ort thi1s, c-co1res inclu1de targe1ted re-config1urability 

th1at l1ets the1m mai 1ntain pe1rfect fi1delity 1to so1urce co1de, eve1n 

a1s the sou1rce c1ode cha1nges. T 1he adap1tation mech1anisms 

incl1ude redefin1ing com1pile tim1e co1nstants 1in hardw1are an1d a 

ge1neral exce1ption mec1hanism t1hat let1s c-co1res trans1fer 

con1trol bac1k an1d f1orth to1 the ge1neral-pu1rpose cor1e durin1g an1y 

con1trol flo1w tr1ansition. Add1ing th1is re-con11figurability 

incr1eases the e 1nergy an1d ar1ea need1s fo1r c-c1ores, b1ut 

sig1nificantly imp1roves th1e sp1an of ye1ars ov1er whi1ch c-co1res 

ca1n prov1ide ene1rgy sa 1vings. 

 

E.  Implementing Android Graphic Library 

 

Figure 2 shows a tile used to implement graphic function for 

Android based phone. The ti1le con1tains n1ine c-co1res targe1ting 

impor1tant functio1ns fro1m the An1droid cod1e b1ase. O1f t1hese 

n1ine tar1geted func1ions, sev1en co1me fr1om lib1kia, a 21D 

grap1hics libr1ary t1hat prov1ides compos1iting, ren1dering, an1d 

ge1ometry calc1ulations f1or m1ost Andr1oid applica1tions. Th1e 

oth1er t1wo co1me f1rom a JP 1EG decompr1ession libr1ary an1d a 

fa1st Fou1rier tr1ansform (FFT). 
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Fig. 2 Single Tile targeting Android Graphic Library Functions. 

 

 

 

 

 
         TABLE 1. Size and dynamic execution coverage of C-Cores for Functions. 

 

N1o. Descr1iption Android function 

Dyn1ami

c 

exec1ution    

c1overage 

(%) 

N1o. of 

st1atic  

in1structions 

S1ize 

(1mm2) 

111 
Dith1ering 

fun1ction 
S312A_D565_Opaque_Dither 2. 178 801 01.55 

21. 
Do1wn 

sa1mpling 
S32_1opaque_D32_filter_DXDY 2.210 186 

10.07

0 

13. 

Bit-1block 

ima1ge tra1nsfer 

sub1routine 

S32A_Opaque_BlitR1ow32 1.115 916 
0. 

1024 

411. 
Re1nder 

wi1th ove1rlay 
Sprit1e_D16_S4444_Opaque::blitRect 1.5 111 916 

0. 

1059 

51. 

Satu1rating 

do1wn 

sampl1ing 

Clamp_S16_D16_filter_DX_shade1rproc 0.810 917 
0.016

3 

61. 

Fa1st F1ourier 

transfo1rm 

(F1FT) 

ff1t_rx4_long 0.716 1318 

0.061

6 
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71. 

I1mage 

conversi1on 

alg1orithm 

ycc_rgba_8888_con1vert 10.61 192 
0. 

1046 

81. 

Lemp 1el-Zi1v 

deco1mpression 

rout1ine for 

G1IF files 

DGifDe 1compressLine 0. 159 3134 
0. 

1168 

91. 

Im1age 

for1mat 

con1version    

fo1r dith1ering 

Sam1ple_Index_D565_D 01.57 617 
0. 

1032 

 

 

Table 11 presents basic image processing functions for Android 

software stack. The ti1le in Figu1re 2 con1tains c-cor1es for the1se 

nin1e func1tions, m1any of w1hich ar1e fr1om libs1kia, And1roid’s 

21D graphic1s libr1ary. Th1e c-core1s ran1ge from1 0.024 m1m2 to 

0.168 m1m2 an1d cov1er 110 to 910 per1cent o1f exec1ution. Ot1her tiles1 

will h1ave c-co1res f1or ot1her And1roid fu1nctions. 

 

Most of the graphic library can be implemented with a single 

tile and is sufficient for graphic rendering. If the library 

contains many modules then tile with more number of cores 

must be used. Even if the graphic library is too large then 

more than one tile can also be used [ 19]. 

F. Energy Consumption Per Instruction 

 

O1n ave 1rage, e1ach c-core1 occu1pies 0.0164 1mm2 1and r1uns 1at 

11,568 M1Hz. To1gether, a1ll t1he c-co1res occ1upy 518 perc1ent of t1he 

t1ile’s 1area. 1The co1de th1ey ex1ecute acco1unts f1or a total of 10.6 

to 89.9 percent of execution for the benchmarks. Each of the 

core has 16 tiles and e1xecutes a f1ull prot1ocol st1ack w1ith 

asso1ciated ap1plications.  Fi1gure 3 (a,b) s1hows the pr1ojected 

en1ergy sa1vings i1n proc1essor an1d the origi1n of th1ese savin1gs. 

T 1he savi1ngs as 1mention alre1ady com1e fro1m tw1o sou1rces. Fir1st, 

c-cor1es do1n’t req1uire inst1ruction fet 1ch, ins1truction de1code, a 

con1ventional re1gister f1ile, or a1ny of the assoc1iated stru1ctures. 

Re1moving the1se red1uces ener1gy consu1mption by 56 perc 1ent. 

The s1econd s1ource of saving1s (35 perc1ent of en1ergy) co1mes 

from the sp1ecialization of the c-cor1es’ data p1ath.  

 

 

 
Fig. 3(a) Power consumption 

 

 

 
Fig. 3(b) Power Saving. 

 

The energy saved needs to be capitalized and conservatives 

cores effectively utilizes these energy savings. Due to 

reduction into these overheads average energy consumed per 
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instruction drops exponentially. Maximum code base needs to 

be converted into c- cores to effectively utilize savings 

provided them. If less amount will be executed on c-cores 

then energy consumption will increase and is not desired. 

Figure 3(a) present’s energy consumption in conventional 

baseline CPU, which consumes lots of energy as compared to 

conservative cores. Energy consumed per instruction will be 

very large due to various overheads in baseline processor.  

 

G. Other Considerations and Improvements 

 

In recent time some processor has been developed which has 

removed the problem of dark silicon and utilization wall. In 

the proposed system conservative cores and accelerator has 

been used. Software code is synthesized in these c-cores and 

accelerator and automated tools are required for synthesis. 

Such automatic tool-chain has been developed which 

automatic1ally generat1es plac1ed-and-rou1ted c-co1re tiles1, g1iven 

the sou1rce c1ode an1d inform1ation ab1out exec1ution prop1erties. 

Th1e cy1cle a1nd en1ergy acc1urate simula 1tion too1ls h1ave 

conf1irmed th1e en1ergy sa1vings pr1ovided by c-cor1es. Curr1ntly 

t1he work is being done on more d 1etailed f1ull syste1m 

em1ulation t1o i1mprove the workl1oad mod1eling so th1at to1ols 

can fi1nalize the sel1ection of c-co1res t1hat w1ill po1pulate 

proce1ssors d1ark sili1con. In para1llel wi1th t1his ef1fort, wo1rk is 

b1eing don1e ph1ysical des1ign.  

 

Identification of code for conservative core is very crucial and 

difficult task. Manual configuration of conservative cores is 

not possible so, automated tool have been devised to 

accomplish synthesis. Presently work is being done on 

development of optimized tools for synthesis.  In past 

accelerator were used for improving efficiency. Both high 

level synthesis tool and accelerator has been discussed in next 

subsection.  

    

E. Accelerators 

 

Software code always executes at lower speed then the code 

executed by the hardware directly.  Accelerators has been 

used in past to boost up performance of execution by 

converting some codes into hardware. Accelerators can be 

customized by the programmer for specific use. Here 

accelerators are actually hardware that offers very fast 

computation. Parts of the algorithm that can be parallelizable 

are usually converted in to accelerative hardware. In addition, 

the codes which are large and are used frequently are 

converted into accelerators to gain performance efficiency.  

 

One extre1me exam1ple of such1 an acc1elerator is Ant1on 

proc1essor, wh1ich att1ains 100 tim1es or more improve 1ment in 

mol1ecular-dyna1mics simu1lation vers1us gen1eral-pur1pose 

superc1omputer machi1nes. Ma1ny fu1nctions lik1e   bas1eband 

proce1ssing, 3D gra1phics, or vid1eo dec1oding or e1ncoding ar1e 

usually conv1erted in to acc1elerators. Th1e ch1allenge in cr1eating 

accele1rators is 1n reorgani1zing the algor1ithm to ac1hieve 

para1llel exec1ution. Bein1g ab1le to do thi1s effe1ctively depen1ds 

on the avai1lability of explo1itable para1llelism in the alg1orithm 

an1d the ab1ility to ex1pose this paralle1lism in the fo1rm of an 

acceler1ator ci1rcuit witho1ut errors or exc1essive effort, 

com1plexity, or co 1st.  

 

F. H1igh-le1vel Syn1thesis To1ols 

 

High level synthesis (HL1S) tool1s are used to create 

accelerators t1hat impro1ve the exec1ution perform1ance of 

cri1tical algo1rithms by im1plementing these algorithms in 

integrated circuits. HL1S re1search ha1s a lo1ng and ri1ch hi1story, 

which has resulted in th1e availabi1lity of several1 co1mmercial 

to1ols, incl 1uding Aut1oESL’s A1utoPilot, Ca 1dence’s C-to-

Sili1con Comp1iler.  

Becau1se thes1e to1ols s1eek to in1fer para1llel exe1cution fro1m 

ser1ial code, the1y h1ave ma1ny of th1e sa1me limitat1ions th1at 

para1llelizing com1pilers s1uffer f1rom—nam1ely, the dif1ficulties 

of ana1lyzing poi1nters in free1 fo1rm c1ode, ext1racting m1emory 

par1allelism, and extrac1ting and fo1rmulating efficient parallel 

schedules for the operations in critical loops. These are 

difficult tasks that are gene 1rally NP-com1plete or wo1rse in 

compl1exity an1d su1ch dif1ficult co1de sec1tions are add1ressed in 

sp1ecial w1ay by the auto1mated to1ols use1d for sy1nthesis. 

 

 

III. CONCLUSION 

 

The proposed prototype has been designed to obtain lots of 

energy savings over conventional processor design. The 

proposed prototype efficiently reduces the impact of dark 

silicon and utilization wall. Conservative cores have been 

introduced which are actually responsible for removing the 

problem of utilization wall and dark silicon.  Each 

processor tile contains variant number of conservative cores 

and has all other circuitry like general CPU, instruction cache 

and data cache etc. for executing any kind of software code. 

Identification of hot code is must for achieving good 

efficiency and power savings. Automated tools must have to 

be used as manual synthesis is not possible for large code 

bases. Work is being done on optimization of automated 

tools to gain maximums efficiency. Actual synthesis is also 

very difficult as the prototype needs very large area. The 

tools like verilog must be programmed carefully and must be 

thoroughly tested for good synthesis. 
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